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Foreword 

This is the Report of the Physical Sciences and Engineering Roadmap Working Group (PSE RWG, or PSE in 
short) to ESFRI, recommending new or upgraded Pan European Research Infrastructures (RI’s), to be included 
in the first Roadmap for European Research Infrastructures.  

It incorporates the reports of the ten Expert Working Groups (EWG’s), established by the PSE RWG, to assess 
the research landscape framing the infrastructure needs in each related field, to evaluate the proposals 
forwarded through ESFRI by the national representatives or by recognized international Bodies, and to indicate 
those infrastructures which best respond to the Pan-European needs in terms of perspective scientific users, 
technical and scientific quality, and open access policies. The EWG’s have also been asked to assess the 
effective technical, institutional and economic maturities, to allow ESFRI to select the ones which can be 
realised in a time perspective extending up to 10-20 years. The lists of the RI’s indicated and the reports of the 
EWG’s are presented and summarised in four multidisciplinary areas of research: Environment, High Power 
Computing, Astronomy, Astrophysics, Nuclear and Particle Physics, Materials Sciences and Engineering. Some 
fields have not been covered in the final reports of our EWG’s, because individual Roadmaps, and/or Strategy 
documents will be or have been published by the existing European institutions, e.g. Particle Physics (by the 
CERN Council) and Space (by the European Space Agency). 

The infrastructures under consideration span very different types, lifetimes and costs, from large, single site, 
Laboratories based on a specific large equipment or facility, to distributed instruments travelling on airplanes 
or floating in midwater for a coordinated observation of the Earth environment. The present edition does not 
contain projects based on space-borne platforms, due to the need of further developing a coordinated view 
involving both the user communities and the various national and international Space Agencies. 

Several interesting proposals and/or concepts, which have been particularly appreciated in the Expert Working 
Groups as being important for the development of Research, but not yet mature in the assessment of their 
technical, institutional feasibility and/or the perspective costing aspects, are included separately as “Emerging” 
ideas, for further consideration in future editions of the Roadmap.  

The ten EWG’s were established by the PSE RWGon the basis of nominations by the ESFRI delegations and/or 
in consultation with international scientific bodies. The experts were chosen for their recognised international 
reputation and expertise, which included science policy development. The EWG's have operated on the basis of 
terms of reference aimed at ensuring that the members acted in a personal capacity, and taking care that 
conflicts of interest should be declared and dealt with.  

The EWG’s were asked to develop an overall strategic view of the landscape, acquiring existing indications and 
opinions developed within the involved scientific communities, including relevant internationally recognized 
Organizations as, e.g NUPECC, the European Science Foundation, etc. In several cases there has been a very 
fruitful interaction with other groups both within PSE and within the Bio-Medical Sciences (BMS) and Social 
Sciences and Humanities (SSH) Roadmap Working Groups, in particular in the case of Environment and 
Biodiversity as well as in the case of Computing and Data Curation. 

The experts have responded generously investing their time and expertise to the task of developing the 
Scientific and technical Landscapes, evaluating the needs, and, after evaluating the about 100 initial proposals, 
recommending those research infrastructures to be considered by ESFRI for the Roadmap. Each EWG was 
supported by a Secretary provided by the EU Commission. Professor Yves Petroff acted as an advisor to insure 
consistency among the different EWG's. 

The PSE RWG then assessed the proposals selected by the Expert Working Groups, and integrated them into 
an overall view coherent with a strategy-led approach to European policy-making. The scope was to help 
ESFRI to choose those proposals which are deemed most important and mature for inclusion on the first 
edition of the ESFRI Roadmap. The proposals are presented indicating which ones have already full support by 
pan-European users organizations, but need further institutional and financial committments to ensure that 
they reach the realization and operation phases. 

The selection has required a sometimes difficult balance, going through a learning curve which has started 
from previous national expertises based on single Agency or State roadmaps covering more homogeneous 
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fields and framed by known budgets and well organized users groups. This, in turn, will require to evolve a 
multinational perspective on what could be a better approach in the use of several Country’s own resources, 
and this should be the outcome of the roadmap and of ESFRI’s other activities. A serious difficulty, to which 
we hope we have been able to respond, was to deal in a balanced way with wide differences in the degrees of 
preparation and expectation of the proposing institutions, as well as in the technical types and time 
perspectives of proposals. Within the time and complexity limits of this first exercise, however, we believe to 
have developed instruments useful to mature a wider and more inclusive participation and return, also from 
the new Member States which are now beginning to engage in the coordinated growth of the European 
Research Area.  

Carlo Rizzuto, June 2006. 
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1. Executive Summary 

1.1 Research Infrastructures proposed for the Roadmap 
Each of the 22 infrastructures which PSE proposes for ESFRI’s consideration and for inclusion in the Roadmap, 
has been assessed to have a strong science and technical case and a Pan-European character in its potential 
scientific impact and in the institutional and financial requirements.  

Some of these RI’s are already strongly supported by clear State and/or institutional commitments, ensuring 
that financial support may be already sufficient, or able to attract further resources for the RI to be built within 
the next two decades.  

Several other proposals, mainly in Research fields where operating European or International Agencies or 
Institutions do not exist yet, but having strong support by organized scientific communities, need to enter a 
negotiation phase to achieve clearer and specific financial commitments at institutional and/or State level to 
achieve realisation phase and long term sustainability. This need is indicated in the summary Table I in 
Appendix i), where the maturity of the most significant technical and institutional aspects as well as budgetary 
and technical time for realization are summarily listed as an extract from the standard “templates” and detailed 
evaluations from the EWG’s, reported in Chapter 4. 

A summary description of the landscapes where these infrastructures stand is given in chapter 3, while more 
detailed landscapes and descriptions are contained in the reports of each EWG in chapter 4.  

The distribution over different areas of the proposed facilities is: 6 RI’s in the area of Environmental 
Monitoring-natural Resources and natural Hazards, 1 in High Power Computing, 6 in Material Sciences, 4 in 
Energy and Engineering and 5 in Astronomy-Astrophysics and Nuclear Physics. In the case of Particle Physics 
the PSE and ESFRI refer directly to the strategy document prepared by CERN (http://council-
strategygroup.web.cern.ch/council-strategygroup/Strategy_Brochure.pdf). Proposals for RI’s in Particle Physics 
are presented and discussed in the Stretegy Document published by the CERN Council, in its function as 
international Science program adviser. They are referred to briefly both in this Report and in the Roadmap 
itself. Other proposals, in several fields of Engineering, are being discussed in the context of the “technology 
platforms”, and may mature sufficiently in the second half of this year (2006) to be taken into consideration 
for the second edition of the Roadmap.  

Important note: the descriptions and costings of the projects, as enclosed in this report, may be outdated by 
the time of publication. The reader should consult the website of each project for up to date information. 

1.2 Interesting Emerging proposals 
The proposals which underscore well defined and important scientific needs, but are not yet mature in terms 
of a detailed concept, as well as not yet predictable as regards the time and cost envelope for insertion in the 
Roadmap, are, in total, 9. These are reported in the summary landscape descriptions and then in more detail 
in the EWG’ reports. The relevant data are also briefly summarized in Table I.  

1.3 Recommendations for future work 
This first set of proposals probably leaves out important fields and issues (e.g. in Environmental Sciences, in 
Energy and in Engineering) but the assessment and evaluation work of the EWG’s has allowed to define 
several aspects of procedure and to detail criteria and different issues useful for the preparation of a second 
edition of the Roadmap, which should take place soon to allow to fill possible gaps and focus better on issues 
which have not been sufficiently addressed, as, e.g. how to stimulate better the involvement of a larger 
proportion of Member States and Institutions both in investing and in attracting the siting of RI’s. 

One specific issue identified, is the need of European level Institutions, able to develop and manage complex 
pan-European RI’s, in several fields which do not have any acting as long term planners and managers. This 
could suggest specific actions following from this first roadmap. Two fields of activity may need to have a 
specific multidisciplinary approach: Environmental Sciences, where the setting-up of a specific Roadmap 
Working Group has already been proposed in ESFRI and within PSE, and Computing and Data Curation (IT) 
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where the interaction between the PSE EWG and e-IRG has been very fruitful, but with indications that a more 
multidisciplinary effort should be built involving also the Biomedical and the Social-Human Sciences. 

Another suggestion could be to define a sort of “tutorship” by one or more Countries, having the task to follow 
the successive development of each project after the inclusion in the Roadmap. 

Space-related aspects need a more thorough definition, space platforms being a very important, yet very 
expensive, instrument for many observations either of the Earth or of the Universe, while competing 
techniques may allow different earth based or lower cost options in several cases. This indicates the need to 
develop specific policies to better coordinate and choose between different options, avoiding the duplication of 
efforts and costs. 

These aspects call ESFRI to focus its activities encouraging stronger synergies between national resources, 
where the EU programs can act as catalysts. These aspects will have to be better defined and expressed in the 
second edition of the Roadmap, and will probably involve a continuing effort. A specific aspect which has been 
emerging in the discussions of the EWG’s and in PSE is the need to ensure always an “open access” policy, 
based on the “quality only” of the proposals (judged by international peer review). The application of this 
concept is equivalent to the RI’s giving “valuable research grants” to the proposers, and therefore acting as 
international Agencies, even when they are funded by national funds. This issue will need attention to make its 
importance understood and supported at all levels. 

2. Methodology 

2.1 Setting up the PSE, collecting the proposals and developing the procedures 
The PSE Roadmap Working Group has been formed well ahead of the start of the effective Roadmap EWG’s 
activities, and has met several times to develop definitions and methodologies for the selection of the most 
strategic proposals.  

The composition of PSE has been decided by ESFRI, and is reported in Appendix iii). The members of PSE are 
both Science Policy experts and Country Representatives having a scientific background, and act as a 
preparatory sub committee of ESFRI, therefore integrating science policy and technical aspects. The 
preparatory work of PSE has been conducted in 2004 and in the period (end of 2004-mid 2005) in which ESFRI 
has collected proposals aimed both at developing an “opportunity” list of examples to be presented to the 
Commission for the discussions of the 7th Framework Programme and at selecting ideas for a first edition of 
the Roadmap. 

This preparatory work has allowed to define subfields as well as Terms of Reference and Procedures (Appendix 
iv) for the setting up and the operation of Expert Working Groups (EWG’s). The choice has been to set up 10 
Expert Groups on relatively specific types of RI’s, to ensure in-depth analysis of the proposals which had been 
collected. PSE has ensured that the work of these groups would be synthesized into a coherent picture of 
homogeneous fields. A small number of proposals dealing with specialized aspects of Engineering have been 
discussed directly within the PSE. 

The proposals were collected by ESFRI mainly through the national delegations, and forwarded to PSE for 
analysis. These proposals, listed in the Appendix ii) (the so-called “Long List”), were mostly received by mid 
2005. A limited number of proposals were additionally submitted by the end of 2005, responding to indications 
of missing opportunities which emerged in the dialogue between the EWG’s, PSE and national delegates and 
also through indications of high level international bodies (e.g. the e-IRG and NUPPECC). A few proposals were 
found to be better connected to the fields covered by BMS, and forwarded to this RWG for their consideration. 

In few cases, as allowed by the procedures approved by ESFRI, proposals by high-level Advisory Bodies have 
been added to those submitted by ESFRI delegations: this is the case of e-IRG and NUPPECC. 

2.2 Selecting and setting up the EWG’s and their operation 
The EWG’s were composed by experts who acted in their own capacity, and were chaired either by members 
of PSE, or nominated by PSE. PSE has taken care to nominate Chairs not directly involved within the fields of 
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the proposals discussed in each Group, but having a strong expertise in running selection procedures. 

The following EWG’s have been formed (and Chairs nominated): 

1-EMEG: Environmental Monitoring, natural resources and natural hazards (chair Bart Laethem) 
2-HPC: High Power Computing-Data Treatment (Chair Heikki Mannila) 
3- SXF: Soft X Ray Free Electron Lasers (Chair Lars Borjesson) 
4- HX: Hard X Ray sources (Chair Henry Hutchinson) 
5- LNI: Large Neutron Infrastructures for Spectroscopy (Chair Norbert Kroo) 
6- NANO: Infrastructures for Nanoscience and nanotechnology (Chair Miran Ceh) 
7- MT: Materials Testing (Chair Joergen Kjems) 
8- AAA: Astronomy, Astrophysics and Astroparticles (Chair Janusz Ziolkowski) 
9- NPP: Nuclear Physics (Chair Rainer Koepke) 
10-HPL: High Power Lasers (Chair François Gounand) 

The selection of the experts in each EWG has been made by the Chairs in consultation with PSE, aiming at 
experts in the techniques and/or scientific fields of the RI’s under exam, with a preference for users-related 
experts. The choice was based both on lists of nominations by the ESFRI delegates, who were requested to 
consult with their research institutions, and on indications by international institutions developing studies in the 
relevant fields (e.g. the European Science Foundation). The lists of the experts who have participated are 
enclosed in each EWG report in Chapter 4. 

The work of the EWG’s has been developed according to the annexed terms of Reference and Procedures 
(Appendix iv), and each EWG has met on average four times over a period spanning between September 2005 
and may 2006. Their first task has been the development of a Landscape of the scientific perspective and 
needs in the fields served by the type of RI’s under consideration, taking into account both the proposed and 
the existing facilities, in terms of cutting edge science topics and requirements by the interested scientific 
communities (these landscapes are enclosed in the EWG reports in chapter 4, and summarised in paragraphs 
3.1 to 3.4). This work has been integrated by interactions between those EWG’s having significant overlaps 
either within PSE (e.g. between the different Laser or neutron RI’s) or, in particular, with BMS (Environment 
and Biodiversity, and Bioinformatics). After completing this first overview, the specific proposals, as well as all 
available and relevant documents on each proposal, have been examined, and, in all suitable cases, the 
proponents or specific experts were invited for a presentation to better specify the proposals and update 
aspects being developed. The proposals have been assessed with the help of a Check List, detailing all 
applicable questions underlying relevant criteria (Appendix v). Proposals which have been finally selected for 
indication to the PSE for possible forwarding to ESFRI have been presented according to a standard template 
(annexed to each EWG report).  

Minutes of the EWG’s meetings were circulated to PSE to keep al members informed, with the understanding 
that they are confidential but that the final report of each RWG will be published. The RWG’s have been asked 
to remain available for any further analysis which might be needed between the meetings of ESFRI in June 
and in September. 

The research infrastructures considered vary from one-site large investments with typical lifetimes of decades, 
to distributed infrastructures where deployment, more than construction, can be very short and the upfront 
investments are smaller than in the first case. In all cases the institutional arrangement should ensure open 
access based on quality and long term sustainability covering both the operation and the needed upgrades 
responding to the rapid developments of science.  

It should be noted that the RI’s which have emerged from this part of the roadmap process fall in three overall 
types: 

1. Unique facilities where only one-of-a kind is needed on European or even global scale (examples: Aurora 
Borealis, XFEL, ESS, IFMIF, ELT, SKA, FAIR, SPIRAL II and PETAL); 

2. Facilities which fit into a European network of coordinated development and use (examples: EU HPC, 
IRUVX-.FEL, ESRF, ILL 20/20, PRINS, JHR, KM3Net); 

3. Facilities, which are part of coordinated and targeted programs of use (examples: ICOS, EMSO, EUFAR, 
EUR ARGO, IAGOS, HPC-CDT). 
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These three types have different strategic rationales and offer different kinds of opportunities to the Member 
States, which should be taken into account in the continuation of the ESFRI Roadmap process, to attract the 
appropriate sponsorships and investments to realise and maintain them in the long term. 

The very wide variety in technical development and time evolution, as well as in institutional and financial 
aspects, has prompted PSE to develop, making use of the inputs from the EWG’s, a detailed Nomenclature of 
the various phases, in a table of criteria which can describe the development of an RI from early concept to 
construction. Applying this table allows to understand in greater detail the degree of maturity of each proposal, 
both in the scientific and technical as well as in the financial and institutional aspects, for a clearer 
presentation of the projects. As anticipated above, for the purpose of the Roadmap presentation, the degrees 
of overall maturity are summarised indicating with an asterisk those important projects where the 
commitments are by organized scientific communities, but not yet matched by Institutional/State commitments 
ensuring long term sustainability. Emerging proposals having the potential to grow into mature proposals in 
the two decades outlook of this roadmap are listed separately. 

3. The proposals in the scientific landscapes of PSE Subfields 
The following five paragraphs present the proposals against homogeneous scientific landscapes, grouping in 
this context also the emerging proposals, thus summarising the detailed Landscapes produced by the 10 
EWG’s (and reported in Chapter 4) for a more compact overall presentation to be transferred in the editing of 
the Roadmap. A short summary and list of the RI’s proposals selected for each field is followed by the 
summary landscape to outline how they fit within the development of science. RI’s needing further 
attention to achieve State and/or Institutional long-term commitments are indicated by an 
asterisk. 

The specific reports of each EWG are included in the following Chapter 4, with summary (template) 
descriptions of each RI proposed for the Roadmap, including contact persons and WEB addresses, as well as 
specific science motivations, perspective users and partners, costs and timing. Main data on overall maturity, 
Technical, Timing, Cost and Institutional/Financial aspects are more synthetically described in Appendix I 
(Table I).  

Important note: All the figures, especially financial ones, reported for the different RI's, as enclosed in the 
following chapters, were the the ones available until the last PSE meting (14 June 2006) and may be outdated 
due to continuous process of better definition of  designs and budgets, therefore we advise to consult the 
websites of those projects on which the interested readers need updated figures and data. 

3.1 High Power Computing, IT and Data Treatment (summary of report by HPC, in 
consultation with the e-IRG)  

Edited by C. Rizzuto, in consultation with H. Mannila 

For the European research community the need of adequate computational possibilities is crucial for productive 
high-quality research. Scientific computing and computing for science are more than just providing lots of 
processing power: issues of interconnectivity, software, and data management have to be taken into account 
in the development of research funding. 

A basic difference between this field and the next three fields is that, in HPC, the evolution of the commercially 
available hardware has a life-cycle of three years for the top of the class. Therefore investments can be easily 
underused and wasted, if not properly planned with a balanced and integrated effort in “software and 
peopleware” and aiming for the correct applications. Issues connected to these specific questions, and the 
strategic impact of this field for Europe, has prompted the EU governments to set-up an e-Infrastructures 
Reflection Group (e-IRG) with a mandate and a high level composition parallel to that of ESFRI. A very 
strong link has therefore been established between ESFRI and e-IRG, in particular integrating the EWG with a 
strong representation, and a vice Chair, from e-IRG. The e-IRG has also considered a proposer of RI’s, equally 
to ESFRI delegations (see procedure flow-chart in the procedures for the EWG’s in Appendix iv).  
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3.1.1 The proposed facilities and emerging general considerations 

PSE has received from the EWG upon proposal by the e-IRG, one proposal for the Roadmap, and one 
Emerging idea: 

The proposal for the Roadmap is: 

*EU-HPC (High Power Computing service for Europe). 

The Emerging idea is DACA – (DAta Curation, management and Analysis for the sciences). 

These two proposals are believed to most effectively integrate all scientifically valid proposals submitted to 
ESFRI by the ESFRI delegates.  

The first proposal is being extensively discussed, and could activate the setting-up of an ad-hoc Consortium 
with extensive Country participation. If implemented, it would cover the Pan-European needs of High Power 
and High Throughput Computing.  

The second emerging idea would cover the Pan-European needs of development of Software for Science, as 
well as of Data Treatment and Curation. 

Both proposals address the issue of how to develop an EU policy ensuring the availability of top RI’s to 
researchers in the area of computing, where the key aspect is how the European, regional and national levels 
of computing infrastructures are going to be linked together in an efficient way. 

The e-Infrastructure Reflection Group (e-IRG) has proposed a series of recommendations, which 
can be summarized as follows: Single e-Infrastructure projects must be superseded by integrated 
sustainable services at national and EU levels, open to all user communities, developing a Pan-EU 
infrastructure integrating the national e-infrastructures. 

The EWG believes, in this light, that the two proposals above may absorb the proposals assessed, which are 
four proposals of High Power Computing (the European HPC Initiative-EHECSS; C4E; DEISA and ECC), the 
GRID proposal, and four proposals dealing more with Data Treatment (DATS; the Virtual Observatory VO, 
Bioinformatics Infrastructure for Europe, and Making Software Survive). 

One other aspect which has been examined by the EWG is that of the GRID. For this, taking into account the 
e-IRG indications it has assumed that, in parallel with more localized RI’s in HPC-DT, appropriate investment in 
the GRID-like Pan-European infrastructure, integrating regional and national infrastructure across the full 
research spectrum will be deployed. Specific recommendations on how to achieve this are being developed by 
e-IRG and others, and we do not propose that ESFRI takes action in these aspects, beyond recognizing the 
central role of networking and higher level integrating services to support scientific research. 

The “High-Power Computing Service for Europe” should combine centralized, distributed, and networked 
aspects. A pyramid-like organization seems a good one, starting from a few very high-end centres and going 
down to smaller units, striking a balance between different levels and types of use. This proposal calls for a 
strategic discussion between the various interested Countries, to define how much this integrated idea can be 
effectively supported, overcoming the present national approaches, enlarging further the negotiations which 
have brought to some of the proposals forwarded by the ESFRI delegations. 

This proposal needs, therefore, further negotiations to mature the institutional framework allowing its 
realisation and its long term financial support.  

The emerging proposal on Research Infrastructure for data management, curation and analysis in 
the sciences addresses the fact that Software and data management costs are a major part in scientific data 
processing and that commercial software can handle only parts of the scientific needs. The needs of different 
areas are different, but there are large commonalities between areas. Areas such as building data repositories, 
data transformations, fitting complex models in large-dimensional data sets, visualizing complex phenomena 
etc. are difficult yet crucial in many scientific fields, and require lots of effort. Currently, different research 
areas are typically building the software from scratch, without using the existing results produced in other 
areas. A European networked infrastructure, devoted to the development of scientific software, would 
decrease the amount of duplicate work, foster faster distribution of novel data management and analysis tools 
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and techniques, and improve the quality of software. Such an infrastructure could be built by interconnected 
nodes emerging from existing research centres in various areas. They would have the task of developing 
software for their area, while maintaining solid cooperation with the other nodes, sharing and distributing the 
components that have multiple uses and users. Some could also be connected with specialized data 
repositories.  

3.1.2 The overall Landscape 

Coming to the general landscape, computation is now a key aspect in most areas of science. The dramatic 
growth in available processing power, memory, and data transmission capabilities has revolutionized many 
aspects of science. At the same time, improvements in measurement technology have made it possible to 
gather vast collections of scientifically interesting data. “Moore’s law”, indicating that the number of 
components in an integrated circuit doubles every 18 months, is assumed to hold for the next 10-15 years. 
This means that we can expect further increases in the use of micro processor devices, with an impact in the 
computational power of orders of magnitude. 

The area of computation in science spans not only traditional scientific computing (large simulations to address 
“grand challenges”, solving partial-differential equations etc.), but a much larger field of issues. In the context 
of RI’s one can name for example the following important issues: provision of high capability computing 
and/or high throughput computing capacity; grid architectures and other ways of interconnecting 
computing platforms; software for performing the computation; and data management and curation 
techniques for handling vast masses of data.  

The overriding theme in this context is to improve the access to computation and data storage across the full 
range of scientific research, decreasing the effort needed for building the software and for curation of data. 
This requires integrated provision of resources, improved networking, sharing of software efforts, and lowering 
of barriers between units participating in the development of scientific computing. 

Capability computing and throughput computing are terms describing different approaches to providing 
large computational power for applications. Capability computing refers to provision of large low latency 
machines capable of tackling grand challenge scale closely coupled problems which cannot be tackled in any 
other way. Such problems are central across a wide range of scientific fields, from traditional science and 
engineering domains to such key areas as the environment, national security, public health, and economic 
innovation. Throughput computing refers to provision of large numbers of more loosely coupled processors, 
typically built from commodity systems. High throughput systems provide both bulk processing capabilities for 
general research computing and are well matched to large scale problems that can be broken down into 
relatively independent parallel calculations, such as ensemble modelling or Monte Carlo Simulations.  

Capability computers have a much higher price/performance ratio than loosely coupled throughput computers, 
but are necessary to address a number of grand challenges which cannot be dealt with by loosely coupled 
computing units. 

Proposals for investments in such systems must therefore address two important issues. 

The first issue is whether the scientific cases motivating the investment can be addressed, instead, using 
cheaper throughput systems together with alternative software solutions or algorithmic approaches. In many 
known cases, development of appropriate algorithms has turned seemingly tightly coupled applications into 
applications scaling well on standard interconnects, even turning some applications into throughput problems. 
Interesting is the case of ensemble computations in, e.g., weather forecasting, which partly turned the 
problem into a mix of throughput and capability needs, perhaps most cost efficiently supported on several 
independent or clustered medium-sized capability systems. 

The second issue addresses the fact that an expensive large scale capability system is only motivated if each 
of the various applications, running on it, uses a large fraction of the system at a given time. Therefore, 
procedures put in place to select the applications are an important component of any capability system. This is 
particularly relevant for general purpose systems covering a wide range of scientific fields. Allocation of 
computer time must be viewed as a “valuable research grant”. Without an effective selection 
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mechanism for applications, combined with effective and efficient technical support for large scale application 
developments, it would be more cost effective to invest in several smaller clustered capability systems. 

GRID architectures aim at connecting large numbers of spatially distributed computers together for solving 
challenging computational tasks. There is currently an unfortunate association between GRID computing and 
throughput computing. It would be healthy to see the Grid being also considered as a preferred access layer to 
a fabric of resources containing both throughput and capability resources.   

Software is the key for computation. In scientific computing the software has to encode mathematical or 
physical models of the phenomena, simulation details, randomization techniques etc. Without software, 
computers are useless. While software requirements of different research areas differ, there are strong 
commonalities between different fields. 

Data management and curation is more and more important. While data quality has always been a key 
issue in scientific research, new measurement methods increase the amount of data in many areas by orders 
of magnitude. This makes data management much more difficult, and curation of data by humans becomes 
impossible. Combining data from different sources and measurements is crucial in many areas of, e.g., 
environmental and medical research, posing difficult issues of data integration.   

3.2 Environmental Sciences (summary report including both the EMEG and the 
Biodiversity-BMS aspects) 

Edited by Bart Laethem, in consultation with Jan Marek 

The integration of the reports by these two working groups anticipates the future setting-up of an autonomous 
Roadmap WG on Environment, as discussed in ESFRI and suggested early-on in the overall Roadmap process. 
The setting-up of this Group has been postponed to base the decision on this first analysis, and to avoid 
delays. We present here a first concrete step in the presentation of a common Landscape, which will develop 
in a focussed effort in the second edition of the Roadmap. 

3.2.1 The proposed facilities and general considerations 

Six proposals have been accepted by PSE for submittal to ESFRI, and one proposal is being submitted by BMS. 

These are (the asterisks indicate the RI’s needing specific attention to acquire critical commitments): 

- Aurora Borealis: Research Icebreaker  
- *ICOS: Integrated Carbon Observation System  
- *EMSO: Eu Multisciplinary Seafloor Observatory 
- EUFAR: Long range tropospheric aircraft for the European Fleet for Airborne Research in 

Environmental and Geoscience 
- EURO ARGO: EU Contribution to the global ocean observing system 
- IAGOS: Distributed Infrastructure for routine Aircraft Observations for Global Climate Change 

As anticipated in the beginning of this Chapter 3, more detailed information on each project is contained in the 
appropriate paragraph of next Chapter 4. 

The RI proposed by the Biodiversity Group is: 

- Life Watch an e-science and technology Infrastructure for biodiversity data and observatories 

As in the case of HPC-DT the critical issue which has emerged in the assessment of most proposals, is that, to 
obtain a really positive Pan-European approach in the use of resources connected to RI’s, “Institution Building” 
is more critical and less evolved than “ Expressed PanEuropean Scientific Needs” and/or “Technical Design”.  

Another aspect in this field is that the observation of the Earth environment is, per se, extensive, and, in most 
cases, the choice of the “platform” carrying the observation instruments is the critical aspect in terms of 
technical realization, cost and institutional arrangement.  

The present proposals do not contain space-borne platforms, which, however, will have to be taken 
into consideration in the next round, possibly in coordination with ESA and in the context of the GMES (Global 
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Monitoring for Environment and Security) aiming to create operational services in support of EU policies. 

A further issue, which has to be addressed more specifically in an overall policy-making, is the open access, for 
research purposes, of environmental data collected by non research Agencies, and the interoperability of 
networks built for different purposes. 

For the presentation into the Roadmap, the EWG has produced an overall time schedule (figure below), based 
purely on the technical realization times of the proposals. To transform this schedule into a budgetary 
envelope, similar to the time envelopes presented in the DOE Roadmap, we need to be able to define the 
Institutional and financial maturities. The EMEG group considered that it was not in a position to propose a 
detailed budgeting time schedule for the six projects as the conditions and process for their financing were still 
evolving or not available. Yet, EMEG discussed criteria to be considered for establishing this timeliness. The 
following ones are proposed: 
- The uniqueness of infrastructures which are likely to establish Europe as international leader in the particular 
field. It is proposed that these infrastructures be given priority in time.  
- The specific character of a research infrastructure in the European systems. Airplanes and research vessels 
cannot be considered without due consideration to the existing respective fleets and usage. Observing 
networks cannot be considered separately from the overall Earth observing system or GMES services, while 
continuity of observation should be considered critical. 
- The relative overall maturity of the infrastructures should take into account all various elements. It is 
recognized that projects that are mature in design and technical concepts should move ahead of others, 
provided other criteria are satisfied. 
- The financial gap between investment and operation. It should be taken account that observing networks can 
go into useful operation progressively (on several years), while on the contrary platforms like research vessels 
and aircrafts require a high initial investment. Thus, relatively small incremental financing of these networks is 
appropriate. 
Based on these sets of criteria, EMEG considers that financing for EuroArgo, ICOS and IAGOS should start as 
early as 2008, that EMSO should be financed as early as possible after the former, that Aurora Borealis and 
EUFAR could start as early as proposed but can be delayed by one or two years. In case of EUFAR one could 
even consider that this initiative could be planned at a somewhat later period (however on the latter no 
consensus was reached within EMEG). In terms of budgeting, it can be interesting to note that observing 
networks can go into useful operation progressively, on several years, and relatively small incremental 
financing, by the several Countries which can be involved (and by the UE), can appropriately respond to the 
need of deploying an effective system. 

The expert group concluded that some relevant topics in the environment field were not yet touched 
sufficiently by the proposals submitted 

a) Observing networks. Europe will need observing networks on other fields, e.g. in the seismologic, 
geochemical field, land cover, hydrological research and tropospheric research.  

b) Experimental research infrastructures. An integrated network of Ecotrons seems necessary, the 
integration and networking of Earth data systems need to be further developed.   

c) Research stations. The set up of research station projects with well-defined scientific objective that 
could provide a unique capacity for European scientists should be further examined.  

For the future of the roadmap process, EMEG recommends to ESFRI not to put environmental fields under 
different working groups but to create one specific working group dealing with all aspects of the environment. 

3.2.2 The overall Landscape 

The environmental science community or earth system research community is focussing on the promotion 
of sustainable management of the natural and human environment and its resources by advancing our 
knowledge on the interactions between the biosphere, ecosystems and human activities. An important field 
which needs pan-European and World-wide cooperation is the Earth system research. Tools and data are 
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needed for monitoring and prediction of climate, ecological, earth and ocean systems changes, for prevention 
and mitigation of environmental pressures and risks. International cooperation in this theme is crucial given 
the fact that environmental problems have a transboundary, regional or global dimension. EU-wide 
cooperation is further motivated by the facts that critical mass is needed given the scale, scope and high level 
of complexity of environmental research. Pan-European research infrastructures are essential tools to fulfil this 
challenge. 

In the field of environmental monitoring, natural hazards and natural resources both single sited and 
distributed infrastructures have been identified as essential components to observe, monitor, analyse, 
understand and predict the earth system. These infrastructures are needed to understand how physical, 
chemical and biological, as well as human behaviour, contribute to the dynamics of the earth system 
(athmosphere, oceans, land surface, cryosphere and human activities). Within this survey one has to take in 
account the European Global Monitoring for Environment and Security GMES) initiative.  GMES aims at creating 
operational services in support of European policies. An intrinsic link must be established between research on 
the earth environment and GMES, as research is needed to provide knowledge, technology and new solutions 
for GMES services, as validation of such services are best made through research, and as research needs the 
GMES data and products to study the Earth environment. Pan-European research infrastructure initiatives 
should further contribute to the implementation of international commitments of EU and Member States such 
as the United Nations Framework Convention on Climate Change, Kyoto and Montreal protocols, post-Kyoto 
protocol initiatives, the UN Convention on Biological Diversity, etc.  

Biodiversity is essential for sustaining human life and well-being and has a vital role to play as a provider of 
natural capital, goods and services. Effective actions are needed to meet the EU’s 2010 policy target to halt the 
current biodiversity loss. Biodiversity research infrastructures are required to support cross-sectoral policies 
that depend on the sustainable use of biodiversity, support the ecosystem approach to the management of 
fisheries, aquaculture, forests and agricultural systems, and to develop and assess methods to achieve 
sustainable lifestyles that reduce the impact on biodiversity.  One of the main challenges is to develop 
infrastructures collecting data from distributed sources in harmonised ways and making them accessible to the 
research communities. In other cases centralised infrastructure may be required creating critical mass of 
researchers and facilities, e.g providing controlled experiments on the relationship between biodiversity and 
ecosystem functions, developing new technologies for biodiversity assessment, etc. 

In the following a brief summary description of the pan-European RI’s which have been identified and are 
proposed for the Roadmap: 

- The AURORA BOREALIS, a novel research icebreaker with drilling capability, is a world unique 
multidisciplinary research platform of great importance to European and international Arctic research, as 
well as to deep sea drilling in the Arctic.  Due to its year-round operation ability it will significantly enhance 
and enable research in these areas. Arctic seas are among the most poorly known areas on Earth. Polar 
research is of primary importance for climate, biodiversity, oceanic and geological research. The biggest 
impact of climate change is expected to be in the Arctic and Subarctic regions and in the Northern Europe. 
The ship, and the organisations that will be created around it, will provide a good platform for co-ordinated 
European polar research and a valuable European contribution to international programs such as IODP.  

- The EUFAR initiative will fill in the scientific need of a high payload/high endurance European 
research aircraft which is neither currently available, nor planned by any national agency in Europe. The 
proposed airplane is complementary to other airplanes (e.g. Halo) and will significantly change the 
capacity of European atmospheric research community to study the troposphere. At the same time it will 
provide a potential for cross fertilisation between research groups and different science experiments 
typically in the field of climate studies, chemistry and large scale meteorology.  

- EMSO, the European multidisciplinary seafloor observation infrastructure for long term 
permanent monitoring of the ocean margin environment around Europe is considered critical by the ESF 
marine board.  EMSO is an essential tool for deep sea research including geosciences & geo-hazards, 
physical oceanography, biology and non-living resources. Cabled sea-floor observatories are needed to 
collect simultaneously long time series of data identifying temporal evolutions, cyclic changes and 
capturing episodic events related to oceanic circulation, deep-sea processes and ecosystems evolution.  In 
addition long-term monitoring will allow the capture of episodic events such as earthquakes, submarine 
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slides, tsunamis, benthic storms, bio-diversity changes, pollution and other events that cannot be detected 
and monitored by conventional oceanographic sea-going campaigns.  

- ICOS, the integrated carbon observation system, has a high scientific and societal pan-European 
and even global relevance in the field of long term monitoring and research of greenhouse gases, their 
fluxes between atmosphere and continental biosphere and storage in the ecosystem.  This distributed 
research facility is both research and operational (in the frame of GMES) oriented and will enable European 
member States and the EC to better respond to the obligations of the UNFCCC. ICOS is in continuity of an 
ongoing preliminary project (through IP CarboEurope) that demonstrates its feasibility and the maturity of 
the scientific and technical concepts. To secure the crucial continuation of these observations a long term 
perspective should be guaranteed through the set up of an institutional concept (research infrastructure). 

- IAGOS-ERI, a distributed infrastructure for routine aircraft observations for global climate 
change is already a key concept for the international climate and atmospheric research community and 
will likely become a key component of a GMES service on air quality that is being discussed.  IAGOS is a 
very efficient and cost-effective approach to monitor the long term variations of the atmospheric chemistry 
on the large scale, including many chemical species and aerosols making use of commercial airlines. It 
allows a significant improvement and extension of an ongoing and very successful research infrastructure 
initiative (MOZAIC) funded by the EU. Data obtained by means of routine aircraft measurements have 
been widely used at the international level and notably within the IPCC process (worldwide application) but 
key scientific applications are made in European projects such as GEMS. IAGOS is an important project 
under full European leadership for which a long-term continuity of the observation is critical (given the 
scientific objectives of global climate change research).  

- Euro-Argo is fully part of a worldwide international agreement (ARGO) for global in situ ocean 
observations, endorsed by the WMO’s Climate Research Programme, the Global Ocean Observing System 
(GOOS), and the Intergovernmental Oceanographic Commission. It is a key scientific and operational 
ocean observation system with already proven high scientific relevance for the global climate change 
research and ocean studies. Through its network of floats ARGO provides a unique real time 3-dimensional 
observation of the global ocean, producing enormous more data than earlier have been available from 
research ships. This observing platform is complementary to the remote sensing observations from 
satellites (particularly altimetry). The objective of the EURO-ARGO proposal is to develop a sustained 
European infrastructure facilitating access to European scientists. A long lasting component of 800 floats 
will progressively be built up as a contribution to the global ARGO platform. In addition EURO-ARGO will 
become a key source of data for the GMES Marine Core Service that is being implemented. 

- Life Watch is an e-science and technology Infrastructure for biodiversity data and observatories putting in 
place the essential infrastructure and information systems necessary to collate both existing and new data 
on biodiversity and distribute this information with analytical and modelling capabilities to the scientific 
community and to other users in the public, commerce, and policy sectors. The LIFE WATCH research 
infrastructure will contribute a European component to the GEOSS 10-year implementation plan, 
particularly in relation to enabling global, multi-system information capabilities for biodiversity 
conservation; and improving the coverage, quality, and availability of essential information from the in situ 
networks and improving the integration of in situ and satellite data.  

Two proposals have been identified as emerging proposals. Both proposals have a very high pan-European 
scientific potential, however need further development before being recommended for the inclusion into the 
roadmap. 

- The PEGASUS research infrastructure is a distributed network of High Altitude Platforms (HAPs) 
making use of solar High Altitude Long Endurance Unmanned Aerial Vehicles (HALE-UAV’s) equipped with 
remote sensing and other monitoring instruments.  

- The BMS Biodiversity EWG proposes also ANAEE, an infrastructure for the analysis and 
experimentation on ecosystems.  The objective of this integrated research infrastructure is the 
analysis of the responses of ecosystems and organisms to current and future environmental changes.  
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Provisional timeline for technical implementation based on Environmental Science RI’s proposed 
for the Roadmap: 

2006 2008 2010 2012 2014 2016 2018

AURORA BOREALIS

EMSO (1)

IAGOS-ERI (2)

EUFAR

ICOS 

EURO-ARGO (3)

LIFE WATCH

Preparatory phase

Construction phase

Operational phase

 
(1) EMSO: 5 sites are foreseen: first site operational in 2008; last two sites operational in 2012. 
(2) The preparatory phase of IAGOS-ERI is covered by the ongoing design study IAGOS within FP6, (15.4.2005 – 14.4.2008). 

Thereafter, operation can start immediately, with first aircrafts.  In the meanwhile new aircrafts will be equipped. Full 
deployment (20 aircrafts foreseen in 2016)  

(3) EURO-ARGO: the global ARGO array was initiated in 2000 (first deployments) and is expected to reach its target of 3000 
instruments in operation during 2007. The European infrastructure would start its insertion over the period 2007 - 2010, with 
full implementation over the extended period of 2011 - 2020.  Over the initial period the transition of the operations from 
research based to the establishment of a permanent research infrastructure will be effected, coinciding with a similar transition 
of the GMES Marine Core Services from pilot project to full operational implementation.  

3.3 Astrophysics, Astronomy, Particle and Nuclear Physics (summary of reports by 
AAA and NPP) 

Edited by R. Koepke, in consultation with J. Ziolkowski 

The subfields of Astronomy and Astrophysics, Nuclear Physics, and Particle Physics, have a long tradition of 
coordination and international Institutions developing internationally agreed, designed and open-access 
projects, which ensure both a rational use of resources and the capability of long-term planning to develop a 
coherent set of specialized roadmaps. In the case of Astronomy and Astrophysics, as well as in Astroparticles, 
the issue of Space borne instruments is of obvious importance, and will have to be focused in the next edition 
of the roadmap. One issue that has been brought to attention is the need of better coordination between 
Space and Ground long term planning of the needed infrastructures. 

3.3.1 The proposed facilities and general considerations 
The proposals forwarded by the EWG, in interaction with NUPPECC and approved by PSE to be submitted to 
ESFRI are the following (the asterisk indicates the RI where long term institutional commitments are still to be 
developed): 

- ELT: Extremely Large Telescope 
- *SKA: Square Kilometer Array  
- KM3Net: European deep sea neutrino telescope with a  volume of at least one cubic kilometre 
- FAIR: Facility for Antiproton and Ion Research 
- SPIRAL II: Systeme Production de Ions Radioactifs Accelere’ en Ligne 
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In the subfield of Nuclear Physics, the NUPPECC organization has been the main reference to converge 
towards a selection of proposals joining the criteria of Pan-European impact with the need of a small and 
significant set of major proposals. Some proposals by NUPPECC have been not included but the EWG 
recognizes their importance in the overall field, although they are of a size that can be easily realized within 
the existing resources of the Institutions operating in the field. 

3.3.2 The overall landscape 

In the exploration of the universe as a whole, of the objects in it and in a better understanding of the 
constituents of matter and their behaviour science has made enormous progress in the recent decades. But 
this progress has produced a lot of new fundamental questions which are today on the agenda of astrophysics, 
astroparticle physics, particle physics and nuclear physics. Now these research areas are in many ways 
interconnected. Examples are the search for dark matter or dark energy, the origin of mass, or nuclear 
astrophysics. The exciting scientific perspectives and new technological developments have inspired the 
creativity of the scientists and led to a lot of proposals with a sound scientific and technical justification. Basic 
science has always been a driving force for the development of new technologies to improve the collection of 
information from the farthest distances and from the smallest dimensions of space. On the other hand new 
instruments have always led to new discoveries and new insight. But in the course of this development the 
facilities in fundamental physics and astronomy have become much larger, technically more complicated and 
very expensive. More than ever before it has become a necessity to join the intellectual and financial resources 
of many countries to realize these projects.  

In astronomy outstanding discoveries in recent years have induced new fundamental problems. These 
include the nature of Dark Energy and Dark Matter, the emergence of the first stars and galaxies in the 
universe and their evolution, the description of gravity, and planet formation around other stars. To tackle 
these and other questions a new suite of instruments is required to provide data across the electromagnetic 
spectrum.  

Current ground-based optical astronomy can use as largest instruments a set of 8-10 m telescopes, but it 
has become clear that the challenge of the new fundamental questions require still larger collecting area and 
larger angular resolution. The Extremely Large Telescope (ELT) has been proposed as the follow-up 
project of the current generation of optical telescopes. With segmented mirrors and adaptive optics it seems 
possible to construct telescopes with diameters of up to 100 m. For many reasons there is now a concentration 
on 30-50 m class telescopes, which represent a natural scientific and technological step towards larger sizes. 
The ELT will enormously deepen the knowledge in nearly all fields of astronomy, e.g. will help to investigate 
the formation of structure in the very young Universe and will allow studies of extra-solar planets in our 
galactic neighbourhood. 

In radio astronomy there is consensus in the scientific community that the next generation telescope should 
be the Square Kilometre Array (SKA). The SKA will have a collecting area of one million square metres 
distributed over a distance of at least 3000 km. This area will result in a 100 times higher sensitivity compared 
to existing facilities necessary to see the faint signals from the early universe. The radically new concept of an 
“electronic” telescope will allow very fast surveys. Thus it will be possible to tackle many important problems in 
cosmology and fundamental physics, e.g. tests of the theory of relativity or the formation and evolution of 
galaxies. The site for SKA is likely to be outside Europe. 

Neutrino detectors have opened a new window for observations and a new field in astroparticle science, that 
of neutrino astronomy. The Cubic Kilometre Neutrino Telescope (KM3Net) will consist of thousands of 
optical sensors distributed in a volume of about one cubic kilometre in the depth of the Mediterranean Sea. 
The sensors detect the light which is produced in the water by charged particles originated from neutrinos and 
the earth. It is aimed to monitor the universe continuously – together with the ICECUBE neutrino detector 
currently under construction on the South Pole. It will search for distant sources like gamma ray bursters, 
supernovae or colliding stars. 

In another important part of the electromagnetic spectrum, i.e. in gamma astronomy, a Cherenkov 
Telescopes Array (CTA) was proposed. Given the recent progress in this field, the proposal promises 
exciting scientific perspectives. The idea of CTA is not mature enough to enter the ESFRI Roadmap today, but 
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there are good chances that it will qualify on a one to two years time scale, therefore it is listed in Annex I as 
an Emerging idea. 

Nuclear physics has been revolutionized by the recent development of the ability to produce accelerated 
beams of radioactive nuclei. For the first time it will be possible to study reactions between the 6000 to 7000 
nuclei we believe exist rather than the 300 stable ones that nature provides. Modern nuclear physics has two 
main aims. At the larger scale one wants to understand the limits of nuclear stability by producing exotic nuclei 
with vastly different numbers of neutrons and protons. At the smaller scale one wants to explore the 
substructure of the constituent neutrons and protons, for it is in the interaction of their constituent parts that 
the ultimate description of nuclei must lie. 

There are two approaches to producing radioactive beams – the “In-Flight Fragmentation” and the “ISOL 
(isotope-separation on-line)” techniques. The In-Flight production technique is fast and can produce the 
shortest-lived radioactive nuclei, whereas the ISOL technique can provide more intense and better controlled 
beams for detailed studies. So both techniques are complementary. 

The leading In-Flight facility will be the Facility for Antiproton and Ion Research (FAIR) planned as an 
international research centre in Darmstadt. The central part of the facility are two superconducting 
synchrotrons which will deliver high intensity ion beams up to 35 GeV per nucleon for ions up to uranium and 
with secondary radioactive beams and antiprotons. FAIR will allow a broad spectrum of research programmes 
e.g. with cooled beams of antiprotons, for nucleus-nucleus collisions and for nuclear astrophysics 
investigations. 

SPIRAL-2 is a major expansion of the SPIRAL facility at GANIL in Caen which will help to maintain European 
leadership in ISOL development and is an essential step on the road to EURISOL. The technical challenges of 
the acceleration, targetry and experimental equipment will provide essential knowledge and continuity. The 
EURISOL facility is intended to be the ultimate ISOL facility, for which a design study is under way, but the 
start of this facility is not expected before 2018, since formidable technical challenges have to be tackled. 
Therefore an intermediate step as SPIRAL 2 is required and essential. 
In terms of Emerging ideas the DAΦNE II high luminosity e+ e – collider in the energy range between 1 and 2.4 
GeV has been proposed in the Nuclear Physics. 

Particle physics stands on the threshold of a new and exciting era of discovery. The next generation of 
experiments will explore new domains and probe the deep structure of space-time. European particle physics 
is founded on strong national institutes, universities and laboratories and the CERN Organization. The CERN 
Council created a Strategy Group which elaborated a Roadmap for the needs of the field, with the following 
major elements (reference): 

 - The Large Hadron Collider LHC at CERN will be the energy frontier machine for the foreseeable future and 
should fully exploit its physics potential. R&D has to be pursued now for a luminosity upgrade by around 2015. 

 - In order to be in the position to push the energy and luminosity frontier even further it is vital to strengthen 
the advanced accelerator R&D programme (CLIC technology, high performance magnets, high intensity 
neutrino facility). 

 - It is fundamental to complement the results of the LHC with measurements at a linear collider. In the energy 
range of 0.5 to 1 TeV, the ILC, based on superconducting technology, will provide a unique scientific 
opportunity at the precision frontier." 

3.4 Materials Sciences, (summary of reports by SXF, HXR, LNI, NANO, MT, HPL) 
Edited by C. Rizzuto, in consultation with J. Kjems 

The field of Materials Sciences, like that of Environment, is complex and has several aspects related to RI 
overlapping other fields being close to Engineering on one side and Nuclear Physics on the other side. 
However, the strategic importance of this field grants a strong attention, for its industrial as well as scientific 
impacts, and because it is the field in which a number of Countries have invested heavily in the past. It can 
also be a critical field to have a more coherent European approach, now that the size of some RIs is well 
above the capabilities of even the largest EU Countries. 
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3.4.1 The proposed facilities and general considerations 

The proposals forwarded by the EWG’s and approved by PSE to be submitted to ESFRI are the following: 

- IRUVX-FEL: EU Consortium of complementary IR to UV-soft X FELs (Materials Sci) 
- XFEL: International X Ray laser facility (Materials Sci) 
- ESRF Upgrade: European Synchrotron Radiation Facility (Materials Sci) 
- *ESS: European Spallation Source (Materials Sci) 
- ILL 20/20 upgrade: Institut Laue Langevin, upgrade of beamlines and instruments suite (Mat. Sci) 
- ELI: Extreme Light Infrastructure, short pulse (Materials Sci) 

The number of proposals reflects the wide-ranging aspects of these fields. The general situation is that, 
because of different historical growth trajectories and the very diverse cultures of the potential users, spanning 
from Archaeology to Biology, the overall coordination in this area is less evolved than in the fields of Physics 
and Astronomy, and the international initiatives are more connected to single Infrastructures than to the 
underlying user communities who, therefore, lack the institutional support to build an overall European 
strategy, balancing, in a long-term strategy, the requirements and the resources needed to fulfil the scientific 
needs.  

This, as in the cases of Environment and of Computing, indicates the need of some type of Institution-building 
accompanying the effective implementation of the Roadmap, to ensure both the long term support and the 
renewal of the infrastructures, responding in the most cost and science effective way, to the effective needs. 

Some of the proposals reflect the development of a more strategy-led approach, improving on the historical 
record. 

3.4.2 The overall Landscape  

The continuous growth of knowledge and innovation in new and advanced materials, from steel blades to 
biological materials, and including fluids and plasmas, has been fuelled by the capability to observe, design 
and assemble or manipulate them at ever increasing definition of scale and for increasing complexity. This has 
supported a century-long durable and effective industrial and economic growth based on increasingly 
sophisticated new products, from catalyzers or cellphones to new pharmaceutical drugs, accompanied by 
continuous improvements of traditional products, from car engines, the glass cover of housing to the fabrics 
for dresses. 

It is now increasingly possible to operate at the nanometer scale, observing and manipulating, as well as 
designing, atom by atom, increasingly complex materials which have specific properties for specific products. 
As a consequence, the boundaries, between chemistry and physics and between materials science and biology, 
have become very diffuse and present challenging new fields of research.  

This has been possible thanks to a vast array of techniques covering the analysis, the synthesis and the 
manipulation of materials. Most techniques can be available in relatively small laboratory environments (like 
the atomic force microscope-AFM, or the atomic-layer deposition chambers) but, when it comes to operating at 
a deeper level and with increasing definition on larger amounts of materials, high fluxes of the “probes” used 
need to be provided in order  to be able to “illuminate and reach” all atoms of the materials under 
investigation. This, in turn, requires “large facilities” capable to provide the adequate “brilliances”, much like 
the need of a strong light to explore a dark environment. The larger the intensity and the more collimated the 
beam, the further we are able to see. 

Light photons are only one (probably the most flexible) of the many complementary “probes” which can be 
used. We can “touch” mechanically as in the AFM, or employ electrons in electron microscopy, neutrons in 
neutron spectroscopy, radio-waves and magnetic fields in the Nuclear Magnetic Resonance (NMR) or more 
exotic particles like positrons, muons, ions, etc. Most probes can also be employed to modify or manipulate: 
photolitography, transmutation, polarization, photochemistry, etc. Different probes are needed for different 
properties, like magnetism, electronic and optical properties, thermal and mechanical properties, 
superconductivity, etc. 
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National and International large RI’s, in this field in Europe, have evolved into a common overall Infrastructure 
open to the access of research proposals based on quality only. This has been strongly induced and supported 
by the “access” programs of the EU. 

The overall situation of the main RI’s can be summarized as follows: 

Photon Sources: these are Synchrotrons, Integrated Laser Laboratories or High Power Lasers. A 
recent technological breakthrough is adding the Free Electron Lasers (FELs) capable not only of much higher 
brilliances but also of short time “flashes” opening the dynamic “filming” of atom-related properties.  

Photon sources are needed over a large range of “colours”, from the low Infrared (or Terahertz) range up to 
the Hard XRays, i.e. from wavelengths comparable to the longer range molecular arrangements to single 
atoms. Infrared to the “soft X” light provides analysis and microscopy of electronic/molecular properties, while 
Hard XRays give the structural position of atoms. High power lasers and Synchrotron Light are also used to 
produce and study plasmas, e.g. the conditions for energy production by fusion, or to produce devices through 
lithography.  

The new capabilities offered by FELs open a virtually unexplored, “terra incognita”. State of the art 3rd 
generation synchrotron sources will be surpassed in peak intensity by 8-9 orders of magnitude, and by 3-4 
orders of magnitude in average intensity and short-time capabilities, pushing research to new frontiers and 
opening novel areas of research. In the new FELs area, the proposals forwarded for the Roadmap are the 
European X FEL effort, which aims at the measurement of the structures of clusters and single 
macromolecules with atomic definition, and the the IRUVX-FEL Consortium proposal, which opens a new way 
for nationally supported projects to join in a highly competitive European Initiative. An embryonic proposal is 
the advanced concept of PSI-FEL, which is proposed as an Embryonic idea 

Europe is well endowed with Synchrotron sources, thanks to a continuous effort made by several EU 
Countries. The International Hard X source ESRF in Grenoble, started in 1994, and six specific UV-Soft X 
sources cover an increasing user community now of about 10000 researchers, in areas ranging from Structural 
Biology to Archaeology. The evolution in user requirements and improvements in technology fuel a continuous 
upgrade of all facilities, and PSE is proposing in particular the upgrade of ESRF for the Roadmap. 

In High Power lasers, two main challenges are identified for the future of the field. 

The first challenge, which belongs more to the Energy domain and is reported in the following paragraph 3.5, 
is a civilian laser fusion research (using the “fast ignition scheme”). In the present world-wide context of 
increasing energy demand, the importance of exploring all possible ways towards energy production appears 
obvious. 

The second one, more directly relevant to Materials Sciences, is related to laser-matter interaction in the 
extreme intensity regime. The use of an exawatt class laser will give access to the hitherto unreachable 
domain of laser-matter interaction in the ultrarelativistic intensity regime, and to a totally new physics as well 
as open new routes towards particle acceleration and secondary sources developments. 

A vision scenario for the European laser landscape in the future (around 2015) should be based on the 
following three-level structure: 

- a broad base of national resources, consisting of a range of scale sizes from a large number of single-
investigator laboratories to the specialized national facilities. Such a broad base is almost unique to the field of 
laser research, characterized by an extremely broad range of device technologies, unified only by the 
underlying principle of stimulated emission of radiation and thus enabling an extremely broad range of 
applications in all fields of science and technology; 

- a network of European large laser infrastructures, combining the diversity of top-level national resources 
into one European entity (“virtual infrastructure”); 

- two Pan-European Infrastructures driving the frontier of laser science beyond the level of national resources: 
HiPER, devoted to laser fusion (and related topicslike matter under extreme conditions) and ELI devoted to 
high-fields, short pulse basic research (and applications). 
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Neutron Sources: The use of neutrons as a spectroscopic probe of matter is strongly complementary to 
photons for magnetic as well as thermal and mechanical properties, and in biological matter where the role of 
light atoms is extracted by substituting Deuterium to Hydrogen.  

In considering the neutron sources, PSE has taken also in consideration the different facilities, more related to 
Engineering (and reported in the next paragraph) which are needed to generate high integrated fluxes of 
neutrons, to study the reliability and radiation resistance of structural and fuel materials and safe design 
parameters for Fusion and Fission power generators, in view of the construction of ITER and the development 
of IV generation reactors. 

A good endowment of neutron sources for spectroscopy, including the two world level top-rank, has given 
the EU a leadership in the past 20-25 years, but new and increasing competition from the US and Japan, 
based on Eu-developed new technology, is now decreasing rapidly the advantage. EU users of neutron 
spectroscopy are about 5000, and increasing in biophysics and nanosciences. PSE proposes for the Roadmap, 
with high priority, the European Spallation Source (ESS) on an international basis, for long term 
competitivity, as well as the overall upgrade of ILL.  

In the field of Nanoscience  a very large part of the Nano approach will be in “small groups”, but synergies 
with large facilities are indispensable to achieve world-level competitivity, and the full development of this 
extensive field will require a cultural change in the way large and small research and development 
infrastructures interact. Two emerging proposals contain these aspects and will have to be followed closely to 
strengthen and improve the synergy between the large Nanoanalytical facilities and Nanosynthesis oriented 
facilities, these are EUFEO and NANOSCIENCE. 

3.5 Energy and Engineering (& Technological Platforms) 
Proposals for this first edition of the Roadmap, are limited to infrastructures dedicated either to applied and 
engineering aspects for fusion and fission Energy generation, like IFMIF, JHR, HiPER, or to industrial 
developments in Microelectronics, like PRINS. 

A small number of proposals in Engineering were received (see the “Long List” in Appendix ii) and have been 
assessed by the PSE RWG. They have been found to have limited scope, compared to Pan European 
requirements. It is expected that proposals of Pan-European scope will emerge for the second edition of the 
Roadmap based on the indications which are now maturing in connection to the Technological Platforms, in 
view of the 7th Framework Programme. A chapter, as well as the landscapes, on these aspects will be inserted 
directly in the Roadmap. 

3.5.1 The proposed facilities and general considerations 

The proposals forwarded by the EWG’, which belong to the fields of Engineering and Energy are the following: 

- *PRINS: Pan european Research Infrastructure for Nano Structures, +associated Labs (Engineering) 
- IFMIF: International Fusion Materials Irradiation Facility (accelerated D beams) (Energy) 
- JHR: Jules Horowitz high Flux Reactor (100MW) (Energy) 
- *HiPER: FacilitY for Fusion-Plasma studies, long pulse (Energy) developed using results form the 

present PETAL development. 

Other RI’s dedicated to the development and continuous improvement of products, e.g. in Transport industry 
(from Space to Shipping) or in the (non nuclear) Energy industry (from Photovoltaics to Combustion) will have 
to be considered in the second edition of the Roadmap. The “Long List” (Appendix II) contains a small number 
of proposals in these fields, but whose dimension and scope, as well as scientific impact, were not (yet) 
sufficiently Pan-european to grant selection for the roadmap. Several proposals are being developed within the 
Technology Platforms for the 7th Framework Programme, and preliminary concepts for new and upgraded RI’ 
are being taken into consideration. In most cases, the required investments are relatively low compared to the 
resources available in the related programmes, and could be funded within the effort of the ensuing projects, 
but a specific attention should be dedicated to collaborative aspects, and this could be gained by a specific 
effort in the next edition of the roadmap, also to ensure adequate provision of “open access” RI’s in these 
fields. 
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In the industrial Engineering field of Electronics applications, related to Nano and microelectronics, 
covering Science as well as Industrial activities, the concentration of complementary small infrastructures gives 
rise to Very Large infrastructures, as is the case of the PRINS project in the Roadmap. Such an integrated 
project directly devoted to the Technological and Microelectronic Engineering aspects would not be cost-
effective without opening its use also to basic sciences, to “capture” the innovation potential of basic research, 
and this is the basis of its insertion in the Roadmap. 

On the (Energy related materials-testing) side, a “global” proposal for the Roadmap is IFMIF, required by 
the fusion effort when the results from the ITER project will be used to construct a fusion power 
demonstration reactor. IFMIF must be able to simulate the very high integrated fluxes of neutrons in a fusion 
reactor. Also, in this Energy-related RI’s, the JHR high flux reactor for materials and fuel testing for fission and 
fusion is needed to replace the ageing remaining materials testing reactors in Europe. Its main scientific scope 
is the development of new materials and fuels for the next generation of fission power reactors in a 
coordinated effort by academia and industry. Two other emerging proposals in this field of materials testing, 
for nuclear applications have also been considered: PALLAS and MYRRHA. 

3.5.2 The overall landscape 

The presentation of the overall landscapes of Energy and of Technology Platforms has been drafted directly by 
the Roadmap drafting group and we refer the reader to the Roadmap text. 

3.6 The emerging proposals 
These are the proposals that the Expert Groups consider to require further elaboration before they can be 
recommended for inclusion in later iterations of the Roadmap. They are listed here with reference to each 
proposing Expert Group.  

- EMEG: PEGASUS  
- HPC: SOFTWARE AND DATA MANAGEMENT 
- HX (and SXF) PSI-FEL 
- MT: PALLAS  
- NANO: NANOSCIENCE 
- NANO: EUFEO 
- MT: MYRRHA 
- AAA: CTA 
- NPP: DAΦNE II 

The descriptions of these proposals are attached to each EWG report, in the following chapter, 
and summarized in Appendix ii). 
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4. Reports of the Expert Working Groups, including the 
description of Projects for the Roadmap or Emerging  
This Charter contains, in separate paragraphs, the final reports of the Export Working Groups. In each 
paragraph are annexed the descriptions of the RI’s proposed for the Roadmap. Most descriptions are 
summaries according to a standard template, and more information can be obtained through the web sites or 
the contact points listed in the end of each description. 

Additional information and descriptions are contained in Annex vii) and viii) to this report. Annex vii) contains 
the descriptions of the Emerging Proposals indicated by the Expert Working Groups. Annex viii) contains 
detailed evaluations provided by some of the EWG’s, applying the check list in annex v). 

The order in which each Expert Working Group has evaluated and/or presented the proposals does not reflect 
a priority list, but only the order in which they have been assessed. 

4.1 EMEG: Environmental Monitoring, Natural Resources and Natural Hazards 

(Chair: Bart Laethem) 

4.1.1   Executive summary 

(1) EMEG worked under the responsibility of PSE RWG; it was focussed on environmental monitoring, natural 
hazards and natural resources. During seven months EMEG evaluated twenty-six project proposals. 

(2) EMEG applied strict selection criteria and standard evaluation forms in order to identify mature proposals. 

(3) The selection process was based on four steps: 

a) Preliminary selection based on short description documents (two page documents); 
b) In depth evaluation of full proposals of projects selected in the first step and completion of 

evaluation forms by all experts 
c) Additional evaluation of candidate ESFRI EMEG roadmap proposals through a hearing; 
d) Final selection based on completed forms, critical discussion among the members of EMEG. 

(4) In its selection process EMEG took in account the European Global Monitoring for Environment and 
Security GMES) initiative. An intrinsic link must be established between research on the earth environment 
and GMES, as research is needed to provide knowledge, technology and new solutions for GMES services, 
as validation of such services are best made through research, and as research needs the GMES data and 
products to study the Earth environment. Pan-European research infrastructure initiatives should further 
contribute to the implementation of international commitments of EU and Member States such as the 
United Nations Framework Convention on Climate Change, Kyoto and Montreal protocols, post-Kyoto 
protocol initiatives, the UN Convention on Biological Diversity, etc. 

(5) EMEG recommends to ESFRI to put 6 projects in the Roadmap.  

a) Research Icebreaker AURORA BOREALIS: a novel research icebreaker with drilling capability. EMEG 
considers this multidisciplinary research platform of great importance to European and international 
Arctic research, as well as to deep sea drilling in the Arctic.  Due to its year-round operation ability it 
will significantly enhance and enable research in these areas.  

b) EUFAR Initiative for a Heavy-Payload Long-Endurance Tropospheric Aircraft. EMEG concludes the 
EUFAR project merits being registered in the road map as it would significantly change the capacity 
of European atmospheric research community to study the troposphere at the same time as it will 
provide a potential for cross fertilisation between research groups and different science experiments. 

c) EMSO – European Multidisciplinary Seafloor Observation infrastructure for long term permanent 
monitoring of the ocean margin environment around Europe. EMEG recommends registering the 
EMSO proposal in the road map since it is an essential distributed research infrastructure for deep 
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sea research including geosciences & geo-hazards, physical oceanography, biology and non-living 
resources.  

d) ICOS - An Integrated Carbon Observation System.  EMEG recommends registering the ICOS proposal 
in the road map due to its high scientific and societal pan-European and even global relevance in the 
field of long term monitoring and research of greenhouse gases (mostly CO2), their fluxes between 
atmosphere and continental biosphere and storage in the ecosystem.  To secure the crucial 
continuation of these observations, a long term perspective should be guaranteed through the set up 
of an institutional management concept. 

e) IAGOS A distributed Infrastructure for Routine Aircraft Observations for Global Climate Change. 
EMEG recommends including the IAGOS-ERI proposal in the ESFRI-roadmap due to its very high and 
already proven scientific relevance for the international climate and atmospheric research community 
and given it’s very cost efficient set up.  IAGOS is an important project under full European 
leadership. It is in continuity of an ongoing research infrastructure initiative for which the continuity 
of the observation is critical. 

f) EURO-ARGO – Contribution to the global ocean observing system. EMEG concluded EURO-ARGO is a 
key scientific and operational ocean observation system with already proven high scientific relevance 
for the global change research. This is another project for which the continuity of the current 
observation is critical and should be guaranteed by setting up a pan-European institutional 
management concept (research infrastructure). 

(6) EMEG considered the UAV-component of the PEGASUS – project as a very innovative and potentially very 
powerful new concept for environmental monitoring.  More time is needed to prove the technological 
feasibility of the use of high altitude long endurance (several months) UAV’s as platforms for sensors and 
other instruments, and to mature the business plan of a pan-European platform. Therefore it is 
recommended for listing it as an “emerging proposal”. The proposal should be further elaborated with a 
comprehensive budget and sustainable management plan and then be reconsidered for the ESFRI 
Roadmap. 

(7) The expert group concluded that some relevant topics in the environment field were not touched 
sufficientely by the proposals submitted 

d) Observing networks. Europe will need observing networks on other fields, e.g. in the seismologic, 
geochemical field, land cover, hydrological research and tropospheric research.  

e) Experimental research infrastructures. An integrated network of Ecotrons seems necessary, the 
integration and networking of Earth data systems need to be further developed.   

f) Research stations. The set up of research station projects with well-defined scientific objective that 
could provide a unique capacity for European scientists should be further examined.  

(7) For the future of the roadmap process, EMEG recommends to ESFRI not to put environmental fields under 
different working groups but to create one specific working group dealing with all aspects of the 
environment. 

(8) Based on its experience the EMEG group made some recommendations in order to help ESFRI establishing 
a long-standing mechanism for strategic planning of European Research Infrastructures. Major 
recommendations are:  
a) Explicit and stabilize the perimeter of the ESFRI research infrastructures, in such a way as all players 

understand the subject. 
b) Explicit and stabilize the role of the various instances of ESFRI in such a way that it becomes clear 

down to the scientist level.  
c) Explicit and stabilize the process for ESFRI in a way that it is understood from all. 
d) Improve the communication on ESFRI and its processes. 
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4.1.2   Landscape 

The Environmental science community is focussing on the promotion of sustainable management of the 
natural and human environment and its resources by advancing our knowledge on the interactions between 
the biosphere, ecosystems and human activities. An important field which needs pan-European and world wide 
co-operations is earth system research. Tools and data are needed for monitoring and prediction of climate, 
ecological, earth and ocean systems changes for prevention and mitigation of environmental pressures and 
risks. The international cooperation in this theme is crucial given the fact that environmental problems have a 
transboundary, regional or global dimension and the global processes can only be understood by combining 
data from distributed but coordinated measurements. EU-wide cooperation is further motivated by the facts 
that critical mass is needed given the scale, scope and high level of complexity of environmental research. 
Some of the needed research platforms are also too expensive to be afforded by single countries. Thus, there 
is a large need for pan-Europan cooperation in this research filed. 

In the field of environmental monitoring, natural hazards and natural resources both single sited and 
distributed infrastructures have been identified as essential components to observe, monitor, analyse, 
understand and predict the earth system. These infrastructures are needed to understand how physical, 
chemical and biological, as well as human behaviour contribute to the dynamics of the earth system 
(atmosphere, oceans, land surface, cryosphere and human activities). Pan-European research infrastructure 
initiatives should further contribute to the implementation of international commitments of EU and Member 
States such as the United Nations Framework Convention on Climate Change, Kyoto and Montreal protocols, 
post-Kyoto protocol initiatives, the UN Convention on Biological Diversity, etc.  

 
Figure 1: Earth Sciences landscape (cc.  Marotzke - Max Planck Institiute) 

Following infrastructures have been identified as essential components to address these objectives: 

- Airborne platforms (e.g. research aircrafts for process studies, vertical resolution, observations of the earth 
surface,...) 

- Satellites (for global coverage, monitoring) 
- Research ships and seafloor observatories (for process studies, vertical resolution,...) 



 25 

- Surface networks (for process studies, global data monitoring, and as training data for satellite 
observations, trends,…) 

- Supercomputers and software infrastructure for (data analysis, modelling, synthesis and prediction). 

The overall exercise on the need for research infrastructures for earth sciences had also to take in account the 
European GMES (Global Monitoring for Environment and Security) initiative as well as European commitments 
in international processes such as GEO (Group of Earth Observations).   

GMES aims at creating operational services in support of European policies. Meteorology or the Galileo 
positioning systems are considered models for such services. The services will provide data, products and 
information derived for satellite and in situ observing systems through elaborated processing such as GIS 
(Geographical Information Systems) or numerical models assimilating observation data. Starting in 2007 and 
funded through FP7 and ESA (European Space Agencies), three GMES fast tracks services have been identified 
which will deal with land cover, ocean current and ecosystem prediction and information in support of 
emergency services (e.g. in case of forest fires or floods). The GMES initiative is currently most focused on 
satellite observations. Pan- European in situ observing systems will however be necessary; both for the 
variables that only can be measured this way, and as support to the satellite observations. An intrinsic link 
must be established between research on the Earth environment and GMES, as research is needed to provide 
knowledge, technology and new solutions for GMES services, as validation of such services are best made 
through research, and as research needs the GMES data and products to study the Earth environment. In part, 
the Institutional arrangements required for continuity of some of the Earth observation systems will be made 
in the GMES framework. GMES data and products should be made freely available for science and education 
purposes; scientific projects dealing with the development and use of these networks should be supported; 
formal agreements between research Institutes and GMES should be implemented (eg for data control); and 
scientists should be part of the GMES governance. 

The EMEG group, in assessing the projects for observing networks, was fully aware of this perspective, and 
considered that it was favourable to the requirements of these infrastructures; indeed GMES will help address 
their long-term operation requirements, their routine data processing and their necessary pan European 
dimension (both in terms of coverage and integration). Also, research observing networks which will be 
connected to GMES services will benefit from a larger environment, including other observing systems (e.g. 
satellites) and processing (e.g. computer centres and numerical modelling). Thus GMES should be seen as an 
advantage for in situ observation research infrastructures. 

4.1.3   Methodology used by EMEG 

The work done by EMEG was concentrated on evaluation of projects which were transmitted to the group 
through ESFRI-given principles. Some EMEG members did provide information in their home country on the 
agenda and opportunities, as they felt that the latter were not known well enough. Taking in account the tight 
time schedule a pragmatic action-plan has been elaborated to prepare the first road map version for the 
specific science field. Three ‘batches’ of proposals have been evaluated: 

 Batch 1: the proposals on Environment presented in the ESFRI List of Opportunities, and for which 
sufficient background information was available,  

 Batch 2: proposals submitted to but not included in the ESFRI List of Opportunities. 

 Batch 3: new proposals that came in through the ESFRI delegates.   

In order to harmonize the activities the two chairpersons of the Biodiversity and Environment and 
Environmental Monitoring expert groups, decided that the two groups should work in parallel, following the 
same action-plan and procedures. The methodology used by EMEG for selection of proposals submitted to the 
expert groups was based on ESFRI Roadmap criteria, a standard evaluation form, hearings of authors of the 
most promising and mature proposals and discussion among its expert members. 

Selection was done in four steps: 

 Step 1: pre-selection of the submitted proposals based on the evaluation of the short description 
documents (two page documents). Possible outcome of this pre-selection:  
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- no further evaluation of a proposal within ESFRI 

- Selection of a proposal for further in depth evaluation. 

The criteria for this pre-evaluation are described in annex i).  

 Step 2: in depth evaluation of the proposals selected in step 1.  Possible outcome of the step 2 evaluation: 

- No further evaluation of a proposal within ESFRI 

- Submission of a proposal as EMEG ‘embryonic’ proposal (candidate proposal for a next version of the 
ESFRI roadmap) 

- Selection of a proposal as a candidate ESFRI EMEG roadmap proposal 

Evaluation criteria for step 2 are described in annex ii).  

 Step 3: additional evaluation of candidate ESFRI EMEG roadmap proposals through a hearing. Through 
these hearings, it was clearly possible to assess their maturity, the technological aspects, the governance 
and data access concepts, and the European scientific leadership in the various projects. 

 Step 4: Final selection based on completed evaluation forms, and critical discussion among the members 
of EMEG. 

Batch 1 proposals directly entered step 2 of the evaluation flow.  

EMEG choose to carry out a very strict final selection of proposals in order to select the most mature and 
competitive proposals for inclusion in the Roadmap. 

4.1.3.1   First step 
List of proposals evaluated in the first step. 
Two proposals were classified as batch one proposals: 

- Research Icebreaker AURORA BOREALIS a novel research icebreaker with drilling capability; 
- EMSO – European Multidisciplinary Seafloor Observation infrastructure for long term permanent monitoring 

of the ocean margin environment around Europe.   

24 other proposals have been evaluated in step 1 of the evaluation procedure.  These proposals can be 
classified following five different types of projects:  

- A series of observing networks appropriate to monitoring the various compartments of the Earth system; 
- Research platforms (research vessels, airplanes), which are more or less specific in terms of capacities; 
- Experimental facilities; 
- A multi-purpose research station project; 
- Satellite projects. 

Criteria. 
Following “Criteria for Entering the [Roadmap] Process” were used for the first step selection. 

 Scientific /Strategic criteria: 

- The infrastructure project corresponds to a real need for the development of the environmental 
monitoring field in Europe; 

- The infrastructure project is supported by the appropriate scientific community at European level; 
- The infrastructure project is of pan-European interest; 
- The infrastructure entails multi-users facilities offering an open access (physical or virtual) for 

scientists all over Europe; 
- The infrastructure project is relevant at European level. 

 Technical and financial criteria: 
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- The infrastructure project is timely and mature (this means clear concept of design based on existing 
design studies or ready for construction); 

- The infrastructure project is technologically feasible; 
- The infrastructure project opens new possibilities or offers improved technological performance; 
- The infrastructure project has evaluated construction and operating costs; 
- The infrastructure project offers good possibilities for European partnership and commitment of major 

stakeholders. 

As further specified in section 5 of this report, EMEG decided satellite infrastructure in this round of evaluations 
should not be included. Furthermore computer proposals were forwarded to the ESFRI expert group on 
computing. 

Conclusions 
The evaluated proposals were initially ranked into four categories: 

(1) Proposals considered “immature” or beyond the scope of the ESFRI roadmap exercise: 
a) [3] Upgrade of the existing prototype measurement site at the Zeebrugge breakwater to a multi-

disciplinary observation site for monitoring coastal processes in the coastal zone. Facilitate 
exploitation for third parties. 

b) [4] The Airborne Prism Experiment (APEX), a next-generation airborne imaging spectrometer for 
environmental applications.  

c) [13] Development of a European coastal research vessel fleet (Coastal_RV_Fleet). 
d) [28] EUROPEAN UNDERWATER RESEARCH SET (EURS). A coordinated and integrated park of 

underwater vehicles for all European scientists. 
e) [41] Arctic research Vessel (ARV): a new ice going research vessel for the Arctic seas. 
f) [48] STEAM (Stratosphere-Troposphere Exchange And climate Monitor). 
g) [65] ASASES - Aircraft-borne System for Aerial Survey of Earth Surface properties. 
h) [74] OCTOPEUS – OCean TOPography EUropean Satellite series. 
i) [76] EOE – European Observatory for the Environment. 
j) [78] EECS - European Economical Common Ships. 
k) [81] Hydrological Observatory Network. 
l) [82] Hydralab: experimental facilities in hydraulics. 

(2) Proposals selected for in depth evaluation (step 2): 
m) [5] Pegasus - Policy support for European Governments by Acquisition of information from Satellite 

and UAV borne Sensors. 
n) [17] ICOS - An Integrated Carbon Observation System. 
o) [25] New medium-size (coastal) multipurpose research vessel for the Baltic Sea. 
p) [31] EUROSEISTEST- a European large scale experimental facility for earthquake Engineering and 

Engineering Seismology. 
q) [40] SCOPE - Infrastructure for general polar, marine, atmospheric and space research at 

Svalbard. 
r) [75] IAGOS - A distributed Infrastructure for Routine Aircraft Observations for Global Climate 

Change. 
s) [77] EURO-ARGO – Contribution to the global ocean observing system. 
t) [79] EUFAR – Long Range Tropospheric Aircraft for the European Fleet for Airborne Research in 

Environmental and Geoscience. 

(3) Batch 1 proposals (directly entering step 2) 
u) [18] Research Icebreaker AURORA BOREALIS: a novel research icebreaker with drilling capability; 
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v) [73] EMSO –European Multidisciplinary Seafloor Observation. 

(4) Four proposals have been forwarded to the ESFRI expert group on computing, due to the fact that most of 
these proposals have a multidisciplinary purpose and as such should be evaluated from a more holistic 
point of view: 

w) [27] European High End Computer Simulation Service (EHECSS) A sustainable computer simulation 
facility and service providing European scientists with world class capabilities. 

x) [12] European Computer Center – ECC. 
y) [64] DEISA: Distributed European Infrastructure for Supercomputing. 
z) [80] EVE-Lab – the European Virtual Earth laboratory. A Supercomputing Facility for Earth System 

Research and Climate Prediction. 

EMEG strongly supports a large computer system to be included in the Roadmap. A project including a 
European High Capacity computing system networked with smaller national computer centres would 
both fit the high computing requirements for environmental sciences and improve benefit from the 
existing capacities. 

4.1.3.2   Second step. 
The chairperson contacted the coordinators of the proposals selected for the step 2 evaluations (in depth 
evaluations), asking them to prepare a full proposal. Based on this second evaluation, the following 
conclusions were made. 

 SCOPE (SVALBARD). Infrastructure for general polar, marine, atmospheric and space research at Svalbard. 
The archipelago of Svalbard offers unique conditions for the study of polar phenomena, which are crucial 
in understanding basic natural mechanisms that influence processes such as the northern light, deep-sea 
currents, biological populations/diversity and global change. The proposal describes a research station 
concept clustering existing research infrastructures and providing a natural laboratory for several fields of 
research (multi-disciplinary studies), both in basic research and applied science.  However the scientific 
objectives of the proposal were not suffientely explicited. As a consequence in its curent stage, the 
proposal could no longer be considered as a cadidate road map proposal.  

 EUROSEIS-NET - a European Network of Research Infrastructures in Earthquake Engineering. The basic 
idea and the fundamental approach of Euroseis-NET is to combine, under the same scheme, four different 
infrastructures, in order to offer the possibility to potential users from industry, academia and public 
services, to perform high quality integrated and combined tests, in different topics of earthquake 
engineering and engineering seismology, which are not possible using a single type of infrastructure, for 
instance shaking tables. Based on the provided additional information the EUROSEISTEST proposal is 
considered as a coordination project rather then a research infrastructure proposal of which the financial 
impact (total proposed budget: 9.5 MEUR) is out of scope of the ESFRI roadmap exercise. 

 No additional information has been submitted for the propsal related to a new medium-size (coastal) 
multipurpose research vessel for the Baltic Sea. 

 PEGASUS - Policy support for European Governments by Acquisition of information from Satellite and UAV 
borne Sensors.  The PEGASUS proposal describes the development of a new revolutionary system for air 
based environmental monitoring, rather than addressing a particular monitoring need or research need.  
The proposed platform for sensors and other instruments, making use of high altitude long endurance 
(several months) UAV’s is very well complementing remote sensing satellites.  Image data from PEGASUS 
type of systems will have additional advances because of the better spatial resolution and the increased 
possibilities to obtain cloud free images.  The proposal meets the needs for further development of 
terrestrial monitoring. On the other hand the management structure and business plan of the proposal are 
still immature. PEGASUS is evaluated as a very innovative and potentially very powerful new concept for 
environmental monitoring.  More time is needed to prove the technological feasibility of the concept and to 
mature the business plan of a pan-European platform.  As a consequence EMEG suggest to put this 
proposal on the list of ‘embryonic ideas’. 

 The other four proposals (ICOS, IAGOS, EURO-ARGO and EUFAR) were selected for the step 3 evaluation. 
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4.1.3.3   Third step 
The project coordinators of the two batch 1-proposals (Aurora Borealis and EMSO) and the four selected 
proposals in step 2 (ICOS, IAGOS, EURO-ARGO and EUFAR) were invited for a hearing.  Speakers were asked 
for detailed information concerning relevance to other existing and developing international facilities, estimated 
construction, operating and decomissioning costs, management structure, impact on human capacity and 
training and potential contribution to other socio-economic objectives. 

Thereafter members of EMEG were asked to fill in the evaluation forms (see Annex ii).  

4.1.3.4   Final selection 
The final selection made in the third step was based on the evaluation forms completed by experts of EMEG 
and a discussion taking in account the rules mentioned by ESFRI for making the Roadmap with main focus on 
the scientific solidity of the proposals. 

Finally EMEG selected the 6 proposals evaluated in step 3 for potential uptake in the first ESFRI roadmap. The 
proposed selection includes: 

- A set of 4 observing systems which are both scientific and preoperational, and dealing with various 
compartments of the Earth system; solid Earth and continental biosphere (ICOS), ocean (EMSO, EURO 
ARGO), atmospheric chemistry (IAGOS), of which some also including the risk dimension. 

- A selection of 2 platforms which put European scientists in a leadership position, in the study of the 
polar ocean (AURORA BOREALIS) and of the lower atmosphere or troposphere (EUFAR).  

Rationale (detailed evaluation reports in annex iv): 

- The AURORA BOREALIS, a novel research icebreaker with drilling capability, is a world unique 
multidisciplinary research platform of great importance to European and international Arctic research, as 
well as to deep sea drilling in the Arctic.  Due to its year-round operation ability it will significantly enhance 
and enable research in these areas. Arctic seas are among the most poorly known areas on Earth. Polar 
research is of primary importance for climate, biodiversity, oceanic and geological research. The biggest 
impact of climate change is expected to be in the Arctic and Subarctic regions and in the Northern Europe. 
The ship, and the organisations that will be created around it, will provide a good platform for co-
ordinated European polar research and a valuable European contribution to international programs such as 
IODP.  

- The EUFAR initiative will fill in the scientific need of a high payload/high endurance European 
research aircraft which is neither currently available, nor planned by any national agency in Europe. The 
proposed airplane is complementary to other airplanes (e.g. Halo) and will significantly change the 
capacity of European atmospheric research community to study the troposphere. At the same time it will 
provide a potential for cross fertilisation between research groups and different science experiments 
typically in the field of climate studies, chemistry and large scale meteorology.  

- EMSO, the European multidisciplinary seafloor observation infrastructure for long term 
permanent monitoring of the ocean margin environment around Europe is considered critical by the ESF 
marine board.  EMSO is an essential tool for deep sea research including geosciences & geo-hazards, 
physical oceanography, biology and non-living resources. Cabled sea-floor observatories are needed to 
collect simultaneously long time series of data identifying temporal evolutions, cyclic changes and 
capturing episodic events related to oceanic circulation, deep-sea processes and ecosystems evolution.  In 
addition long-term monitoring will allow the capture of episodic events such as earthquakes, submarine 
slides, tsunamis, benthic storms, bio-diversity changes, pollution and other events that cannot be detected 
and monitored by conventional oceanographic sea-going campaigns.  

- ICOS, the integrated carbon observation system, has a high scientific and societal pan-European 
and even global relevance in the field of long term monitoring and research of greenhouse gases, their 
fluxes between atmosphere and continental biosphere and storage in the ecosystem.  This distributed 
research facility is both research and operational (in the frame of GMES) oriented and will enhance the 
possibilities for European scientists to contribute to the UNFCCC and the post Kyoto discussions. ICOS is in 
continuity of an ongoing preliminary project (through IP CarboEurope) that demonstrates its feasibility and 
the maturity of the scientific and technical concepts. To secure the crucial continuation of these 
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observations a long term perspective should be guaranteed through the set up of an institutional concept 
(research infrastructure). 

- IAGOS-ERI, a distributed infrastructure for routine aircraft observations for global climate 
change is already a key concept for the international climate and atmospheric research community and 
will likely become a key component of a GMES service on air quality that is being discussed.  IAGOS is a 
very efficient and cost-effective approach to monitor the long term variations of the atmospheric chemistry 
on the large scale, including many chemical species and aerosols making use of commercial airlines. It 
allows a significant improvement and extension of an ongoing and very successful research infrastructure 
initiative (MOZAIC) funded by the EU. Data obtained by means of routine aircraft measurements have 
been widely used at the international level and notably within the IPCC process (worldwide application) but 
key scientific applications are made in European projects such as GEMS. IAGOS is an important project 
under full European leadership for which a long-term continuity of the observation is critical (given the 
scientific objectives of global climate change research).  

- Euro-Argo is fully part of a worldwide international agreement (ARGO) for global in situ ocean 
observations, endorsed by the WMO’s Climate Research Programme, the Global Ocean Observing System 
(GOOS), and the Intergovernmental Oceanographic Commission. It is a key scientific and operational 
ocean observation system with already proven high scientific relevance for the global climate change 
research and ocean studies. Through its network of floats ARGO provides a unique real time 3-dimensional 
observation of the global ocean, producing enormous more data than earlier have been available from 
research ships. This observing platform is complementary to the remote sensing observations from 
satellites (particularly altimetry). The objective of the EURO-ARGO proposal is to develop a sustained 
European infrastructure facilitating access to European scientists. A long lasting component of 800 floats 
will progressively be built up as a contribution to the global ARGO platform. In addition EURO-ARGO will 
become a key source of data for the GMES Marine Core Service that is being implemented.   

Maturity of the proposals 
In order for ESFRI to evolve smoothly with time, it must be recognized that projects have to pass a number of 
steps in their evolution (maturity), which can last for several years. Drawing from the experience for space 
projects, EMEG recommends that the projects be classified inside various categories, such as:  

- Phase zero: preliminary idea and concept. 
- Phase A: detailed scientific concept – preliminary estimates for technical, feasibility and management 

aspects; preliminary cost estimate. 
- Phase B: elaborated technical concept and feasibility study; reliable cost estimate; known partnership. 
- Phase C: detailed technical concept require for the development within a known budget. 
- Phase D: development and deployment. 

On the other hand one must recognise the shift from one phase to another is not always very clear. Proposals 
can mature on different levels (science case, technical case, financial case, institutional - management case) 
following different time scales.  Taking in account these aspects EMEG prepared a ‘maturity assessment table’. 
The first assessment column labels the overall maturity (based on the experience of space projects), followed 
by columns indicating the maturity of the various aspects (‘cases’). Maturity for the different ‘cases’ is labelled 
from1 (little mature) to 5 (very mature).  
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Table 2: Assessment of maturity 
Project Relative 

Overall 
Maturity  

Maturity 
Science  
Case 
Ranking 1-5 

Maturity 
Technical Case 
Ranking 1-5 

Maturity 
Financial Case 
Ranking 1-5 

Maturity 
Institutional 
Case 
Ranking 1-5 

Aurora 
Borealis 

Phase B 5 3 3 3 

EUFAR 
 

Phase A 5 4-5 2 1 

EMSO 
 

Phase A 5 4 1-2 2 

ICOS 
 

Phase A 5 4 2 2 

IAGOS-ERI 
 

Phase B 5 5 4 2 

EURO-ARGO 
 

Phase B-C 5 5 4 1 

Timeline of the proposals 
The EMEG group considered that it was not in a position to propose a detailed financing time schedule for 
the six projects that are proposed to be registered in the road map, as the conditions and process for their 
financing were not available. Yet, EMEG discussed criteria to be considered for establishing this timeliness. The 
following ones are proposed: 

 The uniqueness or essential character in the world landscape of similar infrastructures. It is proposed that 
these infrastructures which are likely to establish Europe as international leader in the particular field be 
given priority in time. 

 The specific character of a research infrastructure in the European systems. Airplanes and research vessels 
cannot be considered without due consideration to their respective fleets and usage. Observing networks 
cannot be considered separately from the overall Earth observing system or GMES services, while 
continuity of observation should be considered critical. 

 The relative overall maturity of the infrastructures taking into account all various elements. It is recognized 
that projects that are in phase B should move ahead of others, provided other criteria are satisfied. 

 The financial gap to the investment and operation. It should be taken in account that observing networks 
can go into useful operation progressively (on several years) while on the contrary platforms like research 
vessels and aircrafts require a high initial investment. Thus, relatively small incremental financing of these 
networks is appropriate. 

Based on these set of criteria, EMEG considers that financing for EURO-ARGO, ICOS and IAGOS-ERI should 
start as early as 2008; that EMSO should be financed as early as possible after the former; that AURORA 
BOREALIS and EUFAR could start as early as proposed but can be delayed by one or two years. In case of 
EUFAR one could even consider that this initiative could be planned at a somewhat later period (however on 
the latter statement no consensus was reached within EMEG). 
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A provisional timeline for the technical implementation (based on the information in the proposals) is given 
in following picture. 

 
Figure 2: provisional timeline for the technical implementation 

2006 2008 2010 2012 2014 2016 2018

AURORA BOREALIS

EMSO (1)

IAGOS-ERI (2)

EUFAR

ICOS 

EURO-ARGO (3)

Preparatory phase

Construction phase

Operational phase

 
(4) EMSO: 5 sites are foreseen: first site operational in 2008; last two sites operational in 2012. 
(5) The preparatory phase of IAGOS-ERI is covered by the ongoing design study IAGOS within FP6, (15.4.2005 – 14.4.2008). 

Thereafter, operation can start immediately, with first aircrafts.  In the meanwhile new aircrafts will be equipped. Full 
deployment (20 aircrafts) foreseen in 2016  

EURO-ARGO: the global ARGO array was initiated in 2000 (first deployments) and is expected to reach its target of 3000 instruments in 
operation during 2007. The European infrastructure would start its insertion over the period 2007 - 2010, with full implementation over the 
extended period of 2011 - 2020.  Over the initial period the transition of the operations from research based to the establishment of a 
permanent research infrastructure will be effected, coinciding with a similar transition of the GMES Marine Core Services from pilot project 
to full operational implementation. 

4.1.4   Project description of recommended new facilities 

See annex iii. 

4.1.5   Scientific Needs not covered by selected proposals 

 EMEG did not include any computer projects in its lists. Four proposals have been forwarded to the ESFRI 
expert group on computing, due to the fact that most of these proposals have a multidisciplinary purpose 
and as such should be evaluated from a more holistic point of view. EMEG strongly supports a large 
computer system to be included in the road map. A project including a European High Capacity computing 
system networked with smaller national computer centres would both fit the high computing requirements 
for environmental sciences and improve benefit from the existing capacities. In addition integration and 
networking of Earth data systems need to be further developed. Creating a networked data centre is to be 
promoted by further improving exchange capacities through information systems and portals, unification of 
protocols for data access, meta data definition, specification of quality control methods, time delays, etc...  

 EMEG did not include any satellite projects in its lists. Satellite instruments or satellite systems are key 
research infrastructures for studying planet Earth and its environment, complementary to in situ observing 
infrastructures and numerical modelling. They are particularly essential for repeated global observation of 
planetary phenomena. Long term monitoring by satellite is also a requisite for understanding 
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anthropogenic environmental changes and there is not yet any secured long term plans for several 
essential types of satellites (e.g. satellites for land cover monitoring) The group is also aware that satellite 
infrastructures are also critical in other disciplines in particular astronomy and fundamental physics. The 
ESFRI evaluation group for environment received a few propositions describing satellite infrastructures. 
Before completing its task, it seems a priori that such propositions can have the scientific interest, the 
European dimension, the maturity and the national support which would make them potential candidates 
for there ESFRI road map. Yet, the group is aware of other existing European projects of the same kind, 
which were not transmitted to ESFRI. It is believed that the reason for this is a lack of clarity about the 
inclusion - or not - of satellite subjects among these which could qualify for ESFRI. The group is also 
aware for the mechanisms for selecting, programming and funding satellite projects by national space 
agencies, ESA and the EU Space councils. It is aware of the Global Monitoring for Environment and 
Security (GMES) agenda, and its organisation and funding by FP6 and 7. These mechanisms are 
understood as leading to policy decisions concerning the respective roles of the commission and ESA 
concerning satellite Earth observation. In view of this situation and the importance of such projects, the 
ESFRI evaluation group for environment wishes to understand the ESFRI policy concerning satellite 
infrastructures, and whether it is applicable to all groups as well as understood by national organisations. 

Projects have been proposed for other parts of the Earth system than the ones covered by the selected 
proposals, like geophysics (e.g. volcanism and seismic areas), the hydrologic system or soils, but were not 
selected. The following recommendations for new pan-European initiatives could be made: 

 Observing networks. The needs for observations of the earth system are well documented, for example in 
the reports of the Global Climate Observation System, (GCOS), and the Group of Earth Observation (GEO). 
These needs include both observation systems that are run operationally, and systems that are primarily 
needed to support research about the earth system. Observations from space and in situ complements 
each other and are both needed for all major parts of the earth system. A general observation is that 
terrestrial observation systems are less developed, and less harmonised between countries than 
atmospheric and oceanographic observation systems. Europe should, and have, commit to take its share in 
completing these observation networks. In addition to the well documented general needs, some particular 
European needs observed by members of the EMEG group are: 

• A dense seismologic, geodetic, geochemical network on the major Anatolian fault system is 
needed as it is one of the most important seismic systems on the continent (similar to the San 
Andreas Fault in California which is studied intensively). Satellites and in situ data should be 
merged.  

• A harmonised pan European network of terrestrial sample plots is need for long term monitoring of 
ecosystem status, carbon in vegetation and soil, land cover changes, and as support to satellite 
observations of the land cover.  

• A continental water-monitoring network (complementary to the ecosystem monitoring) considering 
river flows, underground waters both available for vegetation and deep-water reservoirs, taking in 
account the IPCC report on Climate Change 2001 (impacts, adaptation and vulnerability) which 
indicates the biggest impact of global climate change to be just on water resources.  

• A European tropospheric Air quality monitoring network, which would be complementary to the 
CO2 monitoring and the airplane monitoring. It could integrate city monitoring systems and include 
both aerosols and major pollutants.  

 Examples of Experimental research infrastructures of pan European interest: 

• An integrated network of Ecotrons for various ecosystems (continental biosphere, rivers and lakes, 
marine). It would also network small, specialized facilities, and one or several larger European 
ones, that would benefit from stringent control capacities and monitoring of many parameters.  

• Hydrology related infrastructures. The IPCC report on Climate Change 2001 (impacts, adaptation 
and vulnerability) indicates the biggest impact of global climate change to be just on water 
resources, in central Europe in particular. Complex observing and research systems including 
terrestrial, atmospheric and ocean water and energy cycling would be very much needed.  
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 Research stations.  

The set up of a research station projects with well-defined scientific objectives should be further examined. 
Examples in the Arctic Ocean, or in the tropical forest (e.g. in French Guyana), or in ultrapherical Regions (e.g. 
Svalbard) could be imagined. 

4.1.6   ESFRI Long term strategy - recommendations by the EMEG group 

Based on the experience of the last months, the EMEG group made some recommendations in order to help 
ESFRI establishing a long-standing mechanism for strategic planning of European Research Infrastructures.  
This mechanism should be well identified, understood, and should create confidence, as a help to the 
Commission and Member states in their RI planning and investments. Following recommendations are made: 

 Explicit and stabilize the perimeter of the ESFRI research infrastructures, in such a way as all players 
understand the subject. 

Specific issues which require to be stabilized are: 

- The subsidiarity with national RI. The present definition of “large” infrastructures, of European 
dimension in terms of partnership and access, seems appropriate.  

- The inclusion or not of satellites needed for research. This being largely a political choice. 
- The definition of distributed infrastructure: The present definition used by EMEG is that of a set of 

tools distributed geographically but not independent, in that this is essentially the whole set which 
provides the information needed for a specific set of scientific issues. Indeed for environmental 
sciences scattered instrumentation is critical to observing and studying the system. 

- Long term monitoring systems should be included, as they are critical to address many scientific issues 
of the Earth environment, even though they are also essential for operational services. 

- Research stations should be considered as research infrastructures when they are set to address a well 
identified scientific issue. In a sense, research stations can be considered as fixed research platforms 
comparable to research vessels or airplanes. This must be made more explicit to project leaders. 

- Exclusion of projects dealing with access or networking of existing Infrastructures requires being 
explicit. 

 Explicit and stabilize the role of the various instances of ESFRI in such a way that it becomes clear down to 
the scientist level. This clarification should include in particular: 

- National ESFRI representations and their link with national RI mechanisms. 
- The ESFRI committee and its link with the Commission and the Council. 
- The role of the evaluation Committees. The perimeter of EMEG should be understood as dealing with 

“planet Earth” Sciences. 
- The role of European disciplinary strategic groups. EMEG encountered very different situations, 

depending on disciplines on projects. EMEG considers that this variety of situations will likely always 
exist, and that it is the primary responsibility of scientists and institutes to get organized (particularly 
at the European level) and to analyse their scientific perspectives and infrastructures. On the other 
hand, EMEG hopes that the stabilization of ESFRI would become an incentive for scientists to get 
organised at the European level with the aim to progress into coordination, forward-look and analyses 
of their own issues. It recommends that this approach be encouraged systematically and supported. It 
recommends that advice by such groups be accepted as an input to evaluation committees. 
EMEG also hopes that stabilization of the ESFRI process will become an incentive for road maps to be 
established also at the national levels (following approaches which will naturally remain specific to 
each country), in such a way as national commitments be made clearer for ESFRI. 

 Explicit and stabilize the process for ESFRI in a way that it is understood from all. 

A key to establishing the confidence is that ESFRI is working in a transparent mode that does not give rise 
to questions. This could include: 
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- Implementing an iterative yearly (or bi-yearly) process with a stable and known calendar to revise the 
road map. The possibility for revision is critical because new projects appear and because existing 
projects evolve with time. It is also important for project leaders and countries to understand the 
possibility for their projects to be introduced in the process at a later time, in a known calendar. 

- Stabilize and communicate largely the process. In particular, EMEG supports the view that projects 
should be transmitted through national systems. It recommends that convergence be progressively 
established in the way this transmission is made at the national level. 

- Stabilize and communicate largely the criteria for evaluation of ESFRI project. EMEG is satisfied with 
the revised set of criteria for evaluation, in that it allows including all the elements of appreciation for 
the projects which we had to evaluate. It considers that the latter should more widely know, in 
particular by the national systems in charge of transmitting the projects. 

- Make ESFRI ethic principles known to all. EMEG would like to stress that it is operating according to 
existing ethic principles of competence and qualification in research evaluation. This is secured by the 
Declaration of Confidentiality and Conflict of Interest signed by each member of the expert group, and 
is of course a principle that is being regarded as fundamental for the members of the group.  

 Communicate on ESFRI and its processes. 

Based on its recent experience, EMEG members estimate that ESFRI is not known widely, up to the 
scientist level (as compared to mechanisms in space sciences, for example). This knowledge is considered 
crucial for the long-term credibility of ESFRI, as well as for national or European disciplinary approaches. 

- Stability will contribute to this knowledge. 
- Detailed information on an Internet site is important but does not give the initial information. 
- Wide diffusion of a short (electronic) annual report and of a (paper) brochure would be most useful 

for this information. 

4.1.7   List of EMEG members 

Chair: 
Bart Laethem (Belgium) 
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Lucio Alonso (Spain) 
Karen Edelvang (Denmark) 
Sandro Fuzzi (Italy) 
Peter Lemke (Germany) 
Jean-Francois Minster (France) 
Håkan Olsson (Sweden) 
Jan Piechura (Poland) 
Carlos Sousa Oliveira (Portugal) 

Observers: 
PSE RWG Olav Eldholm (Norway) 
PSE RWG Yves Petroff (France) 
Gerburg Larsen (EC DG Research – Dir. Structuring the ERA) 
Anna-Maria Johansson (EC DG Research – Dir. Structuring the ERA) 
Andrea Tilche (EC DG Research – Dir. Environment) 
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4.1.9   List of Annexes 

EMEG ANNEX 1. EVALUATION CRITERIA STEP 1 
EMEG ANNEX 2. EVALUATION CRITERIA STEP 2, STEP 3 
EMEG ANNEX 3. description  AURORA BOREALIS 
EMEG ANNEX 4. description  ICOS 
EMEG ANNEX 5. description  EMSO 
EMEG ANNEX 6. description  EUFAR 
EMEG ANNEX 7. description  EURO – ARGO  
EMEG ANNEX 8. description  IAGOS – ERI 

The evaluation reports of selected proposals for the roadmap are reported in APPENDIX VIII of the overall 
report. 
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EMEG Annex 1 
 

Pre-Evaluation Form

Ev
al

ua
tio

n

Comments                                         
+ = I agree                                          
- = I do not agree                               
? = no sufficient information 
available

Scientific /Strategic criteria

The infrastructure project corresponds to a real need for 
the development of the environmental monitoring field in 
Europe

The infrastructure project is supported by the appropriate 
scientific community at European level

The infrastructure project is of pan-European interest

The infrastructure entails multi-users facilities offering an 
open access (physical or virtual) for scientists all over 
Europe

The infrastructure project is relevant at European level

Technical and financial criteria

The infrastructure project is timely and mature (this means 
clear concept of design based on existing design studies 
or ready for construction) 

The infrastructure project is technologically feasible

The infrastructure project opens new possibilities or offers 
improved technological performance 

The infrastructure project has evaluated construction and 
operating costs

The infrastructure project offers good possibilities for 
European partnership and commitment of major 
stakeholders

Additional comments
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EMEG Annex 2 - EMEG evaluation criteria 
 
Project Title 
Project type:    
Project submitted by:  
Reviewed by:   
Evaluation Criteria 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world relevance? 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time frame)? 
- RI will allow significant scientific advances if compared with other existing/possible instruments and will be unique/rare at 

EU/world level? 
- Development/availability of this RI has relevance for other existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international collaboration? 
A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in Europe (scientific pan-European value)?  
- Involvement and support of  potential user community in the definition of the scientific case +  proposal + technical design, 

is international or local? 
- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective international users, based only on quality of proposals? 
B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at the level of :  

o Phase zero: preliminary idea and concept, [add comments on further needs for design and/or technological 
development and eventual incubation time needed to mature from an Embryonic to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for technical, feasibility, management aspects; 
preliminary cost estimate.  

o Phase B: elaborated technical concept and feasibility study; reliable cost estimate; known partnership. 
o Phase C: detailed technical concept required for development within known budget. 
o Phase D: development and deployment  

- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether technologies are immediately available or need further 

development] 
- The infrastructure project opens new possibilities or offers improved technological performance 
- Is trained personnel, for development and operation, readily available 
C. Business case 
- The project offers possibilities of sharing risks & opportunities for technological development/ training with other 

institutions/industries? 
- Proposal offers clear openings for European partnership for construction-development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and local/industrial use? 
D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, defined and reliable over useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments at State/Institutional level, and/or credible financial plan to cover part or all 

expenditure? 
- Which phases are already financed (e.g. Conceptual design), and if different partners/stakeholders are involved, does it 

specify contribution arrangements & percentages of costs covered? 
- Estimates of overall upgrade and development costs during the expected competitive lifetime have been included? 
- The cost dimension of the project merits/ needs financial approach at EU level? 
- If the reply to the previous question is yes, does it mean that a Pan-European financial approach is necessary? 
- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 
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EMEG Annex 3 – AURORA BOREALIS 
 
1. Name and descriptive title 
 
EUROPEAN POLAR RESEARCH ICEBREAKER (ERI) - AURORA BOREALIS  
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
The European Polar Research Icebreaker (ERI) project name: AURORA BOREALIS is a proposed large-
scale research Infrastructure to support massive research interventions in the Polar Oceans related to 
Climate change and its impacts. AURORA BOREALIS will be an extremely powerful research Icebreaker 
vessel (31,000 tonne displacement 196 metres long) with 35Megawatt azimuth Propulsion systems and 
deep drilling capability for use in extreme conditions in excess of 4000m water depth. The Research 
Icebreaker will have high ice capability of penetrating autonomously into the central arctic ocean with in 2.5 
metres + of Ice cover.  
 
The European Polar Research Icebreaker AURORA BOREALIS will be a Unique new large scale facility for 
scientific research investigations of the Polar Oceans in particular the Arctic Region. This new icebreaker is 
conceived as an optimized science platform that will serve as the base for long, international and 
interdisciplinary year-round expeditions to the central Arctic Ocean. AURORA BOREALIS has no national or 
international competitor because of its deep drilling capability, its sophisticated modularized mobile 
laboratory systems allowing mission-specific laboratory selections, its moon pools for drilling and for the 
deployment of Remotely Operated Vehicles (ROV) and Autonomous Underwater Vehicles (AUV) for sub-ice 
surveys, its propulsion and dynamic positioning systems and its capability to undertake Arctic expeditions 
during the unfavorable seasons of the year. 
 
The European Research Icebreaker (ERI) would provide Europe with a capacity to launch autonomous 
scientific investigations into the central Arctic Ocean during all seasons of the year, ERI would also be 
utilized in a targeted way to carry out research investigations around the Antarctic continental shelf areas. 
Notably the ERI AURORA BOREALIS Science Perspective (published by the European Science Foundation 
ESF 2004) indicates that scientific observations during the Winter season are critical for the understanding 
of the functioning of the dynamic system of the Polar Regions and the climate modifications induced by 
anthropogenic actions.  

 
ERI would constitute a core element in the development of an enhanced European operational capability in 
the polar regions and a shared facility between European and partner nations. The ERI has a close linkage 
with the development plans of the new European Polar Consortium (EPC). This large-scale facility could be 
viewed as a common platform  which could be used in variable geometry configurations dependent upon 
European Science priorities in the Polar Regions. The ERI platform could be compared to the common 
Launch capability currently managed by the European Space Agency.  
 

The ERI will form a supporting facility for Pan-European joint research programmes, therefore the proposal 
pressure and the ERI contribution to long-term European and global scientific goals would be significant.  
 

 
The construction of AURORA BOREALIS as a joint European research icebreaker would result in a 
considerable commitment by the participating nations to co-ordinate and expand their polar research 
programmes in order to operate this high investment ship continuously and with the necessary efficiency. If 
AURORA BOREALIS is established as a European research icebreaker for the Arctic, European research 
as a whole will be strengthened; Europe will contribute the solution to the Arctic drilling challenge within the 
International Ocean Drilling Programme (IODP) and retain its leading position in Arctic research.  
 
In the long term, the European Research Icebreaker has a role to play in the Antarctic because neither the 
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Cape-Roberts-Project (ANDRILL) tools nor conventional drilling vessels, which cannot enter ice-covered 
waters, are able to visit all of the desirable drilling locations off Antarctica. As in the Arctic, these locations 
have never yet been investigated due to the lack of a suitable ice-capable drilling platform. With Aurora 
Borealis, these valuable scientific targets will now receive renewed attention. AURORA BOREALIS will be 
implemented as a European infrastructure unit. It has to be supported by a core group of European countries 
with relevant research interests. A new state of the art research icebreaker is urgently required to fulfill the 
needs of European Polar Research. 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for the 
scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how 
it will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
The proposed European Polar Research Icebreaker will significantly enhance and enable research in the 
most inaccessible areas of the planet. The scientific objectives of the AURORA BOREALIS project are 
outlined in the “Science Perspective”, published under the same name by the European Polar Board (EPB) 
of the European Science Foundation (ESF) in collaboration with ECORD (European Consortium of Ocean 
Research Drilling). A detailed accounting of the scientific objectives and research prospects linked to 
another research icebreaker can be found in these documents The main strength of the Aurora Borealis 
project is that it will provide a unique platform for the solution to several scientific demands that have been, 
in part, defined for decades. The AURORA BOREALIS project will be incorporated into several different 
European and international programmes. The Arctic Ocean remains un-sampled by ODP and remains one 
of the major scientific and technological challenges for IODP. European nations in particular are interested in 
deep-sea drilling in the Arctic Ocean, but drilling could not be realised due to the unconvincing technical 
concepts that have been proposed until now. The capacity for deep-sea drilling in ice covered oceans makes 
AURORA BOREALIS a powerful European research platform that compares well with the platforms provided 
by Japan (Chikyu, riser drill ship) and the USA (successor to Joides Resolution) and that will contribute to 
the 3rd leg of IODP (“Alternate Platforms”). In addition to this, classical polar marine science would have a 
research platform that is able to operate for most of the year in the deep and permanently ice covered Arctic 
Ocean.  
 
Considering the strong seasonality of polar environmental conditions, spring, autumn and winter data are 
needed by almost all polar research disciplines, and AURORA BOREALIS stands to deliver them for the first 
time. Operation of the ship, whose concept and role is without any competition worldwide, would require 
coordination of European polar research programmes and much closer co-operation among European 
research institutes. The new icebreaker would strengthen the EU in terms of large scientific infrastructure 
and contribute to the realization of a European Research Area.  
 
AURORA BOREALIS will open long-term perspectives up to European and international 
Arctic research, as well as to deep sea drilling in the Arctic and, in the longer term, the 
Antarctic. 
 
The AURORA BOREALIS project impacts on major scientific communities in Europe, which in part overlap 
and in part have divergent interests. The first one is the general polar science community that requires a 
ship for conducting year-round field and marine work and has a wide spectrum of scientific perspectives. 
The second is the deep-sea drilling Community that would use the ship mainly during the summer months to 
study the Structure and properties of the oceanic crust and the history of the oceanic depositional 
environments that can be deduced from the crustal sediment cover. This was only done once in the 
permanently ice-covered waters of the Arctic with the help of three icebreakers in 2004 during the ACEX 
expedition, whereas around Antarctica substantial progress has been made by the drilling platforms of the 
DSDP and ODP during ice-free seasons and by deploying a small drill rig from the land fast sea-ice very 
close to shore (ANDRILL, Cape-Roberts-Project). 
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Natural science disciplines in polar research 
AURORA BOREALIS would contribute significantly to understanding of Global climate Change:  
Polar research and in particular the properties of northern and southern high latitude oceans are currently subjects of 
intense scientific and environmental debate, because they are (at the present time) and have been (over historic and 
geologic time scales) subject to rapid and dramatic change. The polar regions react more rapidly and intensively to 
global changes than other regions of the Earth. News about the shrinking Arctic sea-ice cover, potentially leading to an 
opening of sea passages to the north of North America and Eurasia, and of the calving of giant table icebergs from the 
Antarctic ice shelves are the latest examples for these modern changes. Since the romantic and heroic times of the early 
explorers, the polar sciences have evolved into a modern, quantitative branch of the natural sciences that employs large 
groups of researchers and sophisticated, expensive instrumentation contributing indispensable data to a better 
understanding of extreme polar habitats and their impact on the global environment. The fact that many of the necessary 
data can only be collected by dedicated research vessels, from permanently manned stations or during multidisciplinary 
expeditions with their substantial logistical demands, has resulted in complex interdisciplinary experiments that can only 
be conducted under close international co-operation. The AURORA BOREALIS would be a as a base to support such 
research efforts and fulfill the political obligations of European governments. 

 
Large and medium-scale circulation of ocean and atmosphere It is thought that the polar ocean regions, via their 
interactions with the atmosphere and sea-ice control variations in the global ocean circulation and, hence, in global 
Climate. To evaluate this hypothesis, it will be necessary to carry out experiments with a variety of ocean models, using 
satellite data (e.g. from the ENVISAT and CRYOSAT missions), analyses of the atmospheric circulation, and to collect 
time series of hydrographical measurements.  

 
These studies have to be accompanied by detailed investigations of water mass transformations at polar latitudes, and 
of the contributions of new deep and bottom waters to the global thermohaline circulation. From the NW European 
perspective, this is particularly important for the Arctic waters, and hydrographical data will have to be collected year-
round, including studies of the decadal variability of the atmospheric circulation and its interaction with the ocean. The 
processes controlling the renewal of Arctic and Antarctic deep and bottom water must be investigated by long-term 
observational programmes and high-resolution regional models that aim to describe their strength and their variability in 
numerical simulations that are as close to reality as possible. Such simulations must unequivocally take account of 
processes controlling energy and impulse exchange between the partly ice-covered ocean and the atmosphere as well 
as the spatial and temporal variability of the sea-ice cover. 

 
Interactions between the pelagic ecosystems and the biogeochemical state of the 
water masses of the open ocean and shelf seas, with particular emphasis on flux 
and natural material studies 
 
The evolution and material fluxes of the biota of the oceanic water column and sea ice 
Depend, to a large degree, on the physical environmental conditions and the availability of nutrients and 
trace compounds. The composition and evolution of pelagic communities in various Arctic and Antarctic 
Ocean regions will have to be determined to clarify the complex interactions between the biosphere and 
ocean physics including modification of water masses and ocean currents. It will be necessary to study the 
biological properties of these communities, their phylogenetic relations, the nature and structure of their 
natural materials, their dominant species, and their energy balances. An intense bentho-pelagic coupling has 
been detected in the ocean, and is most pronounced in the shelf regions. There is a close coupling between 
the oceanic segmentation of the biosphere and turbulent current systems. 
 
Long time series should not only be established for the Arctic (Svalbard) and Antarctic (Antarctic Peninsula) 
regions in order to register the composition and standing stocks of living assemblages in extreme habitats. 
The aim is to develop models to predict the potential consequences of future environmental change on the 
ecosystems. 
 
Physiology and population dynamics of benthic assemblages in the deep-sea and in coastal 
shelf seas, in both polar and mid-latitudes: 
 
The properties of benthic habitats depend upon vertical and horizontal advection of food materials from the 
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pelagic realm and the seafloor. Besides water depths and local environmental conditions, they control 
seafloor biogeography and population densities. The rates of adaptability of benthic organisms to changing 
environmental conditions can be deduced from the diversity, distribution patterns, and compositions of 
benthic assemblages. Such studies allow determinations of the reaction times of benthic organisms to 
natural and anthropogenic disturbances. These studies will frequently be intertwined with studies of 
processes controlling the overturn of carbon in marine plants and animals that can also be investigated by 
means of laboratory studies and numerical modelling. However, the past decades has seen remarkable 
changes in key arctic variables, of which we do not know in all cases whether these represent temporary 
perturbations as consequences of human impact, natural long-term trends, or new equilibriums. Because 
Arctic ecosystems are adapted to extreme environmental conditions with large seasonal forcing the 
increasingly rapid rate of recent climate change poses new challenges to the resilience of arctic life. The 
entire system is likely to be severely stressed by changing ice and water conditions, varying primary 
production and food availability to faunal communities, an increase in contaminants, and possibly increased 
UV radiance. As the actual changes proceed at a rate beyond evolutionary time scales the adaptive capacity 
of a number of arctic populations and ecosystems is certainly not strong enough to withstand the sum of 
these factors which might lead to a collapse of subsystems. 
 
Reconstructions of past climate systems from deposits in marine and periglacial environments including 
modelling of their properties and variability Deposits from the ocean floor contain some of the best archives 
of past global climate changes over short and long time spans ranging from years to millions of years, 
depending on sedimentation rates. Impressive progress has been made over the past decade, but the high 
latitude ocean basins of both hemispheres are still poorly known in comparison to mid- and low-latitude 
regions. Despite the patchy record, though, it is clear, that these regions provided one of the driving forces 
for climate change during the entire later part of the Cenozoic. Correlations of marine palaeoclimate records 
with terrestrial and limnic ones, as well as with ice cores, will provide further insights into the interactions of 
the atmospheric and oceanic circulation, contributing to improvements in our understanding of the 
mechanisms of climate change, one of the major challenges for mankind in the coming years (see 
Also the paragraphs below on "Ocean History and Basement Structure"). Promising first steps have recently 
been taken through drilling the sediment cores on top of Lomonosov Ridge, close to the North Pole. 
 
Structure and kinematics of the lithosphere and the polar ice caps: 
 
AURORA Borealis would contribute towards the Understanding of the deep 
structure of the Arctic Ocean Basins: 
 
The structure and properties of the lithosphere and its tectonics can be investigated 
by seismic, gravimetric and magnetic measurements at sea, on land and by means of airborne systems and 
satellites. Last but not least such data will be collected in large quantities because, in the near future, the 
regulations of the law of the sea require states with continental margins to support their claims by means of 
geophysical data. The Arctic and Antarctic are poorly known in this respect, and many open questions 
therefore exist when trying to reconstruct their plate tectonic evolution. Such detailed reconstructions, 
however, are baseline data for deciphering the tectonic history of the polar regions, for evaluating their 
potential for non-living resources, and for understanding Earth´s palaeoclimatic history over the past 100 
million years. Reconstructions will remain a subject of study for many years to come. Probably the worldwide 
largest uncertainties exist in the Arctic Ocean. Origin and evolution of the Arctic lithosphere.  
 
The Arctic basin lithosphere is among the least understood and yet most interesting worldwide. The region´s 
lithospheric history is mostly either barely understood or completely unknown. Of particular note is the 
Gakkel Ridge, the world's slowest spreading ridge, which was recently studied during a complex expedition 
by scientists on the icebreakers Polarstern and Healy. In particular, this mid-ocean ridge provides a unique 
key to understanding the formation of crust at very slowly spreading rates and, in general, of basaltic 
magmas worldwide.  
 
This is because the low-degree partial melts developed in the Gakkel Ridge system can be studied in 
relative isolation from extensive magmatic plumbing systems and, hence, from the effects of mixing with 
melts of higher melting degrees. Since it is difficult to impossible to produce low-degree partial melts 
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experimentally, Gakkel Ridge is a key area for understanding the process of the formation of basaltic 
magmas worldwide. Other parts of the Arctic basin are even less well studied. The Lomonosov Ridge is 
apparently a thin slice of Eurasian continental crust split from the continent by spreading at the Gakkel 
Ridge, and the age and origin of the basement in the Makarov Basin and Alpha Ridge are at present largely 
a matter of speculation. Lithospheric evolution is also important to the study of the origin of the continental 
shelf and slope (with their attendant mineral resources), so target areas for lithospheric study via drilling will 
include the Yermak Plateau and similar structures. Of these regions, only the unsedimented western end of 
the Gakkel Ridge is possible for investigation without the use of an icebreaking drill ship. Aurora Borealis will 
enable studies of the basement evolution of these basins for the first time Ocean history and basement 
structure 
 
One particular exciting aspect of the Aurora Borealis project is connected to its deep drilling capability. 
DSDP and ODP have always faced special problems when attempting to drill the very high latitudes deep-
sea basins. Because of the special geography of the polar regions, progress in this has been greater in the 
Southern Ocean around Antarctica than in the Arctic. The latter has remained largely undrilled, and 
obtaining stratigraphic sections through the upper Mesozoic and Cenozoic sediment cover of the Arctic 
Ocean currently has a high priority. This drilling has been discussed for decades, and the scientific aspects 
are well documented in the science plans of the international Nansen Arctic Drilling Program (NAD) and 
Arctic Program Planning Group (APPG, see Annex 1) of ODP/IODP. The scientific arguments are well 
presented documents published by these groups, but deep drilling operations in the Arctic Ocean have yet to 
be executed – the delay being mainly due to the unresolved problems related to deep-sea drilling in sea-ice 
covered oceans. Arctic deep-sea drilling indeed will be a scientific challenge for the next 10 -20 years; it 
would produce a data set indispensable for understanding the evolution 
of Earth’s climate and, through samples of basement rocks, it would contribute to solving the unresolved 
puzzle of the northern hemisphere´s plate tectonic and palaeogeographic evolution. Important progress was 
made during the ACEX expedition of summer 2004, when a drilling ship escorted by two powerful 
icebreakers sampled Tertiary and Quaternary sediments from the Lomonosov Ridge. 
 
Despite the important progress made off Antarctica, many drilling targets with a very high scientific potential 
remain in the Southern Ocean. Even though we argue for Aurora Borealis primarily from an Arctic 
perspective, one has to realize that such a novel ship would also have an extremely valuable role to play in 
the Antarctic realm. 
 
There is no question that the AURORA BOREALIS project requires the formation of an international 
consortium of interested countries. Polar research, over the past years, has fostered many international 
contacts and projects. The type of co-operation which has developed over the past decades will grow in the 
future and it is a logical step in this evolution to propose the first European research icebreaker as a 
European contribution to the 3rd leg ("Alternate Platforms") of IODP.  
 
 
 
Consequently, the AURORA BOREALIS project is currently being planned by the European Polar Board 
(EPB) of the European Science Foundation (ESF), the new EC supported European Polar Consortium and 
by the European Consortium for Ocean Research Drilling (ECORD). 
 
Support to international Programmes:  
 
The proposed ERI has a very important international role as it would constitute the most technologically 
advanced and unique facility for e next geo-scientific ocean drilling in the Polar Oceans and would directly 
support the Integrated Ocean Drilling Programme (IODP). The ERI as a European Hosted facility under the 
management of the European Polar Consortium would be made available during the summer months to the 
IODP managing agency to implement  geoscientific coring in the central arctic ocean basin and in agreed 
periods targeted sites on the Antarctic Continental Shelf.   
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ERI and Strategic partnerships: 
 
The main Strategic actions by European Nations during the International Polar Year 2007-2008 will be to 
strengthen international partnerships and build a platform of research programmes for the next 10-15 years. 
In the context of the Arctic region the ERI has the most potential to contribute to research partnerships 
between Europe and the Russian Federation and thus contributing towards political dialogue.  The 
participation of third countries in the ERI facility either through shares in the construction costs or Project 
basis is important as it will induce a level of commitment  
 
Contribution to European Decision Support systems:  
 
The ERI will directly contribute to providing information on Polar environmental threats channeled through 
the European Polar Consortium Polar Alert system to national governments and the European Commission. 
Continuous Environmental information supplied from a platform which is operating in the Central arctic 
Ocean will be able to contribute to the European Union Global Monitoring for Environment and Security 
(GMES) and the GEO process as a surface based mobile observatory. This information is highly valuable for 
government policy makers and is therefore of direct societal relevance. The combination of surface 
observations in the polar regions through the network of stations, research vessels and the ERI as a core 
element and Space based observations coordinated under mechanisms such as ESA polar view project. 
ERI will form a mobile observational station for some of the most extreme areas on the planet with the ability 
to deploy airborne, on ice and underwater sensors geo-referenced with direct connection by satellite. 
 
 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
The Proposed large scale European research Infrastructure AURORA BOREALIS will be a novel research 
icebreaker with no national or international competitor because of its drilling capability, its sophisticated 
modularised mobile laboratory systems that allow a mission-specific layout, its moon pools for drilling and for 
the deployment of ROVs and AUVs on sub-ice surveys even in the permanently ice-covered central Arctic 
Ocean, its propulsion and dynamic positioning systems, and its endurance for expeditions also during the 
unfavourable seasons of the year. Employing other, existing, technologies for these tasks would immediately 
result in a loss of efficiency or capability. The heavy-duty icebreakers mentioned above can be adapted to 
research purposes, but will never reach the same degree of efficiency as a dedicated research icebreaker. 
Furthermore, none of the existing platforms is suitable to conduct the seismic surveys in heavy pack ice over 
the drilling targets. 
 
Developments in instrumentation, such as moored instrument arrays, buoys, or satellite remote sensing, 
have resulted in much progress, but these cannot entirely replace the capabilities of a modern research 
vessel. Studies are being conducted on how Arctic deep drilling might be conducted from icebreakers, 
conventional drilling platforms, or barges that will have to be equipped for one-off missions as well as for 
their scientific tasks. There is currently no development towards a ship like Aurora Borealis except that 
described in this plan, not in Germany, nor in other European countries nor overseas. The recent ACEX 
expedition (IODP drilling on Lomonosov Ridge) has demonstrated that an efficient research icebreaker with 
a drilling capability is urgently needed. The idea, however, has become widely known and is creating 
substantial interest even before going public, with Finnish, German and Ukrainian ship building industries 
vying to be incorporated into the design and planning structures of the project. 
 
The AURORA BOREALIS will be the most modern and innovative research vessel in the world and it 
will open new horizons for Europe in polar and marine research. The only weaknesses we can see are its 
size and fuel demand, but these are essential features to work year-round in the central Arctic Ocean. The 
research icebreaker Aurora Borealis is presently planned as a multipurpose vessel. During the times when it 
is not employed for drilling in the Arctic, it can operate worldwide as a research vessel. The possibility to 
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flexibly equip the ship with laboratory and supply containers, and the variable arrangement of other modular 
infrastructure (in particular, winches, cranes, etc.), free deck-space and separate protected deck areas, will 
allow the planned research vessel to cover the needs of most disciplines in marine research. The ship can 
be deployed as a research icebreaker in polar seas because it will meet the specifications of the highest ice-
class for polar icebreakers. A large fuel capacity is required because of the excessive power requirements 
for drilling and maintaining station in the central Arctic during what are envisaged to be long expeditions. 
This factor is decisive for the size of the ship. Outside of drilling operations, the fuel consumption will be 
within the normal range for other ships. We 
can see no technical or scientific weaknesses with respect to the planned research expeditions.  
 
Given the present state of affairs, no serious shortcomings can be seen from a scientific point of view. A 
twenty-year science plan for Aurora Borealis was established and published in 2004, and the ship will be 
designed based on the demands of the scientific user communities. The specifications in this science plan 
will also define many details of the requirements for technical solutions. However, the challenging mission of 
Aurora Borealis will make very great demands on the technical performance of the ship. Therefore, during 
the first phase of technical testing, minor and unforeseeable technical shortcomings may appear and will 
have to be eliminated. Major technical shortcomings, however, are not expected. 
 
In order to establish the feasibility of a ship like Aurora Borealis, he German Alfred Wegener Institute 
commissioned (in 2000) a preliminary technical study from the HSVA, an institute with scientific knowledge 
of ice breaking techniques and the natural properties of the Northern Sea route of the Arctic Ocean, and 
which has the technical capability to draft plans for icebreakers and evaluate their properties in model 
experiments. The HSVA has great experience in the development, construction and trial of research 
icebreakers 
(Polarstern), ice drill platforms (Kuluk) and other ice going ships (Neuwerk). The study revealed that a 
research icebreaker with the demanded capabilities for deep sea drilling and dynamical positioning in the 
central Arctic Ocean is, in principle, feasible. The feasibility study involved detailed planning based on a 
comprehensive description of the regions where the ship will operate, concerning drilling as well as sampling 
operations. 
 
The detailed feasibility studies included five fundamental points: 
 
1. General layout of the vessel 
 
The relative weight of the hull of an Arctic icebreaker is necessarily very high. 
Additionally, extensive and heavy machinery has to be installed as well as the drilling equipment, scientific 
equipment, spare parts, accommodation, fuel, lube oils, water,  provisions, etc. Taking these general 
conditions into account leads to a calculated minimum size of the vessel that exceeds the dimensions of the 
first draft. 
 
2. Icebreaking capability 
 
In order to conduct drilling operations as planned, positioning of the vessel must be performed automatically. 
In open water, the technology to enable this is state of the art, but in drifting Arctic pack ice, different 
problems may occur, although the general feasibility is supported by the huge experience accumulated 
during the last 20 years with Polarstern. Invaluable data were gained during the development of other 
icebreakers, most recently during the ACEX expedition of IODP. The theoretical studies showed the high ice 
breaking capacity of Aurora Borealis and its world wide unique performance in dynamic positioning in drifting 
ice. 
 
3. Propulsion 
The necessary power has to be estimated as does its distributed generation in a number of engines and 
diesel-electric systems. These systems are state of the art,  and specialised German enterprises play a 
leading role in their construction and realization besides other European countries. For the dynamic 
positioning in drifting Arctic ice, electric azimuth propulsion systems are the up to date propulsors used in 
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several new icebreakers and vessels operating in ice covered water. Such azimuth propulsors must be 
further optimised for the high power and high ice class necessary for Aurora Borealis. 
 
 
 
4. Drilling equipment 
 
This is a point concerning several fields of engineering sciences. In particular, the maximum drilling depths 
must be defined (most of the information is provided in the planning documents of NAD) and new solutions 
for the realization of a mobile and flexible derrick must be found. The proposed solution builds on technology 
available through ODP / IODP. 
 
5. Mission specific laboratory systems 
 
A modularized laboratory system, based on exchangeable containers, has to be deployed in order to 
operate the new ship with the equipment most suitable for its various missions. The technical feasibility of 
the planned research icebreaker Aurora Borealis was investigated in a conceptual design study, which is 
available to the Working Group. A draft set of construction details and concepts represents a phase in the 
construction that will provide the essential details for developing the plans to build the ship. It can be 
expected that the draft, the main measurements, the concept, and the power requirements will not be 
substantially changed once the further details have been worked out. 
 
Personnel and crewing of AURORA BOREALIS:  
 
Aurora Borealis has to provide accommodation for about 50 scientists (or 25 scientists and a 25-strong 
drilling team). Operation and maintenance of the ship has to be organised by a commercial shipping 
company, as is the case with Polarstern. The ship’s crew will comprise roughly 32 persons. Additionally, 10 
– 12 persons will be necessary for scientific-technical services (operation of scientific equipment, data 
processing, etc.). For scientific drilling, a specialised drill crew (engineers and technicians) of at least 25 
persons must be available to ensure 24-hour drilling operation. Appropriate specialised personnel are 
available in the participating countries. The total personnel for operating the ship, including for deep-sea 
drilling, will be organised through private enterprises after the ship has been built. The costs for this are to be 
included in the operating costs of the ship. The shore based management will require personal for scientific 
programme management and logistical support. The shipping company will need shore based personal as 
well. According to the feasibility study, the following staff are intended for the planned research ship Aurora 
Borealis: 
Ship’s Management 
Officers 
Captain Navigation 1 
Chief Engineer Engine 1 
1st Officer Nautical 1 
2nd Officer Nautical 2 
Radio Officer Communication 1 
Medical Officer Safety 1 
2nd Tech. Officer Engine 1 
3rd Tech. Officer Engine 2 
E-Eng. Engine 1 
Electronic Engineer Engine 2 
Total Officers: 13  
Crew Deck 
Boatswain Deck 1 
Carpenter Deck 1 
Seaman Deck 8 
Total Deck: 10 
 
Crew Engine 
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Storekeeper Engine 1 
M-Assistant Engine 3 
Total Engine: 4 
 
Crew Galley 
1. Cook Galley 1 
2. Cook Galley 2 
Steward Galley 2 
Total Galley: 5 
Total Officers+Crew: 32 
Total Drilling Crew: 25 
Total Scientists 25 
Total Ship: 82 
 
Costs of Initial Feasibility Studies:  
 
The establishment of the science perspective has been funded through EPB and ECORD (no salaries, only 
travel and meetings) The manpower needed for the preliminary conceptual design (2000) for an icebreaking 
research drill ship by the HSVA have been 6 man-months. The costs have been partly financed through the 
AWI budget. 
The manpower needed for the feasibilty study was between 30 – 36 man-months. 
The whole costs of the work packages of AWI, the University of Applied Sciences in Bremen, HSVA, Det 
Norske Veritas, National Oilwell and the shipping company F.  Laeisz (Bremerhaven) GmbH sums up to 
€300.000. 
 
Operating Costs of the vessel:  
 
The operation costs of AURORA BOREALIS will amount to about 17.5 million €/year. For crew manning and 
ship’s management, an external shipping company is needed. This will cost about 7 million €/year. The costs 
for fuel and lubricants amount to about 7.5 million/year, The costs for maintenance,  development and 
upgrades of facility are estimated as about 3 million €/year 
Additionally, at least 3 persons at an institute are needed to organize the scientific missions: A scientific 
coordinator, a technical coordinator and a mission operator. 
 
Construction Costs:  
 
So far, only preliminary estimates have been made of the total development and 
construction costs for the new research icebreaker AURORA BOREALIS. A reliable estimate can be given 
after the scientific requirements of the design have been defined (Cf. Technical feasibility Study). Firm 
calculations will only be established through the international tendering process. The emerging costs are 
listed in the following:  
 
Estimated construction costs of AURORA BOREALIS European Polar Research Icebreaker = 350 million 
Euro, based on careful cost estimations of experienced specialists and the added expenses for the mobile 
container laboratory system and drilling equipment  
 
Running costs of AURORA BOREALIS, based on extrapolation of those of Research Icebreaker Polarstern: 
approx. €17,5 million per annum  
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Possible Financing Mechanisms: 
 
Concerning the present state of planning, a core group of European nations with interests in Arctic research 
will bear the construction and operating costs of AURORA BOREALIS. Apart from starting to define an 
implementation WG, there have so far been no negotiations about spreading the costs between interested 
partners. It is expected that a core group of European nations will build a consortium to construct and 
operate the ship. France, the United Kingdom, the Netherlands, Spain, Italy, the Scandinavian countries, 
and Germany have indicated their interests in the Aurora Borealis science perspective, and only the UK has 
declined to participate in the implementation WG.  
 
 
Partners in the USA, Canada and Russia are informed about the planning but, up until now, no decisions 
about the participation of these countries in the project have been produced. 
 
One possibility for sharing the costs would be to subdivide the costs into something like 20 - 25 shares; both 
for the ship’s construction and running expenses. Based on their scientific interest in Arctic research, 
individual countries, or a core group of countries, can buy into these shares. The distribution of shares will 
then control how many man-days per year each country can dispose of. Potential funding mechanisms 
through the European Investment Bank (EIB) and EU have been explored. The EIB loan for comparable 
projects is usually up to 50% of the initial investment and the payback period for the loan could be over 10 – 
15 years. 
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The AURORA BOREALIS submitted to the European ESFRI planning, and has ended up on the list of 
opportunities. We would seek 30 – 40 % of the funding for construction and operation will come from EC 
sources in FP7. Recently EPC has also entered into the EC article 169 discussion, with the aim to secure 
long-term programme funding for Polar Climate Change Research . 
 
The German Ministry of Education and Science (BMBF) is expected to cover 20 – 30 % of construction and 
operation costs (positive statements of AWI Board of Governors). The design, the construction of Aurora 
Borealis will be lead by the University of Applied Sciences in Bremen, the HSVA and experienced shipyards 
and shipping companies. An implementation consortium under the European Polar Board/European Polar 
Consortium  will generate management structures, a business plan and structures for establishing the 
scientific programmes. 
 
A Number of scenarios and variable geometries can be identified for construction and 
operational financing: 
 

1. European member states National Government contributions to construction costs through a 
distributed share system combined with European Union Contribution to construction costs under 
FP7 Capacities priority. Yearly facilities Management costs supported under EU FP7 capacities plus 
input from IODP as a platform for polar drilling.   

2. A Combined package of European Investment Bank Loan for construction costs, National 
Government shares, Partial European Union contribution to Construction costs and yearly 
management costs within FP7 capacities priority.  

3. Structural funds to support construction at shipyards in EU special emphasis areas, support to local 
industry, combined with EIB, National Government and EU FP7 capacities support. 

4. Private Industry support-public private partnership through European technology platform, 
international partners contribution to construction.  

 
 
The involvement of international partners contributing towards construction and operating costs through a 
share system  
 
Management Concept:  
 
Proposed Management and Operational Framework for ERI:  
 
Structural models for the ERI 
 
The European Research Icebreaker would represent a joint asset for deployment by the Consortium of 
European Nations with shares in the vessel in support of high-quality peer-reviewed Science projects. For 
the non-drilling projects the system of evaluation of research proposals would be operated under the 
supervision of funding agencies in each of the participating countries. The newly established European Polar 
Consortium Science Advisory Council would examine outline proposals fitting general criteria using a 
template of large scale European relevance, high priority themes, and high quality science. For the deep 
geo-scientific polar drilling projects the existing Integrated Ocean Drilling Programme (IODP) structure for 
selecting and ranking international high quality projects.  
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Close Liaison between the EPC Agency in Brussels and IODP managing agency in Washington DC will 
ensure efficient planning of the ERI drilling operations.   
 
Is anticipated that the ERI facility will be managed by the ERI shareholders under the umbrella of The 
European Polar Consortium (EPC) as the Legal Entity-Managing Agency. The status may form a European 
Economic Interest Group EEIG based in Brussels. The European Polar Infrastructures Committee 
(EPICOM) composed of Polar infrastructure/facilities managers will oversee scheduling operational issues 
related to the Core ERI asset. Ice management and observational support will come from ESA service 
element such as Polar View utilizing the ENVISAT and CRYOSAT space based platforms. Discussions for 
information provision and service to the European Satellite Centre at Torrejon and ESA ESRIN will be 
explored. 
 
Galileo satellite navigation architecture will be utilized as a high resolution tracking of ERI which will be 
monitored centrally during operations. An ERI technical support unit located at the vessel home port will 
oversee the daily operational support of the vessel including crewing and supplies- this is anticipated to be 
outsourced as a private service. Financial and Management decisions on the yearly operational envelope 
will and be will taken by the shareholders of the ERI.       
 
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
AURORA BOREALIS is not planned as a national research platform but rather in a purely European context, 
with contributions from several European nations with polar research interests. Efficient use of the new 



 51 

research icebreaker requires the formation of a consortium of European countries and their polar research 
institutions to assure the quality of science and efficient employment of the research icebreaker during all 
seasons of the year. Arctic research programmes exist in many European nations, but in each particular 
country different organizations or working groups have developed, with rather diverse structures and 
impacts. The construction of AURORA BOREALIS as a European research icebreaker would require a 
considerable commitment by the participating nations to co-ordinate and expand their polar research 
programmes in order to operate this expensive ship continuously with the necessary efficiency. AURORA 
BOREALIS will be an important contribution to establishing a European research area and will strengthen 
the European impact within IODP. 
 
At the moment, existing drill platforms are also under consideration for the implementation of Arctic deep-
sea drilling, but these platforms have to be accompanied by other conventional or nuclear icebreakers. 
Adopting this approach, each new drilling site will require a time-consuming and laborious technical and 
logistical effort to co-ordinate the various participants, their different interests, and ships. Furthermore, these 
concepts will only allow limited sample processing on site, meaning that several themes (e.g. deep 
biosphere) cannot be covered. These concepts are compromises and can in no way compete with a modern 
research and drilling icebreaker with its own scientific programme. 
Furthermore, the present situation of relatively uncoordinated national polar research programmes in Europe 
would persist, while the development and implementation of AURORA BOREALIS would be a tremendous 
step towards a common European polar research programme and European Research Area. 
 
 
Despite the present shortcomings, serious attempts were undertaken to improve the situation. They consist 
of establishing close contacts with the USA (National Science Foundation) and Russia (Arctic and Antarctic 
State Research Institute in St. 
Petersburg and the relevant Ministry), because these two partners have serious needs for new icebreaker 
capabilities and they cover major segments of the circum- Arctic landmasses. Within Europe the EPB of the 
ESF has successfully launched the  EUROPOLAR -NET project  to coordinate European polar research that 
led to the formation of the European Polar Consortium (EPC) with Dr. Paul Egerton as the Executive 
Director, and with its headquarters in Brussels. The AURORA BOREALIS would be a major facility to 
implement joint Polar Research Programmes across the European Union and also in the context of the 
common research space with the Russian Federation and implementing agreements with the United States.  
 
The European Polar Board is also collecting nominations for an Implementation Working Group for 
AURORA BOREALIS. Positive responses came from Italy, Belgium, Denmark, Norway and Germany, and 
we are waiting for further nominations. A negative response has come from NERC/UK. There are no 
technically comparable alternatives to Aurora Borealis for the planned drill site locations in the central Arctic 
Ocean, in up to 4000 meters of water depth and up to 1000 meters penetration below the sea floor.  
 
If an ice-strengthened drilling platform (as an alternative) were to be employed, it would result in very lengthy 
and complex operations involving several polar icebreakers over an extended time-span, so that the 
technical and financial efforts would be substantially larger than with AURORA BOREALIS. AURORA 
BOREALIS will be a joint European project. Many of the participating countries are running their polar 
research programmes at extra- university research centres or institutions. The implementation of the 
European research icebreaker AURORA BOREALIS will require a high prioritization of polar research in the 
participating countries and their commitment to long-term research in the Arctic. Running an outstanding 
science programme on such a demanding ship for 11 months of the year will also require the establishment 
of appropriate structures to organise operations in the Arctic. This will require focusing European research 
interests in the Arctic to a much higher degree than at present. Many of the science needs will be spelled out 
in the science plan for AURORA BOREALIS. We are convinced that the existence of this ship will bring the 
European polar research interests to a peak of co-ordination. The dedicated use of Polarstern in the 
Southern Ocean will have similar consequences, and preliminary discussions have started between France, 
the UK, and Germany about the definition of a substantial Southern Ocean programme. These plans figure 
highly in the discussion of IPY-projects that are currently under development. In Germany, this discussion 
has led to the publication of an IPY White Paper, which has been published recently. 
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6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
The facility, when built and in operation, will provide the world’s first internationally run drilling and research 
icebreaker and will continue the legacy of success left by the efforts of the DSDP, ODP and IODP, of which 
it hopes to become a part.  European nations are the homes of the best-qualified icebreaker specialists. 
Hence,  AURORA BOREALIS will further the international advantage that European research has in the 
polar areas and it will benefit from Europe’s world-leading experience in constructing excellent icebreakers 
run by experienced crews. The ship will operate in an area that may become ever more economically 
promising, because of its large unexploited reserves of living and non-living resources and because of ever-
growing traffic and transport demands. Predictions say that the central Arctic ice-cover will be reduced 
substantially in coming decades, opening up new sea-routes to the north of Eurasia and North America. 
Hence, the project may have substantial economical consequences in preparation of new commercial routes 
to the Far East. 
 
The construction of AURORA BOREALIS requires several new technical solutions and will provide an 
extended technical potential and knowledge for marine technologies and the ship building industry. The 
research vessel would be an example for the qualification of the European maritime industry and would help 
to explore future markets in special ships and marine technology. 
 
In recent decades, scientific ocean drilling has revealed much about Earth’s dynamic nature. Over millions of 
years, continents rift apart, ocean basins open and close and new mountain ranges form where continents 
collide. We are just beginning to recognise that these tectonic processes, and the accompanying change in 
ocean circulation and climate, have profoundly affected both biological evolution and biogeochemical 
cycling. A key question is whether the observed ongoing change in the Earth System is anthropogenic or 
natural. Only through understanding the history of the Earth System can we attempt to predict its future, a 
time that may involve far reaching change on societal time scales. The central Arctic Ocean is a key area for 
these questions. After implementation of the facility the scientific results will considerably increase our 
understanding of the Arctic System and its role in past and present global climate. Not until we better 
understand the history and the role of the Arctic Ocean for global climate can we attempt to predict the future 
development of the Earth System. Understanding mechanisms of climate change is indeed one of the major 
challenges for mankind in the coming years. 
 
The year-round availability of a dedicated research icebreaker as AURORA BOREALIS will facilitate to 
establish and maintain sustained Arctic observation systems including a wide range of parameters of non-
living and living components. This will encourage to further develop and realize those observation systems 
and to provide the basis for an ongoing in-situ monitoring of the various components of the Arctic system.  
 
This will help to find the appropriate mitigation measures to address the effects of Arctic change in 
enhancing the potential use of a presently rather inaccessible region and in assuring the knowledge and 
understanding to implement the needed protection measures for that region which is extremely fragile due to 
its rapidly changing environment.  
 
The development of a technical concept for AURORA BOREALIS will lead to considerable innovations in 
ship construction and ancillary industry. A ship with the proposed properties does not yet exist and 
innovations will be needed for the development of new technologies and systems. In particular, 
developments will be needed in the following fields: 
 

 Dynamic positioning in drifting sea-ice has not been realized worldwide up to now. The specific hull 
form of Aurora Borealis suitable for icebreaking ahead and astern, but also at the ship’s side is the 
theoretical solution for dynamic positioning in Arctic drifting ice. Furthermore the hull form also has 
to be suitable for use in open waters, which must be model tested due to the Non-linearity of the roll 
motion. A powerful ice-going azimuthal propulsion system and the special hull shape of Aurora 
Borealis enables the vessel to turn in fast ice condition at the spot, which is most important for 
drilling. The theoretical calculation must be model tested for confirmation and further optimization. 
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 A precise method of forecasting ice drift and ice formation does not presently exist for the central 
Arctic Ocean and must be developed by in cooperation with experienced institutions like e.g. the 
AARI and NOAA. 

 No substantial development in drilling technology is required. A drill rig must be constructed that, on 
the one hand, fulfils all requirements for deep-sea drilling and, on the other, is removable (at least in 
part) in order to operate the ship as a research platform for classical polar marine science during the 
rest of the year. 

 Cores must be drilled and retrieved as fast as possible since dynamic positioning in irregular ice will 
remain problematic. The ship must be able to move with extended drill pipes not touching the sea 
floor. Safety mechanisms have to be developed to decouple the ship from the drill-pipe during 
drilling in the event the ship has to temporarily leave its position. 

 The ship should be equipped to carry and operate the French CALYPSO giant piston coring system 
presently deployed on Marion Dufresne (only ice-free waters). 

 A modularized laboratory container concept must be designed that enables mission-specific 
equipment of the ship, fulfilling the demands of marine geology, physical and biological 
oceanography, meteorology, geophysics, and more. 

 An advanced optical fibre network for research and monitoring tasks must be deployed. 
 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
AURORA BOREALIS is conceived as a European project and can only be realized in a European 
consortium. The Scandinavian countries, France, the United Kingdom, the Netherlands, Italy, and Germany 
have all indicated interest in Aurora Borealis’ science perspectives. Scientists from these countries, along 
with representatives of a number of other European countries, established a science perspective for Aurora 
Borealis that was presented to the various national funding agencies late in 2004. 
The EPB, within the ESF, promotes Aurora Borealis. The submitter is vice-chair of the EPB and Dr Paul 
Egerton, the scientific secretary of the EPB, is co-coordinating activities concerning the project Aurora 
Borealis. The member institutions of the EPB have nominated members for the science perspective working 
group who come from a range of disciplines covering polar sciences in general. The ocean drilling 
community nominated its members through ECORD and the working group was further strengthened by the 
nomination of a specialist in icebreaker technology. The listed institutions and representatives of European 
countries are the core of the scientific working group that set up the science perspective for Aurora Borealis 
and its deployment during the next 1 - 2 decades. This working group represents universities, polar research 
institutions and industry, and it has formally been established under the umbrella of the ESF, and by 
ECORD, which is coordinating the European contribution to IODP. 
 
The University of Applied Sciences, Bremen, is home to the well established Department of Naval 
Architecture, Ocean Engineering and Applied Sciences and took an important role in the development of the 
Technical Feasibility Study Aurora Borealis. The department combined their expertise and efforts with those 
of the HSVA, with its long-standing record of constructing icebreakers that includes a contribution to the 
development of the Polarstern concept. These two technical partners worked in combination with the AWI 
and the Shipping Company “Reederei F. Laiesz Bremerhaven GmbH”, each with over twenty years 
experience in running the world’s most efficient research icebreaker. Foreign partners were also involved: 
the Norwegian classification society “Det Norske Veritas” and Norway’s “National Oilwell”, a company that 
specialises in drilling technologies. Numerous other industrial bodies are qualified, but have not yet been 
asked to contribute to the Technical Feasibility Study, because they are either commercial competitors, or 
because one can expect that they would prematurely tender for the construction of the ship. The technical 
feasibility study was conducted under the project leadership of Professor Olaf Springer of the University of 
the Applied Sciences (Bremen), 
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Core Member states of the EPB Implementation Group: 
 
Germany 
Denmark 
Norway 
Italy 
Netherlands 
Russia 
 
Support on the concept of the Facility: 
 
Members of the European Polar Board, European Science Foundation 19 Countries  
The European Polar Consortium (EPC) 19 Countries The EPB is concerned with major strategic priorities 
in the Arctic and Antarctic and has members drawn from national operators and research organizations in 19 
countries. Many of these organizations run bi-polar research programmes, and have substantial experience 
in running marine and terrestrial facilities under extreme conditions, such as in the Arctic and Southern 
oceans. In fact, Europe is home to the world´s most sophisticated and quantitatively, most important 
collection of polar scientists and polar logistics officers, and has a commanding influence in international 
polar science organisations, such as SCAR, EPB, IASC, AOSB as well as in their logistic counter parts, such 
as COMNAP, SCALOP and FARO. 
 
European Consortium on Ocean research Drilling (ECORD)  
 
The German Science Council reporting to the president has recently assessed the facility and a 
possible recommendation on substantial funding support for the facility will be communicated to the German 
Ministry of Education and research. A Business plan is being prepared to submit to European Funding 
Agencies for decisions to be taken by the member states by the end of 2006.  
 
The University of Applied Sciences, Bremen,  
Department of Naval Architecture, Ocean Engineering and Applied Sciences took an important role in the 
development of the Technical Feasibility Study AURORA BOREALIS. 
 
The Hamburg Ship Model Basin (HSVA) was involved in the technical feasibility studies of the AURORA 
BOEALIS. HSVA is operating ice research and ice model testing facilities for more than 50 years. The main 
feature today is the 78 m long, 10 m wide and 2.5 m deep ice model tank, which is one of the largest in the 
world and,  related to its main dimensions and production of model ice, it is unique in the European 
Community. Within the last 25 years HSVA has carried out measurements of ice loads on structures and 
developed shapes of icebreaking vessels for different operation profiles. The experience learned is used 
today for consulting work for icebreaking vessels and testing vessels in model scale. HSVA has also 
performed several full-scale trials in ice-covered waters for various commercial clients and public institutions. 
Some examples of the work done are: 
 
- HSVA was leading the research, development and building of the research and supply vessel “Polarstern” 
which operates since 25 years successfully. 
- HSVA has carried out full-scale trials in ice with ships and offshore structures world wide (about 30 
projects, commercial, EU and BMBF). 
- HSVA has tested all new ice going vessels build for German authorities in model and some in full scale in 
open water and ice, in spring 2005 the MPV ARKONA in the Gulf of Bothnia. 
 
- HSVA has furthermore model tested more than 100 ice breaking vessels. 
Examples are the US Coast Guard icebreaker HEALY (temporarily also attended the full scale trial), the 
Swedish Icebreaker ODEN, a Spanish Antarctic vessel, a polar research vessel for a Norwegian owner and 
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a basic model tests for a Finnish icebreaker. Currently HSVA is involved in the hull shape design and ice 
model tests of offshore supply vessels and an icebreaking tugboat for the Sakhalin region. Several of those 
vessels are presently under construction. 
 
The models tested in ice were equipped with traditional propellers and rudders from one to three propellers 
separately operated, azimuth propulsor(s) one or two, with or without active bow thrusters. 
 
The model were tested in various ice conditions like: 
 
Level ice, ridges, rafted ice, rubble ice, ice floes, parallel ice channels, connected to an offshore loading 
terminal together with the ice drift change and the movement of the moored tanker with and without an 
assisting tug. 
More detailed information about the activities of the Hamburg Ship Model Basin  (HSVA) can be found in the 
Internet: http://www.hsva.de 
 
 
10. Budgetary information ~Also Refer to financial tables in part 4 
Preparatory cost  
(total in M€) 
 
 10 
 

Construction cost (total 
in M€) 
 
350  

Operation cost (total) 
 
 
17.5 Per annum  

Decommissioning cost 
(total in M€) 
 
N/A 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 
Percentages:  
 
20-30 Commission 
20 EIB 
50 Stakeholders 
 
 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 
Share system  
National contributions 
User Countries 

(of which likely to be 
obtained by possible 
stakeholders) 
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Steel Ship  19.1Meuro
Drill Systems 36.9Meuro

Engines and Supplementary Engines 
42.4Meuro + 19.5 Million = 61.1 Meuro

Material Costs- 205.88MEuro
Sum Building Costs 304.8Meuro

Total Costs including Insurance, Guarantee and other 
AB 1 =348.68 Million euro
AB 2= 336.45 Million euro

Construction cost estimates 
AB 1 & 2

 
 
11. Timetable until operation  
Give a short estimation about the timetable until operation 
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2005           2006           2007        2008       2009     2010         2011

Road-Map and Developmental Stages for Implementation of
ERI-AURORA BOREALIS Large-Scale Facility

*Implementation
Consortium 
Preparation of
Business Plan and
Cost Benefit analysis

Discussions with EC 
and EIB

Management and
Legal structures

*Funding Agency
Consideration
Of Business 
Plan

Decision by 
Mid-2006

Proposal to FP7 
Capacities
Construction Financing
In place and tender for
Construction of ERI Vessel

*Construction of ERI  2 Years and Sea trials
testing of driling technology etc

IPY

ERI
Operations

 
 
A Business case report for the European Research Icebreaker (ERI) is currently in development by 
independent management Consultants and presented to European Funding Agencies by spring 2006. This 
Business case will involve a Cost-Benefit analysis and long-term cost effectiveness projection of 
utilizing a core European facility. The document will be used in negotiations with the European Commission 
and European Investment Bank on partial financing for the Construction costs of the research vessel. 
Estimated construction costs are between 320-350 Million Euro dependent upon final design capability  
 
ERI and National Government support for a European Large Scale Facility: 
 
Following the submission of the Business case report in spring 2006 to National funding agencies a period of 
3-6 Months will be for consideration of formal intent to participate in the ERI facility. The formal letters of 
intent from countries wishing to become shareholders should be in place by Autumn 2006. 
 
 
 
Preparatory phase 
2005-2008 
 
 
 

Construction phase 
2008-2010 

Operation  
2010 onwards  

Decommissioning 
2035-2035 approx 

 
12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
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Dr Paul Egerton 
Executive Director 
European Polar Board 
& European Polar Consortium 
European Science Foundation 
1 Quai Lezay Marnesia, 
PO Box 15, 67080 Strasbourg 
France  Tel: + 33 388 76 71 74 Email: epb@esf.org   
 
Websites: www.esf.org/epb    www.europolar.org 
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EMEG Annex 4 – ICOS 
 
1. Name and descriptive title 

ICOS - Integrated Carbon Observation System 

2. Short description of the new RI 

The ICOS project shall build the infrastructure for co-ordinated, integrated, long-term high-
quality observational data of the greenhouse balance of Europe and of adjacent key regions of 
Siberia and Africa. Consisting of a centre for co-ordination, calibration and data in conjunction 
with networks of atmospheric and ecosystem observations, ICOS is designed to create the 
scientific backbone for a better understanding and quantification of greenhouse gas sources and 
sinks and their feedback with climate change. ICOS contributes to the implementation of the 
Integrated Global Carbon Observation System (IGCO). At the same time, ICOS fulfils the 
monitoring obligations of Europe under the United Nations Framework Convention on Climate 
Change (UNFCCC). 

The overarching objectives of ICOS are 
• To provide the long-term observations required to improve understanding of the present state and future 

behavior of the global carbon cycle and greenhouse gas emissions, and the factors that control the changing 
atmospheric composition in greenhouse gases. 

• To monitor and assess the effectiveness of carbon sequestration and/or greenhouse gases emission 
reduction activities on global atmospheric composition levels, including attribution of sources and sinks by 
region and sector at atmospheric and ecosystem level. 

These objectives will be achieved by: 
• Establishing a central facility, the ICOS-centre, which is responsible for co-ordination, calibration and 

data handling. 
• Maintaining a co-ordinated, integrated, long-term high-quality network of atmospheric and ecosystem 

observations. 
• Improving access to existing and future atmospheric and ecosystem data for research, and for political 

decisions. 
• Improving access to state-of-the-art facilities for ecosystem measurements for the European research 

community. 
• Providing European terrestrial ground-truth data for the validation of emerging remotely-sensed datasets 

on atmospheric composition and land cover as provided e.g. by GMES. 
• Contributing the European share to a global greenhouse gas observation network under IGCO and UNFCCC. 

 
ICOS rests on two types of measurements, 
1. atmospheric concentration measurements of long-lived greenhouse gases CO2, CH4, N2O and related 

tracers, 
2. ecosystem measurements of CO2, CH4, N2O, energy and water fluxes in ecosystems and their 

compartments, and associated inventories of carbon and nitrogen stocks in ecosystem compartments and 
relevant physical and chemical ecosystem properties. 
These two types of measurements complement each other because the variations of atmospheric trace gas 
concentrations are controlled by surface fluxes through atmospheric transport processes. Although, 
atmospheric measurements integrate fluxes over very large regions, while ecosystem measurements only 
represent very small regions, the ecosystem scale remains an important ground truth for interpretation of 
atmospheric data. The gap in scale between those two data-streams is bridged using ecosystem models 
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and atmospheric transport models which act as 'intelligent interpolators' for producing the sought 
greenhouse gas sources and sinks distribution, according to the overarching objectives of ICOS. 

ICOS combines a central facility with a spatially distributed network of observation sites in 
Europe, Siberia and Africa, which are in turn integrated into global networks. The major 
components of this infrastructure network are already established as part of a joint effort by different 
laboratories and based on support by the EU on a research project basis, but the existing projects 
are operated on a short-term basis. Thus, greenhouse gas measurements are vulnerable to funding gaps, 
limited inter-comparability, and lack a direct, straightforward access to standard reference materials, which 
is particularly critical for atmospheric observations. ICOS will operationalize these research efforts, which 
will serve research programs and political decisions by delivering high quality measurements of essential 
climate variables such as greenhouse gas concentrations as well as ecosystem responses to climate 
variability, land use and land management. ICOS is currently planned as a terrestrial infrastructure but could 
be extended to encompass oceanic observations in the North Atlantic and the European marginal seas. 

ICOS shall be an open-access facility. This is being assured by the fact that ICOS will be part of a global 
network for quality control and observation of for long-lived trace gases and ecosystem greenhouse gas 
fluxes, where Europe takes its position and share in a global responsibility. The ICOS-Centre will have an 
outreach towards all relevant global infrastructures (Globalhubs, Globalview, Fluxnet, greenhouse gas 
inventory agencies and scientific assessment community). 

The organization of ICOS contains three core elements (Figure 1): 

1. Council of steering scientific institutions 

2. ICOS-Centre with 
2.1. Calibration and analytical centre under scientific advice for harmonized measurements, preparation 

and distribution of standards and quality control, comparable to NOAA/CMDL 
2.2. Atmospheric co-ordination centre for co-ordination and quality control of the atmospheric 

measurements network 
2.3. Ecosystem co-ordination centre for co-ordination and quality control of the ecosystem measurements 

network 
2.4. Data centre - a joint (distributed) European data centre for environmental data (e.g.  similar to ORNL) 

which links to important data bases of past and ongoing scientific projects, data from statistical 
offices and meteorology 

3. Distributed observation networks 
3.1 Atmospheric observation network with inter-calibrated, harmonized, operational measurements 

(aircraft profiles, tall towers, background monitoring stations) 
3.2 Ecosystem observation network with harmonized operational measurements (eddy flux towers, 

inventories) 
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Figure 1    Core elements ofICOS and its outreach to other existing global infrastructures and programmes 

The distribution of responsibilities will be as following: 

1. Council of scientific steering institutions 
One aspect of the success of the US Climate Monitoring and Diagnostics Laboratory (CMDL) is the close 
interaction of the observational network with scientific institutions who push forward the technical and 
scientific advances, and which make sure that new developments are taken care of at CMDL. In analogy to 
this structure it is being anticipated to have a small board of top level research institutions which take the 
responsibility to advice and steer ICOS in its development. A network of top-level scientific institutions will 
interact with the central laboratory for technical issues, performance issues, data analysis, and modelling. 

2. ICOS-Centre 
This Central Facility will be responsible for the day-to-day operation, the supply of calibration gases, the 
quality control across the atmospheric and ecosystem networks, and for the measurement of flask air 
samples. The central facility will also be responsible for data processing, storage and dissemination. The 
Central Facility will operate under the supervision of high quality senior scientific leadership. 

2.1 Calibration and analytical unit 
The ICOS-Centre contains the calibration and analytical unit to produce and check gas standards for high-
precision calibration of atmospheric measurements as core part. There is no such facility existing in 
Europe, but such a facility is an essential prerequisite, if Europe wants to join the existing programmes in 
the US, Japan, and Australia as a global partner. At present, there are not even national gas standards for 
greenhouse gases. Each laboratory purchases its own expensive primary standard from the US. 
Intercomparisons at limited extent have only started since the CarboEurope cluster and the CarboEurope 
Integrated Project were established. However, for the long-term future, European standard reference 
material for greenhouse gas concentrations must be available from a European central facility. 
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Its main tasks are: 
• Preparation of primary gas standards 
• Distribution of standards 
• Quality control and recalibrations of standard reference material 
• Intercalibration with global calibration centres (hubs) 
• High-precision analysis of flask air samples 

2.2 Atmospheric Co-ordination Unit 
The ICOS-Centre is also responsible to co-ordinate the atmospheric and the terrestrial observation 
networks. The main tasks of the Atmospheric Co-ordination Unit are: 

• Co-ordination of gas concentration measurements 
• Organisation of inter-comparisons and quality control 
• Training for atmospheric measurements 
• Intercomparison of equipment 
• Further development of analytical equipment 

2.3 Ecosystem Co-ordination Unit 
The main tasks of the Ecosystem Co-ordination Unit are: 

• Co-ordination of ecosystem measurements 
• Intercomparison of equipment and software 
• Co-ordination of access of researchers to ecosystem network 
• Training for site managers 
 

2.4 Data and Modelling Unit 
ICOS will also house the co-ordination of the database, which should collect all ICOS data, and will 
supply links to other relevant data-bases (JRC, ESA, national inventories and statistics). The main tasks 
of the data centre are: 

• Collection, quality control and archiving and processing of data 
• Compilation of higher processing level data products by data analysis and modelling 
• User interface 
• Assessments and data assimilation into process models for science and policy purposes 

3. Observational networks 
A co-operative network of local organizations (academic and commercial) will perform local 
measurements or take local samples. It will be necessary that the Centre contributes to the investments 
(and possibly to the technical operation) of the infrastructure at the measurement stations to assure 
ownership and transfer of data. The network will establish links to the weather service and the WMO-
GAW program, and to scientific projects. 
There are several networks which operate at various densities, namely 
- aircraft profile measurements (half-weekly flights presently conducted at 4 positions in Europe) 
- tall towers (>200 m height) for continuous measurements above the surface boundary (presently 7 

towers) 
- remote stations for monitoring the background concentrations, un-affected by the immediate 

vicinity (presently 24 stations for CO2, but fewer ones for the full set of relevant atmospheric 
tracers) 

- the ecosystem flux network (presently around 100 sites in Europe) 
- the inventory networks in the vicinity of the ecosystem flux stations. 

It will be the role of ICOS to decide, where data shall be taken in view of a European GHG balance, and 
to make sure that the methodology is consistent across Europe. ICOS will not interfere with national 
environmental monitoring and inventory programs, but create a synergy between these activities as 
much as possible. 
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3.1 Atmospheric observation network 
Unlike meteorological parameters that have been routinely collected by meteorological services for 50 
years and for which global satellite observations exist for 30 years, with secure commitments for the 
future, there is no co-ordinated system to measure atmospheric greenhouse gas concentrations in 
Europe. Further, the acquisition of satellite observations and their exploitation/validation is not 
adequately integrated with ground-based networks. Unlike the US, there is no institutional commitment 
for supporting co-ordinated long-term ground-based GHG atmospheric composition measurements 
optimally linked to satellites. As a result, US data is much more homogeneous, accessible, and thus 
more frequently used than European data. Europe needs to rapidly harmonize existing ground-based 
observations, work on capacity building for standards, metrology, and enhance data archiving and 
dissemination. Certainly, ICOS cannot solve all these issues, but it will constitute a significant first step 
for securing and strengthening the observation of atmospheric composition parameters, and making 
them available to research and politics. The proposed atmospheric observation network stretches across 
Europe, Northern Asia, Africa and adjacent oceans, where changes in atmospheric composition are 
critical for the understanding of the European and global greenhouse gas cycle. As shown in Figure 2, 
most of the proposed stations are already operating, with few being established at the moment. Further 
observational gaps, in particular in Eastern Europe and the interior of the African continent, will need to 
be established. 

 

 

3.2 Ecosystem observation network 
The ecosystem network contains the following components (Figure 3): 

• Flux network for net ecosystem fluxes of carbon, greenhouse gases, water and energy. In Europe there are 
presently about 100 flux towers which measure ecosystem fluxes for different purposes. A number selected 
research stations should serve as reference for "bottom-up" modeling, to follow long-term trends in ecosystem 
response to climate change, and as ground truth for inverse atmospheric modeling. These towers must work 
with high accuracy and continuity, provide data almost instantaneously, and provide background data about 
ecosystem compartments, physical and chemical ecosystem properties for interpretations. 
• Inventories. There are governmental inventories of various kind (grain yield, forests), but for interpreting 
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the eddy flux some of these inventory data have to be taken with much greater accuracy and consistency 
across boundaries. 

The consistency in methodology in both, the flux measurements and the inventory observations will create 
a dataset where the operational uncertainties are reduced as much as it is technically possible. 

 

  

Science case 
 
Relevance of the new RIwith respect to improved technological performance 
 
 Background 

The concentrations of CO2, CH4 and N2O in the atmosphere are at the highest they have been in the past 
25 million years. Current levels of CO2 have increased by 30% from 280 ppm in pre-industrial times to 
more than 370 ppm today, and they continue to rise. Current levels of CH4 of 2000 ppm are nearly triple 
the pre-industrial value of 700 ppm. 

These changes are caused by human activities; the primary agents of change are fossil fuel combustion 
and modifications of the terrestrial vegetation through changes in land-use (e.g., land conversion to 
agriculture including pasture expansion, biomass burning, and for methane, the increase in ruminants 
and rice cultivation) and land management. 

The increasing CO2 and CH4 concentrations intensify the Earth's natural greenhouse effect leading to 
significant changes of the global and regional climate system. Even though many of the complex 
interactions and feedbacks in the Earth system are still poorly understood, there is a general consensus 
that global patterns of temperature and precipitation will change. The results of general circulation models 
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indicate that globally averaged surface temperatures could increase by as much a 1.5 to 6°C in a world 
with an atmospheric concentration of CO2 twice that of the pre-industrial period. 

Only about half of the anthropogenic CO2 emissions accumulate in the atmosphere, while the remainder is 
taken up by land and oceans on average in similar proportions. However, these sinks vary strongly in time 
and space. 

The primary mechanism for current land carbon uptake is most likely the recovery from historical land-use 
in Europe and North America There are several other terrestrial processes, such as enhanced plant 
growth due to the increase in atmospheric CO2, whose effect is not yet well documented. It is gas 
exchange, ocean circulation and mixing which determine the CO2 uptake of the ocean. The role of biota 
and changes in that role are less understood. 

Further, the atmospheric growth rate of CO2 exhibits large interannual fluctuations, on the order of the 
average long-term signal. The interannual variability signal cannot be explained by the variability in fossil 
fuel use. Rather it appears to reflect primarily changes in terrestrial ecosystems induced by changing 
large-scale weather and climate patterns. 

Improved predictions of future CO2 levels require better quantification and process-level understanding of 
the present state of the global carbon cycle, including both the natural components and anthropogenic 
contributions. The current state of the science, however, can neither account for the CO2 average growth 
rate nor for the interannual variations with confidence. However, the overall patterns of temporal 
dynamics in the carbon cycle are important, but our understanding of their primary drivers is limited. 

At present, limitations in our current understanding also include an inability to locate well key sink or 
source regions. Independent information on spatial and temporal patterns of CO2 sources and sinks is of 
extraordinary value for challenging process-based terrestrial and oceanic carbon cycle models, and thus 
for our ability to predict future CO2 trajectories. 

Finally, quantifying present-day carbon sources and sinks and understanding the underlying carbon 
mechanisms are pre-requisites to informed policy decisions. This limitation is fundamental as nations seek 
to develop strategies to manage carbon emissions, to implement carbon sequestration activities, and to 
develop independent verification methods. 

Unlike for air pollutants, Europe has no long-term observation system in place to monitor greenhouse 
gases. In this respect it is far behind the organizational structures in the US, Australia and Japan. It is 
expected that Europe has to take on responsibility in a global network for observations of parameters that 
are relevant for climate change at least at the scale of Europe, but possibly reaching to Siberia and Africa. 
Scientifically it must be emphasized that all model assessments and predictions of climate change and its 
impacts on ecosystems and humanity depend on such a coherent global long-term observation system. 
This cannot be achieved by regional and short-term projects. 

Observation strategy 
Establishing the CO2 budget on a regional or national level can be achieved by integrating measurements 
of amounts of carbon stored in different components of the landscape, direct measurements of CO2 
exchange between the surface and the air, and 'top-down' CO2 budgets inferred from measurement of 
CO2 concentrations in higher parts of the atmosphere. Remotely sensed and other spatial information is 
often needed for integration, whereas remote sensing may also become available as a means of 
measuring atmospheric GHG concentrations in the near future. This combination of methods, while still 
subject to considerable uncertainties, is presently the most accurate manner to arrive at spatially explicit 
CO2 budgets. It is referred to as the 'multiple constraint' method, which has successfully been 
demonstrated by Janssens et al., Science 300, 2003; Ciais et al., Nature 437: 529ff, 2005. 
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The assessment of a GHG balance is difficult because of the small scale variability of vegetation in Europe 
and of scattered industrial sources. The GHG balance is affected by fossil fuel burning, by biological 
responses of the ecosystem to climate forcing, and by land use. For long-lived greenhouse gases, regional 
sources and sinks can be estimated from the troposphere, using high-precision concentration 
measurements in a well-integrated network, combined with a dense, representative, network of 
ecosystem flux measurements which in turn must be linked to ecosystem processes. Components of this 
future network already exist but they need to be better integrated into a pan-European observing system 
to reach US and Japanese standards as they exist for atmospheric measurements and emerge for 
ecosystem flux measurements and inventories. The atmospheric network will measure parameters which 
also allow an estimate of fossil fuel burning. Changes in land-use will have to be included on the basis of 
satellite observation (GMES). 

The application of this multiple-constraint method requires long-term homogenous observations based on 
network of: 

- flux towers to measure the net GHG flux above ecosystems 
- surface stations to provide the detailed interpretation of net fluxes 
- tall towers to integrate over regions of about 500 km 
- aircraft profiling sites to provide the information of the structure of the boundary layer and the 

overlying free troposphere 
- FTIR systems monitoring the whole CO2 column and making the link to satellites 

Building the ICOS infrastructure will be greatly beneficial for the science communities involved in carbon 
cycle and atmospheric chemistry studies because it will decrease the burden for research institutions of 
maintaining long-term observations, and help scientists to focus on the science part of the global carbon 
and greenhouse gas cycle. 
 
Give some indications on the research program it will support and how such project will enable new 
opportunities for the scientific fields and decisive progress in science? 

Better understanding of vulnerability and regional feedbacks between climate and biosphere is the 
prerequisite for predicting the response of the earth system to global change. Research priorities for the 
coming years in the field of global and regional climate-biosphere feedbacks cannot be addressed without 
dense, consistent, long-term, integrated observations of trace gases and relevant environmental tracers 
and ecosystem parameters as those provided by ICOS. The ICOS observational data and secondary data 
products form the basis for improved understanding and adequate human action. ICOS will significantly 
enhance the observational basis and accessibility of observational data in benefit to the applied and basic 
scientific community. Research projects supported by ICOS will e.g. 

- Study regional transient impacts of climate variability and long-term impacts of climate change on 
ecosystems, e.g. effects of extreme droughts, heat, storms etc. 

- Study regional interactions between carbon-nitrogen and water cycles based on the operational 
network of ecosystem observations 

- Improve the process understanding of ecosystem vulnerability and adaptation to climate variability 
- Improve predictions of climate change, biosphere feedbacks and adaptation 
- Scientifically monitor and verify the success of greenhouse gas emission reductions at atmospheric, 

regional and sectoral level. 

There are not only scientific reasons for predicting the regional greenhouse gas balance under conditions 
of global change. Also adaptation and mitigation require geographically precise information of what might 
happen in critical regions where biospheric carbon stores or vulnerability are high. Predictive understanding 
of links and feedbacks between the biospheric greenhouse gas balance and the climatic hydrological 
balance of critical regions in Europe and beyond (Siberia, Africa) is needed. Research based on the 
proposed observation infrastructure will also encompass manipulation experiments of land-use and land-
use change effects on the greenhouse gas balance and hydrology, and detailed regional studies in areas 



 67 

subject to dramatic change in land use/cover, and advances in mechanistic carbon-nitrogen-water models. 
Important areas for new scientific insight are: 

- Short-term impact of drought and climate extremes on temperate and tropical ecosystems, in 
particular on productivity, greenhouse gases, fire frequency and water balance, 

- Mid-term impact of atmospheric warming on high latitude changes in hydrology on soil C stores and 
greenhouse balance in areas with permafrost, 

- Long-term feedbacks between land use/cover changes, greenhouse gas balance and climate. 
- With respect to all forms of global climate stress, a better understanding of acclimation and 

adaptation of organisms (bacteria, insects, animals, plants) to global change is needed. 

With the Kyoto protocol being in force, the political demand is increasing for assessing between 2008 and 
2012 and beyond the full greenhouse gas balance of key global regions on a strong scientific basis. This 
includes the quantification of radiative forcing and its underlying human and natural causes. Greenhouse gas 
research needs to further develop the networks established in projects under Research Frameworks 5 and 6 
for measurements 

a) in the atmosphere, along tall towers and at remote atmospheric monitoring sites, 
b) key ecosystems (greenhouse gas exchange and land-use effects), and 
c) to build on existing modeling and data assimilation efforts, 

in order to determine the regional greenhouse gas balance (CO2, CH4, N2O, O2 plus biophysical characteristics 
such as albedo, surface roughness etc.) for the critical period of 2008 to 2012 and beyond with improved 
precision and accuracy. This implies also further development and validation of advanced vegetation models, 
integration of land use, land management and nitrogen in these models, and progress in data assimilation. 
Europe has a leading role in the integration of observational data and it is critical for the European Research 
Area to maintain this lead. ICOS will form the backbone for measurements, data processing and accessibility 
to the climate change research and policy community. 

These examples show that these tasks can only be achieved with a central co-ordinating facility and a 
distributed hierarchical observation network as specified above. 

In this respect, ICOS will establish the core set of long-term observations of greenhouse gases, biological, 
physical and chemical ecosystem properties in relation to land use and management in Europe and adjacent 
regions. There is still a significant gap between predictions of European sources and sinks as made from 
atmospheric measurements and from terrestrial observations (Janssens, Science 300, 2003) The ecosystem site 
network of ICOS is suitable for hosting manipulation experiments and will create a valuable reference for 
studying both gradual changes and extreme events. The successful analysis of effects of the 2003 and 2005 
droughts in Europe (Ciais et al., Nature 2005) have already proven the usefulness of the existing pilot 
observation system in the CarboEurope project. However, current resources are inadequate to fully equip, 
maintain and exploit the measurement stations. In particular, the quality of calibration and continuity of 
atmospheric measurements of greenhouse gases, not only CO2, improvements in instrumentation, and coverage 
of relevant ecosystem state variables require additional efforts. 

Give some indications on the research programme(s) it will support and how such project will enable new 
opportunities for the scientific fields and decisive progress for science? 

The ICOS infrastructure will form the 'backbone' of European carbon cycle science, upon which stronger 
research programmes can be established and developed. At present, about 70% of the EU funded 
(CarboEurope-IP) and national programmes on greenhouse gas observations are devoted to maintain and 
operate systematic observations. This results in lack of funding for innovative projects because long-term 
observations cannot be abandoned. It also results into an apparent lack of competitiveness of EU research 
programs in terms of deliverables, publications, patents because these research programs supply the need of 
supporting long term measurements. 
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Integrated modelling - cross-cutting, inter-disciplinary, multi observation 
Models are required in ICOS to interpret the information contained in flux and concentration systematic 
and global data, and it is important that a strong link between data providers and modellers is facilitated so 
that the models use the data in the correct fashion, and that both the requirements and the findings of the 
models are communicated to the data providers. The ICOS models are required to have specific properties 
to make best use of available observations: 

• They must be comprehensive, able to simulate processes that give rise to a given observation. 
• They must be global since the earth's fluid reservoirs transport and hence integrate constituents. 
• They must be capable of optimally incorporating observations, that is they must be coupled to a 

data assimilation system. 

Integrated systems 
As we develop a fully integrated global carbon observation system, an important question will be which 
observation(s) we should add to the system, extend coverage or improve accuracy for, such that we best 
reduce the uncertainty in our understanding of the carbon fluxes and pools. The field could be a direct 
measure of carbon, either in a reservoir or a flux, but could also be a climate or state variable such as soil 
moisture, cloud cover or ocean nutrients, or possibly physical properties such as turn-over rates in soil 
carbon pools or ocean mixing from the surface to deeper levels. This question can be addressed with a fully 
coupled process based model of the global carbon cycle. The details of building of such a model is outside 
the scope of ICOS, but we strongly encourage such an activity as a partnership with research programmes 

Atmosphere 
Atmospheric inversions have provided some vital information about the carbon cycle, notably pointing to 
the existence of a large Northern Hemisphere terrestrial sink. As the community attempts to resolve the 
surface sources and sinks at higher spatial resolutions it is becoming clear that additional data aside from 
the 'baseline' clean air CO2 network are required. The use of such data (continuous continental data, 
aircraft profiles, future satellite missions) will require significant effort such that the mismatch between 
what the models can reproduce and the data are minimised. 
The ICOS atmospheric inversion platform will rely on a hierarchy of global and regional atmospheric 
transport models, that use atmospheric observations. Global models currently run in an inverse mode 
over the whole globe, at a resolution of 100-200 km. The regional models currently run over a limited area 
domain, such as Europe or in the future Siberia or Africa, with a typical resolution of 20 to 50 km. 
As the increase in volume of atmospheric composition data accelerates with the availability of satellite data, 
our ability to ingest and analyse the data must also grow. This problem is already addressed in the 
metrological domain which combines in situ and remote sensing data of vast quantities for weather 
forecasting. The same tools could and should be applied for the assimilation of atmospheric composition 
data. The assimilation system could either be a stand alone system specifically for the carbon cycle, or could 
be incorporated into an existing system at a national/international weather forecasting centre. The process 
should also benefit the weather forecasting as the concentration data can be used as an independent 
validation of the calculated atmospheric mixing. 

Ocean 
Many of the atmospheric issues described above also apply to the ocean domain, and several of the action 
items are similar. The ICOS modelling platform will link with operational oceanography programmes. 

Terrestrial 
Much of the variability in the atmospheric observations of CO2 on scales of hours to months is due to 
processes over land, either burning fossil fuel, terrestrial biosphere exchange by photosynthesis and 
respiration, and by disturbance (especially fire). The continued development of models to simulate the 
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behaviour of these processes and to facilitate comparison with observations is key to our understanding of 
the global carbon cycle and to be able to estimate the future terrestrial biosphere emissions. 
Fire is a key disturbance process on land that contributes around 2 to 4 Pg of carbon to the atmosphere 
each year, and is an important factor shaping the carbon budget on land via its affect on vegetation type, 
mass, and age class distribution. The human impact on the terrestrial biosphere is enormous. Through 
logging and agriculture we have significant control over vast amounts of carbon. Considerable data is 
available, such as forest inventories and crop volumes are available, as well as the climate variables that 
drive the growth of managed ecosystems. Continued development of managed terrestrial ecosystems and 
the use of and comparison of observations is to be facilitated. A key step in any modelling process is the 
preparation of the data sets to drive the model. 

Precise how it will be a major infrastructure for that particular scientific community and will 
offer multi-user access? 

Figure 1 shows the organizational structure of core elements of ICOS. Multi-user access is an inherent 
component because 

- ICOS is a network of distributed observations involving a large number of institutions 
- The data centre is open for scientific access and facilitates use of so-far hidden data 
- The success of ICOS relies on multi-user access, also beyond Europe 
- ICOS bridges to industry in terms of development of new equipment, to policy makers and 

environmental agencies by providing data products relevant for decision making and commitments 
under the UNFCCC. 

Integrating observations made by Europeans of European air and ecosystems is necessary but not sufficient 
to understand global changes. The atmosphere undergoes fast mixing and Europe receives pollutants 
emitted from as far as North America. Equally, European emissions affect other continents, especially 
Siberia and Africa. European researchers are needed to make key measurements over sensitive and yet 
under-sampled regions of the globe where atmospheric changes affect us (e.g. the Tropics for biomass 
burning emissions, Siberian tundra for frozen carbon stores...), or where Europe affects others. Their skills 
should also be used to share the global burden now carried largely by the US, and especially to help 
capacity building in poorer nations. Active coordination and better integration are needed both within 
Europe and outside to make a proper contribution to the coordinated international effort envisioned in 
GEOSS. 

4. The concept case (Maturity of the proposal) 

Give indications on the technical concept for the realization of the new RI 

To our knowledge, at present, the following EU projects in FP6 are involved in greenhouse gas monitoring: 
• CARBOEUROPE-IP 
• CARBOOCEAN-IP 
• NITROEUROPE-IP 
• GEMS 
• GEOLAND 
• QUANTIFY 

National co-funding contributes significantly to the success of these EU projects (e.g. 50% of the cost in 
CarboEurope-IP). 
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1.   Calibration 
The technology to prepare reference standard material for atmospheric GHG rests on first principles. 
Standard Reference Material (SRM) for atmospheric science consists of air with known trace gas 
concentration in a high-pressure cylinder, at typically 150 bars of pressure. Provided that the cylinders 
walls are in proper material, the long term concentration stability is excellent (generally less than 0.03 ppm 
CO2 change per year). Two methods can be used to prepare SRM. The first method is called gravimetric. It 
consists in determining the absolute mixing ratio of a gas by weighing with a great precision high pressure 
tanks filled with synthetic air in which is added a known amount of pure gas or liquid. This method is 
applied by NOAA/CMDL and JMA for making standards for atmospheric measurements. Several industrial 
companies can also prepare mixture of gases using that method, but with a lower accuracy than the above 
laboratories. The second method is called manometric. It consists in determining the absolute mixing ratio 
of a gas by expanding it into different known volumes, and measuring the pressure with great precision. 
This method is adopted by the WMO expert group to prepare international SRM. The Central Calibration 
Laboratory in charge of producing SRM cylinders is NOAA CMDL. 

 

A huge effort is needed to measure GHGs across the globe and across Europe over long periods of time 
with such very high precision, which is required in order to detect the gradients across regions of Europe. 
The measuring error is presently the largest source of uncertainty. For continuous measurements, a 
permanent exchange of calibration flasks is necessary within the network and with the rest of the world in 
order to assure that the quality of measurements remains the same at all decentralized locations. Air 
samples in flasks will be sent to the Calibration and Analytical Unit for measurement in order to assure a 
constant measuring error. 

 

2.   Atmospheric observations 
The technology to measure atmospheric GHG with high precision in flasks is technologically mature, and 
such measurements are made by several laboratories around the world since about 20 years, but in a 
scattered, discontinuous mode. The technology has evolved slowly, and it is now based upon very 
reproducible and precise instruments. Flask sampling is primarily performed at remote locations, which are 
not influenced by local biological and anthropogenic sources. These background stations have been 
progressively supplemented by continuous gas concentration measurements. 
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Continuous measurements over continents have only recently been developed by deploying the 
instrumentation on tall towers, which extend into the planetary boundary layer. In order to measure the 
concentration structure in the entire troposphere, aircraft profile measurements are still needed. As a novel 
technique, near-infrared FTIR spectrometry has been shown to successfully detect the entire atmospheric 
CO2 column. All these measurements fulfill WMO standards requirements in the existing experimental 
network. 
 
3. Ecosystem observations 
The ecosystem observations contain two components: the flux measurements and the ecosystem inventory. 
The flux measurements consist of at least one tower which is about 4 m higher than the height of the 
vegetation, being equipped with meteorological sensors in order to measure turbulent fluxes into and from 
the ecosystem. It is also anticipated to use these towers for absolute CO2 concentration measurements, in 
order to enlarge the network of remote stations. It appears to be possible to screen the data, which are taken 
close to the ground for air packages that contain the tropospheric CO2 signal. However, this measurement 
requires high precision calibrations of all analyzers. 

The flux measurements must be supported by ecosystem level data, which are needed for further 
interpretation of the observations. Such data are soil respiration measurements, soil carbon stocks, and 
biomass data. Since the natural variability of soil processes is inherently large, the ICOS Ecosystem Co-
ordination Unit will have to provide and recommend uniform methodologies or initiate cross testing. The 
emerging network would be equivalent to the US LTER-network, but more directly linked to the atmospheric 
measurements. 

4. Data processing and dissemination 
After pre-processing and a first screening, all observational data enter the data base at the Data and 
Modelling Unit. There they are subject to routine quality control, and higher level data products are 
produced. CarboEurope-IP has already established highly operational data bases for atmospheric 
measurements and ecosystem flux measurements. The global FLUXNET is currently adopting the 
CarboEurope data post-processing routines for global application. 

All these data streams are fed into operational (ICOS) and research-oriented modeling systems (member 
institutes) for estimating spatially explicit greenhouse gas balances at high temporal resolution. 

Data products and summary statistics are routinely made available via web-based interfaces. 

Evidence of feasibility studies 

The technical concept for the realization of the proposed infrastructure reaches back more than 10 years: 

In FP 4 there were 3 independent projects (ESCOBA, EUROFLUX and NIPHYS) which started to develop a 
network or transects of atmospheric and ecosystem-level observations. 

In 1998 (Orvieto workshop) the idea was borne to combine these activities in a "cluster" of projects, named 
CarboEurope, which would operate under a joint coordination. 

In FP 5 the CarboEurope-Cluster was established, which was a voluntary association of 8 independent 
projects which for the first time established measuring stations across Europe and Siberia where 
atmospheric measurements took place at exactly the same location as ecosystem assessments. 
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In FP6 the CarboEurope-cluster developed into CarboEurope-IP which is operating an experimental network 
of observation stations in order to "understand, quantify and predict the terrestrial carbon balance of 
Europe and associated uncertainties at local, regional, and continental scale". 

CarboEurope-IP is presently the only institution which measures concentrations and fluxes of CO2 and the 
concentration of other trace gases (CH4, N2O, CO, SF6 and the isotopes of these gases). CarboEurope is also 
the only institution which measures O2 concentrations as a basis to separate marine and terrestrial effects on 
air masses across Europe. 

CarboEurope-IP developed a multi-layer observation system which operates, depending on resolution, 
at different temporal and special scales (cf. Figures 2 and 3). 

Organisation-wise, experience can also be drawn from the long-established European infrastructure for 
implementing the Convention on Long-range Transboundary Air Pollution (LRTAP), signed in 1979, under 
the Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission of Air pollutants 
in Europe (EMEP; 
http://www.emep.int/index_facts.html). The EMEP programme combines (1) collection of emission data, 
(2) measurements of air and precipitation quality and (3) modelling of atmospheric transport and deposition 
of air pollution. 

General considerations regarding feasibility 

The location of the ICOS-Centre has not been decided. There are many options, ranging from 
(1) an association to one of the below mentioned institutions, to 
(2) an association with the European Joint Research Center (JRC at Ispra), or 
(3) to establishing an independent new institute at any other location in Europe with a adequate 
scientific and technical environment. 

Since the ESFRI-Process and the construction of such Central Facility may take longer until time-line of 
2008 which is set by the Kyoto protocol of the UNFCCC as the beginning of the commitment period (2008 
to 2012), it is suggested, that the consortium of the below mentioned institutions remain in charge of co-
ordinating the continuation of the existing long-term sequence of observations. 

Management ofICOS 

We have a detailed management plan, however, the immediate actions can only start after a general 
approval about the development of such infrastructure. 

The following plan exists: 
1. The signing institutions, MPI of Biogeochemistry (MPI-BGC) and the Laboratory of Climate and 

Environmental Science of CEA (CEA-LSCE) are connected by a Consortium Agreement of CarboEurope-IP - 
the project in which most of the ICOS elements are operated in research mode until 2008. This Integrated 
Project has an Executive Board in which, besides MPI-BGC and CEA-LSCE, also the University of Tuscia 
(UNITUS) and The Free University of Amsterdam (VU-A) play a leading role. The present proposal has 
been approved by the Executive Board of CarboEurope-IP. Therefore, there exists a management 
structure to put this proposal into place and to initiate the first steps of the preparatory phase. 
CarboEurope-IP has 75 partners in 17 countries, and many associated partners and measurement sites 
outside Europe, which form the basis as to where the infrastructure could be located. 

2. A dedicated legal entity, ICOS-Organization (ICOS), will be created. ICOS will have the status of an 
independent non-profit international organization established by Convention,  with its head office in a 
European place to be negotiated (see 6. below). Any legal organization including research institutes, 
universities, non-governmental organizations,  industries and nations can apply for membership. ICOS will 
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be managed by a Council of Steering Scientific Institutions which approves the applications. The central 
decision making body in ICOS is its Annual Conference formed of ICOS Members. This structure has already 
proven to work successfully in the case of the European Forest Institute (EFI)  and allows an immediate 
start from its current basis in research. Founding members will be the leading organizations of 
CarboEurope-IP, which host all relevant expertise. It is envisaged that after an initial phase of 
consolidation, ICOS will be transformed in an international organization supported by member states as in 
the cases of ECMWF, CERN, and EFI. Following the model of the Technical University Munich, a 
combination of a foundation with an associated company of limited liability could also serve as 
organizational model. 

3. The signing institutions, MPI of Biogeochemistry (MPI-BGC) and the Laboratory of Climate and 
Environmental Science of CEA (CEA-LSCE), will prepare all legal documents and a draft Convention for 
ICOS. Both institutions have experience in building large-scale international infrastructure, via co-ordination 
of IGCO, building of atmospheric observation infrastructure (e.g. tall tower in Siberia, European gas 
calibration laboratory) and biodiversity experiments. The budget, planning and initiation of the 
technological components will be carried out by a provisional Council assigned by the ICOS members. 
This contains three aspects 
 
a) the design of the operational networks 
b) the planning, purchase, installation and operation of equipment 
c) the initiation of a building of the central facility. 
 

4. Design of the operational networks: The European projects CarboEurope-GHG Concerted Action (FP5) 
and CarboEurope-IP have intensively addressed the design issue so that final scientific recommendations for 
the design of the atmospheric and ecosystem networks will be available by the end of 2006. 

5. Planning, purchase, installation and operation of the equipment is straightforward. We have 
instruments presently in operation, which do exactly this job, but these 
instruments shall be freed from long-term observational deployment to move to new research fields, and 
new sites will be established in undersampled regions, so additional instruments with specification identical 
to the existing ones need to be purchased. 

6. The initiation of the building can only be planned after it is clear, where the Infrastructure should be based. 
We can discuss this with respect to options which we oversee. If there is a decision, that the Infrastructure shall 
be located in former EU-15, we would expect that the city where the infrastructure shall be located would 
provide the building ground, we would expect (but we are not certain at this stage) that the state or nation 
would support the infrastructure with the building. At least we know how to approach these possibilities, if the 
infrastructure were to be located in France or in Germany, but we would have the capacity to do this also in 
The Netherlands, in Italy or other nations, e.g. Belgium. 

7. Preparatory cost: The construction needs to be technically planned. If preparatory support was available, the 
MPG and LSCE would have the capacity to carry out such building, i.e. to organize and supervise the technical 
planning, and the performance of the construction. It would be the role of MPI-BGC and/or CEA-LSCE to initiate 
the ICOS Secretariat, which then would take over the management, under the supervision of the Council. The 
option to put this infrastructure under the management of the European JRC has been discussed with some 
scientists at JRC but has not been concluded. 

8. Management Structure of ICOS-Centre: 
The Council would nominate the Director to head the ICOS-Centre. The Director should have the rank of a 
Full Professor and have an association with a University. The Director would be supported by 4 leading 
scientists, each would head one of the main Divisions of ICOS-Centre (gas standards, atmosphere, 
terrestrial, data). In full operation, the ICOS-Centre would have a local staff of 30 persons. In addition, the 
centre supports the operational staff (20 scientists, 50 technicians) in the observation networks. Thus the 
total staff is around 100 persons. 
 
 

9. Building: The building needed for ICOS-Centre is an office/laboratory building with sufficient space for guest 
scientists, and a facility to house short term visitors. The anticipated space is as follows (according to German 
building rules): 

 



 74 

 

 
 

Functional areas (toilets, entrance): 20% of user area 500 m2 
Circulation areas: 60% of user area 1500 m2 
Additional partially used area: 6% of user area 200 m2 
Total building area 5000 m2 

Technical challenges 

The technical challenges of this proposal have been solved in the experimental phase. The main challenge 
of ICOS is of logistical nature to provide accurate, homogenous data over a distributed network in different 
compartments over a long period of time. 

Risks 

Technical risks 
The technical risk is relatively low, because an experimental network is in operation, 

Financial risks 
A long-term core funding source is needed in order to attract minor partners. 

Management risks 
Decisions about risk management are made by the Director of ICOS, being supervised by the steering 
institutions. 

The main risk is funding gaps due to lack of institutional commitments. In Europe, there is no agency that 
has the commitment to make long term earth observations. No atmospheric service element of the GMES 
exists for supporting such key observations, and the GMES programme is heavily directed to satellite 
observation. What is needed, alongside with the construction of the satellite infrastructure is a long term 
commitment in the atmosphere and at the land surface and a commitment to its operation. 
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Projections about timetable 
Details about the timetable are given below in Section 11. 

Projections of costs for construction, operating and decommissioning 

The investments of ICOS are calculated on the basis of a 10 year turnover of major pieces of laboratory 
equipment (Isotope Mass Spectrometer, GC), which should not prevent to carry out a permanent 
modernization of precision and accuracy as required. The depreciation of field equipment is calculated on 
the basis of 5 years. Depreciation of IT equipment is 3 years. 
Costs are calculated on the basis of German price structures and salaries. 

The total building cost is estimated at 22 million €. The planning cost is 15% of the total cost, equivalent to 
3.3 million €. The running cost is 1 million € per year. 

The estimated life time cost of the facility will be as follows (20 yr perspective) 

1. Construction of a building, instrumentation, and staff 
construction cost: 22 M€ 
instrumentation (GC, MS, computing) 48 M€ 
staff (head of unit, 10 scientists, 20 technical staff, 20 yrs) 25 M€ 
operating cost (1 Mill €/yr for 20 yrs) 20 M€ 

2. Decentralized infrastructure (atmospheric network) 
aircraft air sampling system (10 sites, 50,000 €, 5 yr life time) 5 M€ 
Tall tower investments (10 towers, 200,000 €, 5 yr life time) 10 M€ 
operating cost (air craft, flux towers) 
aircraft rental 
(10 sites, 100 flights/yr, 20 yrs, 75,000 €/site/yr, 10 technicians) 21 M€ 
tall tower operation 
(20 yrs, 10 sites, 30,000 €/site/yr operation, rental fees, 10 technicians) 14 M€ 

3. decentralized infrastructure (ecosystem network) : 
flux tower investments 
(20 sites with 2 towers of land-use, 100,000 €/site, 5yr life time) 8 M€ 
equipment for ecosystem parameters (analytic cost, soil gas fluxes) 5 M€ 
flux and inventory operation 
(1 scientist, 1 technician, consumables: 50,000 €/yr) 60 M€ 

4. Preparatory cost 
planning secretariat 2 M€ 
planning cost for infrastructure 3 M€ 

5. Decommissioning 7 M€ 
Total estimated cost                                                                                                 250 M€ 

A final financing plan can only be developed after a general agreement has been achieved that this type of 
infrastructure is needed and will be supported by ESFRI and the EU. Nevertheless following plans exist: 

- building ground must be supplied by the city where ICOS shall be located 
- the state or nation which houses ICOS should supply the building 
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- the Instrumentation of ICOS Centre should come from EU funding 
- the decentralized infrastructure may be funded by the nation in which the infrastructure is being 

located. However, we would prefer that only the measuring site is being prepared by the nations, and the 
equipment and personnel is being paid by the EU, because only then the ICOS is owner of the data. 

ICOS is a co-ordinating infrastructure and an open-access facility. The data which are produced by a multi-
national network of stations, and which is coordinated by ICOS should be available world wide free of 
charge. Nevertheless, ICOS could be economically active by selling calibration gases to industry and 
science institutions across the globe performing high precision analyses on gas and soil samples offering 
instrument cross calibrations. 
However, all these activities would not generate an income to balance a bank loan. But these activities 
would strengthen the linkage to industry. The example of EFI shows that membership fees can contribute 
4% to the annual cost. 

There is however some likelihood that private industrial foundations may support this infrastructure, 
however, lobbying for this support would require the consensus of ESFRI and the EU that this infrastructure 
shall be founded. If such a consensus was reached, we would immediately write proposals or negotiate 
with companies and the energy industry which may be interested in support to greenhouse gas science 
given that the Kyoto Protocol is reinforced to run beyond 2012. 

Conclusion 

The feasibility of ICOS has been proven by past and ongoing European research projects. The 
project has reached a high level of maturity and is ready to be implemented within short 
notice. The experimental operational network is in place, has been tested and already 
harmonized to a large extent as the atmospheric and ecosystem networks. There is a 
threshold date of 2008 for making decisions about the continuation of the existing long-term 
sequence of observations into the first Kyoto commitment period. 
5. Further information, including strategic importance to ERA 

Identify how this initiative will help to reduce fragmentation of efforts in Europe 

Reducing fragmentation of efforts in Europe 
Europe is currently leading in terrestrial carbon cycle research, being two years ahead of research compared 
to North America according to leading US and Canadian scientists. The main factor of success is found in 
the high level of trans-disciplinary collaboration among scientists. Yet the integration between ecosystem 
level and atmospheric approaches is far from efficient due to a lack of an effective data assimilation 
system, and to the lack of readily accessible common data bases. However, other continents are copying 
the European carbon research strategy and are catching up quickly. Europe's major constraint is 
fragmentation in resources, spatial and temporal continuity. ICOS will bundle and fill gaps in the present 
efforts for scientific greenhouse gas monitoring and transform them into a long-term fully integrated 
greenhouse gas monitoring infrastructure. Coordination and cooperation between national and 
international activities at European level will be consolidated with the vision to become the core of a global 
greenhouse gas observing system. 

So far greenhouse gas research in Europe is performed in short-term projects relying on co-funding from 
local, regional, national, European and international sources, without security beyond 2008. In the past, 
this situation has led to major gaps in data time series in periods between projects, and several changes in 
methods, instrumentation and personnel. The lack of a central decision-making body has left important 
regions such as Eastern Europe and the margins of the European continent uncovered by measurements. 
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From networking to real integration 
ICOS will set up the scientific infrastructure for a European (to global) greenhouse gas monitoring program 
which could, in the longer future, work similar to EMEP. Past and ongoing efforts for calibration and 
measurement of greenhouse gases will be harmonized, streamlined, and operationalised. In CarboEurope 
and earlier European projects the methods, hardware and software for calibration, measurements, data 
processing, storage and distribution have matured to a level in which a core set has reached a transition 
point from fundamental research to applied research and to routine operation, individual research stations 
have been linked into a network ready for consolidation as climate research and monitoring infrastructure. 
Pan-European harmonization of calibration, measurements, data processing and quality control is critical 
for a reliable monitoring and basis for modeling and data assimilation. Tiny differences or inconsistencies at 
each of these steps can produce dramatic artefacts and misinterpretations. 

How this initiative will increase attractiveness and efficiency of ERA 

Science is moving to questions of feedbacks and interactions between element cycles, vulnerability of 
systems to climate change and similar questions that cannot be answered without long-term high-quality 
consistent observations. ICOS will create the backbone for continuing European excellence in climate 
change research, which relies on long-term consistent accessible information at adequate temporal and 
spatial resolution. ICOS will serve the needs of scientists while at the same time generating the knowledge 
base essential for monitoring the efficiency of climate policy and for sustainable land resource 
management in Europe. Europe has the world's densest network of greenhouse gas observations in 
ecosystems and the atmosphere - a treasure of information that needs to be sustained and developed. 

Reinforcing competitiveness 
ICOS is required to make Europe competitive compared to North America, Japan and Australia. The 
existing infrastructure in Europe is not secure in the mid and long-term and inadequate in many critical 
regions. Despite the fact that it is a dense network, the positioning has not been designed from a- priori 
criteria. The proposed Infrastructure ICOS combines and harmonizes existing observational elements and 
extends the infrastructure to yet unsampled or undersampled critical regions around the European 
continent. Strong integration and unification is a prerequisite for a long-term vision of a European (to 
global) operational greenhouse gas observing system. Long-term high-quality, consistent monitoring data 
are needed to enhance the understanding and prediction of the biospheric carbon cycle of Europe and to 
follow anthropogenic emissions in order to fulfill the political need for accurate estimates of regional carbon 
sinks and sources. CarboEurope-IP is currently developing a prototype pre-operational observation system 
in place by 2008, together with recommendations for its efficient continuation beyond 2008. There is, 
however, no mandate to operationalise and streamline the operation of monitoring stations. Whilst the 
feasibility of ICOS will be demonstrated within ongoing FP6 projects, the continuation of most 
measurements and system elements is not secured beyond 2008, the start of the first commitment period 
under the Kyoto Protocol. The ICOS infrastructure will deliver: 
Effective operation of monitoring stations through unification of systems and operation, improved training, 
technical standards and data transmission 

- Higher data quality and full data consistency through centralized standards and harmonized protocols for 
measurements and data processing, regular intercomparisons and long-term technical staff 

- Fast online access to quality controlled routine measurement data across Europe - so far,  data use is 
hampered by the delay between data gathering and accessibility 
Full integration between ecosystem and atmospheric observation networks as prerequisite for addressing 
scientific questions of vulnerability and feedbacks at the relevant space and time scales 
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What is the pan-European interest of this initiative? 

Atmospheric greenhouse gases are globally well mixed. Climate change and ecosystem responses do not 
halt at national borders. Therefore observation networks are necessarily pan-European and access to critical 
yet uncovered regions is only possible in a European collaborative effort. To arrive at a consistent picture 
of the European carbon balance, existing and newly developed expertise need to be integrated in a single, 
unifying manner. A European-wide research infrastructure is essential to achieving temporal and spatial 
coherence, via adequate coverage of all major European biomes, common calibration and quality control, 
and harmonized protocols for accurate measurements, data processing and archiving. Access to a 
common, European database with consistent, quality-checked, long-term records is crucial for advances in 
our understanding of the carbon cycle, greenhouse gas fluxes and responses to climate change, which 
result from continuous exchanges between the atmosphere, biosphere, soils and wood products as well as 
human systems at time scales stretching from minutes to decades. Simultaneously and continuously 
observing these components and the exchanges between them allows us to develop a coherent knowledge 
of sources and sinks. Integration of plot, local and regional scale measurements is fundamental to the 
multiple constraint approach, but requires considerable investment of personnel and equipment and a high 
level of standardization and collaboration. 

In the long run, the infrastructure is ideally merged with other environmental observations, e.g. of the 
nitrogen cycle and to extend the observation into the Atlantic ocean (CarboOcean). The infrastructure will 
provide scientific methods, and data as a basis for understanding, validation and monitoring tools in 
support of the implementation of the United Nations Framework Convention on Climate Change (UNFCCC) 
and its Kyoto Protocol. 

What is the relevance of this initiative to other existing and developing international facilities? 

During the Earth Observation Summit held in Brussels on February 16, 2005, GEO Co-Chair Achilleas 
Mitsos, Director-General for Research at the European Commission, highlighted the importance of 
maintaining a European autonomous Earth Observation capacity supporting political decision making. ICOS 
will serve the purposes and needs of major global earth observation programs being developed to monitor, 
understand, model and predict climate change, its impacts and responses, especially in terrestrial 
ecosystems: 

• Global Climate Observing System (GCOS), which was born by the needs of the UNFCCC, 
• Integrated Global Observing Strategy (IGOS), in particular its carbon themes Integrated Global Carbon 

Observation (IGCO), and Terrestrial Carbon Observations (TCO), which in turn are closely linked with the 
research agenda being developed by the Global Carbon Project with IGBP, IHDP (International Human 
Dimensions Program), and WCRP, under the Earth Systems Science Partnership (ESSP), and Global Earth 
Observation System of Systems (GEOSS) 

ICOS will not only provide systematic in site data and validation for space-borne observations, but also 
data analysis and assessments as the basis for research about vulnerability and adaptation to climate 
change. At present, the global earth observation programs are in an early phase of development, in which 
implementation plans are being written or recently adopted. Strong political support by USA, Canada, 
Japan, China, Europe and many other nations will boost the development of infrastructures in the coming 
years. 
ICOS will be the first research and monitoring infrastructure to combine atmospheric and ecosystem 
observations with data analysis in a systematic, consistent and long-term manner. In complement of the 
space-borne observations under GMES, ICOS will constitute the in-situ leg of the European contribution to 
the Global Earth Observation System of Systems (GEOSS) 10-Year Implementation Plan. 
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ICOS will provide systematic in-situ and air-borne observations of greenhouse gases and relevant auxiliary 
parameters to meet the purpose of understanding, assessing, predicting, mitigating, and adapting to 
climate variability and change. This includes the carbon cycle, sustainable land management and 
biodiversity issues. Built on the successful dynamic development of greenhouse gas observation research 
and capacity in Europe, ICOS will facilitate their transition to sustained operational use for research and 
monitoring purposes. 

6. Identification of other socio-economic impacts 

What is the potential contribution to European socio-economic objectives? e.g. what is its 
impact on human capacity and training? 

A European infrastructure for integrated carbon observations will enhance human capacity and training, 
scientific excellence and world leadership in climate change research, and is expected to stimulate 
technological innovation for robust sensors of trace gases and ecosystem properties. Impact on human 
capacity and training: 

- intercomparisons, intercalibrations, measurement quality control by network of experts,  training courses for 
site operators, enhanced mobility and exchange of knowledge among experts 

- improved skills to work in a trans-disciplinary manner 
- The CarboEurope-IP has an additional workpackage related to transferring the knowledge into schools. 

Maybe ICOS could pick up this task and enhance it in future, because the interest in natural science is 
initiated at the school age. 

Impact on excellence: long-term employment for keeping the knowledge and passing it to the next 
generation of scientists, basis for long-term climate research and in-depth studies Impact on leadership: 
long-term reliability rather than project-based data with interruptions and temporal inconsistencies in 
methods 
Stimulation of technological innovation for robust sensors of trace gases and ecosystem properties is 
expected because development is currently hampered by insecurity about how the demand for sensors by 
research and monitoring will develop in the future, and lack of mid- and long-term commitments by 
scientists. 
 
7. Participating organizations / support from members states 

The proposal is initiated by five institutions, two of which are Signatories of the proposal in behalf of the 
consortium: 

• Max-Planck-Institute for Biogeochemistry (MPI-BGC), Jena, Germany 
• CEA-LSCE, Gif-sur-Yvette, France 
• University of Tuscia (UNITUS), Viterbo, Italy 
• Vrije Universiteit Amsterdam, The Netherlands 
• Universität Heidelberg, Institut für Umweltphysik, Heidelberg, Germany 
• Additional institutes have indicated their interest to join. 
• The observational network is currently operated by about 80 research institutes. 

France and Germany have been informed about the proposal. The EU DG Research, Infrastructure Unit has 
been informed in January, 2005. 

The decommissioning cost would mainly contain the dismantling of the eddy towers. The TV-Tall Towers 
and the aircraft are rented, and the equipment could be used elsewhere. 
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8. Budgetary Information 

Preparatory costs (total in M€): 5 M€ 

Of which to be negotiated: 2 M€ 

Construction cost (total in M€): 22 M€ Of which to be 
negotiated: 22 M€ 

Operation cost (total in M€): 216 M€ 

Of which to be negotiated: unknown 

Decommissioning cost (total in M€): 7 M€ Of which to be 
negotiated: 0 M€ 

Details about the budget are given above (Section 4). 

9. Time Table until operation 

- The observation network must be operating during the Kyoto commitment period 2008 to 
2012, and beyond 

- CarboEurope-IP will terminate in December 2008. A continuation of CarboEurope-IP is 
anticipated but uncertain, and CarboEurope IP-II should concentrate on the science and not 
on the infrastructural issues of an observation system. 

- Possible timetable for implementation: most elements are existing in a research mode, and 
can be easily transferred into ICOS. Major milestones are decisions about location of the 
ICOS-Centre facilities, and then their installation and equipment. 

- Once the decision about funding and the location of the ICOS-Centre is made, the 
preparatory phase will take about 3 years. 

- ICOS would be operational after 5 years. 
- An operational phase of at least 20 years is envisaged. 

The founding institutions will help to start the operation of the observation network and data centre 
as soon as the decision about the funding has been made. 
 
Contact 
Max-Planck-Institute for Biogeochemistry 
Ernst-Detlef Schulze, Martin Heimann 
P.O. Box 100164 
07701 Jena 
Germany 
Phone+49-3641-576101 
Fax+49-3641-577100 
e-mail: dschulze@bgc-jena.mpg.de, martin.heimann@bgc-jena.mpg.de 
http://www.bgc-jena.mpg.de 

Centre d'Electricite Atomique - Laboratoire des Sciences du Climat et de l'Environnement 
Philippe Ciais 
CE Saclay - Ormes des Merisiers, Bat. 703 
F-91191 Gif-sur-Yvette 
France 
Phone+33 1-69 08 71 21 
Fax+33 169 08 77 16 
e-mail : ciais@lsce.saclay.cea.fr 

CarboEurope-IP: http://www.carboeurope.org 
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EMEG Annex 5 - EMSO 
 

1. Name and descriptive title 
 
EMSO - EUROPEAN MULTIDISCIPLINARY SEAFLOOR OBSERVATION infrastructure for long term 
permanent monitoring of the ocean margin environment around Europe. 
  
2. Short description of new RI (or major upgrade) and main characteristics 
 
Long term monitoring of environmental processes related to ecosystem life and evolution, global changes 
and geohazards, is now necessary and 40 % of the EU territory is underwater. To better understand 
geophysical, biogeochemical, oceanographic and biological active phenomena E.U. need long time series of 
data coming from the seafloor at key provinces around European margin.  
 
Cabled deep sea-floor observatories deployed on specific sites will allow this monitoring for environment 
and security. They will be organised in  an unique management structure at European level which is part of 
an international endeavour in sea-floor observatories. 
 
 
3. Science case (scientific justification, including new areas to be opened) 
What is the relevance of the new RI with respect to improved technological performance and benefits for 
the scientific community? Give some indications on the research programme(s) it will support and how 
such project will enable new opportunities for the scientific fields and decisive progress for science? Precise 
how it will be a major infrastructure for that particular scientific community and will offer multi-user 
access? etc. 
Scientific objectives of EMSO project 
The fundamental scientific objective is to make real-time long-term monitoring of environmental processes 
in the geosphere, biosphere and hydrosphere of European seas.  
 
The ocean covers 71% of planet Earth and at least 40 % of the EU territory is underwater. Major advances 
in our understanding of environmental processes require us to identify temporal evolution and cyclic 
changes and to capture episodic events relative to oceanic circulation, deep-sea processes and ecosystems 
evolution.  Long-term monitoring will allow capture of episodic events such as earthquakes, submarine 
slides, tsunamis, benthic storms, bio-diversity changes, pollution and other events that cannot be detected 
and monitored by conventional oceanographic sea-going campaigns. Most of these processes interact and 
should be measured for modelling and forecasting natural events. Cabled sea-floor observatories are thus 
needed to collect simultaneously long time series of data relative to : seismology, geodesy, sea level, fluid 
and gas vents, physical oceanography, biodiversity imaging at different scales, ….  
 
A network of dedicated infrastructure will strongly improve the way of safeguarding and using these 
environmental changes related data. It will result in major advances across a range of scientific disciplines:   
 

Geosciences Geo-hazards (earthquakes, submarine slides, tsunamis), Plate 
Tectonics, Sedimentary processes, Fluids seeps and Vents. 

Physical 
Oceanography 

Deep circulation, Water Masses, Ice Cover, Climatology. 
 

Biology Biogeography, Ocean Productivity, Living resources, Biodiversity 
& Hot Spots. 

Non-Living resources Energy-hydrocarbons, Renewable & C02 sequestration, 
Mining/deposition. 

A few points are detailed below : 
 
 
Geohazards 
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Seismic activity resulting from the convergence of the European and African plates represents a major 
hazard for the populated, southern margins of Europe.  According to the Red Cross/Red Crescent report on 
world disasters, earthquakes have proved the deadliest of all Europe’s disasters over the past decade, and 
cost the continent 25 billions € in damage alone. It is recognized that earthquakes such as those that 
occurred in the recent past in Europe [e. g. Lisbon, 1755; Messina, 1908] would certainly results in tens or 
hundreds of thousands victims and billions of Euros in damage. Seismicity is also evident throughout the 
length of the Mid-Atlantic ridge. There is therefore a clear need for stations at strategic locations along 
these plate boundaries to monitor seismic events in the Earth’s crust which may become geo-hazards.  

Combined with borehole instrumentation, sea-floor observatories, integrated with land-based networks, will 
advance the fundamental understanding of plate tectonics and seismogenic zones around Europe. 

 

Ocean circulation and climate evolution 
Ocean circulation connects all basins around Europe. There are several locations of global significance 
within the ESONET1 area where sustained in situ observations need to be monitored.  Change in water 
mass properties in terms for example of temperature, salinity, oxygen, carbon and major nutrients that is 
important for marine resources around Europe.  Change in large scale circulation in terms of transport of 
heat and matter that is influencing and important for regional and global climate.  
 
Geo-biology  
Studies at the sea floor interface have become multi-disciplinary as the interaction between venting of 
fluids and specialised biological communities living on the sea floor has been elucidated. Oceanic areas 
around Europe comprise a remarkable variety of such vent habitats, from mud volcanoes, pockmarks, 
seeps, and carbonate mounds, to hydrothermal hot vents at the mid-ocean ridge. It is thought that the 
biodiversity of related ecosystems and of the deep waters around Europe, still being discovered (e.g. 
HERMES), exceeds that of the total European land biomass. Sea-floor observatories will allow for decadal 
monitoring of these biodiversity hotspots, setting up for groundbreaking discoveries on issues such as 
microbial biodiversity, life in extreme environments, and the importance and role of the subsurface 
biosphere.     
 
Data end-users 
The ESONET Consortium (with representatives from UK, Norway, France, Netherlands, Germany, Ireland, 
Greece, Italy, Portugal and Sweden) in the framework of a Concerted Action sponsored by the EC as a sub-
sea component of the European initiative for Global Monitoring for Environment and Security (GMES) has 
previously identified data end-users in a sample 11 countries Belgium, Bulgaria, France, Germany, Ireland, 
Italy, Netherlands, Portugal, Romania, Spain and UK.  
 

The analysis conducted in ESONET CA clearly demonstrates a wide-spread need for data around Europe to 
monitor the solid earth beneath the sea, the interface between the solid earth and sea, the water column 
and the submarine biosphere. A further important function will be to provide ground truth data for space-
borne sensors of GMES.  

 
 

                                                 
1 ESONET (European Seafloor Observatory Network) was the former Concerted Action supported by E.U., moreover an 
ESONET Network of Excellence has been submitted under last FP6 Global Change Call 4. 
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4. The Concept case (maturity of proposal) 
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. 
evidence of feasibility studies, including identification of technical challenges and risks. Precise which are 
the projections about timetable and costs for construction, operating and decommissioning? etc. 
 
State of the art 
The development of deep water scientific cabled observatories for scientific purposes is at its infancy. On 
another hand, deep sea exploration leaded by the hydrocarbon industry is now mature and industrial 
products and services are available. Taking advantage of this state of the art through cooperation with 
engineering underwater R&D actors and leading companies in this field (e.g. Alcatel, Fugro, Tecnomare) 
and SMEs, the scientific community is capable to achieve the necessary steps to new cost effective 
developments and implementation in areas of importance for our society. Therefore, it will aim at 
improving the knowledge on long term capabilities of observatory components, reach final standards for 
interoperability, integrate various sensor technologies on different platform-types and build a basis for 
reliability studies in this context. 
 
Implementation of EMSO will be based on evolution from existing systems by connecting previously 
autonomous systems to junction boxes providing power and long-term real-time data capability. At 
present time European Union has already invested 26.6 M€ in project regarding deep sea observatories 
and associated technological developments. For example the 4800m deep PAP (Porcupine Abyssal Plain) 
is instrumented with an ANIMATE (Atlantic Network for Interdisciplinary Moorings and Times Series for 
Europe) array measuring carbon dioxide, nutrients, temperature, salinity, pressure, currents and marine 
snow from the sea floor up to 10m below surface. Data are either stored or transmitted at a low data 
rate via satellite.  
 
Besides this fixed deep sea observatories, European own mobile and relocatable seafloor lander platforms 
as the Netherlands BOBO (Benthic Boundary Observatories), the German IFM-GEOMAR series, the French 
MAP (Module Autonome Pluridisciplinaire) and the Aberdeen DOBO (Deep Ocean Benthic Observatories). 
  
Development of seafloor observatories with multidisciplinary capability (geophysical, including 
seismological, oceanographic and environmental) has been pioneered under the EC GEOSTAR projects 
(GEophysical and Oceanographic STation for Abyssal Research, phases 1 and 2), co-ordinated by INGV. 
Recent major technical advances have been made in the EC projects: ASSEM (Array of Sensors for long-
term Seabed Monitoring of geo-hazards) and ORION-GEOSTAR-3 (Ocean Research by Integrated 
Observation Networks). ORION-GEOSTAR-3, co-ordinated by INGV, is a deep-sea geophysical, 
oceanographic and environmental network, whose seafloor nodes are inter-linked by acoustics  and  a 
relay surface buoy  provides for near-real-time two-way communication to shore via an acoustic/satellite 
link.  The ASSEM and ORION systems are fully compatible. 
 
Experience in underwater cable connection by submersibles and ROVs has been gained in the 
deployment of the ANTARES and NEMO neutrino arrays. NEMO-SN-1, the first multidisciplinary cabled 
observatory in Europe, was connected on January 25, 2005  
 
ESONET CA monitoring network 
The ESONET Consortium  proposed 10 regional networks. Some of these are already equipped with 
cables whereas others are regularly monitored using conventional autonomous landers or mooring arrays. 
It is envisaged that there will be a gradual transition to cabled systems.  Total straight line nominal cable 
length required will be 4000km. 
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A – Arctic.  
The centre of this is the ‘Hausgarten’ region of high biodiversity in the deep-sea off Svalbard where the 
German Alfred Wegener Institute for Polar and Marine Research (AWI) has a long-term deep-sea 
observatory comprising 15 long-term stations at 1000 to 5500m water depth. Cable distance is 320km 
(approximate straight line measurement). The observatories would track long-term changes related to ice 
cover.  
 
B - Norwegian margin 
A major concern in this area is slope failure which caused catastrophic tsunamis in prehistoric times and 
is a concern for offshore oil and gas installations. Fluid flow from gas hydrates may affect slope stability 
but also creates and feeds special deep water habitats. Stations would also monitor the thermohaline 
circulation in the Norwegian Sea. An array requiring 620km of cable is proposed.  

 
C - Nordic Seas 
The existing MOEN (Meridional Overturning Exchange with the Nordic Seas) station uses the Faroes 
branch of the CANTAT-3 (Trans-Atlantic fibre optic) telecom cable for monitoring the North Atlantic 
Current using the flow-induced voltage technique. ESONET proposes a full coverage of flows in this 
region with 3 cables centred on the Faroes totalling 300km equipped with acoustic doppler current 
profilers and other instrumentation. 

 
D - Porcupine/Celtic 
This is a geologically stable margin with little evidence of seismicity. The most ambitious ESONET cable is 
proposed in this region totaling 1350km from the Irish continental shelf via the carbonate mound and 
coral reef ecosystem of the Belgica Mounds to, a vast sponge ecosystem (Phaeronema Belt) in the 
Porcupine Seabight onto the Porcupine Abyssal Plain with branches to carbonate mounds, the Goban 
Spur and a canyon system 
 
E - Azores  
The features in this area are associated with crustal spreading at the mid ocean ridge axis including 
special habitats associated with hydrothermal vents. A single cable is proposed by the MOMAR 
(Monitoring the Mid-Atlantic Ridge) program extending 400km from the island of Horta to a junction box 
near a hydrothermal vent field.  

 
F - Iberian  
This region outside the Straits of Gibraltar is at the point of interaction of the Mediterranean outflow with 
waters of the NE Atlantic. Geologically there is the junction of the Eurasian and African plates with 
doming of the sea floor, mud volcanoes and other features including the putative origin of the great 1755 
Lisbon earthquake and tsunami which was the most catastrophic ever to occur in Western Europe. 
ESONET would provide permanent sub-sea seismic stations in this area as well as oceanographic and 
water column sensors in 3000-4000m water depth requiring 130km of cable. 
 
G -Ligurian Sea 
This site will be developed in synergy with the ANTARES (Astronomy with a Neutrino Telescope and 
Abyss environmental RESearch) neutrino detector experiment. Many subsystems are already available 
such as the land-fall station, the cable landing and one junction box. The area is of multidisciplinary 
scientific interest with seismic activity near a dense human habitation,  slopes instabilities with  turbidity 
currents in a canyon,  past tsunamis,  long term studies on biological and physical,  international 
sanctuary for marine mammals, and a location for calibration of Satellite Sea colour sensors. This site is 
one the best for an operational demonstration as a lowest cost. Three  stations are proposed with 
broadband seismometers, biogeochemical sensors and physical sensors, a local acoustically networked 
array to monitor slope stability and moorings to monitor dynamic fluxes with 180km of cable (Figure 3).  
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H -East Sicily – NEMO-SN-1  
This is a multidisciplinary observatory located in the Ionian Sea off East Sicily, close to Mount Etna 
volcano, in an area which has experienced disastrous seismic events, some of them accompanied by 
tsunamis such as the 1693 and 1908 earthquakes which completely destroyed the cities of Catania and 
Messina. An underwater electro-optical cable owned by the Italian Istituto Nazionale di Fisica Nucleare 
(INFN) has been deployed for pilot experiment of the NEMO (NEutrino Mediterranean Observatory) 
project. The SN-1 (Submarine Network-1) deep seafloor multi-parametric observatory is connected to 
shore via this cable. SN-1 focuses on geophysical, mainly seismological data, and also provides 
oceanographic and environmental measurements which are all uniquely time referenced. A modular 
design allows additional sensors to be added as required. SN-1, equipped with a junction box for the 
connection to the cabled interface-device, was deployed and connected to the cable at the end of 
January 2005 when  real-time acquisition started. 

 

 

In 2006 INFN will deploy and connect a junction box to the cable allowing  connections of other systems. 
A second electro-optical cable will be deployed by INFN off Capo Passero, the southernmost tip of the 
East Sicily with junction boxes which will be supported by deployment/recovery systems and a deep-sea 
ROV. The NEMO SN-1 site is an open underwater laboratory for demonstration and integration activities. 
A total length of over 130km cable is envisaged. 

 
 
I -Hellenic  
The eastern Mediterranean is characterised by significant seismicity, special habitats in deep basins and a 
very steep drop off in depth from the coastlines. The Hellenic region will comprise four separate cables. 
1.NESTOR (NEutrino experimental Submarine Telescope with Oceanographic Research) which has an 
existing cable off the Peloponnese. 2. IODP (Integrated Ocean Drilling Program) deep borehole location 
on the accretionary complex south of Crete in 2486m water depth. 3. Cretan basin in the southern 
Aegean. 4. The Rhodos basin, one of the deepest large basins in the eastern Mediterranean. The 
combined system will require 220km of cable. 
 
 
J -Black Sea 
With anoxic conditions in the deep, problems with invasive species and high sediment loads delivered by 
rivers, this enclosed area is greatly influenced by a densely populated coastal zone, intense marine traffic 
and offshore exploration for oil and gas leading to eutrophication and chemical pollution. In addition, high 
intensity gas seeps, gas hydrates, mud volcanoes and earthquakes are frequent. ESONET observatories 
will provide continuous data on high intensity gas flares and environmental control parameters such 
bottom currents, microseismicity, earthquakes, gas hydrate stability and the role of mud volcanoes. Over 
500km of cable is anticipated in this region.  
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Five EMSO sites are proposed to be instrumented  
Not all of the ESONET sites have reached the same level of maturity, although most already involve 
repeated long term measurements through moored systems. The major step forward for which 
infrastructure is required involves cabling, emplacement of junction boxes and installation of basic 
instrumentation; this will allow the development of more ambitious science projects. We propose 
through the ESFRI road-map and over a 10 year period to provide this basic infrastructure at 5 
sites on contrasting environments. Other sites proposed in ESONET Network of Excellence or in any other 
framework may be invited to join later on the EMSO initiative, according the level of implementation of 
their projects. 
 
The infrastructure will be phased in depending on the technical requirements at each site. It should be 
noted that the infrastructure development of each site will take 3  to 5 years : 
 
The Porcupine/Celtic site is devoted to the study and monitoring of climate change and anthropogenic 
impacts on very specific deep water habitats, with a high biodiversity related to deep coral reefs. Two 
main stations (Porcupine Seabight and  Porcupine Abyssal Plain) will enable to dicriminate between natural 
and anthropogenic disturbance and branches should incorporate a canyon system (conduit between shelf 
and deep sea). The Porcupine site is the subject of a concerted action ESONIM which will set the ground 
for the business plan for each monitoring site and will be cabled as soon as the plan is complete (2006-
2007), with a 4900 m cable, SW off Ireland.  
 
The Ligurian sea site (2300 m deep, 25 km off Nice) is of multidisciplinary scientific interest with seismic 
activity near dense human habitation areas, slope instabilities with turbidity currents in canyons, past 
tsunamis, long term studies on biological and physical oceanography. The Ligurian margin site is close to a 
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neutrino net Antares offering existing infrastructures (cables, land fall station…).and is already cabled and 
has been used to test sea-floor installations. It will be enhanced to provide an international facility for 
testing marine sea-floor and bore-hole installations. Bore-holes are planned as part of an IODP project in 
2007-2008. The development will be carried out in close synergy with Nemo (East Sicily) and NESTOR 
(South West Peloponissos). This is the site for adressing the question of geohazard. The experiment 
developed in Ligurian site would be efficiently applied on other sites in a further step, such as the Marmara 
sea which could be seen as  the more appropriate site for addressing the huge problem of seismic risks in 
a dense human habitation area and in a an area prone to an high next earthquake. 
 
 

 The Monitoring Mid Atlantic Ridge (MoMAR) area. The Momar site is recognised as an international 
observatory as part of the InterRIDGE system. Moored instrumentation is in place and cabling of this site 
(Year 4-5) of the project will provide a unique opportunity to study the geo- and bio-sphere interactions on 
hydrothermal vents. Implementation will begin in 2005-2006 for seafloor deformation, near vents faunal 
communities monitoring, vent fluid temperature, and seismicity. In a first stage, sensors will be 
autonomous or linked acoustically to an ASSEM junction box. The ultimate objective (≥2010) is to 
implement an integrated monitoring infrastructure with real time data satellite transmission (stage 1) 
followed by cable energy supply and data transmission (stage 2). 
 

 The Arctic site where the centre of this site is the ‘Hausgarten’ region of high biodiversity in the 
deep-sea off Svalbard. There is a strong need to study processes in Polar regions related to ice cover. They 
play an important role in both driving and responding to Global Climate Change and are key components 
of the Earth System as they are sensitive to natural and human impacts at regional and global levels. The 
challenge is to go towards an autonomous Observatory starting from the present numerous studies (using 
some long-term moored capacity) to a cable system in connection to land base (320 km) 
 

 The Nordic Sea active Haakon Mosby mud volcano is selected for monitoring fluid emissions 
at the seafloor is important to such applications in order to detect fluid flow outbursts and for the 
monitoring of gas hydrate dissociation or as indicators of hydrocarbon sources at depth. It will also 
provide a unique opportunity for understanding ecosystems related to cold seeps and conducting 
biological experiments at fluid vents.  
 
 
Integration of the related scientific activities at European level 
Shared management structures and services could be established under Article 169 or other ERA-NET 
Initiatives. Article 169 is potentially a very powerful instrument to integrate national programs and is 
proposed in the Deep Sea Floor Frontier Initiative (see below) 
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Information about the article 169 initiative  : 
 
THE DEEP SEA FLOOR FRONTIER  “DEEP  -SF OBJECTIVE” 
The deep-sea floor frontier is currently being addressed by a number of national, European 
and international programs. 
 
Our aim is to created a unified European programme with the objectives o using the geological records to 
understand past and present processes (such as climate change or natural hazards) and to better 
decipher the possible role of human impact, evaluating the  influence of sub-seafloor processes on deep 
seafloor ecosystems,  establish seafloor observatories for real-time and decadal time scale monitoring of 
active processes in the deep ocean, building a strong European community which will have a better 
impact in international programs and an improved innovative potential in future marine research 
 
PARTICIPATING STATES AND NATIONAL RESEARCH PROGRAMMES 
This proposal for an Article 169 was endorsed at a meeting held in Bonn, 8/9/2005,  organised by the 
ECORD ERAnet, and attended by the chief scientists or their representatives of the following research 
projects : EUROMargins, European Research Consortium for Ocean Research Drilling (ECORD-IODP) , 
European Seafloor Observatories 
(ESO), HERMES FP6 project (HOTSPOT ECOSYSTEM RESEARCH ON THE MARGINS OF EUROPEAN SEAS), 
and IMAGES (INTERNATIONAL MARINE GLOBAL CHANGE PROGRAM, IGBP). Research managers for the 
DFG (GERMANY), CNRS and IFREMER (FRANCE), NERC (UK), NWO (NETHERLANDS), VR (SWEDEN) were 
present at the Bonn meeting and support inprinciple the project. 
 
In addition, the funding agencies represented at the ECORD council level have also supported the 
principle of this major initiative : CNR (Italy), INGV (Italy), GRICES (Portugal), SNF (Switzerland), NFR 
(Norway), FWO (Belgium), SNF (Denmark), RANNIS (Iceland),  MEC (Spain). All these agencies currently 
support activities on the deep sea floor frontier. “The Deep Sea Floor Frontier” will link on going and 
future scientific research projects and promote common use of infrastructure in the following 
international, national and European initiatives: European Consortium for Ocean Research Drilling 
(ECORD-IODP); European Sea floor Observatories (ESO) EUROMargins, IMAGES National Margins 
programmes EC FP-6 HERMES 

 
Development of Data infrastructure 
EMSO will require the development of a networked system including organisational schemes for possible 
data flows. The fundamental underlying principle is the full and open exchange of data and information for 
scientific and educational purposes (GEOSS data sharing principles). Among other activities, EMSO will 
facilitate and organize : 
 Interoperability between infrastructures, based on the implementation of globally accepted 

information standards (Sensor ML, ISO family of standards, SOAP/WSDL) and existing Spatial Data 
Infrastructures (SDI). This activity will take care of the INSPIRE proposal directive for spatial information in 
Europe. 
 Long-term archiving, publication, and dissemination of observatory data, metadata, and data 

products using European and international data centres. For all these activities, EMSO will rely on 
SeaDataNet pan-European infrastructure for marine data (FP6 financed project) and tackle also benefit 
from result from other integrated projects like MERSEA, Carbocean or NoE Eur-Oceans.  
 
Partnership for seagoing equipments 
The research vessels, ROVs, AUVs, mobile dockers and specific equipments like autonomous underwater 
observatories (from ORION, ASSEM and EXOCET/D EC funded projects for instance) able to operate on 
sub-sea sites are quite diverse. A key issue is the interoperability between these heavy tools. A core group 
of institutes and companies operating with similar methods will be constituted and will restructure their 
activities. 
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Initiate other scientific fields of future integration 
In many disciplines, the critical mass for scientific efficiency requires pooling together national means. 
EMSO will promote for instance, the formation of European teams for the analysis of seismic data, the 
processing of images from seafloor cameras for biological monitoring, chemical and biological analysis, and 
spectrometry.  
 
Integration of regional observatory initiatives  
Multidisciplinary and transnationality are key to the success for scientific reasons and for maximum use of 
the observatory infrastructure (additional sensors may be added at low cost to existing infrastructure). Our 
objective is to promote multidiciplinarity and transnationality within each node of the ESONET sub-sea 
observatory network. This includes welcoming of new users refining regional observatory objectives with 
respect to the experience and achievements of other observatory initiatives worldwide, and to other 
European and international partners. 

 
 

5. Further information, including strategic importance to ERA 
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
Fragmentation 
Establishing a network of seafloor observatories requires the fulfilment of a critical mass  at European level 
overcoming national fragmentation. The EMSO development shall be based on synergic collaboration 
between the academic community and that of industry for technology. This synergy allows each partner to 
increase its own know-how, to improve marine technology and set strategies to be competitive with 
countries such as USA and Japan. The question of the integration in a global network may arise (GEOSS). 

 

More specifically, the proposed research multi-site infrastructure will greatly facilitate common definition of 
requirements for continuous data acquisition on decadal time scales at fixed locations in the seas around 
Europe. This requirement brings together scientific disciplines that would otherwise have little contact with 
one another. Geo-sensors may be deployed in bore holes beneath the sea floor to monitor fluid flow with 
the earth’s crust.  Ocean bottom seismometry is focussed on signal processing from arrays, rather than 
specific sampling of the seafloor. Within the water column, oceanographers study movements of water 
masses and their influence on the transfer of heat and matter across the planet with little reference to 
biology or solid Earth sciences. There is little communication between remote sensing scientists and those 
specialising in development of sea floor instrumentation. EMSO will facilitate generation of links across 
these separated disciplines in order to build a joint infrastructure. A further development is the link with 
the astronomy community in the joint use of their deep sea facility in the Mediterranean for neutrino 
astronomy (Km3NeT-Design Study project financed under FP6)  
 
During the 5th FP, the EU has developed a fleet of seafloor observatories, thanks to an effective synergy 
among research institutes, industries and SMEs. This fleet includes single-frame multiparameter 
observation platforms, developed and validated during EU projects (e.g., GEOSTAR, GEOSTAR 2, ASSEM, 
ORION-GEOSTAR 3,) for a total of 8 units and an Italian seafloor multiparameter platform (SN-1, one of 
the ESONET key-sites). These observatories are able to operate from the deep sea to shallow waters. The 
9 units of the fleet have communication protocols compatible, have the required seafloor observatory 
specifications (e.g., multidisciplinary, long-term operability, capability of [near]-real-time data transmission, 
possibility to be integrated with on-land networks) and can be integrated with both offshore and on land 
monitoring systems, as demonstrated for instance in the ASSEM-ORION joint experiment in Corinth (2004). 
Other EU projects have developed complementary sub-marine systems (such as “landers”) which, even 
lacking of “observatory” capabilities, are important and effective for specific scientific objectives, as 
demonstrated in many experiments. 
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Attractiveness and efficiency of ERA 
A network of observatories around Europe will lead to unprecedented scientific advances in knowledge of 
submarine geology, the ecosystem of the seas and the environment around Europe.  Very rapid advances 
in technical knowledge are anticipated. This will place European SMEs in an excellent competitive position 
for installation of such systems around the world.  
 
Links with international observatory programmes  
Close links with other long term observatory projects in both US, Canada and Asia will allow cross 
fertilization of ideas and technological approaches. Technology transfer to less developed countries will be 
the next step of dissemination. 

The EMSO development will allow establishing formal links with extra-European programmes addressed 
toward the establishment of seafloor observation networks. The links will be aimed at setting about the 
European experience, at stimulating the technological and scientific debate, compare adopted 
techniques/methodologies and try to face together technical and scientific problems in the development of 
seafloor networks. Profitable links will be maintained with the principal extra-European seafloor 
multiparameter real-time networks under development within the framework of ORION (NSF programmes), 
NEPTUNE (USA-Canada) and ARENA (Japan).  

In addition, the EMSO Consortium will submit the request to have a representative in the International 
Ocean Network commission, founded to take advantage of on-going efforts on seafloor monitoring in 
different countries and to foster synergies among different disciplines.  
 
Both the ICDP2 and the IODP3 have shifted their attention towards long-term instrumentation of their 
boreholes. Depending on the scientific goals at the site, certain depth intervals are instrumented under 
“corks” with sensors, in cases down to several kilometres and temperatures in excess of 100 °C. We 
envisages teaming up with such programmes, and having instrumented boreholes near ESONET “nodes” in 
the Ligurian Sea and in the vicinity of Crete/Greece.  For example a proposal have been submitted to 
propose that IODP drill three ~300-m cased re-entry boreholes in the Ligurian Sea, to establish a borehole 
instrument test facility and to develop borehole-to-submarine-cable technologies.  
 
 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training ? 
 
EMSO will spread scientific excellence and information resulting from its activities in three main directions: 
(1) to the socio-economic users of knowledge regarding the impacts of climate and anthropogenic forcing 
on continental margin ecosystems, (2) to the European industry including SMEs and (3) to governmental 
bodies and civil protection agencies. 

 

Socio-economic impacts 
EMSO, as a pan European research infrastructure will be a key asset for the development of a thematic 
strategy for the protection, conservation and sustainable use of the marine environment (Communication 
from the Commission to the Council and the European Parliament on “Towards a strategy to protect and 
conserve the marine environment”, 2 October 2002). 
 
A network of seafloor observatories is fundamental for the implementation of the Global Monitoring for 
Environment and Security initiative (GMES) as its sub-sea segment. The network may contribute to 

                                                 
2 ICDP = International Continental scientific Drilling program 
3 IODP = Integrated  Ocean Drilling Program 
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warning of short and medium hazard events (e.g. tsunamis, sub-sea landslides, gas leakage, and pollution 
from ship wreck…). This vision is essential for the decision makers to set up effective strategies for risk and 
security management to improve the protection of European society against geo-hazards, by enhancing 
the capability to monitor, in real time, the dynamics of European margins.   
 
The transfer of knowledge to users will allow the EU and governmental bodies to make significant 
contributions to the world effort to define mitigation strategies to confront global change, and to manage 
marine resources and ecosystems. The socio-economic users of EMSO knowledge include (a) assessment 
bodies, their scientists and policymakers, e.g. IPPC, (b) Intergovernmental organisations, e.g. UN / IOC, 
UN / FAO, ICES, (c) International agreements on exchange of data related to hazards such as global 
seismographic networks like GSN, FDSN and GEOSS related tasks (d) International Conventions, e.g. CBD, 
OSPAR Convention, (d) Non-governmental Organisations, (e) National fisheries assessment and climate 
change agencies, (f) Relevant European Commission directorates, e.g. Fisheries Directorate General.  
 
The spreading of knowledge to the European public will be achieved through the use of a network of public 
outreach standpoints. Transfer of knowledge will specifically target the young age groups in order to 
favour general orientation towards science, foster scientific careers and most importantly shape an 
environmentally sensitive European society. 
 
Overall, the EMSO approach answers Europe's strategic need to strengthen excellence on the major topic 
of hazard mitigation through environmental monitoring. This will further be achieved by restructuring the 
existing research capacities and the way research is carried out. 
 
Potential user category, user area of interest and policy issues are  summarized below: 
 

User Category 
Government, Departments, 
Public Institutes, State 
Sponsored Bodies, 
Research Bodies, Private 
Consultancy, Private 
Industry, Industry 
Organisations, Charitable 
Organisations, Nature 
Protection Organisations, 
Public 

User Interest 
Climate change studies, Geo-hazard 
identification, Education and training, 
Ecosystem, Biodiversity assessment, 
Environmental protection and 
conservation, Pollution, Waste prevention 
regulation policy, Administration, Civil 
security & defense, Offshore oil industry, 
Mineral extraction, Biotechnology, 
Industrial accidents, Renewable energy, 
Tourism 

Policy Issue 
Climate change, 
biodiversity, 
decline/habitat 
destruction, 
environmental security, 
geo-hazards, oil 
pollution/ hazardous 
substances, water 
quality, pollution, 
waste, recreation. 

 

Industrial impacts 

The development of new technologies, including standards on sub-sea equipments, must be considered as 
a new challenge for European industry. More specifically, EMSO will indicate future environmental 
technology monitoring and innovation needs in the fields of continental margin exploration and 
exploitation. 

 

For this purpose the European experts in this field, from industry as well as from research institutions, 
have to closely interact to come up with a sustainable concept.  On the hardware side dedicated 
developments as for instance the branching of seafloor cables have to be stimulated where SMEs and 
telecommunication companies will contribute with existing components. The long term deployment of 
instrumentation in the harsh ocean condition is a major obstacle to be solved. Problems include bio fouling, 
corrosion and physical damage. Here observatories will offer a unique opportunity to develop new concepts 
as by inter-comparison of different sensor signal additional information can be derived. The offshore oil 
and gas industry make great use of remotely operated vehicles (ROVs) but only a few scientific institutes in 
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Europe have deep water ROVs capable of servicing deep sea observatories: compatible methods are 
required.  

 

Human capacity and training 
The training of graduates and post graduates in multidisciplinary environmental sciences is an important 
part of ESONET. The main objective of outreach and training is the development and support of 
comprehensive interdisciplinary programs for research, education and public outreach on deep waters 
around Europe. EMSO will strengthen educational possibilities for students of all ages.  
 
EMSO´s envisioned internet technologies will merge research portfolios and establish shared and mutually 
accessible research equipment. The joint public relations can provide a wide range of new opportunities to 
explore and investigate the dynamics of the marine world using real-time data flow to classrooms and 
living rooms coupled with cutting-edge visualization techniques. Collaborators within the informal 
educational community will include museums, science centers, aquariums, media, and youth programs. All 
these restructuring activities will lead to higher scientific excellence of the new generation of scientists and 
engineers of the EU.  
 
 
7. Participating organisations / support from Member states 
Which are relevant parties already involved, both from scientific and user side? 
Are there already commitments from Member States eventually ready to fund the initiative? 
 
All the key partners involved in development of this field of research for several years are preparing a 
consortium agreement to be signed by all partners making a full commitment in the implementation phase.  
The appropriate level of decision making within each organisation is actively involved and committed. 

 

EU funding is sought to support integrating activities but each institute has also embedded the ESONET 
project into their future plans and significant resources will be made available. Partners have presented a 
large extend of their scientific excellence and a number of sea going facilities (Ships, HUV, ROV, AUV, large 
infrastructures, test sites…) they propose for the joint program activity. 

Decision of integration has already been initiated by the constitution of national groups represented by one 
institution per country.  

 

France : IFREMER and CNRS-INSU (representing French academic laboratories involved in the field of deep 
sea observation) directors have both endorsed strategic plans that give high priority to deep sea floor 
observatories development, they give support already to MoMAR and Ligurian ESONET nodes . The two 
institutions will keep aiming at the achievement of an European Observatory Network. The partners of this 
national consortium are the funding agencies responsible for sea going facilities. 

 
Germany : Five German institutions are represented by the German Marine Research Consortium KDM4 
within the ESONET NoE.  
 
Italy : INGV President fully supports the initiative and also Authorities at National and Regional level have 
supported financially the development of seafloor observatories with Eastern Sicily and Ligurian Sea as 
important goals. This support will be renewed through the present NoE. INGV has many bilateral and 

                                                 
4 KDM is a non-profit organisation of currently ten institutions and universities of Germany in the field of marine 
sciences. KDM tasks comprise:  a) joint research and research planning, b) research development, c) infrastructure 
management of the national pool of research vessels and ocean instrumentation, d) the promotion of international 
cooperation and representation in international bodies and e) public outreach. 
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multilateral agreements with the main institutions involved including Italian Navy, and can represent these 
organisations. They agreed to share infrastructures.  
 
Greece :HCMR will commit all the necessary resources and represent all Greek members. HCMR 
participation is strongly supported by its governing body (Ministry of Development, General Secretariat of 
Research and Technology), as well as the board of directors of HCMR. 
 
Portugal : An agreement is reached between Portuguese members for integrated representation by one 
Contractor.  
 
Ireland : The Marine Institute co-ordinates the ESONIM Project and is a lead partner in the Irish National 
Seabed Survey. It is planned that significant resources will be allocated to seabed research initiatives in the 
period 2006-2012 under the Irish National Development Plan – this will include investment in seabed 
observatory related initiatives.  At the Eurocean event on 13 May 2004, the Irish Minister for Marine, 
Communications and Natural Resources, Mr. Dermot Ahern TD, requested the Marine Institute to take a 
leading role in developing multinational partnership to establish a sub-sea cabled observatory in the 
Porcupine area of the Atlantic. 
 
U.K. : University of Aberdeen, ESONET is supported by the principal and Vice chancellor as a major 
strategic development.  
 
Sweden : University of Göteborg partnership is strongly supported by the Dean of Faculty of Science, the 
Head of Dept. of Chemistry, the Director of Tjarno Marine Biological Laboratory and the Director of the 
Marine Research Centre of Gôteborg University. 
 
Other national or transnational integration agreements will be promoted during the project.  

Serious commitments including important resources are proposed. In UK, within the University of 
Aberdeen, the ESONET forms part of the €2 million development of Oceanlab. In Sweden, University of 
Göteborg has several operational ROVs and will establish the cold water coral test site as a permanent part 
of the ESONET infrastructure. Partners from Norway, Netherlands, Spain and Belgium are already 
participating in this proposal. Contacts are underway with institution in Poland, Rumania, Bulgaria and 
Turkey. 

 

At this stage, 38 members (institutions, laboratories, industrials, SMEs) are involved into the ESONET 
proposal with a core of 14 main contractors. 
 
 
8. Budgetary information 
 
The budget is presently estimated for five sites. Taking into account an average cost for one site of : 10M€ 
for preparatory cost,  20 M€ for construction cost, 4 M€ for operation cost (for 5 years) 
 
TOTAL COST : 170 M€ 
 
Preparatory cost 
 
50 M€ 

Construction cost 
 
100 M€ 

Operation cost 
(total)  
20M€ 

Decommissioning 
cost 
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9. Timetable until operation 

Give a short estimation about the timetable until operation 
 

Provisional schedule for EMSO implementation

Sites 2005 2006 2011 2016

Porcupine Esonim business model Cable 
(coral reefs)

Liguran Sea Cable Surveys Boreholes
(geohazards)  in place

MoMAR ASSEM junction box real time data satellite cable (stage 2)
(hydrothermal vents) surveys   transmission (stage 1)

Arctic Sea Surveys cable
(global change)

Nordic Sea Surveys cable
Cold seeps and hydrates

.

 
 
 

10. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
 
Pierre Cochonat  

Programs and Strategy Division - "Exploration and Exploitation of the Ocean Floor and its Biodiversity" 

 IFREMER 155, rue Jean-Jacques Rousseau, 92138 Issy-les-Moulineaux Cedex 

 Tél. 01.46.48.22.10 / 06.07.25.47.65, Fax. 01.46.48.22.24 

 Email : Pierre.Cochonat@ifremer.fr 
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EMEG Annex 6 – EUFAR 

1. Name and descriptive title 

EUFAR Initiative for a Heavy-Payload Long-Endurance Tropospheric Aircraft 

2. Short description ofnew RI (or major upgrade) and main characteristics 

EUFAR (www.eufar.net) is the FP6 Integrated Infrastructure Initiative for the coordination of the European 
Fleet for Airborne Research in the field of Environmental and Geo-sciences. As part of its networking 
activities, EUFAR is evaluating the activities and performance of the European fleet of instrumented 
aircraft, to identify gaps in available infrastructures, and propose solutions for the long term evolution of 
the fleet. 

• The ESF-Scientific Advisory Committee (N1ESF-SAC) is an independent committee constituted 
of reputed scientists, liaised with the relevant ESF Scientific Standing Committee and committed to speak 
up for EUFAR-relevant science research communities in Europe. It has been setup to ensure that the 
EUFAR activities are "user driven" and its mission is to evaluate, communicate and provide independent 
science-driven advice from a European perspective on: 
> key issues of airborne environmental research and infrastructures in Europe; 
> key activities of the EUFAR I3. 

• The working group on the Future of the Fleet (N3FF) addresses organisational issues raised 
by the extension of trans-national access beyond the specific Community support, and by the anticipated 
management of large scale infrastructures that do not exist yet in Europe. N3FF thus aims at providing 
theESF-SAC with respective technical solutions, evaluating the existing capabilities of the fleet, and 
elaborating on possible enhancements of the fleet in response to the requirements from the ESF-SAC. 

These two working groups are presently completing, for N1 ESF-SAC, a European Survey on future needs 
for Airborne Research in Environmental and Geo-sciences, to evaluate the scientific demand in term of 
high-capacity airborne platforms' (i.e., advanced research aircraft of long endurance, heavy-payload 
and/or high altitude, for multiple user campaigns in trans-national setting), and for N3FF, reports on the 
past 10 years of the fleet activities and performance, on cooperative management of large scale 
infrastructures, and on technical solutions for the development of the fleet. These reports will be 
published during the year 2006. 

To ensure that the EUFAR implementation plan on the development of the European Fleet will be 
concluded within the frame of the I3, namely before 2008, the EUFAR Management Committee has 
delegated the Co-ordinator, Météo-France, to submit the EUFAR initiative to ESFRI, on behalf of the 
EUFAR consortium. If the proposal is selected, a detailed assessment on the science case and user needs, 
on the joint management of a European infrastructure, and on the technical concept and costs, will be 
made available to ESFRI in 2006. 
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National management of research aircraft in Europe has resulted in a diverse fleet of small to large 
size aircraft. The EUFAR members are operating more than 30 instrumented aircraft, with a 
sampling speed from 30 to 200 m/s, a payload from 80 to 4500 kg, and a ceiling from the 
boundary layer up to 21 km. All aircraft of the European fleet however are limited to a practical 
endurance of 5 hours.  

In contrast, the US scientific community has access to 4 heavy-payload (up to 10 T), and long-
endurance (up to 11 hours) jets (NSF G550, NASA DC8, DOE G-I, NOAA G-IV) and 7 heavy-payload 
(up to 15 T)and long-endurance (up to 11 hours) turboprops (NSF-C130, NASA P3B, 2 NOAA-P3, 3 
NRL P3).  
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In EUFAR, the fleet is distributed over 5 categories, according to their technical specifications: 
• Cat.5 includes 9 small and slow, non-pressurized aircraft. These are used for specific purposes, such 

as measurements of turbulent fluxes of atmospheric parameters and chemical species, or when the air 
traffic regulation prevents the use of bigger aircraft, such as flights over a populated area and at very 
low level above ground. 

• CAT4 covers 13, slightly bigger than CAT5, turbo-prop aircraft, a few pressurized,  with a ceiling of 
about 8 km and a typical payload from a few hundred kg to 1.5 T  They are used to perform specific 
measurements in the lower troposphere, such as validation of satellite instruments, atmospheric 
measurements, Earth observation and geomagnetism. 

• The two biggest tropospheric aircraft of the European fleet form CAT3. With a payload of up to 4.5 T, 
they are particularly suited for multidisciplinary studies, with heavy instruments, such as mass 
spectrometers for the chemistry or radar and lidar for atmospheric research. The ATR-42 and the 
Bae46 are however limited to a ceiling of 8 and 10 km, respectively. 

• The upper-troposphere/lower stratosphere is the domain of CAT2 aircraft. Four corporate jets are 
operated by EUFAR members, with a payload up to 1.5 T and a ceiling up to 13 km. 

• Only one aircraft is available in Europe for stratospheric research, the M55 that offers a maximum 
payload of 2T, and a ceiling of up to 20 km. 

The EUFAR categories are indicated in Fig. 1. CAT3, 4 and 5 aircraft are suited for airborne 
measurements from the surface, up to 8 km (10 km with the Bae46, the only jet in these categories). 
The corporate jets in CAT2 can reach higher levels, up to 13 km, but they loose their performance 
when flying at altitude levels lower than 6 km. 

The M55, for stratospheric research, belongs to a Russian company and it is operated for research in 
Europe by the Geophysica EEIG. The long term sustainability of this aircraft however is not presently 
secured. 

Germany has recently succeeded to purchase and equip a heavy-payload and long-endurance jet, 
(HALO, http://www.pa.op.dlr.de/HALO/ ), similar to the one recently equipped by the NSF for 
atmospheric research in the US. This aircraft, a Gulfstream 550, is the most performing aircraft 
available today on the market. It will be equipped and made available to the German scientific 
community before 2009. 

For tropospheric research, there is presently no heavy-payload and long-endurance aircraft in the 
European fleet. 

In order to consolidate the suite of airborne facilities available to European scientists, EUFAR will 
therefore actively contribute to: 

• The development of a structure for the long term management of a stratospheric aircraft, such as the 
M55. 

• The elaboration of operational procedures for European scientists to access the German HALO 
infrastructure. 

• The purchasing and equipment of a heavy-payload, long-endurance aircraft for tropospheric research. 

Alternative options have also been considered by the EUFAR consortium, such as drones, tethered 
balloons and blimps, but they have not been selected as priorities because they have no pan-European 
dimension and they can be developed at the national level. 
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Figure 1 illustrates the significant gap between the existing capabilities of the European fleet, and 
heavy-payload, long-endurance aircraft, such as those that are available to the US scientific community. 
With a maximum endurance of 6 hours, none of the European aircraft is capable of flying across 
oceans and polar regions that are poorly equipped. 

The German HALO project will soon extend the domain of CAT2 aircraft, with a slightly higher ceiling of 
15 km, and a maximum payload of 3 T. The main progress is its endurance of 12 to 16 hours, which 
allows users to access and collect data above any area of the Earth. 

The figure also shows the performance of the C130 that was operated by the UK MetOffice during 25 
years, and that is still operated by the NSF-NCAR in the US. Besides its long endurance of up to 12 
hours, it offers unique space and payload (up to 15 T) capabilities for the scientific users. As for the 
HALO project, the endurance opens new research opportunities over remote areas. The available space 
and payload moreover yield to a quite different approach in the design of airborne research 
infrastructures. 

Because space and payload are limited in most aircraft, integration of research instrumentation is a 
challenge, that can only be managed by a single engineering group. In a C130, space and payload are 
no longer a constraint. By setting up basic standards for the development of the instrumentation, it is 
feasible to share these developments among independent research teams, hence capitalizing on the 
most experienced ones. 

The NCAR C130 illustrates the concept. The aircraft is equipped with basic instrumentation and 
computing systems for data processing and acquisition. For each research project, most of the state of 
the art instrumentation is provided by independent research teams, mainly from university laboratories. 
Figure 2 shows the C130 instrumentation during the RICO experiment in winter 2004-2005. The cabin 
was equipped with 10 double working stations, hence allowing 20 different research teams to 
cooperate on this project. 

 

 

Figure 2: Internal configuration ofthe NCAR-C130 during the RICO experiment 

EUFAR Initiative for a Heavy-Payload, Long Endurance Turboprop for 
Tropospheric Resarch 
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Figure 3: NCAR-C130 external pod for instrumentation 

 

 

Fig. 3 shows the modified C130 fuel tank. NCAR has constructed a few tanks with diverse configurations. 
The one shown here is for measurements of cloud microphysics. Others are used for a scanning lidar, 
radiation measurements, etc. Tanks of this kind can also be equipped by university laboratories, hence 
facilitating instrument integration. 

The NCAR ground support team has shown on a few occasions that the complete research configuration, 
in the cabin, plus external pods, can be replaced in three days, between two research campaigns 

3. Science case (scientific justification, including new areas to be opened) 

Unlike HALO, whose performance at high altitude is critical, a heavy-payload, long-endurance 
tropospheric aircraft shall not necessarily benefit of the most advanced technology in aeronautics. In 
the opposite, a robust frame that can easily be modified is preferable. The improved technological 
performance is not in the aircraft, but in the instrumentation to be integrated on board. The relevance 
of such a flying laboratory is the opportunity offered to the best airborne instrumentation teams in 
Europe to cooperate within the framework of multidisciplinary experiments. 

The research programs are typically in the field of climate studies, chemistry and large scale 
meteorology. The following table indicates the projects carried out by the NCAR C130 and P3*, over 
the past 6 years. A total of 2110 hours have been flown, i.e. an average of 352 flight hours per year. 
This is well above any of the aircraft of the European fleet, that are flying less than 100 hours per year 
in average, and up to 200 flight hours for the most active ones. 

An additional criterion for the evaluation of the scientific relevance and progress is the level of 
refereed publication. The analysis of the past 10 years of airborne activities is on going, as part of the 
EUFAR N3-FF networking activity. Interesting preliminary results can already be mentioned, namely 
that the number of refereed publications, is more than two times larger for the NCAR and the UKMet-
Office C130, than for smaller aircraft. The main reason, is that the number of teams invited on board to 
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participate to a research project is much greater, more than two times larger, in a C130, than in 
medium and small aircraft. Even though many publications are co-authored, their total number 
directly reflects the number of principal investigators in each research field of a multidisciplinary 
project. 

The NCAR C130 activities also illustrate the facilities offered for multi-user access. European research 
teams have often be invited on board NCAR aircraft at no cost. This is feasible for the NCAR because of 
the large number of scientific working stations available in the aircraft. This was in particular the 
opportunity for research groups from former candidate countries, like Poland, to participate to 
international projects, to bring their specific expertise and get in return access to a comprehensive 
common data base. The limit however of such a procedure is that an invited foreign group cannot act 
as principal investigator by directing the flight and the sampling strategy. 

This is why it is so important that European research institutions support the construction of such a 
heavy-payload, long-endurance aircraft for their scientific communities. 

In the US, the NSF establishes the link between the NCAR, as the operator of the facility, and the 
universities developing airborne instrumentation and designing research programs. The cooperative 
management of such an infrastructure in Europe, therefore, raises new issues, that shall be examined 
by the EUFAR working groups and discussed with national research funding institutions. A 
management structure, of the EEIG type shall secure the basic funding for the aircraft maintenance 
and operation, while national support shall be mobilized for the research teams to develop innovative 
airborne instrumentation and for the users to access the infrastructure. 

* The P3 was operated by the NCAR till 2002, as a substitute for the C130, each time the US/French Eldora radar was 
required. 
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Table I: Summary of the NCAR C-130/P3 scientific activity over the past 6 years 
Information extracted from NCAR, Earth Observing Laboratory (EOL) 

Research Aviation Facility (RAF) (http://www.eol.ucar.edu/raf/Projects/) 
Accronym Full name (C130 in blue, P3 in green) Start date 

/end date 
Flight 
Hours 

Location 

MAP Mesoscale Apline Programme (NRL-P3) 15/09/1999 
13/11/1999 

132 Europe 

Indian Ocean Experiment INDOEX 05/02/1999 
04/04/1999 

256 Indian ocean 

Soil Moisture Instrumentation Test 08/07/1999 
19/07/1999

42 Colorado 

SULFUR Sulfur Instrumentation Test 29/10/1999 
05/11/1999

20 Colorado 

TOTAL FH in 1999 450  
AESOP Texas Air Quality Study (NRL-P3) 16/08/2000 

13/09/2000 
85 Texas 

Tropospheric Ozone Production about the Spring 04/02/2000 Jeffco, and
TOPSE Equinox 23/05/2000 222 Thule 
PELTI Passing Efficiency ofthe LTI 05/07/2000 

23/07/2000
63 Puerto Rico 

Sea Salinity PALS Sea Salinity Experiment 11/08/2000 
26/08/2000

38 Monterey, CA 

 TOTAL FH in 2000  323  
Aerosol Characterization Experiment, Asian PacificACE-Asia 
Region

27/03/2001 
05/05/2001 

279 Iwakuni, Japan 

The Dynamics and Chemistry of Marine Stratocumulus 07/07/2001 San Diego andDYCOMS-II 
Phase II: Entrainment Studies 28/07/2001 99 coastal Pacific
East Pacific Investigation ofClimate Processes in the EPIC2001 
Coupled Ocean-Atmosphere System 

01/09/2001 
12/10/2001 

180 Mexico and 
Equatoral 

Pacific Ocean 
TOTAL FH in 2001 558  

CRYSTAL-
FACE 

Cirrus Regional Study of Tropical Anvils and Cirrus 
Layers - Florida Area Cirrus Experiment (NRL-P3) 

07/07/2002 
29/07/2002 

68 Florida 

International H2O Project 2002 (NRL-P3) IHOP-2002 19/05/2002 
25/06/2002

147 Oklahoma 

Instrument Development and Education in Airborne 05/04/2002 Colorado, SE
IDEAS-1 Science, Phase 1 14/05/2002 26 Wyoming 
SMEX02 Soil Moisture Experiments in 2002 (SMEX02) 25/06/2002 

08/07/2002
32 Iowa 

Instrument Development and Education in Airborne IDEAS-2 
Science, Phase 2 

03/10/2002 
01/11/2002 

21 Colorado, SE 
Wyoming, SW 

Nebraska
TOTAL FH in 2002 294  

BAMEX Bow Echo and MCV Experiment (NRL-P3) 22/05/2003 
05/07/2003 

117 Missouri 

Instrument Development and Education in AirborneIDEAS-3 
Science Phase 3 

15/08/2003 
22/09/2003 

24 Jeffco 

AIRS-II http://www. airs-icing. org/ 23/10/2003 
06/12/2003 

96 Canada 

TOTAL FH 2003 237  
GOTEX GulfOfTehuantepec EXperiment 01/02/2004 

01/03/2004 
99 Mexique 

ACME http://swiki.ucar.edu/acme 14/05/2004 
02/08/2004

54 Colorado 

RICO-2004 http://www.eol.ucar.edu/RICO/index.php 07/12/2004 
24/01/2004 

95 Antigua 

 TOTAL FH in 2004 248  
1999-2004 TOTAL FLIGHT HOURS : 2110 AverageFH/YEAR : 352 
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4. The Concept case (maturity of proposal) 

4.1 The aircraft, construction, maintenance and operation 

The Loocked C130 aircraft is the only heavy-payload, long-endurance, turboprop available today. It is 
used by almost all armies and air forces around the world and, as a civil aircraft, forfreight towards 
poorly equipped areas (short landing). The concept is more than 30 years old, but a new version 
(C130J) has recently been developed. Airbus is now constructing a modern alternative to the C130, 
the A400M. There are therefore only two options for the construction of a heavy-payload, long-
endurance turboprop for tropospheric research in Europe. 

4.1.1 Loocked C130 

The C130 option is well documented in terms of costs for purchase, airframe modifications for 
research, and operation, based on the former UK experience and present NCAR operations. Many 
aircraft of the earlier versions are available at less than 10 M€ on the market, since air forces have 
replaced their fleet by the J version. Such a machine can be brought to the new standards of civil air-
worthiness and modified for research activities, with a potential of 15000 flight hours over the next 25 
years (source EADS-SOGERMA). With civil certification of the aircraft and modifications for research, 
the construction amounts to about 50 €, including the integration of a central computer system, data 
links and standard instrumentation. 

 

Designation Estimated cost (M€) 
Aircraft, including new avionics for civil certification 20 
Modification for atmospheric measurements 10 
Central computer and standard instrumentation 10 
Certification 10
TOTAL 50 M€

 
 

Figure 4: The NCAR-C1301 

1 "The source ofthis material is the University Corporation for Atmospheric Research (UCAR), funded 
by the National Science Foundation. ©2000 University Corporation for Atmospheric Research. All 
Rights Reserved. " 
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Maintenance costs among C-130 operators vary greatly. They are affected by the age of the aircraft, 
where and how the aircraft are operated and what type of maintenance program is used. Detailed 
information is available at the Conkin & Dedecker web site (www.conklindedecker.com). They are 
aviation consultants who track operating costs for specific aircraft. They have yearly costs as well as 
an excellent life cycle program for estimating costs over the anticipated life usage of the airplane. 
Operation costs presented here are based on the past few years of operation of a C130 by NSF-NCAR. 

 

NCAR C130 Maintenance Costs  

Salaries  
Pilot $90 000 

Flight Engineer $56 000 
Mechanic $52 000 

Salaries do not include benefits.  

Training $60 000 

Ground Support $75 000 

Insurance $200 000 
Parts $125 000 
Overhaul Services $75 000 

Outyear Maint. (Yearly set aside) $950 000 

Includes 4-year corrosion  
inspection, engine/propeller reserve.  

Fuel - 750 US Gallon/hour.  

Current prices $2.30/gal.  
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4.2 Research instrumentation 

As mentioned above, because space and payload are no longer a constraint in a C130 or a A400M, 
it becomes feasible to distribute the development of instrumentation among external laboratories. 
Such an option has many benefits in term of innovation. One single aircraft operator can hardly 
maintain expertise in all the scientific fields of environmental research. At the national level, 
operators of large aircraft, mainly in the UK, Germany and France capitalize on their national 
community of experts in airborne instrumentation. In France for example, airborne radar and lidar 
are developed at the IPSL, radiation measurements at the University of Lille, chemistry at the 
universities of Paris and Toulouse, cloud microphysics at Meteo-France and the university of 
Clermont-Ferrand. 

With a C130 or a A400M, such a mobilization of experts can be extended to the European level, 
hence increasing significantly the level of expertise. 

The EUFAR initiative therefore stands only if it is designed as a pan-European project. 

4.3 Management structure 

Until a European research council is created, the management of a European research aircraft shall 
rely on a flexible management structure such as an EEIG. An EEIG allows national funding 
institutions to support, on a variable geometry scheme, the basic funding of the infrastructure and 
modulate their additional contribution for the development of innovative instrumentation and access 
of scientific users according to their specific needs. 

Basic funding includes the maintenance of the aircraft, salaries of the pilots and technicians for the 
aircraft and its standard instrumentation, central computer, data links and acquisition system, as 
well as the ground infrastructure. 

Additional funding includes the development of new instruments, their integration and certification 
on the aircraft, and the operation during scientific campaigns. 

4.4 Time table 

The time table depends on the choice of the aircraft. 

If a C130 is selected, many aircraft are presently available on the market. The plans for research 
modifications of the frame can be finalized within a year, by replicating what has already been done 
by the UK Met-Office and the NCAR. Construction and modifications can be performed by at least 
three Loocked certified companies (in the UK, France and Portugal). 

If a A400M is selected, the prototype will not be available before the year 2009, and modifications 
for research will have to be adapted to the frame of the A400M that is significantly different from 
the one of a C130. 

As already demonstrated by the UK Met-Office, the life time of such an infrastructure is of the order 
of 25 years, with a potential of 15000 flight hours. 

5. Further information, including strategic importance to ERA 

The most strategic issue for the ERA in the field of environmental and Geo-sciences is the presently 
limited endurance of the European fleet of research aircraft. Although many of these aircraft are 
capable to ferry, at full fuel, across the Atlantic ocean, none of them can perform scientific work at 
more than 2 flight hours from an airport, and as such many remote, particularly oceanic areas 
cannot be accessed by any EU large payload aircraft. This restriction would preclude vital 
experiments like TOGA COARE which investigated air-sea interaction in the Pacific. A key feature of 
a heavy-payload aircraft is also to allow multidisciplinary experiments, particularly in climate 
studies. None of the European countries alone however is capable of mobilising the complete field 
of expertise required in atmospheric dynamics, microphysics, chemistry, radiation and remote 
sensing systems that can potentially be installed in such an aircraft. 

The US leadership in this field mainly relies on the performance of their research fleet, such as the 
NCAR C130 and the HIAPER GV, for research in the lower troposphere and lower stratosphere, 
respectively, and the NOAA P3s for hurricane research. 
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Germany has very recently decided on purchasing a Gulfstream V as a long range high altitude jet 
(HALO, http://www.pa.op.dlr.de/HALO/ ). This will go a long way to address the imbalance of 
capability between the US HIAPER project (http://www.hiaper.ucar.edu). and Europe for upper 
tropospheric and lower stratospheric research. This has been driven by a strong German demand 
for stratospheric capability, although it is evident that the platform will be seeking other EU users 
to maintain its viability. EUFAR will contribute to the establishment of multi-lateral procedures for 
trans-national access to this unique aircraft. 

The EUFAR initiative for a heavy-payload, long-endurance turboprop aims to address the same 
imbalance in the field of lower tropospheric research. The development of a long range heavy-
payload turbo-prop and its operation is beyond the possibility of most European countries and the 
scientific community to be served in each country is not sufficient for optimum operation of such 
a facility. The UK Meteorological Office operated a C-130 for 27 years, but abandoned the activity 
in 2000 because of the high expense to the UK alone and the inability to secure sufficient funding 
from other EU countries. 

While HALO has been conceived as a national project, operated by the DLR, the EUFAR initiative 
takes advantage of the available space and payload of a C130 or A400M, to develop a pan-
European distributed infrastructure. The EUFAR initiative shall thus be seen as a flying laboratory, 
equipped with a standard instrumentation, computer and acquisition system, to host experts in 
airborne instrumentation from all countries of the Union. 

The EUFAR joint research project for aerosol measurements illustrates how fragmentation can be 
reduced and innovation optimized. Six European laboratories, each one expert in a very specific 
field, cooperate to design and construct an Aerosol Reference Pod that can be mounted on many 
aircraft of the fleet and will contain a comprehensive set of aerosol instruments. This system will 
serve as a standard and true basis for the inter-calibration of airborne aerosol instrumentation. 

Similar instrumentation developments are conceivable in remote sensing, chemistry and 
atmospheric dynamics or cloud physics. 

Fragmentation of the research community using airborne observations is also an issue. 

Presently, airborne infrastructures are national facilities (with the exception of the M55 
Geophysica EEIG). Scientists can access their national facilities at a subsidized cost (typically less 
than 25 % of the total cost), while they can only access foreign aircraft at full cost. With regards 
to available thematic sources of funding, such a structure prevents researchers to apply for 
access to a foreign aircraft, even when it is more suited to their experiment. Scientists from a 
country which is not operating instrumented aircraft can hardly access an airborne infrastructure 
as Principal Investigator, since they generally access it via a cooperation with researchers from 
the country operating the aircraft. The consequences of such a structure are threefold: 
• The use of airborne facilities and instrumentation is not optimal, because researchers must 
find a compromise between their scientific requirements and the performance of the aircraft 
available in their own country; 
• The development of new infrastructures is not optimal, because some countries prefer to 
invest in a small or medium size aircraft to serve their national community, hence increasing 
duplication, instead of contributing to the construction of new joint infrastructures that do not 
exist yet in Europe. 
• Scientific excellence in each country is driven more by available infrastructures than by 
scientific priorities. Over the past 20 years, it can be noticed that Germany has developed lower 
stratospheric research around the DLR-F20, the UK community was more focused on large scale 
meteorology around the UKMO-C130, and France was more involved in boundary layer and lower 
tropospheric studies around the ARAT-F27 and Meteo-France Merlin-IV. 

The EUFAR initiative for a heavy-payload, long-endurance aircraft, specifically dedicated to 
multidisciplinary studies, will provide the researcher with opportunities to cooperate towards 
common research objectives on the same plateform, hence it will also significantly reduce the 
fragmentation of this community. 

The large number of scientists from around the world, including Europe, that currently participate 
to field campaigns on board the NCAR C130 attests that such a large flying platform has a high 
potential of attractiveness. When considering also the high level of expertise of European 
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laboratories in environmental studies, it is obvious that the operation of such a platform in Europe 
will substantially increase its attractiveness too. 

6. Identification of other socio-economic impacts 

The EUFAR initiative for a heavy-payload, long-endurance tropospheric aircraft will 
contribute indirectly to European socio-economic objectives by opening new research 
opportunities in climate and large scale meteorology. 

Its impact on human capacity and training is through the development of innovative 
instruments, and the space available in the cabin for inviting new researchers to participate 
to ambitious multidisciplinary projects. 

7. Participating organisations / support from Member states 

At this stage, the initiative has been discussed within the EUFAR Consortium of 24 partners 
from 8 countries. A survey of the scientific demand is currently completed by the ESF-SAC 
and national research funding institutions will be convened by the ESF to the EUFAR Forum 
on airborne infrastructures, in September 2006. Issues related to the management of large 
scale infrastructures and trans-national access will be discussed and solutions elaborated by 
the EUFAR Consortium will be presented. 
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EMEG Annex 7 - EURO ARGO 
 
 
 

A EUROPEAN CONTRIBUTION TO THE GLOBAL ARGO 
RESEARCH INFRASTRUCTURE FOR OCEAN SCIENCE 
AND OBSERVATIONS 

A proposal submitted to the 
Expert Group on Environmental Monitoring ofthe 

European Strategy Forum on Research Infrastructures. 

Proposal prepared by Y.Desaubies and P.-Y. Le Traon (IFREMER, Institut Français de Recherche 
pour l'Expoitation de la Mer), on behalf of a European consortium.. 
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Executive summary 

ARGO is an international programme for global in situ ocean observations. It is a pilot project endorsed 
by the WMO's Climate Research Programme, the Global Ocean Observing System (GOOS), and the 
Intergovernmental Oceanographic Commission. This observing programme is complementary to the 
remote sensing observations from satellites (particularly altimetry). The deployment of the global 
array is under way, with significant contributions from the USA, Japan, China, India, Canada, 
Australia, and several European countries. The target of some 3000 floats in operation is expected to 
be reached in 2007. The challenge will be then to maintain it on a sustained basis. 

The object of the present proposal is to develop a sustained European infrastructure to provide global 
ocean data in support of climate research and ocean studies, and to facilitate access to European 
scientists. A long lasting component of 800 floats will progressively be built up as a contribution to the 
International ARGO Programme, to which it will be fully integrated. 

The ARGO programme has become the primary source of data on the ocean interior. It provides a 
complement to research cruises, which deliver complete suites of multidisciplinary parameters from 
the surface to the bottom, but with very sparse and intermittent spatial coverage and at very high 
cost of operations. The ARGO array constitutes a cost-effective alternative for broad scale, real-time 
global observations, albeit with fewer observable variables, and only in the upper 2000 m. 

The programme serves both scientific objectives (understanding the role of the ocean in the climate 
system) and operational monitoring. The sampling characteristics allow for the firsttime the resolution 
of seasonal and inter-annual variability of the global ocean circulation; and it allows the estimation of 
the heat and fresh water budgets (storage, transport, and atmospheric fluxes). The data of the array 
are assimilated with those from Earth Observation satellites into ocean circulation models, in support 
of operational applications: seasonal forecasting, marine safety, offshore industry, fisheries, maritime 
transport, and defence. Those operational systems are interfaced with local regional and coastal 
monitoring systems, for a wide range of improved services. This proposed contribution to the ARGO 
array is integrated into the GMES and the Global Earth Observing System of Systems (GEOSS). 

The ARGO programme is recognized as an essential component of the GOOS, and of the Ocean and 
Marine Applications component of GMES. The impact on society is through the operational 
applications (some with significant industrial implications), and in support of reporting and 
monitoring the impact of international conventions in diverse areas (UNFCC, OSPAR, EEA, ICES). 
Improved seasonal forecasting for instance can have significant impact on society and the economy; 
sustainable fisheries depend on better understanding and monitoring of the changing physical 
environment. The development of ocean services is bound to improve the safety and efficiency of 
marine operations and offshore activities. 

The FP5 and FP6 programmes have supported the development of initial ARGO contributions, of 
climate and seasonal forecasting research projects, and of global to regional operational ocean 
monitoring and forecasting systems. The research community is already well knit on those topics and 
mature to pursue further developments and improved knowledge of the role of the ocean in the climate 
system. 

The implementation of the global array is well underway, with fully validated technology and 
demonstrated capability to deliver real time data and information products on the state of the ocean. 
What is needed now is first to build the array to the full (target 2007), to transition the pilot project 
towards a sustained long term component of the GMES / GEOSS. The expertise is demonstrated and the 
teams are ready, willing, and able to pursue the activity. 

The extent of the array is global. The international coordination is assured by a Steering Team and a 
Project Office; the ARGO Information Centre established by the IOC (JCOMMOPS) in Toulouse. In 
Europe an efficient cooperation between major Marine Research Centres has developed through 
several EU projects (GyroScope, MERSEA, MFSTEP). The CORIOLIS Data Centre, one of the two Global 
Data Assembly Centres, is established at IFREMER to collect, validate, and deliver the data to users. 
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1. EURO -ARGO: A European contribution to the global 
ARGO Research Infrastructure for Ocean Science and 
Observations 

2. Short description and main characteristics of the 
Research Infrastructure 

An infrastructure for global in situ ocean observations. 

ARGO is a pilot project endorsed by the WMO's Climate Research Programme, the Global Ocean 
Observing System (GOOS), and the Intergovernmental Oceanographic Commission. The ARGO array 
is a global network of autonomous instruments, deployed over the world ocean, reporting via 
satellite transmission links ocean properties to land-based stations. It is now the major, and only 
systematic, source of information and data over the ocean's interior. 

It is proposed to develop and progressively set up a European component of this global network, 
consisting of 800 observing platforms, which will deliver observations in support of ocean and climate 
research. 

The main parameters are the temperature and salinity 

Measured over the upper 2000 m of the ocean, they are the essential variables describing its 
physical and thermodynamic state. The combination of temperature and salinity determine the 
density field, from which the pressure and velocity fields are deduced. The ARGO array is thus an 
indispensable component of the Global Ocean Observing System required to monitor the Earth's 
climate system in which the ocean plays a major role. It is complementary to satellite altimetry 
observations in determining the three-dimensional velocity field and in discriminating changes in sea 
level due to circulation variations from those related to mass and heat content fluctuations. 

A worldwide coverage 

The initial ARGO science plan was presented in 1999 to develop the global array of profiling floats 
spaced every 3° (i.e. 300 km apart on average) throughout the ice-free areas of the deep ocean. 
One of the key objectives was to provide truly global coverage, in particular in the southern 
hemisphere which was hitherto direly under-sampled. It was estimated that some 3000 floats were 
required to reach that objective. The floats are autonomous instruments, battery powered, with a 
design life of between 4 and 5 years, meaning that about 800 floats per year must be re-deployed to 
maintain the target array. 

Success in such a major undertaking could be achieved only through a very high degree of 
international cooperation. Since the programme start in 2000, many new countries have joined the 
original ten that launched the first floats : at the latest count 23 countries have operated floats 
(Argentina, Australia, Brazil, Canada, Chile, China, Costa Rica, Denmark, France, Germany, India, 
Japan, Korea, Mauritius, Mexico, Netherlands, New Zealand, Norway, Russia, Spain, UK, USA). 
Other countries notably Iceland, Indonesia and Mozambique have assisted with float deployments. 

The object of the present proposal is to develop and progressively set up a European component of this 
global network, consisting of800 observing platforms, which will deliver observations in support of ocean and 
climate research. The infrastructure will optimise the European contribution to ARGO, as it is transitioned to a 
permanent research infrastructure, facilitating access by scientists to the associated data sets. 
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Float operation 

The floats are autonomous observing platforms designed to be deployed at sea (from ships ranging 
from small research vessels to huge container ships and also from aircraft); to sink to their parking or 
drifting depth (nominally 1000 m) where they drift freely for ten days; to dive deeper to 2000 m and 
then rise slowly to the surface while collecting high resolution measurements of pressure, temperature 
and salinity (Fig. 1). At the surface they transmit the data via a satellite link to a ground station and 
thence to a Data Centre, which processes them and make them available to users within 24 hrs. The 
parameters of the float mission are pre-programmed; their expected life time is of the order of four 
years or more during which they report from 150 to 180 profiles, which makes them highly cost -
effective. At the end of their mission the instruments are considered expendable and are not recovered. 
In many ways those floats are equivalent, mutatis mutandis, to the atmospheric radio soundings 
effected under the auspices of the World Meteorological Organisation (WMO). 

Float array 

The ensemble of the floats in operation constitute the observing array, with atruly global coverage. As 
of this writing (February 06) atotal of 2357 floats are in operation (Fig. 4), representing 79 % of the 
target of 3000 floats in operation at any given time. Considering the expected life-time of the 
instruments, about 800 floats must be redeployed every year to maintain the coverage. 

The design was based on a compromise taking into consideration practical cost limitations, the 
requirements to achieve the spatial and temporal resolution characteristic of large scale ocean 
variability, and the complementarity with satellite altimetry observations. 

 
 

One of the most significant achievements of the project so far has been to enhance significantly the 
density of observations in the southern hemisphere, which was previously woefully under-sampled. 

Sampling characteristics 
The sampling characteristics of the ARGO array can be contrasted to those of other available observing 
systems. Scientific research cruises collect multi-parameter data of the highest quality, but it is 
sporadically, over very limited areas; the revisit rate is extremely low (or nil), vast ocean regions are 
never sampled; there is a strong seasonal bias in the observations; and publication of the results can 
take up to two years or more; release of the data to international data centres can be slow and late. 
As an example, the latest comprehensive survey of the global ocean (the World Ocean Circulation 
Experiment, WOCE) was completed in the 1990's. Information on the temperature and salinity of the 
oceans came from 10,000 observations made by instruments lowered from research ships. This took a 
total of 6 years of ship time at a total cost of well over US$ 50 million but even this left large areas un-
sampled. The JCOMM1’s Ships of Opportunity programme (SOOP) organises the collection of 
temperature data from expendable probes (XBT2) launched from merchant ships. These measurements 
are relatively sparse, often confined to the regular ship routes between major ports, they are more 
abundant in summer than in winter and they were virtually absent from the remote but climatically 
important Southern Ocean. The XBT data are of low accuracy and record only temperature to 
maximum depths of 400 to 700 m. 
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The ARGO network fills an important gap between those two extreme examples (research cruises and 
XBT lines) whose main characteristics are global, all season coverage, temperature and salinity 
measurements to 2000 m, additional information on ocean currents from the float drift at depth, 10 
day sampling interval (as required to resolve the seasonal signal), and real time data recovery and 
availability. Considering the life-time of the instruments the system is very cost effective and 
competitive with respect to other means available. 

The needfor a European observation Research Infrastructure 

The ARGO array constitutes an observing system, an ocean observatory that must be considered 
in its ensemble: not only the floats, but also the logistics necessary for their preparation and 
deployments, the field operations, and the associated data streams and data centres. The objectives 
of establishing a more formal European coordination on the maintenance and evolution of the array 
are: 

> To coordinate operations at sea and optimise logistic resources; 
> To share expertise on all scientific and technical aspects of the project; 
> To monitor the array and instrument behaviour to detect early any dysfunction; 
> To collaborate with European SME's on technological developments (upgrades and evolutions, 

new platforms, additional sensors, data transmission); 
> To perform Observing System Simulation Experiments (OSSE) to optimise array design and 

assess its performance; 
> To facilitate access to the data to the scientific and research community; 
> To develop data products and synthesis of broad interest (climatology, state-of-the-ocean 

indicators); 
> To coordinate the European contribution to the international management of the ARGO 

programme. 

Thus the development of the infrastructure must include an accompanying research and development 
programme, and an appropriate management structure. 

3. Science case: scientific justification, including new areas to be opened 

A contribution to the Global Climate Observing System 

Recent years have seen increasing concern about global change and its regional impacts. Sea level is 
rising at an accelerating rate of 2mm/year, Arctic sea ice cover is shrinking and high latitude areas are 
warming rapidly. Extreme weather events are causing loss of life and enormous burdens on the 
insurance industry. Globally, 8 of the 10 warmest years since 1860, when comprehensive instrumental 
records began, have occurred in the past decade. 

1 The Joint Commission on Ocean and Marine Meteorology of the Inter-governmental 
Oceanographic 
Commission and WMO. 
2 Expendable Bathy-thermographs 
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These changes are a consequence of long-term climate change and of natural variability. Their impacts 
are both beneficial (lengthened growing seasons, opening of Arctic shipping routes) and adverse 
(increased coastal flooding, more extreme and frequent heat-waves and weather events). 

Understanding and eventually predicting changes in both the atmosphere and ocean are needed to 
guide international actions, to optimise governments' policies and to shape industrial strategies. We 
need to determine the relative importance of natural variability and long term change through 
improved models of climate and of the entire earth system (including socio-economic factors). The 
development and validation of climate models has been hindered by the lack of sustained observations 
of the atmosphere, oceans and land. A recent example from the analysis of sparse research 
observations taken over 40 years suggested that currents transporting heat northwards in the Atlantic 
(and that govern western European climate) have weakened by 30 % in the past decade. Is this part 
of a trend that might lead to the Atlantic circulation entering a new mode or just natural variability ? 
Figure 2, taken from Quadfasel (2005), illustrates that point: the conclusions are taken from 
observations taken along 25 °N several years apart. The ARGO observatory allows to interpolate in time 
between those sparse observations, and to discriminate between the seasonal, interannual, and secular 
variability; the array is the basis for resolving the controversy raised by the provocative study. 

Concerns about the lack of observations of the key factors that influence earth's climate led 
governments to form the Global Earth Observation System of Systems (GEOSS) and, in Europe, the 
Global Monitoring for Environment and Security (GMES) initiative. GEOSS and GMES aim to stimulate the 
measurements needed to make predictions of how global change will influence, weather, climate, 
energy, water, health and disasters. The ocean components of GEOSS are delivered by the Global 
Ocean Observing System (GOOS), which has formally identified and endorsed ARGO as one of its 
most fundamental components. ARGO is the only system with combines such global coverage, depth of 
observations, and frequent sampling. 

 

Fig. 2. "Most warm waters in the upper ocean circulate clockwise in a giant horizontal swirl in the 
subtropics, but some flow farther north and cross the Greenland-Scotland Ridge (GSR). This branch 
warms the northern North Atlantic and Europe, and keeps most ofthe Nordic Seasfree ofice. Here the 
water sinks (indicated by the star) and flows back southwards at depth, mostly down the western 
edge of the Atlantic basin. According to Bryden and colleagues ' results, the former is weakening and 
the latter strengthening. (From D. Quadfasel, Nature, 438, Dec 2005; see also Bryden et al., in the 
same issue.) 
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The rapid and continuous increase in data returned by ARGO contributes to identifying 
temperature changes in the global ocean, and to decrease significantly the uncertainty 
in the estimates (i.e. to give higher statistical relevance to the results).  

An exemple, Fig.3, from Levitus et al. (GRL, 32, 2005), shows definite warming trends over the upper 
3000 m of all major ocean basins, obtained by lumping together all observations into 5 years bins. 
The mean ocean temperature increase of 0.037°C, corresponding to a rate of 0.20 Wnf2 (per unit 
area of Earth's total surface area), may seem like a very small amount, but it must be interpreted in 
light of the respective heat capacity of water vs air: it is a measure of the very high capacity of the 
ocean to store heat, and therefore to mitigate the effects of atmospheric global warming. Such 
compilations are made much easier by access to ARGO data. 

Study of ocean processes 

The overall processes that are studied and quantified by ARGO data concern the role of the ocean in the 
transport and storage of heat and its interaction with the atmosphere in exchanging heat and 
moisture. In the few years since ARGO data have become available, many studies have been 
conducted to describe and understand such processes, and the list of publications based on ARGO 
is growing rapidly. Some typical examples include : 

> In the subtropoical South Pacific, ARGO data have shown that the ocean circulation has 
increased by over 20% since the 1990s due in large part to changes in the deep 
densitystructure. ARGO will allow future monitoring of similar changes throughout the oceans; 

> In the South Indian Ocean ARGO has revealed changes to the subsurface temperature and 
salinity structures that will help to decide whether these changes are part of the natural 
variability or may indicate long-term changes predicted in models of human-induced climate 
change; 

> In the western Atlantic the year-to-year changes in the properties and circulation of the water- 
masses formed each winter have been analysed for the first time. These changes are a sensitive 
indicator of the interaction between the atmosphere and ocean; 

> In the North Atlantic it has been possible to determine regions where the ocean has warmed 
and where it has cooled in the past 5 years - a calculation that can now be repeated globally; 

> Year-to-year changes in the salinity of the water entering the Indian Ocean from the Pacific 
have been documented - a vital link in the global circulation of fresh water; 

> For the first time the impact of the Asian Monsoon system on the temperature and salinity of 
the Arabian Sea has been monitored. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Operational Ocean Monitoring and Forecasting 

No observing system can possibly capture a medium as vast and complex as the ocean, with all its 
diversity of processes and scales of variability. All knowledge and information available must be 
combined to describe it fully; the information is gained not only from all observations available, but 
also from the knowledge of the dynamics. The state of the art for the optimum combination of diverse 
data sets (in situ and remotely sensed) is through assimilation into numerical models, which take 
explicitly into account the physics and dynamics which control the temporal evolution of the ocean3. 
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Data assimilation allows not only nowcasts, i.e. best estimates of the present state, but also forecasts of 
its evolution, and re-analysis, which reconstitutes a coherent and consistent history of the evolution 
over an extended period of time. The MERSEA project4, for instance, is developing an integrated 
system to monitor and forecast global ocean and European seas through routine assimilation of near-
real-time satellite and in situ observations into 3D ocean models. The system expands and coordinates 
on-going national efforts in this fields (e.g. the global FOAM, MERCATOR, MFS and DIADEM/TOPAZ, and 
several national regional systems). The Global Ocean Data Assimilation Experiment (GODAE), is an 
international effort aiming to demonstrate the feasibility and the value of operational oceanography 
systems. 

It is obvious that those systems cannot operate without the provision of comprehensive in situ data set, 
which are the indispensable complement ofEarth observing satellites. 

While global models are necessary to provide the extensive coverage expected from GMES, higher 
resolution coverage is required for regional and local applications. On the regional level, operational 
models are run by national agencies (usually Meteorological Offices or marine agencies) to provide 
analyses and forecasts of sea state, storm surges, and sea-ice or icebergs, to forecast the drift of oil 
spills and to assist in search and rescue operations. 

Monitoring of the ocean environment requires not only physical but also ecosystem models. 
Significant advances have been made in recent years in understanding and modelling the complex 
processes in ecosystems, ranging from the bio-geochemical processes governing the global carbon 
cycle (uptake, sequestration, and release) and other gas exchanges, to the coastal ecosystems 
describing water quality, primary production or algal blooms. The performance of ecosystem models 
is strongly predicated on the realism of the underlying physics, which in rum depend on good 
observations. 

Some of the most significant marine services, in terms of safety at sea and risk prevention, are 
provided by NWS5 centres in the form of wind, wave, storm surges, and sea-ice forecasts. These 
centres also provide assistance and support in case of accidents and disasters (search and rescue, oil 
spill forecasts). The quality and skill of these analyses and forecasts (particularly of freak waves and 
sea-ice) is improved by the use of high resolution information on ocean currents and temperatures, 
provided by operational ocean systems. 

Operational systems deliver information products to final users such as the offshore oil and gas 
industry, forecasting of sea ice and iceberg drifts, and improved sea state (surface wave) forecasts 
notably by better incorporation of wave-current interaction modelling. 
Seasonal forecasting is an area where high societal stakes are involved. NWS centres produce such 
forecasts operationally using rather low resolution ocean models or products that do not incorporate all 
available data from ocean observing systems. It has been shown that significant skill can be achieved 
in seasonal prediction in the tropics (particularly precipitation, El Niño events, monsoons), if high 
resolution sea surface temperature fields are used to initialise the forecasts. Hurricane forecasting is 
also strongly dependent (albeit on a different scale) on high resolution knowledge of the Hurricane 
Heat Potential, a measure of the upper ocean heat content which can only be reliably estimated from 
in situ observing systems 

In summary, operational ocean observing systems are being developed in support of a wide range of 
applications: 

> Improve the safety and efficiency of maritime transport and marine operations. 
> Support safe and efficient offshore oil and gas industry activities. 
> More efficiently mitigate the effects of environmental hazards and pollution crisis (oil and 

chemical spills, harmful algal blooms). 
> Contribute to ocean climate variability studies and seasonal climate prediction and their 

effects on coastal populations. 
> Advance marine research on the global climate, the ocean and its ecosystems. 

Those systems rely on the provision of in situ ocean observations ofwhich ARGO is the mainstay on 
the global scale. 

Model validation 

Ocean modelling is now an essential tool of scientific investigation and necessary component of 
operational systems. Progress in ocean model and assessment of system performance depends on 
rigorous validation against in situ data. For instance the validation of climate scenarios models is often 
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made by considering their ability to reproduce past evolutions, where comprehensive data sets are the 
only objective reference. In the case of model development, in situ observations provide the necessary 
data for quantifying ocean processes and guide the tuning of their parametric representation (e.g. 
mixed layer depth, deep water formation, position of fronts, warm water pool, eddy kinetic energy, 
mixing, etc...). In the context of operational models, which assimilate observations, it is valuable 
either to estimate the misfits between model output and data -a measure of the ability of the model to 
account properly for the data -or to validate forecast skill by comparison of a previous forecast with 
data effectively collected at the target date. 

Data policy and management 

The ARGO project has adopted a completely open and free data access policy. At the time it was 
proposed it was somewhat of a cultural revolution, but it set a paradigm which is now applied for other 
data sets. The policy has been supported by setting up an efficient data management structure that 
effectively facilitates access to data for scientists worldwide. In contrast to research cruises, which 
remain major and costly undertaking, relying on expensive ships, that can be accomplished by only a 
few nations and research groups, free access to comprehensive, high quality, global data sets is a major 
stimulus for scientific research. 

ARGO data are distributed on the global telecommunications system (GTS) of the World 
Meteorological Organization, as well as via the internet, so they are available directly to Weather 
Services and other operational users for incorporation in analyses and forecasts. However, since access 
to the GTS is somewhat restricted, specific ARGO Data Centres have been established to provide 
additional services -particularly data quality control -and easy access to a wider community. This open 
approach has been quite successful in developing a large scientific activity among groups. 

The Euro - ARGO infrastructure proposal will adhere fully to that open access data policy, to ensure 
the wider multi-user access to its data and products : scientists, operational systems, and a large public 
through the publication of data-based bulletins and indicators on the state of the ocean. 

Opening new areas 

The present ARGO system collects only physical data (temperature and salinity); it was so conceived 
because that was a first priority for global climate-oriented observations, and it was readily feasible. In 
the last few years technological developments have demonstrated the potential of the float technology 
to serve as observing platforms for a wider range of parameters. Several of those recent developments 
are described in the next section (Sec. 5); they open the prospects to measure dissolved oxygen, wind 
and rain, to track more accurately the float trajectories for higher resolution ocean currents, to operate 
under ice in the polar seas, to include fluorometers and optical plankton counters to monitor biological 
activity. 
New sensors will not be included in the array unless it can be demonstrated that their scientific value 
and the additional funding that they entail will compensate for the decrease in float life that may come 
from decreased reliability and increased energy consumption. 

As outlined above, ocean models are becoming more and more realistic through in situ data 
assimilation; the physical models can be coupled to bio-geochemical modules to account for primary 
production, biological activity and the carbon cycle. 

4. The concept case (maturity of the proposal) 

The technical concept of the Euro-ARGO infrastructure is amply demonstrated: since the inception of the 
international project in 2000, seventeen nations have collaborated to deploy floats to the point where 
close to 2500 floats are in operation today (Fig. 4); it is expected that the target of 3000 active floats 
will be reached by the end of the year. The real challenge is to transition the array from a pilot project 
to a sustained operational array, which implies regular re-seeding of some 800 floats / year. The 
objective of the proposed Euro-ARGO infrastructure is to provide a strong European contribution to this 
international observatory, with a contribution of 250 floats / year. The main components of the 
infrastructure are the instruments and associated technology, the operations at sea to deploy them, the 
data management and overall infrastructure oversight. One must consider monitoring of performance, 
maintenance, upgrades and evolution 
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Fig. 4 Array coverage as of early February 06; it is expected that the target of3000 active floats will be 
reached by 2007. The real challenge is to transition the array from a pilot project to a sustained 
operational array, which implies regular re-seeding ofsome 800 floats /year. The objective of the 
proposed Euro-ARGO infrastructure is to provide a strong European contribution to this international 
observatory. 

 

4.1 Float technology 

The present float technology has a long history of development and it can be considered as a very solid 
component of the infrastructure. The autonomous profiling floats are derived from instruments 
designed for the World Ocean Circulation Experiment of the 90's, which were acoustically tracked 
drifting buoys; the addition of high accuracy temperature and salinity sensors and the capacity to 
record during their regular ascent to the surface transformed them into the workhorses for broad scale 
ocean observations of today (Fig. 5). The basic technology of ARGO has remained stable for the past 5 
years but during that time float life has been extended by the use of improved batteries and through 
the diagnosis and correction of problems that caused some early floats to fail before their batteries 
were exhausted. Today, 90% of floats deployed in 2004 and 2005, are still operating; the objective of 
an average life-time of four years is now achieved. 

Significant technological developments have been achieved in Europe in this domain. 

Buoyancy engine. The heart of a profiling float (Fig. 5) is its buoyancy engine, the pump that 
enables a float to change its volume, alternately becoming neutrally buoyant at mid-depth or rising to 
the sea surface. Two kinds of pumps have been used in autonomous floats, and both kinds are 
presently used in ARGO. A single-stroke pump relies on gearing to obtain a high mechanical 
advantage to rotate a screw and extend or retract a piston in a cylinder. The volume of the 
cylinder determines the maximum volume of mineral oil that can be pushed into an exterior 
bladder to increase float buoyancy. The alternative is a reciprocating pump, with valves to enable a 
small cylinder to be filled repeatedly from an interior reservoir and emptied to the exterior bladder. A 
small light-weight reciprocating pump provides effectively unlimited buoyancy adjustment. 
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Fig. 5 Schematics of a float, comprising the pressure case, the sensors, the pump, antenna 
and associated electronics. 

Pressure case. Pressure housings presently used in profiling floats are typically built to withstand 
pressures at depths somewhat greater than 2000 meters, but not full-depth ocean pressures. Stronger 
pressure housings would increase the float's weight and volume, and therefore require greater capacity 
for buoyancy adjustment and higher energy cost. Since salinity signals in the deep ocean are small -
comparable to or less than salinity sensor drift in multi-year float missions, it may not be cost effective 
to trade off greater size and energy consumption for increased depth capability. 

Sensors. Sensors are referred to as CTD, for Conductivity, Temperature, Depth (conductivity is a 
measure of salinity, and depth is deduced from pressure). Most present ARGO use a well proven CTD 
package commercially available. They use a pumped system to improve stability in the salinity 
measurements, by reducing bio-fouling; the pump shuts off before the instrument reaches the sea 
surface to avoid adverse effects and contamination by surface films in the water, which coat the 
conductivity cell and speed the problem of salinity drift. 

On the whole, data quality has been high although all extant CTDs become less accurate after long 
periods exposed to bio-fouling and corrosion. Conductivity sensors are particularly sensitive and 
require specific procedures of quality control and corrections. About 5% of the ARGO sensors have, in 
their lifetimes, shown errors greater than 0.1 psu6, which can be corrected in most cases (see below 
under data management). 

Satellite communication. Most ARGO floats use the one-way, low-bandwidth System ARGOS 
satellites for location and data relay. There are several advantages to using a two-way, higher bandwith 
system. (i) The time spent on the sea surface, where floats are most susceptible to bio-fouling and 
various other hazards, could be reduced from the present 12-16 hours per profile to a few minutes. (ii) 
The significant amount of battery energy presently expended re-transmitting message to ensure receipt 
would be greatly reduced if confirmations (handshake protocols) were possible. (iii) Higher 
bandwidth would enable transmission of more data, including higher vertical resolution in profiles. 
(iv) Two-way capability would make it possible to send instructions to floats for troubleshooting or 
mission alterations. Changeover to faster two-way satellite systems has progressed slowly in part 
because of concern for stability of each of the available systems. Prototype two-way instruments have 
been deployed in ARGO , but there have not yet been large-scale deployments. 

Complexity and reliability. The profiling float is not a simple instrument. Its pumping system must 
work reliably at deep ocean pressures year after year, with minimal energy use. The instrument 
controller must communicate dependably with the separate CTD controller and well as managing all of 
the float's buoyancy adjustment and communication functions in a nearly fail-safe manner. A goal for 
ARGO is to achieve mean instrument lifetimes of 4 years (after discounting for a small percentage of 
early failures). Early ARGO floats suffered from a variety of problems, with about one-fourth of these 
instruments failing by the end of their first year. Instruments deployed since have demonstrated 
continuously improving reliability. Efforts continue to identify and correct weaknesses, a difficult 
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undertaking since floats are rarely recovered, and they send back only limited diagnostic information. 
Given the complexity of the instrument, diligence in identifying and correcting new problems before 
they affect large numbers of instruments must be an essential part of the Euro- ARGO infrastructure. 

Prospects for evolution. There are two pressing issues for defining the continuing role of profiling 
floats in the observing system during the next decade. The first question is how the technology will 
evolve in response to requirements for both better efficiency and performance and accommodation of 
additional sensors. In recent years different sensor packages have been integrated into the profiling 
floats. Prototype floats are presently making dissolved oxygen measurements using two types of 
sensors. Both seem to give stable results over periods in excess of a year. Measuring oxygen 
distributions from ARGO opens the perspective to estimate the oceans' uptake of carbon dioxide. 
Monitoring ocean biology can be carried out using fluorometers and optical plankton counters on 
floats. 

The floats are ideal platforms from which to make acoustic measurements and floats carrying acoustic 
wind and rain-gauges have been tested in the Bay of Bengal. Floats can be equipped with acoustic 
receivers to record signals transmitted from fixed beacons; the travel times give high precision 
positioning and tracking to determine meso-scale ocean currents. Many important climate-related 
processes take place in the frozen areas of the ocean, standard ARGO floats cannot operate under ice 
but acoustically tracked floats that store the temperature/salinity profiles and transmit them in spring 
have been used in the Antarctic. 

The dual requirements of efficiency and new sensors may lead to the development of float technology 
along two separate trajectories. Efficiency and performance require float designers to consider 
building smaller instruments. The high-pressure pumping system typically uses 50% or more of a 
float's energy budget, so reductions in pumping energy are critical. At least one float manufacturer is 
already developing an instrument of significantly reduced size, and others may follow. 

Although smaller, more efficient CTD profiling floats are feasible, miniaturization becomes 
problematic as additional sensors are incorporated onto the basic float hull. An added consideration 
with new sensors is the scales of variability and depth requirements for, say, biological variables, 
relative to physical and geo-chemical ones. It may prove to be more efficient to deploy separate 
instruments for biological measurements - with higher cycling rates and shallower dives than are 
required for temperature and salinity variability in the climate system - rather than a single array to 
sample all variables. One can imagine regional arrays of multi-sensor floats imbedded in a global 
broad-scale temperature/salinity array. 

The development of new sensors opens up exciting opportunities for the observing system but also 
poses difficult challenges in prioritisation and in design of optimal arrays. 

4.1.2 Operations at sea and logistics 
Operations at sea and associated logistics stand to benefit from higher cooperation and co-ordination 
of European efforts. The succession of operations from instrument procurement to deployment at sea 
requires great care if one is to maximize data return. European partners have demonstrated their ability 
to perform those tasks and to complete deployments over all ocean basins. 

The succession of operations is as follows : 

Preparing the floats. The procurement must consider the type of instrument most adapted to the 
mission; reception and checking proper function of all components, calibration of the sensors, 
programming of the mission parameters (data reduction, storage, coding, formatting) and transmission 
schedule. Conditioning for transport and shipping. Stock management. 

Operations at sea. The actual planning and conduct of the field operations over the global ocean is a 
complex task. A concerted international plan must be agreed upon. Floats can be deployed during 
research cruises or from other ships of opportunity, which must be identified. Contacts with ship 
operators. Operation planning. Training of personnel in charge of field work. 

Array monitoring. To maintain and improve the system it is essential to monitor continuously the 
array performance from an engineering point of view, in order to assess compliance with design 
criteria and detect early on any dysfunction. One must consider the sensors accuracy and stability, as 
well as all other performance indicators : mission parameters, energy budgets, transmit power, rate and 
causes of failure, etc... 

To perform all those tasks, it is proposed that an operational team be set up within the Infrastructure. 
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4.1.3 Data management 
Formal data management procedures have been implemented under the auspices of the ARGO data 
management committee. All procedures and data formats are fully compliant with recommendations 
from international bodies such as JCOMM. A network of centres is in charge of collecting and 
processing data from the floats, and of delivering quality controlled data to users. While all data are 
also available on the GTS, there is considerable added value from the Data Centres which perform 
comprehensive quality control, affixing flags to dubious data. They also provide user desks, and can 
elaborate specific extractions on request. Note also that data from the GTS is typically only accessible 
to meteorological agencies, and not the wider scientific community and other users. 

Real time data are subjected to correction of gross errors at national Data Assembly Centers (DACs) 
prior to delivery to the Global Data Assembly Centres (GDACs). Some data reaches the GDACs and 
operational centres only via the GTS and with no QC. ARGO is taking steps to reduce the number of 
floats processed by this method. Approximately 90% of ARGO profiles are available to users within 
24hrs of a float surfacing. 

All ARGO data are freely and publicly available (http://www.argo.net) with no period of exclusive use. 
ARGO data are available to users via two GDACs in Brest (CORIOLIS) and Monterey, CA (US 
GODAE). 

Delayed mode quality control 

After real time procedures flag the gross errors in the data, there may still remain more subtle errors 
due to sensor drift, mostly in salinity. Although those may be very small, it is essential to identify and 
correct them if one is to extract climate signals. The difficulty is to find a proper reference against 
which to compare the observations. With ship borne operations this is done by taking water samples 
that are analysed, an option not available with the autonomous instruments. In the case of ARGO the 
method is based on optimal estimation, using all available information : climatology, neighbouring 
floats or other high quality data. 

In March 2004 ARGO agreed and started to implement the process for delayed mode quality control 
based on amethod outlined in a paper by Wong et al (2003) and later modified to work in areas of high 
spatial and temporal variability (Böhme and Send, 2004). This QC process is carried out at national 
level by Principal Investigators responsible for each float and with local oceanographic expertise. 

As the ARGO observing array is now the main source of in situ information on the global ocean, it is 
extremely important to associate a vigorous scientific programme 

Two other elements of the ARGO data system are worthy of note. The final data archive is managed 
by the US NODC7. NODC will also produce the first CD copies of ARGO data in order to make these data 
more accessible to researchers with poor internet access. ARGO is also establishing regional date 
centres that will particularly assist with regional QC (producing internally-consistent regional data 
sets) and ultimately with the production of gridded products. 

4.2 Maturity of the concept in Europe 

Several European groups and individuals have been engaged in the international ARGO programme 
since its beginning, in all areas to be covered, from the design to the implementation and operation. 
Some of those activities have been supported by the FP5 and FP6 programmes; thus a strong network 
of participating scientists and other stakeholders is already in place to evolve from the research 
programmes towards the sustained infrastructure required for long term ocean observations and 
monitoring. European participation includes: 

> Involvement in the original design and participation in the International ARGO Science Team8; 
> Support to the IOC's ARGO Information Centre (located in Toulouse, France) and to the 

Project Office (located at the National Oceanographic Centre, Southampton, UK); 
> Development of instruments, designed and manufactured in Europe; 
> Involvement of National Data Centres and establishment of one of the two Global Data 

Centres at IFREMER (France), which processes the ARGO   data for most of the European 
partners; 

> Plans for an Atlantic Regional Data focus and coordination of Atlantic deployments; 
> Integration of the ARGO   data into operational ocean monitoring systems (National Ocean 

Monitoring and Forecasting,  UK;  Mediterranean Forecasting  System,  Italy;  MERCATOR, 
France); 
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> Numerous scientific studies and publications based on ARGO data 

Cooperative projects have been supported by the EC, most notably the FP5 GyroScope project which 
was the first effort of integration and cooperation for ARGO, but also further deployments in the 
MERSEA and MFSTEP projects. The latter two demonstrate also the maturity of the European actors in 
implementing an integrated concept ranging from in situ and satellite ocean observations to the 
delivery of user oriented information through assimilation into operational ocean monitoring and 
forecasting systems. This is the concept of Marine Core Services developed for GMES. 

The strong European commitment and achievements are also recognised in the international GODAE9. 

5. Further information, including strategic importance for the ERA 

As an example of strategic importance for the development of scientific activity in ocean and climate 
sciences, one might refer to the Earth Observation satellites. Those systems are obviously costly with 
considerable investment in hardware, launchers, ground segments, and data facilities10. It is because 
those activities are well coordinated and integrated that, in those cases where the data are easily and 
freely available, vigorous and successful research programmes have developed. Without easy access to 
data from space, it would be almost impossible for most research laboratories to tackle the 
complexities of the data sets. Looking at in situ ocean data sets, only a few major Marine Institutes 
have the ability to organise and conduct research cruises; there is no doubt that the Euro-ARGO 
research infrastructure would greatly contribute to foster active research programmes in the fields it 
aims to serve : ocean science in general, and more particularly the role of the ocean in the global 
climate system. 

Reducing fragmentation ofefforts 

In Europe, partial funding from the FP5 and FP6 programmes has contributed to the development of a 
community of experts and scientists, to progress in technology, and to the development of the 
CORIOLIS data centre, which acts as one of the two Global ARGO data facilities. As the programme 
transitions towards an operational mode, a higher degree of European cooperation and funding is 
necessary to tackle the challenge of global reach and to optimise the use of resources for operations at 
sea, procurement of instruments, maintenance of the array, data management, technological 
developments, and overall project management. This European participation is to fit in the context of 
the international ARGO project, with a stronger voice in project steering and development, visibility for its 
achievements, and recognition for its contributions. 

The European activity described above is presently developed on research funds on a best effort basis. 
As such it is extremely fragile, with no guarantee for continuation. Uncertainty on sustained funding, 
the need to avoid duplication and to be more effective make a strong case for the Euro-ARGO Research 
Infrastructure for Environmental Monitoring. The Global Data Centre at IFREMER is a first element of this 
infrastructure with benefits to the national programmes whose data it handles. The maintenance and 
evolution of the Global Array require strong levels of cooperation in the planning of the 
deployments, field work on all the oceans (cooperation on ship scheduling), in sharing expertise on 
instrument engineering developments, assessment and optimisation of array performance, and in 
scientific analysis. Cost reductions could also be achieved by concerted and group float procurement. 

Pan-European interest and support to GMES and GEOSS 

Observation of the global ocean requires a strong level of international cooperation and commitment. 
The USA and Japan have already engaged considerable resources in the ARGO programme, it behoves 
Europe to contribute as well to a comparable level: as with all Earth observing systems, the benefits 
are shared by all, but the systems cannot be maintained without involvement of major stakeholders. 

The global reach of the infrastructure is definitely a trans-national challenge where concerted 
European action is necessary. 

The Ocean and Marine Services of the GMES system contemplated by the European Commission and 
the European Space Agency cannot possibly exist without a comprehensive ocean observing system: it 
would be preposterous to imagine Global Monitoring (the GM of GMES) of the ocean without in situ 
observations. All benefits and services of the GMES system in the Marine sector hinge on realistic 
ocean monitoring and forecasting, as for instance will be provided by the MERSEA system. 
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International context 
ARGO consists of contributions from national Argo projects that deploy and operate floats and that 
subscribe to ARGO's principles of free, open and timely access to data. ARGO also depends on 
contributions from countries and organizations that assist in the deployment of floats. 

The programme has been endorsed as pilot project of the CLIVAR, a component of the WMO 's World 
Climate Research Programme; it is recognised by the JCOMM as a key element of the GOOS (Global 
Ocean Observing System). It is also a major contribution to the GEOSS (Global Earth Observing 
System of Systems). 

Internationally, ARGO is coordinated by the International Argo Steering Team (IAST), which meets 
annually. The IAST is responsible for both the scientific leadership and the implementation of ARGO. 
Members of the IAST are scientists representing national ARGO programs. Ex-officio members of the 
AST are the co-chairs of the ARGO Data Management Team and a representative of the GODAE 
project. Data issues are considered by the AST's Data Management team. European scientists are 
active participants in all those committees and working groups. 

The project is supported by an Argo Project Office consisting of the Argo Technical Co-ordinator who 
works as part of JCOMMOPS in Toulouse and the ARGO Project Director. One of the roles of 
theARGO Information Centre is to notify all deployments as required by IOC Resolution XX-6 which 
states that: 

"Every concerned coastal states must be informed, in advance, through appropriate channels, of all 
float deployment which might drift into waters under their jurisdiction, indicating their exact 
deployment date and location ". 

A strong involvement in all those international groups must be part of the missions of the Euro-ARGO 
Research Infrastructure, which will provide a focal point for representation into them and a stronger 
voice in the steering of the international project. 

6. Socio economic impacts 
The socio-economic impacts associated with better understanding and monitoring of out planet's 
climate system have been described above under Section 3 (the Science case). There is no doubt that 
climate change is one of the most pressing problems facing mankind, with a particular responsibility 
from industrial nations to implement good stewardship of out planet, to monitor and mitigate adverse 
effects and act responsibly to remedy. Any course of action, treaty negotiation or regulations must be 
based on sound scientific knowledge and understanding. Monitoring is also necessary to assess the 
impact and effect of the measures taken. Those are some of the objectives of GMES: to provide 
information on the state of the global environment to policy makers and stakeholders. 

Support to policy 

EURO-ARGO, as a pan European research infrastructure will be a key asset for the development of a 
strategy addressing environmental issues in a global way. The European Community is a party to the 
UNFCC11, which mandates the signatories to maintain Earth Observing Systems: the GEO is one 
process to formalise that commitment. The ocean is one of the most critical components of the climate 
system, for which concerted international action is necessary. 

The Marine Strategy cannot be efficiently implemented without readily available information on the 
state of the ocean environment. 

Overall, the EURO-ARGO approach answers Europe's strategic need to strengthen excellence on the 
functioning of climate and the earth system. This will further be achieved by restructuring the existing 
research capacities ant the way research is carried out. 

Support to GMES Marine Core Services 

As explained above, in situ observing systems are a necessary component of ocean monitoring, but 
they are not sufficient. Integrated systems combine all available observations to obtain comprehensive 
representation of the ocean state. Those Marine Core Services are the foundation for the development 
of a variety of applications in marine meteorology, marine safety, maritime activities (shipping, 
offshore industry), and fisheries. The MERSEA project is presently developing such a system. 

The potential for improved weather forecasts, ranging from hurricanes to seasonal trends, is real and 
entails significant economic value. 
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The data collected, processed and diffused can be considered as significant outputs regarding 
knowledge, monitoring of the marine environment and in some cases sustainable use of marine 
resources. EURO-ARGO infrastructure will notably contribute to spreading scientific excellence and 
information in three main directions: 

> To the socio-economic users of knowledge regarding the impacts of climate and changes in 
ocean circulation, 

> To the European industry including SME's and place them in an excellent competitive 
position for installation of such systems around the world, and developing specific user 
oriented downstream services, 

> To governmental bodies and civil protection agencies and their scientists and policy makers. 
 

Industrial impacts 
The development of new technologies, including standards on profiling floats as well as sub-sea 
equipments must be considered as a new challenge for European industry. In that perspective EURO-
ARGO will stimulate future environmental technology monitoring and innovation needs in the field of 
ocean observation and monitoring. 

European industry, which is well placed in this sector of activity, is positioned to provide the 
instrumentation required by the infrastructure. Although it is a relatively narrow specialised market, it 
is recurrent and further opportunities will open up as more and more countries join in the programme. 

Competitivity 
Establishing this European research infrastructure at sea requires to overcome national fragmentation 
and shall be based on synergic collaboration between the scientific community and advanced marine 
technology companie s. This synergy will improve the level of European marine technology and to be 
competitive with countries such as USA and Japan. 

Education andpublic awareness 

The citizens of Europe are interested and concerned in their global environment and deserve that all 
relevant information be communicated to them in appropriate form. Euro- ARGO can be the support 
for the development of educational material aimed at different audiences and educational levels. 

Human capacity and training 

Training of graduates and post graduates in environmental sciences is an important part of EURO-
ARGO . The main objective of outreach and training is the development and support of comprehensive 
interdisciplinary programs for research, education and public on ocean changes and operational 
monitoring, keeping in mind that these operational services are interfaced with local, regional and 
coastal monitoring systems. 

7. Participating organisations / support from member states 
Several member states support presently programmes that contribute to Argo: 

• In France the Coriolis project is a consortium of leading agencies with a responsibility in 
ocean research and monitoring (i.e. Météo-France, IFREMER, INSU, IRD, SHOM, IPEV12); 

• Likewise in the UK the National Centre for Ocean Forecasting (NCOF) is a strategic 
partnership between the Met Office, POL, PML, the NERC Environmental Systems Science 
Centre (ESSC and NOCS13) to make a major contribution to the Global Ocean Observing 
System (GOOS) and its European component EuroGOOS. 

• A similar initiative has recently started in Spain   (ESEOO : Establecimiento de un Sistema 
Español de Oceanografía Operacional), with the IEO14. 

• In Italy, the INGV (Geophysics and Vulcanology Institute) and OGS (Oceanography and 
Experimental Physics) are jointly developing observations as part of the Mediterranean 
Forecasting System. 

• Those  agencies  have  an  interest in  ocean  observations  in  support of their vigorous 
programmes in operational oceanography (including numerical forecasting systems). 

• In Germany, ARGO floats have been deployed as part of research programmes in the Labrador 
and Nordic seas, Antarctica, and the Tropical Atlantic Ocean (IFM-GEOMAR, BSH and 
AWI)15; Institutes in Norway (Institute for Marine Research) and the Netherlands (KNMI : 
Royal National Meteorological Institute) have also contributed to the programme. 
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Thus, there is already strong collaboration on the global ARGO system, and scientific involvement: 
ARGO floats have been deployed by European scientists as part of international research programmes 
in all oceans (Artic, Antarctic, Atlantic, Pacific and Indian). 

The Euro-GOOS organisation is also a forceful advocate of in situ ocean observations, as well as a 
forum for European collaboration. 

Thus there is a strong capability in Europe in all components of the ARGO programme: including field 
operations, technological developments, data management and quality control, and scientific 
investigations. 

There is expertise and resources to contribute to the infrastructure. One can anticipate that the 
European funding to global ocean observing system will continue, but that it needs to be enhanced and 
made more cost-effective with the implementation of the proposed Research Infrastructure. 

8. Budgetary information 
The cost estimates are preliminary and will be refined during the preparatory phase. One identifies 
costs for procurement of the equipment, logistical support, data management, infrastructure 
management and oversight. 

Hypotheses: 

The international array comprises 3000 floats whose lifetime is estimated to be of the order of 4 years; 
hence the maintenance of a sustained network requires that the array be renewed by quarters every 
year. The USA has committed to half of that effort. 

It is suggested here that the European contribution should be of the order of a quarter of the global 
array. Specific European interest requires a somewhat increased sampling in regional seas (Nordic and 
Mediterranean seas16): the infrastructure should comprise 800 floats in operation at any given time. 
The proposal is to build up to that level in four years, and thence to maintain it indefinitely. To focus 
the budget estimates, an extended period of eight years is envisioned, for atotal of 12 years. 

The funding is needed for a total of the order of 250 floats per year. 

It is expected that several sources of funding are necessary to sustain the observing array: national 
funding will continue, but specific European commitment is necessary to ensure the added global 
dimension. Cost-sharing between different Directorates General, several programmes and instruments 
(Research and Development, Industry, GMES, GEO, Infrastructure) is desirable. A possible mechanism 
would be to fund the Data Management activities in the wider context of GMES Marine Core Services, 
and share the rest of the operating costs between national and Community support. 

The estimates do not include associated research programmes, nor do they include ship time. It is 
assumed that the deployments will take advantage of scheduled research cruises or use ships of 
opportunity. 

The main categories to consider are: 

Preparati on: set up management structure, organise, define objectives and strategy, establish work 
plan. 

Procurement: it is anticipated that the floats will be purchased from a commercial company, therefore 
the activity is here to define the operational requirements, select the equipment, and to negotiate a 
purchase contract. Since floats must be regularly re-deployed the procurement constitutes a recurring 
cost. 
Operations: this concerns the logistics and the field work: preparation and testing of the equipment, 
conditioning and shipping, travel, miscellaneous expendable supplies, use of testing facilities, and the 
cost of data transmission while the floats are in operation. All those costs are lumped into an additional 
flat cost per float (4 k€ / float * year). Personnel costs are included. 

Data management: it is essentially operating and personnel cost of the data management Centres, with 
some provision for equipment (computers) and subcontracting (software development). 

Infrastructure management: oversight and management of the infrastructure, international 
coordination. We include in this line the European contribution to the operation of the ARGO 
Information Centre, and of the ARGO Director and project office (which could possibly be in Europe). 

Decommissioning : does not apply (although floats that beach on land or are picked up by fishermen 
are recovered. The associated cost is part of the Operation costs. 
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In the tables the personnel costs are listed as FTE (full time equivalent) on the basis of 100 k€ for one 
person including overhead. All costs indicated are recurring on a yearly basis, in k€ (thousands of 
Euros) 

Estimated consolidated costs, on a yearly basis, in thousands of Euros (K€)  

Category Unit cost Number Total 
 
Preparation    
 100 1 100 
    
Float procurement 15 250 3 750 
    
Operations    
Misc. 4 250 1 000 
Personnel (FTE) 100 5 500 
    
Data management    
Personnel (FTE) 100 7 700 
Equipment 50 
 
Infrastructure management    
Personnel (FTE) 100 1,5 150 
International support 20 
 
 
Total   6 270 

 
Because of the multi-year research objectives linked with the EURO-ARGO infrastructure, a twelve 
year period has to be considered as a typical lifetime, including the build-up period of four years. 
Then, using the assumptions that lead to the figures exhibited in the previous table, the grand total 
required is: 75 240 k€. 
Time line 
The ARGO array was initiated in 2000 (first deployments) and is expected to reach its target of 3000 
instruments in operation during 2007. The European infrastructure would start its insertion over the 
period 2007 - 2010, with full implementation over the extended period of 2011 - 2020. 
Over the initial period the transition of the operations from research based to the establishment of a 
permanent research infrastructure will be effected, coinciding with a similar transition of the GMES 
Marine Core Services from pilot project to full operational implementation. 
During the first year the management and organisational structures will be defined. 
 
9. Contact points 
Patrick VINCENT 
Ifremer 
155, rue Jean-Jacques Rousseau 
92138 Issy-Les-Moulineaux 
Ph : +33 1 46 48 22 16 
Fax : +33 1 46 48 22 24 
e-mail : Patrick.Vincent@ifremer.fr 
Pierre-Yves Le Traon (Pierre.Yves.Le.Traon@ifremer.fr) 
and Yves Desaubies (yves.desaubies@ifremer.fr) 
IFREMER 
BP70 
29280 Plouzané 
France 
Tél. +33 298 224 275 
Web sites see : http://www.argo.net; http://www.coriolis.eu.org 
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EMEG Annex 8 – IAGOS ERI 
 
1. Name and descriptive title 
IAGOS-ERI: Integration of routine Aircraft measurements into a Global Observing System 

- a European Research Infrastructure 
 
2. Short description of new RI (or major upgrade) and main characteristics 

It is proposed to establish and operate a sustainable distributed infrastructure for regular observations 
of atmospheric composition from a fleet of initially 10-20 in-service aircraft. 

This will be achieved by installing autonomous instrument packages, certified for commercial 
aircraft, aboard Airbus longrange aircraft operated by international airlines. 

IAGOS-ERI will provide high quality in-situ observations in the tropopause region, which is not 
adequately resolved by remote sensing from space and, on the other hand is the most sensitive region 
for climate change. At the same time, IAGOS-ERI will provide detailed vertical profiles in the 
troposphere, which are of paramount importance for predicting changes in local and regional air 
quality and its causes. 

IAGOS-ERI will provide the structure for the Integration of other projects using commercial aircraft. 

IAGOS-ERI will provide a stop data base for users in science and policy, including near realtime data 
provision for weather prediction and airquality forecasting. 

Background 
The proposed RI draws on and further develops the experience gained in MOZAIC (Measurement of 
OZone and Water vapour by Airbus In-service airCraft), which was funded by the EC as a series of 
three research projects between 1993 and 2004. 

MOZAIC utilised five longhaul aircraft to measure ozone (O3) and water vapour (H2O) and later also 
carbon monoxide (CO) and total odd nitrogen (NOy). The instruments were carried by four 
European airlines (DLH, AF, AuA, Sabena). As shown in Fig. 2.1, the flight routes of the MOZAIC 
aircraft covered a large fraction of the Northern Hemisphere and parts of the Southern Hemisphere. 
The largest gaps were in the Pacific Ocean and the Southern Hemisphere. 

Fig. 2.1 Major routes ofthe five MOZAIC aircraft.
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Concept 
The concept for the new research infrastructure (IAGOS-ERI) was outlined in the proposal for the 
ongoing Design Study IAGOS (hitherto refered to as IAGOS-DS). 

As shown in Fig. 2.2, IAGOS presents a major upgrade from the MOZAIC research projects in 
order to develop a sustainable infrastructure with a longterm perspective. In order to achieve this 
goal, IAGOS provides: 

• significant size and weight reductions of the existing instrumentation in order to reduce the costs of 
transportation and thus enabling the installation on a much larger number of aircraft (10-20), 

• expanded range of species important for scientific studies concerning climate change and airquality 
(H2O, O3, CO, NOx, NOy, CO2, aerosol, cloud) 

• expansion of the geographical coverage to the Southern Hemisphere and the Pacific Ocean, 
• provision of data to Meteorological Services and GMES centres in near-realtime through the Global 

Transmission System 

IAGOS-ERI will seek to integrate other European commercial aircraft projects (CARIBIC, NOXAR) and 
will establish a close cooperation with ongoing international activities (e.g. JAL, CMDL) as an 
important cornerstone of IGACO (see section 3) 

.
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Fig. 2.2: The IAGOS concept 

Organisation 
As outlined in Fig. 2.3, IAGOS-ERI will be operated by a consortium of 8 major European research institutes 
and AIRBUS, which will manage 

• the overall organisation of the RI, 
• the technical work associated with the installation, operation, and maintenance of the instruments, 

• the negotiations with international airlines regulating the transportation of the instruments, 

• the data analysis, data quality control and assessment, 
• the central database, 
• the realtime provision of selected data to operational users, 
• the promotion of the data base to scientific users, 
• the development of the RI and the integration of other commercial aircraft projects (CARIBIC, 

NOXAR). 

  

The overall management of the RI will be conducted jointly by FZJ, CNRS, Meteo France and Airbus. 

Why an infrastructure? 

1. IAGOS-ERI maintains and further develops the technological infrastructure for 
routineobservations from commercial aircraft and provides comprehensive data management for 
scientists and end-users, 

2. It addresses a wide community concerned with climate change, regional and local air quality, 
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including the validation of models and satellite data, and weatherforecasting. 

 

 

3. A sustainable operation requires a longterm perspective, because of the long lead times for the 
development of 

• instrumentation with aeronautical certification that can be flown in autonomous mode for 
several weeks to months without interfering with the aircraft operation, 

• legally binding contracts with the participating airlines that regulate the mode of 
operation and cost for transportation and maintenance, 

• structures for the regular maintenance and exchange of the instruments, 

• structures and mechanisms for implementing new measurements on the basis of new 
scientific challenges or discoveries. 

These lead times are incompatible with the short life cycles of 2-3 years inherent to 
research projects. 

An important argument for continuing longterm observations is the influence of climate variability on 
atmospheric composition change. It is well known from climate research that the full value of 
observational data only shows up after climatological periods of about 30 years. Such periods cannot 
be covered reliably with research projects. Another aspect is the provision of reliable and 
representative information on global change for future generations. An example are the ozone 
measurements made from 1877 to 1911 at the Montsouris Observatory in Paris, which were used 
much later to demonstrate the increase of tropospheric ozone in the 19th century (Volz and Kley, 
Nature, 1988), a finding that triggered substantial research on photochemical air pollution in Europe. 
Because the Montsouris measurements had been terminated, it was not possible, however, to 
identify the onset of the ozone increase, which would have provided much better information on 
the possible causes. 

Volz, A., and D. Kley, Evaluation of the Montsouris Series of Ozone Measurements Made in the Nineteenth 
Century, Nature, 332, 240-242, 1988. 

3. Science case (scientific justification, including new areas to be opened) 

 
What is the relevance ofthe new RI with respect to improved technological performance and benefits 
for the scientific community? Give some indications on the research programme(s) it will support and 
how such project will enable new opportunities for the scientific fields and decisive progress for 
science? Precise how it will be a major infrastructure for that particular scientific community and will 
offer multi-user access? etc. 

Global climate change represents arguably the most serious environmental issue facing mankind 
today, with implications for global political stability and the global economy. Reliable predictions 
of the future climate using climate models are a central and fundamental requirement for 
determining future mitigation strategies. IAGOS-ERI will provide technological advances that are 
essential for atmospheric observations in currently observation-sparse regions of the atmosphere, 
allowing: 

• Validation of fundamental physical, radiative and chemical processes which are incorporated into 
climate models (transport, cloud processes, chemical processes) 

• Validation of trends in order to validate longterm behaviour of climate models  (structure, composition) 
• Validation of other methods used for the measurement of atmospheric structure and the detection of 

trends (e.g., satellite instruments) 
• Trend attribution (e.g., the impact of aviation on the climate system) on both global and regional/local 

scales 
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The scientific need for and value of representative in-situ observations of the type proposed 
within this RI has been expressed in clear terms in assessments by the IPCC and other panels 
(GMES, IGACO, EUROTRAC). 

Uncertainties in the global climate change system 
According to IPCC and other international assessments by WMO/UNEP, IGAC, SPARC and 
EUROTRAC, the largest uncertainties in assessing climate change and air quality persist in: 

• The influence of water vapour, aerosol and clouds on climate, in particular in the UT. 

• The unexplained apparent increase of H2O in the UTLS. 

• The indirect effect of aerosol on climate via cloud formation. 
• The influence of ozone and aerosol transported over long distances on regional air quality and 

climate. 

• Climate-induced changes in the exchange between stratosphere and troposphere influencing 
the budgets of O3 and H2O with important feedbacks on air quality and climate. 

• Possible changes in the oxidising efficiency of the atmosphere with consequences for the 
budgets of GHGs as well as CFC-substitutes involved in stratospheric ozone depletion. 

• Feedback processes that control the atmosphere's carbon balance, such aspotentially 
increased uptake by vegetation under elevated CO2 levels.  

IPCC (2001) has emphasised the large uncertainties in the contributions of aerosol and clouds that 
prevent an accurate prediction of future climate change and its causes (Figure 3.1) and has specifically 
expressed the need for continuation and extension of current measurement programmes.

 

 

 

 

Fig.3.1.:Global mean radiative forcing of the climate system by CO2, other GHGs, and aerosol (for 2000 
relative to 1875; IPCC, 2001). The level of scientific understanding is noted below the abscissa 
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The benefits of routine aircraft measurements 
The particular value of routine measurements from commercial aircraft is that they provide 
fundamentally calibrated longterm observations of critical chemical species, aerosols and clouds in 
the upper troposphere and lower stratosphere, a region which is critical for climate change and 
which is otherwise data-sparse. As demonstrated by MOZAIC, the use of commercial aircraft 
allows the collection of highly relevant observations on a scale and in numbers impossible to 
achieve using research aircraft, and where other measurement methods (e.g., satellites) have 
technical limitations. 

The importance of routine aircraft observations has been explicitely acknowledged by several 
international assessments:. 

 
GMES (Global Monitoring for Environment and Security): In its synthesis report (Braathen 
et al., 2004), the GMES initiative of the EC and ESA has defined the need for improved earth 
observation systems with a longterm perspective beyond 2008. These recommendations specifically 
include the extension of existing regular aircraft measurements. 
IGOS (Integrated Global Observing Strategy): Following an initiative of WMO and ESA, the 
Integrated Global Atmospheric Chemistry Observations Theme (IGACO) was proposed to and 
adopted by IGOS-P. 
The IGACO report specifically recommends the continuation and extension of routine aircraft 
measurements as an essential complement to groundbased and satellite observations: IGACO 
recommendation SR5: Develop a sustainable routine aircraft measurement programme based on 
the considerable experience obtained in ongoing projects. 
Most of the existing aircraft programmes are operated as short term research projects and have no 
secure future. In order to develop the required capacity for a global routine aircraft programme it is 
necessary to significantly expand the fleet of aircraft to provide a global coverage, in particular for 
the Pacific and Southern Hemisphere. This requires the development and the certification of smaller 
instrumentation packages under aeronautic rules both for implementation on civil aircraft and for 
the maintenance in an operational system. The current suite of measurements should be extended 
as much as possible, in particularly for NOx (NO and NO2), aerosol and H2O in the lower 
stratosphere. 
IAGOS-ERI will serve to implement the aircraft component of IGACO. The proposed measurements 
match closely the priorities defined in the IGACO report, as is shown in Table 3.1, from the IGACO 
report. 
 
Table 3.1: The four key areas defined by IGACO (air quality, oxidation efficiency, climate, and 
ozone depletion) with the different parameters that need to be measured on a global scale (from 
IGACO theme report). The last column was added to show the parameters measured by IAGOS. 
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The Integrated Global Carbon Observations Theme, also adopted by IGOS-P, seeks to 
"provide the long-term observations required to improve understanding of the present state 
and future behaviour of the global carbon cycle, particularly the factors that control the global 
atmospheric CO2 level". The IGCO report recommends "atmospheric CO2 concentration 
measured from in situ networks, including airborne" as core observations. Further, routine 
airborne CO2 profile measurements are essential for validation of satellite data of atmospheric CO2 
columns and possibly vertical profiles obtained particularly from OCO, AIRS, SCIAMACHY and IASI. 
Technical innovations proposed within IAGOS-ERI 
Besides providing improved technology for sustainable operation and improved global 
covarage, IAGOS develops new instruments for regular high quality measurements of CO2, 
NOx, stratospheric H2O, aerosol and cloud particles from passenger aircraft. 
Regular vertical profiles of CO2 will provide a unique set of information for the validation of regional 
and global carbon cycle models used for the verification of CO2 emissions and Kyoto monitoring. 
The new sensors developed in IAGOS will provide direct and representative information on the 
global distribution of H2O and its trends in the lower stratosphere.. 
A new and critical area that IAGOS will contribute to and enhance EU activity in is 
providing information for understanding the radiative forcing role of aerosols on regional scales. 
Previous climate change research programmes have focussed almost exclusively on the globally 
averaged radiative forcing of GHGs such as CO2. 
Recent work based on satellite-based measurements (Bellouin et al., 2005) showed a strong 
regional variation in the radiative forcing of aerosols and highlighted the large uncertainties 
in the aerosol properties contained in global models. It was suggested that present-day models 
underestimate climate forcing from aerosols, implying future atmospheric warming may be greater 
than is presently predicted. 
It is within this research context that IAGOS-ERI will seek to improve the 3D spatial 
information on regional and global properties of aerosols,  linking with national and 
international research programmes (e.g., UK Clouds, Water Vapour & Climate, Aerosol thematic 
programme AIMS, instrumentation & technology programmes for climate research COSMAS-
CAMP) and providing integration between technology development and climate research 
communities. 
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Regular vertical profiles of CO, NOx, aerosol and O3 will benefit users engaged in forecasting 
urban and regional air quality and will help to better understand the regional contributions to global 
air pollution and radiative forcing. A significant fraction of the anthropogenic enhancement to the 
atmospheric aerosol and GHG loading occurs in urban environments and the provision of regular 
vertical profiles of aerosols and GHGs at the point of source will improve timely information for 
short-term forecasting and will build inventories for longterm modelling studies of regional and 
global air quality. 

References: 
Bellouin, N., O. Boucher, J. Haywood and M.S. Reddy, Nature, 438, 1138-1141, 2005. 

doi: 10.1038/nature04348 IPCC, Third Assessment Report, Intergovernmental Panel on Climate 
Change, Cambridge 
University Press, Cambridge, UK, 2001. 

4. The Concept case (maturity of proposal) 
Give indications on the technical concept for the realisation ofthe newRI (or major upgrade)? e.g. 
evidence of feasibility studies, including identification of technical challenges and risks. Precise which 
are the projections about timetable and costs for construction, operating and decommissioning? etc. 

Technical concept 
The proposed RI draws on the experience gained in MOZAIC (Measurement of OZone and Water 
vapour by Airbus In-service airCraft), which was funded by the EC as a series of three research 
projects between 1993 and 2004. Airborne systems were developed by European research institutes 
(CNRS, FZJ) and their certification/installation was achieved in collaboration with Airbus. The 
MOZAIC systems were installed in 1994 on five Airbus A340 aircraft to measure O3 and water 
vapour (H2O) and were modified in 2001 for additional measurement of CO and NOy. From 1994 to 
now, the equipment has been operated on A340 of four European airlines (DLH, AUA, AF and 
Sabena), providing viable measurements from more than 25000 flights. 

During the ongoing IAGOS design study (2005-2008), the MOZAIC instrumentation is being 
completely redesigned for significant weight/volume reduction (>50%) and enhanced 
measurement capabilities. 

The IAGOS design study will deliver two certified instruments which will be certified and installed on a 
Lufthansa A340 for one year testing: 

- Package 1        : O3, H2O, CO, cloud, automatic data transmission 
- Package 2 a, b : NOx, NOy 

In IAGOS-ERI, Package 1 will be installed on all aircraft, with Package 2 in addition on some 
aircraft. These instruments will have the full certification for installation and operation on 
commercial Airbus aircraft. They will be realised by industrial aeronautic partners with the 
requested EASA Part 145 agreement. These partners will ensure the instruments will provide the 
requested EASA Form One for instrument re-installation after maintenance. 
The aircraft modification (structural, electrical, safety, inlet probes) will be the task of an industrial 
partner with the EASA Part 21 agreement, allowed to design and perform modifications on Airbus 
aircraft. The IAGOS DS will provide Airbus Service Bulletin for the installation of the scientific 
instruments on in-service A340-300 aircraft. It is foreseen to extend the aircraft modification and 
certification to more recent Airbus aircraft, such as the A350. 

The IAGOS DS will also deliver prototype instrumentation for aerosol (Package 2c) and CO2 
(Package 2d). The certification of these instruments will be achieved in the first 1-2 years of the new 
infrastructure. The risks are low as the procedures for certification are equivalent to those for the 
other packages in IAGOS. 

Operational Concept 
Several airlines operating longrange Airbus aircraft have already expressed their interest in 
participating in the project, i.e., Lufthansa, Iberia, South African Airways, China Airlines Taiwan. It is 
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an explicit task of the DS IAGOS to contact, with the support of Airbus, other airlines to ensure the 
forecast global coverage of the project. The required aircraft modification for installation of the 
systems will be performed during scheduled layovers of the aircraft, without immobilisation costs. 
The IAGOS DS will also provide the certified maintenance procedures to allow the airlines to perform 
the systems periodical replacements. The maintenance of the instruments will be kept as minimal as 
possible, about 6 months for Package 1 and about 2 months for Package 2 (due to the need for 
exchanging gas cylinders and more frequent laboratory checks and calibrations). The data 
transmission will allow the daily survey of the proper operation of the systems. 
The automatic data transmission, designed and tested during the IAGOS DS, will be performed in 
two steps: 

- fast transmission (~15 minutes, 10-100 kbytes): temperature, wind, O3, H2O and other suitable 
parameters for operational models,  using the existing AMDAR system, which is already installed 
on many aircraft. 

- slow transmission (on ground at the airport, 1-2 Mbytes): the whole data recorded during flight, 
with all measurements and functional parameters, using established ground communication 
networks, e.g., GPRS, WiFi. 
With the fast transmission, operational models will be able to receive the data for near realtime 
validation and assimilation. 
The project objective is to realise instruments and equip the aircraft during the first 8-9 years, as 
soon as financial budget is acquired. The aircraft will then be operated up to 20 years, with the last 10 
years period fully operational with 20 aircraft. 
The costs are summarised in Figure 4.1. Investment costs concern the manufacturing of the 
instruments by the industrial partners. Spare packages have to be provided for regular maintenance, 
repair, laboratory calibration and custom process for non-EC airlines. For 20 aircraft, the estimate is 26 
Packages 1 (20 in operation plus 6 spares), 8 Packages P2 a,b and 7 Packages P2c and P2d. The 
manufacturing will proceed during the first 8 years of the programme, as required for installation on 
new aircraft. 
The installation costs cover the installation kit production, the industrial paper work, the time for 
installation, the functional test procedure and the airworthiness certificate after installation. 
The transportation costs, evaluated in the IAGOS DS, cover the direct airline costs for the system 
weight (100 kg for P1 plus P2). This includes the additional fuel consumption and a potential freight 
loss due to aircraft maximum take-off weight. 
In addition to the scientific institutes' costs for operating the instruments, the maintenance costs also 
concern the airline costs for the periodic systems replacement, the industrial costs for equipment 
maintenance/repair/calibration, the transport and customs. 
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Technical challenges and risk 
As this project builds on a suite of European programmes which have proven their 
efficiency, the technical and industrial risk is estimated to be low : 

1. The scientific partners  CNRS  and  FZJ  have  12 years experience  in  operating 
instruments on commercial aircraft. The operation of O3/CO/H20 devices and a NOy device have 
proven their continuous operation capability for 6-12-month and 6-week periods,  
respectively. 

2. The scientific partners and Airbus have a 12 years experience in relations with airlines for 
operation of scientific instruments. 

3. The technical concept has been  realised together with  industrial  partners (e.g., 
AIRBUS, EADS, Lufthansa Technik) 

4. Meteo-France has the required expertise in data processing and transmission for 
operational applications related to weather forecasting and security 

5. There is no need for the construction of buildings.  Investments concern only the 
instrumentation for the aircraft (minimum is 10 aircraft with package1, plus one option of 
package 2 (2 NOx, 2 NOy, 3-4 CO2, 3-4 aerosol) 

6. The logistics of operation have been extensively studied during MOZAIC and are being 
further developed in the DS IAGOS. A study performed by AIRBUS concluded that there was 
no interference of MOZAIC with airline operations. 

7. Aeronautical certification for aircraft installation (STC) and for packages 1 and 2a,b will be 
achieved in IAGOS by 2006. Certification of the other instruments (package 2c,d) can be 
obtained in relatively short time, based on the technical definitions for the other 
packages. 

5. Further information, including strategic importance to ERA 
Identify howthis initiative will help to reduce fragmentation ofefforts in Europe? Howit will 
increase attractiveness and efficiency ofERA? What is its pan-European interest? What is its 
relevance to other existing and developing international facilities? 

How will IAGOS-ERI help to reduce fragmentaion of efforts in Europe? 
1. By providing a sustainable future for MOZAIC: 

The MOZAIC contract had foreseen that the equipment was removed from the airplanes after 
termination of the project in 2004. Because of the success of the DS IAGOS and the vision of a 
European infrastructure, it was possible to convince the airlines to sign a new mwemorandum of 
understanding for continuation of the MOZAIC measurements until 2007. At the same time, the 
scientific institutions responsible for the instrument operation and database agreed to continue 
the measurements for a limited time with limited funds. After 12 years of operation, the MOZAIC 
aircraft are now starting to being replaced and sold to smaller airlines. Examples are the 
recent transfer of the Austrian A340 to the French army and the transfer of the former Sabena 
A340 to Air Namibia. It is thus clear, that the MOZAIC measurements cannot be continued 
beyond 2007, because the original MOZAIC certification holds exactly for the 5 MOZAIC 
aircraft, so that the MOZAIC equipment cannot be transferred to other aircraft and there is no 
certified procedure for maintenance. 

2. By providing the structure for integrating other projects using passenger aircraft: 

In addition to MOZAIC, there have been several attempts at utilising passenger aircraft for 
monitoring atmospheric composition (for details see IGACO report). These include 

GASP, a NASA air sampling programme in the seventies (terminated) 

NOXAR, measurements of O3 and NOx aboard one aircraft operated between 1995 and 1997 
(terminated with intentions to reactivate) 

CARIBIC, monthly flights of a cargo container with multi-species instrumentation on a DLH A340-
600 (ongoing, but greatly constrained by the lack of funding) 
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JAL, a sampling programme for CO2, CH4, and other GHGs flown by JAL since 1993 between 
Australia and Japan (ongoing, including in situ CO2 measurements) 

IAGOS-ERI will open up great opportunities for the integration of other European commercial 
aircraft projects , such as CARIBIC and NOXAR, by providing the organisational structures and 
database facilities. The principal scientists of these projects are already actively involved in the 
advisory committee for the IAGOS-DS. 

At the international level, a very close cooperation is foreseen with the Japanese activities in the 
framework of the IGACO implementation. 

How will IAGOS-ERI increase the attractiveness of ERA and what is the pan-European 
interest? 
The new RI will provide a pan-European structure for integration of programmes for development of 
sustainable climate change observation technologies and climate change programmes. This will 
enhance the European profile in international climate change policy development by provision of a high 
quality global data product. It will initiate and further strengthen research at universities and EU 
national laboratories, steer climate partnership development, partnerships in applied research through 
commercial routes by developing improved technology and accepted standards for measuring and 
monitoring gross and net greenhouse gas emissions and underpin new climate change model 
developments at national, EU and international levels. 

The MOZAIC data base is already accessed by more than 50 research groups worldwide working in 
atmospheric chemistry and climate change. These include several FP6 IPs in the domain of 
environment and climatic change, i.e., SCOUT (Stratosphere-Climate Links With Emphasis On The 
UTLS), GEMS (Global and regional Earth-system Monitoring using Satellite and in-situ data), and 
QUANTIFY (Quantifying the Climate Impact of Global and European Transport Systems). 

Because of their high space and time resolution, high accuracy, and coverage, the data are 
important for the validation of atmospheric models that constitute the backbones of the projects on 
environmental and climatic change. 

The data are also requested by science teams validating new satellite products related to tropospheric 
chemistry. Examples are the CO measurements by MOPITT on TERRA, Aqua (measurements of 
water vapour and ozone with the high resolution spectrometer AIRS), and Aura (atmospheric 
chemistry). In Europe, space missions ENVISAT (ESA) and Metop (EUMETSAT) and the preparation of 
a space-borne survey of Air Quality need the climatologies that are built from aircraft observations. 

Finally, IAGOS will design the near realtime delivery of measurements to National Weather 
Services and the European Centre for Medium Range Weather Forecasting that has taken the lead of 
the Integrated project GEMS. Within the European Initiative "Global Monitoring for Environment and 
Security", one of the objectives of GEMS is to prepare tools for operational chemical weather 
prediction. During the last decade, a large effort has been done in Europe to develop data 
assimilation techniques for the benefit of atmospheric chemistry and air quality, using methods 
initially used in numerical weather prediction to optimise the initial state of the weather prediction 
simulations. The recommendations of the GMES initiative of the EC and ESA specifically include the 
extension of regular aircraft measurements (Braathen et al., 2004). 

The new infrastructure will integrate the user communities and their needs in order to create a 
sustainable longterm monitoring system for the global environment, including the access of new users 
from new member states by participation in the technological developments and structures. IAGOS 
opens a new vision for routine monitoring of the atmosphere, where atmospheric observation 
systems, built and certified by aeronautical manufacturers, can be installed on a range of aircraft 
models. Such a system would ensure the largest degree of flexibility and would help even developing 
countries to install aircraft-based observations at moderate cost. Quality assurance would be linked 
into the QA/QC-programmes of, for example, WMO-GAW. IAGOS-ERI will thus enable Europe to 
capitalise on 10 years of investment in MOZAIC leading to a new generation global in situ aircraft 
observation system. 
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6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on 
human capacity and training? 
IPCC (2001) and other assessments have specifically expressed the need for continuation and 
extension of current measurement programmes. Longterm monitoring records of ozone and key 
species involved in ozone chemistry, CO2, water vapour and other GHGs are required for the 
evaluation of international protocols and mitigation agreements. 

The largest uncertainties in predicting future global climate are still related to the imprecisely 
known impact of airborne particles and clouds on the global radiation budget (IPCC, 2001). These 
uncertainties also have important consequences for the construction of mitigation options, in 
particular for air transportation, and the efficacy of market-based instruments intended to allay global 
warming, such as emission trading, currently based upon CO2 emissions only, but where in future 
including a factor to account for the climate forcing by other emissions may be envisaged. By 
providing the necessary data from the very region where aircraft emissions are occurring, it is hoped 
that the new RI will help to decrease this uncertainty by the required factor of two and will thus 
provide large benefits to governments, policymakers and planners, as well as to European airlines and 
aviation industry. 

Advantage for Europe 
In the priority area of climate change, IAGOS-ERI will provide a one-stop address for high quality in 
situ data on global atmospheric composition, data that will significantly strengthen the European 
position in international conventions on climate, the longrange transport of air pollution and regional 
air quality. It will provide firsthand information for European scientists and other stakeholders on the 
development of air pollution monitoring worldwide. 

IAGOS-ERI will improve the monitoring of greenhouse and reactive gases and make progress 
towards delivering Member States' commitments made under the Internal Burden Sharing 
Agreement [Art 5.2 (c)]. IAGOS-ERI will contribute to the improvement of the regional climate models 
to be used for the climate change assessments requested in [Art 5.3] 

In the priority area of environment and health and quality of life, IAGOS-ERI activity in monitoring 
regional air quality, and contributing to the assessing the regional effects of global changes, will play 
a key role in achieving levels of air quality that do not give rise to significant negative impacts on and 
risks to human health and the environment [EAP Art 7.1]. 

In the area of sustainable use of natural resources, IAGOS-ERI will provide data for consistent 
assessments of current status, as well as forecasts, of atmospheric chemistry and atmospheric 
dynamics. These will be of value for studies of crop health and for management of sustainable 
agriculture and forestry. 

Added value in carrying out the work at an international level 

IAGOS-ERI will help to structure and improve the exploitation of passenger aircraft observations for 
operational and research applications by providing the necessary guidance and training for new 
research institutes and new airlines. 

Benefits for training 

IAGOS-ERI will provide opportunities for advanced on-the-job training at the doctoral and post-
doctoral level, across a wide range of disciplines in Earth system science, e.g., atmospheric 
dynamics and chemistry, climatology, trend determination, model and satellite validation. 

7. Participating organisations / support from Member states 
Which are relevant parties already involved, both from scientific and user side? 
Are there already commitments from Member States eventually ready to fund the initiative? 

There are currently 8 partners involved in IAGOS and committed to actively support the new RI 
from institutional ressources. These comittments include personnel on the order of 20 person years per 
year and the required office and laboratory space. 

The total committed ressources amount to > 3 MEuro/yr and cover more than 50% of the total annual 
costs indicated in Figure 4.1. 
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It is envisaged that, once the initiative for the new infrastructure has been accepted, a substantial 
fraction of the remaining costs can be acquired through additional institutional funding, for example 
from the Helmholtz Association, who has a mandate for infrastructural efforts in support of the 
wider scientific community, and from regional programmes (e.g., Pole of Competetivness 
Aerospace Valley in the Midi-Pyrénées Region). 

Further possible contributions have been indicated for a successful initiative of IAGOS-ERI from 
national programmes (e.g., INSU-CNRS, NERC). 

Once the observing system is operational, it can be envisaged to acquire financial support from the 
user community, in particular those participating in the realtime data. 

As stated before, the financial risk is rather small because the cost are en large proportional to 
the number of aircraft equipped and operated and to the time over which the operation is sustained. 

Users 
Near realtime products will be disseminated through the meteorological Global Transmission 
System and accessed by national weather services and ECMWF and transmitted to environmental 
agencies for their contribution to the GMES initiative. 

Users of the products of the IAGOS-ERI data base will be research centres active in atmospheric 
environment and climate change, and integrated projects at the European level. The 
implementation of IAGOS-ERI into IGACO will feed the Global Atmospheric Watch of WMO. 
International space agencies launching design and validation studies for chemistry instruments will 
also require access to the data base. 

More than 20 world leading scientists and institutions engaged in air quality and climate research and 
in the theoretical modelling of the atmosphere and the climate system (e.g., WMO, SPARC, ECMWF, 
NOAA, NCAR, KNMI, MPI, DLR, CNRS, JRC-ISPRA, Meteo-France, IGACO, Environment Canada, ETH-
Zürich, Harvard University) have expressed the need for the quality and type of information gained 
in MOZAIC to be continued with expanded geographical coverage and extended with respect to 
measured properties. These institutions are already users of MOZAIC data or have expressed their 
interest in using the data products provided by IAGOS-ERI. 
The corresponding letters are available at http://www.fz-juelich.de/icg/icg-ii/iagos/supporting letters/ 

 

10. Budgetary information 
The estimated budget for establishing and operating the new RI is depicted in Fig. 10.1. Because 
of its nature, the need for investment is rather modest and concerns mainly the special 
instrumentation to be installed on the different aircraft and the cost for aircraft modification (for 
details see sections 4 and 5). The total cost of these investments scales rather closely with the 
number of aircraft to be operated. After the initial period, some cost for aircraft modification remain, 
as it is envisaged that after the initial period one aircraft will have to be replaced per year, on 
average. 

 
Fig. 10.1: Evolution of accumulated annual cost of IAGOS-ERI. 
 

The operational cost scale with the number of aircraft equipped. Major costs are due to (c.f. Fig. 
4.1): 
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•   Transportation cost, which are estimated on the basis on the additional fuel cost incurring to the 
airlines from the equipment. •    Maintenance costs for the instrumentation, including quality 
assurance, which are based on the experience gained in MOZAIC. •    Costs for data analysis, data 
handling and data storage, including cost for data provision to users. 
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Preparatory cost 
(total in M€) 
 
5-7 M€ total 
The largest part is 

Construction cost 
(total in M€) 
 
14 M€ total for 
Instrumentation of 20 

Operation cost (total) 
 
 
See fig.4.1 and 10.1 
5.8 M€/yr at full 
operationality 

Decomissioning cost 
(total in M€) 
 
0.4. M€ for removal of 
the instrumentation 

Already covered by the 
IAGOS-DS 

Aircraft during the first 9 
years (see blue part in 
fig.4.1) 

For maintenance, 
organisation, data 
handling/archiving, 
and transportation) 
50 M€ over 10 yrs 
100 M€ over 20 yrs 

From all aircraft 
(20 K€ per ac) 

(of which likely to be 
obtained by possible 
stakeholders) 
 
50% by partners, 40% 
through EC funding of 
IAGOS DS 

(of which likely to be 
obtained by possible 
stakeholders) 
 
50% by institutional & 
national funding 

(of which likely to be 
obtained by possible 
stakeholders) 
 
Ca. 4 M€/yr to be 
obtained by 
institutional funding 
of partners 

(of which likely to be 
obtained by possible 
stakeholders) 100% 
by partners 

 

11. Timetable until operation 

The preparatory phase for the new inrastructure is covered by the ongoing design study IAGOS (15.4.2005 
- 14.4.2008). Thereafter, operation can start immediately with package 1 and package 2a,b, which will 
receive their aeronautic certification in the IAGOS DS. The newly developed CO2 and aerosol equipment will 
be added with a delay of 1-2 years for certification. The estimated increase in number of aircraft is depicted 
in figure 10.1. Operation is envisaged to continue at least for 10 years and hopefully for > 20 years. Decom 
issioning requires only very modest efforts, as the certification documentation contains already the provision 
for deinstallation . 

Preparatory Phase Construction Phase Operation Decommisioning 

IAGOS DS 2005-
2008 

2008-2012 2008-2027 2028 
and continuously, as 
aircraft become too 
old or airlines 
terminate their 
contribution to the 
RI (estimate: 1/yr) 

12. Contact 
Give the reference ofthe coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 

Dr. Andreas Volz-Thomas 
Institut für Chemie und Dynamik der Geosphäre 
Forschungszentrum Jülich 
D-52425 Jülich 
a.volz-thomas@fz-juelich.de 
www.fz-juelich.de 
Tel: +49-2461-616730 
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IAGOS:       http://www.fz-juelich.de/icg/icg-ii/iagos 
MOZAIC:    http://www.aero.obs-mip.fr/mozaic 
IGOS:         http://ioc.unesco.org/igospartners/docsTHEM.htm 
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4.2 HPC: High Power Computing-Data Treatment  

(Chair: Heikki Mannila) 

4.2.1   General remarks  

Computation is one of the key aspects in most areas of science. The dramatic growth in the available 
processing power, memory, and data transmission capabilities has revolutionized many aspects of science. 
At the same time, improvements in measurement technology have made it possible to gather vast 
collections of scientifically interesting data.  

“Moore’s law”, the empirical statement indicating that the number of components in an integrated circuit 
doubles every 18 months, is assumed to hold for the next 10—15 years. This means that we can expect 
further increases in the use of micro processor devices, which could have impact in the computational 
power availability, perhaps of orders of magnitude. 

The area of computation in science spans not only traditional scientific computing (large simulations to 
address “grand challenges”, solving partial-differential equations etc.), but also a much larger field of 
issues. In the context of research infrastructures one can name for example the following important issues: 
the provision of capability computing and throughput computing capacity; grid architectures and other 
ways of interconnecting computing platforms; software for performing the computation; and data 
management and curation techniques for handling vast masses of data.  

The single over-riding theme in the context of research infrastructures is to improve the access to 
computation and data storage across the full range of scientific research, and to decrease the effort 
needed for building the software and for curation of the data. This requires both integrated provision of 
resources, improved networking, sharing of software efforts, and lowering of barriers between units 
participating in the development of scientific computing. 

Capability computing and throughput computing are terms describing different approaches to providing 
large computational power for applications. Capability computing, in this context, refers to provision of 
large low latency machines capable of tackling grand challenge scale closely coupled problems which can 
not be tackled in any other way. Such problems are central to progress across a wide range of scientific 
fields from traditional science and engineering domains to such key areas as the future of the environment, 
national security, public health, and economic innovation.  

Throughput computing refers to provision of large numbers of more loosely coupled processors, typically 
built from commodity systems. High throughput systems provide both bulk processing capabilities for 
general research computing and are well matched to large scale problems that can be broken down into 
relatively independent parallel calculations, such as ensemble modelling or Monte Carlo Simulations.  

Capability computers have a much higher price/performance ratio than loosely coupled throughput 
computers, but are necessary to address a number of grand challenges which cannot be dealt with by 
loosely coupled computing units. Proposals for investments in such systems must therefore address two 
important issues: 

The first issue is whether the scientific cases used to motivate the investment be addressed using cheaper 
throughput systems together with alternative software solutions or algorithmic approaches. There are even 
cases when development of algorithms has turned seemingly tightly coupled applications into applications 
that scale well on standard interconnects and even turning some applications into throughput problems. An 
interesting examples is the case of ensemble computations in, e.g., weather forecasting, which has partly 
turned the problem into a mix of throughput and capability needs, perhaps most cost efficiently supported 
on several independent or clustered medium sized capability systems.    

Second, an expensive large scale capability system is only motivated if each of the various applications 
which will run on it uses a large fraction of the system at a given time. Therefore, the mechanisms put in 
place to select the applications will be an important component of any capability system. This becomes 
particularly relevant for general purpose systems covering a wide range of scientific fields. Thus, allocation 
of computer time must be viewed as a “valuable research grant”. Some capability computers have indeed 
sometime seen fragmented use due to over allocations to “small scale” users, effectively eliminating the 
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large scale aspect of the systems. Without an effective selection mechanism for applications, combined 
with effective and efficient technical support for large scale application developments, it would be more 
cost effective to invest in several smaller clustered capability systems. 

Grid architectures aim at connecting large numbers of spatially distributed computers together for solving 
challenging computational tasks. There is currently an unfortunate association between Grid computing 
and throughput computing. It would be healthy to see the Grid being also considered as a preferred access 
layer to a fabric of resources containing both throughput and capability resources.  

Software is the key for computation: without software computers are useless. In scientific computing the 
software has to encode mathematical or physical models of the phenomena, simulation details, 
randomization techniques etc. While the software requirements of different research areas differ, there are 
strong commonalities between different fields.  

Data management and curation is becoming more and more important. While data quality has always been 
a key issue in scientific research, the new measurement methods have increased the amount of data in 
many areas by orders of magnitude. This makes data management much more difficult, and curation of 
the data by humans becomes impossible. Combining data from different sources and measurements is 
crucial in many areas of, e.g., environmental and medical research, posing difficult issues of data 
integration.  

4.2.2   Computing and research infrastructures 

For the European research community the need of adequate computational possibilities is crucial for 
productive high-quality research. As described above, scientific computing and computing for science are 
more than just providing lots of processing power: issues of interconnectivity, software, and data 
management have to be taken into account in the development of research funding. 

For the ESFRI level of large research infrastructures in the area of computing, the key issues are how the 
European, regional and national levels of computing infrastructures are going to be linked together in an 
efficient way. 

The following statements have to be carefully considered in the exploitation of a large research 
infrastructure for European HPC service provision: 

1. What mechanisms will be provided for (trans-national) access to the infrastructure? European 
infrastructures should provide and promote appropriate access to European researchers at large. 

2. What is the organisational structure of the Infrastructure and how will it develop in the future? 
However any infrastructure project is initially formed, it should be open, through appropriate 
mechanisms, to new partners.  This should include provision for inclusion of new partner 
organisations/countries that, for whatever reason, were unable to contribute initially, but seek to 
contribute directly at a later date. 

3. How will the new research infrastructure integrate effectively with existing and future national and 
regional initiatives? The provision of any large scale pan-European Infrastructure should not lead to 
the incidental demise of national or regional components. E.g., the provision of a European 
Capability HPC service must integrate effectively with mid range systems across Europe and not 
simply reply these or we risk too large a gap between available mid range systems and the largest 
European system. This will tend to increase the barriers to new high end applications rather than 
lower them.  

4. And, last but not least, what are the ambitions of Europe as far as addressing the grand challenges 
which are under very active study by other major countries like, e.g., USA and Japan?  

Brief comments on the proposals to the CDT group follow. 

4.2.3   General 

Many of the proposals the CDT group reviewed were at the very early stages of development, mostly 
descriptions of needs rather than detailed plans. A consequence of the brevity of the proposals is that with 
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few exceptions the proposals fail to make the connection between the scientific cases and the 
computational needs of the support sciences cases.  

The proposals can be divided into two groups: 

High performance computing - oriented: 
European Computer Center 
European HPC Initiative 
European Science Grid 
DEISA 
Computer Centers for Capability Computing in Europe (C4E) 
The supercomputer for Earth System Research and Climate Prediction (EVE) 

Global data management and curation oriented: 
Making Software Survive 
Data analysis methods for the sciences (DATS) 
Virtual Observatory 
Bioinformatics infrastructure for Europe 

4.2.4   Formal proposals presented to ESFRI 
In this section we briefly describe the views of the group for the proposals that had come to the group 
through the official ESFRI process. 

Making Software Survive 
This proposal is not really a proposal for a major research infrastructure, and hence there is no need to 
consider it further. However, the proposal raises an important issue on software quality that arises also in 
some other proposals. The issue of software as a part of the infrastructure is very important. As we are 
moving towards provision of computational and discipline specific services the software becomes a layer in 
the infrastructure indistinguishable from the hardware from the users perspective.  

European Computer Center (ECC) 
The proposal is about the need for high performance computing on a European scale; it describes the need 
for one. Similar themes occur also in other proposals. Detailed comments are given in the context of other 
proposals. 

European HPC Initiative (formerly “European High End Computer Simulation Service – 
EHECSS”) 
This is a fairly well-developed proposal in the area of high performance computing. The initiative has been 
launched by four member states with the support of two other ones, the former being presently in the 
finalizing phase of the scientific case. The proposal is aimed at capability computing for a few ‘grand 
challenges’ computational problems. 

The group finds that the area presented in this, and other proposals also related to high-performance 
computing, is very important.  

European Science Grid 
The proposal describes an intermediate stage in the development of e-IRG roadmap. In the view of the 
CDT group, the document has been superseded by newer e-IRG whitepapers and roadmaps.  
(see also EGO www)DEISA 
DEISA is an European project currently under way (scheduled for 2005-2008), with a budget of 24.2 Million 
Euro with an EC contribution of roughly 14 Million Euro. The purpose of this FP6 funded research 
infrastructure is to enable scientific discovery across a broad spectrum of science and technology, by 
enhancing and reinforcing European capabilities in the area of high performance computing. This becomes 
possible through a deep integration of existing national high-end platforms, tightly coupled by a dedicated 
network and supported by innovative system and grid software.  

It is not clear how much of the new research infrastructure component there is in the current DEISA 
proposal. The CDT group finds that a DEISA-like architecture is an important component in the future HPC 
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infrastructure in Europe providing a framework for the integration of European, National and Regional HPC 
systems to support grand challenge style computing applications (see above). In future this infrastructure 
should be better integrated with similar current initiatives in grid computing (EGEE) and data management 
to provide a coherent infrastructure for European researchers. 

4.2.5   Informal proposals in the ESFRI pipeline 

Data analysis methods for the sciences (DATS) 
The proposal describes the need for support in the development of data management and analysis tools 
for scientific data processing. The CDT group underlies the importance of data management and analysis, 
and stresses the importance of developing these areas in the context of scientific computing. The DATS 
proposal is an embryonic form, describing themes that occur also in several other proposals. The specific 
type of infrastructure is not very clearly described in the proposal. 

Computer Centers for Capability Computing in Europe (C4E) 
This proposal describes the need for high performance computing, highlighted also in the proposals 
“European HPC Initiative” and “European Computer Centre”; the group considered it together with these 
two. 

4.2.6   Proposals from other expert groups 

The Virtual observatory (OV) 
The proposal describes an infrastructure for data management and analysis to be used in astronomy. It is 
more a description of the need than a full-fledged project proposal. The CDT group considers in general 
the theme of producing, managing, and analyzing large data sets to be important.  

The supercomputer for Earth System Research and Climate Prediction (EVE) 
From the viewpoint of the CDT group this proposal is the description of one of the challenge problems in 
the “European HPC Initiative”. An important policy issue is whether specific applications need their own 
facilities or whether a general purpose installation will be more cost effective. For the environmental 
monitoring expert group it is of course important to check that such suggested initiatives satisfy their 
needs.  

Bioinformatics infrastructure for Europe 
Bioinformatics is an area where the role of software, data management, and data analysis are clearly 
central, and where the needs are growing rapidly. The proposal has very interesting themes and the group 
in general looks at this favourably. The relationship with the existing EBI infrastructure is not obvious from 
the material available to the group. 

4.2.7   Proposals for the Roadmap 

The CDT group recommends the following two entries for the roadmap. 

I. European High-Performance Computing Service  
The group finds that the development of European scientific computing and computing for science needs 
to answer the needs of facilities for European level computing, both for capability and throughput 
computing. Additionally, mechanisms for resource allocation on these systems and sufficient grid 
infrastructure as an access layer for all resources are needed. Obviously, the users should get high-quality 
software support at the centers.  

Such a research infrastructure should probably a combination of centralized, distributed, and networked 
aspects. A pyramid-like organization starting from a few very high-end centres and going down to smaller 
units seems a good organization, striking the balance between different levels and types of use.  Another 
crucial issue is the role of disciplinary vs. general purpose systems.  Exact decisions between the different 
choices are beyond the scope of the work of the CDT group, but the group stresses the following.  

(i) Such an infrastructure represents a long-standing effort, which cannot be simply addressed by providing 
a single equipment decided once for all. 
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(ii) Distributed infrastructure, even of the capability type, has the advantage of remaining open to progress 
in computer architectures and not being closed to innovation. 

This service or collection of services should thus contain both capability and throughput resources. In fact 
an investment in throughput resources would help in rendering investments in capability more effective, 
making sure that capability computing is allocated to the few leading edge applications that really need it. 
The science cases that these users represent have to be carefully assessed for deciding the type of 
investments they deserve.  

The decision between distributed versus centralized computing resources is a difficult issue. There are very 
good reasons for having both models. Good access and integration into the wider IT infrastructure will be 
critical in both cases. 

II. Research infrastructure for data management, curation and analysis in the sciences 
Software and data management costs are a major part in scientific data processing.  Commercial software 
is able to handle only parts of the needs of different sciences. While the needs of different areas are 
different, there still are large commonalities between areas. Areas such as building data repositories, data 
transformations, fitting complex models in large-dimensional data sets in a robust way, visualizing complex 
phenomena etc. are difficult yet crucial in many scientific fields, and they require lots of effort. Currently, 
different research areas are typically building the software from scratch, without using the existing results 
produced in other areas.  

The group finds that a European networked infrastructure devoted to the development of scientific 
software would be useful. It would decrease the amount of duplicate work, foster faster distribution of 
novel data management and analysis tools and techniques, and improve the quality of software.  

Such an infrastructure could be based on interconnected nodes working in connection with existing 
research centres in various areas. The nodes would have as one task the development of software for their 
area, while maintaining solid cooperation with the other nodes in sharing and distributing the components 
that have multiple uses and users. Some of the nodes could also be connected with the development of 
specialized data repositories.  

This is still an emerging idea, but one which resonates with themes in a number of the outline proposals 
submitted to the Group. 

4.3   List of Annexes 
HPC ANNEX 1: Template EU HPC 
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HPC Annex 1 
 
1. Name and descriptive title 
 
European High-Performance Computing Service (EU HPC) 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
A collection of 1—4 centers of high-performance computing and associated smaller centers for scientific 
computing. 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for the 
scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how 
it will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
 
Computation is one of the key aspects in most areas of science. The dramatic growth in the available 
processing power, memory, and data transmission capabilities has revolutionized many aspects of science. 
In many application areas computation is the essential method for achieving good results.  Examples are 
climate studies, other environmental research, nanotechnology, computational chemistry, high-energy 
physics, etc.   The European research community needs access to adequate computational facilities in order 
to stay at the forefront of research. 
 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
The basic concept is very mature and could be implemented very fast as soon as the decisions have been 
made. (There are several competing approaches to building high performance computing infrastructures, but 
all of them are mature.)  
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
High-performance computing has strong strategic importance to ERA, in terms of maintaing the strategic 
competitiveness of Europe. Computing is also important in the development of industry. 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
Strong impact on researcher training. 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
Different initiatives are proceeding. 
10. Budgetary information   
Preparatory cost  
(total in M€) 
 

Construction cost (total 
in M€) 
 

Operation cost (total) 
 
 

Decommissioning cost 
(total in M€) 
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 200-400  100-200 / year 
(of which likely to be 
obtained by possible 
stakeholders) 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
2006-2007 

Construction phase 
 
2008-2010 

Operation  
 
2008-- 

Decommissioning 

12. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
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4.3 SXF: Soft X Ray Free Electron Lasers 

(Chair Lars Borjesson) 

Executive Summary 

Projects recommended for inclusion in the ESFRI roadmap at this time: 

• Consortium for IR-UV-Soft X rays Free Electron Laser  
Free electron lasers in the infrared to soft x-ray wavelength range will offer radiation in a hitherto never 
seen regime with short fs pulses, large coherence and high brilliance, which will open unique opportunities 
in several fields of science. The area is under rapid technical development. The expert group recommends 
for the ESFRI roadmap a consortium of interested parties to build a unique pan-European research facility 
that promotes complementary technical designs, coordinated sequential development, realization and use 
of FEL sources. At present (May 2006) the proposal includes projects from Germany, Italy, Sweden and 
UK, and is open to other partners. The scope is the optimal service to users, based on open-access 
policies, and the best use of national resources in an international approach. 

The scope of the expert group on soft x-ray free electron lasers has been restricted to assessment of ‘low 
energy’ FELs, defined in this case as up to 1 keV photon energy output in order to exclude hard x-ray 
devices such as the proposed XFEL in Hamburg that falls in the hard x-ray sources expert group. 

The expert group has considered the following proposals submitted to ESFRI. 

• VUV FEL (now named FLASH), Hamburg, Germany 
• FERMI, Elettra, Italy 
• BESSY FEL, Berlin, Germany 
• 4GLS, Daresbury, UK 
• MAX IV, Lund, Sweden 
• Soft X-ray FEL consortium/network 

4.3.1. Landscape 

Soft FELs will offer unique novel scientific challenges and opportunities for a wide range of scientific 
disciplines, ranging from nano-, cluster, solid state to materials sciences and plasma physics as well as 
from molecular physics, (femto-) chemistry to the life sciences. The completely new qualities of photon 
beams, unprecedented in terms of brilliance, coherence and time structure, will open for experiments in 
hitherto unexplored, never seen regimes. We can today only imagine some of these opportunities and it is 
likely that the most important uses of soft-FELs are not yet even thought about.  

Europe is world leading, a first round of successful experiments has been performed. Presently there is no 
direct competition world-wide. All the sources presently available or in advanced realization phase are 
internationally leading, and of world relevance. Europe has the unique chance for maintaining world 
leadership in a future field of highest scientifically and technologically relevance. 

The photon beams of Soft-FELs will have completely new qualities compared to those of synchrotrons at 
photon energies between 10 eV and 1 keV; peak intensities will be up to 9 orders of magnitude higher, 
average intensities up to 4 orders of magnitude, 100 % transverse coherence and partially longitudinal 
coherence, pulse lengths that are 200 - 1000 times shorter, down to a few fs. Thus, the photon beams will 
allow studies in a never seen regime.  

The active scientific community for the FELs is presently naturally quite small. This is simply due to the fact 
that there is very limited beamtime available for the next few years. It should be appreciated that the 
tremendously increased photon flux and short time properties of the FEL at short wavelengths both are far 
beyond the common experience and expertise of any existing user community as well as conventionally 
used experimental technology and, therefore, the adaptation of the present radiation users to the new 
technology will evolve in accord with its availability. Evidently, the interest to utilize FELs grows with a 
distinct increasing trend, and more and more scientists, working at different fields, have seriously started 
to consider potential experiments as well as to develop FEL-adapted, advanced and fore-front technologies. 
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The user community is expected to grow rapidly when successful experiments are accomplished and when 
sufficient beam time will be available. The potential users already have and further will evolve 
predominantly from both, the synchrotron and the laser community. Some novel emerging synchrotron 
techniques, like holographic coherent imaging or ultrafast pump-probe x-ray diffraction studies will greatly 
benefit from the enhanced beam properties while the laser community will be able to transfer a large part 
of their already existing methodology to a new energy regime. VUV-FELs will be a unique source for a large 
class of innovative experiments and will carry important pan-European strategic value.  

4.3.2   Scientific case 

INTRODUCTION 

The interaction between matter and electromagnetic radiation with the properties offered by soft X-ray 
FELs is virtually unexplored, a “terra incognita”. State of the art 3rd generation synchrotron sources will be 
surpassed in peak intensity by factors of 108-109, in average intensity and in their short-time capabilities by 
103-104 pushing experimental techniques to new frontiers and opening novel areas of research.  The 
unique opportunities are based on the following properties: 

• The high peak power at soft X-ray photon energies triggers non-linear multi-photon processes in a 
regime never explored before, unperturbed by any ponderomotive effects which scale with the square of 
the inverse frequency and, thus, tremendously complicate the understanding of such reactions using 
optical lasers. 

• The high average power enables to study, for the first time, dilute samples of paramount importance in 
atmospheric, astrophysical, environmental physics as well as in the characterization of nano-size materials. 
Moreover, it allows to access fundamental reactions governed by small cross sections. 

• The short time properties will open the door to visualize ultra-short nuclear and electronic dynamics 
such as in electronic relaxation, bond formation and breaking reactions or in conformational molecular 
changes. 

• The coherence properties will open up a new era for imaging where samples can be probed in time 
resolved single shot experiments. The coherent imaging technique has a great potential in life sciences as 
well as in environmental, materials and chemical sciences. 

Beyond the inherent value of these fields in terms of fundamental research as well as numerous 
applications, the understanding of the basic interactions between the FEL radiation with the building blocks 
of matter, atoms, ions, molecules and molecular ions reaching to small ensembles of atoms or molecules, 
the clusters, is of fundamental importance for the investigation of all more complicated interactions with 
surfaces, bulk matter in biological or environmental samples.  

The general scientific case for the soft X-ray FELs has been developing and strengthening over the last ten 
years when progressively more researchers worldwide have started to seriously exploit the full potential of 
FEL sources with practical experimental realization in mind. The various FEL facilities have been very active 
in organizing workshops bringing together scientists from diverse fields to consider how to utilize the 
unforeseen peak power and time properties. This has been an important action to also map and activate 
the potential user community. Based on these numerous workshops all FEL facilities under construction 
have put together extensive and detailed scientific case-reports which in principle cover all the relevant 
scientific disciplines. The overall scientific cases for all the facilities are quite universal although clearly 
some diversity in the suggested first-priority research programs exists.  

FEL sources can open up completely new time scales and sample classes within several research areas. 
These include femtochemistry, dynamics of magnetic nanostructures and biological systems, chemistry of 
radicals and catalysis, multipurpose ultrahigh resolution spectroscopic techniques, plasma physics and 
coherent imaging, for example. An extensive report on FEL science written by prominent scientists can be 
downloaded from the BESSY-FEL project web-pages at 
http://www.bessy.de/publicRelations/publications/files/sc.pdf. 

It is unnecessary in this report to list all the different disciplines and sub-areas which could benefit from 
the FEL sources. It is rather chosen to explain few examples in more detail which highlight the pre-
mentioned special properties of FEL radiation. The examples include (i) atomic, molecular and cluster 
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physics, (ii) plasma physics, (iii) surface and interface science, (iv) solid state and physics and materials 
science, (v) biological systems and (vi) nanoscience. 

(i) ATOMIC, MOLECULAR AND CLUSTER PHYSICS 

Atoms 
Atoms represent the fundamental entity of matter. Thus, a detailed quantitative understanding of their 
interactions with the new radiation is indispensable. Novel research areas are: 

Multiple ionization by single photons. Fully differential measurements on the interaction of a single photon 
with three up to five electrons will provide the basis for advancing ab-initio two-particle theories to the 
case of few to many correlated electrons. 

Few-photon–few-electron reactions are fundamental non-linear reactions that can be explored, for the first 
time, in non-resonant situations, essentially unperturbed by any ponderomotive forces (as present in 
optical laser fields), i.e. in a completely new regime.  

Ions 
Ions are ubiquitous in the universe, in interstellar clouds, in stellar coronae, accretion disks around black 
holes or active galactic nuclei to name only few, explored via a whole series of new space missions (SOHO, 
Chandra, XMM-Newton). Moreover, they are constituents of fusion plasmas, indispensable for their 
characterisation and reliable diagnostics.  Thus, their interaction with photons, scarcely explored so far due 
to missing flux of present synchrotrons, the lifetimes and properties of excited states are of enormous 
practical but also of fundamental importance. Among the novel areas of research opened by the FEL are 
precision (x-ray-laser) spectroscopy, differential measurement of the photo-ionization of ions, femtosecond 
lifetime measurements of excited states and the investigation of negative ions. 

Neutral molecules 
Molecular reactions, i.e. all chemistry, proceed on a time-scale of femto- to picoseconds which will become 
accessible with the FELs in the context of novel experiments, decisively extending the possibilities at 
present synchrotrons as well as in laser pump-probe experiments. Among the new opportunities are: 

Fixed-in-space and time-dependent. The development of many-particle imaging techniques made it 
possible to study photo absorption for the molecular axis being fixed with respect to the photon 
propagation direction. Starting a dissociation reaction or a rovibrational wave-packet in a pump-probe 
scenario with an optical or the FE laser and probing it with VUV radiation will allow to follow the break-up 
of single or several bonds as well as the dynamics of bound states in time, exploring the evolution of the 
nuclear wave packet, its coupling with the electronic system and the change in the electron wave function. 

Optimizing nuclear wave packets and coherent control. Recent strong laser pump-probe experiments were 
able to follow bound state and dissociating wave packets. Probing with FEL-VUV photons will be much 
cleaner and provides unique information about the initially induced wave packets as demonstrated in 
recent publications.  

Short-lived transient molecules can be produced as dilute samples using the soft X-ray FEL and can be 
probed, for the first time, in a clean way by the FEL. Such molecules are important constituents of the 
Earth’s atmosphere and, along with unsaturated hydrocarbons, play a vigorous role in both the generation 
and removal of pollutants. 

Multiple ionization and multi-photon induced reactions can be explored for the first time and their 
understanding will be of paramount importance as a basis to investigate dynamical processes in biological 
samples, solid state physics or surface science. 

Detection and identification of molecules at low densities for product identification in reaction dynamics 
experiments will greatly improve compared to the presently applied REMPI schemes, restricted to 
molecules with appropriate intermediate states. 

Molecular Ions and free Radicals 
Molecular ions are important constituents of dilute inter- and near stellar clouds as well as of the upper 
atmosphere, embedded in a network of chemical reactions leading to the formation of stars, the synthesis 
of complex molecules and possibly to bio-molecules in the Universe. 
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VUV chemistry of molecular ions and radicals includes, as major channel, VUV photo ionization. Intense 
soft X-ray FEL radiation will allow exploring the photolysis of vibrationally cold samples of molecular ions, 
prepared in traps or storage rings, where until now often not even the most elementary information is 
known from laboratory experiments.   

Charge transfer in molecular ion – molecule reactions is another important class of reactions in ion 
chemistry occurring in interstellar clouds, the upper atmosphere or in industrial plasma etching processes 
and will be accessible in ion-molecule reactions at soft X-ray FELs. 

Clusters 
Clusters bridge the gap between molecular physics on the one and solid-state as well as surface physics on 
the other side. Their size often controls important properties like their geometrical and electronic structure, 
magnetic features and chemical reactivity. Nanostructured materials are, worldwide, considered most 
promising to achieve major advances in various fields of considerable technological relevance including 
catalysis, magnetic storage media, photovoltaic devices, fuel cells and others. The brightness of FEL 
sources will allow, for the first time, to investigate single size-selected clusters by means of VUV radiation 
including pump-probe scenarios marking an important step forward in their characterisation.  

Such experiments will reveal unique information about the electronic structure of single clusters, with few 
exceptions not known for the majority of species, on the properties of molecules embedded in or adsorbed 
as a function of the cluster size, on the heating dynamics in clusters, i.e. the transfer of electronic energy, 
locally deposited at chromophores embedded in the cluster to nuclear motion and to phonons as well as on 
their magnetic properties. 

(ii) PLASMA PHYSICS 
The FEL will provide unique conditions to generate in an unprecedented controlled and uniform way so 
called Warm Dense Matter, i.e. plasmas at temperatures up to about 10 eV at densities between 10-3 g/cm3 
reaching solid state values of 1 g/cm3.  This regime has been exceedingly difficult to be investigated 
experimentally until now, is virtually unexplored and, at the same time, has shown itself most interesting 
and challenging from the theoretical point of view since it represents a regime where there are no obvious 
small parameters that could be used in a perturbation expansion. Due to the short time properties along 
with the enhanced penetration depth of the VUV FEL radiation as compared to visible lasers, the bulk 
matter can be heated in an isochoric way thus obtaining solid state densities. Moreover, in femtosecond 
pump-probe scenarios the coherent radiation can be exploited to follow in time, for the first time, either 
visible laser or VUV-FEL radiation heated plasmas as well as ablation plumes from solid surfaces via time 
resolved Thomson scattering, near edge absorption spectroscopy, interferometry or radiographic imaging 
initiating a new area in plasma physics. 

(iii) SURFACE AND INTERFACE SCIENCE 
The three main features of FEL radiation (high peak power, high average power and time properties) are 
expect to have a deep impact in several different areas of surface and interface physics and chemistry, 
which may be sorted in the following cases. 

High-resolution electron spectroscopy. Sub-meV resolution has been reached in laser photoemission and 
somewhat larger values in angle-resolved experiments. This resolution opens the possibility of probing the 
energy scales related to various many-body phenomena. The photon energies used are below 10 eV, which 
is advantageous for some applications but can also restrict certain type of experiments. The use of a FEL 
source could bring the resolution down to the 10-100 µeV range with access to a much larger photon 
energy window.  

Surfaces in moderate-to-ambient pressure environment. Nowadays it is clear that surface science has failed 
in extrapolating many of the results obtained in UHV to the real world, beyond the pressure gap. For 
instance, it is known that the behaviour of surfaces in thermodynamic equilibrium with gases is not well 
reproduced by simple UHV models. Synchrotron radiation is being used to perform photoelectron 
spectroscopy at moderate pressures (mbar range), which has given access to a wide range of new 
phenomena. The use of a high brilliance source as the FEL would mean a crucial step forward in several 
different areas where gaining information from photon or electron spectroscopy is limited by the currently 
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available fluxes. We may mention several important fields where understanding the electronic structure is 
crucial and which can potentially have a high impact in industrial technology.  

1. Catalysis. Understanding catalysis under real conditions. Both photon and electron spectroscopy 
techniques can be used, since photons can penetrate this environment, and the larger photon flux makes it 
possible to analyze the photoemitted electrons. 

2. Biophysics. Bonding, dynamics, kinetics and interactions of biomolecules in a liquid environment. 

3. Electrochemistry. To answer the crucial question of how the electronic structure of an electrode changes 
during operation.  

4. Corrosion. First stages of corrosion and high temperature oxidation: to understand the atomistic steps of 
the complex surface reactions that determine materials lifetime. 

Time resolved spectroscopy. The main application is related to the two-photon photoemission technique, 
which is commonly used to access the unoccupied electronic structure. The use of a FEL source instead of 
conventional lasers in the visible range will make it possible to access a much broader range of 
applications, including adsorbed molecules and the processes related to chemical reactions at surfaces.  

(iv) SOLID STATE PHYSICS AND MATERIALS SCIENCE 
FELs will open up a new time regime for dynamical studies in solids. This is of great importance for both 
fundamental understanding of many-body phenomena and for more applied materials science. The unique 
properties of FEL radiation can be utilized in the study of highly correlated materials including high-
temperature superconductors where the fundamental understanding is still to be deepened. This is also 
true for materials carrying colossal magnetoresistivity. Even simple oxides in general are still offering a 
broad range of unexplored fascinating phenomena. Several novel techniques (for example resonant 
inelastic scattering) suitable for materials characterization will be enhanced by orders of magnitude in the 
spectral and spatial domain when using FELs. 

Utilization of magnetism in data storing devices is still continuing and the fundamental understanding of 
nanosize magnetic domains is becoming extremely important. FEL sources will enable studies of the 
magnetization dynamics of small magnetic nanostructures and clusters on the fs time scale in conjunction 
with nm spatial resolution. Potentially great impact on electronics industry could be the nanofabrication of 
materials utilizing soft X-ray FEL based nanolithography. 

One of important goal of today’s condensed matter physics is the experimental determination of the 
collective dynamical properties due to atomic-, electronic- and magnetic-density fluctuations. These are 
responsible for specific vibrational, electronic and magnetic elementary excitations, which are often related 
to many macroscopic properties characteristic of the considered sample. This aim, of great interest for 
basic and applied research, is usually pursued using visible light, x-ray and neutron scattering. The 
attached figure shows the Energy/Time-q space where the major part of the condensed matter atomic 
dynamics takes place. It also highlights the regions where the different experimental techniques are now 
available: Light Scattering (LS), Inelastic X-ray Scattering (IXS), Inelastic Neutron Scattering (INS) and 
Transient Grating (TG); with the “future” regions covered by the transient grating performed with FEL 
pulses (TG with FEL). From the figure one can notice that in the region of exchanged momenta between 
0.1 and 1 nm-1 there are no instruments available at present but these regime could be accessed by FEL-
based instrument. Indeed, this momentum transfer range, where the mesoscopic dynamics take place, is 
of fundamental importance to gain insight into the structure and dynamics of disordered systems. This 
region is the one that could be covered by a TG beamline operating with FEL pulses. 
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(v) BIOLOGICAL SYSTEMS 
Soft X-ray FEL:s can be utilized in the study of materials or processes carrying biological relevance by 
combining nm-range spatial resolution with high energy resolution spectroscopy offering chemical 
selectivity with fs time resolution. Biological studies can then be extended from static structures to 
dynamics in order to understand functional systems such as ion channels, molecular motors and pumps 
embedded in cellular membranes. FEL-based pump-and-probe techniques can be extremely important in 
the study of photosynthesis cycle in real time, for example. The potential radiation damage is a real 
concern for biological samples, especially in their natural environment, and serious effort to overcome this 
limitation is presently taken. 

(vi) NANOSCIENCE 
The soft x-ray FEL's can naturally impact nanoscience in several different ways because the wavelength 
rang is right in the nano-scale region and also because the time-structure allows for following many 
dynamic changes on the nanoscale. There are possibilities for using them to focus radiation on the 
nanoscale to probe small objects and also to image nanoscale structures using diffraction and to using the 
pulse structure for investigations of the dynamics. To take full advantage of these capabilities facilities for 
nano-science and nano-technology should be locate din close proximity to FEL sources. 

4.3.3   Technological case 

The construction of soft X-ray FELs, that can provide revolutionary new optical parameters to users, 
requires upgrading of technologies and a continuous development of the main components of the FEL 
device and of the user facilities: 

i. Photocathode gun and electron injector. 
ii. Accelerator systems. 
iii. FEL performance and operating schemes (temporal and spatial coherence SASE filtering optical pulse 
stabilization). 
iv. FEL and undulator technologies (long range structure accuracy, temporal stability, femto-second pulse 
synchronization). 
v. Users service schemes (multiple undulators and beam lines, beam line interfacing and time sharing, 
pump-probe schemes and multiple wavelengths operation). 
vi. Users facilities and accessories (beamlines, user end stations, detectors). 
All of these technologies are at maturity level of "Technical Design Reports", and enable planning and 
construction of facilities and devices at the engineering level. However, it should be realized that it is not 
possible at present to be certain about the quality of the FEL operating parameters at the short wavelength 
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operating regime (say below 10nm), until it is reached experimentally. Several schemes for enhancing 
spectral characteristics (spatial and temporal coherence) and radiation pulse to pulse stability were 
developed, and were verified with numerical simulations and experimental demonstrations at longer 
wavelengths. In order to attain high quality performance of soft X-ray FELs the construction of the facilities 
must be accompanied by extensive development programs that will establish the implementation of these 
operating concepts in an evolutionary process, going from IR to UV up to soft X-ray. It is also expected 
that new technological and conceptual developments will provide revolutionary solutions. 

i. Photocathode guns 
The present state of the art of photocathode RF-guns is quite well developed. In SRF guns, when high 
average current at high duty factor operation is desirable, it may be limited primarily by the state of the art 
of SRF cavities technology. Another limitation for high average current is high rep rate operation of the 
pico/femoto-sec lasers with optical harmonic generation to the UV. This technology is fast developing, and 
one can expect development of high quality high average current (exceeding 100mA) photo-cathode e-gun 
injectors in the next few years. Some important developments: Superconducting RF guns (e.g. Rosendorf), 
diamond foil electron multiplier (B.N.L.). 

ii. Accelerator Systems 
A preferred technology for future soft X-ray FELs is Superconducting RF Linacs, where Europe is leading 
world-wide and which are available commercially. Further development of the technology - higher duty 
factor operation, cost reduction – is desirable. Energy Retrieval Linacs (ERL) is a scheme that deserves 
attention, but most proposed facilities (except 4GLS) and scientific users do not require it at the present 
stage. The development of ERL may be relevant in the future for multiple-users radiation sources and for 
high average power applications (see sect. 5). 

iii. FEL performance and operating schemes 
The physics of FEL is quite well established in its different operating regimes. Yet the extrapolation to the 
soft X-ray regime of some of the operating schemes that have been proposed, may not be straightforward. 
Though the proposed X-ray FEL operating schemes were numerically studied and even experimentally 
demonstrated at longer wavelengths, one would expect that the extension to shorter wavelengths will 
involve a gradual technological development. 

The most established soft X-ray FEL operating scheme is SASE (Self Amplified Spontaneous Emission). In 
this scheme the partially coherent undulator synchrotron radiation that is emitted in the first sections of a 
long undulator is amplified by stimulated emission in the rest of the undulator sections. If the beam density 
and undulator length are big enough, the FEL would operate in the high gain (exponential growth) regime. 
This helps to attain very high instantaneous power emission from the e-beam bunches. Since operating at 
the high gain regime also provides transverse confinement and transverse spatial coherence of the 
radiation beam (due to the optical guiding effect) also very high radiation brightness is attainable. 

European capability to control the technology of SASE FEL has been well demonstrated by the 
achievements in DESY's Tesla project. While not reaching yet the range of soft X-rays (the borders of 
which are somewhat vague) the Tesla project has demonstrated SASE operation down to 30 nm 
wavelengths (world record) and verified attainment of predicted operating parameters (spatial coherence, 
saturation limit, statistical intensity spread) in agreement with theory. 

While the high power and high brightness operation of SASE FEL may satisfy many users and provide them 
with unprecedented radiation parameters, many other users will not be satisfied with some of the 
shortcomings of this radiation, in particular the limited temporal coherence and pulse to pulse statistical 
variation of pulse intensity. These shortcomings of SASE radiation are inherent properties of the SASE 
radiation scheme, which is basically an amplifier of shot noise. Several schemes, that can improve the 
spectral parameters of soft X-ray FEL radiation, have been proposed, and there is good reason to believe 
that with the progress of technological development and the availability of operating experiments in the X-
ray regime, these or other new schemes will provide good answers to the requirements of spectral purity 
and pulse stability. 

The main FEL operating schemes that have been proposed for attaining better spectral characteristics are:  

(1)  HGHG (High Gain High Harmonic Generation). 
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(2)  Undulator radiation filtering and re-injection into the undulator. 
(3) Seed radiation injection from other coherent sources like High Harmonic Generation by intense lasers in 
gaseous medium. 
Some of the proposed projects propose to use HGHG schemes. In this scheme one relies on non-linear 
bunching and harmonic generation in high gain FEL. Starting with amplification of a long wavelength seed 
radiation, the generated harmonic radiation is re-injected into a subsequent wiggler, exponentially 
amplified, and generates again higher harmonics. This scheme was demonstrated in B.N.L. at longer 
wavelengths. Its extension to the soft X-ray regime requires substantial technical development.  

The filtering scheme is a more straightforward scheme. Experiments to study this scheme will be 
conducted soon at DESY. The HHG approach is quite promising. It requires development of high brightness 
harmonic power generators at the desirable radiation wavelengths with power that exceeds well the 
effective shot noise power. A parallel further development of high power solid-state femto-second laser 
technology and non-linear optical multiplication in gas will give a fair chance to this approach. 

iv. FEL and Undulator Technologies 
All of the soft X-ray FEL radiation schemes involve long accelerator and undulator structures (meters to 
tens of meters) and ultra-short (femto-second) radiation and electron bunch pulses. This puts stringent 
mechanical and electronic engineering requirements on the system design. High mechanical accuracy and 
structural stability are needed, especially in the long undulator,  in order to maintain steering accuracy and 
steering stability of the electron beam and maintain high quality beam parameters (in particular emittance) 
and stability from pulse to pulse.  

Synchronization between femto-second pulses is an obvious technological challenge in all soft-X-ray FEL 
schemes. The harmonically multiplied laser pulses that illuminate the photocathode in the RF-gun must be 
synchronized with the injector and the accelerator RF fields. High synchronization is required also with seed 
radiation sources and sources of laser radiation (which may be positioned on separate optical tables) to be 
used in pump-probe experiments. The temporal accuracy and stability also involves high mechanical 
accuracy and stability, bearing in mind that a typical requirement of 10 femto-seconds synchronization 
requires 3µm length stability. 

v. User Service Schemes 
Most single path accelerator FELs operate at one time only with a single undulator (one e-beam – one user 
station). This may pose a limitation on possible response to the expected large demand for the exceptional 
parameters of this radiation source, when used as a user facility. This feature distinguishes FEL sources 
from storage ring synchrotron sources, which can supply radiation to many users simultaneously. The 
intense stimulated emission interaction in an FEL disrupts the quality of the electron beam to an extent 
that the same beam cannot be used in a consecutive FEL undulator (except for driving another longer 
wavelength FEL or another low power radiation  scheme as an undulator radiation source or Compton 
Scattering). 

To overcome this shortcoming, some of the proposed projects suggest using a Switch-yard of undulator 
beams. The accelerated beam can be switched from pulse to pulse or from time to time between the 
undulators, serving at each time a different user station positioned at the end of each undulator. This is, of 
course, a somewhat expensive solution, and it also limits the photon flux available to each user 
participating in this time sharing operating mode. 

A technology, that in the future may help to alleviate the multiple user operating mode problem is the ERL 
(Energy Retrieval Linac) FEL operating scheme. In this scheme the wasted e-beam is returned to the 
Superconducting cavities of the accelerator at a deceleration phase, after passing through the FEL 
undulator. The deteriorated wasted beam returns most of its kinetic energy to the accelerator cavities 
where it is transformed to RF power, used for accelerating fresh electron bunches injected into the 
accelerator. After deceleration the wasted beam is dumped at relatively low energy with minimal 
generation of hard radiation and heat waste load.  

The ERL radiation scheme can enable high repetition rate (Continuous train) of e-beam bunches. It can 
thus provide, at least in a later development stage, an answer to the problem of multiple users operating 
mode, though it is still true that e-beam pulses must be shared in time between the users and that each 
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user station requires its own undulator. Without time sharing, the ERL scheme permits very high average 
power and average brightness. This feature does not seem to be at high priority for most present scientific 
users, who consider usually single pulse experiments of diagnostic nature. Yet, it may raise future user’s 
interest in connection to technological applications, material processing and possible photochemical 
production processes. 

ERL FEL has been successfully demonstrated in the Infrared range at Thomas Jefferson Lab, and is further 
being developed there for UV operation. Development of this technology in Europe is proposed in the 4GLS 
project.  It is conceivable that other schemes for multiple user operating modes will be developed 
after first sources become available, and demand increases. A possible scheme to consider is the splitting 
of the X-ray beam and distributing it to users (with reduced power) by means of appropriate X-ray optics 
(which awaits development). 

vi. User Facilities and Accessories 
Beamlines 
The design of beamlines at future free electron lasers requires consideration of a number of new aspects 
and problems as compared to ordinary synchrotron radiation beamlines. Whereas some beamlines will not 
need further monochromatization than the few tenths of a percent bandwidth provided directly from the 
undulator, some others will have to offer resolution of the order of 105. There is furthermore an issue 
concerning the relation between the resolution and the pulse length, which may require that beamlines 
have to be optimized with respect to one or the other parameter. The very delicate optical components 
that are required in these beamlines will be exposed to extremely high peak power, which imposes severe 
constraints to the design. Effects of the high peak power on optical surfaces will have to be addressed to 
prevent ablation deterioration, as well as the distortion of optical elements due to the high integrated 
power deposition. There is thus a strong need to pursue investigation of a number of issues with respect to 
optical components and systems in order to build a robust technology for free electron laser beamlines. 

There are a number of components and methods that have to be further developed for FEL beamlines. 
Optics coatings, cooling schemes, optical simulation, and precise alignment and synchronization of external 
laser or particle beams are examples of such developments. Furthermore, the ultra high peak brightness of 
free electron lasers will make detector systems commonly used in synchrotron radiation experiments 
useless. One will need to develop new schemes and components that can meet the much more advanced 
requirements that will be presented. In this context also the handling of data must be addressed, as data 
collection rates are expected to be strongly enhanced in many FEL experiments compared to what is 
currently being handled.  

The exploitation of the ultra-fast time structure attainable in FEL beams calls for very advanced schemes 
for synchronization of lasers in pump-probe experiments, and this will require development work on 
components and systems. Pump-probe experiments could be considered where one uses the FEL beam as 
both pump and probe agent. This could be done by integrating beam splitters and delay lines with the 
beamlines, and components for such systems have to be developed, e.g. by using combinations of super-
polished optical components, thin film technique and lithographic micro-structuring. New micro-structured 
X-ray optical components of various kinds may also be needed to accomplish pulse timing and in 
holographic experiments. 

Experiment stations 
The scientific cases for soft X-ray free electron lasers that have been established and presented in 
meetings and workshops over the last decade contain many new and fascinating opportunities. The 
scientific cases presented in conjunction with the proposed facilities show considerable overlap, although 
one can discern some variations in the proposed programmes with respect to the different facility profiles. 
It is a realistic assumption that the scientific programmes will be subject to significant development in the 
years to come, simply because one is entering unknown territory to a large extent. The huge leap in 
photon beam properties going from traditional synchrotron sources is quite different from the evolutionary 
development that one has seen in the last decades of synchrotron radiation work. Therefore, it is likely that 
the promotion of multi-facility and multi-national collaboration programmes in the area of experiment 
development for FEL research would be particularly fruitful and desirable. 
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The introduction of FEL X-ray sources as a new and revolutionary tool in scientific research is likely to be a 
process the success of which is not only dependent on the very facility development, but also on the way 
the scientific community prepares itself to using the new opportunities. Preferably, the recognition of this 
fact should lead to special efforts that stimulates and promotes the development of suitable experimental 
techniques as well as conceptual schemes for new experiments.  

Conclusions 

Some conclusions and recommendations can be derived from the analysis of the proposed projects, the 
present technological state of the art and the projected development: 

(1) The technologies required for development and construction of an infrastructure of soft X-ray FEL 
radiation sources is at a maturity level of "Technical Design Reports" and beyond. There is a strong basis 
to predict that many orders of magnitude improvement in the parameters of soft X-ray sources, especially 
radiation brightness, can be achieved with available technology. Therefore there is strong enough technical 
justification for supporting development of such facilities in the present decade. 

(2) The state of the art of accelerator technologies and FEL operating scheme concepts still require further 
development in order to attain higher qualities of the radiation (in particular temporal coherence and 
stability) and in order to give service to a large number of anticipated users. In order to assure good 
progress in development of required technologies and new schemes of FEL operation, it is desirable that 
development will take place in parallel and in close collaboration and with information exchange in many 
European laboratories. Since the cost of each facility is very high, it may be hard to conceive parallel 
support of all proposed projects. One possible solution is to support in addition to major single European 
facilities a network of laboratories that will help in the development and testing of required and alternative 
technologies, and in a later stage will form a basis for a virtual European user facility (see next item). 
Another recommendation to the EC is to include in the FP7 program prioritized research programs and 
networks. This will accompany the construction of the selected infrastructure projects with a wide 
participation in development of technologies and techniques by large and small European laboratories all 
over. 

(3) Attention should be paid to the characteristic of FEL as a user radiation source, which essentially 
requires a separate undulator and beam line for each radiation user. Since already now there is anticipation 
for great demand from users for the exceptional parameters of soft X-ray FEL radiation - a demand that is 
likely to increase after first operations - there is need to develop a strategy in anticipation of such 
development. One recommendation is to encourage as much as possible, parallel development of FEL and 
associated technologies in many laboratories in addition to the few major facilities, that are expected to 
provide first soft X-ray light only to a small number of users. A second recommendation is to support 
establishment of a virtual user center network that will provide in the future service to all users on the 
basis of time availability and possible specialization and diversity in source parameters. A third 
recommendation is to direct a portion of the EC funding, at least in the later stages of facilities 
development, to construction of multiple switchable undulators and user stations. This will serve the 
interest of supplying response to multiple users at the operating stage, and will encourage laboratories to 
cooperate with others by helping to construct elaborate and expensive undulators, beamlines and user 
stations. 

4.3.4   Summary of assessment of projects 
Elaborate Science and concept cases are at hand for DESY, FERMI, 4GLS and BESSY. It is in preparation 
for MAX IV. All projects on the table are of high pan-European scientific interest. They are all site-specific 
and have evolved from national initiatives, however generally with a considerable international component 
in the development of scientific and concept cases. The projects are at different stages of maturity, ranging 
from a facility near completion to one lacking a solid concept case. 

The five different European projects that aim at establishing user facilities for free electron laser research 
in the soft X-ray range are presently in quite different phase of development: from fully financed, currently 
operating at sub-goal conditions (DESY TTF), over construction phase of funded facility (FERMI) or defined 
design awaiting funding decision (BESSY FEL), to design under development with funding for prototype 
(4GLS), and finally, detailed design to be developed, again awaiting funding (MAX IV FEL). These five FEL 
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projects have all been submitted to ESFRI as candidates for support. Conceptually, there are some 
significant differences between the five projects, for example in terms of photon energy range, mode of 
operation, and seeding scheme. One can identify elements of complementarity as well as common problem 
areas that need to be pursued, which is in concordance with criteria for pan-European initiatives. Also, 
although there are not explicitly expressed plans for multi-national schemes for funding and operation, 
there exists an open view toward such schemes. Common work is already being pursued involving these 
projects under the EU-FEL programme. 

Table 1. Summary of assessment of science, technical, costing, financing and institutional 
maturity or solidity. 
 Science 

case 
Technical 
case 

Costing Non - 
national  
financing 

Institutional 
arrangement 

Overall 
maturity 

VUV-FEL 
(now 

named 
 FLASH) 
DESY 

Solid Solid. 
First phase 
running (30 
nm), second 
phase (6 nm) 
under 
construction)

Construction 
financed and 
funded. 
Funding for 
further 
development
needed. 

Individual 
projects and 
instruments 

Built by 
DESY 

Mature. Under 
construction. 
First phase 
running. 

FERMI 
@ELETTRA 

Solid Solid 
CDR and 
TDR exist. 
Start of 
construction 

Financed by 
EIB and 
Italy. Not 
fully funded. 

Partnership 
concept 

Built by 
ELETTRA 

Mature. Start 
of 
construction. 

BESSY Solid Solid 
CDR exists 

Design phase
funded. 
Under 
evaluation  

 Partnership 
accepted 

Proposed by 
BESSY 

Mature 

4GLS Solid Solid 
CDR exists 

Initial phase 
funded 

Open to 
partnership 

 Mature 

MAX IV FEL 
Phase 1. 
Two 
synchotrons 
Phase  2 
FEL 

Solid Partly solid. 
CDR exists 
for 
synchrotron 
phase. For 
FEL phase 
only brief 
description. 

Not funded. 
International 
funding 
needed for 
realization. 

Open to 
partnership.

Proposed by 
Max-lab and 
Lund 
University. 
Limited 
liability 
company ?  

Partly mature 
(no CDR for 
FEL phase) 

VUV- FEL  
Consortium 

Solid Solid Funding at 
national 
nodes. 

Open to 
partnership 
from all 
member 
states. 

Consortium 
of individual 
facilities. 
Multilateral 
agreements. 

Institutional 
arrangements 
that needs to 
mature 
further. Can 
mature 
rapidly 

VUV FEL (now named FLASH), Hamburg. Science and concept cases are mature. Facility is near 



 159 

completion, although important development will have to take place. Nationally funded. Individual research 
groups can co-fund individual instruments and there is a large international scientific component in the 
projects. International partnerships are welcome. 

FERMI. Science and concept cases are mature. Facility nationally fully financed but not fully funded (i.e. 
EIB loans). A concept for international partnership has been presented.  

BESSY. Science and concept cases are mature. Facility not funded. Funding sought mainly nationally. 
Recommeded by the German science council for funding (May 2006). International partnerships are 
welcome. 

4GLS. Science case and concept cases are mature (although less than for the previous ones). Funding 
sought mainly nationally. International partnerships are welcome. 

MAX IV. Science case and concept case mature only for phase (I) the bi-synchrotron and linac, not mature 
for phase II the FEL. International partnerships are welcome. 

FEL Consortium. The facilities and projects are participating in the EC- EUROFEL project on joint technical 
development. The project contains further components of collaboration and components. The consortium 
evolves rapidly in the organizational level. Potentially, it can have a very high impact on the European 
development and counted leadership of the field. 

4.3.5   Conclusions 

On the basis of: 

• the present world leadership of Europe in the soft X-FEL technology,  

• the expected quantum-jump enabling “four-dimensional” imaging, i.e. in the three-dimensional space 
plus in the time domain, across all natural science disciplines and 

• the foreseeable tremendous technological relevance of the new light-sources,  

the expert group has put forward a strong suggestion towards possible modes of cooperation that go well 
beyond a normal network mode (network of essentially national projects that could be financed through 
other (EU) schemes) aiming to create a  

pan-European infrastructure consortium 

of high importance for the European development in the field.  

The EG considers such a consortium to be more beneficial for European science to put on the ESFRI 
roadmap than some of the individual most mature facilities. 

In particular, the EG is convinced that it would be highly beneficial to ensure sustained leadership of 
Europe in the field to have a common scheme for prioritizing the building up of front-end experimental 
infrastructure (FEI) and beamlines, representing substantial investments, that could be financed through 
EC and/or national authorities.  

Such a scheme (could be in a consortium organisation) would then have several advantages:  

• it would avoid unnecessary duplication of  FEI and beamlines,  

• it would enable to locate FEI and beamlines at the most suitable source and the most suitable 
environment,  

• it would represent an elegant way to implement a pan-European strategy,  

• it provides an efficient forum to add European or other countries investments in terms of FEI and 
beamlines to the national sources,  

• it would provide a general platform for other countries to naturally and efficiently enter into FEL based 
science within the consortium, and, 

• the consortium can "easily" adapt to the number of national (or other) sources which will become 
available, i.e. new sources can be integrated into the consortium when they are decided nationally.  
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In summary, the expert group considers a consortium that goes beyond a traditional network (as presently 
proposed) as an important infrastructure that should go on the roadmap with high priority. It would ensure 
sustained European leadership in what the EG thinks will become a technologically and scientifically 
important field of research of highest future relevance across all disciplines. The original proposal for the 
Network/Consortium has matured rapidly under the course of the work from an organizational point of 
view and there are now well developed agreements that are expected to be signed by the five sources 
under review in this expert group. If the consortium continues to evolve in this direction the EG judge it to 
be of high importance for the development of a unique and world-leading pan-European research 
infrastructure for science based on free electron lasers. 

The evolution of new FEL sources happens to be largely sequential (see figure 1 below). The consortium 
could take advantage the rapid technical development by a stepwise coordinated of each new facility that 
will be realized. 

 

 
Figure 1. Approximate timeline for planned soft x-ray FEL sources. The data used are estimates from the 
presentations. Green triangle stands for financial approval, blue for start of construction and red for first users. 

4.3.6   List of Annexes 

SFX Annex 1: IRUVX-FEL consortium Free Electron Lasers (long form). 
SFX Annex 2: The expert group and details of meetings. 
SFX Annex 3: References and documents. 
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SFX Annex 1 

 
1. Name and descriptive title 
 
IRUVX-FEL Consortium of Free Electron Laser Facilities for Europe 
 
2. Short description of new RI (or major upgrade) and main characteristics 
Free electron lasers in the IR to soft x-ray range will offer radiation in a hitherto never seen regime with 
short fs pulses, large coherence and  high brilliance, which will open unique opportunities in several fields of 
science. The area is under rapid tecnical development. A consortium will be set up to build a unique pan-
European research facility including  a coordinated development,  realization and use of FEL sources. At 
present (May 2006) the proposal includes projects from Germany, Italy, Sweden and UK, and is open to 
other partners. The consortium will promote complementarity in specifications and capabilities both in the 
FEL sources and in the measurement techniques. The scope is the optimal service to users, based on open-
access policies, and the best use of national resources in an international approach. 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for 
the scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how it 
will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
The use of light for the analysis and/or the manipulation of matter is indispensable for many fields of 
science. The new FEL light sources will open up completely new time scales and sample classes to a wide 
user community, covering several research areas in basic and applied science. These include, e.g., 
femtochemistry, dynamics of magnetic nano-structures and of biological systems, chemistry of radicals and 
catalysis, multipurpose ultrahigh resolution spectroscopic techniques, plasma physics and coherent imaging. 
The general field is that of materials and biomaterials sciences and technology, including nanoscience and 
biostructural studies, and serving areas spanning from archaeology to physics. 
The interaction between matter and electromagnetic radiation with the properties offered by soft X-ray FELs 
is virtually unexplored, a “terra incognita”. State of the art present 3rd generation synchrotron sources will 
be surpassed in peak intensity by 8-9 orders of magnitude and, in average intensity and in their short-time 
capabilities, by 3-4 orders of magnitude respectively, pushing research to new frontiers and opening novel 
areas of research, as the following: 

The short time properties will open the door to visualize ultra-short nuclear and electronic dynamics such 
as in electronic relaxation, bond formation and breaking reactions or in conformational molecular changes. 

The high peak power at soft X-ray photon energies triggers non-linear multi-photon processes in a regime 
never explored before, unperturbed by any ponderomotive effects which scale with the square of the 
inverse frequency and, thus, tremendously complicate the understanding of such reactions using optical 
lasers. 

The high average power enables to study, for the first time, dilute samples of paramount importance in 
atmospheric, astrophysical, environmental sciences as well as in the characterization of nano-size materials. 
Moreover, it allows to access fundamental reactions governed by small cross sections. 

The coherence properties will open up a new era for imaging where samples can be probed in time-
resolved single-shot experiments.  The coherent imaging technique has a great potential in life sciences as 
well as in environmental, materials and chemical sciences. 
Beyond the inherent value of these fields in terms of fundamental research as well as numerous 
applications, the understanding of the basic interactions between the FEL radiation with the building blocks 
of matter, atoms, ions, molecules and molecular ions reaching to small ensembles of atoms or molecules, 
the clusters, is of paramount importance for the investigation of all more complicated interactions with 
surfaces, bulk matter in biological or environmental samples. 
The prospective users of this European infrastructure will mainly come from the present and future users of 
laser and synchrotron-based micro-nano spectroscopic and photolytographic techniques. At present, in 
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Europe, this number can be estimated to over 20 000 researchers (of which about 10 000 are already using 
synchrotrons), and about 10% may improve their research capability by using the new FEL techniques. 
The proposed infrastructure will apply open-access policies, building on the experience of access to 
synchrotron and laser facilities in Europe as evolved through the EU access programs. The consortium will 
allow a common entry point for users, helping the best-fit between scientific project and specifications of the 
facility. The accepted proposals will be selected by common international panels based on scientific quality 
only. The coordinated development and use of the facilities will be based on the advice of common 
international advisory councils. The consortium will consider in-kind contributions to the construction and 
deployment of beamlines and measuring stations as contributions by other partners. 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
The consortium will integrate projects presently in different stages of development, covering the wavelength 
interval between the far infrared to the soft x-rays.  
FLASH (DESY), now in commissioning, and FERMI, now in construction, have financial plans approved and 
supported by the respective States, while 4GLS and MAX 4 are funded to develop conceptual and/or 
technical design studies, in view of decisions about construction to be taken from 2008 onwards. Based 
upon the recent decision of the German science council, BESSY is entering into a preparatory phase for its 
FEL project. All projects are technically challenging and are breaking new ground both in the concepts 
applied and in the science which can be developed. The technical risks are connected to these challenges, 
but are being approached through an international global effort involving teams also from the US, Japan and 
Russia, and the developments in the past five years show that the theoretical concepts underlying these 
new techniques are sound and reliable. 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
The mode of coordination and cooperation of the consortium will go well beyond a normal network mode 
(network of essentially national projects that could be financed through other (EU) schemes). It will be a 
pan-European infrastructure consortium of high importance for the European development in the field. In 
particular, it will have a common scheme for prioritizing the building up of beamlines that could be financed 
through EC and/or national authorities, and represent a substantial investment. Such a scheme will have 
several advantages, it will avoid unnecessary duplication of beamlines, it will be possible to put beamlines at 
the most suitable source and the most suitable environment, and to jointly develop also the sources and the 
underlying technologies, thus implementing a pan-European strategy. If partly funded by the EU it will add 
these or other Countries investments and science returns to the national resources. Other Countries will find 
it useful to participate to the consortium, which can flexibly adapt to the number of national (or 
other) sources and participants available, i.e. new sources can attach to the consortium when they are 
decided nationally. 
This coordinated approach will decrease considerably the potential fragmentation and duplication of efforts, 
compared to the informal collaborations in the previous development of the eight 3rd generation synchrotron 
light sources now operating or being realized in Europe. Coordination is technically possible because of the 
time-scaled and evolutionary development of the projects, in terms of light sources, beamlines, experimental 
stations, detectors etc. Building on the strong need to coordinate and attract the needed human resources, 
a “roadmap” can develop, allowing the technical and design teams of different Institutions to work together, 
joining resources for the successive efforts. This will allow a coherent overall design, prioritizing and 
developing the beamlines and experimental stations best fitting the scientific requirements and technical 
specifications. This approach will also allow cost savings and efforts in the technological R&D development 
and in the production of critical components. It has also the potential to more effectively involve the 
European industries to acquire a larger share of the world market.  The consortium effort will be open to in-
kind contribution of Countries not directly hosting the main facilities, through the development of the 
measuring equipment and the users base. The integration of this effort with the existing overall network of 
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synchrotrons and lasers will build and maintain Europe in a world leading position. 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
Research in the fields served by the IRUVX consortium underpins a large, but diffuse, area of dynamic 
industrial innovations from micro-nano technologies to biomedical technologies. The enhanced effectiveness 
and the wider base of involved institutions will support better the competitive growth of EU, compared to 
isolated national projects. Direct outcomes will be a greater involvement of EU industries, a stronger effect 
on training and exchange of graduates and technician, a stronger attraction of high level technicians and 
researchers from outside Europe. 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
The preparation of the consortium is now progressing with a MoU approved or submitted for approval by 
Sincrotrone Trieste (Italy), CCLRC (UK), MAXLab (Sweden), BESSY (DE) and DESY (DE), the Consortium and 
its operating rules will be defined within the first trimester of 2007. Interest to join the Consortium has been 
informally expressed by other FEL facilities, as well as by institutions interested to contribute to the 
development of equipment and user related activities. 
The financial estimates, in point 8. below, are based on the coordinated projects presently proposed to 
ESFRI (as of May 06). The estimates are 5% accurate for the FLASH, FERMI and BESSY projects, about 
30% approximate for the longer term 4GLS and MAX projects. The overall proposal may be integrated and 
updated with upgrades of existing IR FELS (e.g. FELIX, NL) or projects now in an embryonic stage (e.g. PSI, 
CH and/or ARC EN CIEL, F), or other new projects accepting the coordinated approach within an overall 
R&D development and service to users. This integration will develop further the intrinsic complementarities 
of the different technical choices, along lines best responding to the science cases by potential users in 
Europe. 
8. Budgetary information, costs in M€, for the present projects 
Estimated total 
development of 
coordinated design and 
preparatory costs: 
 
 15% of total 
construction costs 
 

Construction cost (total 
in M€) 
FLASH           117 
FERMI:           120 
BESSY:           222.3 
4GLS:              300 
MAX 4               90 
(1/2 Linac) 
TOTAL 649.3 

Operation costs: 
The costs for open 
access including 
operation for EU users 
are estimated at 10% of 
the construction costs 
 

Decommissioning costs: 
Estimated at about  
2 times yearly costs 
 

Design & preparatory 
costs covered by 
proposers: 
FLASH:      n.d.  
FERMI :      5 
BESSY:     40.8 
4GLS:        30 
MAX 4         3 

Contributions committed 
until now by the hosting 
Countries: 
FLASH           117 
FERMI             60 
 
Other decisions expected 
within 2010 
 

(of which likely to be 
obtained by possible 
stakeholders, on the 
basis of expected 
international use above 
25%) 
 

25% 

(of which likely to be 
obtained by possible 
stakeholders) 
 
   Within national funds 

9. Timetable until operation 
Give a short estimation about the timetable until operation

In terms of construction/operation of the single facilities, the following is the technical timetable:  
FLASH opened for user operations in 2005, but will evolve with new upgrades in the next years; FERMI 
enters the construction phase in June 2006 and will develop in two phases, respectively within 2009 and 
2010; BESSY has completed a first design phase and enters a R&D development phase for the cascading 
HGHG stages, may enter construction phase in 2010; 4GLS is developing the ERL test facility, and may enter 
construction phase after 2008; MAX4 is in a preliminary conceptual development phase, and may enter 
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construction phase after 2010. 
The Institutional timetable to set up and start operation of the Consortium is: 
MOU end of July 2006; start of a common international Advisory Council, end of 2006, setting up the 
Consortium first trimester 2007 
Overall preparatory 
phase: 2000-2010 
 
 

Overall construction 
phase: 2003-2015 

Scaled entry into 
operation of facilities: 
2006-2015, expected 
lifetime over 20 years  

Decommissioning 
n.d. 

10. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
E.A. Seddon:  E.A.Seddon@dl.ac.uk 
 
At present the following web sites inform on the single projects: 
http://www-hasylab.desy.de/facility/fel/  
http://www.elettra.trieste.it/FERMI/  
http://www.4gls.ac.uk/  
http://www.bessy.de/  
http://www.maxlab.lu.se/ 
 
A common web-site will be activated within the end of 2006 
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SFX Annex 2 

The Expert Group and the working method  

The expert group (EG) is chaired by: 
Lars Borjesson, Swedish Research Council and Chalmers University of Technology 

and composed by the following members in alphabetical order: 

• Robert Comes, LPS, Université Paris-Sud, Orsay, France 
• Stefano Fontana, European Commission, Brussels, Belgium 
• Abraham Gover, Dept. of Physical Electronics, Faculty of Engineering, Tel-Aviv University 
• Keijo Hamalainen, Division of X-ray Physics, Department of Physical Sciences, University of Helsinki, 

Finland 
• Enrique Garcia Michel, Dto. de Física de la Materia Condensada, Universidad Autónoma de Madrid, 

Madrid, Spain 
• Joseph Nordgren, Uppsala University, Physics Dept., Uppsala, Sweden 
• Giancarlo Ruocco, Dipartimento di Fisica, Universita' di Roma "La Sapienza", Rome, Italy 
• Joachim Ullrich, Max-Planck-Institut für Kernphysik, Heidelberg, Germany 

On soft x-ray free electron lasers has considered the following proposals submitted to ESFRI. 

• VUV FEL, Hamburg, Germany 
• FERMI, Elettra, Italy 
• BESSY FEL, Berlin, Germany 
• 4GLS, Daresbury, UK 
• MAX IV, Lund, Sweden 
• Soft X-ray FEL consortium/network 
 
The scope of this EG has been restricted to assessment of ‘low energy’ FELs, defined in this case as up to 1 
keV photon energy output in order to exclude hard x-ray devices such as the proposed XFEL in Hamburg 
that falls in the hard x-ray sources expert group. The expert group has met five times. A hearing with 
representatives of the six projects was held at the second meeting. 
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SFX Annex  3 

Published or documented information 

The working group has examined the available documentation on existing and potential users in Europe, 
present FEL sources, plans for source upgrades and projects for new sources.  

- the ESFRI report on Free Electron Lasers 
(ftp://ftp.cordis.lu/pub/era/docs/esfri_fel_finalreport_0704_en.pdf) 

- the infrastructures ‘under construction’ listed in the EC survey database 
(ftp://ftp.cordis.lu/pub/infrastructures/docs/list_underconstruction_all_corrected.pdf) 

- the proposals of the 'list of opportunities' 
(ftp://ftp.cordis.lu/pub/era/docs/esfri_list_opportunities_290305.pdf) 

- infrastructures linked to EC projects (e.g. I3-projects, …) 
(http://www.cordis.lu/infrastructures/projects.htm and 
ftp://ftp.cordis.lu/pub/improving/docs/ari_projects_brochure_synchrotron.pdf) 

and the various scientific cases for the sources. 
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4.4 HX: Hard X Ray sources 

(Chair Henry Hutchinson) 

4.4.1   Introduction 

Many of the basic questions about our world, how it works and how we can harness it for our benefit 
require a very detailed knowledge of the structure of matter. In order to understand the structure and 
properties of matter on an atomic scale, X-rays play a very important role. Since their wavelength is 
comparable to the separations of atoms in molecules and condensed matter, they are an ideal probe for 
determining detailed structure on the scale size of an atom.  

X-rays are a most powerful tool for 3 dimensional imaging of matter on length scales from millimetres to 
nanometres. They allow for highly accurate determination of the position of atoms and their correlated 
motion in samples with complex structure under extreme temperature or pressure conditions and they 
probe either bulk or surface properties including order-disorder phenomena. With high resolution spectro-
microscopy, electronic properties of inhomogeneous novel materials can be studied in great detail. X-rays 
have become one of the most important tools in science and medicine, and in industrial research and 
development. There will be an ongoing demand both within Europe and world-wide for X-ray sources of 
ever-increasing performance. 

The use of X-rays for structure determination spans a very broad range of both scientific and technological 
disciplines. Both spatial and temporal properties can be discovered. For examples, proteins, the molecules 
essential for life, have functions which are linked to their structures and these can be determined by 
probing with energetic or “hard” X-rays. By using pulses of X-rays which are of very short duration, an 
understanding of how chemical reactions work can be obtained by observing the molecules in action as 
they undergo the chemical processes. 

4.4.2   Scientific Opportunities 

Intense X-radiation has been provided over the past 30 years from synchrotrons which have evolved with 
continuing technological advances to the point where the so-called third generation machines provide 
beams of very high intensities which enable programmes across a very wide range of science and 
technology. The range of wavelengths available at a synchrotron and the high intensity of the beam mean 
that a variety of experiments can be carried out quickly and on small samples. Building on new advances in 
accelerator physics, insertion devices and X-ray optics, radically new X-ray beam-lines will develop hitherto 
undreamt of possibilities for microscopic investigations of condensed matter relevant to both basic research 
and industrial applications. 

Within the past few years, the wavelength of radiation produced by free electron lasers (FELs) has reduced 
due to advances in accelerator technology and it is now possible to envisage large-scale FELs operating in 
the hard X-ray region of the spectrum.  These have the particular characteristic of much increased 
brightness (up to nine orders of magnitude) and can deliver pulses very short duration (10-100fs) enabling 
time-resolved studies which follow the motion of atoms to be performed. 

4.4.3   The Expert Working Group (EWG) Methodology 

The Expert Working Group reviewed the current provision of hard X-ray sources within Europe and 
identified and subsequently considered two major projects for further investigation. These were the 
renewal and upgrade programme of the European Synchrotron Radiation Facility (ESRF) in Grenoble, 
France and the European X-ray Free Electron Laser (XFEL) in Hamburg, Germany.  Representatives of each 
of the projects were invited to make presentations and discuss with the EWG a number of issues including 
the scientific opportunities enabled, the technical challenges, the demand from scientific users, the 
construction and operating costs, the degree of interest from potential European partners and the 
anticipated management structures.  

The EWG also identified work at  the  Paul Scherrer Institut (PSI) in Switzerland on the development of  
low emittance electron guns based on nanostructured field emitters  which is at a relatively early stage but 
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which, when further developed, may have a strong impact on the future direction of XFEL development. A 
presentation on the current status and prospects of this project was made by a representative of PSI. 

4.4.4   A Light for Europe: The ESRF renewal and upgrade programme 

The ESRF was the first insertion-device based, third generation synchrotron radiation source to become 
operational, providing X-ray beams of high intensity and extremely high stability. It is a partnership 
between 17 European countries, plus Israel. Likewise, the upgrade programme is a truly European project.  
It has been prepared by the ESRF’s teams of international scientists in discussion with the Science Advisory 
Committee (SAC), the annual Users’ Meeting run by the ESRF User Organisation, and the ESRF Council, all 
of which have international membership. 

 The scientific case for the upgrade is focused on five main scientific areas, each of which is of great 
current interest at the forefront of science.  The upgraded ESRF would permit developments in areas which 
are not possible with today’s instrumentation.  The five “focus” fields are nano-science and nano-
technology, pump-probe experiments and time-resolved diffraction, science at extreme conditions, 
structural and functional biology and soft matter and X-ray imaging. The programme represents the 
consensus view of what would be the best future international science to be carried out at the upgraded X-
ray facility. It is scheduled to take five years to complete and is scheduled to start in 2007 or 2008. 

4.4.5   The European X-Ray Laser Facility 

The X-Ray Free Electron Laser project is a consequence of many years development in accelerator and free 
electron laser science and technology, both in Europe and the USA.  A demonstration of the overall 
technical capability has been achieved through the operation of the first free-electron laser (renamed 
FLASH) built for the vacuum-ultraviolet and soft X-ray region at DESY in Hamburg. FLASH has started user 
operation and currently is covering a wavelength range from 13 nm to 50 nm providing typically 150 pulses 
per second with GW peak power and a pulse duration between 20 and 50 fs. The XFEL will extend the 
wavelength range to less than 0.1nm.  

Compared to the best existing X-ray sources, i.e. 3rd generation storage ring synchrotron radiation facilities, 
the XFEL will increase the average brilliance by 4 orders of magnitude, the peak brilliance and the number 
of photons per mode (degree of lateral coherence) by 9 orders of magnitude and the peak brilliance of the 
spontaneous radiation by 4 orders of magnitude.  

The scientific case for hard X-ray free electron lasers has been developed  as part of a  world wide effort 
involving scientists associated with the Linear Coherent Light Source (LCLS) under construction in Stanford, 
USA and  the Spring-8 Compact SASE Source (SCSS) in Himeji, Japan, as well as the European XFEL 
Facility. The XFEL’s unique combination of extremely high  peak and average brilliance, spatial coherence, 
short pulse duration and number of photons per pulse, together with its potential for synchronization with 
other sources of excitation of the samples such as lasers, would allow the performance of presently 
impossible and potentially revolutionary experiments in a variety of disciplines from condensed matter and 
materials physics to nanoscience, from plasma physics to chemistry and to structural biology. They include, 
for example, the follow up of structural modifications at the atomic level on the sub-ps timescale during 
chemical reactions and phase transformations, the solution of macromolecular structures without the need 
for crystallization and access to presently inaccessible regions of the phase diagram of warm dense matter 

The technology used for the superconducting XFEL linear accelerator has been developed at DESY in a 
large international collaboration including 55 institutes from 12 countries. The scientific case is based on a 
large number of international workshops. Several hundred scientists contributed to the original Technical 
Design Report.  The Technical and Administrative Design Report for the European XFEL Facility is currently 
discussed by two working groups with members nominated by the 13 countries who signed the MoU for 
the preparatory phase of the project including Russia and China. 

4.4.6   The PSI Free Electron Laser/ LEG 

The PSI Free Electron Laser (low remittance gun) project was reviewed. This project is aimed at enabling 
the performance and specification of FELs to be enhanced by the use of novel nanostructured field emitting 
cathodes as the source of electrons.  The timescale for the project to mature to the stage where the 
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concept could be fully developed as a FEL system is 6-9 years and strong collaboration with DESY is 
envisaged on technical issues to minimise risk. 

4.4.7   Recommendations 
The EWG were satisfied that both the upgrade project for ESRF entitled “A Light for Europe” and the 
European X-Ray Free Electron Laser Facility met the criteria required for inclusion in the ESFRI Roadmap 
and recommend their inclusion.  

The PSI FEL/LEG project was viewed as being immature at this stage but, given its potential impact on FEL 
design, it should be identified as emerging and not included in the main Roadmap. 

4.4.8   List of Annexes 

HX Annex 1: Presentation EU XFEL 

HX Annex 2: Presentation upgrade ESRF 



 170 

HX Annex 1 
 
1. Name and descriptive title 
 
The European XFEL Facility 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
The European X-ray Free Electron Laser (XFEL) project foresees the construction in the Hamburg 
region of a new international user facility for the production and scientific use of ultra-bright and 
ultra-short pulses of spatially coherent hard X-rays. The facility comprises a superconducting linear 
accelerator, based on the TESLA technology, 1.7 km long, accelerating electrons up to an energy 
of 17.5 GeV. The accelerator shall distribute up to ~ 30 000 electron bunches per second into  
- three undulators for the generation, via the SASE (Self-Amplification of Spontaneous Emission) 
process, of spatially coherent X radiation pulses shorter than 100 fs, and with peak power 
exceeding 10 GW, in a wavelength range from 0.1 nm to 1.6 nm, and  
- two further undulators for the generation of hard X-rays down to 0.01 nm wavelength by the 
spontaneous emission process. The facility includes a set of ten experimental stations with state of 
the art equipment for the scientific use of the radiation. 
 
The peak power produced by the SASE undulators are of order 10 to 100 GW, the number of 
photons per pulse is in excess of 1012, with a pulse duration of 100 fs. Compared to modern 3rd 

generation synchrotron radiation facilities the gain factors are ~109 for the peak and ~104 for the 
average brilliance, and ~109 in the degree of coherence, i.e. in the number photons per mode. 
 
3. Science case (scientific justification, including new areas to be opened)  
 
The XFEL’s unique combination of unprecedented peak and average brilliance, spatial coherence 
and polarization, X-ray wavelength tunability, short pulse duration and number of photons per 
pulse, together with its potential for synchronization with other sources of excitation of the 
samples, will allow the performance of presently impossible and potentially revolutionary 
experiments in a variety of disciplines from condensed matter and materials physics to 
nanoscience, from plasma physics to chemistry and to structural biology. They include, for 
example, the follow up of structural modifications at the atomic level on the sub-ps timescale 
during chemical reactions and phase transformations, the solution of macromolecular structures 
without the need for crystallization, the access to presently inaccessible regions of the phase 
diagram of warm dense matter. 
Access to the facility will be organised in a way similar to current practice at the ESRF in Grenoble.
 
4. The Concept case (maturity of proposal)  
 
Over the past 30 years, rapid progress in the technology of electron storage rings and undulators 
provided increasingly brilliant sources of synchrotron radiation. The radiation generated in these 
devices is based on spontaneous radiation of many electrons uncorrelated in space and time. As a 
consequence, the radiated power scales linearly with the number Ne of electrons, and the radiation 
exhibits only limited coherence in space and time. Most recent successes in the development of 
linear accelerators and in other fields of accelerator technology (such as the development of 
photoinjectors and advanced undulators) have opened the way to a new world in photon source 
quality. It is now possible to construct a Free-Electron Laser (XFEL) providing coherent X-ray 
radiation of spectacular brilliance. After proving the feasibility of the SASE FEL process in the 
microwave region in the eighties, rapid progress was achieved in the last few years, resulting in 
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large FEL gain and even laser radiation at 32 nm wavelength at the DESY VUV-FEL, thus 
demonstrating that the theoretical concepts and crucial accelerator technologies are well under 
control also for wavelengths far below the visible. Furthermore, the excellent agreement between 
the observed radiation properties and the predictions of computer simulations gives confidence in 
the extrapolations to shorter wavelengths by the same simulation tools. 
The Administrative Report and the Technical Design Report are currently worked out by the XFEL 
Project Team. They will be finished in summer 2006 and shall contain the final time and cost 
schedule for the project, which will then become elements of the future intergovernmental 
convention. The goal is to start construction in the fall of 2006 and to start commissioning of the 
facility in 2012. In view of the preparation of the first draft of the TDR, a very detailed cost revision 
by the project team is underway. The presently available figures, quoted here, are those from the 
Interim Report of the Science and Technical Issues working group, which was delivered in January 
2005. The construction costs established at that time, with an estimate of inflationary effects for the 
years to 2012, are summarized in the following Table V. The key figures are 643 M€ for 
investment, 234 M€ for personnel costs and 31 M€ for R&D costs already incurred, adding up to a 
total of 908 M€. In addition, the STI working group recommended to invest a further 50 M€ in R&D 
devoted to the following topics: 

- Detector development 
- Optical laser systems 
- Sample environment and handling 
- X-ray optics and beam transport 

The operation costs of the facility are estimated to 10% of the total construction costs. Various 
options for handling the decommissioning costs are currently discussed in the working group on 
Administrative and Funding Issues. 
 
5. Further information, including strategic importance to ERA  
 
The XFEL will provide unique and most exciting scientific opportunities. It will create important 
synergies between the large synchrotron radiation and laser communities in usage and 
construction of this facility, which is at the forefront of accelerator driven light sources. It will 
become a European centre for cutting edge research in many different fields of science and 
technology. The project attracts the best accelerator laboratories in further developing the new 
linear accelerator technology based on superconducting radio frequency which will also be used 
for the International Linear Collider project, the next facility aimed for by the particle physics 
community world wide.  
 
Because of the size, the challenges, and the prospects of the European XFEL Facility, it has to be 
realized on the European frame. The XFEL will not replace modern storage ring or laser facilities, it 
will open the door to new science. 
 
6. Identification of other socio-economic impacts 
 
The European XFEL Facility will attract excellent scientists from all over Europe and become a 
centre of scientific communications, where top scientists join with the best students. 
 
7. Participating organisations / support from Member states  
 
The positive response to the proposal to create the European XFEL Facility, at the level of the 
Research Ministers, resulted in the formulation of a “Memorandum of Understanding for the 
Preparation Phase of a European X-ray Free Electron Laser Facility” (hereafter MoU), signed so 
far by representatives of France, Germany, Greece, Italy, Spain, Sweden, Switzerland, UK, 
Poland, Hungary, Denmark, Russia and, most recently, China. 
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As agreed in the MoU, an International Steering Committee (ISC), where all signatory countries 
are represented, assisted by a Scientific and Technical Issues (STI) Working Group and by an 
Administrative and Financial Issues (AFI) Working Group, was formed and is presently 
coordinating all preparatory work. 
 
The facility will be constructed and operated by a limited liability company under German law 
(“European XFEL GmbH”), which shall have research organizations of the participating countries 
as shareholders, and shall be located in a site connected to the DESY (Deutsches Elektronen-
Synchrotron) campus in Hamburg. 
 
10. Budgetary information   
Preparatory cost  
(total in M€) 
 
30 
 

Construction cost 
(total in M€)  
  
908 

Operation cost (total) 
 
 
82 / year 

Decommissioning cost 
(total in M€) 
 
~ 100 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 
 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
10.2004- 10.2006 
 

Construction phase 
2007 - 2013 
 

Operation  
2013 - 
 

Decommissioning 
 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
 
M. Altarelli, DESY, Notkestrasse 85, D-22607 Hamburg (massimo.altarelli@desy.de) 
http://xfel.desy.de, http://www.xfel.net/en  
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HX Annex 2 
 
1. Name and descriptive title 
 
A Light for Europe: The European Synchrotron Radiation Facility (ESRF) 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
The upgrade aims  to ensure that the  ESRF retain a  leading scientific positionover the next 10 to 
20 years. New and refurbished beamlines are proposed to answer new scientific needs, 
underpinned by a longer-term programme to maintain and refurbish the accelerator complex at 
the heart of the ESRF’s activities. Advances in fields such as X-ray optics, detectors and 
accelerator physics, many of which originated at the ESRF, will allow an ambitious renewal 
programme covering all aspects of the ESRF’s activities. The performance of the beamlines will be 
enhanced by several orders of magnitude. New scientific areas will be addressed with new highly 
specialised nano-focus beamlines, with even brighter “hard” X-ray beams, and by renewing 
beamline components such as detectors, optics, sample environments and sample positioning. 
Special attention will be paid to the development of advanced imaging techniques, and to their 
combination with X-ray scattering and spectroscopy methodologies. 
 
3. Science case (scientific justification, including new areas to be opened)  
The much improved scientific capabilities of the ESRF will impact five broad scientific areas, nano-
science and nano-technology, pump-probe experiments and time-resolved diffraction, science at 
extreme conditions, structural and functional biology and soft matter, and X-Ray imaging. 
 
Nano-science and Nano-technology: The optimisation of all X-ray beamline components and 
beam optics will allow X-ray beams down to 20 nanometres, enabling research in new scientific 
areas such as innovative “designed” nano-materials, the fertile interdisciplinary area of soft 
matter/biological materials, and nano-scale electronic/spintronic components. 
Pump-probe experiments and time-resolved diffraction: Ttime-resolved diffraction studies 
on biological systems and chemical bonding with become increasingly important, particularly when  
the new XFELs become available.. Instrument optimisation and new beamlines at the ESRF will 
permit both diffraction and spectroscopic investigations, setting the scene for sub-picosecond XFEL 
science in the decades after 2010. 
Science at extreme conditions: Experiments at extreme conditions of temperature (milli-Kelvin 
to 5000 Kelvin), pressure (up to 5 Mbar) and magnetic field (up to 50 Tesla, constant and pulsed) 
are already feasible, or within reach. The combination of the various synchrotron radiation-based 
techniques (diffraction, small-angle scattering, absorption spectroscopy, inelastic scattering and 
nuclear scattering) will provide valuable information on the structure, dynamics, electronic and 
magnetic properties under previously unexplored thermodynamic conditions, relevant in a large 
range of scientific disciplines from biology to cosmology. 
Structural and Functional Biology and Soft Matter The current revolution in biology will 
continue to require extremely detailed structural information on increasingly “difficult” samples, 
such as membrane proteins and  macromolecular assemblies. New highly automated nano-focus 
beamlines with high-throughput capabilities will enable the screening and measurement of crystals 
made out of these challenging assemblies X-Ray Imaging: Increasing the  spatial resolution, 
presently in the 100 nm to 1 µm range, to gain one order of magnitude (to achieve the 10 nm 
scale),  will facilitate research on the nano-sciences. 
4. The Concept case (maturity of proposal)  
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The upgrade plans is based upon experience gained from an ambitious refurbishment programme 
that has allowed ESRF to continuously advance science-driven technical innovation in crucial areas 
such as X-ray optics, detectors, sample environment, and accelerator physics.  
The principal components of the upgrade and renewal programme are: 
The reconstruction of about one third of the ESRF’s beamlines, to have much improved 
performance with an emphasis on nano-focus capabilities; 
The extension of approximately one third of the Experimental Hall so that beam lines can be 
extended to about 120 metres and new beamlines built, for nano-focusing  applications; 
A programme of improvements to the accelerator complex to maintain the very high brilliance and 
reliability of the ESRF’s X-ray source and  the preparation of a longer-term design for a new higher 
brightness lattice;A wide-ranging programme of SR instrumentation development to underpin the 
beamline and source improvements. 
The intention is that operation costs and staff numbers of the upgraded ESRF will not be 
qualitatively different from present figures. The proposed renewal programme could be started in 
2007 and have a duration of five to ten years. Facility “down-time” will be kept as short as 
possible to minimise disruption of the users’ scientific programmes.  
 
The estimated costs for the different parts of the programme are: 
         X-ray source upgrades 50 M€ 
        Beamline upgrades and new beamlines (total) 92 M€ 
        Experimental Hall extension 45 M€ 
        Instrumentation development and beamline support 45 M€ 
5. Further information, including strategic importance to ERA  
The ESRF is already a pan-European Facility enabling high quality research across a wide range of 
disciples through partnerships involving scientists from across the ERA. The upgraded facility will 
constitute a new and fertile ground for the development of scientific 
partnerships in specific areas of science. The model for a scientific partnership is based in creating 
the infrastructure which will allow efficient collaborations between the ESRF and external expert 
groups around specific scientific projects with well defined scientific goals. This scientific 
partnership will have to provide clear benefits to the scientific partners for its impact in their own 
science, and to the ESRF users who will be able to benefit from facilities and expertise that goes 
beyond the core competence of the ESRF staff. Scientific partnerships which are being considered 
at present are in soft condensed matter, in cancer treatment and in the application of high 
magnetic fields. These partnerships could also be considered as important new research 
infrastructures within the European Research Area. 
 
6. Identification of other socio-economic impacts 
The ESRF attracts scientists from across Europe, providing training in a wide range of disciplines.  
The high level of innovation in the development both of the source and the scientific techniques 
result in a major impact on the economy of the region. 
 
7. Participating organisations / support from Member states  
The ESRF is currently a partnersip of 18 European Countries.  These are France, Germany, 
Italy, United Kingdom, Spain, Switzerland, Belgium, Netherlands, Denmark, Finland,
Norway, Sweden, Portugal, Israel, Austria, Poland, Czech Republic and  Hungary.  Funding sources 
other than direct contributions from the ESRF’s Member Countries will be investigated over the 
next year. Financial support will be sought as part of future infrastructure initiatives in the context 
of the EC 7th Framework Programme. 
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10. Budgetary information   
Preparatory cost  
(total in M€) 
 
 

Construction cost 
(total in M€)  
        232 

Operation cost (total) 
 
Under review 

Decommissioning cost 
(total in M€) 
Under review 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 
 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

(of which likely to be 
obtained by possible 
stakeholders) 
Under discussion 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
Under discussion 
 

Construction phase 
Under discussion 

Operation  
Under discussion 

Decommissioning 
Under discussion 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
W G Stirling, ESRF, BP 220, 38043 GRENOBLE CEDEX 9, FRANCE 
 
http://www.esrf.fr/ 
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4.5- LNI: Large Neutron Infrastructures for Spectroscopy 

(Chair Norbert Kroo) 

4.5.1   Summary of recommendations 

Projects recommended for inclusion in the ESFRI roadmap at this time: 

• European Spallation Source (ESS). A 5MW spallation neutron source with a single long pulse target 
station and the capacity to support approximately 20 instruments. The ESS will be unique in the world.  

• ILL 20/20 project. A major upgrade of the instrumentation and facilities of the Institut Laue 
Langevin, Europe’s world leading reactor neutron source, will enable it to continue doing world class 
science for at least another 20 years. 

It must be stressed that at the same time Europe should ensure that it maintains sufficient capability, 
capacity and variety through its other neutron sources, in order to be able to support a sufficient user 
community that can fully exploit the scientific capabilities resulting from these projects. 

4.5.2   Landscape (see e.g. refs. 1-3) 

It is widely acknowledged that neutron science is one of the scientific techniques in which Europe has 
clearly been world leading over the last 30 years. It is estimated that there are currently about 5000 
European scientists using neutron scattering as part of their research programmes.  

This success has been based on several factors: 

(i) A network of small and medium national sources, mainly multi-purpose reactors, which have made key 
contributions to scientific achievement, technical development and training of students and researchers, 
and to the growth and support of the scientific user community. Some  sources were closed in recent years 
but this has been compensated for by new facilities such as the  continuous spallation source SINQ in 
Switzerland (1998), the FRM-II reactor in Germany (2005) and the second target station of the ISIS pulsed 
spallation source in the UK (operational in 2008). The more recent sources were all purpose built for 
neutron science. 

(ii) The Institut Laue Langevin (Grenoble, France), acknowledged as the world leading facility for neutron 
science, is an exemplary example of successful collaboration between European countries. France and 
Germany made the initial agreement in 1968 and were followed soon after by the UK as the third associate 
member. Since 1987 the ILL has incorporated 9 more countries as new scientific members, making it a real 
European centre of excellence. It acts as the focal point of the European neutron community and is a 
centerpiece of the European Research Area. 

(iii) The operation of most European facilities, particularly the larger ones, has been primarily for the 
research programmes of external users (e.g. university researchers), with a culture of scientific excellence 
based on peer review.  

In considering the future needs for provision and development of neutron scattering within Europe, it must 
be noted that this is one of the few scientific methods that has no ‘small scale’ equivalent. X-ray and light 
sources range from tabletop devices to very large scale facilities, but even the smallest neutron sources 
(useable for scattering experiments) are large. Successful scientific exploitation of neutrons, as realized in 
Europe over the past 30 years, requires the maintenance of a number of sources providing for three key 
factors – capability, capacity and variety. This should be the basis for the development of a strategy 
for neutron scattering in Europe over the coming decades.  

During the 1990’s attention was drawn to the fact that 2/3 of the existing neutron reactor sources would 
be approaching the end of their expected operating life between 2000 and 2020, and that steps should 
therefore be taken to provide for new capability. It was recommended that a ‘next generation’ source 
should be built in each of the major world regions – America, Europe and Oceania. In the USA and Japan it 
was recognized that, as well as replacing capacity, there was a need to significantly improve capability. 
Following a design study in the USA it was realized that a high flux reactor source of significantly higher 
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power than the ILL (50 MW) was not a realistic or cost effective option, so it is now generally accepted 
that all new high power sources will be based on spallation. The USA and Japan have therefore made 
major investments, of order 1.5 billion euro each, in new pulsed spallation sources (SNS, J-SNS) which are 
due to come into user operation within the next few years.  
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4.5.3   Scientific case for neutron facilities (see e.g. refs. 4-6) 

Modern products are increasingly complex, and are frequently multifunctional. They rely on subtle 
properties of matter, integrated in a sophisticated manner, for example in medicines, electronics, data 
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storage, transportation, energy storage etc. Due to advanced signal processing techniques and the 
progress in computation, it is possible to exploit very small changes in materials properties. The synthesis 
of new complex materials can significantly enhance these changes, new properties emerge and new 
applications appear. The effects used are often related to the material structure at the atomic and 
nanometer scale. An improved understanding of the property-structure relationships on these scales is 
needed to enable further significant progress.  

Each new sophisticated modern product is the end result of a huge amount of work, beginning with 
materials synthesis (e.g. biological materials, polymers, metal alloys, ceramics, complex fluids), their 
accurate characterization (e.g. the study of their structure and dynamics and the determination of their 
properties), their integration in test elements and finally in products. The product is only the tip of a 
pyramid, sustained by the broad base of fundamental research on the structure and properties of 
materials. 

Many characterization techniques are needed in order to understand complex modern materials. No single 
technique can answer all of the questions. Neutron scattering is one of the more sophisticated techniques, 
and in many cases can provide unique information on the crucial properties of condensed matter. It is a 
broadly applicable technique, with many specific variations which can be used in biology, soft matter, 
chemistry and physics, and is well suited for the study of multifunctional behavior.  

The most relevant and unique characteristics of neutrons can be summarized as follows: 

• The neutron interacts with the nucleus and typically has a high response from light atoms (e.g. 
hydrogen, oxygen). Neutrons can be used to distinguish atoms of comparable atomic number and 
isotopes of the same chemical element. This allows, for example, studies that focus on specific 
aspects of the atomic arrangement (or dynamics) of macromolecules through deuteration of specific 
molecular fragments. 

• The energy of thermal neutrons is comparable to that of elementary excitations in condensed matter. 
Neutrons allow not only the determination of the “static average” chemical structure, but also 
investigation of the dynamic properties of atomic arrangements which are directly related to the 
physical properties of materials. 

• By virtue of the fact that it has no charge, the neutron interacts rather weakly with matter, which 
means that the properties of the materials being investigated are not changed by neutron irradiation 
and there is no discernible radiation damage to delicate biological materials during typical studies. The 
weak interaction with matter also results in a large penetration depth, so the bulk properties of 
macroscopic samples can be studied. The high penetration is also important for the investigation of 
materials under extreme conditions, such as very low and very high temperatures, high pressures, 
high magnetic and electric fields, or combinations of these. 

• The neutron has a magnetic moment, and the magnetic scattering cross-section is comparable to the 
nuclear cross-section, which makes it an excellent probe for the determination of the static and 
dynamic magnetic properties of materials, e.g. magnetic ordering phenomena, magnetic excitations 
and spin fluctuations. 

• Studies of nuclear and particle physics using slow neutrons probe the fundamental interactions in 
nature, helping us to understand events from the creation of the light chemical elements during the 
first few minutes after the big bang of the universe to supernova explosions billions of years later. 

In recent years, multidisciplinary groups of leading scientists have worked out excellent science cases for 
the applications of neutron scattering across a multitude of scientific disciplines, identifying the key areas 
in the different fields and focusing on future trends. There are numerous examples of important future 
challenges and questions where neutrons will crucial in providing the solutions: 

- Polymers and soft matter. Real-time studies of the processing of soft solids will make unique 
contributions to many industrial processes of materials ranging from composites to colloids. 

- Disordered materials. Our understanding of disordered crystalline materials, glasses and liquids, 
central to optical communication, chemical and biochemical engineering, food sciences, 
pharmaceuticals and molecular biology, will see vital advances. 
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- Structural materials chemistry. The capability to perform in-situ and rapid real-time measurements will 
have a major impact on product synthesis and processing. 

- Chemical activity and molecular motions. The increased sensitivity of neutron spectroscopy will open 
up studies of chemical reactions at interfaces and in new catalytic processes, with potentially major 
impacts on fuel cells, catalysis, clean technology and waste management. 

- Biology and biotechnology. Important structural information will be provided on the functioning of 
macromolecular complexes, while kinetic measurements during DNA synthesis and studies of drug 
receptor interactions will become feasible. 

- Earth and environmental sciences. Structural studies of complex minerals at high temperatures and 
high pressures will improve our understanding of basic geological processes such as volcanic activity 
and earthquakes. 

- Engineering. The utilisation of neutron beams in engineering science will become a cost-effective 
alternative to more conventional techniques. 

- Condensed matter physics. Neutron studies of nano-particles, low-dimensional systems and 
magnetism will have a significant impact on quantum device technology and the applications of 
superconducting materials. 

- Fundamental physics. Answers to questions of the handedness of nature promise to open up exciting 
new physics beyond today’s Standard Model, while an improved understanding of the strong force will 
address questions of matter-antimatter asymmetry and of Grand Unification. 

There are also many opportunities to exploit other particles that can be generated by neutron sources: 

- Muon spectroscopy for studies of condensed matter; fundamental muon physics 
- The use of positrons as probes of condensed matter 
- Neutrino studies 
- Radioactive nuclear beams 
- Irradiation for fusion materials research and development 
- Isotope production. 

The scientific value of neutron scattering research is strikingly described in a statement from the Hälg Prize 
Committee, which includes two Nobel laureates. ‘For the last half-century neutrons have played a crucially 
important role in developing and refining our understanding of many key scientifically important and 
technologically significant aspects of condensed matter across the disciplines of physics, chemistry, 
materials, and the life, earth and engineering sciences. There is no doubt that neutron research will 
continue to make a major, and indeed growing, contribution to each of these fields.’ 

4.5.4   Current situation - facilities 

Europe currently has 9 operating neutron sources in the medium-large range, plus several small sources. A 
summary is given in Table 1. The reactor sources at Riso in Denmark and Studsvik in Sweden have been 
closed in recent years, and the reactor at Julich in Germany is due to close during 2006.  

4.5.5   Current situation – users and science (see refs. 7,8) 

Europe hosts the largest, most experienced and broadest based community of neutron beam users. At 
present about 5000 neutron scatterers, roughly two thirds of the world’s total number, reside in Europe 
and exploit European neutron facilities. In 1995 the European Neutron Scattering Association (ENSA) 
circulated a questionnaire to members of the European neutron scattering community in order to evaluate 

- the scientific and technological base of the European neutron scattering community; 

- the scale of neutron beam usage by members of the community; 

- the nature of neutron beam usage by members of the community; 

- the perceived impact and development of neutron scattering science. 
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The detailed statistical breakdown of the results of this survey is summarized in ref. 7. This exercise was 
repeated ten years later, and the results are summarized in ref. 8. 

The following conclusions can be drawn from the two surveys: 

1. Neutron scattering is a truly multidisciplinary technique. While in the 1990’s the dominating disciplines 
were physics and chemistry, the user base has broadened significantly during the last ten years. In 
particular, the emerging fields of life sciences, engineering, earth sciences and cultural heritage have 
seen a remarkable 50% growth. 

2. More than half of the users of European neutron scattering facilities employ neutron beam techniques 
as only one component of a wider research program. This emphasizes the important role of neutron 
scattering as an enabling technique which underpins a broad condensed matter science base. 

3. The network of national sources accounts for about three quarters of the total European neutron 
beam usage. The remaining quarter of experiments is performed at the high flux reactor of the ILL. 

4. Roughly one half of neutron beam studies in Europe focus upon structural determination. The number 
of investigations of soft condensed matter, and of reflectometry studies on layered systems including 
biological materials, has increased considerably. Studies focusing on dynamics account for about one 
third of the beam time. 

5. The total neutron beam time available in Europe is in many cases not sufficient to perform systematic 
investigations with the necessary precision. 

6. The facilities and instruments are routinely oversubscribed. 

7. There is a large demand for a third generation neutron source in Europe. Experiments on a third 
generation neutron source would be on totally new cutting edge research, and not just improvements 
of present investigations. 

8. There is a small but direct industrial participation in neutron techniques. The majority of industrially 
relevant research using neutrons is carried out by industries collaborating with university groups. 

4.5.6   Conclusions 

European Spallation Source (ESS) project 
The Expert Group strongly supports this project for inclusion in the ESFRI Roadmap. 

Europe will need to build a new neutron spallation source in the near future in order to: 

• respond to future research requirements, with a continued strength in hard condensed matter science 
while broadening and growing strength in soft matter; 

• commit to research and development (in accord with the Lisbon objectives) as a way to maintain 
international competitiveness, in particular in the emerging strength in Energy and Engineeringto 
enlarge the range of new scientific opportunities in areas such as polymers and soft matter, biology 
and biotechnology, amorphous and disordered materials, nanoscience, solid state physics, chemistry 
and chemical structure, engineering and materials science, Earth and environmental sciences, liquids 
and particle physics. 

• to maintain European leadership in neutron science, which has been built up over many years and is a 
formidable asset; 

• to attract the world’s best researchers and companies in future fields of economic importance.  

Europe, based on the significant expertise available, has been at the forefront of design and development 
for spallation sources. The ESS project, started as early as 1990, was highly influential on the design of the 
American and Japanese sources. The original ESS design was based on a 1MW short pulse (SP) source 
feeding 50Hz and 10Hz target stations. The second design was based on a 5+5MW source feeding long 
pulse (LP) and 50 Hz short pulse target stations. More recently interest has been focused on the long pulse 
option (5MW, 1-2 ms proton pulses). The rationale for this is endorsed by the Expert Group. 

- The performance significantly exceeds that of the American and Japanese projects; 
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- The LP version can be realized at significantly lower costs than the SP version; 

- The LP version can be upgraded (based on known accelerator technology) to a power of 15-20 MW, 
thus outperforming the American and Japanese projects by more than an order of magnitude; 

- The LP version is well suited to the majority of the instrumental requirements. Intensity losses due to 
excessive resolution can be avoided since the 1 µs proton pulses of a SP on a liquid mercury target 
station poorly match the 10-300 µs neutron moderator pulse time. Where required, shaping of ms 
proton pulses can be used to regain the necessary resolution.  

- This is supported by the pulse length requirements of the types of instruments that are likely to be 
installed at the ESS: 

Type of instrument Pulse length requirement (µs) 
  
Irradiation work ∞ 
Single (Q,omega) experiments ∞ 
SANS, NSE  2000 – 4000  
Reflectometry 500 – 2000  
Single-crystal diffraction 100 – 500  
Powder diffraction 5 – 500  
Cold neutron spectroscopy 50 – 2000  
Thermal neutron spectroscopy 20 – 600  
Hot neutron spectroscopy 10 – 300  
Electronvolt spectroscopy  1 – 10  
Backscattering spectroscopy 10 – 100  

The scientific case does not need to be re-evaluated since it is well established and has already been 
endorsed, among the others by the ESF (ref. 5). The facility is mature from a scientific and technical point 
of view. Several business cases have been presented; 5 sites in 5 different countries have shown interest 
in hosting the facility. The project only needs a preparatory phase to coagulate political consensus 
throughout the Member States. The ESS project will draw considerable benefit from the technical 
developments currently being made and tested at SNS and J-PARC, and close cooperation with these 
projects (e.g. through the existing ICANS collaboration) is strongly encouraged. 

The timeline and political actions to be undertaken are: 

Late 2006 Acceptance science case; preliminary baseline. 

 20-30 MEuros required to complete the detailed engineering design 
including detailed costing and optimisation. 

End 2006- Mid 2008 Detailed negotiations. 

End 2008 Go-ahead for construction.  Performance baseline established. 

2009 Start construction. 

2016-2017 First neutrons. 

2018-2019 First user operations  

ILL 20/20 project 

The group strongly supports this project for upgrade of the European source ILL for inclusion in the ESFRI 
roadmap, regardless of when the new source ESS will be constructed. This upgrade offers excellent value 
for money in terms of performance improvement for a facility that is currently world leading, and will 
enable the ILL to continue doing world class science for at least another 20 years 
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The group stresses that at the same time it is absolutely vital to ensure an adequate level of capacity and 
capability at other major existing facilities (e.g. ISIS, FRM II, LLB, HMI, SINQ, BNC) to support, and 
preferably expand, the community of 5000 users, though this is not appropriate for the ESFRI roadmap  
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 Name Location First  

Operation 
Final  
operation 

Power, 
MW 

Flux, 
1014 n cm-2 s-1 

Cold and 
Hot 
Sources 

Neutron  
Scattering 
Instruments 
(March  
2006) 

Reactors ILL-HFR  Grenoble, France 1972  58 12 2 Cold, 
1 Hot 

35 

 FRM-2  Munich, 
Germany 

2005  20 7  1 Cold, 
1 Hot 

20 

 Orphée  Saclay, France 1980  14 3 2 Cold, 
1 Hot 

25 

 BER-2  Berlin, Germany 1973  10 2 1 Cold 16 
 FRJ-2  Jülich, Germany 1962 2006 23  2 1 Cold 11 
 DR3 Riso, Denmark 1960 2000 10 2 1 Cold  

 BNC  Budapest, 
Hungary 

1959  10 1.6 1 Cold 6 

 R-2  Studsvik, 
Sweden 

1960 2005 50 1   

 FRG  Geesthacht, 
Germany 

1958  5 0.8 1 Cold 10 

 JEEP2  Kjeller, Norway 1966  2 0.2 1 Cold 4 
 HOR  Delft, 

Netherlands 
1963  2 0.2 — 3 

Spallation 
sources 

ISIS Didcot, UK 1984  800MeV 
300µA (pulsed) 

 2 Cold 18 

 
 

SINQ Villigen, 
Switzerland 

1998  600 MeV 
1.5 mA 
(continuous) 

 1 Cold 13 

 
Table 1. Neutron scattering sources in Europe. 
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LNI Annex 1: ESS project  
LNI Annex 2: ILL 20/20 project  
LNI Annex 3: Presentation of the group, details of meetings etc. 
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LNI Annex 1 
 
1. Project’s name and descriptive title 
European Spallation Source (ESS). 
A new generation multi-MW spallation neutron source for the study of matter. 
2. Short description of project and main characteristics 
The ESS is a 5 MW neutron source with initially 20 instruments, upgradeable to more instruments, higher 
power and more target stations. 1.3 GeV protons from a linear accelerator  impinge on a heavy metal target 
to produce Long Pulse (ms) neutrons. The highest priority new project of European neutron scattering since 
the early nineties, ESS will be the world’s leading neutron source, providing the highest neutron intensity (in 
several cases up to two orders of magnitude higher peak flux than current leading facilities) and novel 
instrumentation as a unique tool for research into structure, characterisation, functions and dynamics of 
matter. Together with complementary capabilities provided by synchrotron sources, NMR, muons and e.g. 
electron microscopy this will provide Europe with a full range of the most advanced tools for research into 
matter. This Long Pulse facility is well suited to the majority of instrumental requirements and signifcantly 
cheaper than a SP facility.  
3. Science case (scientific justification, including new areas to be opened) 
ESS will allow real time, real size, real life, in-situ neutron measurements of static and dynamic phenomena, 
providing movies of nano-scale events. The neutron's unique properties (magnetic moment, observation of 
hydrogen, penetration, etc.) coupled with the unprecedented stepwise increase in intensity creates entirely 
new opportunities in dynamical and structural studies in biology and large molecules in solutions (folding of 
proteins), research into polymers and soft condensed matter science, real scale tomography and 
radiography of engineering materials, solid state physics and chemistry, and also for studies in particle 
physics using ultra-cold neutrons. ESS thus responds to future research requirements over a very broad 
range, with a continued strength in hard condensed matter and a broadening and growing strength in soft 
matter. 
4. Impact to society and to new technologies for industry 
ESS will be necessary for advanced and more effective investigations of ultra-thin and laterally confined 
structures for e.g. reading devices in the IT industry, active site structures in enzymes, technologies for 
storing hydrogen for a sustainable energy economy, multi-component complex fluids in porous media for 
tertiary oil production, methane-water clathrates for natural gas production, or the templating of 
nanostructures for catalysts, medical implants, pharmaceuticals, photonic materials, etc. Novel detector, 
instrument and software technologies will also be drivers of innovation. 
5. Strategic importance to ERA 

ESS will be the pinnacle of a tiered landscape of European neutron sources and will, in close co-operation 
with current leading facilities and national sources, be key for a vibrant European multidisciplinary neutron 
science community, now 5000 strong. ESS is necessary to maintain or reclaim Europe’s lead in neutron 
science and technology when a new competitive edge will be defined with the impending commissioning of 
SNS (USA, 2006) and JSNS (Japan, 2007/8). Neutron science is and must remain one of the very few areas 
of acclaimed European leadership and ESS’s performance will considerably exceed that of SNS and JSNS. An 
investment in ESS is line with Europe’s goal to maintain international competitiveness. Together with 
investments in e.g. advanced synchrotron facilities, it will make Europe a most attractive place for the 
world’s best researchers and companies to exploit the most diverse range of materials in future fields of 
economic importance. 
6. Maturity of proposal (including possible timetable) 
15 Labs/universities from 11 countries and hundreds of scientists have produced the Technical Design and 
the Science Case (1993-2003). The ESS-Initiative, based at ILL, is now advancing the case of ESS. The 
science case and the preliminary baseline range (terminology from DoE facilities project stages) which have 
been established will enable one or more governments to initiate negotiations in the second half 2006. A 
subsequent decision (20-30 M€) to produce the performance baseline, i.e. to complete the engineering 
design, including optimisation for upgradeability, updating of costing and construction planning (substantial 
parts are ready) will accelerate start of construction. Detailed negotiations should result end 2008 in go-
ahead on the basis of the performance baseline, with construction commencing in 2009. Full user operations 
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will begin in 2018/9. 
7. Budgetary information (preparation, construction and operation costs) 
Completion engineering design: M€2000 20-30.  
Construction costs: B€2000  1 for the initial 5 MW LP facility. Annual operating costs: M€2000 80. Costs to be 
updated for inflation, energy and steel prices, upgradeability.  
8. Comments on possible partnerships (optional) 
5 Business cases have been or are being prepared by governments/regional consortia offering sites: 
Sweden, Yorkshire, Sachsen/Sachsen-Anhalt, Hungary and Spain. Other candidates in the UK and Germany 
may be expeceted to revive their past interest to host ESS.  
Leading neutron labs and accelerator teams from all over Europe will partner for the construction. 
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LNI Annex 2 
 
1. A Renewal Programme for the Institut Laue-Langevin 
 
ILL 20/20. The renewal of the neutron production and instrumentation of the Institut Laue Langevin in 
Grenoble, improving data rates by a factor of 20, paying particular attention to user facilities and scientific 
scope, thereby setting the Institute fair as a User Research Facility par excellence for the next 20 years. 
 
2. The main characteristics of the project 
 
The ILL is recognised as the world’s most productive and reliable source of slow neutrons for the study of 
condensed matter.  In 2000 a renewal programme - the Millennium Programme - was launched to boost the 
quality of experimental facilities and to maintain the scientific value of the Institute to its User Community 
throughout Europe and beyond.  
It is proposed to further strengthen this investment, moving it into a new phase, by optimising the neutron 
source and its moderators, the neutron delivery (guides and beamtubes) and the neutron instrumentation. 
Access to new scientific areas will be proposed through enhanced support facilities for Users. The first such 
facility, the Partnership for Structural Biology - a 5 Laboratory joint project - opened its doors to visiting 
researchers in November 2005 providing specialist services, such as the growing of deuterated single crystals, 
for visiting research teams using the neutron and synchrotron instruments on site. The proposed 20/20 plan 
includes a Partnership for Materials Science and Engineering, and a Partnership for Soft Condensed Matter 
which would enable users to make more effective use of the beamlines.  A High Magnetic Field laboratory, 
also in collaboration with ESRF, is proposed to feed instruments on both the neutron and the synchrotron 
radiation sources. 
 
3. The Scientific case 
 
The traditional areas of application of slow neutrons - magnetism, catalysis, amorphous materials, quantum 
fluids, polymers and mesoscopic systems - are already beginning to broaden out into energy research, earth 
and planetary materials, environmental materials, natural polymeric fibres, biomaterials and archeological 
artefacts. The use of slow neutrons as a probe is providing insights into the most fundamental cosmological 
questions, and engineering science is benefitting from strain imaging and tomography. The improved 
experimental capabilities resulting from the 20/20 plan will allow the following new developments: 

 
• Time-resolved neutron methods on millisecond time scales: highly focussed neutron beams and fine 

pixel detector technology will allow faster and more precise time-resolved experiments enabling chemical 
reaction mechanisms and even explosions to be followed. 

• Materials at extreme conditions: extremely high magnetic fields up to 35T will allow experimenters to 
probe beyond the region where exchange forces dominate, and high pressures and temperatures 
combined will access conditions in planetary cores. 

• Development of neutron methods: the proposed Advanced Neutron Technologies centre, ANTs for the 
development of innovative neutron methods, will link to start-up companies for production purposes and 
make state-of-the-art equipment available to other neutron centres, thereby optimising current neutron 
investment in Europe. 

• Soft Condensed Matter: a full exploitation of synergies and expertise available on site and partner 
laboratories in Europe, enabling near-manufacturing/processing conditions to be simulated in-beam. 

• The provision of increased densities of Ultra Cold Neutrons for fundamental neutron physics studies, 
such as the investigation of the neutron-gravitational force interaction. 

 
4. The impact on society and the transfer of new technologies to industry 
 
The 20/20 programme will support European Governments to achieve the Lisbon goal of Europe becoming the 
most competitive knowledge-based economy in the world, by supporting excellence in innovation and science 
and producing high-quality trained personnel.  
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Specific measures will be implemented to facilitate Technology Transfer and to protect and exploit Intellectual 
Property. State of the art instrumentation will stretch the ability of European industry to achieve the most 
demanding specifications. 
 
 
5. The strategic importance to the ERA 
 
The ILL is already a microcosm of the ERA with 12 partner nations and more poised to become members. The 
vast majority of experiments carried out at ILL are multinational collaborations. The training of the next 
generation of researchers, the liaison with University users and the instruction of undergraduate and high 
school teachers are important goals. The setting up of a Conference Centre and a Public Appreciation of 
Science Centre, both to be funded from Local government sources, will facilitate these goals. ILL is a gem 
within the European scientific crown, whose future will be assured by this renewal programme. 
 
 
6. The maturity of the proposal 
 
The programme has been elaborated and debated by the various scientific and administrative governing 
bodies of ILL. It has been subject to the scrutiny of the whole user community over the past 18 months and 
discussed three times, during its development, at the ILL’s Scientific Council.  Its need has been signalled by 
the OECD Megascience Forum and by various national reviews. A mature programme at the Institute has 
therefore been defined and costed, and ILL, thanks to recent high profile renewal projects such as the Reactor 
Seismic Refit Programme, has demonstrated its ability to deliver large projects to specification, on time and to 
budget. We are blessed with a youthful, highly qualified and motivated set of project engineers, technicians 
and scientists. Plans are well underway for civil work, technical engineering work, and instrument projects as 
defined by this proposal so that a start within a few months of funds being made available would be realistic. 
The project would be in two consecutive phases, from 2007-2011, and from 2012-2016   
 
 
7. The budgetary envelope 
 
The capital value of ILL is ~ 2 B€ and its lifetime, in a recent independent Technical Review, was stated as 
being "almost indefinite"; the two phases of the ILL 20/20 proposal are estimated to cost a total of 160 M€. 
We are in discussions with regional and local governments concerning investment in infrastructural aspects on 
our joint site in parallel to and separate from this proposal. The European Investment Bank has declared itself 
willing to underwrite a policy of early investment for optimum scientific return in future years. Operational 
costs of the Institute will not be greatly increased compared to currents costs. The 20/20 programme is 
therefore extremely cost-effective and technical risks are exceptionally low. Gains in scientific output would 
accrue within one year of the start of new investment, and the normal 220+ day operational schedule of the 
facility would be unaffected to first order. 
 
 
8. Site matters and international partnerships 
 
The site is one of the most admired in Europe, indeed the world, housing not only ILL, but the ESRF and the 
EMBL-Grenoble Laboratory, and is surrounded by high-tech companies set against an alpine backdrop. The 
ESRF is, in parallel, proposing an upgrade of a similar magnitude and impact. The site has therefore the 
potential to be a rare centre of excellence for researchers all over Europe in disciplines in which Europe leads 
the world. New European partners are currently being attracted by the new perspectives offered by ILL’s 
programme and the palpable sense of renewal all round the Institute is very evident. SMEs spun off from ILL 
have expressed a wish to relocate on the site, which plans to house also a post-doctoral training school, a 
public appreciation of science centre and a neutron technologies centre, with partnerships from other 
European neutron laboratories, to mutual benefit. 
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LNI Annex 3: Presentation of the Group 
 
The Working Group on Large Neutron Facilities set out a comparative study of different scenarios for the 
development of facilities for neutron based science in Europe. Four meetings have been held on 31/08/2005, 
25/11/2005, 2-3/02/06 and 3/3/06. The working group has examined the available documentation on 
existing and potential users in Europe and present and future neutron sources. The ESFRI delegation of 
Germany has added recently (30/01/06) a proposal for upgrade of FRM II. The third meeting was dedicated 
to hearings about the proposed and scheduled upgrades at the ILL and ISIS, the status of the ESS Initiative 
(these three actions suggested by the previous ESFRI report), a presentation of technical issues (long pulse 
vs short pulse) including a comparative analysis with the sources under construction in the USA and Japan, 
and a report of from a user representative (ENSA). The last part of the meeting was devoted to reports and 
proposals from the five ESS site candidates. 
 

Chairperson:  Norbert Kroo   Hungarian Academy of Science 

 

Members (in alphabetical order) 

Dirk Dubbers    University of Heidelberg, Germany  

Stefano Fontana   European Commission, DG Research 

Albert Furrer    Paul Scherrer Institute and ETH, Zurich, Switzerland 

Jose Carlos Gomez Sal  University of Cantabria, Spain  

Philippe Mangin   University of Nancy, France 

Robert McGreevy   CCLRC, UK  

Caterina Petrillo   University of Perugia, Italy 
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LNI Annex 4: References and documents  

 

The working group has examined the available documentation on existing and potential users in Europe, 
present neutron sources, plans for source upgrades and projects for new sources.  
 

Published or documented information 

1. D. Richter and T. Springer, “A twenty years forward look at neutron scattering facilities in the OECD 

and Russia,” OECD Megascience Forum (1998).  

2. OECD Megascience Forum, Report of the Neutron Sources Working Group: 

http://www.oecd.org/dataoecd/37/41/2751510.pdf 

3. The ESFRI report on Neutron Infrastructures: 

ftp://ftp.cordis.lu/pub/era/docs/infr_esfri_wg_neutrons_report.pdf) 

4. “Scientific prospects for neutron scattering with present and future sources’. Results of an ESF 

exploratory workshop held in Autrans (ESF, Strasbourg, 1996) 

http://neutron.neutron-eu.net/n_ensa/n_documentation 

5. ESS first  scientific  case (March 1997) 

http://neutron.neutron-eu.net/n_documentation/n_reports/n_ess_reports_and_more/102 

6. ‘New science and technology for the 21st century’. ESS project documentation, Vol. II (ESS Project 

Team, Jülich, 2002)  

http://neutron.neutron-eu.net/n_documentation/n_reports/n_ess_reports_and_more/102 

7. ‘Survey of the neutron scattering community and facilities in Europe’ (ESF, Strasbourg, 1998) http://?  

8. ‘The ESF/ENSA Survey 2005 of the Neutron Scattering Community in Europe’ (ESF, Strasbourg, to be 

published in 2006) 

9. The infrastructures ‘under construction’ listed in the EC survey database 

http://www.cordis.lu/infrastructures/survey.htm) 

10. Infrastructures linked to EC funded projects (e.g. I3-projects, …) 

http://www.cordis.lu/infrastructures/projects.htm and 

ftp://ftp.cordis.lu/pub/improving/docs/ari_projects_brochure_neutrons.pdf 

11. See also on the importance of SNS: the President Bush Energy Policy Act. 

http://www.aip.org/fyi/2005/119.html 

Informally collected information 

• NMI3 data concerning overall access to facilities. 

• ‘Vettier’  and ‘Mezei’ data data on publications (Neutron News ). 

• Collection of data on publications from neutron facilities. 

• Collection of upgrade plans from facilities. 
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4.6 NANO: Infrastructures for Nanoscience and nanotechnology 

(Chair Miran Ceh) 

4.6.1   Presentation of the Group 

The expert group was established by ESFRI in June, 2005, in order to prepare the input for the road map in the 
field of nanosciences. The chairman was appointed by the ESFRI and the expert candidates for the group were 
nominated by the ESFRI delegation. Expert members were appointed following consultations between the 
chairman and the ESFRI chair based on the ESFRI rules. The members of the expert group are listed in the 
annex. The work of the group followed the recommended procedure issued by ESFRI (June 28, 2005). 

The expert group held three meetings. The first meeting was held on September 12, 2005. The work plan of 
the expert group was elaborated and the Nanosciences field was divided into sub-fields to which experts were 
assigned in order to prepare the survey of the future needs for RI in the field of Nanosciences. Five ESFRI 
proposals were received for evaluation of the expert group. The second meeting was held in Brussels on 
November 29, 2006. The received proposals were assessed and the proposals in the stage of embryonic ideas 
were proposed by the experts. The third meeting of the expert group was held on January 25, 2006. During the 
meeting a hearing for the PRIN proposal was organized based on the more elaborated proposal that was 
distributed to the members of the expert group.  

4.6.2   Summary of landscape 

Survey 
Nanoscience and nanotechnology (N&N) is the manipulation or self-assembly of individual atoms, molecules, or 
molecular clusters into structures to create materials and devices with new or vastly different properties. This 
can be achieved by reducing the size of the smallest structures to the nanoscale (e.g. photonics applications in 
nanoelectronics and nanoengineering) or by manipulating individual atoms and molecules into nanostructures, 
which more closely resembles chemistry or biology. N&N Nanotechnology opens a completely new world of 
opportunities and solutions in all kinds of areas.  

Currently there are more then 250 identified centres within the EU states that have fabrication and analytical 
facilities for N&N R&D (report Nanoforum), and make these facilities available to external users. These range in 
size and scope from major EU centres of competence (with large scale facilities, several hundred members of 
staff, and annual budgets of several millions to tens of millions of euros) to smaller facilities located in Institutes 
or Universities. The main activities of identified existing infrastructure centre can be described in the following 
broad categories: 

• Nanomaterials 
• Electronics and Systems 
• Fundamental research (chemistry and physics) 
• Analytical and Diagnostics 
• Engineering and Fabrication 
• Nanobiotechnology 
• Energy 

Facilities offering R&D infrastructure for nanomaterials, electronics and systems are far most common (more 
then 180), with fundamental research (primarily physics and chemistry) being a major activity of more then 40 
centres. Analytical and diagnostic facilities are offered in 40 centres, and engineering and fabrication in 40. In 
contrast nanobiotechnology facilities are only available in 30 centres, and only 10 operate in the field of energy. 

General comment on RI in N&N 
There is no doubt that N&N will be one of the major future R&D areas in the world within the next 10 to 15 
years governed by vast potentials offered by basic scientific findings and transfers of these findings into the 
technology. The question of RI needs and developments involved in the N&N, however, is somewhat different 
as compared to other fields. The main difference is that for N&N one does not necessarily need single very 
large and dedicated research equipment in one site but instead a combination of numerous dedicated and 
complementary R&D equipments is required (in one site) that can assure all the necessary steps in N&N process 
(i.e. clean rooms, nanolithography, sputtering, characterization, etc…). In view of that it is expected that the RI 
in the N&N will continue to be developed within large, well equipped centres that will be distributed within EU 
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members according to specific R&D roadmaps of individual countries. A strong interaction and/or networking 
between such centres is expected and also should be promoted in order to exploit the beneficial synergetic 
effects. The main objective of RI within these centres will be how to make this RI available also to external 
potential users of such infrastructure. This should be an important issue for all the projects that would be 
initiated or promoted by the EU and should be considered from the beginning. 

Future areas of N&N 
(Nano)electronics and nanosystems 
Nanosystems utilize new functional properties appearing on the nano-scale and will potentially overcome 
limitations related to micro-scaled devices and systems. A strong activity in the nanosystems requires that 
aspects as design, simulation, fabrication, reproducibility, assembly, packaging, stability and reliability are be 
taken care of. Especially the fabrication of nanosystems will be challenging, including need of a broad palette of 
both top-down and bottom-up techniques. Furthermore, measurements and characterization of nanosystems 
will require advanced nano-characterization laboratories. Such an infrastructure can be built on upgraded 
existing laboratories at European institutes and universities complementing each others.  

Nanofabrication  
The future realization of nanoelectronics, nanosystems and also bio-nano solutions will continue to require 
access to advance nanofabrication techniques. The needs raise challenges both in top-down and bottom-up 
approaches. The challenges are both in realizing the nanopattern and in transferring it into other materials by 
means of for instance etching. In addition the fabrication facilities need to be closely integrated with nano-
characterization tools. A strong European activity in nanoelectronics, nano- and bio-nano systems requires 
access to an infrastructure network that may be built on upgraded existing centers and/or laboratories at 
European institutes and universities complementing each other. 

Nanoscience&Nanomaterials 
Fundamental research in chemistry and physics is a precondition for future development in the field of N&N. 
The knowledge of the basic structure and chemical composition of nanomaterials in connection with the 
theoretical modelling of the physical properties of materials on nano scale will enable understanding of 
observed phenomena in nanomaterials. Even now, however, the nanomaterials field is one of the fields of N&N 
closest to industrial exploitation. A burgeoning European scientific community is creating and characterising new 
materials with key structural components below 100nm in size, of which carbon nanotubes, metal clusters, 
colloidal and catalyst particles and nanostructured coatings are prime examples. Much of this research takes 
place on the laboratory scale, but certain key techniques require large scale infrastructures, including 
synchrotron radiation, advanced electron microscopy and state-of-the-art lithography.  

Enviroment&Energy 
Since the underpinning theme of the nanomaterials sector is to “do more with less material”, it interfaces 
naturally to the environmental sector, where the need to use resources sparingly and to develop recyclable 
materials is a key driver. Clearly the environmental benefits, as well as the possible risks, of nanomaterials are 
pan-European issues. Intimately related to environmental concerns is the drive for clean energy sources and the 
prospective hydrogen economy. Nanomaterials offer new routes to both the production of hydrogen (e.g. by 
photocatalysis) and storage (e.g. in nanoporous materials). 

Nano-bio-medical science 
The progress in the medical and biological science is strictly bonded to the research at the cellular and 
molecular level. Medical and pharmacological research needs methods to manipulate the cells, to characterize 
them, to form hybrids of sectioned cells and to cultivate them, singularly or in group. The major part of the 
techniques used in biology and genetics makes use of suspensions containing millions of cells; they allowed 
selecting at best hundreds or thousands of cells indeed, in many cases of medical interest, the number of 
available cells is extremely limited, and it has to be used both for diagnosis and for therapy. 

The worldwide research is aiming to the development of smart systems that allow driving in time and space the 
release of drugs inside the human body by means of an in-out interactive communication, leading to an in situ 
controlled drug release. Nanoscience Research Infrastructure in this field is needed in order to realize an actual 
and effective interdisciplinary matching in order to produce innovation in basic science and the technology 
whose real result would affect the production methodology and the production catalog of European industry. 
The long term strategy  in nanotechnology for biomedical applications, is oriented to  ccrreeaattee  aa  ccoonncceeppttuuaall  
ssppeeccttrruumm  ffoorr  tthhee  ccoommpprreehheennssiioonn  ooff  nneeww  mmaatteerriiaall  aanndd  mmiiccrroo//nnaannoo  mmaanniippuullaattiioonn  ddeevviicceess  wwhhiicchh  wwiillll  mmeeeett  tthhee  
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nneeeedd  ffoorr;;  hhiigghh  vvaarriiaabblleess  ccoonntteenntt,,  mmuullttii--mmooddee  oobbsseerrvvaattiioonnss,,  uullttrraa  hhiigghh  tthhrroouugghhppuutt,,  mmeeaassuurreemmeennttss  ooff  iinnddiivviidduuaall  
cceellll  ssttaattiicc  aanndd  kkiinneettiicc  ppaarraammeetteerrss,,  ccoorrrreellaattiioonn  bbeettwweeeenn  iinnddiivviidduuaall  cceellllss,,  cceellll  ssuussppeennssiioonn,,  ttiissssuueess  aanndd  cceellll  ffrreeee  
mmeeddiiaa,,  ccoorrrreellaattiioonn  bbeettwweeeenn  cceelllluullaarr  aanndd  mmoolleeccuullaarr  ddaattaa,,  mmaaxxiimmuumm  hhaannddlliinngg  fflleexxiibbiilliittyy  ooff  ssaammppllee  rreeaaggeenntt,,  uussee  ooff  
mmiinniimmuumm  ssaammppllee  aanndd  rreeaaggeenntt  ssiizzee,,  cceellll  ssoorrttiinngg,,  rreeaall  ttiimmee  sseennssiinngg,,  aanndd  ddrruugg  ddeelliivveerryy..   

Nano-Bio Materials 
Research on novel materials intersects more and more the methods for analysis and synthesis at the nanoscale. 
Infrastructure will be needed to foster research in the following fields for which both advanced methods of 
computer simulations and fine analysis of matter (atomic resolution, neutrons, X-rays, fs-EM pulses) are 
necessary to assist intelligent design of materials and of their synthesis. The functionality of biomaterial is 
determined by the hierarchical structure over a range of length scales. At the nanoscale the immune responses 
or tissue integration between the biomaterial and the host molecular structure happen. Cellular response to pre-
tissue clusters occurs at intermediate length scales. Combinatorial high-throughput screening is needed to 
increase the research yield in this key class of materials for biomedical applications and beyond. At intermediate 
length scales the behaviour of biomaterials involves the three related factors of control of 3D architecture, 
biological interactions and integration and dynamic response. These factors require control of the heterogeneity 
of the system, anisotropy of the mechanical and chemical properties, surface and texture engineering, 
mechano-integration, controlled release of stimuli and localised biomaterial response. Current biomimetic 
chemistry copies the formulae of proteins, carbohydrates and lipids, but it necessary to exploit the principles of 
self-organisation into extended hierarchy that is adopted by nature. Combinatorial as well as advanced analysis 
tools sensitive to all the relevant length and time scales are necessary to sustain this research.   

RI in bio-nanosciences should be tightly linked to hard-matter nanoscience centres where the instrumentation 
and methods have been developed and are available (optical manipulation of micrometer size cells, synthesis of 
nanoporous materials, vectors for drugs). 

Nanocharacterization 
Any R&D work in the N&N field depends on results of analytical methods that enable observations and 
determination of structure and chemical composition on nanometer and/or atom scale. Visualization and 
determination of structure is possible with various electron microscopy techniques and diffraction techniques 
(HRTEM, HAADF-STEM, XRD, neutron diffraction, synchrotron radiation, etc.). Data on structure must be 
complemented with data on chemical composition on the atom scale. Future development of analytical methods 
that will enable structure determination and chemical composition determination with sub-Angstrom spatial 
resolution in both, imaging and chemical composition determination, is therefore essential in the future and 
should be developed accordingly. RI for atomic resolution characterization of inorganic and organic materials 
will be integral part of any N&N centres in future.  

4.6.3   Summary description of each mature and embryonic project 

The members of the expert group have assessed the following five ESFRI proposals: 

1. PRINS: Pan-European Research Infrastructure for Nano-Structures   
2. TEN-IRUVX-FEL: A Trans European Network of complementary Infrared to SoftX  Free Electron Laser 

Laboratories for NanoScience and Technology 
3. AMARETE: Centre for Advanced Material Research and Technology 
4. EUFEO, Centre for Micro- and Nano- Photonic Technologies 
5. NANO-LDS: Centre for Nanostructurization and Low-Dimensional Systems Development 

The PRINS proposal was recognized as the most mature proposal and is supported by the expert group to be 
included into the roadmap. The TEN-IRUVX-FEL proposal (No. 2), was primarily evaluated by the SOFTX FELs 
expert group, although it was recognized as an adequate proposal by the Nanoscience expert group. The expert 
group found that the proposals No. 3, 4 and 5 exhibit different degrees of maturity and were at this stage not 
proposed to be included for the first edition of the Roadmap, see next paragraph 3.2. 
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4.6.4   Proposals not forwarded by the Expert Group 

TEN-IRUVX-FEL: A Trans European Network of complementary Infrared to SoftX Free Electron Laser 
Laboratories for NanoScience and Technology. 

The project is considered adequate but will be assessed by the SOFTX FELs expert group.  

AMARETE: Centre for Advanced Material Research and Technology 
This proposal is dealing with the extension of the existing infrastructure at the Solid State physics Institute of 
the University of Latvia. The scientific case is limited to a dedicated area of nanosciences, i.e. study of 
electronic and ionic processes in wide-gap materials. The pan-European dimension of the project is lacking at 
this stage of the proposal and the proposal does not meet maturity criteria.  

Centre for Micro- and Nano- Photonic Technologies 
The proposal addresses a full range of topics from modelling and design to fabrication, packaging and testing of 
photonic structures and devices. It is primarily a proposal for photonics, rather than nanoscience. However, 
nanoscale materials control and, more especially, micro scale structure control have a promising role in this 
field. An important question is whether the key European players are also integrated into this network. At this 
stage the proposal does not meet the maturity criteria.  

NANO-LDS: Centre for Nanostructurization and Low-Dimensional Systems Development 
The proposed scientific fields surely belong to strategic important domains in the nanaoscience field. The 
proposal is intended to build a centre in Poland, covering all aspects going from fundamental research to 
technology transfer and incubation of new start -up companies. It is an ambitious project; however, the 
European dimension of the intended platform is not addressed at all. It is primarily a large-scale extension of 
national projects and at this stage regarded not mature in view of ESFRI criteria. 

4.6.5   Recommendations and conclusions 

The members of the expert group have assessed the following five ESFRI proposals: 

1. PRINS: Pan-European Research Infrastructure for Nano-Structures   
2. TEN-IRUVX-FEL: A Trans European Network of complementary Infrared to SoftX  Free Electron 

Laser Laboratories for NanoScience and Technology 
3. AMARETE: Centre for Advanced Material Research and Technology 
4. Centre for Micro- and Nano- Photonic Technologies 
5. NANO-LDS: Centre for Nanostructurization and Low-Dimensional Systems Development 

The PRINS proposal was regarded as a mature proposal and is proposed by the expert group to be included into 
the ESFRI roadmap. Other proposals were evaluated not to be mature proposals in the present state according 
to the ESFRI criteria. Additionally, the expert group has supported two ideas as emerging ideas. 

Emerging projects 
Two emerging projects were considered at this stage of the preparation of the road map. The idea Nanoscience 
emerges from an overall analysis of the Eu situation, when compared with the U.S. and from several 
suggestions from leading scientists in EU. It is aimed to join the research in nanoscience, with environment, 
biology and energy, while the idea EUFEO is aimed to implement and develop sub-Angstrom spatial resolution 
analytical techniques. 

4.6.6   List of Annexes 

NANO Annex 1: presentation PRINS 
NANO Annex 2: presentation of the Group 
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NANO Annex 1 
 

1. Name and descriptive title 
 
Pan-European Research Infrastructure for Nano-Structures (PRINS) 
 
2. Short description of new RI 
 
The project will focus on constructing a Research Infrastructure (RI) called Pan-European Research 
Infrastructure for Nano-Structures (PRINS) with the aim of enabling ultimate scaling of electronic 
components and circuits. The platform is aimed to be interdisciplinary by allowing the convergence of 
“top-down” technology, which is today the main enabler of Moore’s law (i.e. transistor scaling), with 
“bottom-up” methods derived from fundamental disciplines such as materials physics, chemistry, 
biotechnology and particle electronics. PRINS Research Infrastructure will be distributed over a limited 
number of existing sites, grouped around CEA-LETI, FhG-VµE and IMEC. These three Research 
Organizations (ROs) will act as a bridge between the various actors in nanoelectronics and as scientific 
and technical integration centers for ultimate silicon-based processing and heterogeneous integration, 
whereas many linked complementary research centers should benefit from the access to this 
infrastructure.  

 
3. Science case 

 
This proposal aims to establish a comprehensive research infrastructure for nano-scaled CMOS and post 
CMOS technology. In particular, it calls for a research platform for the convergence of top-down and 
bottom-up techniques. The investments must be large enough to enable European researchers to cope 
with international competition. The science case of the proposal is built on the driving force for electronic 
device miniaturization that has been driven by the fabrication of integrated circuits. The shrinking of the 
electronic components on chip is expected to continue for another 15 years on the base of silicon 
technology. During this period, the critical feature size of the transistors (i.e. the physical gate length) will 
drop from 32 nm in 2005 (technology node 90nm) to 6 nm in 2020 (technology node 14nm). 

 
4. The Concept case 
 
In the future, nanotechnology will move towards the convergence of top-down and bottom-up 
techniques. Fast progress on both sides is now bringing this convergence closer to reality. However, in 
order to combine all top-down and bottom-up approaches, including materials research, new device 
concepts and the integration of all above towards a proof-of-concept mode, a dedicated state-of-the-art 
research infrastructure is needed which will focus on the integration of multiple approaches using silicon-
compatible technologies. Such research infrastructure requires some unique and characteristic features, 
as it will bring together advanced equipments and expertise related to multiple disciplines such as: 
materials research and atomic scale characterization, new device concepts, simulation nano-scaled CMOS 
and post-CMOS processing, bottom-up self-assembly processing methods, reliability studies and the 
integration of such concepts and devices in complex systems.  
 
6. Socio-economic impacts 
 
The major application areas in N&N, which will drive technological innovations, are safety & security, 
communications, health, mobility, education and entertainment. The successful implementation of the 
top-down and bottom-up approaches in manufacturing will create the first wide-scale industrial 
application area for nanotechnology and silicon technology fully qualifies as the convergence platform for 
both paths: as such this research infrastructure should have a beneficial industrial and economical impact 
resulting in the creation of jobs and a renewed leadership of Europe. 
 
PRINS intends to work in close collaboration with academic teams, and also with other, already existing, 
complementary platforms, such as for instance the flexible platform (CFP, Common Fabrication Platform) 
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that is being set up within the frame of the SINANO project, an EC-supported Network of Excellence 
(NoE). 
 
The collaboration between PRINS and the academic teams is foreseen in the following ways:  

- hosting research teams in the RI and/or building up common R&D laboratories can enhance the long 
term collaboration between Academia and the hosting Research Organization; 

- the mobility of researchers, which will be essential in order to leverage the impact of the research 
community and enhance the industry - research center - academia linkages; 

- the cooperation between Academia and PRINS can also be achieved in a fast and cost-effective way by 
moving samples and data between the RI and its associated laboratories;  

- providing academic research teams with basic materials/data for their own research programs that are 
complementary and relevant to PRINS will leverage the whole investment of the RI. 
 
7. Participating organizations 
 
The new research infrastructure will be localized in three existing sites, grouped around IMEC (Belgium), 
CEA-LETI (France) and FhG (Germany) operating in a research platform mode. These three institutes will 
act as the integration centres for ultimate silicon and heterogeneous integration, whereas few other 
linked sites will provide complementary research on advanced materials and specific technologies for 
heterogeneous integration. The collaboration with, and active involvement of, the whole European 
nanoelectronics community - linking the three types of centres - will be pursued through the strategic 
European Technology Platform “ENIAC”. 

 
 

8. Budgetary information 
 
The project has duration of seven years. The foreseen PRIN budget amounts to app. 3000 M EUR, 
including operation costs over this period, for a total investment of  1110,5 M EUR and operation of 256,4 
M EUR  per year. 
 
The budget division between three major partners is shown in Table I: The infrastructure will operate in 
a complementary mode over a limited number of participating European sites, involving (i) research 
centres with state-of-the-art device processing and top-down/bottom-up integration capabilities, (ii) 
specialized centres for research on heterogeneous integration and (iii) centres for research on advanced 
materials and novel device concepts. Because the tools will be housed in and combined with existing 
facilities, research infrastructure costs will be mainly needed to extend existing utilities, guaranteeing 
increased research functionality whilst maintaining a strongly needed critical mass to cope with 
international competition. Complementary funding will be raised from private sources in a public-private 
partnership mode. 
An estimated budget of 250 M€ in operation will be dedicated to support exploratory activities with 
academic and other fundamental research partners, i.e. for the access to the PRINS infrastructure. 
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Table I. Proposed PRINS budget for 7 years.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• * figure in brackets are the additional costs in case of new buildings (not yet decided) 
• ** Decommissioning cost included as 7% of total tool cost 
• ***  FhG figures do not include general nanotechnology activities, performed by th eFhG 

nanotechnology alliance 
 
Contacts 
 
Give the reference of the coordination organisation and contact person; whenever possible indicate web site(s) 
of reference. 
 
Roger De Keersmaecker, PhD, MBA 
Vice President Strategic Relations IMEC 
Professor K.U. Leuven 
Kapeldreef 75, 3001 Leuven (Belgium) 
Tel + 32 1628 1326 (direct) 1332 (assistant) 
Email: rdk@imec.be 
 

 

  
CEA/LETI 

 
FhG/VµE*** 

 
IMEC 

Provision for 
associated labs 

Nano CMOS     
Tools 240 292 212  
Building 20 [+65]* 22 125  
Operational Cost (incl. 
personnel) cost 

470 215 434  

Decommissioning     
Heterogeneous integration     

Tools 30 46 40  
Building 5[+20]* 4.5 4  
Operational Cost (incl. 
personnel) cost 

100 128 80  

Decommissioning     
Nano-fabrication     

Tools 30 26 26  
Building 5[+20]*  - 3  
Operational Cost (incl. 
personnel) cost 

80 20 17.5  

Decommissioning     
TOTAL     

Tools 300 364 258  
Building 30[+100]* 26.5 132  
Operational Cost (incl. 
personnel) cost 

650 363 531.5  

Decommissioning** 20 25.5 20  
TOTAL 1,000 779 921.5 250 

GRAND TOTAL 2950.5 
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NANO Annex 2 
 
 
Members of the expert group (alphabetically): 
 
Bengtsson Stefan, Sweden 
Ceh Miran (chair), Slovenia 
Claeys Cor, Belgium 
Jungwirth Tomas, Czech Republic 
Munoz Elias, Spain 
Nieminen Risto, Finland 
Palmer Richard, United Kingdom 
Plana Robert, France 
Rossi Giorgio, Italy 
Wasser Rainer, Germany 
Turan Rasit, Turkey 
 
 
UE Advisor  
 
Petroff Yves, France 
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4.7 MT: Materials Testing 

(Chair Joergen Kjems) 

4.7.1   Introduction and summary 
The expert group was established by ESFRI in June, 2005, in order to prepare input to the roadmap in the field 
of materials testing using neutron irradiation facilities. The chairman was appointed by ESFRI and the expert 
candidates for the group were nominated by the ESFRI delegations. Expert member were appointed following 
consultation between the chairman and the ESFRI chair. Members are listed in annex. The group has held two 
meetings where the field was surveyed and four projects with potential for inclusion in road map were presented 
and discussed. The work of the group followed the recommended procedure issued by ESFRI (June 28, 2005)  

Summary: The expert group on material testing has surveyed the field and found that there are five research 
reactor facilities operating in the European Union and associated countries providing services for the nuclear 
industry and the materials research community. Several of these facilities have combined missions and provide 
facilities for isotope production and neutron beam research. Two of the facilities are operated as part of 
international programs and three are national facilities open for transnational use. The facilities are by now more 
than 40 years old. 

The need for material testing facilities is mainly argued by R&D in nuclear energy and related technology, and 
the foreseen use of the proposed projects is a mix of materials development and qualification of material for 
industrial use in the nuclear energy sector. A special need is associated with the development of fusion reactors.  
The estimated user community includes several thousand scientists in both academia and industry across 
Europe. 

The expert group assessed four specific projects and finds that the following projects are mature based on 
considerations of the scientific case as well as the technical case: 

 - Jules Horowitz Reactor for materials testing (France) 

 - IFMIF: International Fusion Materials Irradiation Facility (IEA/EFDA)  

These two projects are recommended to be included in the first version of the ESFRI road map. 

The expert group finds that the following two projects are still embryonic with different degrees of maturity: 

 - Pallas: Successor for High Flux Reactor in Petten (Netherlands) 

 - MYRRHA: Multipurpose Hybrid Research Reactor (Belgium) 

The expert group finds that these projects are not yet mature enough to be included in the ESFRI road map. 

4.7.2   Scientific and technical needs 

Support provided by research reactors has been essential for the development of nuclear power programmes 
over the last 50 years. Research reactors have also become an important service provider to the isotope industry 
and to the silicon production for semiconductors use. However, by 2010 most of the Material Test Reactors 
(MTRs) in Europe will require license renewals to remain operational, with some of them facing potential 
closure. A strategic analysis  of the future European union needs in material research reactors was carried out in 
2002  and resulted in the FEUNMARR report issued by the European Commission (October 2002). The Euratom 
Science and Technical Committee, (STC) has also treated the subject regularly and most recently in the opinion 
on the Euratom part of FP7. The expert group findings are in line with the recommendations of the FEUNMARR 
report and consistent with the opinion of the STC. 

Whereas the nuclear option is considered as a significant share in the mix of energy production sources, Material 
Test Reactors should be available to provide technical infrastructure and to support the commercial operations 
of power reactors and new generation reactors.  Material test reactors are suitable tools to improve the 
performance and safety margins of the operating plants and to support their life extension. In particular, the 
behaviour of materials after years of irradiation is key to justify the longer term operation of nuclear power 
plants. For issues related to fuels, MTR´s will provide decisive inputs in terms of safety demonstration, 
performance improvements, and optimisation of the cycles. 
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For new reactor concepts, Generation IV, MTRs will be needed for the development of higher resistant materials 
to irradiation and temperature, for the study of coolant- components interaction, fuel reliability and safety issues 
among other topics that have to be addressed to qualify the future power systems. In addition to this, MTRs 
could also be used for nuclear fusion and spallation reactor technology. 

Radioisotopes are produced in several ways. Some are made in reactors in which a high flux of neutrons is used 
to irradiate specially made target materials that capture these neutrons and thereby make the isotopes of 
interest. Isotopes have many applications in today's world. Isotopes are used for hundreds of vital research, 
development, biomedical, and industrial applications that benefit society every day. All the radioisotopes used 
for therapeutic activities are produced in research reactors, whereas for diagnosis 75% are produced in reactors 
and 25 % by cyclotrons. Nuclear medicine is a market in global expansion based in a strong research activity. 

Isotopes are also used in many industries to test the structural integrity of dams, aircraft, bridges, pipelines, etc. 
Some of the uses of the radioisotopes are wear measurement, the production of sealed sources for non 
destructive examination of welded components, the sterilization of food and medical equipments.  Such uses of 
isotopes are critical to ensure public and working safety. 

Another application that has to be considered in future MTRs is the silicon irradiation doping for semiconductors 
using the method called neutron transmutation doping, or NTD. This technique is performed on an industrial 
scale and is used when the application requires doping levels of high precision and uniformity. 

Finally, MTRs should help to maintain and improve the education and training of young generations to maintain 
the competence on nuclear science, to minimise the impact of institutions and universities offering less training 
on nuclear engineering and reactor operation. And, last but not least, MTR could have a positive impact in ”the 
public” since MTR's play an important role in the issues related - for instance - to radwaste management, of 
strong public interest in particular in Europe. 

The FEUNMARR report largely focuses its description of materials science issues on production of specimens of 
“final form” alloys (of structural materials, fuel, fuel cladding, etc.) for direct testing under conditions closely 
similar to those anticipated in service or in operational excursions in existing (Gen I-II) or projected (Gen II-IV, 
fusion) reactors. This is of course of crucial importance for data acquisition both for monitoring of existing plant 
and for direct assessment of the usefulness of materials for new designs. 

FEUNMARR notes that “there is an education and training role to be played by the infrastructure surrounding 
[MTRs]” in “the behaviour of fuel and materials during reactor operation and waste storage”. Also, for various 
components of Gen IV and fusion reactors, new and different materials are being proposed whose properties 
both in the normal and in irradiated states are not well characterised or understood – for example new types of 
radiation resistant steels; these materials will operate under more extreme conditions than those in earlier 
generation reactors, so that factors such as, for example, He bubbles, voids swelling, irradiation creep will 
become important. 

The current and increasing trend in basic research in these areas is to use modelling over a wide range of length 
and time scales to predict materials behaviour. Techniques include ab-initio modelling of interatomic bonding, 
molecular dynamics studies of irradiation cascades and dislocation / defect interactions; kinetic Monte-Carlo 
modelling of time and spatial evolution of defect populations; dislocation dynamic modelling of plastic flow and 
fracture. Ideally these various scales of modelling should be linked together, and should interface to finite-
element models of deformation and “local approach” models of fracture. All of these areas are attractive to 
talented new and potential researchers, as well as having a significant medium and long-term potential in the 
design and prediction of properties of materials under conditions difficult, expensive, or time consuming to test 
directly. However, modelling of this type is of little merit without close links to experiments. 

MTRs and their associated test facilities thus have a powerful role to play in providing data for modelling of 
materials microstructural evolution and properties under irradiation and in testing the predictions of models. 
Consideration should therefore be given to: 

- Working with basic researchers / modellers in designing specimens & irradiations to link closely with 
modelling; such specimens will most likely be of simple materials and “model alloys” rather than complex 
fully developed alloys, but will provide data for the underpinning materials science. 

- Establishing comprehensive and well-supported facilities at MTRs for characterising and testing hot 
specimens (e.g. electron microscopy, spectroscopy, mechanical testing). Most universities and many 
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research centres do not have hot facilities – transport of specimens may also be a problem. This would 
enable fullest use to be made of the MTRs as a research facility, attracting, training, and benefiting from 
researchers from institutions Europe- (and world-) wide. 

There has been a strong and steady growth over the last ~10 years in the demand for neutron sources for 
clinical uses in nuclear medicine. Radio-isotopes are widely used for diagnosis (~90%, using mainly Tecnicium-
99m) and also therapy (~10%, using a range of radioisotopes) for treating cancers or other more benign 
conditions. This service to the community requires co-ordinated planning between reactors with similar and 
compatible functions. The direct use of collimated neutron beams for cancer therapy is also increasing, with the 
application of fast neutrons for surface tumours and soft neutrons for boron neutron capture therapy 
(BNCT).Technetium isotope production requires a high neutron flux and supporting hot cell facilities. Other, long 
half-life radioisotopes are available from many research reactors and do not present a production problem. 
Beam tubes for research into neutron capture therapy are available in HFR, LVR15 (Řež), TRIGA (Finland) and 
shortly in FRM2 (Münich). 

4.7.3   European landscape 

In Europe at the present time there are several operating research reactors with a power of at least 10 MWth 
that have the capability for material and/or fuel irradiation testing. Amongst these are BR2 (Mol), HFR (Petten), 
LVR15 (Řež), Halden Boiling Water Reactor (Halden) and Osiris (Saclay), and up to ~2010 these MTRs are likely 
to satisfy all current European needs (as well as many international) for neutron irradiation. However, by that 
time all of the reactors will be approaching or over 50 years of age and will all potentially be nearing the end of 
their operational life. 

Principally reactors can be divided according their main utilization: 

- materials and fuel testing for R&D and nuclear industry 

- neutron beam research for basic research 

- radioisotope production for medicine and industry 

- irradiation for industry (silicon) 

Some of the reactors combine all areas (Osiris, HFR), some only materials and isotopes (BR2), some combine 
materials and neutron beam (LVR-15) and others use only neutron beam and radioisotopes (FRM 2, Munich; 
HMI reactor, Berlin) The last two reactors have their main focus on basic materials research and they do not 
cater to the needs of the material testing community.  

The utilization depends on size of the reactor, its construction and also on country nuclear domestic programme. 
Many reactors because of budget resources limits try to be utilized as high as possible. Complementarity 
between facilities if any is result of historical, country nuclear and R&D policy etc., and currently there is no 
common strategic European planning except for the work of the committees associated with Euratom and the 
EU Framework Programmes. The STC have called for the development of a global European strategy for the 
provision of materials testing facilities. The ESFRI road map will be a first step in that direction. 

4.7.4   Assessment of the proposed projects 

The expert group considered the following four proposals:  

1. Jules Horowitz Reactor for material testing (France) 
2. Pallas: Successor for High Flux Reactor in Petten (Netherlands) 
3. MYRRHA: Multipurpose Hybrid Research Reactor (Belgium) 
4. IFMIF: International Fusion Materials Irradiation Facility (IEA/EFDA) 

The projects are described in detail in the annexes using a standard template. In the assessments of the 
individual projects the marking (a) – (f) refers to mandatory answers to questions in the ESFRI template. 
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4.7.4.1   Assessment of the Jules Horowitz Reactor 

Scientific case 
The Jules Horowitz Reactor will offer modern irradiation experimental capabilities for studying material and fuel 
under irradiation in order to meet industrial and public needs related to generation II, III and IV power reactors. 
Its nuclear power will be 100 MW. The JHR facility will allow performing a significant number of simultaneous 
experiments in core (~ 10) and in reflector (~ 10).  

Typical in core experiment will address material experiment with high fast flux capability ranging from 2.5 1014 
n/cm²/s up to 5 1014 n/cm²/s (perturbed fast neutron flux) depending on the location. With 260 full power 
operation days (fpd)/year, this makes possible 16 dpa per year. 

Typical in reflector experiments will address fuel experiment in static locations or in displacement systems with 
perturbed thermal flux ranging from 5 1013 n/cm²/s up to 4 1014 n/cm²/s (perturbed thermal neutron flux).  

These performances are to be understood as providing a flexible experimental capability where the flux can be 
used to create16 dpa/year for in-core simple material experiment or 500 W/cm (on 1% U5 enriched fuel) for in 
reflector simple fuel experiments. This can be also used to get significant flux in more sophisticated loops taking 
into account more complex environment conditions and/or flux adjustment. 

One important JHR design feature is to accommodate several independent loops. This is mandatory to meet 
concurrently needs from different reactor technologies (PWR, BWR, CANDU, HTR, FBR…), from different reactor 
generations (Gen II-IV).  

This objective requires optimising not only the core design (neutronics decoupling between experiments) but 
also the overall facility to effectively manage several loops. 

JHR will offer state-of-the art radiation facilities for users from both industry and research institutions with a 
suite of on-line monitoring and manipulation capabilities. It will also offer isotope production facilities for 
industrial and medical use. 

JHR has a clear pan-European dimension as the most mature materials testing reactor project which will be 
capable of filling a considerable fraction of the European scientific, technical and industrial needs in the coming 
decades as the aging population of the existing research reactor will be retired.  

JHR meets the priorities of the FEUNMARR strategic study (2002) and the project is recommended for 
construction by the Euratom Scientific and Technical Committee in its advice to the European Commission in 
relation to FP7. 

Technical case 

(a) JHR is a fully matured project with a completed detailed design that represents an effort of 300 man years. 
It is planned to be built in France at the CEA Cadarache site and the licensing process is well underway. 
Construction is planned in 2008-2013.  

Costs 

(b)The construction cost foreseen in the period 2006-2014 is 500 Mio. Euros. 

Yearly running costs will be between 24 and 33 MEuros depending on operations conditions and user needs. 

Decommissioning cost will be 80 MEuros. 

Funding Agencies and industrial sponsors 

(c) Formal letters of intent have been received from agencies in Spain, Czech Republic, Finland and Germany.  
An Italian response is pending.  

(d) Commitments from CEA, EDF and AREVA to enter into a consortium agreement have been secured. 

(e) The project is open for all European agencies 

(f) CEA will be the operator and respond to user needs. 

Conclusion: The expert group finds that the JHR-project is mature and that it can fill an emerging strategic need 
for the development and employment of fission and fusion reactors as well as industrial irradiation services, and 
the expert group recommends that the JHR-project is included in the ESFRI Road Map. 
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4.7.4.2   Assessment of the Pallas project: Successor for High Flux Reactor in Petten (Netherlands) 

Scientific case 

The PALLAS reactor project has been developed by NRG at Petten (NL) in cooperation with  JRC-Institute for 
Energy.  The PALLAS reactor will have a power in 30-60 MW range. The reactor is devoted to research & 
development and at the same time producing isotopes. It will be the successor to the HFR, Petten and therefore 
be based on the HFR experience and proven technology. The technology enhancements (LEU) of the early 21st 

century will be incorporated to improve specifications. 

Flux, irradiation volume, and high availability (more than 300 fpd per year) are the key elements for the PALLAS 
specification. The peak fast and thermal fluxes are about 5*1018 n.m-2, the double value of the HFR. Core 
squeezing and reduced neutron leak will make the high neutron fluences possible.  

A swimming pool tank in pool configuration provides an optimal solution with the boundary conditions: high flux, 
large irradiation volume, potential of complex in-pile loop operation, radio-nuclide production and, most 
important cost of investment and operation. The ease of core handling in this Materials Test Reactors, MTR, 
type is not negligible in terms of technical versatility and operating cost. 

The primary choice for the fuel is U3Si2. It is already qualified for application in MTR's. Fuel will be shaped in 
plates, because it is a proven and cost effective technology today. To reduce control rod movements, burnable 
poison will be applied.  

The main utilization will be: 

- materials and fuel testing for R&D and nuclear industry 
- radioisotope production for medicine and industry incl. neutron capture therapy 
- irradiation for industry (silicon) 
- neutron beam research and radiography for basic and industrial research 

The PALLAS project has a pan-European dimension through the association with JRC and as the replacement 
facility for HFR, which currently serves a wide community of users in nuclear R&D. HFR is also a major European 
source for medical isotopes in association private industry and the medical sector. The PALLAS will be capable of 
filling a significant fraction of the European scientific, technical and industrial needs in the coming decades as 
the aging population of the existing research reactor will be retired.  

PALLAS is in line with the priorities of the FEUNMARR strategic study (2002) and the project is mentioned by the 
Euratom Scientific and Technical Committee in its advice to the European Commission in relation to FP7. 

Technical case 

(a) PALLAS project is still in the conceptual phase. It is planned to be constructed using proven technology so 
the detailed design and preparation for tendering can be performed in relatively short time. Detailed engineering 
design is planned to start in 2009 and construction in 2011-15. 

Costs 

(b)The preparation cost is budgeted  at 50 MEuros and the construction cost foreseen in the period 2011 to 
2014 is 250 Mio. Euros. 

Yearly running costs are budgeted at 35  MEuros. 

Decommissioning costs are budgeted at 40 MEuros. 

Funding Agencies and industrial sponsors 

(c) At present four parties are involved in the PALLAS initiative:  

- Joint Research Centre-Institute for Energy. 
- Mallinckrodt Medical 
- Technical University Delft  
- NRG (lead) 

(d) The Joint Research Centre of the European Commission in Petten has taken the initiative to create a Joint 
Undertaking, JU, for the High Flux reactor. The JU is a legal set-up in accordance with the articles 45 to 51 of 
the EURATOM treaty. It is foreseen to apply this system also for the PALLAS project in Petten. 
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(e) The project is open for all European agencies. Members of the JU could be research institutes of EU Member 
States.  

(f) NRG is the operator of PALLAS and JRC has the "ownership" of the scientific facility.  

Conclusion: 

The expert group finds that the PALLAS project is not yet mature enough in the development of the science and 
technical cases as well as the legal set-up to be included in the ESFRI Road Map. The status should be reviewed 
within a few years in light of the development of the combined need radioisotopes for industrial end medical use 
and materials testing for the nuclear industry and an eventual up-date of the recommendations and strategy 
contained in the FEUNMARR report (2002). 

4.7.4.3   Assessment of the MYRRHA project: Multipurpose Hybrid Research Reactor (Belgium) 
Science case 

Since 1998, SCK•CEN in partnership with IBA s.a. and many European research laboratories, has been designing 
a multipurpose Accelerator Driven System (ADS) for R&D applications –MYRRHA - and is conducting an 
associated R&D support programme. MYRRHA is under development at Mol in Belgium and aiming to serve as a 
basis for the European experimental ADS to provide protons and neutrons for various R&D applications. It 
consists of a proton accelerator delivering a 350 MeV*5 mA proton beam to a liquid Pb-Bi spallation target that 
in turn couples to a Pb-Bi cooled, subcritical fast core. 
In a first stage, the project focuses mainly on demonstration of the ADS concept, safety research on sub-critical 
systems and nuclear waste transmutation studies. In a later stage, the device will also be dedicated to research 
on structural materials, nuclear fuel, liquid metal technology and associated aspects and on sub-critical reactor 
physics. Subsequently, it will be used as fast spectrum irradiation facility and as radioisotope production facility. 
As such it should serve the following task catalogue: 
• ADS concept demonstration 
• Safety studies for ADS 
• MA transmutation studies 
• LLFP transmutation studies 
• Medical radioisotopes 
• Material research 
• Fuel research 

The MYRRHA project has a pan-European dimension through the involvement of a European wide network of 
research institution in the R&D activities and concept development. At the moment there is no commitment at 
state level to the project. The STC has recommended a continued R&D effort related to ADS concept in order to 
establish a new platform for fast neutron technologies. 

Technical case 

(a) A first preliminary conceptual design file of MYRRHA was completed by the end of 2001 and has been 
reviewed by an International Technical Guidance Committee (ITGC) that concluded that there are no show 
stoppers in the project even though some topics such as the safety studies and the fuel qualification need to be 
addressed more deeply before concluding. At the end of 2004 a so-called DRAFT-2 design file has been 
completed where the remarks of the ITGC have been addressed. Since then the MYRRHA project has been 
integrated within the FP6 EUROTRANS Project for serving as a basis of the XT-ADS advanced design work. 
Hence during a period of the next four years (2005-08) a series of critical issues and potential show stoppers will 
be addressed in the FP6 EUROTRANS project and an industrial scale prototype will be designed.  

Costs 

(b)The preparation cost is budgeted at 40 MEuros and the construction costs are budgeted at 440 MEuros. 

Yearly running costs are not yet budgeted. 

Decommissioning costs are budgeted at 150 MEuros. 
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Funding Agencies and industrial sponsors 

(c-e) Either through bilateral collaboration or contractual servicing to the MYRRHA project or through the FP6 
EUROTRANS Integrated Project more than 20 institutions from research centres, industries and universities are 
contributing to the progress of the MYRRHA/XT-ADS. Among those partners are  the research institutions CEA 
(Fr), CNRS (Fr), FZK (D), CIEMAT (Sp), ENEA (It), KTH (Sw), NRG (NL), INFN (It) and nuclear industry such as 
Suez-Tractebel (Be), Belgonucléaire (Be), IBA (Be), Ansaldo Nucleare (It) or Framatome ANP (Fr). Outside 
Europe contact are established with the following institutions for possible contributions: DoE (USA), JAEA 
(Japan), CIAE (China) and KAERI (Korea). 

(f) SCK.CEN is the lead organization. 

Conclusion: The expert group finds that the MYRRHA project is still embryonic and it is not yet ready to be 
included in the ESFRI road map. In a first stage, the project focuses mainly on demonstration of the ADS 
concept, safety research on sub-critical systems and nuclear waste transmutation studies. In a later stage, the 
device will also be dedicated to research on structural materials, nuclear fuel, liquid metal technology and 
associated aspects and on sub-critical reactor physics. The technical feasibility for the first stage has yet to be 
established and it is only in the second phase that the facility potentially becomes a user-oriented research 
infrastructure. 

4.7.4.4 Assessment of the IFMIF project: International Fusion Materials Irradiation Facility 
(IEA/EFDA) 

The primary mission of the IFMIF fusion irradiation facility will be to generate a materials irradiation database 
for the design, construction, licensing, and safe operation of a Fusion Demonstration Reactor (DEMO). This will 
be achieved through testing and qualifying materials performance under neutron irradiation that simulates 
service up to the full lifetime anticipated for DEMO. Tests of blanket elements will be an important use of the 
facility, and will complement the tests of blanket test modules in the International Thermonuclear Experimental 
Reactor (ITER). 

The STC has supported the view of the fusion community that IFMIF is a necessary prerequisite for the 
construction of a DEMO Fusion Reactor, and that it is needed sooner rather than later if one wants to pursue the 
fast track option. 

The test facilities suitable for such purposes have been explored through a number of international studies and 
workshops over the past three decades. Under the assumption that such a facility should be available early in 
this century, a neutron source based on the deuteron-lithium stripping reaction has been selected as the basic 
concept for the International Fusion Materials Irradiation Facility (IFMIF). The project is developed in a global 
cooperation under the aegis of the IEA, and it has a clear pan-European dimension as a key strategic element in 
the European Fusion program. The materials under consideration for fusion energy systems encompass a broad 
range of metals and nonmetals; however, much of the attention has necessarily focused on the structural 
materials for the blanket and first wall regions. The irradiation environment is particularly severe in these 
regions, and the technological and economic success of fusion as an energy source is critically dependent on 
finding a suitable low-activation structural material. For the majority of experiments with structural materials, 
irradiation in the high-flux region with at least 20 displacements per atom per full power year (dpa/fpy), 
followed by post-irradiation examination (PIE), is the normal procedure.  

IFMIF is required to achieve a total facility availability of 70 % and will be operated in two phases, the half-
intensity and the full-intensity operation phases. The three year first phase will be used for screening several 
candidate structural materials and for obtaining calibration rules to allow use of the existing irradiation database 
obtained from fission reactors and other methods. In the second phase, IFMIF will operate as a production 
facility with emphasis on high availability, and that phase will extend for at least 20 years. 

Technical case 

(a) IFMIF consists of three major subsystems - the Test Facilities, the Target Facility, and the Accelerator Facility 
with two accelerators. Each of the two accelerators produces a 40-MeV, 125-mA deuteron beam, directed to 
completely overlapping footprints on the target. The lithium loop and lithium processing system are located 
below the main level of the facility. The IFMIF Test Cell and specimen irradiation areas will be capable of 
accommodating the wide range of environments associated with fusion reactor materials. The necessary 
versatility in experimentation leads to various technical requirements, including efficient access to the Test Cell, 
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shape of usable irradiation volumes, maximum temperature variation within specimen capsules, flexibility in 
loading schemes for different irradiation rigs, and accommodation of the complex instrumentation. The target 
system consists of the target assembly and the Li loop, where an electromagnetic pump circulates the Li through 
the target assembly, the impurity purification system, and the heat exchange system. 

The “Key Element Technology Phase” (KEP) during 2000-2002 was carried out with the objectives of reducing 
some of the key technology risk factors on the path to achieving a CW deuteron beam with the desired current 
in the accelerators, of verifying relevant component designs on a laboratory scale (both in the lithium target of 
validating design codes. The EU, Japan, RF and USA contributed to perform 83 KEP tasks. 

It is recognized that some development activities and some detailed preliminary design efforts are still required 
to provide the basis for making a decision on IFMIF construction. Therefore, a new phase, the Engineering 
Validation and Engineering Design Activity (EVEDA), is planned to focus on the detailed engineering design and 
the associated prototypical component tests, e.g. full-scale mockup of High Flux Test Module, Li test loop with 
purification system, high-power RFQ-type load cavity used for high power RF test, and beam matching 
diagnostics. EVEDA will be organized under a new organizational structure to allow for enhanced joint team 
design work and for a smooth transition to subsequent construction. 

The long range schedule for the IFMIF program consists of the EVEDA phase and a Construction, Operation and 
Decommissioning Activities (CODA) phase. The EVEDA has been assumed to start in 2005 and complete in 2009. 
The construction will start immediately after the approval of CODA, and last 7 years for the first half-power 
operation phase using one accelerator only. The first operation phase lasts about three years and the second 
accelerator is built during that same time period. After the commissioning of the full-power operation using both 
accelerators, the steady mode operation will continue for 20 years, with possible extension for an additional 10 
years. 

Costs (2006 price level)  

(b) The best estimate of the cost of EVEDA is 88.4 MEuros . 

The cost for construction is 771.3 MEuros including the cost of installation and commissioning 

The annual operation cost for the first 3 years with a single 125-mA beam and 20 years are estimated to be 
47.1 MEuros, and the following years with a double 125-mA beam will have an average annual running cost of 
78.5 MEuros. 

The decommissioning activity cost is estimated to be 50 MEuros after which the host country must manage the 
remaining waste in an appropriate storage or disposal facility. 

Sponsors 

(c –e) IFMIF is a joint effort of the European Union (EU), Japan, the Russian Federation (RF), and the United 
States of America (USA) within the framework of the Fusion Materials Implementing Agreement of the 
International Energy Agency (IEA). A reference conceptual design and a detailed cost estimate for IFMIF were 
developed during the “Conceptual Design Activity (CDA)” phase (1995-96). That design was the basis for the 
“Conceptual Design Evaluation (CDE)” phase (1997-98).  

In January 1999, the IEA Fusion Power Coordinating Committee (FPCC) requested a review of the IFMIF design, 
and directed that it focus on cost reduction without changing the original mission. In addition, the concept of 
staged deployment of the facility was also suggested to reduce the initial investment and to lower the annual 
expenditures during construction. 

(f)  The IFMIFC project is currently part of the negotiations between the ITER partners under the so called 
“broader approach” with EU and Japan as leads. 

Conclusion. 

The expert group finds that the IFMIF project is needed for the development of fusion power technology and 
that it is mature and ready for inclusion in the ESFRI road map. It has a special status due to the global nature 
of the project and its role in the current implementation process of the ITER accord. 
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4.7.5   List of Annexes 

MT Annex 1: JHR 

MT Annex 2: IFMIF 

MT Annex 3: List of Experts 
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MT Annex 1 

1. Name and descriptive title 
Jules Horowitz Reactor - JHR  
 
2. Short description ofnew RI (or major upgrade) and main characteristics 
JHR is a new Material Testing Reactor, a research infrastructure dedicated to the study of the material 
and fuel behaviour under irradiation with sizes and environment conditions relevant for nuclear power 
plants in order to optimise and demonstrate safe operations of existing power reactors as well as to 
support future reactors design. JHR meets major European objectives in coming decades: 

- to keep a worldwide lead by implementing a modern MTR with improved capabilities (larger neutron 
flux, on line instrumentation, specific safety experiments capabilities) consistent with scientific and 
modelling state of art as well as industrial and public needs. 

- To keep and develop expertises, a key issue in many European countries 
As assessed in the Feunmarr thematic network (Future European Union Needs in MAterial Research 
Reactors, 5th FP, 2002), "given the age of current MTRs, there is a strategic need to renew MTRs in 
Europe; At least one new MTR shall be in operation in about a decade from now". The Jules Horowitz 
Reactor (JHR) copes with this context both from 

- the strategic point of view, to meet industrial and public needs and to support major stakes in the 
European energy policy 

- the maturity point of view since the detailed design has been completed in end 2005 and construction is 
being launched (start of operation scheduled in 2014). 

- the ERA building point of view since JHR will be constructed and operated by a consortium of partners 
from several European states. 
JHR offer large experimental capability with typically 20 simultaneous experiments including loops 
providing environment (flux, pressure, temperature, coolant features such as water, gas, sodium, lead-
bismuth ...) relevant for different power reactors. JHR is optimised to provide large neutron flux such as 
for example 

- 5.5 1014 n/cm2/s perturbed thermal neutron flux for studying fuel behaviour in safety oriented experiments 
- 5 1014 n/cm2/s perturbed fast neutron flux for studying material behaviour with high dpa rate (16 

dpa/year) as required for GEN IV. 
It has to be emphasised that the above performance (typically twice as existing MTRs performances) is 
computed self-consistency with relevant experimental loading. 
 
3. Science case (scientific justification, including new areas to be opened) 
JHR will offer modern irradiation experimental capabilities for studying material & fuel behaviour under 
irradiation. JHR will be a flexible experimental infrastructure to meet industrial and public needs related 
to generation 2, 3 and 4 power reactors and to different reactors technologies in operation in Europe. 
JHR is designed to provide high neutron flux (twice larger than the maximum available today in MTRs), 
to run highly instrumented experiments to support advanced modelling giving prediction beyond 
experimental points, and to operate experimental devices giving environment conditions (pressure, 
temperature, flux, coolant chemistry, ...) relevant for water reactors, for gas cooled thermal or fast 
reactors, for sodium fast reactors, ... This irradiation experimental capability will address 
• Power plant operation of existing and coming reactors (Gen 2 & 3) for material ageing and plant life 
management, Design evolutions for Gen 3 power reactors (in operation for all the century) such as 
performance improvement and evolution in the fuel cycle, 
• Fuel performance and safety margins improvements with a strong continuous positive impact on 
Gen 2 & 3 reactor operating costs and on fuel cycle costs (burn-up and duty-cycle increase for UOX and 
MOX fuel) 
• Fuel qualification in incidental or accidental situation. 
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• Fuel optimisation for High Temperature Reactors 
Innovative material & fuel development for Gen 4 systems in different environments (very high 

temperature, fast neutron gas cooled systems, various coolant such as supercritical water, lead, 
sodium, ...). These systems raise challenging issues to be addressed by a modern experimental 
irradiation infrastructure like JHR. These objectives require representative tests of structural materials 
and fuel components as well as in-depth investigations with separated effects experiments coupled with 
advanced modelling. A new generation of separated effect experiments will be implemented in JHR 
consistently with the progress of scientific knowledge and modelling capabilities. 
For example, JHR design accommodates improved on-line monitoring capabilities such as the fission 
product laboratory directly coupled to the experimental fuel sample under irradiation. This monitoring 
can be used to get key information on the fission gas source term during transients related to incidents. 
It can also provide time-dependant data on the fuel microstructure evolution during the irradiation, 
which is of course a valuable input for modelling developments. In the key field for the safety of nuclear 
plants, JHR will also open important new capabilities. 
As a scientific infrastructure, JHR is complementary to more analytical tools such as multiple ion beams 
facilities that are able to investigate material behaviour at smaller scales (few um). It allows to address 
the coupling between mechanical, chemical and other environment-dependant and/or transient 
phenomena (Irradiation Assisted Stress Corrosion Cracking, time dependent phenomena occurring 
during power transients for fuel safety studies...). 
This complementarity is supported by numerical modelling to combine in a consistent scheme i) 
experiments in analytical tools and ii) separated effects experiments in MTRs. This multi-scale approach 
provides improved and scientifically sounded prediction capabilities. 
Finally, as a modern research infrastructure, JHR will contribute to keeping and developing the expertise 
& know-how with a positive impact on safety, competitiveness and credibility. 
The JHR design is optimised for the above technical objectives. As an important secondary objective, in 
connexion with other producers, the JHR will contribute to secure the production of radioisotope for 
medical application. This is a key public health stake. A Consortium Agreement will be established 
between Members contributing to the financing of JHR construction. A Member has guaranteed and 
secured access rights to experimental locations in the reactor. In parallel, a Joint Program is built with 
access rights given by Members to address issues of common interest. Research institutes will participate 
in experimental programs: 
• Togetherwith industrial Members to implement proprietary programs 

• Through the Joint Program; this program, addressing topics of common interest between 
European countries. 
Through the European Commission membership to the JHR project; the EC will manage access rights to 
implement programs strategic for Europe (through subsequent EURATOM FPs) and more generally 
research policy within the ERA. 
 
4.The Concept case (maturity of proposal) 
 
First specifications and early feasibility has been completed in 2002. Definition studies [2003-2005, 
70M€] have provided the JHR detailed design by a ~ 300 man.years engineering team. Performances, 
cost and schedule have been confirmed (Dec. 2005). Regarding the regulatory process 

Preliminary safety option file have been assessed by French Permanent Group on behalf of the 
French regulatory body (DGSNR) (April 2003) 
Preliminary safety analysis report will be issued in Feb. 2006 Public consultation was completed without 
difficulty in April 2005 and the Public enquiry is scheduled in Sept 2006 
The development phase has started in January 2006 for preparing the industrial implementation, 
including the detailed design and qualification of components. Construction permit will be delivered in 
2007 for implementing the construction phase in 2008-2013. Start of operations is scheduled in 2014. 
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About 100 MTRs have already been built and operated worldwide. Major technologies used in JHR are 
classical (water cooled reactor) and have been optimised to improve significantly the performances 
without major industrial risk. The JHR fuel is a challenging question but back-up solutions are identified. 
Construction cost in the period 2006-2014 is 500 Billion €2005. Operation cost will vary from 24M€ to 
33M€ depending on operation conditions and performances required by users. This includes provision for 
decommissioning (~80M€). 
 

Further information, including strategic importance to ERA 
 
Euratom programs require large research infrastructures, among which hot laboratories and MTRs. 
Optimising the access to major research infrastructures is a key strategy for reducing fragmentation in 
Europe. Hot laboratories exist in several countries in Europe;  optimising their access in on the way 
through miscellaneous FP programs (Hot-lab, Actinet). But existing MTRs will be progressively shut 
down and the launch of a large performance new MTR offers a unique opportunity to implement JHR as 
an infrastructure of European interest managed by an integrated European community (to be compared 
to the present situation based on commercial competition and poor scientific exchanges between 
existing European MTRs). 
Euratom is a partner of Generation IV international forum dedicated to innovative systems able to meet 
sustainable development objectives. This will require the development of innovative fuels and materials 
(ceramics, .ODS, ...) to be tested in MTRs. This is a typical example showing the consistency to be 
guaranteed, for the ERA effectiveness, between research infrastructures and programs. Other 
illustrations exist, for example in safety programs for existing nuclear plants. 
JHR high performances and flexibility (typically 20 simultaneous experiments with different flux and 
environment conditions) provide key resources for safety and optimisation of existing nuclear plants and 
for the development of future systems; related programs will be strategic and of major interest for 
European Member states and European industry. 
For several member states, JHR is a strategic project to train a new generation of scientist and engineers. 
The JHR will produce 25% (up to 50% if necessary) of the radio-isotopes necessary in Europe for 
medical application. Due to the short lifetime of these radio-elements, 2 to 3 reactors are necessary to 
guaranty the European availability. 
Regarding international facilities, competition exists between large worldwide areas. 
In Asia, one observes an important capability to implement new infrastructures (China,  Asia). At that 
time, Europe has a clear leadership that can be kept by investing on a modern facility and associated 
competences. 
In USA, DOE operates ATR, a 250MW MTR, with flux performances slightly below JHR ones. Recently, 
ATR (Idaho-falls) has put a strong investment on generation IV experiments. JHR project is pushing 
European initiatives toward a new generation of experiments necessary in the competition with USA for 
developing future systems. 
Many facilities exist in Russia, among which with very high performances one; nevertheless, related 
operation capacity are poorly guaranteed. 
 
6. Identification of other socio-economic impacts 
JHR has a major economical impact for utilities and makers; this explains their participation to the project. 
JHR production of radio-elements for medical application meets a major health policy stake. 
Several countries in Europe operate a nuclear plant fleet within a controversial policy. In this case, 
participation and access to the JHR project is important for maintaining expertise. 
 
7. Participating organisations / support from Member states 
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Taking into account, i) the importance of the French nuclear fleet, ii) the leadership of EDF and AREVA as 
international industrial groups, iii) the added value of the European co-operation for JHR project partners, 
the project funding break-down is the following: 
- 50% maximum for CEA, 
- 20% for EDF 
- -10% for AREVA, 
-10% for European partners, 
-10% from the EC (through the 7th and the 8th FP). 
Contribution from CEA, EDF and AREVA have been secured, and formal letters of intent have been received 
from representatives of Spain, Czech Republic, Finland, Germany. Italy is also expected to participate to the 
project. This tour de table will be consolidated in 2006 in orderto confirm the project implementation. 
From the scientific side, most of the European laboratories are collaborating on experimental device through 
a 6th FP co-ordination (JHR-CA) and through a proposal to the 6th FP last call (MTR+I3). This is a recent major 
evolution consistent with the prospect 
to share access to the JHR experimental capability. 
 
10. Budgetary Information 
 

Preparatory cost (M€) 
70 M€ already spent 

Construction cost 
500€ 2005  to be spent in 
2006- 2014 

Operation cost : 24 M€ to 33 
M€ including decommissioning 
provision 

Decommissioning cost 
80M€ 

 
 

 
 
CEA is responsible for the implementation ofthe JHR project on behalf of the JHR 
consortium. Contactperson : Daniel Iracane, (iracane@cea.fr) 
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MT ANNEX 2 

 
1. Name and descriptive title 

 
International Fusion Materials Irradiation Facility (IFMIF) 

 
2. Short description of new RI (or major upgrade) and main characteristics 
 
The primary mission of the fusion irradiation facility IFMIF will be to generate a materials irradiation database 
for the design, construction, licensing, and safe operation of a Fusion Demonstration Reactor (DEMO). This 
will be achieved through testing and qualifying materials performance under neutron irradiation that 
simulates service up to the full lifetime anticipated for DEMO. Tests of blanket elements will be an important 
use of the facility, and will complement the tests of blanket test modules in the International Thermonuclear 
Experimental Reactor (ITER). 
Today, IFMIF is an official element of the European-Japanese ”Broader Approach” enterprise. Within this 
BA, an IFMIF “Engineering Validation and Engineering Design Activity” (EVEDA) is foreseen, starting around 
2007 and lasting about 6 years (i) to validate long term reliability of some few large scale components, (ii) to 
do the entire engineering design and (ii) to do all necessary preparations for construction operation and 
decommissioning activity (CODA). 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for the 
scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how 
it will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
As the qualification of materials under fusion-specific conditions for lifetimes of at least 10-15 MWy/m2 is a 
critical requirement on the path to fusion power, the timely availability of a suitable neutron source, IFMIF, 
has become a major element in fusion strategy scenarios. 
IFMIF is an intense neutron source driven by two 40 MeV deuteron CW linear accelerators with 125 mA beam current, 
each striking a joint flowing lithium target under a 20° impinging angle producing neutrons with a peak around 14 
MeV. The neutrons produced within a footprint of 20 cm width by 5 cm height are mainly collided in forward direction, 
where the high-flux (0.5 liters, 20-55 dpa/full power year), medium-flux (6 litres, 1-20 dpa/fpy), and low-flux (>100 
litres, <1 dpa/fpy) test modules are located.  The high-flux test module (HFTM) is devoted to high-fluence irradiation 
of candidate structural materials in the high-flux volume, the medium-flux test modules (MFTM) are dedicated to more 
sophisticated in situ experiments like creep fatigue tests or Tritium release tests on breeder ceramics in the medium-flux 
region, while the vertical irradiation tube system (VIT) allows the irradiation of special purpose materials in the low-
flux region (LFTM).  

 
IFMIF consists of three major subsystems - the Test Facilities, the Target Facility, and the 
Accelerator Facility - in addition to the PIE facilities and other conventional facilities: 
TEST FACILITIY: The IFMIF Test Cell and specimen irradiation areas must be capable of 

accommodating the wide range of environments associated with fusion reactor materials. The 
necessary versatility in experimentation leads to various technical requirements, including 
efficient access to the Test Cell, shape of usable irradiation volumes, maximum temperature 
variation within specimen capsules, flexibility in loading schemes for different irradiation rigs, and 
accommodation of the complex instrumentation. Fields of R&D include: 
- State-of-the-art design codes and thermo-mechanical analysis tools 
- Thermal hydraulic R&D in non-standard parameter fields 
- instrumented irradiation experiments in fission reactor to validate innovative design   
- Users community: Development of qualified “Small specimen test technology” (SSTT) 
- Development of radiation resistant miniaturized in situ neutron/gamma monitoring system 
- Various neutronics tasks, focused on neutron energies up to 55 MeV  
- development and test of suitable micro-tomography system 
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TARGET FACILITIES:  Major functions of the target facilities are to provide a stable lithium jet for production 
of an intense neutron flux and to remove the heat load generated in stopping the 10 MW deuteron beam. 
The target system consists of the target assembly and the Li loop, where an electromagnetic pump 
circulates the Li through the target assembly, the impurity purification system, and the heat exchange 
system. The purification system maintains tritium, 7Be, activated corrosion products and other impurities 
below permissible levels. Fields of R&D include: 
- Erroson/corrosion measurements in suitable Li test loops 
- Validation of removal and monitoring of  tritium, 7Be, C, N and O 
- Li safety tasks  
- remote handling tasks 
- safety analyses and control systems 
- fluid-dynamic of lithium jet 

 
ACCELERATOR FACILITIES: The requirement for 250 mA of deuteron beam will be met by two CW 

175 MHz linear accelerators (linac), each providing a 125-mA deuteron beam and operating in 
parallel.  This approach is cautiously aggressive with respect to the current capabilities of RF linac 
technology and provides operational redundancy by allowing operation to continue at 125-mA 
when either of the two accelerators is temporarily removed from service for maintenance or repair.  
The reference design utilizes the room-temperature 5-MeV Radio Frequency Quadrupole (RFQ) 
linac and Alvarez type Drift-Tube Linac technologies. Fileds of R&D include: 
- improvement of H2+ ion source for beam commissioning 
- design and construction of high power RFQ-type load cavity used for high power RF test 
- design complete RF power system to one coupler 
- development of beam diagnostics for high power CW beams 
- design and construction of cw injector with LEBT line and performing transport optimization  
- Trade-off design study of Superconducting linac vs. normal conducting linac for 8-40 MeV region. 

  
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
The IFMIF conceptual design is based, to the maximum extent feasible, on the use of existing, proven 
technology. With this approach, there are no requirements for basic research to validate any of the 
processes or test systems. Development activities have been planned to improve or adapt the technologies 
selected for IFMIF. In addition, a limited development effort is directed at evaluating alternative accelerator 
configurations, which may offer improved performance.  
It is recognized that some development activities and some detailed preliminary design efforts are still 
required to provide the basis for making a decision on IFMIF construction (see preceding chapter).  
Therefore, a new phase, the Engineering Validation and Engineering Design Activity (EVEDA), is planned to 
focus on the detailed engineering design and the associated prototypical component tests, e.g. full-scale 
mockup of High Flux Test Module, Li test loop with purification system, high-power RFQ-type load cavity 
used for high power RF test, and beam matching diagnostics.  EVEDA will be organized under a new 
organizational structure to allow for enhanced joint team design work and for a smooth transition to 
subsequent construction. 
 
A cost assessment of IFMIF has been performed by EFDA-CSU Garching, with the help of Associations and 
industry. The preliminary results have been presented at the CCE-FU in June2004.  A Technical 
Assessment of IFMIF has been organised by EFDA-CSU Garching, on the request of the CCE-FU. The 
Heads of Associations were asked to name experts in the various physics, engineering and technology fields 
relevant to IFMIF. EFDA selected 13 members and specified the terms of reference. Main General 
Conclusions of the Ad Hoc Committee are:  
• Although ambitious and requiring validation in some details. IFMIF as currently planned is judged as 

technically feasible, licensable and having a prospect to reach its specified design goals and users 
requirements. 

• The validation programme proposed for the EVEDA phase is an important next step if properly prioritised. 
• No “show stoppers” could be identified that would put the ultimate success of the project in doubt. 
• The project is ready for a political decision to embark on its realisation. 
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• Substantial savings in time and cost can be expected if such a decision is taken soon and a project 
management with the necessary competences and executive power to define and tightly control the 
necessary work is established and endowed with the sufficient annual budget authority. 

• The availability goal of 70% of calendar time is very ambitious and will require a “low stress” design, i.e. 
sufficient design margin, and effective remote handling provisions for radioactive component 

• In an aggressive realisation scenario it should be possible to shorten significantly the total time planned for 
the EVEDA, construction and commissioning phases (currently 15 years to full exploitation), which would 
be in the best interest of the Project’s mission. 

 
Very recently, IFMIF EVEDA has been approved as a major element in the bilateral Broader Approach 
activities with a nominal budget of about 150 M€. 
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
The long range schedule for the IFMIF program consists of the EVEDA phase and a Construction, Operation 
and Decommissioning Activities (CODA) phase. The EVEDA is assumed to start early 2007 and complete in 
2011. The construction will start immediately after the approval of CODA, and last 7 years for the first half-
power operation phase using one accelerator only. The first operation phase lasts about three years and the 
second accelerator is built during that same time period. After the commissioning of the full-power operation 
using both accelerators, the steady mode operation will continue for 20 years, with possible extension for an 
additional 10 years. 
Until now, IFMIF was a joint effort of the European Union (EU), Japan, the Russian Federation (RF), and the 
United States of America (USA) within the framework of the Fusion Materials Implementing Agreement of 
the International Energy Agency (IEA). During the last couple of years, EFDA has coordinated the IFMIF 
tasks in Europe. Although the core of the IFMIF development has been executed by very few associations 
that had an in-depth experience in nuclear technologies, various tasks have been also given to “new 
countries”. 
As IFMIF is a relevant element in the long-term strategy of the fusion energy technology, its successive 
development is in the interest of all nations that contribute to fusion power development. By nature, IFMIF is 
a facility that’s customers are the international fusion materials experts and that’s mission is the qualification 
of DEMO oriented materials data bases. 
Although IFMIF does not rely on aggressive innovative technologies, its beam power of 2 x 5 MW is by far 
the most intensive that has ever been built. Consequently, during EVEDA and CODA, some IFMIF devices 
are a technical challenge as major components must withstand long-term operation over decades. 
IFMIF is a unique source that has no competition. For the material R&D, fission reactors and a few spallation 
sources are used to pre-qualify potential material classes. With respect to the high current accelerator 
development, large scale experience is available, e.g. from the ATP project in Los Alamos, and to a smaller 
extend from European developments, e.g. from CEA, and some other laboratories and industries. 
 
 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
Presently, EVEDA is negotiated among Japan and Europe, but negotiations for the final site and the 
execution of CODA have not yet started. So, sound statements on the (European) staff at IFMIF site cannot 
be made yet. Nevertheless, during EVEDA, a variety of technical activities are needed. As due to the nature 
of the BA, the “Large Scale accelerator prototype and the large scale Li target loop will be set up in Japan, 
we have not really large scale technical set ups in Europe.  For Japan, howeve, various European staff 
members are needed.  
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
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The following European partners had contributed to IFMIF since its foundation: 

 
- Agency for Environmental Protection and Technical Services (Italy):  
- Athena s.a.s.: 
- Bologna University:  
- Commissariat à l’Energie Atomique (France): 
- Joint Research Center of European Commission:  
- Centre de Recherches en Physique des Plasmas (Switzerland): 
- European Commission  
- European Fusion Development Agreement: 
- Ente per le Nuove Tecnologie, l’Energia e l’Ambiente (Italy): 
- ENSAC Assoc. Ltd. (Canada): - Forschungszentrum Karlsruhe (Germany): 
- Institute of Applied Physics, University of Frankfurt (Germany): 
- National Institute for Laser, Plasma and Radiation Physics (Romania): 
- Nottingham University:  
- Nuclear Physics Institute (Czech): 
- THALES Electron devices 

 
10. Budgetary information (according to the IFMIF CDR report, Jan 2004)  
EVEDA cost  
(total in M€) 
88.4 
 

Construction cost 
(total in M€) 
539.2 Construction 
116.7 Installation  
115.4 Commissioning

Operation cost (total) 
- 141.2 M€   1st 3 years 
- 78.5  M€    annual later 
 

Decommissioning 
cost (total in M€) 
 
50.0 M€ 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to 
be obtained by 
possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
EVEDA until 2011 
 

Construction phase 
~ 2011-2017 

Operation  
~2017  start with one 

beam 

Decommissioning 
Around 2040, or later 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
1.  As IFMIF EVEDA will be chaired due to the bA negotiations by Japan, the homepage is also coordinated 

by Japan: http://insdell.tokai.jaeri.go.jp/IFMIFHOME/ifmif_home_e.html  
 
2. At EFDA Garching, Angel Ibarra is coordinating the IFMIF activities:  

Dr. Angel Ibarra 
EFDA Close Support Unit Garching, Room 217, Building D1 
Boltzmannstrs. 2, D-85748 Garching 
Tel:  +49 (0)89 3299 4229 
Fax: +49 (0)89 3299 4298 
e-mail: angel.ibarra@tech.efda.org 
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MT ANNEX 3:  

ESFRI Expert Group on Materials Testing 

List of Members: 

Joergen KJEMS (Denmark, Chair) 

Pascal CHAIX (France) 

Dolores GOMEZ BRICENO (Spain) 

Tadeusz KULIK (Poland) 

Jan KYSELA (Czech Rep.) 

Anton MOESLANG (Germany) 

Steve ROBERTS (UK) 

Francesco ROMANELLI (Italy) 

European Commission 

Michel HUGON / Simon WEBSTER DG-RTD.J4
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4.8 AAA: Astronomy, Astrophysics and Astroparticles 

(Chair Janusz Ziolkowski) 

4.8.1   Presentation of the Group and Modus Operandi 

Chairman:  
Janusz Ziolkiowski Copernicus Astronomical Centre, Warsaw, Poland 

  
Members (in alphabetical order):  

Roberto Battiston INFN&INAF, Italy 
Roy Booth Onsala Space Observatory, Sweden 
José Cernicharo CSIC, Spain 
Michael Grewing IRAM, France and IAAT, Germany 
Anne-Marie Lagrange LAOG, CNRS, France 
Jan Palous Academy of Sciences of the Czech Republic, Czech Republic 
John Peacock University of Edinburgh, Great Britain 
Leonidas Resvanis University of Athens and National Observatory of Athens, 

Greece 
Rashid Sunyaev Max-Planck-Institut für Astrophysik, Garching, Germany 
Elena Righi-Steele EC Official, DG RTD 

  
Ad-hoc expert (Solar Physics):  
Christoph Keller Utrecht University, NL 

The Expert Group (EG) worked both during meetings organised at the European Commission premises in 
Brussels and via email exchange. The broad expertise of the EG members ensured that most sub-fields in 
astronomy, astrophysics and astroparticle physics, including space-related activities, were covered. The only 
exception was Solar Physics, where an external ad-hoc expert was called for additional advice on one proposal. 

In the period October 2005 to April 2006 five meetings of one or two days were held in Brussels. During this 
period, 15 proposals were evaluated altogether. For seven of them, hearings were organised. Of these fifteen 
proposals eight were submitted when the work of the EG, based on the originally planned seven projects, was 
almost completed. Although the EG coped with the extra workload (and the required additional expertise), the 
EG strongly recommends that for future updates of the roadmap submission deadlines be clearly set and 
respected, in order to ensure a fair treatment of all projects. 

The projects under evaluation have been analysed initially on the basis of the proposal fact sheets submitted by 
at least one ESFRI delegate. This ensured support for the projects by at least one Member State. Projects 
submitted through other channels were not considered. Rapporteurs were appointed to review all projects in 
detail. These reviews were based on the material provided through ESFRI, publicly available documents such as 
Science Case publications, project webpages etc., as well as material provided during the hearings. For a 
comprehensive list of documents and web links used see section 4 (references). 

In order to be fair and transparent throughout the proceedings, the experts declared the degree of their 
involvement in any of the projects discussed. The complete text of the declarations is reported in Annex 1. 

Hearings were organised in all cases where the projects were: 

• judged either to be sufficiently mature to be candidates for the roadmap, or  
• where further clarifications were needed.  

Project representatives, officially appointed by the ESFRI delegate(s) who originally supported the proposals, 
were thus invited to the meetings to present their projects and answer to questions. The projects selected were: 
AURORA, AVO, CTA, ELT, LOFAR, KM3NeT, SKA, and Utilisation of the ISS.  
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4.8.2   Landscape for Astronomy, Astroparticle Physics and Space Sciences 

Astronomy is one of the most ancient sciences and, while historically it is identified with the range of 
wavelengths immediately accessible to the human eye, with or without the help of lenses and/or mirrors, 
developments in technology have, over the years, opened the whole frequency range of the electro-magnetic 
spectrum for investigation, from radio waves to very high energy gamma rays. The limitations to observations 
imposed by the protective layers of the atmosphere have been removed by putting observatories into space, 
either in orbit around the Earth, or in the Lagrangian points of the solar system, thus opening up further 
synergies between astronomy and space science. Other kinds of radiation reach us from the depth of the 
universe and are the subject of a more recently developed discipline, Astroparticle Physics. Astroparticles are the 
stream of energetic charged particles, the so called “cosmic rays”, coming from nearby as well as from very 
distant sources in the Universe, the neutral energetic particles like the neutrinos and waves of another kind like 
the gravitational waves. Astroparticle Physics encompasses a wide area of issues and experimental techniques, 
both ground based and space borne, exploring signals coming from cosmically large structures and tries to give 
answers to issues being investigated also in the highest energy accelerators. The growth of these fields, the 
quest for ever increasing sensitivity and resolution, the number of existing infrastructures of different sizes, the 
increased need for coordination between the sub-fields (range of wavelengths and the different kinds of 
particles), and the collaboration with other disciplines like physics and chemistry, needed to fully understand 
cosmic phenomena, are only a few reasons why the various communities started to coordinate activities at 
European level in order to optimise the resources and internally define reference terms or roadmaps for their 
future developments. Some of these initiatives are already receiving EU support: examples are optical 
astronomy (OPTICON), radio astronomy (RadioNet), astroparticle physics (ILIAS), planetology and solar system 
exploration (EuroPlaNet), helio and asteroseismology (HELAS) and the study of “astro” sciences at the poles 
(ARENA). Another example is ASTRONET, set up in 2005 by a group of 11 European funding agencies involved 
in astronomy and covering all areas of astrophysics, with the goal establishing a shared European Science Vision 
and infrastructure road map for the next 15-20 years 

These efforts of coordination by the interested communities are important and should be encouraged to ensure 
the best dissemination of information, the cross fertilization among different scientific areas and the largest 
representation of the national communities active in these fields of research. 

Ground-based Optical/IR Astronomy 
For centuries, optical astronomy has been the only way to explore the Universe. With the development of 
technology, the telescope’s diameter has grown exponentially in size from typically 10cm in the early 18th 
century to 10m in the 2000s. New classes of objects (e.g. galaxies, black holes, etc.) have thus been detected 
and studied in detail, and a comprehensive (but still incomplete) view of the Universe has emerged. Since the 
50s, detection of radiation in other wavelength domains (e.g. radio, UV, Gamma and X-rays) meant a substantial 
improvement in the understanding of objects that emit large fractions of their energy in these regions of the 
spectrum (e.g. pulsars, black holes, the interstellar medium), or to answer specific questions (e.g. the Cosmic 
Microwave Background, CMB). Similarly, non photonic astronomy (e.g. gravitational waves, neutrinos, Extremely 
Energetic Cosmic Rays) will bring further complementary information. Nevertheless, optical and - by extension - 
infrared (IR) astronomy (which uses the same telescopes) is still the most widely used domain, and the 
“optical/IR” community is still the largest in astronomy. This wavelength domain is a general astrophysical tool 
for studying the widest range of objects in our Universe. The impact that the continuous improvement of 
existing facilities has on the progress in this field is still significant and should not be underestimated. 

Over many decades, optical/IR telescopes have been increased in size in order to increase their sensitivity 
(which increases as the square of the diameter D). However, until recently, ground based telescopes were not 
used at their maximum potential, because of the effects of atmospheric turbulence. Turbulence blurs the images 
and prevents the use of the telescopes at their diffraction limit (which improves as 1/D). This leads on the one 
hand to a loss in sensitivity and on the other hand to a considerable loss in spatial resolution. Since the 90’s, 
adaptive optics techniques have been employed to correct for the atmospheric perturbations and thus obtain 
nearly diffraction-limited images in the near IR domain. In parallel, optical/near IR interferometry has been 
developed in sophistication, and is now a mature technique which allows very high spatial resolution on a much 
wider range of astrophysical objects than previously available. Optical/near-infrared interferometry will continue 
to be a major source of breakthroughs in the future. 
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Currently, all major optical/IR observatories have telescopes with sizes in the range 8-10m. In total, there are 
about 13 facilities of this class, mostly located in Hawaii or in Chile, which are currently the two major sites for 
optical/IR astronomy (and soon for millimetre astronomy as well with ALMA). All these telescopes are 
multipurpose: they are equipped with a large variety of instruments, and thus serve a wide domain of 
astronomy, from solar system science to cosmology. In addition, worldwide there are more than 20 3-6m class 
telescopes, and a large number of 2m class telescopes that are used either as multipurpose telescopes or are 
dedicated to specific investigations (like surveys). 

The number of optical/IR interferometry facilities is much lower: the most important ones combine the biggest 
telescopes, i.e. the 4 VLT units in Chile and 2 Keck telescopes in Hawaii, as well as smaller auxiliary 2m class 
telescopes.  

The next generation of optical/IR telescopes will have sizes larger than 20m, typically 30-60m. 30m is the 
minimum size that will allow significant advances in a number of domains (e.g. cosmology, extrasolar planets), 
compared to what is available today. Noticeably, such telescopes will perform spectroscopic follow-up of objects 
that will have been detected by the forthcoming James Webb Space Telescope (JWST) (officially to be launched 
in 2013), in the same way as the 10m telescopes performed spectroscopic follow-up of detections from the 
Hubble Space Telescope (HST). These extremely large telescopes (ELTs) are now under study mainly in Europe 
(E-ELT) and in the US (TMT, GSMT), with the objective of being operational in the 2015 timeframe. The key 
technological points have been identified and active programmes of R&D have already been pursued for some 
years. 

In Europe in particular, the creation of the European Southern Observatory (ESO) in the early 60s allowed 
individual countries to pool resources in order to provide European astronomers with up to date large telescopes 
─ with sizes in the 4m range in the 80s, and up to 8m in the late 90s. In particular, the VLT and its 
interferometer (VLTI) have brought Europe to the forefront of optical/IR astronomy. This leading position is due 
to the quality and efficiency of the facilities, which in turn result from the competence available at ESO and in 
institutes and industrial companies in the partner countries. It is also due to the standards that have been set 
for the development and operations of the telescopes and their instruments, and also for data acquisition and 
archiving. In several domains such as large mirrors or adaptive optics, some European industries, which have a 
long tradition of collaboration in astronomical telescope construction and instrumentation, are leading the 
“market” worldwide. Europe is also preparing for ELTs, in particular through the EC funded I3 OPTICON (science 
objectives) and the ELT-Design Study, which is looking in detail at the technical aspects of such telescopes 
(design, instruments, key technology, site). These studies coordinate the efforts of ESO, individual laboratories 
and institutes as well as industries that represent 1/3 of the ELT-DS partners. If funding is available for the ELT 
at the right time, Europe will be able to maintain its leadership in optical/IR astronomy. 

The next generation of optical/near-infrared ground based interferometers is not yet defined beyond the VLTI 
and Keck. There are several possible concepts, which have to be further studied and put in perspective with 
space projects. 

Radio Astronomy 
Europe has always been at the forefront of Radio Astronomy and its developments, from the giant 76m (250 ft) 
telescope at Jodrell Bank (built by Bernard Lovell in the 1960s and still operational) and the 100m telescope of 
the MPIfR at Effelsberg to the innovative aperture synthesis array of Martin Ryle and colleagues, for which he 
received the Nobel Prize for physics in 1974 (shared with Anthony Hewish). These telescopes and their 
techniques have, over the years, been extended to embrace all of the radio spectrum from very low frequencies 
to frequencies bordering on the infrared. A world class millimetre-wavelength array (IRAM, a collaboration 
between France, Germany and Spain) is operational on the Plateau de Bure (France) and several large 
millimetre telescopes (e.g. the IRAM 30m-telescope), and even sub-millimetre antennas extending to THz 
frequencies are operated by European partnerships on Hawaii (James Clerk Maxwell Telescope, JCMT) and 
Chajnantor, in Chile (Atacama Pathfinder EXperiment, APEX). 

As well as sensitivity over an increasing wavelength range, high resolution techniques (spatial, frequency and 
temporal) have been exploited by European radio astronomers. Spatial resolution extends to tens of 
microarcseconds through the technique of very long baseline interferometry (VLBI) and European radio 
astronomers have been instrumental in their development through millimetre wavelength VLBI and space VLBI 
(first studied in depth in Europe, although the first space-based VLBI antenna was launched by Japan). Today 
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real-time VLBI is actively pursued, with data being transported to the correlator via Géant and other high 
capacity research internet networks. 

High frequency resolution techniques have also been developed in Europe and this has been evident in the 
progress of millimetre spectroscopy and astrochemistry. The JCMT and IRAM instruments have even been 
fundamental in determining the physical and chemical properties of the most distant objects known.  

Finally, the European exploitation of high temporal resolution has been vital in the discovery and subsequent 
study of pulsars and their extreme environments with the highest gravitational fields. 

European radio astronomy is entering an exciting new era, with new projects either underway or planned which 
will, through massive increases in sensitivity, greatly extend current activities and open up important new areas 
of study. The first of these projects is the Atacama Large Millimeter Array (ALMA), a large millimetre/sub-
millimetre array of 50x12m antennas to be located on the high altitude site of Llano Chajnantor in the Chilean 
Andes, the world’s best site for such high frequency observations. ALMA is a 50:50 partnership between Europe 
and the United States, with participation by Japan and Chile. With ALMA, astronomers will detect and study the 
earliest and most distant galaxies from the epoch of the first light in the Universe. It will also probe the dust-
obscured regions where stars are born to reveal the details of star formation and the chemical composition of 
the gas from which planets form. It will make major contributions to virtually all fields of astronomical research, 
starting with the Early Science Phase in 2010. 

In the context of the ESFRI roadmap, the Square Kilometre Array (SKA) is a major new international project in 
which Europe has taken the lead. As its name implies, SKA will have a total collecting area of 1 square kilometre 
and will operate in the frequency range of about 200 MHz to 25 GHz, as currently planned. It is essentially an 
instrument to provide a deep all-sky survey with unprecedented sensitivity and speed, with the potential to 
revolutionise our knowledge of the high redshift Universe, cosmic magnetism, pulsars and gravitational radiation 
and even stellar formation. Europe is particularly well positioned to take an intellectual lead in the development 
of the SKA through both the EC funded SKA Design Study (SKADS) and the creation of the LOw-Frequency Array 
(LOFAR). LOFAR is a Netherlands-funded project, which is currently taking on partners from other EU states, to 
operate a digital radio interferometer at 30 – 240 MHz. Although the SKA technology will differ in detail, LOFAR 
will offer essential experience in many areas relevant to SKA, not least fibre-optic data transmission and the 
computational challenge of coping with the sheer amount of data while filtering out interference. 

Ground-based Astroparticle Physics 
In this section a brief overview of the status in various subfields of ground-based Astroparticle Physics is given, 
while in the following section, the relevant space-based experiments are discussed. 

DARK MATTER AND DARK ENERGY. The problem of understanding the nature of Dark Energy and Dark Matter 
in the Universe is one of extreme importance in order to understand both particle physics and cosmology. 
Experiments in this area use techniques mainly developed for Nuclear and Particle Physics. The simplest answer 
to the dark matter problem proposes the existence of weakly interacting massive particles (WIMPs), the lightest 
of which is the proposed supersymmetric particle known as the neutralino. These supersymmetric particles may 
be discovered in future accelerator experiments but in order to be identified as Dark Matter they must be 
detected in Astroparticle Physics experiments. Indications of a possible signal have been reported by the DAMA 
group working with a 100 kg NaI detector array in the Gran Sasso National Laboratory. They report an annual 
modulation of the signal and interpret this as evidence for a WIMP about 60 times heavier than a proton. 
However this result is not generally accepted e.g. by CDMS, a Ge and Si crystal, cryogenic experiment originally 
carried out at Stanford University and now in the Soudan mine in Minnesota which is sensitive in the same mass 
range. An upgrade of the DAMA experiment, DAMA-LIBRA, with 250 kg of NaI is currently in operation and 
taking data, while other experiments are trying to crosscheck the original DAMA results. Some groups use 
bolometric techniques, like the cryogenic CRESST in Gran Sasso and EDELWEISS in the Frejus underground 
laboratory. These are now merging into a single effort, EURECA. Other groups are developing liquid noble gas 
techniques taking advantage of both ionization and scintillation effects: ZEPLIN in Sheffield (Boulby mine) uses 
Xenon, while WARP at LNGS (Laboratori Nazionali del Gran Sasso, INFN, Italy) and ArDM use Argon. Another 
dark matter particle proposed by the theorists is the axion. CAST, at CERN, recently has completed a first series 
of measurements looking for solar axions and is at this moment preparing for an upgrade. 

VERY HIGH ENERGY COSMIC RAYS. The composition and spectrum of Cosmic Rays (CR) below TeV energies are 
quite well understood, with balloons and space experiments now performing very accurate measurements at 
these energies to search for exotic components. The situation is, however, much less clear at higher energies, in 
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particular when approaching the “knee” region (1015 eV) and the “ankle” region (1020 eV) of the energy 
spectrum. The change of composition with energy, and the existence of an excess or cut-off at the highest 
energies are fundamental problems linked to the origin of CR and to the acceleration and transport mechanisms. 
After a productive programme with air shower measurements (in particular with KASCADE-Grande and EAS 
Top), the thrust of European efforts is currently focussed around the Southern Pierre Auger Observatory, an 
international effort which amongst other important issues is trying to confirm or refute the existence of the so-
called Greisen-Zatsepin-Kuzmin (GZK) cut-off at the highest energies for the charged CR component. Depending 
on the results of Auger-South an additional array might be built in the northern hemisphere in the coming years. 

LOW ENERGY NEUTRINOS. The synergy between Particle Physics and Astrophysics can be exemplified by the 
discovery that neutrinos have a non-zero mass as proven by the observation of neutrino flavour changes. The 
study of solar neutrinos coupled to that of atmospheric neutrinos has established the observation of neutrino 
oscillations (recently confirmed by experiments in accelerators at Fermilab, USA and KEK, Japan). Japan leads in 
this field with SuperKamiokande and KAMLAND, followed by Canada/USA (SNO). Soon BOREXINO will start to 
take data at LNGS to study mainly low energy solar neutrinos. As far as the detection of neutrinos from 
supernovae is concerned the presently running detectors are the LVD (LNGS), SNO in Canada and 
AMANDA/ICECUBE at the South Pole. 

HIGH ENERGY NEUTRINOS. The leadership in this energy regime (tens of GeV-TeV-PeV scale) rests firmly with 
the US, at least for the time being, with the completed AMANDA experiment, and with the construction of the 
cubic kilometre size ICECUBE experiment proceeding in the Antarctic ice at the South Pole. NT200, an 
experiment led by Russian scientists in Lake Baikal, is a commendable effort but it is hard to see how it could 
grow in size to compete with ICECUBE. The Mediterranean has been the host of the three projects NESTOR, 
ANTARES and NEMO, with the first two having successfully deployed prototypes while the third is scheduled to 
do the same in a few months time. Over the last decade a strong community has grown around these efforts. 
Currently the groups are coalescing, and the EU has funded a three year design study for a cubic kilometre size 
neutrino telescope (KM3NeT). The Mediterranean cubic kilometre neutrino telescope will complement ICECUBE 
and together they will monitor fully the Universe, with the advantage that KM3NeT will measure the flux from 
sources located in the centre of the Galaxy. 

VERY HIGH ENERGY GAMMA RAYS. The Earth’s atmosphere absorbs gamma rays, although in the 100 GeV 
regime gamma ray showers can be detected indirectly through the Cherenkov radiation produced by their 
interaction with the atmosphere. A number of astronomical sources were discovered through Cherenkov 
showers by the Whipple Observatory in Arizona already in the 90s. However, in recent years Europe has 
established leadership in this field with two experiments: HESS in the Southern hemisphere, and MAGIC in the 
North. The USA still holds the leadership in ground-based instruments with MILAGRO with wide angle sensitivity, 
while the ARGO experiment in Tibet will start to operate soon. This technique is complementary to the air 
shower technique, which has a rather limited field of view.  

GRAVITY. The field of gravitational wave detection is very exciting and the teams are working hard to reach the 
sensitivity needed for the first direct detection. After many decades focussed on the developments of cryogenic 
gravitational bars, the current experiments are based on large ground based interferometers operating or 
coming online in the last few years: LIGO in the US, GEO 600 and VIRGO in Europe, and TAMA in Japan. 

Space-based Activities relevant to Astronomy and Astroparticle Physics 
The space research activities in Europe, as far as the fields of astronomy and astroparticle physics are 
concerned, are proposed, planned and executed either as part of the ESA long-term science programme, or as 
bi- or multi-lateral projects that are usually initiated by one country which then seeks international partnership. 
In the past, many such projects have been carried out together with NASA or the Russian Space Agency. In 
addition to space projects, there is a significant level of “astro” experiments using medium to long duration 
stratospheric balloons, most noticeably in Antarctica, although the access to these facilities is based on US NASA 
resources and to a lesser extent from Japan and Sweden. 

Since the 1980s, ESA has had a long-term plan, initially called “Horizon 2000”, more recently “Horizon 2000+”, 
and in its latest version “Cosmic Vision 2015-2025” (BR-247). In this plan, ESA tries to give a perspective to 
scientists working in the fields of astronomy, fundamental physics, and solar system research, combining space 
plasma physics, solar physics, planetary physics, and the study of small bodies in the solar system (comets and 
asteroids). The underlying idea is to keep a proper balance between these various disciplines. As a 
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consequence, each particular scientific community has to wait generally one full decade or even longer before a 
flight opportunity arises.  

Projects in astronomy and astroparticle physics can in principle all be carried out without human intervention in 
space, i.e. as fully robotic missions. One of the most successful missions ever, the Hubble Space Telescope 
(HST), could be considered as a counter-example ─ but only because it was designed from the beginning for 
such interventions, during a time when NASA expected Space Shuttle flights to be frequent and very cost 
effective. All currently operating missions and future projects are conceived without human intervention in 
space. Notable exceptions are of course the utilisation of the International Space Station (ISS) and the new 
Exploration Initiative which may, on a very long time-scale, lead to manned flights to the Moon and to Mars. 

Regarding concrete mission scenarios relevant to astronomy and astroparticle physics, it must be recalled that 
Europe has made a deep impact, and partially acquired worldwide leadership, in fields such as space astrometry 
(HIPPARCOS), solar physics (SOHO), X-ray astronomy (EXOSAT, ROSAT and XMM-NEWTON), gamma-ray 
astronomy (COS B and INTEGRAL), and infrared astronomy (ISO). European groups have also been essential in 
developing new technologies such as X-ray mirrors, detector technologies, planetary cameras, robotic vehicles 
and many dedicated instruments for in situ studies of electromagnetic fields and particles. European groups are 
leading the field of the high precision study of the composition of primary cosmic rays, having transferred to 
space the technologies developed for accelerator experiments. Most noticeably, all the instruments of the AMS-
01 experiment on the Shuttle and the AMS-02 experiment on the ISS have been built in Europe. In addition, 
basic detector technologies derived from accelerators have been used by European groups to build the next 
generation gamma ray mission, GLAST, which will greatly increase the sensitivity to gamma rays above a few 
MeV. Long duration stratospheric balloons play a relevant role in the detection of high energy cosmic rays like in 
the case of CREAM, an US-led collaboration with European participation, aiming to study the composition and 
spectrum of high energy cosmic rays in the “knee” region. Lastly, the cornerstone mission Herschel, and the 
medium-size mission Planck (currently scheduled to be launched together in 2008) will explore the cosmic 
microwave background and the infrared and sub-millimetre line and continuum emission from cosmic sources. 
The instruments flying on both missions have been developed and built by European research institutes and 
industries. Also in this case long duration polar balloon-borne experiments can play a very important role in 
paving the way to the next generation CMB space experiment, focussing on new developments to accurately 
measure the CMB polarization, as it was the case a few years ago with Boomerang anticipating the discoveries 
of WMAP and Planck. In parallel, industrial work on the GAIA mission is scheduled to start soon with a tentative 
target launch date of 2012. GAIA is a super-HIPPARCOS mission that will answer many fundamental questions 
about the structure and kinematics of our own Galaxy and many extragalactic systems. 

NASA and ESA are together preparing the James Webb Space Telescope (JWST), the successor to the Hubble 
Space Telescope. The JWST will reach with its imaging and spectroscopic capabilities much deeper than the 
HST, especially in the near and mid-infrared range. Its official launch date is 2013. 

Ever since the discovery of the first binary pulsar and the evidence it provides for the existence of the 
theoretically since long predicted gravitational waves, it has been clear that the best way for their direct 
detection is from space. To this end the space mission LISA, and before this the LISA-pathfinder mission, have 
been designed. LISA is widely recognized as the only Gravitational Wave (GW) experiment having the full 
potential to open GW astronomy in the next decade. It is a fundamental part or the ESA Cosmic Vision program 
and should be pursued with the highest priority. Although the recent difficult situation with science experiments 
at NASA is causing a delay in the LISA launch date to beyond the 2015 time frame, Europe should make the 
utmost effort to support the earliest possible deployment of this very important mission.  

Unfortunately, probably more than 10 years will pass before European X-ray astronomers will get their next 
chance with a mission like XEUS. A very ambitious project called DARWIN, which should be able to detect and 
study extra-solar Earth-like planets, is also under study at ESA, and the development of instrumental techniques 
for DARWIN is pursued in collaboration between ESA and ESO. The DARWIN interferometer could be the first 
instrument able to detect indirect signs of life outside the solar system. 

Another field where space-based experiments could lead to fundamental discoveries is the study of Extremely 
Energetic Cosmic Rays, particles having energies exceeding 1020 eV. The flux of these particles is very low, and 
the interaction with the CMB should decrease it even further. However, the mystery of the origin of these 
particles is one of the most fascinating subjects of current research, and should ground-based experiments like 
Auger find some interesting physics, the next frontier will be based on space-borne experiments detecting 
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scintillation in the atmosphere, like the proposed EUSO concept on board the ISS, but on a free-flyer 
configuration. Such an experiment will probably be more than 10 years or so into the future. In the meantime, 
new experimental techniques aiming at measuring radio waves emitted by extremely energetic showers at EeV 
energies are now being pursued with stratospheric balloons, like in the case of the NASA-funded ANITA 
experiment in Antarctica. 

Astrophysical Virtual Observatory 
The Astrophysical Virtual Observatory (AVO) is an international community-based initiative. Its intention is to 
create a revolution in the way astronomers produce exciting science by extracting information from astronomical 
data archives of space and ground-based past, present and future observatories. This will be achieved by 
integrating and standardising databases and data analysis techniques within a coordinating framework that will 
provide common standards, bandwidth, and state-of-the art analysis tools. 

Within Europe, the following partners joined AVO: European Southern Observatory (ESO), Space Telescope – 
European Coordinating Facility ( ESA ST-ECF), Astrogrid (UK) Consortium, Centre de Données Astronomiques de 
Strasbourg (CDS), CNRS - Delegation Paris A (CNRSDR01-Terapix) and the University of Manchester (UMAN-
Jodrell Bank). AVO is strictly speaking a completed first step, which was co-funded by the EC under FP5. The 
project was completed in December 2004, and was succeeded by the FP6 Design Study VO-TECH (participants 
are representatives of the Astrogrid Consortium, UK, the Centre de Données Astronomiques de Strasbourg 
(CDS), France, ESO and INAF, Italy). 

To implement this new approach of distributed computing and resources initiated by the GRID approach in 
particle physics, the existing astronomical data centres and archives need to join into a single interoperating 
unit. The forthcoming new class of telescopes such as ALMA, SKA, ELT and other facilities are constructed in a 
collaborative alliance of organizations and nations across the globe, which corresponds to the idea of a 
federation of astronomical archives. The AVO vision of the astronomical future is a world of open access, where 
astronomers may analyse datasets without the need to be aware of where they are physically located. 

4.8.3   Preamble: approach to the recommendations 

The EG was faced with a wide diversity of projects coming from widely different fields ranging from optical 
astronomy to space missions, and differing in their state of preparedness, scope and specific needs in order to 
move ahead in a timely manner. 

In setting strategic priorities in the different areas, the EG tried to carefully analyse all of these aspects and the 
manner in which the projects differ from each other. This analysis played a key role for nominating some 
projects for the roadmap now, others not yet, despite their potential to become roadmap projects very soon 
(embryonic projects), and for not recommending some other projects as (future) roadmap candidates despite 
their scientific potential. The EG discussed these aspects in turn, using individual projects to exemplify the 
issues. 

In the case of the ELT the basic concept, the construction timescale and funding sources are all relatively well 
defined, although the technological aspects are still evolving. This is clearly an extremely high strategic priority 
for European astronomy, and will serve a large and broad community. By putting this project on the roadmap, 
the EG wishes to underline its scientific importance and to stress the need to implement it in a timely manner in 
order to maintain/establish European leadership in the field. 

KM3NeT and SKA have extremely high scientific potential, their basic concept and relative construction 
timescales are relatively well defined, but there are organisational and/or funding issues which are still open and 
must be addressed. By putting such facilities on the roadmap, the EG wishes to underline their scientific 
importance and also to emphasise the need for a prompt resolution of these organisational and funding issues in 
order to capitalize on the momentum that has been building up in Europe. 

The case of CTA is somewhat different again. Cherenkov telescopes are undergoing a very positive, fast 
development thanks to very exciting results obtained during the last few years, and substantial upgrades are 
anticipated for the existing facilities. However, in a next step, all these initiatives should be merged into the 
cooperative development of a network of Cherenkov Arrays. This merging process is still in an embryonic phase 
for what concerns organizational, funding and technical aspects. Since a roadmap should by definition evolve 
with time, the EG recommends a review of the embryonic projects such as CTA in order to reconsider its 
inclusion in the roadmap within a time frame of one to two years. The EG considered the CTA project as 
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scientifically extremely promising with a rate of development that will likely make it ready for inclusion in the 
roadmap on such a time scale.  

The EG considers it outside its mandate to comment on cases where an organization has defined a large palette 
of interlocking projects, even though some of these individually may be of such a scale and broad importance to 
a community as to make them comparable to items on the roadmap. This argument applies to ESA and its 
science programme (both the mandatory programme and the optional Aurora programme). It cannot be 
disputed that ESA’s science activities are of the highest strategic importance for Europe, but the EG sees no 
consistent way of unpacking elements of such a programme so as to place individual items within the ESFRI 
roadmap. Nevertheless, the EG looked at projects which have been submitted to ESFRI in the context of ESA’s 
longer-term planning exercises beyond the current approved programme, and emphasises the strategic role that 
missions like AURORA, XEUS and DARWIN will play in preserving/establishing European leadership in their 
respective fields of science. The EG wishes to underline in this context that the timescales space missions like 
these depends very much on the future development of the level of resources of the ESA Science Program and 
recalls that as an outcome of a series of EU-ESA meetings held in 2003 it has strongly been recommended to 
increase the level of funding for space activities in Europe (cf. White Paper) in order to strengthen the position 
of Europe in the worldwide competition. 

There are also facilities that are of strategic importance, but which have an impact that is delocalised, and which 
are thus more properly seen as constituting underpinning support for a number of activities. The outstanding 
case here is the Astrophysical Virtual Observatory. The EG believes that it is essential for all future 
European astronomical and astroparticle-physics facilities (both ground and space based) to allocate a 
substantial part of their budget (order 10 per cent) to the preparation of a science archive. This should be 
constructed so as to interface with the AVO, and it is expected that staff working on such archives would 
automatically need to contribute to the general international development of standards and tools for the AVO. 
Existing and future data centres should also be supported in a co-ordinated way at least by the relevant funding 
agencies as an important distributed infrastructure at a level suitable to offer a stable environment for data 
curation and distribution to the whole community. From this point of view, the AVO is in effect a major project in 
its own right.  

Lastly, there are also facilities that do not fall in the previous categories but received special attention by the EG. 
This is the case of the two proposals to grant Access to the Poles to European scientists interested in “astro” 
sciences. The poles are a very special environment, both for Astronomy (e.g. IR, CMB) and Particle Physics (e.g. 
High Energy Cosmic Rays, Neutrinos, Space Weather) but European access is very fragmented and often 
possible only through US facilities (as in the case of scientific long duration balloon-borne experiments). The EG 
could not recommend the inclusion of these projects in the roadmap or as embryonic, since their maturity is not 
adequate, however it makes a strong recommendation to ESFRI to stress the importance for Europe to support 
the existing coordination efforts aimed to increase the scientific investment at the Poles, in view of the creation 
of EU-led facilities and of lowering the difficulty in accessing non-EU led facilities for “astro” sciences at the 
Poles.  
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4.8.4   Recommendations 

The EG recommends the following projects for the roadmap: 

ELT, KM3NeT and SKA. 

Furthermore, the EG recommends that project: 

CTA 

be considered as embryonic and therefore its progress be re-considered in the next update of the 
roadmap in one-two years time. 

Further detailed recommendations have been made for specific projects. 

ESCO/VIRAC – European Deep Space Communication and VLBI Observatory 
The Ventspils International Radio Astronomy Centre, in Latvia, is currently converting an ex-Soviet RADAR 
antenna into a Radio Astronomy telescope for single dish application and as part of the European VLBI network. 
In addition, it is planned to use the telescope for deep space communications. The proposal submitted to ESFRI 
is for funding of both applications, the latter being outside the scope of the EG. Good progress is being made 
through local and EU funding towards equipping the telescope with a hydrogen maser and state of the art 
receivers and installing the appropriate cabling for an e-VLBI link. VIRAC is also currently considered for 
inclusion in RadioNet. The EG welcomes these developments, but also feels that because this proposal lacks the 
full pan-European dimension and part of the proposal is outside the scope of the EG’s work, it will not 
recommend ESCO/VIRAC for the roadmap. 

KM3NeT: Kilometre Cube Neutrino Telescope 
The Cubic Kilometre Telescope (KM3NeT) project in the Mediterranean Sea has been discussed in detail by the 
EG. The EG agrees that this is a pan-European project which hopefully will open a totally new window in the 
Cosmos by boosting a very young field of science, that of Neutrino Astronomy. This novel branch of Astronomy 
could dramatically alter our understanding of the Universe. This project not only would complement the field of 
view of ICECUBE, presently under construction on the South Pole, but it is the only one which can detect 
neutrinos originating from the centre of our Galaxy, a region of great interest. The EU has already recognised 
the potential of this project by funding its Design Study, currently under way. It is worth noting that two of the 
three candidate sites are located in less developed regions of the EU. The EG strongly recommends this project 
for inclusion in the roadmap. 

LOFAR: Low Frequency Array, an adaptive wide area sensor network 
LOFAR is a multi-purpose instrument – a wide-area sensor network for astronomy, geophysics and precision 
agriculture. The LOFAR astronomical observatory, which is currently under construction by a Dutch-German 
consortium, will be a low frequency (30 – 240 MHz) digital radio telescope array with all sky viewing and 
transient detection capability. It is based on an extensive network of approximately 25.000 dipole antennas 
arranged in clusters that are spread out over an initial area of 350 km, covering large parts of the Netherlands, 
with more clusters to be added later on in Germany and possibly other countries. The dipole antennas are 
connected via a network of high speed data links to a powerful computer situated at the State University of 
Groningen. The complex system will deliver all sky images in real time. Although it was unanimously agreed that 
LOFAR is an exciting project, it was noted that the project is already funded to some extent, including EC 
structural funds. Furthermore, the project is overwhelmingly Dutch with a small involvement of Germany and a 
negligible Swedish contribution and so the pan-European dimension was not clear. The project will therefore not 
be recommended for the roadmap. It was suggested, however, that the geophysics and agriculture applications 
should be brought to the appropriate ESFRI level. 

SKA 
The Square Kilometre Array is a bold new project for Radio Astronomy with a wide interest and strong 
leadership within Europe. It will combine a large area antenna array with the new high speed communications 
technology to create a wide field, high bandwidth array with a collecting area of one million square metres. The 
array will operate at wavelengths from 200 MHz to 25 GHz and address many of today's most challenging 
astrophysical problems from the formation of the first galaxies to the cradle of life. It is a clear next step in the 
infrastructure needs of the radio community. Although the SKA could probably be built with today's technology, 
its proponents are, with the aid of some 10M€ from the EC, plus + about 20M€ additional funds, carrying out a 
design study to address the main technological challenges and, in addition, to find ways of containing the cost of 
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the project within the 1B€ ceiling. Because of its wide European (and international) appeal, the EG strongly 
recommends SKA for the roadmap. 

ELT: Extremely Large Telescopes 
The EG recognizes the world leading position of European optical/near-IR astronomy thanks to the VLT/VLTI. 
The ELT with a diameter in the 30-50 m range is obviously the key project for the next decade in this domain. 
The ELT will address fundamental questions in all fields of astronomy. With the ELT, Europe will have the 
competence and expertise to remain the leader in this area, and therefore the EG strongly recommends it for 
the roadmap. The EG also recognizes that the European ELT must be available on a competitive timescale. To 
do so, funding in addition to the currently predicted ESO budget will be needed in the coming years. The 
additional contributions should preferably be found in Europe. The EG considers a contribution from the EC as a 
very worthwhile investment of European funds that would benefit the entire European astronomical community. 

Astronomy from the CONCORDIA station in Antarctica and ASP: astro-sciences at the poles 
Two projects proposing to develop/access Astrophysics and Astroparticle facilities at the Poles have been 
discussed by the EG, which was unanimous in recognizing the extraordinary potential of the Antarctic and Artic 
areas for fundamental "astro" research. Although the projects status clearly looks less than embryonic and not 
suitable for inclusion in the roadmap, the EG recognizes the importance of an European strategy to grant access 
to the Poles to the "astro" scientists and strongly recommends that EU coordination of the currently national 
ongoing efforts should be encouraged and strengthened. 

Astrophysical Virtual Observatory 

The present shape of the project correctly shows the scientific value of the AVO and the EG does recommend it 
for future funding. EURO-VO exists thanks to a special approach by ESO, ESA, PPARC, CNRS and also thanks to 
partial funding from FP5 and FP6. However, the current format of the proposal does not qualify it for the PSE 
part of the roadmap due to its low level of proposed financing. Larger and more stable long-term funding 
leading to the formation of the corresponding dedicated infrastructure is highly recommended. See also point 
(6) of section 3. 

Next generation solar telescope 
Ground-based solar physics has made rapid progress over the last few years thanks to new telescopes (such as 
the 1-meter Swedish Solar Telescope), adaptive optics, and image reconstruction techniques as well as realistic 
radiative magneto-hydrodynamic simulations. However, a significantly larger, ground-based solar telescope is 
needed to finally resolve the crucial astrophysical processes on the Sun at their fundamental scales. The US-led 
4-meter Advanced Technology Solar Telescope (ATST) is scientifically well motivated and technically sound. In 
order to ensure adequate European access to this potentially world-leading facility, Europe should contribute to 
its construction and operation. The EG therefore recommends that the European solar community should join in 
a formal collaboration in order to participate, as one entity, in the ATST. This entity may also operate existing 
solar telescopes and design and construct new European ground-based facilities to complement ATST. 

CTA: an advanced facility for ground-based high-energy gamma ray astronomy 
The CTA project was discussed in detail and the EG was impressed by the progress and the exciting results of 
Air Cherenkov gamma ray Astronomy, which have opened a window on the high energy (TeV) wavelengths. 
This is an area where Europe has taken a real world lead. The feeling of a number of the experts, however, was 
that it will take some time to achieve fully exploit the wealth of observations which are possible with currently 
existing detectors, and that more time is also required to refine our understanding of the CTA technique and 
how to organize an international network of Cherenkov Array Telescopes. For these reasons the EG considered 
the CTA project as scientifically extremely promising with a rate of development that will likely make it ready for 
inclusion in the roadmap within a time scale of one-two years. 

Space projects: ISS, AURORA, SSEI, DARWIN, XEUS 
For the reasons detailed at points (4)-(5) in section 3.1, these projects are not recommended for the roadmap. 
Regarding XEUS in particular, at this moment, although the project can be considered as embryonic, given its 
long-term scientific importance, the EG recommends it for funding for further technical studies at EU, ESA, and 
at national level. The EG wishes to underline in this context that the timescale for the realisation of future space 
missions depends very much on the further development of the level of resources of the ESA Science Program 
and recalls that as an outcome of a series of EU-ESA meetings held in 2003 it has strongly been recommended 
to increase the level of funding for space activities in Europe (cf. White Paper) in order to strengthen the 
position of Europe in the worldwide competition. 
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4.8.6. List of Annexes 
AAA Annex 1: declarations of (non) involvement 
AAA Annex 2: Template for project ELT 
AAA Annex 3: Template for project KM3NeT 
AAA Annex 4: template for project SKA 

The detailed report on the evaluation of these projects is in Appendix VIII of the Overall PSE report. 
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AAA Annex 1 – Declarations of (non) involvement. 

R. Booth declared that, although he was not directly and formally involved with the SKA, he felt it necessary to 
let it be known that he was standing down as chairman of the RADIONET board and from the European SKA 
Board and that he will be going to South Africa to help promoting science and astronomy there. 

L. Resnavis likewise declared a bias towards KM3Net because of his involvement in the project and that his 
presentation and further discussions would be limited to the science case. 

R. Battiston. Before introducing his report on the proposal for ISS Utilization, R. Battiston declares that 
although he is not involved in microgravity research on ISS, which is the subject covered by this proposal, he is 
a senior member of a large international Collaboration building an astroparticle experiment for installation on the 
ISS, namely the AMS-02 experiment, which, after ten years of construction it is now close to completion. 

A.-M. Lagrange has been personally involved in VLT instruments. She is not involved personally in the ELT 
project. 

M. Grewing: during his time as Chairman of ESA's Space Science Advisory Committee, M. Grewing has been an 
"ex officio" member of the EPAC, the Advisory Committee to the AURORA program from 2001 until 2003. He 
never had and does not have a personal involvement in the ExoMars mission or any other elements of the 
AURORA program. 

 



 230

AAA Annex 2 
 
1. Project’s name and descriptive title 
ELT – Extremely Large Telescope 
2. Short description of project and main characteristics 
The current generation of optical large (8-10m) telescopes is expected to produce forefront science until 
~2015. Afterwards, a next generation of extremely large (>30m) telescopes will be needed to tackle the 
most challenging questions in Astronomy such as the Origin of the structures in the Universe and of the 
Planets. They will complement other observing infrastructures such as the James Web Space Telescope and 
the ALMA radiointerferometer foreseen near 2012. ELTs require advanced technologies in a number of 
technical domains. The experience gained with the European Very Large Telescope and its instrumentation 
is the starting point for future European developments. 
3. Science case (scientific justification, including new areas to be opened) 
The gain with respect to existing telescopes in terms of sensitivity (factor of 10 for a 30m telescope, factor 
of 100 for a 100m telescope) and spatial resolution (factor of 3 for a 30m telescope, factor of 10 for a 100m 
telescope) will be used for the exploration of the frontiers of the Universe and the observation of the "local" 
objects with an unprecedented sharpness. All fields of Astronomy will benefit from these gains. Formation 
and early stages of the structuration of the Universe and formation of extrasolar planets and associated 
search for signs of life are the most challenging science drivers. Related detailed objectives include: 

- spectroscopic properties of extrasolar planets; statistical studies 
- stellar populations in the Universe: Star Formation Rate" from Supernovae up to z=10 
- first objects in the Universe: high z galaxies (up to z=15) 

4. Impact to society and to new technologies for industry 
- The understanding of the Universe and of our origin is one of the most appealing scientific topics to 
society. Astronomy in general is a very good tool to attract people to science in general and physics in 
particular. 
- A large number of technical challenges are associated to the ELTs. Among them, the building of huge and 
very precise opto-mechanical structures (moving the Eiffel tower with an accuracy or 1 arcsec!), the 
cophasing of the sub-apertures of the telescopes, the adaptive optics systems that will equip those 
telescopes. All require the use of challenging technologies that are studied both within the laboratories and 
in the industry. Telescope and instruments will be manufactured primarily in industry. 
5. Strategic importance to ERA 
ELTs represent the highest priority worldwide for ground based projects in the 2012+ era. The high 
pressure put by European astronomers on the use of the VLT is a good indication that it will be the same for 
an ELT. The 4 telescopes of the VLT are the most successful optical telescopes today and host some of the 
most sophisticated instruments. Europe has the potential to lead the next generation of optical telescopes 
and to get a huge scientific return in answering the challenging scientific questions listed above. 
6. Maturity of proposal (including possible timetable) 
Design Studies addressing key technological questions are taking place under FP6 for the ELTs. Other 
aspects (including science cases) are reviewed in the OPTICON I3. Important steps are scheduled in the two 
forthcoming years concerning in particular the size of the ELT (this size will be driven by feasibility, cost and 
calendar issues). Conceptual, preliminary and final designs will be done in the next 5 years (~2005-2010). 
The length of the realisation phase will depend on the size of the telescope but with a strong preference for 
a 30m class telescope near 2015, followed by a larger telescope near 2020. The two might be mixed in a 
single telescope using a concept of a growing telescope with 2 phases. 
7. Budgetary information (preparation, construction and operation costs) 
The construction cost of an ELT will range from €600 million (30m telescope) to €1 billion (100m telescope). 
8. Comments on possible partnerships (optional)  
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AAA Annex 3 

1. Project’s name and descriptive title 
KM3NeT: European deep-sea neutrino telescope with a volume of at least one cubic kilometre. 
2. Short description of project and main characteristics 
KM3NeT will be the single deep-sea neutrino telescope of this size in the world. It is only complemented by 
the American IceCube project, which has the same scientific aims, but as compared to IceCube (under 
construction in permanent ice in the Antartic) the European KM3NeT proposal has three advantages: its 
angular resolution (of 0.2 degree) will be better by a factor of 5, its energy threshold will be better by a 
factor of 10 (down to 0.1 TeV), and KM3NeT has the major advantage of being able to see neutrinos 
originating from the galactic centre. These advantages are very important for the potential of KM3NeT to 
study Dark Matter particles, or –more generally- to study neutrino sources, which will represent the start of 
neutrino astronomy.  
3. Science case (scientific justification, including new areas to be opened) 
By measuring neutrinos originating from point sources in the universe, it will be possible to open an entirely 
new field of astronomy, i.e. neutrino astronomy. For the first time compact astrophysical objects can be 
studied with neutrinos which do not suffer from galactic magnetic fields, or dust clouds. Such observations 
will be essential in understanding the mechanism of the most energetic objects in the universe such as 
Gamma-Ray Bursts, Active Galactic Nuclei and micro-Quasars. Moreover, observation of neutrinos 
originating from the centre of the galaxy or the sun may enable us to observe –for the first time- the decay 
of dark matter particles and determine their mass. This will represent a breakthrough, now that it has been 
found that the mysterious dark matter constitutes some 23% of the energy content of the universe. Finally, 
the measurement of the diffuse neutrino flux from the cosmos will make it possible to study the unknown 
origin of cosmic rays (and why they reach such extremely high energies) with in an independent probe.  
4. Impact to society and to new technologies for industry 
KM3NeT has generated the interest of marine biologists, as the KM3NeT data provide information on the 
long term behaviour of light-emitting life forms inhabiting the bottom of the seas. Such biological studies are 
–among other subjects- focussed on the impact of these life forms on the CO2 balance in the oceans. As the 
operation of the detector involves the generation, transport and storage of huge amounts of data, there is a 
common interest with groups involved in developing e-science and computer grid technologies.   
5. Strategic importance to ERA 
The construction and exploitation of a research infrastructure of the size of KM3NeT can only take place at 
the European level. The unique features of KM3NeT will make it the leading instrument in its field 
(astroparticle physics) in the world. Its governance, legal and funding aspects will represent a unique test 
case and provide input to national and EU research agencies alike. 
6. Maturity of proposal (including possible timetable) 
The actual collaboration for this project was formed while preparing the proposal for the EU design study. 
The design of the infrastructure (as approved by the EU 6th Framework Programme) will begin in 2006, and 
run for 3 years. Construction can start in 2009 and will take another 3 years. Hence, the operation of the 
new deep sea neutrino telescope will begin in or shortly after 2012.   
7. Budgetary information (preparation, construction and operation costs) 
For the design study of KM3NeT a budget of 10 M€ has been approved by the EU (6th Framework 
Programme). The construction costs are estimated to be about 200 M€. Operational costs have not yet been 
estimated, but are known to be a very small fraction of the investment costs. 
8. Comments on possible partnerships (optional) 
Three sites in the Mediterranean Sea are being considered: near Toulon (France), Capo Passero (Italy) and 
Pylos (Greece). These sites are the location of the pilot studies, which are known as ANTARES, NEMO and 
NESTOR. The members of these collaborations are all partners in the KM3NeT projects, which includes 
participants from Germany, France, Cyprus, Greece, Italy, the Netherlands, Spain and the United Kingdom. 
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AAA Annex 4 

 
1. Project’s name and descriptive title 
Square Kilometre Array radio telescope (SKA). 
2. Short description of project and main characteristics 
A unique facility, being the most sensitive radio telescope in the world, 100x more sensitive than existing 
telescopes. With a million square metres of collecting area arranged such that antennas are spread across 
an area 3000km in diameter, radio astronomers have agreed there should be only one in the world.  
3. Science case (scientific justification, including new areas to be opened) 
With 100x greater sensitivity than possible to date, it will be possible for the first time to observe normal 
galaxies, black holes and other extreme physical phenomena over the entire history of the Universe 
(currently one detects objects far enough away that the signals have taken a third of the age of the 
Universe to arrive at Earth). Some of the most interesting and extreme phenomena can only or best be 
studied with radio waves, but the sensitivity of SKA will greatly improve the impact of other telescopes 
(optical, x-ray etc) as well.  
4. Impact to society and to new technologies for industry 
The SKA project will stimulate global cooperation. The operation of such a multi-cultural research facility will 
contribute to global social coherence. With early funding Europe could play a leadership role.  
SKA will also provide a strong technology push for the ICT-sector that is of direct relevance to the future 
commercial market, including computing capacity well beyond current capabilities and extremely wide band 
fibre optic connections also well beyond current possibilities.  
5. Strategic importance to ERA 
The project will stimulate cooperation across the continent as well as strengthen cohesion among European 
researchers in their negotiations and cooperation with researchers in other countries. It will ensure a much 
closer cooperation between academic research and industry, because involvement of the latter is essential 
from the beginning to achieve a design involving mass production of highly integrated electronic 
components. 
6. Maturity of proposal (including possible timetable) 
SKA is the subject of an FP6 Design Study (SKADS project) in DG-Research. Antenna site selection will take 
place in 2006. Discussion of a European centre should begin soon. Freezing of final system design is 
scheduled for 2009. Construction should begin shortly after 2010.  
7. Budgetary information (preparation, construction and operation costs) 
The FP6 Design Study will cost € 38M. An additional telescope, LOFAR, is being developed as a development 
step toward SKA. Additional design studies and prototyping are currently under way in Australia, Canada, 
China, South Africa, and USA.  
The total construction cost is estimated to be a bit more than € 1000M, with Europe contributing at least € 
400M (i.e. 40%).  
Operations costs for Europe are estimated to be about € 30M annually, excluding long distance fibre optic 
data transmission costs.  
8. Comments on possible partnerships (optional) 
The antennas should be sited at extremely isolated locations; these are unlikely to be in Europe and five 
potentially suitable locations outside Europe are currently being investigated. Operations will be organized 
from centres scattered around the world, and European astronomers wish to have one or more operations 
centres in Europe that are connected to the antennas by wide band connections.  
Currently more than 30 institutes in 14 countries around the world are working together to plan and develop 
the technologies for SKA. 
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4.9 NPP: Nuclear Physics 

(Chair Rainer Koepke) 

4.9.1   Introduction 

Nuclear physics, in a very literal sense, touches all our lives, for the atoms of which our bodies are made were 
forged in the centres of stars through nuclear processes.   Nuclear physics also impacts us on a daily basis, 
with much of our electrical power generated from nuclear processes, millions of medical procedures carried out 
each year using nuclear techniques, and numerous applications in industry, commerce and other sciences and 
arts. 

The origin of these applications is the tiny nucleus at the centre of the atom and built up from combinations of 
particles called neutrons and protons (a class of particles that Physicists call “hadrons”).  To nuclear physicists 
the nucleus presents a fascinating challenge  - governed by the complexities of quantum mechanics, and 
subject to three of the four forces in Nature, it displays an enormous range of phenomena which stretch our 
intellectual ability.   Unlocking this knowledge has lead nuclear physicists to develop a range of accelerator 
technologies which have spun out into other fields, and a wide range of radiation detection devices which have 
found uses in many area, ranging from medicine to space research. 

Modern nuclear physics has two main aims.  At the larger scale we want to understand the limits of nuclear 
stability, by producing exotic nuclei with vastly different numbers of neutrons and protons than Nature has 
provided us with.  At the smaller scale we want to explore the substructure of the constituent neutrons and 
protons, for it is in the interactions of their constituent quarks that the ultimate description of nuclei must lie. 

In the first of these quests, the recent development of the ability to produce accelerated beams of radioactive 
nuclei has revolutionised nuclear science.  There are two approaches to producing radioactive beams – the 
“In-Flight” and “ISOL” techniques.  Europe has been at the forefront in developing both production methods 
and is now poised to capitalise on this leading position by constructing world leading facilities based on these 
two complimentary processes.  Radioactive beams open to us the prospect of being able to produce nuclei 
with a large excess of neutrons or protons. For the first time we are now able to study reactions between the 
6,000 to 7,000 nuclei we believe exist, rather than just the paltry 300 stable ones that Nature provides. We 
know already from our preliminary explorations that new phenomena emerge which we have not previously 
been aware of (neutron halos, melting of shell structures, etc.).  The next generation of facilities will enable us 
to explore right to the limits of nuclear existance with an excess of protons, and well out into the unknown 
nuclear landscape of neutron excess, where the ultimate limit that Nature sets on neutron binding is unknown. 
Tied into this effort is the exciting investigation of the limit Nature sets in the heaviest nuclei.  Pioneering 
studies have pushed well beyond lead, the heaviest stable nucleus.  The tantalising prospects still exist to 
reach the theoretically predicted island of stability where superheavy nuclei may exist.  If we can produce 
these in the laboratory, the nuclear physics, atomic physics and chemistry of such novel atoms would be of 
great interest.  

The development of accelerated beams of radioactive nuclei has also transformed the field of nuclear 
astrophysics.  Nuclear astrophysics is a multi-disciplinary activity which involves nuclear physics, astrophysics 
and astronomy.  The goal is to understand where and how the elements we see around us were produced and 
the energy generation processes which power astrophysical objects.  While we have for some time now been 
able to study the key nuclear reactions which occur in stars, like our own Sun, we have not been able to do so 
for the explosive processes in Nature, such as novae, X-ray bursters and supernovae.  In these violent 
environments key reactions occur between unstable nuclei and until the recent development of radioactive 
beams, such reactions were beyond our ability to study in the laboratory. 

In the second quest, we seek an understanding of the fundamental structure of nuclei.  At nuclear physics 
energy scales the hadrons in a nucleus are tightly bound systems of quarks, antiquarks and gluons. Many 
aspects of the physics of hadrons still mystify us: the fact that quarks contribute less than 2% to the mass of 
the nucleon, that they make up only about 25% of the spin of protons or neutrons, and that they are confined 
within the volume of hadrons – there are no free quarks in nature. We need to solve these puzzles in order to 
obtain a better understanding of the strong force at nuclear distances and of the behaviour of hadronic matter 
and quark-gluon matter under extreme conditions of temperature and density. Studying such matter by 
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collisions of nuclei at relativistic energies is a further cornerstone of modern nuclear physics and is pursued 
vigorously in Europe at CERN (ALICE experiment) and at GSI/FAIR. 

There are essentially two methods to unravel the structure of composite hadronic systems: by scattering high 
energy particles off hadrons in order to image their substructure, or by investigating the excitation spectrum 
through resonant production mechanisms – hadron spectroscopy.  Both approaches are pursued by the 
European community and this requires high energy beams of electrons and nuclei. Equally important are the 
large and complex experimental “detectors” which are used to unravel the complex pattern of fragments which 
can emerge from the collisions. 

As can be seen from the above, a key requirement for an active nuclear physics programme in Europe is a 
network of accelerator facilities which can deliver the wide range of beams required to pursue the new 
scientific opportunities.  These range in scale from small accelerators used for instrument testing or specialist 
experiments which may be housed in a university, through medium scale devices based at national 
laboratories where a large part of the community’s activity is based, and to a relatively few major accelerators 
whose scale and complexity requires a coordinated European effort to build and operate.  It is these larger 
scale accelerator facilities which form the focus of the ESFRI Expert Group’s input to the ESFRI Roadmap 
process. 

4.9.2   The Expert Group methodology 

In starting its work the Expert Group was greatly helped by having available an invaluable document, the 
“NuPECC Long Range Plan 2004 - Perspectives for Nuclear Physics Research in Europe in the Coming Decade 
and Beyond”. NuPECC (Nuclear Physics European Coordinating Committee) is an Expert Committee of the 
European Science Foundation and exists to coordinate nuclear physics activities within Europe. It enjoys the 
support of both the community itself and of the funding agencies, who look to it for advice. As part of its work 
NuPECC has undertaken periodic reviews of the field and made recommendations for future activities and 
facilities.  The 2004 report is the latest in this series.   The science case was developed by six expert groups 
from key subfields of nuclear physics and its applications: ‘Quantum Chromodynamics (QCD)’, ‘Phases of 
Nuclear Matter’, ‘Nuclear Structure’, ‘Nuclei in the Universe’, ‘Fundamental Interactions’ and ‘Applications’.  
Recommendations and priorities for the different subfields were arrived at by the expert groups after 
consultation with the community during specific workshops organised by the groups, and later in a well 
attended general town meeting at Darmstadt. Based on these, NuPECC formulated a set of general 
recommendations covering the science programmes and a set of specific recommendations connected with the 
priorities for new construction projects. These recommendations and priorities have received the strong 
support of the nuclear physics community in Europe. 

The first task of the Expert Group was to undertake a survey of the field to determine whether the NuPECC 
Forward look had covered the entire field, and to check whether any new projects had emerged since its 
publication.  Only one such project was identified, the recent proposal DAPHNE2, involving a major upgrade to 
the DAPHNE facility.   The Expert Group decided to include this project along with those listed in the NuPECC 
report. 

The second task of the Expert Group was to consider each of the projects in detail.  The ESFRI template was 
used to gather information on each project and one member of the Expert Group appointed to speak about the 
physics case and present the status of each project.  The full group considered this input for all projects, 
discussing in detail how each fitted to the ESFRI criteria (science case, maturity of the proposal, strategic 
importance to the ERA, socio-economic impacts and support from member states) as well as considering the 
budgetary status and construction timetable.  There was extensive discussion on each project, although the 
space limitation in this report means that only a very brief comment on each can be included here (see 
appendix). 

4.9.3   Recommendations 

The Expert Group found the task of identifying those projects that should go on the Roadmap extremely 
challenging, given the exciting opportunities that each offers.  We believe this reflects the fact that the Nuclear 
Physics community in Europe is already highly integrated and has worked with the Commission for many years 
to pool efforts and identify the most promising areas in which to develop new research infrastructures.  Given 
the need to be highly selective, the Expert Group reluctantly had to leave out many excellent proposals.  We 
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stress that the non-inclusion of these projects is not a comment on their scientific merit and it is crucial that, 
for a balanced and vigorous development of the subject, these other projects should continue.  The two 
projects recommended for the Roadmap are in fact the largest, and their selection in many ways reflects their 
financial scale (and so the need for EU support) as well as their very broad user base across many member 
states. 

The Expert Group recommends the inclusion in the Roadmap of the FAIR project at GSI (Darmstadt) and the 
SPIRAL-2 project at GANIL (Caen). Both are new generation radioactive beam facilities, and are based on the 
complimentary approaches of In-Flight and ISOL technologies.  A decade ago the European nuclear physics 
community identified that radioactive beams would be the new forefront of research (NuPECC Report, “Nuclear 
Physics in Europe: Highlights and Opportunities”, December 1997).  Following this a working group was set up 
to identify how Europe could ensure a dominant role in this emerging field and their report (NuPECC Report, 
“Radioactive Nuclear Beam Facilities”, April 2000) established the goal of building two international leading 
facilities, based on the complementary approaches of “In-Flight” and “ISOL” techniques.  The two different 
technologies enable the community to advance out into the unknown territory of the nuclear landscape away 
from stability in different ways. Because the In-Flight production technique is fast, it enables the shortest-lived 
radioactive nuclei (which are the furthest from stability) to be produced.  This is vital to enable the first 
“landscaping” advances out to the limits of nuclear existence to be made.  In defining the landscape, these 
surveys will identify new phenomena and new aspects of nuclear matter.  By contrast, the ISOL technique can 
provide more intense and better controlled beams, which are essential for detailed studies of the new 
phenomena as they are uncovered.  As in any aspect of human endeavour, both the rapid advance to the 
frontiers and the detailed understanding of new phenomena which are uncovered, must go hand in hand. 

Since the start of the decade, the European nuclear physics community has been working together on this goal 
to build complementary and world leading In-Flight and ISOL radioactive beam facilities.  The first of these will 
be realised in the FAIR project, which is being developed at the GSI Laboratory in Darmstadt, Germany.  The 
Expert Group recommends this for inclusion in the Roadmap.  The project meets all the criteria set by ESFRI 
and has large support across the European nuclear physics community.   It will provide Europe with the world’s 
leading facility for radioactive beams and for anti-protons for hadronic studies.  The second will be realised by 
EURISOL, which is presently the subject of a Design Study within FP6. However, the timescale for EURISOL is 
long (operation would not start until 2018-2020) and the technical challenges are formidable.  Indeed the 
Expert Group believes that the required step, both in terms of the technology required for the accelerator and 
the complexity of the experimental apparatus and analysis techniques, cannot be taken in one go.  It is 
therefore essential that intermediate steps are taken on the way to realising the EURISOL facility.  The Expert 
Group believes that these must be supported and so recommends that the SPIRAL-2 project at the GANIL 
Laboratory in Caen, France, should be included on the Roadmap.  The project meets all the criteria and also 
enjoys wide support across the European community.  Its realisation will provide the technological bridge to 
EURISOL and will maintain the European leadership in the ISOL domain. In addition this project will enable the 
experimental community to develop the experimental techniques and expertise which will be required at that 
time. 

Full details on both of these projects are contained in the project descriptions attached to this report. 

4.9.4   List of Annexes 

NPP Annex 1: Brief summary and conclusions 

NPP Annex 2: project SPIRAL 2 

NPP Annex 3: project FAIR 
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NPP Annex 1. Brief summary of conclusions on each project considered 
AGATA.  A next generation gamma detection array based on the new concept of “tracking”.  This is an 
ambitious and world-leading development and the array will be an essential experimental tool used at 
many European facilities in the next decade.  It is an excellent example of European collaboration, with 
groups from most countries involved.  The Expert Group notes that this project would make an excellent 
candidate for an Integrated Initiative (I3) project. 

DAPHNE-2.  This is an exciting new development which holds the promise to take the pioneering 
developments of the DAPHNE facility to a new level of precision.  The project is in an early stage, but 
should definitely be included in the “basket of embryonic ideas” list. 

EURISOL.  This is a hugely ambitious project which would provide Europe with the world’s leading ISOL 
facility, with a capability orders of magnitude beyond present capabilities.  It has a very large 
collaboration drawn from across Europe and is the subject of a major FP6 funded Design Study.  The 
Expert Group believes that EURISOL is absolutely essential for Europe and work towards it must continue 
as fast as possible.  The technological challenges and timescale (start in 2018) are such that it cannot at 
present appear on the Roadmap. However, the Expert Group recommends most strongly that 
intermediate steps along this route must be supported in order to ensure Europe maintains leadership in 
this area.  This involves projects such as SPIRAL-2, SPES, HIE-ISOLDE and MAFF. 

FAIR.  This will be the leading international In-Flight facility.  It is a tremendously exciting pan-European 
development which is already establishing new models for how large scale infrastructures can be realised 
as truly European ventures.  It must take top priority for inclusion in the Roadmap. 

HIE-ISOLDE.  The Expert Group welcomes this development as an overdue expansion of the world-
leading REX-ISOLDE facility, which has strong support from a wide-ranging European community of 
users.  In ISOLDE, Europe hosts the leading ISOL development group.  Their expertise, and that of the 
user community, will be essential in the realisation of EURISOL. 

MAFF.  This project is unique worldwide in exploiting reactor neutron induced fission as a source of very 
neutron rich radioactive beams.  Unfortunately the project is not yet at a degree of maturity to allow it to 
appear on the Roadmap. 

SPES.   This is an intermediate size ISOL type facility planned at Legnaro.  SPES offers the possibilities of 
producing very neutron rich beams as well as contributing to the technological developments (driver and 
target) for EURISOL.   At present the project is mainly developing within the INFN. 

SPIRAL-2.  A major expansion of the SPIRAL facility at GANIL, which will help maintain European 
leadership in ISOL development and provide an essential step on the road to EURISOL.  The technical 
challenges of the acceleration, targetry and experimental equipment will provide essential knowledge and 
continuity.  The Expert Group believes this facility is essential for the future of European Nuclear Physics 
community and should be included in the ESFRI roadmap. 
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NPP Annex 2 
 
1. Name and descriptive title 
 
« Systeme de Production d’Ions Radioactifs Acceleres en Ligne 2 » (SPIRAL2) 
A new European facility for intense secondary unstable rare isotopes. 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
   The SPIRAL2 project aims at delivering rare (radioactive) isotope beams with intensities not yet available 
with presently running machines. Elaborated by International Working groups for construction at the GANIL 
laboratory in Caen, France, SPIRAL2 is based on a superconducting linear accelerator (the driver), able to 
accelerate deuterons up to the energy of 40 MeV with intensity up to 5 mA and heavy ions of mass-to-
charge ratio A/q=3 with intensities up to 1 mA for energy about 14 MeV/nucleon. 
  It is based on the ISOL method in which the radioactive nuclear reaction products formed by the intense 
stable beams are stopped and extracted from thick target, mass separated and subsequently re-accelerated. 
The ISOL method allows to attain large intensities of Radioactive Isotope Beams (RIB) with energies ranging 
from keV to several tenth of MeV per nucleon.  
     The fast neutron induced fission after the deuteron interaction with the carbon converter (up to 200 kW 
power released) followed by the Uranium Carbide target will be the main process for the radioactive species 
production. After their release from the target, the unstable, radioactive beams will be formed by the on-line 
isotopic separation and directly used in the low energy experiments or post-accelerated in the already 
existing CIME cyclotron up to the energies of 15 MeV/nucleon. 
 
   Besides the radioactive beams formed by the fission of Uranium, to accelerate proton rich nuclei produced 
in fusion-evaporation reactions using different heavy ion beam and target combinations is also planned. 
Finally, the in-flight techniques using thin targets and light and medium heavy projectiles, a field highly 
developed at the present GANIL facility, will be further pursued.  
  
To study the properties of the radioactive nuclei produced by these methods or their 
interaction with secondary targets is the main aim of the SPIRAL 2 facility and a rapidly 
developing field of nuclear physics. This facility will provide the European community with 
competitive worldwide capabilities in this respect. 
 
3. Science case (scientific justification, including new areas to be opened)  
  The SPIRAL2 project is an intermediate step toward EURISOL, the most powerful, presently imaginable 
nuclear physics research facility, based on ISOL principle. It is expected, that the realisation of SPIRAL2 will 
substantially increase the know-how of technical solutions to be applied not only for EURISOL but also in a 
number of other European/ world projects. 
   As example one can mention the development of a large power, superconducting continuous beam linear 
accelerator considered as a post accelerator device in EURISOL or the experience gained in the 
management of a large power release in the medium, producing neutrons (converter or target), important 
for EURISOL, ESS project, ADS projects etc. 
   From the scientific point of view the much larger impact of the new facility in comparison with the 
presently operating ones will come from 

- a substantial increase (up to a factor of 100) of the intensities of the available radioactive species; 
- the availability of a large energy range (from keV to several tenth of MeV/nucleon) of the produced 

RIB’s; 
- the diversified methods of the radioactive isotope production: fission induced by fast neutrons, 

fusion-evaporation residues produced by stable heavy ions or neutron rich RIB’s, deep inelastic 
reactions of RIB’s, in-flight production by thin target method; 

- the already existing post-accelerator and beam lines as well as a number of currently operating 
gamma-ray, charged particle and neutron detectors which could be almost immediately adapted for 
the RIBs studies; 

- the multi-user access to the radioactive beams (two users at the same time) with the simultaneous 
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running of the existing stable beam accelerators (three stable beams at the same time) will make 
SPIRAL2/GANIL a real multi-user facility. 

 
   The scientific programme, prepared by a team of more than a hundred of the world class specialists (130 
pages Draft, last version dated Nov. 9, 2005, available at www.ganil.fr) proposes the investigation of the 
most challenging contemporary nuclear – and astrophysics questions aiming at the deeper understanding of 
the nature of matter. The programme includes the studies of the structure of exotic nuclei, the investigation 
of nuclear dynamics with RIBs, the elucidation of some nuclear questions, related to astrophysics, the quest 
of a new physics beyond the Standard Model. 
 
   A substantial part of the programme consists of the studies of neutron rich nuclei in the mass range A=60 
to A=140 with as yet almost unknown structure, produced in the fission process. A number of new 
phenomena are expected on theoretical ground in this mass and charge region, such as: melting of the shell 
structure and appearance of the new magic numbers, the non-uniform distribution of protons and neutrons 
in nuclei with larger neutron than proton densities at the nuclear periphery, exotic nuclear shapes at very 
high spin, existence of specific (pygmy) resonances, and astrophysical questions as the path of s-and r-
processes directly connected to the  understanding of the origin and abundance of elements in the universe. 
 
   In addition an important part of the research will be based on the availability of the intense, pulsed 
neutron fluxes (~ 1015 n/s) with peak energy around 14 MeV. The material science research and the 
neutron induced reaction cross-section measurements using nTOF methods will be clearly connected to such 
European projects like European Spallation Source, Accelerator Driven Systems or controlled fusion devices 
(ITER, DEMO).     
 
4. The Concept case (maturity of proposal)  
 
   The first studies on the possibilities of a substantial increase of the secondary beams available at the 
European Laboratory GANIL (France) started in 2000. In Spring 2002 the main characteristics of the new 
facility were decided, based on the Preliminary Design Study “Linag Phase I”. A detailed Design Study was 
performed during 2002-2004 and was made public in January 2005 as so called APD Report under the title 
“The SPIRAL2 Project”. 
By mid 2005 the design detailed study was completed.  
In may 2005 the French Minister of Research announced approval of the project with France providing 80% 
of the needed funding (55% CNRS&CEA, 25% Region de Basse-Normandie) 
Since the fall of 2005, the project group has been formed and an International Steering Committee is 
reviewing the scope of the project. 
Technical and scientific discussions with many Europeans laboratories are underway to establish the 
cooperation frame for the construction phase. 
 
    See also points 6, 10 and 11 for more information. 
 
5. Further information, including strategic importance to ERA  
 
   In 2004 NuPECC (Nuclear Physics European Collaboration Committee) in its Long Range Plan discussed 
the “Perspectives for Nuclear Physics in Europe in the Coming Decade and Beyond” Six research domains 
relevant to this branch of science were identified: 

- Quantum Chromodynamics 
-  Phases of Nuclear Matter 
- Nuclear Structure 
- Nuclei in the Universe 
- Fundamental Interactions 
- Applications of Nuclear Science. 

 
   SPIRAL2, one of the two largest European radioactive beams facilities in operation around 2010 will 
produce data, related to four of these domains. 
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   The investigation of the exotic nuclei using the RIB facilities is presently at the top of theoretical and 
experimental efforts of the nuclear physics community worldwide. A number of first generation, small 
facilities are already operating in Europe and America. Larger projects are pursued in Japan (RIKEN) or are 
in a preparatory phase in USA (RIA). 
  In the European strategy expressed by the NuPECC Long Range Plan Europe should aim at the 
construction of two large RIB facilities. One should be based on synchrotron acceleration and in-flight 
fragmentation or fission (IFF) techniques and be a part of a larger international project FAIR (Facility for 
Antiprotons and Ions Research) at GSI. The second one, EURISOL will be based on high – power 
(Megawatt), high intensity linear accelerator and ISOL technology. Its location is not determined yet. 
   Whereas the GSI project got already the governmental approval and will provide the first radioactive 
beams around 2011, the EURISOL time-line will be much longer, with expected operation beginning around 
2020. 
   The SPIRAL2 project, operating with about 20 times lower power than planed for EURISOL but still giving 
about 100 times more radioactive products than presently operating ISOL machines will be truly an 
intermediate generation facility that will “benefit the EURISOL project in terms of R&D and will give to the 
community the opportunity to perform worldwide unique research and application with RIBs of the ISOL 
scheme” (NuPECC Road Map Programme). 
   The decision on the construction (and partial funding) of SPIRAL2 was taken by the French Ministry of 
Research May 24, 2005. 
   Strong collaborations are foreseen for SPIRAL2 with SPES (Legnaro) project, regarding the accelerator 
structure and with ISOLDE and Louvain la Neuve for target - ion source systems, GSI, UK, Dubna, Poland, 
Romania, Israel and India.  
   It is expected, that the SPIRAL2 facility will serve a community of about 600 scientists.  
 
 
6. Identification of other socio-economic impacts 
 
GANIL has demonstrated with the development of intense stable and unstable heavy ion 
beams that a facility for basic research has an scientific as well technical impact for society and 
stimulates collaboration with industry . 
   The conceptual design and later the technical design of SPIRAL2 have been developed by more than 20 
Laboratories from 10 countries. More than a hundred of scientists have contributed to the preparation of the 
scientific programme. These figures indicate a large impact of this project on the activity of a number of 
European Laboratories, dealing with nuclear sciences. 
  It is expected that also in the future the execution of SPIRAL2 scientific programme will be strongly linked 
to the activities of the European groups as well as to the currently operating intermediate scale and regional 
nuclear facilities, fulfilling one of the recommendation of the NuPECC road map. 
SPIRAL2 will contribute to the physics of nuclear fission and fusion, to the production of rare radioisotopes 
for medicine, to radiobiology and to material science. 
SPIRAL2 will provide an excellent basis for education of students and training of many young scientists. 
 
7. Participating organisations / support from Member states  
 
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
FEB – MAR, 2005 – SPIRAL2 recognized by NuPECC and ESFRI in the “list of Opportunities” 
MAY, 2005            – Decision on the construction of SPIRAL 2 was taken by the French Ministry of Research 
2005                      – 12 French Laboratories declare the participation in the project; 
                              Memorandum of understanding signed with ISOLDE and GSI 
2006                       – Memorandum of understanding to be signed with some European 

countries/Laboratories 
                               – Preparation of the Proposal for the construction phase in the framework of the 7th 

FPRD   
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10. Budgetary information   
Preparatory cost  
(total in M€) 
 
6.6 M€ 

Construction cost (total 
in M€) 
 
Invest. 95.2 M€ 
Total 130.2 M€ 

Operation cost (total) 
 
 
6.6 M€ 
(including salaries) 

Decommissioning cost 
(total in M€) 
 
10 M€ 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
2000 - 2004 

Construction phase 
 
2005 - 2010 

Operation 
 
2011 -  

Decommissioning 
 
 

12. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
 
   Coordinating organization        GANIL, France 
                                                     S. GALES Director of GANIL (gales@ganil.fr) 
   Contact person:                         M. Lewitowicz (lewitowicz@ganil.fr) 
   Web site:                                   www.ganil.fr/research/developments/spiral2/  
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NPP Annex 3 
 
1. Name and descriptive title 
Facility for Antiproton and Ion Research (FAIR). 
International facility for high energy primary and secondary beams of ions of highest intensity and quality, 
including an "antimatter beam" of antiprotons. 
 
2. Short description of new RI (or major upgrade) and main characteristics 
FAIR, planned by the European and international working groups for construction at the GSI Laboratory in 
Darmstadt, Germany, foresees the broad implementation of ion storage/cooler rings and of in-ring 
experimentation with internal targets. Two superconducting synchrotrons will deliver high intensity ion 
beams up to 35 GeV per nucleon for experiments with primary beams of ion masses up to Uranium and the 
production of a broad range of radioactive ion beams including antiprotons. This will provide the European 
community with worldwide unique accelerator capabilities. It will allow the broad, and in many respects 
novel use of stored, cooled ion beams with superior beam phase space. It will open new frontiers in several 
areas of research and allow experimentation at high luminosity with unsurpassed precision. 
 
3. Science case (scientific justification, including new areas to be opened)  
The concept of FAIR has been developed by the international science community and the GSI Laboratory. It 
builds and substantially expands on the many seminal developments made by GSI and its international users 
over the last decade in cooler-ring technology and physics for high-energy heavy ion beams. FAIR will allow 
parallel running of the various research programmes serving simultaneously the different physics 
communities involved. 
It has a broad scientific scope allowing forefront research in five different disciplines of physics. These 
scientific pillars of FAIR are: 
 i) nuclear structure physics and nuclear astrophysics with radioactive ion beams, 
 ii) QCD studies with cooled beams of anti-protons, 
 iii) physics of hadronic matter at highest baryon density , 
 iv) plasma physics at very high pressure, density and temperature and 
 v) atomic physics and applied sciences. 
Moreover the introduction of polarised and low energy antiprotons is proposed. 
 
Together with the future upgrade options FAIR will address all six priority programs of the NuPECC 
Long Range Plan of 2004. 
 
More than 2100 scientists from 44 countries have organized themselves in collaborations and have 
submitted 18 Technical Proposals (TPs) for experiments at FAIR which have been evaluated by 3 
international Program Advisory Committees. On the basis of this evaluation the working group for Scientific 
and Technical Issues (STI) of the International Steering Committee (ISC) of the FAIR project has worked 
out a recommendation for the experimental program. 
 
4. The Concept case (maturity of proposal)  
In 2003 the German Federal Government announced approval of the project, with Germany providing up to 
75% of the needed funding (65% federal, 10% State of Hessen). The International Steering Committee has 
been installed in February 2004 with the intention to work out and agree on a contract for the establishment 
of the international accelerator laboratory FAIR. Until the end of 2005 the following member countries have 
signed a Memorandum of Understanding (MoU) which expresses the intention to participate in the 
preparatory phase of FAIR: Finland, France, Germany, China, Greece, India, Italy, Poland, Russia, Spain, 
Sweden, United Kingdom. 
The new German government has affirmed that the financing of the German share of the FAIR project will 
be assured. Negotiations with the other FAIR member countries concerning their contributions (in-kind or 
financial) are in progress. 
In 2006, it is foreseen to sign an inter-governmental agreement (convention) which defines the legal and 
organisational form of FAIR and the contributions of all member countries. 
The start of the construction is projected for the beginning of 2008. The operation of FAIR will begin in 2011 
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for part of the accelerators. The full performance with the parallel operation of all experimental programs is 
reached in 2015. 
 
5. Further information, including strategic importance to ERA  
FAIR will provide the European science communities with a world-wide competitive facility. The central 
program, nuclear physics (see 3.) is in its totality of first class worldwide. It has partial overlap with 
forefront facilities under construction or in the planning elsewhere. In particular, in the area of radioactive 
beams the RIBF project at RIKEN (Japan) under construction, and the RIA facility in the planning in the 
United States of America will be competitors. But both are substantially limited in beam energy (400 MeV/u) 
compared to FAIR (up to 2700 MeV/u) and do not provide the novel opportunities from ion storage rings. 
FAIR is also unique in areas such as highly-compressed intense heavy-ion beams for plasma physics, and in 
its unparalleled research program with cooled antiproton beam and internal-target storage-ring capabilities 
for QCD studies. 
 
6. Identification of other socio-economic impacts 
FAIR will provide excellent conditions for education of students in many disciplines and training of young 
scientists. It will offer the possibility to perform forefront research to scientists in Europe and worldwide. 
The FAIR facility will contribute not only to a better understanding of several areas of basis research, but 
potentially also delivers important novel scientific and technical methods with a large impact for society and 
a broad potential use in industry as GSI has demonstrated with the worldwide unique development of the 
cancer therapy with heavy ion beams in the past.  
 
7. Participating organisations / support from Member states  
Germany will finance up to 75% of the total construction cost. The contributions of the other 11 FAIR 
member countries of at least 25% are being negotiated at the moment. Several countries have already 
indicated how much they intend to contribute to the project. 
More than 2100 scientist from 44 countries are at the origin of the proposals in the FAIR experiments. 
The institutions from the non-member countries will also contribute to the project with their involvement in 
the construction of, e.g., detectors.  
In the preparatory phase, before the start of construction, the support of the European Commission for FAIR 
plays a very important role. The FAIR EU contracts (Design Study and Construction of new Infrastructures) 
with more than 40 participating institutions from 14 countries contribute to the project with almost 20 M€, 
which is appreciated and also very effective in strengthening the international cooperation for FAIR. 
 

10. Budgetary information   
Preparatory cost  
about 60 M€ from GSI 
(2004-2007). 

Construction cost  
about 1 billion € 
(price index 2005) 

Operation cost (total) 
about 120 M€ per year 
(price index 2005) 

Decommissioning cost  
not estimated  
 

In addition inter-national 
contributions to the 
experiments. 

(of which likely to be 
obtained by possible 
stakeholders) 
100% 
 

(of which likely to be 
obtained by possible 
stakeholders) 
100% 

(of which likely to be 
obtained by possible 
stakeholders) 
probably paid by 
Germany 

11. Timetable until operation 
Preparatory phase 
 
2001 - 2007 

Construction phase 
 
2008 - 2014 

Operation 
 
starting 
2011 for phase-1, 
2013 for phase-2 
and 2015 for phase-3 

Decommissioning 
 
not planed 

12. Contact 

  Coordinating organization        GSI, Germany 
  Contact person:                         H. Gutbrod (h.gutbrod@gsi.de) 
  Web site:                                   www.gsi.de/fair 
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4.10 HPL: High Power Lasers 

(Chair François Gounand) 

4.10.1   Introduction 

Since their invention in the early 1960s, lasers have found innumerable applications based on their ability to 
produce intense, collimated, monochromatic, coherent beams of photons. Thus lasers appear now as necessary 
tools in almost all areas of modern experimental research and even more so in key technologies and applied 
sciences. From the beginning researchers have sought to improve the laser characteristics and each increment 
led to new useful applications. Hence laser research laboratories of any size are typically a key element of 
national research policies in highly industrialized and even in some developing countries. Europe, in particular, is 
one of the leading, if not the leading world region in this area, due to a rich landscape of laser institutions 
ranging from university laboratories to large national infrastructures, and covering almost all fields of laser 
technologies and applications. 

Up to now and unlike other research areas, the frontier of laser science, although progressing at an extremely 
steep gradient in many of the relevant light parameters and going into many different directions, required 
resources which could generally be provided by single nations. Due to usual constraints (finite resources in 
particular) the large national infrastructures acquire distinctive research profiles. At the European level the 
associated danger of missing important developments or of duplicating research efforts has been successfully 
met by trans-national networking and access activities within recent consecutive EU Framework Programmes, up 
to the present Integrated Infrastructure Initiative (I3) Laserlab-Europe. Apart from obvious benefits (sharpening 
the profile of the individual participants, enhancing the complementarities of the European laser 
infrastructures,…) this Consortium of 17 lasers infrastructures from 9 European countries succeeds in structuring 
the community, giving it a clear European spirit, allowing to strengthen the European position in the field. 

This brief survey of the field was the starting point for the reflexions of the Expert Working Group. 

4.10.2   The Expert Working Group (EWG) Methodology  

• The first task of the EWG was to undertake a survey of the field in order to identify the main future 
challenges in the field of high power laser research and to discuss if they will need large research 
infrastructures, out of the scope of national capabilities. The fact that, at present (see Introduction) no 
such large infrastructure exists calls of course to the maturity of the community to undertake such a 
step, if necessary. 

• The second task of the EWG was, having in line the preceding considerations, to consider in depth the 
three proposals received by the time of our first meeting : PETAL, HiPER and ELI. They were invited for 
a detailed presentation. The EWG had detailed discussions, looking at how each fitted ESFRI criteria 
(scientific case, maturity, budgetary status, construction timetable,…). When necessary, written 
questions were transmitted to the proponents. 

• The EWG met four times before reaching a consensus on a vision scenario for the European laser 
landscape in some foreseeable future, including large European Infrastructures to appear in the ESFRI 
roadmap. 
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4.10.3   Discussions and recommendations  

 The EWG identifies two main challenges for the future of the field: 

a - civilian laser fusion research (using the “fast ignition scheme”); in the present world-wide context of 
increasing energy demand, the importance of exploring all possible ways towards energy production 
appears obvious. 

b - Laser-matter interaction in the extreme intensity regime: 

An exawatt class laser will give access to the hitherto unreachable regime of laser-matter interaction in 
the ultrarelativistic intensity regime, giving access to a totally new physics as well as opening new 
routes towards particle acceleration and secondary sources developments. 

 The EWG recognizes that progressing towards both challenges will also give rise to major impacts across a 
very broad range of scientific disciplines as well as of useful applications, ranging from laboratory 
astrophysics to new compact secondary sources of energetic beams (particles and photons), as developed at 
length in the detailed presentations of the three proposals. Note that important societal applications will 
greatly benefit from these developments (compact accelerators, hadron and radiation therapies, medical 
imaging,….). 

 The EWG considers that both challenges are ready to be tackled, in view of the actual size, recognized 
expertise, and organization of the community. 

These considerations, as well as the ESFRI criteria have been used for the thorough analysis of the received 
proposals. PETAL and HiPER pertain to challenge a, ELI to challenge b. It is thus the view of the EWG that the 
future of the field is appropriately covered. 

a - The EWG recommends the inclusion in the Roadmap of a totally open, civilian laser fusion facility: HiPER. 
The EWG considers both related proposals (PETAL and HiPER) as important for the realization of challenge 
a. Though it is clear that only HiPER fullfils all the ESFRI criteria, it is the opinion of the EWG that EU 
should support the completion and operation of PETAL via appropriate tools in PCRD7. This strategy is 
explained in Appendix 1. 

b - The EWG recommends the inclusion of ELI in the Roadmap. 

It could be tempting to integrate the two facilities into one that would serve both purposes i.e. a) research 
in Fusion Energy and b) research in High Field Sciences. The committee carefully looked at this alternative 
and concluded that it would not be a viable alternative. This point is developed in Appendix 2. 

Our recommendations arose from the fact that present proposals and cost estimates for both challenges clearly 
indicate the need, in each case of a trans-national effort, both in finances and, equally important, in the 
combination of research capacities and technical expertise in order to maintain Europe’s leading position in the 
fields.  

Finally, a vision scenario for the European laser landscape in the future (around 2015) should be based on the 
following three-level structure: 

1 - a broad base of national resources, consisting of a range of scale sizes from a large number of single-
investigator laboratories to the specialized national facilities. Such a broad base is almost unique to the field 
of laser research, characterized by an extremely broad range of device technologies, unified only by the 
underlying principle of stimulated emission of radiation and thus enabling an extremely broad range of 
applications in all fields of science, life sciences and technology. 

2 - a network of European large laser infrastructures, combining the diversity of top-level national resources 
into one European entity (“virtual infrastructure”). 

3 - two Pan-European Infrastructures driving the frontier of laser science beyond the level of national 
resources: one devoted to laser fusion (and related topics: matter under extreme conditions,…) and one 
devoted to high-fields, short pulse basic research (and applications). 
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4.10.4   Strategy for laser fusion research (using the “fast ignition scheme”) 

The Expert Working Group for high power lasers has identified an opportunity for Europe to take a leadership 
role in the pursuit of laser fusion. This will be a high impact scientific venture across a wide range of disciplines, 
with strong societal benefits in the form of clean fusion power as the long-term goal. 

Europe starts from a position of strength in this field, with world-class infrastructure and scientists, and a long 
record of tying together the goal of fusion with high quality scientific output.   

Embarking on a path to Inertial Fusion Energy will however require a major step in capability and thus needs to 
be tackled in a staged fashion. The Expert Group thus recommends that two separate infrastructures be aligned 
within this strategic option: 

• The PETAL laser facility is a multi-petawatt laser (able to generate pulses of up to 3.5 kJ energy within a 
duration of 0.5 to 5 ps) which will be coupled with the high energy laser LIL. This will act as a 
demonstrator of physics performance and laser technology for the subsequent facility, HiPER.  PETAL 
will help to ensure that Europe maintains a competitive position during a period of significant investment 
in laser infrastructure in the USA, Japan and China.  

• The HiPER laser facility will consist of a ~200kJ long pulse laser combined with a ~70kJ short pulse 
laser. When constructed, HiPER will be unique in the world, representing a critical step from the suite of 
international laser research facilities towards a demonstration inertial fusion reactor. Its principal design 
goal will be to identify robust options for “fast ignition” of a fusion capsule, which offers the prospect of 
reducing the scale of the laser driver by an order of magnitude. 

This linked approach will be augmented by development of the existing laser laboratories and excellent 
research networks across Europe, to ensure a fully coordinated effort to realise this ambitious goal. 

The two facilities will be complementary in energy and time, providing a phased approach. PETAL would start 
first, providing fundamental information on fusion plasma physics requirements and demonstration of the 
required laser and optics technology. Combined with research from other international facilities in the USA 
and Japan, the final specification for HiPER would thus be established. Experiments on HiPER would then be 
used to demonstrate high energy gain and provide the required information to design a demonstrator 
reactor.  In both cases there will be a very broad scientific programme of research outside of the mainline 
fusion objectives. 

Details of each project can be found in the accompanying infrastructure templates. 

By following this integrated strategy the Expert Group believes there is a compelling and exciting case for 
Inertial Fusion Energy to appear on the ESFRI roadmap, as part of the scientific output of the High Power 
Laser field of research. 

HiPER and ELI 

The EWG discussed at length this rather technical issue. The detailed documents provided by the proponents 
were scrutinized, having in mind the two challenges to be tackled. 

The two facilities have vastly different missions that demand different architectures. Laser fusion facility 
requires energy, rather long pulses (nanosecond) and can live with relatively low repetition rates 
(~1shot/hour). On the other hand, High Intensity Science, needs extremely short pulses, i,e, femtosecond 
and high repetition rates, that is >1shot /mn.  

Based on these considerations the committee thought that integrating the two facilities into one will be 
unwise, will not offer a significant saving and will be counterproductive. It found it wiser to recommend two 
different and independent facilities one dedicated to High Energy and one dedicated to High Intensity. 

4.10.5   List of Annexes 

HPL Annex 1: Project HIPER 
HPL Annex 2: Project Petal (Preparatory of HIPER) 
HPL Annex 3: project ELI 
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HPL Annex 1 
 
1. Name and descriptive title 
HiPER    -   A European high power laser facility for Inertial Fusion Energy 
 
2. Short description of new RI (or major upgrade) and main characteristics 
The proposal is for a large scale laser system of sufficient capability to make a major impact on the 
international pursuit of fusion energy, whilst supporting a broad base of high power laser interaction 
science.  This would take advantage of the very high level of European expertise in both laser science and 
laser plasma physics, and would allow the current strategy of leadership in this field to be maintained over 
the coming decades.  The proposal is made feasible by the advent of a revolutionary approach to laser 
fusion known as “fast ignition”. This allows the myriad of scientific applications of multi-petawatt lasers to be 
married with strong industrial exploitation in the form of the pursuit of fusion energy. 
 
HiPER will consist of a ~200kJ long pulse laser combined with a ~70kJ short pulse laser and will have an 
entirely civilian programme of research. 
 
3. Science case (scientific justification, including new areas to be opened)  
High power lasers enable the physics of matter at extreme densities and temperatures to be studied in the 
laboratory, with applications ranging from fundamental science (atomic and nuclear physics, relativistic 
plasmas), to new scientific opportunities (compact particle accelerators and laboratory based astrophysics) 
and high impact industrial exploitation (inertial fusion energy).  
 
The laser-fusion approach to controlled thermonuclear fusion involves compressing and heating hydrogen 
isotope fuel to ultra-high density using high energy laser beams so that fusion occurs sufficiently rapidly that 
the dense fuel does not have time to disassemble. The emerging technique of “fast ignition” allows the 
compression and heating stages to be separated, leading to an order-of-magnitude reduction in the 
anticipated scale (and thus cost) of the required laser system. This creates the opportunity to provide a 
world-leading, purely civilian research infrastructure for laser fusion.  
 
Demonstration of a robust approach to ‘fast ignition’ is the principal goal of this project, which would pave 
the way for the development of an integrated power plant and thus bring the commercial realisation of 
fusion energy significantly closer. The physics associated with this will however have many knock-on 
applications. In the emerging field of laboratory astrophysics, scaling of the processes associated with many 
astrophysical systems shows that viable analogues can be created. These will provide strict tests of 
underlying theory and the associated multi-dimensional numerical models which would otherwise be under-
constrained by our limited observational database. Whilst currently immature, this field will be transformed 
by ignition scale facilities such as HiPER, permitting meaningful studies into the physics underlying 
supernovae explosions, planetary nebulae formation, cosmic ray seeding and acceleration, and studies of 
material properties in planetary and stellar interiors. Similarly dramatic changes in the other key application 
areas of high power laser science have been predicted, and are eagerly anticipated by the community. 
 
This undertaking marks a significant change to the scale of laser science in Europe and will require active 
development of existing laboratories and the associated community. HiPER will be a flagship facility for 
Europe, representing a critical step in the pursuit of fusion energy. A facility such as this is required to 
ensure Europe maintains its international position in this field, which impacts across a very broad range of 
scientific disciplines. It would ensure that our facilities continue to reflect the long-standing strength and 
depth of our community. 
 
4. The Concept case (maturity of proposal)  
An informal panel of 21 scientists from 7 EU countries was assembled to consider the scientific case for a 
future high power laser facility within Europe. Over the course of one year with 4 plenary meetings, the 
design of HiPER was established. There was strong agreement that a substantial case existed, and that 
design work should proceed without delay. The results were presented in a detailed (29 page) report to the 
ESFRI expert group in September 2005. 
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Most of the technology required to construct such a laser is available today, with the remaining hurdles 
being principally related to detailed integration engineering to ensure a suitably flexible facility. These should 
be addressed easily within the timescale for getting the facility up and running. Also, throughout the design 
phase, advantage will be taken of results from experiments at emerging, intermediate-scale laser facilities: 
including Japan’s Gekko–FIREX system, OMEGA–EP in the USA, the PETAL facility in France, and high power 
laser systems across Europe — that together will underwrite the coupling of petawatt beams to a 
compressed fusion capsule to improve our understanding of fast ignition. 
 
When constructed, HiPER will be unique in the world, representing the next logical step from the above 
facilities towards a demonstration inertial fusion reactor. 
 
Based on the conceptual design work of the past year, it is estimated that the cost of the facility would be of 
order €800 M. The scientific basis is already sufficiently well defined to allow detailed design work to start 
immediately, with construction envisaged for the turn of the decade for delivery to users by the middle of 
the next decade. 
 
5. Further information, including strategic importance to ERA  
The strategy for high energy laser science within Europe has for many years been to provide scientists with 
access to world leading facilities. Europe has an excellent track record: it currently hosts the world’s most 
powerful laser (VULCAN, delivering 1 Petawatt laser power); it has developed LIL, a state-of-the-art high 
energy laser in France; and most EU countries possess smaller scale, but leading edge lasers with very 
active and respected user communities. This proposal represents an opportunity for Europe to provide the 
scientific and technical leadership to ensure that this strategy can be maintained. 
 
HiPER will require a robust network of laser laboratories throughout the community, and substantial 
development of the training, modelling and support needs of the users. Coordination of such activities is 
already being well managed under the auspices of the Laserlab-Europe integrated infrastructure initiative 
(I3), providing solid foundations for the required future growth in this emerging area. 
 
Laser fusion is at an earlier stage of development than the magnetic-confinement approach of ITER, but is 
now recognized by many as being an affordable, complementary route. Laser fusion facilities also offer the 
benefit of a very broad scientific programme outside of fusion plasma physics. To date, however, inertial-
confinement schemes have been marginalized because of their close ties to research into nuclear warheads. 
This link has been imposed by the scale of laser facilities needed to adequately investigate inertial fusion. 
The advent of Fast Ignition completely changes the landscape, removing the dependence on defence-
oriented programmes, using a method which breaks the common link of radiation driven implosions. 
 
As a result of this transformation, Japan has now initiated a new laser construction programme (FIREX) to 
pursue the near term objective of demonstrating energy breakeven via Fast Ignition, and has developed a 
detailed roadmap leading to fusion power plant production. Meanwhile, the US is currently analysing how 
best to back-fit the fast ignition approach into its facilities, which were designed prior to these 
breakthroughs.  
 
Construction of HiPER would allow Europe to lead the world on the route toward fusion as a viable energy 
source for the future. To ensure the optimum design and to maintain leadership in the design period, we 
envisage a coordinated strategy involving the intermediate step PETAL laser facility in synchronism with the 
completion of OMEGA-EP in the USA, FIREX in Japan and PHELIX in Germany. 
 
6. Identification of other socio-economic impacts 
Controlled thermonuclear fusion promises a source of energy that releases no greenhouse gases and does 
not suffer from the long-lived radioactive products found in fission reactors. It also offers an attractive route 
for clean production of hydrogen gas to fuel the emerging hydrogen economy. 
 
The construction of advanced laser systems will create economic activity in high-tech areas in the optics and 
laser industries, where Europe has considerable strengths, with the potential of encouraging technological 
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and commercial opportunities in emerging economies.  The technological challenges in this area would 
stimulate spin-out opportunities in microelectronics and communications, high-performance detectors, 
instrumentation and microfabrication, enabling broadly based participation and providing an economic 
stimulus throughout the EU. 
 
7. Participating organisations / support from Member states  
The institutions involved in preparation of the initial conceptual design were: 
 
1. CCLRC Rutherford Appleton Laboratory, UK 
2. LULI, Ecole Polytechnique, France 
3. Dipartimento di Energetica, Università di Roma, Italy 
4. Institute of Plasma Physics & Laser Microfusion, Warsaw, Poland 
5. Universita degli studi di Milano-Bicocca, Italy 
6. Gesellschaft für Schwerionenforschung mbH, Darmstadt, Germany 
7. Centre Lasers Intenses et Applications, Université de Bordeaux, France 
8. Universidad Politécnica de Madrid, Spain 
9. Imperial College of Science, Technology and Medicine, London, UK 
10. Instituto Superior Tecnico, Lisbon, Portugal 
11. Max-Born-Institut für Nichtlineare Optik und Kurzzeitspektroskopie, Berlin, Germany 
12. Clarendon Laboratory, University of Oxford, UK 
13. University of York, UK 
14. Queens University of Belfast, UK 
 
These represent a cross section of the facility and user communities. Interest from a significant number of 
other European and International institutions (including Japan and Canada) has been received following this 
initial phase, offering the potential for a coordinated international collaboration. 
 
HiPER is currently being considered for funding as part of the UK Government’s development of its large 
scale facilities roadmap. Funds have already been released to allow the initial conceptual design work to 
progress with participation from laboratories across Europe. 
 
10. Budgetary information   
Preparatory cost  
(total in M€) 
40 (estimated) 
 

Construction cost (total 
in M€) 
800 (estimated) 

Operation cost (total) 
 
80M€ per annum 
(estimated) 

Decommissioning cost 
(total in M€) 
TBA 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
2006-2009 
 

Construction phase 
2009-2015 

Operation  
2015-2040 

Decommissioning 
2040-2045 

12. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web site(s) of 
reference. 
 
Dr Mike Dunne,  
Head of Science, Central Laser Facility, Rutherford Appleton Laboratory, Chilton, OX11 0QX, UK. 
Email: m.dunne@rl.ac.uk 
Web: www.clf.rl.ac.uk 
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HPL Annex 2: PETAL preparatory of HIPER 
 
1. Name and descriptive title 
PETAL completed : a high energy multi-petawatt laser coupled to the high energy LIL laser facility with 
powerful diagnostics  
 
2. Short description of new RI (or major upgrade) and main characteristics 

The proposal is for a major upgrade of PETAL to increase definitely its potentiality for scientific experiments. 
This upgrade consists of an independent multiTerawatt probe beam to provide temporally-resolved 
diagnostics of the plasma parameters and interaction mechanisms involved in the PETAL experiments. The 
probe beam will be a few hundreds Joules in a few picoseconds and should have a flexible geometry.  

PETAL is a high energy multi-petawatt laser (able to generate pulses of up to 3.5 kJ energy within a 
duration of 0.5 to 5 ps which will be coupled with the high power laser LIL. LIL is a 4-beam (with project of 
upgrading to 8-beam/60 kJ) prototype of the Laser Megajoule (LMJ) which has been built by CEA as part of 
the French Defence Simulation Programme. It is already working in Aquitaine and is open to civilian 
applications for a certain amount of shots that will evolve in parallel with the availability of LMJ which will be 
also open for civilian applications.  

This installation will be unique in Europe and open to the academic European community through the 
Institute Lasers and Plasmas (ILP). It is complementary in energy and time with HiPER and will provide 
fundamental information on fusion plasma physics and demonstration of the laser and optics technology 
required for HiPER. The combination of the two projects will give to Europe a leadership to provide the 
scientific evidence to justify a demonstrator reactor programme for inertial fusion energy, whilst supporting 
a broad base of high power laser interaction science.  

This roadmap is a significant change to the scale of laser science in Europe and will require active 
development of existing laboratories and the associated community. This project would take advantage of 
the very high level of European expertise in both laser science and laser plasma physics, and would allow 
the current strategy of leadership in this field to be maintained over the coming decades.  The proposal is 
made feasible by the advent of a revolutionary approach to laser fusion known as “fast ignition”. This allows 
the myriad of scientific applications of multi-petawatt lasers to be married with strong industrial exploitation 
in the form of the pursuit of fusion energy. 
 
3. Science case (scientific justification, including new areas to be opened)  
The combination of a high energy PW laser and OCTALIL, a system able to deliver above 50kJ of energy will 
be unique in the world. Only the Omega-EP project in Rochester (NY, USA), and to a less extent FIREX1 in 
Osaka, compete with it. Through a convention signed with the Aquitaine Regional government which is 
responsible of the PW laser construction, CEA has agreed LIL facility to be eligible to academic scientists at 
least for 50% of the total experimental time, while the PW laser is entirely devoted to academic use.  
 The primary system requirements, the addition of one short-pulse (0.5 ps to 5 ps) ultra-high-power, high-
energy beam to LIL, are motivated by specific scientific programs or areas such as : 

- To carry out integrated fast-ignition experiments (see below) on LIL using its target implosion 
capability.  

- To provide LIL with a 100% availability to the academic community of short-pulse, high-energy 
radiation and particle backlighting tools for applications.  

- To perform high-energy density experiments for matter under extreme conditions of interest to 
geophysics and astrophysics. 

- To open the avenue that could lead to ultra-relativistic near-exawatt laser power by using the LIL as 
a pump beam for a few tens of femtosecond laser, allowing to explore in the laboratory the 
pressures, accelerations, magnetic fields, and nuclear processes that occur only in astrophysical 
objects.  

- To test the basic design of the HiPER facility. In many respects, PETAL and the therein proposed 
beam diagnostic can be considered as the first stage for HiPER. 

This new facility will first benefit high energy density research and allow to explore novel fusion concepts, 
develop technology and techniques in support of future fusion facilities such as backlighting and diagnostic 
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development, and provide an unique opportunity to conduct research in ultra high-intensity laser–matter 
interaction. The LIL-PW combination will provide an excellent basis for the subsequent development of IFE 
in Europe that could lead to a fast-ignition dedicated facility. Indeed, one of the major applications of the 
LIL-PW coupling will be fast-ignition. This is an advanced target concept where a very rapid burst of energy 
from a picosecond laser pulse or a rapid pulse of protons heats a small spot and ignites fusion fuel that has 
already been compressed using the conventional ICF method. The great attraction of fast-ignition comes 
from a significant reduction in the required driver energy to reach the ignition and energy gain to produce 
energy, and higher robustness against instabilities which might develop along with compression. 
4. The Concept case (maturity of proposal)  
Over the past fifteen years, we have been witnessing a revolution in laser intensities stemming from the 
technique of chirped pulse amplification (CPA), combined with recent progress in short-pulse generation, 
solid-state laser-amplifier media and new diffraction grating technology.  Concerning the LIL nanosecond 
beams, all the technological choices have been validated in the context of the LMJ program. Concerning the 
Petawatt laser itself, there are still some technological issues related both to the front end but mostly to the 
handling of both the very high energy and shortness of the pulses at the level of amplification, compression, 
transport and focusing. This is why the project has been phased in three main stages. Phase 1 which is 
under way is presently resolving these issues and building already at scale 1 the critical elements of the 
front-end and of the final compression.  Phases 2 to begin in 2007 consists in building the high energy 
amplification stage and phase 3 concerns the transport of the compressed beam and focusing in the LIL 
target experimental chamber to be achieved end of 2009. 
The aim of phase 4 is to add sophisticated diagnostics with a probe beam diverting a fraction of the high 
energy PETAL laser to create synchronised additional probe beams to allow Thomson scattering, 
interferometry, ombroscopy and proton femtosecond imaging of compressed target.  
The 4-beam LIL installation has been entirely funded through the French defence program. The Petawatt 
Laser on LIL being a purely academic tool, its equipments is entirely funded through academic money. 
Phase 1 equipment is already funded at the level of 15M€ by Region Aquitaine and State. Phases 2 and 3 
equipment (31M€) should be mostly funded by Region Aquitaine and French Ministry of Research. Phase 4 
funding (15M€) is being looked at the European level. The complete installation PETAL including the 
petawatt, the eight independent nanosecond and the probe beams will need a European support.   
5. Further information, including strategic importance to ERA  
There is clearly no existing, nor even already partly funded project of a European infrastructure equivalent 
to PW-LIL with its rather fast timetable, the facility having the capacity of being completed by the end of 
2009 to operate in 2009-2010. LIL-PW will therefore be the unique machine of its kind in Europe in the next 
decade. The conceptual design meets the primary requirements of relevant fast ignition physics 
demonstration and, for a reasonable incremental cost, tremendously extends the HED - UHI physics 
possibilities on LIL. Its flexibility significantly extends the capabilities of LIL, maintaining Europe’s ability to 
perform forefront HED science. Clearly, the combination of the LIL and the MPW line is a key milestone in 
the roadmap of the demonstration of fast ignition in Europe, based on mostly existing facilities and on a 
purely academic governing body.   
Only Omega EP project in Rochester in the US, and to a much smaller extent the Firex 1 project in Osaka in 
Japan (with less energy in the nanosecond beams), can be compared to LIL-PW. They are presently 
scheduled to be operational in 2008. However, access to Omega EP is not expected to be possible for 
European scientists for many years because of the strong pressure of Livermore scientists to use it since 
NIF, the equivalent of LMJ, is not expected to add PW lines in a reasonable future.  
PW-LIL will therefore provide the indispensable European facility to demonstrate the physics of fast ignition 
milestone necessary to go to the full scale infrastructure to demonstrate this concept for a new source of 
clean energy. 

6. Identification of other socio-economic impacts 
One of the priorities of the French government in terms of infrastructures is to open to the academic 
community the large infrastructures built for defence scientific objectives. This opening is organized through 
a purely academic institute created in 2003, the Institute Lasers et Plasmas, or ILP (www.ilp.u-
bordeaux1.fr). Presently, ILP federates about 25 laboratories in France with 250 scientists and is presently 
negotiating collaboration agreements (through MOU and MOA) with different European laboratories or 
projects (Spain and Germany to begin with). The leverage effect of civilian funding is very high since it 
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allows university scientists to use such an outstanding facility with marginal academic investments. 
As mentioned above, LIL-PW will be the unique facility for research for fusion energy available to scientists 
and students for the next ten years. The PW-LIL project is therefore a bench for the training of physicists 
and engineers all over Europe. It is one of the few facilities in the world offering opportunities to get training 
in very large projects connected with the building of large lasers. The project is therefore embedded in a 
laser cluster, the “laser highway” offering, within a small geographical area, opportunities for any kind of 
contact with academic laboratories as well as with companies. This cluster is in close connection with the 
European Technology Platform (ETP) “Photonics21”. 
 
7. Participating organisations / support from Member states  
PW-LIL is very unique in that it relies on the opening of a scientific infrastructure not built for academic 
purposes. In that respect, the remaining investment to be done by civilian funding is very low compared to 
what has been done already.   
 
10. Budgetary information  : PETAL  
Preparatory cost  
(total in M€) 
TBA 
 

Construction cost (total 
in M€) 
           134 

Operation cost (total) 
20.5 M€ per annum 

Decommissioning cost 
(total in M€) 
TBA 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
          119 

(of which likely to be 
obtained by possible 
stakeholders) 
       20.5 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
1999-2004 
 

Construction phase 
2004-2009 

Operation  
2009-2019 

Decommissioning 

12. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
Institut Lasers et Plasmas (ILP) www.ilp.u-bordeaux1.fr  
Christine Labaune, ILP (christine.labaune@polytechnique.fr) 
Pierre Aguer, Conseil Régional Aquitaine (pierre.aguer@aquitaine.fr ) 
Claude Rullière, ILP, claude.rulliere@cea.fr  
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HPL Annex 3 
 
1. Name and descriptive title 
 

EXTREME LIGHT INFRASTRUCTURE (ELI) 
 
 
2. Short description of new RI (or major upgrade) and main characteristics 

 
 
ELI will be the premier infrastructure dedicated to the fundamental study of laser-matter interaction 
in a new and unsurpassed regime of laser intensity: the ultra-relativistic regime (IL>1023 W/cm2) 
possibly to the regime of Non linear QED. At its centre will be an exawatt-class laser ~200 times 
more powerful than either the Laser Mégajoule in France or the National Ignition Facility (NIF) in 
the US.  In contrast to these projects, ELI will attain its extreme power from the shortness of its 
pulses (femtosecond and attosecond). On its way to the highest intensity, the infrastructure will 
serve to investigate a new generation of compact accelerators delivering energetic particle and 
radiation beams of femtosecond (10-15 s) to attosecond (10-18 s) duration. Relativistic compression 
offers the potential of intensities exceeding IL>1025 W/cm2, which will challenge the vacuum critical 
field as well as provide a new avenue to ultrafast attosecond to zeptosecond (10-21 s) studies of 
laser-matter interaction. ELI will afford wide benefits to society ranging from improvement of 
oncology treatments, medical imaging, helping drug discoveries, improving fast electronics, shading 
new lights on aging processes in nuclear reactor materials and the development of new methods of 
nuclear waste processing.  
 

 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for 
the scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how it 
will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
Motivation: Segueing from Relativistic to Ultra-relativistic Laser-matter Interaction 
(1) ELI’s main mission will be to offer the highest intensity levels either directly with the laser or by 
relativistic compression. The optical field could then reach the critical field value. In this limit the laser pulse-
plasma interaction demonstrates effects of the radiation friction force and quantum electrodynamics effects 
of nonlinear vacuum polarization and electron-positron pair creation.  Also, novel mechanisms of ion 
acceleration occur. Since the energy of the resulting ion bunch can be over 100 GeV per nucleon, this ion 
acceleration regime would be suitable for quark-gluon plasma studies and could be used in the investigation 
of neutrino oscillations.  An introductory list of applications of ELI laser intensities to strong-field physics is 
made in the Exotic Physics section.  In essence, ultra-relativistic intensities could unify nuclear physics, high-
energy physics, astrophysics and cosmology. 

 
(2) Ultra-relativistic interaction will provide beams of photons, leptons and hadrons with unique 
characteristics, in time structure and energy. By generating user-available 1-100 GeV electron beams, ELI 
will pave the way for the design of a compact accelerator for high-energy physics. These particles will be 
used to generate ultra-brilliant X-ray light sources by laser-assisted synchrotron radiation, linear and non-
linear Compton scattering, betatron radiation and free-electron-laser mechanisms. The X-ray output 
parameters could well be comparable to those of the large-scale XFELs being planned world-wide. 

 
(3) Using relativistic compression, ELI will provide the opportunity to perform time-resolved science 

in the attosecond regime in gases, solids and plasmas. It will create the conditions for attosecond XUV-
pump/XUV-probe experiments for real-time observation of electronic dynamics in a wide variety of systems. 
These include intra-atomic processes in complex biomolecules, dynamics in clusters, electron transfer on 
surfaces, motion in semiconductor nanostructures, and collective dynamics in high-density matter, where it 
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will provide attosecond snapshots of electron transport in plasmas beyond the Alfven limit, a study of 
particular relevance to fast ignition concept for inertial confinement fusion. 

 
Laser systems of a0~10 have already reached a size limited by single-nation investment. Investigation in the 
ultra-relativistic regime (a0~102-104) will call for an exawatt power laser system with repetition rate ≥1 
shot/min.  Such an infrastructure is possible within the framework of a cooperative European effort and 
investment.  
 
  
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 

ELI will host an exawatt class laser. The ultra-high peak power will be achieved by extending current high-
energy laser technology (kJ energy level) to support extremely short pulse durations of the order of 10 fs. 
This will enable ELI to study light-matter interaction in the ultra-relativistic regime. As a first step, a front-
end delivering pulses in the petawatt (1015W) regime at a repetition rate of up to 1 kHz could be 
constructed. This front-end could be complemented with a power amplifier in a single beamline to deliver 
70 PW at 1 shot/minute, and later up to 1Hz. This beam would deliver peak intensities of 1025W/cm2 when 
focused. As a last step, coherent combination of 10 such laser lines could allow to exawatt peak powers to 
be attained.  

The system will include two phases: 
Phase 1 :  
a) Front-end : MPQ Garching design and construction of a  5 fs/5 J (1 PW) source running at 100 Hz : 
b) 50-PW single-beam line design and construction (700 J in 10 -15 fs) at 1 shot/mn. 
      Front-end part delivering ultra-short pulses is running at  100 Hz 
Phase 2 : Second beam line #2 + new grating concept studies + coherent phase-locking of the 2 beam 
lines (100 PW on target – 1025 W/cm²). Front-end part up to PW level is running at 1 kHz. 
 
 
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
ELI will be the premier facility of this kind in the w orld. Its scientific scope will go  up to possibly 100 GeV in 
characteristic energy and femtosecond to attosecond in time scale. ELI appeals to a broad-based scientific 
community. 

The number of potential users is very large and represents hundreds of laboratories in Europe. This 
is evidenced by the spectacular increase of workshops, conferences and summer schools organized in high-
field and, more recently, attosecond science. To name a few: Workshop on “New opportunities of ultrafast 
X-rays”, Napa (USA), 2002 (http://www-esg.lbl.gov/esg/meetings/ultrafast/); Winter School on “Ultrafast X-
rays” Hamburg (Germany), 2002 (http://www-hasylab.desy.de/conferences/Xray-Course/); Workshop on 
“Ultrafast science with electrons and X-rays”, Montreux (Switzerland), 2003 
(http://sls.web.psi.ch/view.php/science/events/uscience03); Summer School “Ultrafast X-ray science with 
lasers and accelerator sources”, Cargèse (France), 2003 (http://loa.ensta.fr/ufx/); and Workshop on 
“Ultrafast X-rays 2004”, San Diego (USA), 2004 (http://ultrafast2004.lbl.gov/). European users recently 
gathered in thematic networks within the 5th Framework Programme (“XPOSE”) as well as the 6th 
Framework Programme (“FLASH”). NEST projects have been proposed within the FP6 “Adventure” 
programmes.  

 
The relevant scientific communities have also voiced their needs during the scientific case of the 

large-scale X-ray Free-Electron Lasers (XFEL) at DESY (Hamburg, Germany) 
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 (http://tesla.desy.de/new_pages/TDR_CD/PartV/fel.html) and LCLS (Stanford, USA) (http://www-
ssrl.slac.stanford.edu/lcls/). 

 
European scientists have remarkably consolidated expertises in the field. Many key concepts have 

been demonstrated by European scientists and many laboratories are leading the field. This leadership will 
continue with ELI. Furthermore, ELI will be a scientific platform that will promote an aggressive technology 
transfer. Fields such as laser and particle accelerator engineering, nuclear pharmacology, oncology, X-ray 
and �-ray imaging could be revolutionized by ELI.  ELI could help European industries in these fields to 
maintain their leadership.  
 
Why Now? Given a time constant of typically 5-7 years, for designing and building a facility such as ELI, it is 
important to start the concept design as soon as possible so that it will be fully completed when the 
relativistic facilities have reached maturity. ELI will be a pan-European facility. It will be the first such facility 
dedicated to the ultra-relativistic regime, attosecond science with secondary high-energy radiation and 
particle beam capability. It will be a scientific beacon for the rest of the community world-wide (at present 
30 major laser facilities).  

 
 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training? 
 
Making Europe a leader in the new field of relativistic micro electronics and photonics. With 
industries, Eli will work on the development of relativistic micro-engineering leading to “pocket size” 
accelerator, synchrotron, X-FEL based on laser plasma accelerator.  
Making the European laser more competitive through the improvement of lasers and components: better 
pump lasers, gratings and components with higher damage threshold,    
 
Medicine: Applications to Hadron Therapy, Imaging, Nuclear Pharmacology, etc. 
 

Material science studies: 

Understanding fundamental aging processes in nuclear power plant materials. Providing controlled sources  

of particles and radiations for material analysis like Proton Induced X-Ray Emission (PIXE), Positron 

annihilation Lifetime Spectroscopy (PALS), Muon Spin Resonance Spectroscopy(MSRS), etc. 

 

Improving environment: Studying transmutation and nuclear waste treatment 

 

Training at the Master’s Degree and Engineering School Levels 

A broad range of scientific subjects should be proposed within this European Master’s degree programme; 
this, of course, is in line with the many scientific application realms of the ELI project. 
 
Training at the Doctorate (PhD Thesis) Level 
In every respect, the necessity of using the ELI project as a basis for tuition and training should be kept in 
mind at all stages in the project definition. The pronounced visibility of such a project is a unique 
opportunity to highlight to the accompanying tuition and training programmes, contributing therefore to 
attracting bright students either from Europe or worldwide and improving Europe’s scientific and 
technological manpower. 
 
Offering training internships on ultrashort and ultra intense lasers and applications to 
researchers from European laboratories. Il will be one of the missions of ELI to offer training 
internships to European students, engineers, researchers who want to improve their skills in the area of 
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science and technology.  
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
Facility Design: The laser concept is being designed by scientists from MPQ Garching (Germany), the 
University of Vilnius(Lithuania), and LOA, LULI and IOTA in France as well as in (Spain). Diagnostics for 
the attosecond pulses will be under the direction of Heraklion(Greece).  Coherent addition of beamlines and 
large focusing optics relying on segmented mirrors will be studied by ONERA (Office National d’Etudes et de 
Recherches Aérospatiales).  The beamline design and experimentation halls will be under the joint 
responsibility of the Laboratoire Leprince Ringuet, MPQ Garching and the Istituto Nazionale di Fisica 
Nucleare  (INFN) at Frascatti (10 - 100 GeV beams)(Italy). 
 
Financial Support: CNRS strongly supports the proposal, as evidenced by inserting some fraction of ELI’s 
construction cost in its 2007 budget.  
The Ecole Polytechnique (Palaiseau, France) is offering 5000 m2 of land for the ELI project.  
The Ecole Polytechnique will offer additional space for the beam lines and experimentation halls. 
The Ecole Nationale de Techniques Avancées will match the Ecole Polytechnique contribution.  
A proposal of 50ME for 7 years will be presented in the framework of the French CPER (Contrat Plan Etat 
Région).  
Scientists from Germany, Greece, Italy, and Spain are seeking commitments from their respective 
governments.   
10. Budgetary information   
Preparatory cost  
(total in M€) 
2ME 
 

Construction cost  
Equip+Building 
+manpower for const. 
      138.5ME 

Operation cost (total) 
Manpower exploitation+ 
operation&maintenance 
 59.1ME (for 10years) 

Decommissioning cost 
(total in M€) 

(of which likely to be 
obtained by possible 
stakeholders) 
 
Europe 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 
       40% France  

(of which likely to be 
obtained by possible 
stakeholders) 
 
       20% France 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 
The time cycle will cover 10 years with one year preparatory. It is worth mentioning that experiments can 
start only 3 years after t0 just after phaseI has been completed. It will take an additional 2 years to 
complete phase 2.  
Preparatory phase 
           1year 
 

Construction phase 
       5years 

Operation 
     7 years  

Decommissioning 

12. Contact 

Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
Gérard Mourou     gerard.mourou@ensta.fr 
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Table I: List and synthesis data of RI’s proposed 

for the roadmap, and of embryonic 
proposals 

  



Annex I to PSE report rev.5 

ANNEX I to PSE report (draft 2):Summary data for projects proposed for the Roadmap and 
of Emerging Projects Costs in M€ (The projects marked by ☼ need to mature institutional 
commitments=require more attention) 
1 (EMEG) Aurora Borealis Research Icebreaker+Drilling platform 

Maturity : Phase C for Science & Engineering (S&E) aspects, final choices & 
specs being defined, Phase A/B for Institutional+ finance arrangements 
(recent approval by D Science Council: support at 30%?) 
Timing: Preparatory phase 2005-08, construction 2008-2010, 25 years 

lifetime 
Preparation cost Construction cost 

 
yearly cost Decommiss. Budget: 

To define 
final 
choices 

10 350 17.5 n.d. 

Expected contributions from partners+EU: 70% construction&operation 
Institution: Partners and Institutional set-up to be defined (European polar 

consortium), interest from Institutions of 8 Countries, but no 
firm commitment. Seeking 20-30% from EU, rest: 20-25 
shares-Start negotiations Art.169? 

 
2 (EMEG) ☼ ICOS Integrated Carbon Observation System 
Maturity: Phase C for S&E aspects, phase A for Institutional arrangements. 
Costing depends on numbers of participants: distributed RI potentially of 
global extent  
Timing: By 2010 end preparatory phase, construction/deployment 5 years, 
20 years lifetime 

Preparation costs Construction costs+ 
yearly costs 

 Decomm. Budget: 
Depends on 
number of 
Partners 

5 250 
20 yrs perspective, incl 

central building 

 7 

 Contributions by partners not yet defined 
Institution: Proposed by CarboEurope IP (75 partners 17 Countries); 5 

Countries entering institutional preparatory phase. Need for 
EU Institution for a long term strategy:ICOS-Org.?. Presently 
6 EU projects, incl. CarboEurope IP. 

 
3 (EMEG) ☼ EMSO Eu Multisciplinary Seafloor Observatory for long 

term permanent monitoring of the ocean margin environment 
around Europe built by interlinking different existing sites 

Maturity: Phase C for S&E aspects + first selection 9 sites, preparation 
phase in progress for institutional/financial aspects (now phases A-B) 
Timing: 2005-07 prep phase, 4/5 for construction, ~2011 operational 

Preparatory cost Construction cost Yearly cost Budget: 

50 100 (5 sites) 20 

Institutional: Possible contributions from Partners: 30 prepn, 60 constructn, 
15 operationn ?    Committments?? 
Modular system – extended timeframe, proposed by ESONET Consortium 
(links with KM3 sites). Initiative within Article 169 being considered? 
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4 (EMEG) EUFAR Heavy Payload Long range tropospheric aircraft 

for the European Fleet for Airborne Research in 
Environmental and Geoscience 

Maturity: Phase B for S&E + costing, phase A for organizational & financial 
aspects  
Timing: Technical deployment times below 1 yr, lifetime 25 yr 

preparation Construction/deployment 
cost (2 alternate hypoth.) 

yearly cost Budget: 
Alternate 
choices of 
aircraft 

1 40-60 (C130) 
40-65 (CASA C295) 

90-110 (Airbus 400M) 

2 
( based on C130) 
 

Institl: EUFAR consortium 24 partners from 8 Countries, but need EU 
base/institution for a long term strategy, no clear financial committments 
 
5 (EMEG) EURO ARGO EU contribution (1/4) to the global ocean (upper 

2000 m) observing system (ARGO), 800 profiling 
floats. 

Maturity: Phase C/D for S&E: partly deployed (by U.S.), Phase A/B for 
Institutional/Financial aspects  
Timing: Deployment in 4 years, individual lifetime: 4 years; 800 floats in 

steady operation  
Deployment+maintenance costs computed over 12 years yearly  Budget: 

75 total (250 floats/year+support) 6.3  

Institutional sustainability to be addressed, need for EU base/institution for long 
term strategy. Presently separate Country/institl efforts under way. 
Link to industry + investment/sponsorship aspects to be focused 
 
6 (EMEG) IAGOS-ERI Distributed Infrastructure for routine Aircraft 

Observations for Global Climate Change 
Maturity: Phase C for S&E, Phase A/B for Institutional/Financial aspects 
Timing: Design 2005-2008; construction 2008-2012; operation 2008-2027 

Preparatory cost Deployment cost yearly cost Budget: 
 5-7 14 (for instrumentation of  

20 aircrafts) 
5,8 

(0,4 decomm.) 
70% of costs secured. Need for EU base/institution for a long term strategy 
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7 (HPC- 

CDT) 
☼  EU HPC  

 
European High Performance Computing 
Service including both high capability and high 
throughput (GRID) resources (e-IRG proposal) 

Maturity: Phase C/D for S&E, Phase A/B for Institutional/Financial aspects 
Timing: Possible start implementation in 1year, short maturing time from 

science/technical point, critical the institutional maturing. 
Preparation 2006-07; construction 2008-2010- operation 
overlapping construction from 2008  
Preparation costs Implementation cost yearly cost Budget: 

 200-400 depending 
on n°of centres 

100-200 incl upgr. 

Institutional: To be clarified. Proposes an EU pyramidal structure with few (1-4) 
very high-end centres and going down to smaller units, balancing various 
aspects and uses. No mature commitments, relationship with single proposals to 
be defined 
 
 
 
 
8 (SXF) IRUVX-FEL EU Consortium of complementary IR to UV-soft X 

FELs  
Maturity: Phase A in Science, A to D in Engineering, along one developm. line 
for 5 national projects, preparatory phase B for EU integration and financing. 
Timing: FLASH in commissioning, FERMI first phase 2006-2009 second 

2007-2011, 4GLS CDR (ERL test facility in phase C) could be built 
by 2011, BESSY in phase C could be built by 2011, MAXLab in 
phase A/B could be built by 2015 
Preparatory costs Construction costs yearly cost Budget: 

Approx 15% of 
total 

660 without 
MAXlab 

Approx 10% of constr. 

Institutional: preparation phase for Consortium + design changes for 
complementarity. Partnerships from other Countries/projects welcome 
 
 
9 (HX) European X FEL The European X-FEL facility 
Maturity: Phase C for S&E, and for Institutional+Financial aspects 
Timing: Preparatory phase 2004-2006; Construction: 2007-2013; operation 

2013--- 
Preparation cost Construction cost yearly cost decommissioning Budget: 

30 908  + 50 R&D 82 ~100 

construction costs 60% from host Country, participations in negotiation with 
10+ Countries having signed MOU, % of cover of costs construction+operation 
to be defined  
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10 (HX) Upgrade of ESRF European Synchrotron Radiation Facility 
Maturity: Phase B/C for S&E, phase B for financial decisions 
Times: Can start 2007 extend over 5-10 years  

Implementation cost yearly cost Decommissioning 
costs 

Budget: 

232 Within existing budget, 
under review 

Under review 

Upgrade of the suite of beamlines and of the source, taking advantage of new & 
improved techniques, and aiming at new scientific areas. Being discussed 
between international Partners of ESRF, support by EMBL 
 
11  (LNI) ☼ ESS New high power European Spallation Source for the 

study of matter 
Maturity:  Phase C for Science, B/C for Engineering, phase B for 
Institutional/Financial   
Timing: Preparation started 1990. Construction could start 2009-

commissioning in 2016-17, users 2018 onwards 
Preparation 
cost 

Construction 
cost 

yearly 
cost 

decommissioning Budget: 

20÷30 1 B€ 80 about 160 

Site-independent: Institutional/financial and siting bids (up to 5) in preparation:  
Technical choice: 5 MW long pulse (complementary to short pulse of US+Japan) 
 
12  (LNI) ILL 20/20 ILL upgrade of beamlines/instruments suite 
Maturity:Phase C for S&E, phase B financial agreements between Partners 
Timing: Implementable in two cycles: 2007-2012 and 2013-2017 

Implementation costs yearly cost  Budget: 

160 Within existing budget  

In discussion between Partners and Associates. Improving up to 10 times data 
collection. Plan based on three partnerships for Structural Biology (implemented 
2000-2005), Materials Sciences and Engineering and Soft Condensed 
Matter+High Magnetic fields, to be implemented next two periods (2007-12; 
2013-2017) 
 
13  (NANO) ☼ PRINS Pan european Research Infrastructure for Nano 

Structures, +associated Labs 
Maturity: Phase C for Industry applications, to be defined for Science open 
access applications. Financial/Institutional Industry related (?) Commitments? 
Timing: Realized within a project duration of 7 years 2007-2013 

Construction costs yearly cost Decommissioning cost Budget: 

1 110,5 220, 6 
+ 35,7 Assoc. Labs 

65,5 

Includes three aspects: Nano CMOS; Heterogeneous integration; 
Nanofabrication, distributed on three sites involving main Partners: CEA/LETI , 
FhG/VµE, IMEC; Insertion in Rmap to support open access for basic science  
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14  (MT) IFMIF IFMIF: International Fusion Materials Irradiation 

Facility (accelerated D beams) 
Maturity: Phases B/C preliminary test facilities for S&E, C for 
financial/institutional and siting options  
Timing: Preparatory: until 2011 Construction 2011–2017 (first phase), 2017 

operation with 1 beam;  2017-2020 (second phase) lifetime 20-30 
years 
Preparation 
+demo 

Construction 
cost 

yearly cost decommissioning Budget: 

88.4 761.3 141.2 first 3 years 
78.5 from 4th yr 

50 

Global project related to ITER. Preparatory phase (EVEDA) evolving in 
connection with the ITER implementation, EU and Japan acting as leads in the 
”broader approach” to fusion 
 
15  (MT) JHR Jules Horowitz high Flux Reactor (100MW) 
Maturity:  Phase C for S&Eng, phase B (MOU) for Financial + Institutional  
Timing: First specs. 2002. TDR 2003-2005; Safety and public enquiry in 

definition; Possible construction 2007 – 2014, operation >2014  
Construction costs yearly cost decommissioning Budget: 

500 24÷33 80 (incl in yrly costs) 

Matches needs for current as well as future power reactor designs (FEUNMARR 
study of EC), Commitments from CEA, EDF, AREVA; formal letters from Spain, 
Czech republic, Finland and Germany 
 
16  (AAA) ELT Extremely Large Telescope 
Maturity: Phase A/B for S&E, phase B/C for Institution (ESO) and Finance 
Timing: Design 2006-2009; Construction 2010-2017, operation 2018 

Preparatory cost Construction cost yearly cost Budget: 

100 750 (capped) 40 

Preparatory cost financed partly by EC; 75% of construction budget planned 
from ESO, technology developments in progress 
 
17  (AAA) ☼  SKA Square Kilometre Array 
Maturity: Phase B/C for S&E; Phase B for Siting, Institution and Finance 
Timing: Construction 2010-2014 phase1; 2014-2020 full array;  

2020 onwards full operation 
Preparatory cost Construction cost 

Present estimate 
Yearly cost Budget: 

140 (+20 not fin) 1250 “capping at 1000” 100 

Reference Institution? Global project with very wide participation. Siting 
including options in South Africa etc.. LOFAR is part of the demonstration of 
feasibility, the overall budget has to be reconfigured “capping” cost at 1000  
 



Annex I to PSE report rev.5 

 
18  (AAA) KM3Net European deep sea neutrino telescope with a 

volume of at least one cubic kilometre 
Maturity:  Phase C for S&Eng.; phase A/B for Institutional/Financial  
Timing: Prep:2006-2009, implementation three years;  

Preparation cost Construction cost yearly cost Budget: 

17.6 UE supported 200 (def at end prep) Not reported 

3 different bidding+demo projects: ANTARES (F), NESTOR (Gr), NEMO (I) 
 
19  (NPP) FAIR Facility for Antiproton and Ion Research 
Maturity: Phase C for S&E and for Institutional (MOU)+ Financial aspects (75% 
national funding)  
Timing: Prep phase: 2001-2007; construction:2008-2011; full performance 

2015 
Preparatory cost Construction cost yearly cost Budget: 

80 (20 internatl) 1000 120 

Partnership with other countries being defined 
 
20  (NPP) SPIRAL II Systeme Production de Ions Radioactifs Accelere’ 

en Ligne 
Maturity:  Technical, Institutional and Financial Phase C/D (cost 80% covered 
nationally) 
Timing: TDR mid 2005; construction 2005-2010; operation 2011 

Preparation 
costs 

Construction costs yearly cost Decomm 
costs 

Budget: 

6.6 130.2 6.6 10 

Preparatory step (with HIE-ISOLDE, MAFF, SPES) to evolve towards EURISOL, 
which could be realized to start after 2018 
 
21  (HPL) ☼ HiPER 

(+ completion of PETAL) 
Time scaled facilities for Fusion-
Plasma studies, long pulse 

Maturity: PETAL in construction Phase D, HiPER in development, Phase B on 
S/Eng aspects, and A/B in Institutional/financial aspects 
Timing: Preparatory Phase 2006-2009; construction 2009-2015; operation 

2015-2040; operation 2040-2045 
Preparation costs Construction costs yearly cost Budget: 
15 completion of PETAL 

+40 HIPER 
800   HIPER 80   HIPER 

UK commit. for design of Hiper. Projects in scaled time/sequence: results of 
PETAL will be preparatory for HiPER. Initial funding of conceptual design 
involving 14 Institutions in 7 Countries  
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22 (HPL) ELI Extreme Light Infrastructure, short pulse 
Maturity: Phase B/C for S/Engineering, and for Financial-Institutional-siting 
aspects 
Timing: Preparatory phase 1yr; construction 5 yrs, in two phases; operation 

7 yrs 
Preparatory phase Construction cost yearly cost Budget: 

2 138.5 5.91 

Multiple uses, site-independent, proposed siting in F (with offer); design funding 
from CNRS, institutions from other Countries involved, expected support from 
France 40% for construction, 20% operation 
 
 

Emerging proposals: 
 

E1 
(EMEG) 

Pegasus  Policy support for European Governments by 
Acquisition of information by Satellite and UAV 
borne Sensors 

Maturity: Emerging 
Timing: Prep 2006-2008; Construction 2009-2014 

Preparatory cost Deployment cost yearly cost Budget: 
 28 418 44.6 after 6 years 

 
 
E2 (HPC-CDT) DACA RI for DAta management, Curation and Analysis 

in the sciences 
Maturity: Emerging :Technical B/C; Institutional A 
Timing: As soon as Institutional frame is set-up 

Preparatory cost Implementation cost yearly cost Budget: 

1 40 20 

Absorbs several proposals into an Eu network devoted to the development of 
scientific software, connected to building data repositories/transformation/fitting 
complex models in large data sets visualizing complex phenomena 
 
E3 (HX) PSI-FEL An advanced technology X FEL 
Maturity: Emerging 
Timing:  

Preparatory cost Deployment cost yearly cost Budget: 
     

Development of new concept in Photoinjector which could allow lower cost X 
FELs 
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E4 (NANO) NANOSCIENCE Multimodal access to facilities, involving 
computational, synthetical, analytical 
capabilities 

Maturity: Emerging 
Timing:  

Preparatory cost Deployment cost yearly cost Budget: 
  40 per centre 

approx 
 

Deriving from GENNESYS Initiative and comparing with the US, should integrate 
Nano synthesis with Nano Analysis and Nano Design. 
 
E5 (NANO) EUFEO The European Future Electron Optics 

initiative 
Maturity: Emerging 
Timing: In two phases now-2008 and 2009-2010 

Preparatory 
cost 

Deployment cost yearly cost Budget: 
 

 120 (3 facilities)+70 (2nd phase)   

Six coordinated users facilities, three industrial partnerships 
 
E 6 (MT) Pallas R&D + isotope production reactor 30-60 MW 
Maturity: Emerging 
Timing: Should replace HFR (Petten) in 2015; securing finance 05-08;TDR 

05-07;negotiations 2008; detailed engineering 09-11; construction 
2011-14;operation 15-55;decommiss. >2060 
Preparatory cost Construction cost Yearly cost Decomm. Budget: 

 50 250 35 >40 
According to FUENMARR report, connected to JRC; four parties involved 
(institutions, including JRC), within a proposal of Joint Undertaking 
 
E 7 (MT) MYRRHA Multipurpose hYbrid Research Reactor for High-tech 

Applications 
Maturity: Emerging 
Timing: First preliminary CDR 2001; 2nd 2004; prep phase 2005-2011; 

construction 2012-2015; commiss. 2016-2017; full power 2018; 
decommissioning >2050 
Preparatory cost Construction cost Yearly+ decomm. cost Budget: 

 40 440 To be defined 
Designed within the FP6 EUROTRANS integrated project, involving >20 
Institutions (Research + Industry) possible extension to non EU 
 
E 8 (AAA) CTA Cerenkov Telescope Arrays 
Maturity: Emerging but joining forces of different teams 
Timing: Design 2007-2008; implementation 2009-10; full op. 2012 onwards 

Preparatory cost Deployment cost yearly cost Budget: 
 10 100+50 3-5 

The deployment cost includes possible deployment in northern emisphere (+50) 
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E9 (NPP) DAΦNE II an high luminosity e+e- collider, in the c.m. energy range 

between 1 and 2.4 GeV  
Maturity: Emerging 
Timing: 2006-2008 preparation; 2009-2011 construction 

Preparatory cost Deployment cost yearly cost Budget: 
 5 55 6 

 
 



 
 
 

Appendix II 
 
 
 
 
Table II: List of proposals received by PSE (“long 

list”) 
 

 
 



Physical Sciences and Engineering (PSE)  

N° PSE Starting list of Proposed Infrastructures (Name - short description)              Field EWG prop.
1 A multidisciplinary and international centre of excellence in molecular imaging.  PSE NANO BE
2 Making Software Survive PSE HPC BE

3
Upgrade the existing prototype measurement site at the Zeebrugge breakwater to a multi-
disciplinary observation site for monitoring coastal processes in the coastal zone. Facilitate 
exploitation for third parties.

PSE EMEG BE

4 The Airborne Prism Experiment (APEX), a next-generation airborne imaging spectrometer for 
environmental applications. PSE EMEG BE

5 Pegasus. - Policy support for European Governments by Acquisition of information from 
Satellite and UAV borne Sensors PSE EMEG BE

6 Pan-European Research Infrastructure for Nano-Structures  (PRINS) PSE NANO BE
7 European Isotope Separator On Line (EURISOL) PSE NP BE

8 European Electron Paramagnetic Resonance (EuroEPR) Infrastructure - A distributed 
infrastructure for advanced EPR Spectroscopies PSE NANO BE

9 Centre for Micro- and Nano- Photonic Technologies PSE NANO BE

10 LHC, NLC (Linear Collider), MTeV LC (Multi-TeV Linear Collider) PARTLY DUPLICATE 
WITH 51- Awaiting imput from CERN Committee PSE NP BE

11 Laser Centrum Vlaanderen (LCV) - An integrated laser manufacturing technology research 
infrastructure (opinion by PSE, drafted by CR) PSE Ind Eng. BE

12 European Computer Center (ECC) PSE EMEG+ 
HPC BE

13 Development of a European coastal research vessel fleet  (Coastal_RV_Fleet). PSE EMEG BE

14
European Centre for Multimodal Molecular Neuroimaging and Therapy (EC-MMNIT) - In vivo, 
high-field magnetic resonance imaging (MRI) at 7 T, in vivo positron-emission-tomography 
(PET), molecular neuroimaging centre.

BMS transferred DE

15
E.Hadron-Bio: A European facility for Hadron and Photon-Radiobiology using hadrons 
(neutrons, protons and heavier ions) and photons (monoenergetic and broad energy x-rays) 
is proposed to the European community.

BMS transferred DE

16 Integrated Centre for Structural Biology at PETRA-III (ICSB@PETRA3) BMS transferred DE
17 ICOS - An Integrated Carbon Observation System PSE EMEG DE

18 Research Icebreaker AURORA BOREALIS a novel research icebreaker with drilling capability PSE EMEG DE

19 Utilisation and Operations of European ISS-Infrastructure (International Space Station) PSE AAA DE

20 BESSY-Soft X-ray FEL - A 2nd generation Free Electron Laser in the soft X-ray spectral 
range.Considered with IRUVX "Cluster" PSE SXF DE

21
Facility for Antiproton and Ion Research (FAIR) - International facility for high energy primary 
and secondary beams of ions of highest intensity and quality, including an "antimatter beam" 
of antiprotons.

PSE NP DE



Physical Sciences and Engineering (PSE)  

N° PSE Starting list of Proposed Infrastructures (Name - short description)              Field EWG prop.
22 PETRA III - A new high brilliance 3rd generation synchrotron radiation source at DESY. PSE HXR DE
23 Vacuum-Ultraviolet Free Electron Laser user facility, VUV-FEL now FLASH PSE SXF DE
24 European X-Ray Laser Facility XFEL (X-ray Free Electron Laser) PSE HXR DE
25 New medium-size (coastal) multipurpose research vessel for the Baltic Sea. PSE EMEG FI

26
The ESRF–EMBL–ILL Science Centre for Europe. A world centre for transdisciplinary 
research comprising radically enhanced scientific facilities on a federal campus uniting ESRF, 
EMBL and ILL in Grenoble.(Taken into exam as ESRF & ILL separately)

PSE HXR (ESRF) 
LNI (ILL) FR

27 European High End Computer Simulation Service (EHECSS) A sustainable computer 
simulation facility and service providing European scientists with world class capabilities. PSE HPC 

+EMEG FR

28 EUROPEAN UNDERWATER RESEARCH SET (EURS). A coordinated and integrated park 
of underwater vehicles for all European scientists. PSE EMEG FR

29 The JHR project, new European Material Testing Reactor PSE MT FR

30 SPIRALII @GANIL :  A new facility for intense secondary unstable rare isotopes up to mass 
A=150 (Neutron rich fission fragments ) PSE NP FR

31 EUROSEISTEST: A European large scale experimental facility for earthquake Engineering 
and Engineering Seismology PSE EMEG GR

32
TEN-IRUVX-FEL - A Trans European Network of complementary Infrared to SoftX  Free 
Electron Laser Laboratories for NanoScience and Technology (Incl FERMI@Elettra, FLASH, 
BESSY FEL, 4GLS, Max4 open to other projects)

PSE NANO+SXF IT

33 ESCO/VIRAC - European deep Space Communication and VLBI Observatory VIRAC PSE AAA LV

34 EMPEDI - European Multi-purpose Platform for Experimental Dynamo Investigations using 
molten sodium PSE EMEG LV

35 AMARETE - Centre for Advanced Material Research and Technology PSE NANO LV

36 European Science Grid - Distributed infrastructure integrating high performance computing 
(HPC) and research equipment. PSE HPC NL

37 KM3NeT: European deep-sea neutrino telescope with a volume of at least one cubic 
kilometre. PSE AAA NL

38 LOFAR: Low Frequency Array, an adaptive wide area sensor network PSE AAA NL
39 Square Kilometre Array radio telescope (SKA) PSE AAA NL
40 Infrastructure for general polar, marine, atmospheric and space research at Svalbard. PSE EMEG NO

41
Maritime infrastructure and data collection platforms (vessels, satellites etc). High priority for 
Norway is an Arctic research Vessel (ARV): A new ice going research vessel for the Arctic 
seas.

PSE EMEG NO

42 Centre of Advanced Research in Electromagnetic Compatibility (CAReEMC) - 
Electromagnetic Compatibility of equipments, systems and installations PSE Ind Eng. PL



Physical Sciences and Engineering (PSE)  

N° PSE Starting list of Proposed Infrastructures (Name - short description)              Field EWG prop.

43 Research and Training Facility for New European Railway Control Command and Signalling 
Systems ( verify with tech platform Transports) PSE Ind Eng. PL

44 H2CHECK – Hydrogen and Electricity  Production from Carbonaceous Materials the 
Sustainable Way ( to be verified with Hydrogen Tech Platform) PSE Ind Eng. PL

45 NANO-LDS Centre for Nanostructurisation and Low-Dimensional Systems Development PSE NANO PL

46 European Spallation Source (ESS) - A new generation neutron source for the study of matter. PSE LNI SE

47 MAX IV - An ultra-brilliant synchrotron radiation source in the soft- and hard x-ray regimes 
combined with a Free Electron Laser.(considered in IRUVX "cluster") PSE SXF SE

48 STEAM (Stratosphere-Troposphere Exchange And climate Monitor) PSE EMEG SE
49 Advanced Computational Research PSE HPC UK
50 Ocean-going Research Ships ??? POSSIBLE DUPLICATE??? VERIFY!! PSE EMEG UK
51 Linear Collider. PARTLY DUPLICATE WITH 10, awaiting CERN committee PSE NP UK
52 Neutrino Factory PSE NP UK
53 IFMIF (connected to ITER) PSE MT UK
54 Ground-based Astronomy.= ELT PSE AAA UK
55 DUPLICATE XFEL already in 24 XXX XXX XXX
56 MW Neutron Source. ISIS Upgrade PSE LNI UK
57 DUPLICATE FAIR, already in 21 XXX XXX XXX
58 HiPER - Laser Fusion Facility (connection with PETAL) PSE HPL UK
59 UV-FEL 4GLS (considered in IRUVX "cluster") n. 32 PSE SXF UK
60 High Magnetic Field (>1GHz NMR) PSE BMS? UK
61 Integrated Instrumentation ? Details not received PSE ??? UK
62 Planetary Exploration.AURORA PSE AAA UK

63 CHARMEXT - Characterization of materials under extreme environments (network, but no 
imput from other interested  Countries) PSE MT AT

64 DEISA : Project full title: Distributed European Infrastructure for Supercomputing Applications PSE EMEG+ 
HPC IT

65 ASASES - Aircraft-borne System for Aerial Survey of Earth Surface properties PSE EMEG TR
66 Multi PW Laser on LIL= preliminary step to HIPER?(n. 58). PSE HPL FR
67 ELI - Extreme Light Infrastructure. PSE HPL FR
68 SPES: Study for the Production of Exotic Species. PSE NP IT
69 HIE-ISOLDE (CERN). PSE NP CH
70 MAFF: Munich Accelerator for Fission Fragments at the Research Reactor FRM-II. PSE NP DE
71 AGATA: Gamma-Ray-Detector for Nuclear Physics Experiments; to be used at various facilitie PSE NP NUPPEC
72 PALLAS- Renewal of the Petten Reactor for materials testing. PSE MT NL
73 EMSO- European Multidisciplinary Seafloor Observation PSE EMEG F



Physical Sciences and Engineering (PSE)  

N° PSE Starting list of Proposed Infrastructures (Name - short description)              Field EWG prop.
74 OCTOPEUS- Ocean TOPography European Satellite series PSE EMEG ?
75 Routine Aircraft Observation for Global Climate Change-Distributed Infrastructure PSE EMEG F o G?
76 EOE- European Observatory for the Environment PSE EMEG ?
77 EURO ARGO- Contribution to the global ocean observing system PSE EMEG F
78 EECS- European Economical Common Ships PSE EMEG ?

79 EUFAR- Long Range Tropospheric Aircraft for the EU Fleet for the Airborne Research in 
Environmental and Geoscience PSE EMEG F

80 EVE:Lab-The European Virtual Earth Laboratory- A supercomputer Facility for Earth System 
Research and Climate Prediction in Europe PSE EMEG + 

HPC F?

81 Hydrological Observatory network PSE EMEG ?
82 Hydralab experimental facility in hydraulics PSE EMEG G
83 PSI X-FEL PSE HXR CH
84 Data analysis methods for the sciences (DATS) PSE HPC FIN
85 e-IRG List of Opportunities including …. PSE HPC e-IRG
86 Astronomy from the Concordia station in Antarctica PSE AAA FR
87 solar system exploration initiative (SSEI)=(same as 62 probably) PSE AAA FR

88 DARWIN: a space mission to study the atmosphere of telluric planets outside the Solar 
System (exoplanets) PSE AAA FR

89 The Astrophysical Virtual observatory PSE AAA FR
90 Next generation solar telescope PSE AAA FR
91 XEUS: the X-ray evolving universe spectroscopy mission PSE AAA FR
92 CTA: and advanced facility for ground-based high-energy gamma ray astronomy PSE AAA DE
93 Astro sciences at the poles (ASP)=same as 86? PSE AAA IT

94 THz-BEAM Research Infrastructure for the application of Terahertz radiation in Biological, 
environmental and Advanced Material studies PSE SXF IT
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ESFRI PSE RWG  
 
   Affiliation                       Name Task in PSE Country 

 PSE Bart LAETHEM EG1 EMEG- Chair Belgium 

 PSE Jiri ULLSCHMIED  Czech Republic 

ESFRI PSE Jorgen KIEMS EG7 MT - Chair Denmark 

 PSE Heikki MANNILA EG2 HPC - Chair Finland 

ESFRI PSE Yves PETROFF  France 

 PSE Francois GOUNAND EG10 HPL - Chair France 

 PSE Rainer KOEPKE EG9 NP - Chair Germany 

 PSE Dimitrios NIARCHOS  Greece 

 PSE Norbert KROO EG5 LNI – Chair Hungary 

 PSE Dènes Lajos  NAGY  Hungary 

ESFRI PSE Carlo RIZZUTO Chairman RWG Italy 

 PSE Mike HOPKINS  Ireland 

ESFRI PSE Juris ZAGARS  Latvia 

 PSE Valdas SIRUTKAITIS  Lithuania 

 PSE Frank LEPREVOST  Luxembourg 

ESFRI PSE Hans CHANG  Netherlands 

 PSE Olav ELDHOLM  Norway 

 PSE Janusz ZIOLKOWSKI EG8 AAA - Chair Poland 

ESFRI PSE Miran CEH EG6 Nano - Chair Slovenia 

 PSE Simona  Golič Grdadolnik  Slovenia 

 PSE Felix YNDURAIN  Spain 

ESFRI PSE Lars Borjesson EG3 SXF - Chair Sweden 

ESFRI PSE Mats JOHNSSON  Sweden 

 PSE Selcuk TARAL  Turkey 

 e-IRG Neil GEDDES  UK 

ESFRI PSE Henry HUTCHINSON EG4 HXR - Chair UK 

UE PSE Elena RIGHI STEELE  UE 
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ESFRI Strategic Roadmap for European Research Infrastructures  
 

29 June 2005 

Procedure for the Expert Groups on preparing the European Roadmap 
to be used an annex to the Terms of Reference of Expert Groups and chairpersons  

 
Introduction 
 
• This process is designed to ensure that all initiatives to be reviewed by the 

Roadmap Working Groups (RWG), and their Expert Groups, have been 
scientifically & technologically assessed using the same transparent and 
fair procedure, as outlined in the ESFRI communication of 17 Dec. 2004. 

 
Basic requirements for consideration 
 
• Under supervision of the respective RWG, the Expert Groups will assess if 

a potential (major upgrade / new) pan-European Research Infrastructure 
(RI) should be included on the Roadmap by checking whether it meets the 
requirements for entering the ESFRI review process.  

• To fulfil their tasks, and before analysing specific initiatives (which should 
have received the previous support of an ESFRI member), the Expert 
Groups should review, on the basis of existing information, the needs of 
the potential user scientific community (ies) within the next 10 to 20 years. 

• Then, each identified Research Infrastructure should be reviewed 
according to two main criteria:  
1.  The Scientific Case: 
o The proposed new RI should correspond to future needs of the 

scientific communities in Europe, demonstrate impacts on scientific 
developments, support new ways of doing science in Europe and 
participate to the enhancement of the European Research Area. 

o Accompanying documents, supported by the appropriate scientific 
community at European level, should demonstrate its pan-European 
value, setting the scene for the infrastructure in a European and an 
international context, as well as its relevance and quality.  

2. The Concept case: 
o The proposed new RI should be technologically and financially feasible 

and meet the necessary degree of maturity which is defined as (a) the 
existence of a technical concept for the realisation of the project, and of 
feasibility studies, including identification of technical challenges and 
risks, (b) the existence of a projection about construction, operating 
and decommissioning costs, including a clear timetable. 

o In addition, the ESFRI analysis would require relevant information on 
(c) the recent or near future peer review of the project, and by which 
panel; (d) the potential for risks- and costs-sharing and for developing 
effective joint actions in Europe; (e) the mechanisms for other partners 
to join later on and (f) the mechanisms to ensure the human resources 
and the capability to use the RI in the most open and effective way 

• The process is described in the graph given hereafter. 



ESFRI Strategic Roadmap for European Research Infrastructures  
 

29 June 2005 

 

 
Fi

rs
t s

ta
ge

ga
te

 s
te

ps
 

EIROs, Nuppec, ESF, e-IRG, national 
roadmap and other EU level roadmap, 
Global Projects, etc…(list of organizations 
to be defined) 

Analysis of  
technical concept 

Analysis of scientific 
community needs 

Identify and analyse 
projects in the field 

Scientific Case 

yes 

no  

Analysis leads 
RWG to create 

an Expert 

Expert Groups 
(EGs) 

yes 

Analysis of  
business concept 

Revision by 
Stakeholders 

Concept mature? 
no 

Yes 

no yes 

List of  
embryonic ideas 

Spontaneous 
proposals for 
pan-European 
projects 

Consideration 
of proposed 
roadmap by an 
ESFRI  Contact 
Expert Group 

Executive Board & 
Roadmap Working Groups 

yes 

Report to  
ESFRI 

Reviewed and 
agreed by ESFRI? 

Introduction in the Roadmap 

yes 

no 

ESFRI 
Request for a 

stage-gate process 

RWGs confirm 
vision of EGs 
and/or others? 

Create a draft 
consultation paper 

and consult 

Report to the RWGs 

Filter by 
national 

delegation
 

Survey of the 
field 

Identification of 
level of maturity 

no 

Report back 



ESFRI Strategic Roadmap for European Research Infrastructures  
 

29 June 2005 

Methodology (modus operandi) 
 
• Each Expert Group will use the following methodology in order to 

guarantee transparency and equality for the selection procedure: 

− First, preparation of a brief survey of the given field and consideration 
of the scientific case for identified projects in respect of the above given 
basic scientific requirements; report to the RWG;  

− Second, consideration of the concept case for identified new RIs, 
analyzing technical and financial issues, in respect of the above given 
requirements (on the basis of written evidence) and more precise 
report(s) to the RWG on the Expert Group findings, including a list of 
concrete projects for pan-European RIs (new or major upgrade); 

a. For the ‘mature’ projects, a first consultation paper (see 
Template in Annex) should be drafted; this consultation paper 
will be used to validate the Expert Group findings from interested 
parties within (and where appropriate from outside) the EU; 

b. For ‘less mature’ projects, but scientifically valid, a specific list of 
embryonic ideas should be drafted and regularly updated, 
indicating their level of maturity;   
NB: In case an initiative is rejected, there should be 
nevertheless a brief report with the reasons. 

• On ‘mature’ projects, the Expert Group might hold consultation meetings, 
allowing redrafting its recommendations in the light of the of the RWG’s 
instructions, whenever appropriate. 

• Apart of the Expert Group annual report, progress reports will be made 
available to the RWG Chair in time for every ESFRI plenary meeting, with 
detailed technical and financial information, as well as possible 
recommendations; these reports will help revising the roadmap procedure, 
as necessary.  

 
Final Reminders: 
 
• For the first year, an important report of the Expert Group to the RWG is 

due in spring 2006, detailing which RI project is recommended to be 
included in the first ESFRI Strategic Roadmap; this report should be 
accompanied by a review of the processes and practices used by these 
Groups to ensure that the recommendations are the result of a fair 
process; the RWGs are due to report to ESFRI by mid 2006, on the basis 
of which an overall report will be prepared. 

• ESFRI will ultimately decide whether individual projects should be included 
in the Roadmap.  

• Therefore all information exchanged within the Expert Group is meant for 
internal use only, unless explicitly stated and agreed otherwise by ESFRI. 

• The ESFRI Secretariat will ensure that the process is well described on the 
ESFRI website. 
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Template for the Expert Group to detail potential new  

pan-European RIs to be recommended for ESFRI consideration 
 
 
1. Name and descriptive title 
 
 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
 
 
 
 
 
 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for the 
scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how 
it will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
 
 
 
 
 
 
 
 
 
 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
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5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
 
 
 
 
 
 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
 
 
 
 
 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
 
 
 
 
 
10. Budgetary information   
Preparatory cost  
(total in M€) 
 
 

Construction cost 
(total in M€) 

Operation cost (total) Decommissioning cost 
(total in M€) 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
 

Construction phase Operation  Decommissioning 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
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2 TEMPLATE PROPOSALS 
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Template to detail potential new pan-European RIs to be 
recommended for ESFRI consideration 

 
1. Name and descriptive title 
 
 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
 
 
 
 
 
 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for the 
scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how 
it will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
 
 
 
 
 
 
 
 
 
 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
 
 
 
 
 
 
 
 
 
 
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
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6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
 
 
 
 
 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
 
 
 
 
 
10. Budgetary information   
Preparatory cost  
(total in M€) 
 
 

Construction cost 
(total in M€) 

Operation cost (total) Decommissioning cost 
(total in M€) 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
 

Construction phase Operation  Decommissioning 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
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Terms of Reference of Expert Groups and Chairpersons 
 
 
Preamble 
 
• The ESFRI roadmap will identify needs of the European research 

communities for new or major upgrades of pan-European Research 
Infrastructure (RI), covering all scientific areas, regardless of possible 
localisation.  

• New RI (or major upgrade) identified could have different degrees of 
maturity but should be supported by a relevant European partnership or 
intergovernmental organisation and be potentially realised in the next 10 to 
20 years. Project description should demonstrate how it would impact on 
the science and technology development at international level, support 
new ways of doing science in Europe, and support the enhancement of the 
European Research Area (ERA). 

• The ESFRI roadmap and its subsequent periodic revisions will be used by 
the different European Countries as well as by the European Commission 
to reflect on which new RIs should be supported at Community level. 

 
Rationale for Expert Groups 
 
• ESFRI has decided to set-up specific Working Groups (the members of 

which are nominated by ESFRI) to analyse topical issues; the ESFRI 
“Roadmap” Working Groups (RWG) are aimed at supporting, from a 
scientific point of view, a coherent and strategy-led approach to European 
policy making on new RIs in specific fields of scientific research;  

• The RWGs may seek independent scientific, technical or socio-economic 
advice, making use, as necessary, of existing bodies and/or set up specific 
Expert Groups, with a specific mandate and the agreement of ESFRI; 

• The ESFRI roadmap is an on-going process; therefore, Expert Groups can 
be created at any time to cover specific areas and to analyse specific 
initiatives for new RIs;  Expert Groups report to the relevant RWG;  

• It is essential that the process is transparent in every aspect of its 
operation in order that all stakeholders can be confident in the final 
recommendations of ESFRI. 

 
Creation of an Expert Group 
 
• The Chair of the RWG, on the basis of a consensus within its group, 

submits a note to the ESFRI Chair and Secretariat indicating which Expert 
Group(s) they plan to set up, providing relevant justification.  

• For each individual Expert Group, the RWG should also propose a Chair 
and suggest any guidelines on the expertise required for the members of 
the group(s).  
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• Following agreement from the ESFRI Chair, the ESFRI Secretariat will 
request possible comments and agreement of the ESFRI delegations on 
each proposal. 

• The ESFRI Secretariat will also invite the ESFRI delegations to suggest 
possible names for the members of the Expert Group(s); the delegations 
should normally reply within two weeks.  

• Following agreement of ESFRI delegations, the Chair of the RWG, 
together with the candidate Chair(s) of the Expert Group(s), will prepare a 
proposal for the composition of the different Expert Group(s). 
NB: Whenever an Expert Group is created in an area where there is a well 
developed roadmap, it will act as an Contact Expert Group, organizing 
meetings with stakeholders to collect the existing information in a form that 
could be readily analysed by ESFRI. 

 
Chair of an Expert Group: 
 
• Whenever possible the Expert Groups are chaired by members of the 

RWG; this not being the case, the chair of the Expert Group should attend 
future RWG meetings, as observer, as this will provide accountability to 
the RWG. The Chair of an Expert Group should not be directly involved in 
a specific RI to be evaluated by this Expert Group. 

• Chairs of the Expert Group must be able to provide their own secretarial 
support for the role.  

• He/she is responsible for the timetable and good organisation of the 
meetings, for which he/she will be helped by an EC official assigned to 
each Expert Group.  

 
Membership: 
 
• With the exception of the Chair, an ESFRI member should not be a 

member of an Expert Group 

• Members of the Expert Groups should be selected on the basis of their 
expertise, including in science policy development, and of their 
international reputation. They are nominated on their personal capacity. 

• An Expert Group will consist of no more members than is necessary to 
provide an overview of the area under consideration; Expert Groups 
should ideally have about 8-9 members; only exceptionally could an expert 
group have more than 10 experts.  

• Expert Groups should be balanced from the expertise1 point of view. 

• In principle, there should not be more than one expert from each State2 in 
each Expert Group; third country expert could be appointed if this adds 
value to the work of the group. 

                                                 
1 Attempts should be made to appoint members with known contrasting views 
2 States represented in ESFRI 
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NB: Following agreement from ESFRI, the final composition of the Expert 
Group(s) will be placed on the ESFRI website. 

 
Method of working: 
 
• Members must declare any conflicts of interest3 at the first meeting of the 

Expert Group and follow the same ‘code of conduct’ i.e.:  
− Members of the Expert Groups do not represent their national or 

private interests; 
− Experts should be committed to the task of developing a European 

Roadmap and should ensure impartiality in their recommendations; 
− Meetings of the Expert Groups to discuss their findings will be held 

in closed-sessions; all information exchanged within and prepared 
by the Expert Group is meant for internal use only, unless explicitly 
stated and agreed otherwise by ESFRI.  

• Each Expert Group should discuss the need and best way to protect the 
confidentiality of their deliberations to allow for open discussions within the 
group. In addition, while keeping internal discussions confidential, method 
of working should allow the group to communicate with the scientific 
community in the most appropriate way in order to gather all the necessary 
information and assure the transparency of the process. Every different 
opinion should be recorded in the report to ESFRI. 

• The Expert Groups should meet and consult as necessary and in 
accordance with the needs of the timetables set down by ESFRI and by 
the Roadmap Working Groups (RWG). 

• Resources to cover meeting expenses (taking place normally in Brussels) 
will be covered by the EC within an agreed budget and timeframe. 
NB: EC official(s) specialised in the field might attend the meetings as 
observers 

 
Time scale,  deliverables and review 
 
• The Roadmap and Expert Group deliberations are an ongoing process.  

• The normal deliverable of the Expert Groups will be periodic annual 
reports to be delivered to the RWG, recommending and detailing which 
potential new Research Infrastructure should be included in the ESFRI 
Strategic Roadmap, accompanied by a report on the processes and 
practices used in deriving the recommendations. 

• A progress report will also be made available to the RWG in time for every 
ESFRI plenary meeting. This information would normally be circulated 
through the ESFRI Secretariat. 

• The roadmap as well as the work and rationale of each Expert Group will 
be reviewed by the RWG and ESFRI on a yearly basis. 

 
                                                 
3 Such conflicts will not necessarily bar them from participating in the Expert Group 
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Check list for the evaluation of criteria 
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ESFRI PSE evaluation criteria 
 
Project Title 
Project type 
Project submitted by: 
Reviewed by: 
Synthesis opinion: 
 

 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? (extent: regional, European, world ?) 
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Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of  potential user community in the definition of 

the scientific case +  proposal + technical design, is international or 
local, how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 
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Evaluation Criteria Argumentation 

B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embrionic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

 

C. Business case 
- The project offers possibilities of sharing risks & opportunities  for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 
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Evaluation Criteria Argumentation 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial set to 

be developed further, to allow best use? (initial investment, successive 
implementation costs) 

- The project reports clear commitments  at State/Institutional level, and/or 
credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g Conceptual design), and if 
different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 
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Nomenclature - definitions of phases defining 
maturity of projects 
 

  



Nomenclature for RI’s project phases (annex 1 to minutes PSE 11 April 06) 
Phase Name S&T activity and 

outcome 
Cost estimates  
Budget preparation 

Organisational/ 
Institutional 
& financial 
developments 

Responsibility 
 and/or ownership 

0 Concept  Preliminary idea and 
design 

Over-all cost estimates Scientific proponents  

A Conceptual 
Design 

Detailed scientific 
concept; estimates 
for technical and 
management needs; 
feasibility evaluations 

Itemized cost estimates 

Preliminary ideas 
for legal and 
management 
structure, 
Institutional support 
of preparatory 
activities 

 
Scientific institution(s) in 
cooperation with science 
base 

B Engineering 
Design 

Validated feasibility 
Elaborated technical 
concept and 
engineering  scopes 
and solutions 

Validated and itemized cost  
and budgeting estimates. 
Financial support of 
feasibility studies 

Proposal for legal 
and management 
structure 
Negotiation among 
potential sponsors 

Temporary consortium or 
MOU of Institutions and/or 
grant holders with 
collectively appointed 
leadership 

C Detailed 
engineering 
design 

Scope and technical 
documentation ready 
for tendering and 
decision to construct 

Validated full life cycle 
costing including budgets 
and spending profiles for 
construction, operations and 
decommissioning  

Negotiations of: 
Financial resources 
and procedures for 
construction 
&operation 
 Formal legal basis 
for organization and 
governance 

Lead organization(s) 
arranging the negotiations 
 
Procedure for formal 
approval finalized and 
implemented 
 
Choice of site(s)  

D Construction/ 
Deployment  
and 
commissioning 

E Operation 

Legal organization, 
sponsors and 
management in 
place 

Legal entity formed, based 
on agreement between 
sponsors & supporters 
and with Governments 
involvement 

F Decommission 

Definition of 
multiannual plans for 
upgrades and 
science programs  

Construction budgets, 
financial rules and annual 
budgets. Expenditure 
procedures incl. purchasing, 
auditing & decommissioning 
approved by 
Governments&Institutions 
on a long term base 

Rules for winding 
up in place and 
activated 

Host country organization, 
or as agreed 

 



Appendix VII: Description of EMERGING proposals 

This Appendix contains the descriptions of the following Emerging 
proposals: 

 

E1 PEGASUS (EMEG)

E2 DACA (HPC) 

E3 PSI - FEL (HX) 

E4 NANOSCIENCE (NANO)

E5 EUFEO (NANO)

E6 PALLAS (MT) 

E7 MYRRHA (MT) 

E8 CTA (AAA) 

E9 DAΦNE (NP) 

 



 

PEGASUS 
 
1. Name and descriptive title 
PEGASUS 
Policy Support for European Governments by Acquisition of information from Satellite and UAV borne 
Sensors 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
The PEGASUS infrastructure has two basic elements : 
 
- An airborne element: a number (30 in 2014) of High Altitude Platforms (HAPs), equipped with Remote 

Sensing (RS) instruments (and potentially other instruments as well); 
 
- A ground element: a comparable number of Ground Reception stations, connected to a centralized data 

processing centre, which also integrates information from satellite sensors. Data access for the user 
community is offered via this central system. 

 
The Pegasus airborne element is to be deployed across Europe; as a whole it is able to produce a complete 
image coverage at very high resolution (20 cm ground sampling distance) of the whole of the EU every 
year; for more dedicated tasks (e.g. crop monitoring), more regular updates are possible. In case of natural 
disasters, the fleet of HAPs can be concentrated over the affected area to provide real time data.  
 
For the first time, it will be possible to acquire continuous RS data at high resolution at an affordable price, 
and by consequence this data will be usable by the science community to develop or improve RS methods 
for many areas of environmental monitoring and beyond. 
 
The (sub)elements are described below. 
 
1. The airborne platform : Mercator 1 

This is a High Altitude Platform (HAP), realized as a solar High Altitude Long Endurance Unmanned 
Aerial Vehicle (HALE UAV). It will fly in the lower stratosphere, at altitudes between 15 and 20 km 
(above the so-called Jet Stream). This zone is characterized by low wind speeds and turbulences, 
providing a stable environment for the aircraft. 
The HAP will operate during missions of many months, powered by solar energy.  
Both aerostatic (balloon or blimp) and aerodynamic (aircraft) systems have been proposed for this 
purpose in the past: 
 
- Aerostatic systems have a larger payload capability (in theory only limited by the volume of lifting 

gas – He or H2), but they require more power for navigation or station keeping due to their 
excessive volume (up to 500 000 m3). This leads to technological and logistic challenges (e.g. fixing 
the solar arrays on the envelope; building hangars of sufficient size for the construction), and higher 
cost (an order of magnitude more expensive than some aerodynamic systems). Nevertheless, some 
of these systems are under development by JAXA (Japan), Lockheed-Martin and Sanswire (USA); 
although some scale models have flown, they still seem to be far from operational use. 

 
- Aerodynamic systems generate lift by motion. At present, the military system Global Hawk 

(produced by Northrop-Grumman, USA) is able to fly at almost 20 km for up to 36 hours. 
Stratospheric flight on solar energy has been demonstrated by Aerovironment (USA) in NASA’s 
ERAST program with its Pathfinder and Helios aircraft. The same company is now developing the 
Global Observer, which is powered by fuel cells and will operate at 20 km for up to a week. QinetiQ 
(UK) has developed the Zephyr aircraft. 

 
The aircraft used in the Pegasus infrastructure is Mercator1, based on the Zephyr design. It uses solar 
energy (collected by thin film solar cells covering the wings) and high capacity batteries for power 



 

storage (presently 300 Wh/kg (300 cycles) expected to improve to 400 Wh/kg). This allows the platform 
to make uninterrupted flights of up to 8 months duration at 55° latitude. With 400 Wh/kg batteries, 
‘eternal’ flight is possible, but mission duration will always be limited by maintenance and refurbishment 
cycles. In this respect, the HAP is comparable to a satellite, but it is not bound to an orbit, so it is able 
to continuously remain above a dedicated region: it is a ‘local geostationary system’. 

 
Mercator1 is an autonomous system: it executes preplanned flight paths that it receives from its Ground 
Reception Station (GRS). There is no need for a permanent presence of a remote operator. Modification 
of the flight plan is always possible, making Mercator1 a very flexible platform. This is enhanced by the 
almost complete absence of other aircraft at its operating altitude. 
 
As the platform is only 20 km above the Earth’s surface, it requires significantly lower power for data 
transmission (providing a higher data throughput rate at the same time) than spacecraft. The proximity 
of the Earth’s surface that is observed also implies that the Remote Sensing instruments used do not 
need to meet the space qualification standards that make spaceborne EO so expensive. 
 
The Mercator1 platform is designed to interface to its payload in a simple way (mechanically, 
electrically, …), so it is possible to develop instruments with minimal impact on the platform’s design (if 
any). 
 
Compared to other remote sensing platforms (manned airborne or spaceborne), the HAP combines their 
advantages while minimizing their drawbacks: 
 
- Manned airborne platforms have limited endurance (due to fuel capacity, crew fatigue, air traffic 

and weather), so in many cases, opportunities for RS are missed. On the other hand, they offer 
superior spatial and spectral resolution and precision. 

 
- Spacecraft are bound to an orbit, giving them global coverage ability. Standardized data processing 

results in well documented products of known quality. Permanent monitoring of a dedicated region 
is only possible from geostationary orbit (35 786 km altitude). At best, the spatial resolution and 
precision are several times inferior to airborne systems. Spectral content can only be recorded at 
low spatial resolution (due to high orbital speed and limited on board storage and datalink 
bandwidth). 

 
 

2. The Remote Sensing instruments 
Remote sensing is conducted in many parts of the electromagnetic spectrum; still, the visual part is 
most important. Following instruments are currently planned to be installed on the Mercator1 platform 
(though not necessarily simultaneously): 
 
- A Wide swath digital camera (WSDC)  – observing in the visual and near-infrared spectrum (400-

900 nm). This instrument provides aerial imagery comparable to that which has been used for many 
decades for mapping purposes as well as environmental monitoring. The WSDC will provide images 
with a 20 cm ground resolution and position accuracy. 

 
- A Scanning Laser Altimeter (SLA) – operating in the near infrared spectrum (1056 nm). It is used for 

elevation mapping. Combined with the WSDC, this results in 3-dimensional information of the area 
that is observed. Elevation information is used for hydrological, visibility, sound propagation and 
other modelling. The elevation accuracy will be better than 20 cm. 

 
- A Thermal digital camera (TDC) – operating in the thermal infrared (8-12 micron). Used for heat 

loss studies and for its night vision ability. Due to the longer wavelengths, the spatial resolution is 
limited to 2 – 4  m.  

 
- A Synthetic Aperture Radar (SAR) – operating in the microwave spectrum (0.2 – 2 mm). In this 

spectral region, clouds are transparent, so the system is able to make all-weather, day and night 
observations. 

 



 

Obviously, one can imagine that the platform is also suited to carry in-situ analysis instruments for 
atmospheric research (ozone, CFC’s, …). Furthermore, there is interest in HAPs from the 
telecommunications side as well (as a supplement to existing relay stations during mass events; to 
replace damaged telecom infrastructure after a crisis; or as a low cost local relay station, avoiding the 
development of a ground based network). 

 
3. The Ground Reception Stations (GRS) 

The purpose of the GRS is  
 
- To remotely control the HAP. Although the HAP is operating autonomously, it should always be 

possible to control it directly. During ascent and descent phases, this is mandatory.  
 
- To receive the telemetry and observation data from the HAP. Data are directly downlinked from the 

HAP, so the GRS needs to be in line of sight of the HAP. This imposes a theoretical limit of about 
600 km to the distance between aircraft and GRS (this limit is usually determined by the size of the 
reception antenna dish, however). Satellite uplink requires a much higher transmission power, which 
is not available in the current system. 

 
- To buffer the data that is received and potentially process them locally (e.g. for crisis management 

applications, where information needs to be distributed locally and where telecom infratsructure 
may be damaged). 

 
- To forward the data to the central processing centre, either via high capacity land lines or via 

satellite uplink (here, the transmission power is readily available; on the aircraft, it is limited by the 
solar cells). 

 
Multiple GRSs for a single HAP are possible: it would be handed over from one to the other; most 
satellite reception facilities could in fact serve as a GRS. If properly configured, a GRS is also capable of 
handling multiple HAPs (one pointing antenna required per HAP). 
 
The GRS is conceived to be transportable and is able to provide its own power (via a diesel power 
generator). It usually fits within a standard transport container. When equipped with a satellite uplink, it 
can be deployed in every location of the earth for operational service. 
 

4. The Central Processing Centre (CPC) 
Having a central data processing centre is a guarantee for constant quality of the resulting data and 
information. It allows to install a sufficiently large infrastructure for data processing that is required 
when dealing with the expected (large) amounts of data that will be produced by the Pegasus system.  
 
The processing system is open, however. It is able to integrate dedicated processing algorithms as they 
become available from the scientific community; for efficient data throughput, these algorithms need to 
be adapted by specialised personnel, which is available at the processing centre.  The centre is also 
open in the sense that it accepts input from other sensors as well (spaceborne or airborne RS 
instruments, in-situ observations, …). 
 
Every processing step in the processing centre has been validated and is usually state-of-the-art. A 
documentation system is set up to permanently document the processes and the quality of the data. 
The processing follows the well-known paradigm of product levels: 
- Level 0: Internal archive format - Incomplete data: Image data and/or IMU data completely or 

partially available.  
 
- Level 1A Internal archive format (HDF5) – Level 1A data products are reconstructed, unprocessed 

instrument data at full resolution, time-referenced, and annotated with optional ancillary 
information, including radiometric and geometric calibration coefficients and georeferencing 
parameters, e.g., external and internal sensor orientation parameters, computed and appended but 
not applied. A bitmap quick look is added to the archive file.  

 
- Level 1B Internal archive format (HDF5) – Level 1B archive files have the same structure as Level 



 

1A files. Platform/sensor exterior orientation is enhanced using GPS base station information. If no 
IMU is integrated with the payload the sensor and image orientation will be determined by block 
bundle adjustment. Consequently, the Level 1B file is a completely self-descriptive file, enabling for 
a full radiometric, atmospheric and geometric correction.  

 
- Level 1C Internal archive format (HDF5) – Level 1B data with additional post launch sensor 

calibration data or in-situ measurements (e.g. sun-photometer readings, etc…).  
 

- Level 2 User product (GIS-ready format) – Level 2 data products are geometric and/or atmospheric 
corrected sensor values of single scenes, with a projection system and projection datum and 
resampling method according user request. 

 
- Level 3 User product (GIS-ready format) – Level 3 products are variables mapped on uniform space-

time grid scales, usually with some completeness and consistency and are the result of combining 
multiple scenes to cover the user’s region of interest. (e.g. ortho-true maps from multiple images) 

 
- Level 4 User product (GIS-ready or spreadsheet-ready format) – Level 4 data products are model 

output or results from analyses of lower level data. 
 
An interface to the data and the processing system has been set up to allow scientists access and to 
accept processing orders. Resulting data will be available either via internet or on suitable media (DVD, 
tape, ….); VITO has all the necessary accomodations to receive visiting scientists as well. 

 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for 
the scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how it 
will be a major infrastructure for that particular scientific community and will offer multi-user access? Etc. 
 
Remote Sensing science progress has been hampered in the past by  
 
- data that was unavailable: especially if a number of conditions need to be satisfied (e.g. coastal survey 

that requires low tide and clear sky), it may take a long time before the survey is actually made. Mostly, 
data acquisition is performed in sub-optimal conditions; much effort is required to compensate for this. 
Although this has led to the development of very powerful correction methods, it has not advanced RS 
science as such (only compensated for less than ideal observations); 

 
- data acquisition that was performed once only, even when dealing with dynamic processes (exceptions to 

this are meteorological satellites, and the value of continuous data acquisition in that case has been 
proven). As a result, RS science has yet to prove its potential in those areas (e.g. traffic monitoring and 
modelling); 

 
- data that could not be acquired, due to logistic and contractual constraints. Usually, the scientists that 

work with RS data have limited budgets and little influence over data acquisition. Most spaceborne 
sensors’ data is stored in libraries, so historic data is available. However, there are only a few spaceborne 
systems that observe continuously and systematically (the LandSat series, SPOT Vegetation, …). Most 
satellites serve a scientific purpose in offering capacity for ‘shots’ at predefined locations only; 

 
- inadequate data: lower than required spatial sampling and precision. Spaceborne systems have inferior 

spatial sampling to airborne systems, but their major drawback is that their spatial location accuracy is 
inadequate (several ground sampling distance) . As a result, it is hard to use these data for change 
detection, because successive images of the same area will not be coregistered precisely. 

 
The Pegasus infrastructure implements a new way of performing Remote Sensing. This is traditionally 
conducted by using manned aircraft or satellites. Using a HAP, Pegasus has following key advantages: 
 
- Availability: the HAP is solar powered and is able to remain at its operational altitude for 8 months (or 



 

more). During its mission, it is always able to make observations (obviously limited by day light for the 
WSDC). In case the area to be surveyed is obscured by clouds, the system is able to select another task 
and execute that. For this reason, three levels of tasks are planned: baseline, update and emergency. 

 
- Persistent observation: comparable to geostationary satellites for weather observation, the HAPs are able 

to keep an area under continuous observation. This is of particular interest for applications that were not 
using RS up to now (e.g. traffic monitoring)  

 
- Large area coverage at very high resolution: a single HAP will cover an area of about 150 000 km2 in one 

year; the whole of the EU can be imaged in a single year with a fleet of 50 HAPs.  The combination of 
large area coverage and yearly updates will make it possible to use computer vision techniques to detect 
changes and update cartographic databases. Up to now, this is done in a traditional, labour intensive (and 
by consequence expensive) way, leading to turn around cycles that are more than 1 year long.  

 
- Flexibility: the Pegasus HAP operates above weather phenomena and almost all civil air transport. It is 

therefore able to fly to any given position as required (within the limits of the control radius of the GCS). 
As such, the Pegasus HAP will respond to urgent data requests in less than 2 hours (worst case). 

 
- Centralized data processing: all data are processed in the same way; data is organised in different levels 

of processing, so that scientific users can even access the raw data. Basically, all data acquired will be 
archived in a standard format (HDF-5) as level-1B data (which includes the raw data, the different 
calibration files, position and orientation data) or level-1C (addition data from ground measurements 
(ground control points, spectral measurements) or atmospheric sources (humidity, aerosol contents, …).  
On request, the data can be corrected (spectral effects due to atmospheric refraction, absorption and 
dispersion; geometric effects due to atmospheric refraction, look angle and terrain relief). These 
corrections are then based on state-of-the-art methods. Further processing requires image interpretation, 
classification, measurement, etc. … Many of these methods are currently the subject of intense scientific 
research (e.g. building extraction), and they can be implemented in the data processing chain, after 
validation by the Pegasus software team. 

 
- Short turn-around time: the combination of direct downlinking and centralized processing yields a system 

that is able to provide basic imagery to the user in a matter of hours at most; full correction may take 
longer, but in many applications, this is not required. Even when full correction is applied, the process will 
take less than a week after the last items of data arrive (e.g. GPS recordings from permanent stations, in-
situ spectral measurements, …).  

 
In short, the Pegasus infrastructure addresses the major issue in Remote Sensing: the lack of suitable data 
for scientists to work on. 
 
 
 
Science areas that are likely to benefit from the existence of the Pegasus infrastructure are : 
 
- mapping: both small and large scale mapping has been based predominantly on aerial photography for 

decades. The mapping process is labour intensive and it requires additional field visits to complement the 
aerial observations. With a high image acquisition update rate and precise georeferencing, it is likely that 
existing map databases can be updated in a more automated way, leading to more recent and complete 
maps. It is even possible to update road data bases for car navigation when road construction takes place.

 
- environmental monitoring: RS has been shown to be useful to monitor many aspects of the environment; 

usually by observing the effects of pollution on vegetation (e.g. VITO has demonstrated that it is possible 
to detect heavy metal pollution in the soil by observing vegetation stress in the trees standing on the 
polluted ground). To make correct interpretation of these effects, more surveys need to be conducted 
(e.g. to quantify the effects of weather on the vegetation, as this is expected to have a larger influence 
than the pollution), and the Pegasus infrastructure is ideal for this purpose, as it can perform repeated 
observations daily if needed. 

 
- risk management and security research: in the recent past, natural disasters have affected the life of a 



 

high number of people (e.g. the tsunami in the Indian Ocean in December 2004; hurricane Katrina in 
September 2005, the Pakistan earth quake in October 2005, …). Industrial accidents have had a 
comparable impact (e.g. the chemical pollution of Songhua River in China, November 2005; the explosion 
and fire of a oil storage plant north of London, UK, December 2005). The use of RS to monitor the 
situation and help the crisis management has been demonstrated by NOAA in the days after hurricane 
Katrina passed Saint Louis; to be useful, persistent observation starting in the hours after the crisis is 
required. Also, it is necessary to have a set of complementary instruments to guarantee observation 
capability (visual and thermal for day and night, radar when the area is covered by clouds). The Pegasus 
infrastructure will also provide pre- and post-disaster images, so that damages can be assessed. 

 
- traffic monitoring: up to now, traffic monitoring using RS data has never been used on an operational 

basis, mainly because the analysis of traffic movement needs persistent observation with high update 
rates, making RS extremely expensive. However, RS is the preferred method to acquire the necessary 
input for this analysis (e.g. because it is not easy to predict where the attention needs to be focussed for 
the analysis).  

 
- crop monitoring and precision farming: RS imagery can be used to detect drought or infestations in crops 

before it becomes apparent in the field. Using this, controlled irrigation or application of pesticides is 
possible, potentially reducing effort and cost. With high resolution data (sub-meter ground sampling 
distance) and regular image updates, this can be applied even in Europe, where field areas are rather 
small.  

 
The introduction of web-services like Google Earth, Microsoft Virtual Earth or NASA World Wind has 
dramatically changed the way the general public looks at RS data. It already has created very high 
expectations in terms of spatial resolution (not just in a few international cities but at the user’s residence 
as well) and age of the data. The Pegasus infrastructure  can deliver recent data with high spatial 
resolution. The volume of data that is associated with this will need to be processed, represented and 
delivered in a practical way. These are challenges for the computer science and image processing 
communities. 
Other science fields that could benefit from the Pegasus infrastructure’s services are  
 

- atmospheric research: a payload with instruments to analyse the constituents of the lower stratosphere 
will lead to better modelling of the concentration of chemical molecules such as ozone, COx, NOx, etc. 

 
- radio communication research: already, HAPs are considered to be the solution for the ever increasing 

demand for data and voice transmission bandwidth. Instead of installing a large network of GSM 
transceivers, a single HAP could provide the same service over an area of tens of km diameter.  

 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? E.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? Etc. 
 
The Pegasus project has been developed since 2000 by VITO, first by feasibility studies (for the European 
Space Agency and for the Flemish administration for Science and Innovation). In 2004, the Flemish 
government decided to support the initiative, and partial  funding was made available in June 2005. Using 
that, VITO has ordered the construction of the Mercator1 aircraft, which will be ready for testing and 
acceptance flights in the Summer of 2006, equipped with a high resolution video payload. 
 
In parallel, the development of the first of a series of instruments has started. The Wide Swath Digital 
Camera (SWDC) will offer 20 cm ground resolution and georeferencing accuracy. It will be based on off-the-
shelf components and light weight optics, and is planned to be carried by Mercator1 from the Summer of 
2007 onwards.  
 
The central processing centre at VITO is based on the experience gained by routinely processing the data 
acquired by the Vegetation instrument on SPOT-4 and SPOT-5. It uses a network of distributed processing 
machines (Linux based) for archiving and processing. The processing chain is designed to accept many 



 

types of imaging instruments (frame sensors, pushbroom and whiskbroom sensors) and it has already been 
used to process imaging spectroscopy data sets.  
 
It is important to stress that a large part of the subsystems used in this project are actually off-the-shelf 
items. Apart from drastically reducing the system cost, it is also an effective way in reducing the 
development risks. Furthermore, off-the-shelf components are produced for a large market segment, which 
guarantees a high level of support from the subsystem manufacturers, and it allows the Pegasus 
infrastructure to benefit from technological advances that result from other market drivers (e.g. battery 
technology advances due to the increasing demands by computer laptops, mobile phones etc.). 
 
Test and validation of the system will take place in 2006; persistent operation will start in 2007. At that 
time, a single HAP and processing centre will be available for the scientific community.  
 
The Pegasus infrastructure should use this heritage to fully develop a highly capable RS system throughout 
Europe in the years after 2007. It should be built up gradually, to take technological evolution into account:  

- better batteries or regenerative fuel cell technology will allow longer endurance. It is expected that 
by 2010, this will allow the HAP to fly indefinitely; 

- better thin film solar cells will provide more power to the payloads. This is required for the active 
instruments (SLA and SAR); 

- larger aircraft will be able to carry more mass. SLA and SAR will have a mass of the order of 5-10 
kg, which can be carried by a 30 m wingspan aircraft; 

- data compression and transmission technology will improve due to the increasing demands that the 
Internet generates. This will be required especially for SAR. 

- advances in computer technology and processing power (Moore’s law) will make more complicated 
algorithms a feasibility. 

 
The infrastructure should be built up by serial production of HAPs (which reduces the price per item), and 
also by upgrading the design annually according to the available technology (which increases the capability). 
With appropriate funding, the infrastructure will be fully deployed in 2012. This includes different types of 
RS instruments, but also offers other disciplines access to the HAP platforms (e.g. in telecommunication or 
atmospheric research). To support the HAPs, a redundant number of Ground Control Stations (GCS) is 
required (so that the HAP can be handed over from one to another). Existing satellite reception stations can 
easily be adapted to act as a GCS, which increases the redundancy even more. The table below shows the 
project development time line (preparation phase in yellow (2007-2008), operational phase in green (2009 
onwards)). 
 

 # HAPs Types of RS instruments 
(+ other applications) 

# GCSs (+ use of existing 
infrastructures) 

2007 1 1 1 
2008 2 1 2 
2009 5 2 (+1) 8 (+2) 
2010 10 2 (+1) 14 (+5) 
2011 15 3 (+1) 22 (+10) 
2012 20 3 (+2) 30 (+15) 
2013 25 4 (+2) 38 (+15) 
2014 30 5 (+3) 45 (+20) 

  
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
Remote sensing is a subject of many academic and other research institutes (e.g. EARSeL, the European 
Association of Remote Sensing Laboratories currently has 251 members) throughout Europe. Despite this 
high number, the major obstacle for the advancement of research is the lack of data, due to its high cost. 
Many institutes currently focus their efforts on a small set of data that is available for free or has been 



 

acquired at considerable cost in the past. They do not have the financial means to work on data that are 
most appropriate for the issues at hand.  
 
The Pegasus infrastructure will generate RS data of many areas at high resolution with high temporal 
resolution if needed; this can be provided to every institute. This will help to improve the development of 
methods and algorithms, since the data at the source are better suited to the problem to be solved. 
Providing data with high spatial and temporal resolution will help the research community address the needs 
of the authorities (e.g. supporting the European agricultural or environmental policy), the market and the 
public in general.  
 
Having a pan-European RS infrastructure will bring the European remote sensing research to the top level 
internationally.  
 
6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? E.g. what is its impact on human 
capacity and training?  
 
Essentially, Remote Sensing methods are tools to be used in very diverse fields of application. In most 
cases, there are methods or instruments that yield more detailed or precise data, but RS usually produces 
more timely and homogeneous data if the area to be surveyed is large.  
 
Especially in crisis management (in Europe and beyond), RS has an important role to play, as it gives the 
authorities a bird’s view of the situation, allowing them to act quickly (sending support to the right place, 
evacuating where necessary) so that damages and lives lost are greatly reduced. As an example, forest fires 
in 5 Mediterranean EC countries (Portugal, Spain, France, Italy and Greece) have estimated to have 
destroyed 350 000 ha in 2004, of which more than 20% were agricultural. It is obvious that if this could be 
reduced even by a few percent only through the help of the Pegasus infrastructure, this would reduce the 
economic and environmental damages by millions of €. 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
There is growing interest in the use of High Altitude Platforms for civil applications in Europe and beyond. 
Past and current projects or calls include: 
 

- EC FP5: Helinet – A Network of Stratospheric Platforms for Traffic Monitoring, Environmental 
Surveillance and Broadband Services (2000-2003) 

 
- EC FP6: Capanina – Communications from Aerial Platform Networks delivering ‘Broadband for All’ 

(2003-2006) 
 

- COST Action 297: HAPCOS – High Altitude Platforms for Communications and Other services 
(2005-2009). VITO is an active participant. 

 
- EC FP6 Specific Support Action: USE-HAAS –High Altitude Aircraft and Airships (2005-2006). VITO 

is chairing the Remote Sensing WG. 
 
- EC FP6 IST Call #5 (closed 15 Sep 2005) explicitly called for proposals that use HAPs for ICT for 

Environmental Risk Management. VITO was contacted by three different consortia and successfully 
participated in one proposal: OSIRIS, which is currently under evaluation at the EC. 

 
- ESA has had at least two studies done : the HALE aerostatic platforms study (ESA contract 

13243/98/NL/JG, 1998-2000) and the Feasibility study : the use of High Altitude Platforms 
(HAPs) for Remote Sensing (ESA contract 90092, 2003, executed by VITO). 

 
- The Flemish Government – Administration for Science and Innovation has ordered VITO to study 



 

the use of HAPs for continuous environmental monitoring (2003). 
 
- JAXA (the Japanese Aerospace Exploration Agency) has an active Stratospheric Platform 

program. 
 

- NASA has conducted extensive studies and experiments with solar HALE UAVs in the ERAST 
program 

 
VITO has received expressions of interest in the Pegasus project from institutes in many European countries 
(Spain, Finland, Poland, Italy, the Netherlands, Germany).  
 
10. Budgetary information ~ 2 pages   
Preparatory cost  
(total in M€) 
28  
 

Construction cost (total 
in M€) 
418 

Operation cost (total) 
 
See table below 
(10 % of construction 
cost) 

Decommissioning cost 
(total in M€) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

 
The preparation phase (2006-2008) results in 2 HAPs with associated GCS and WSDC payload and a central 
processing centre at VITO 
 

(cost in M€) 2006 2007 2008 
HAP 9.0  9.0  
WSDC 3.0 2.0  
GCS 1.0  1.0 
CPC 1.0 1.0  1.0 
operation 1.4  1.7 2.8 
TOTAL 15.4 4.7 13.8 

 
The construction of the complete infrastructure (2009 – 2014) adds 28 HAPs, 43 GCSs, 28 instruments of 
different types, and expands the CPC accordingly 
 

(cost in M€) 2009 2010 2011 2012 2013 2014 
HAP 27  40  40  40 40 40 
WSDC 4 6 6 6 4 4 
SLA 6 6 6 6 6 6 
TDC   4 4 8 8 
SAR     8 16 
other      5 
GCS 6  6 8 8 8 7 
CPC 3  3 5  5 8 10 
Operation 7.4 13.5 20.4 27.3 35.2 44.6 
TOTAL 53.4 74.5 89.4 96.3 117.2 140.6 

 
The HAPs are estimated to have a 10 year life time, with proper refurbishment and replacement of critical 
components (such as batteries or solar cells); the instruments will need refurbishment on a yearly basis. 
The operation of the whole infrastructure is based on a single site for the central processing centre.  
 
 
 



 

11. Timetable until operation ~1 page 
Give a short estimation about the timetable until operation 

Preparatory phase 
2000-2005 
 

Construction phase 
2005-2008 

Operation  
2009 onwards 

Decommissioning 
At present, not foreseen 

See 4. 
 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
 
VITO, Flemish Institute for Technological Research 
Boeretang 200, 
B-2400 Mol, Belgium 
 
Contact: Jurgen Everaerts, tel. +32 14 33 68 34; jurgen.everaerts@vito.be 
 
 

 



 

DACA 
 
1. Name and descriptive title 
 
DACA: Data management, curation and analysis in the sciences 
 
2. Short description of new RI (or major upgrade) and main characteristics 
 
A networked infrastructure developing data analysis methods and software for the use of various sciences. 
Each node of the network works in connection with a specific heavy user of data analysis and management 
methods, and the networks cooperate on the application-independent aspects of the work. 
 
3. Science case (scientific justification, including new areas to be opened)  
What is the relevance of the new RI with respect to improved technological performance and benefits for 
the scientific community? Give some indications on the research programme(s) it will support and how such 
project will enable new opportunities for the scientific fields and decisive progress for science? Precise how it 
will be a major infrastructure for that particular scientific community and will offer multi-user access? etc. 
 
Software and data management costs are a major part in scientific data processing.  Commercial software is 
able to handle only parts of the needs of different sciences. While the needs of different areas are different, 
there still are large commonalities between areas. Areas such as building data repositories, data 
transformations, fitting complex models in large-dimensional data sets in a robust way, visualizing complex 
phenomena etc. are difficult yet crucial in many scientific fields, and they require lots of effort. Currently, 
different research areas are typically building the software from scratch, without using the existing results 
produced in other areas.  
 
Such a European networked infrastructure devoted to the development of scientific software would decrease 
the amount of duplicate work, foster faster distribution of novel data management and analysis tools and 
techniques, and improve the quality of software.  
Such an infrastructure could be based on interconnected nodes working in connection with existing research 
centres in various areas. The nodes would have as one task the development of software for their area, 
while maintaining solid cooperation with the other nodes in sharing and distributing the components that 
have multiple uses and users. Some of the nodes could also be connected with the development of 
specialized data repositories.  
 
4. The Concept case (maturity of proposal)  
Give indications on the technical concept for the realisation of the new RI (or major upgrade)? e.g. evidence 
of feasibility studies, including identification of technical challenges and risks. Precise which are the 
projections about timetable and costs for construction, operating and decommissioning? etc. 
 
This is still an embryonic idea, but one which resonates with themes in a number of the outline proposals 
submitted to the Group. 
 
5. Further information, including strategic importance to ERA  
Identify how this initiative will help to reduce fragmentation of efforts in Europe? How it will increase 
attractiveness and efficiency of ERA? What is its pan-European interest? What is its relevance to other 
existing and developing international facilities? 
 
The infrastructure would work towards integrating different regions and different areas. Data analysis is 
becoming more and more important also in industry, and industry could be part of the clientele of the 
infrastructure. 
 



 

6. Identification of other socio-economic impacts 
What is the potential contribution to European socio-economic objectives? e.g. what is its impact on human 
capacity and training?  
 
Strong impact on researcher training. 
 
7. Participating organisations / support from Member states  
Which are relevant parties already involved, both from scientific and user side?  
Are there already commitments from Member States eventually ready to fund the initiative? 
 
 
 
10. Budgetary information   
Preparatory cost  
(total in M€) 
1  
 

Construction cost (total 
in M€) 
40   

Operation cost (total) 
 
20 / year 

Decommissioning cost 
(total in M€) 

(of which likely to be 
obtained by possible 
stakeholders) 
 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

(of which likely to be 
obtained by possible 
stakeholders) 
 

11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
2006-2007 

Construction phase 
 
2008-2010 

Operation  
 
2008-- 

Decommissioning 

12. Contact 
Give the reference of the coordination organisation and contact person; whenever possible indicate web 
site(s) of reference. 
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1 DEVELOPMENT OF COST EFFECTIVE X-RAY FREE-ELECTRON LASERS 
Free-Electron Lasers (FELs) are promising devices to extend the capabilities of 
3rd generation synchrotron light-sources like the Swiss Light Source (SLS) [1]. 
Typically the latter produces trains of pico-second long light-pulses from the 
infra-red to the X-ray spectral region. The coherence is limited to the transverse 
plane. In contrast, the FEL can produce fully coherent, short-pulsed (femto-
second) radiation with orders of magnitude higher power and brightness [2]. 
Both sources have the option to select the wavelength or photon energy. As 
such the FEL is a unique tool that translates the properties associated to 
classical laser systems into a spectral regime, which is presently only accessible 
with synchrotron radiation. This makes the FEL an extremely valuable light-
source for scientific research [3,4,5,6,7]. 

Specifically at short wavelengths like X-rays the brightness of the electron 
source affects strongly the size of an FEL facility and proves to be a major cost-
driving factor for the construction and operation. This drawback of high costs is 
particularly important since the number of experiments that can be 
accommodated with a single FEL is limited, both in absolute number and 
compared to existing Third Generation Light Sources. We have consequently 
the conflicting development that these projects have to be of supranational 
character because of the high investment costs, on the other hand the access of a 
large number of users will not be easily and economically possible. 

2 EUROPEAN CHARACTER OF THE PROJECT AND RELEVANCE FOR 

EUROPE 
Given the high costs and the limited access possibilities to FEL X-ray facilities, 
it is of high relevance and of fundamental EU research interest to develop 
concepts, which aim to reduce the size and cost of such projects. The 
development at PSI aims for the realization of a Free Electron Laser in the X-ray 
regime based on advanced concepts that will result in a substantial down 
scaling of the facility. A side effect will be the proximity of the research groups 
to the facility which has been proven to be important for several experimental 
activities at Third Generation Light Sources. 

The project fulfils the basic requirements for consideration as an embryonic 
project as formulated by ESFRI: 
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• It corresponds to the future needs of the scientific communities in 
Europe, demonstrates impacts on scientific developments, supports new 
ways for science and generates enhancement of the European Research 
Area. 

• It corresponds to the future needs of the scientific communities in 
Europe, demonstrates impact on scientific developments, supports new 
ways for science and generates enhancement of the European Research 
Area. 

• It is supported by the national government. The project is considered as 
the next large scientific installation at the Paul Scherrer Institute (PSI) 
and receives already now considerable financial support from the 
institute. The construction of a 200 to 250 MeV injector as first element of 
the facility, has been accepted as part of the strategic planning of the 
ETH domain for the years 2008 - 2011. 

• A Peer Review Committee has been installed to accompany the 
execution of the project. The first meeting will be held in March/April 
2006. Internal at PSI a Steering Committee has been formed that will 
supervise the administrative part of the project. 

• The major European synchrotron radiation laboratories have recognized 
the importance of the project, have emphasized its importance and 
expressed their interest to collaborate in the future. 

• The project has an embryonic character. It is very challenging but so far 
no show stoppers have been faced.  The reward in case of a success and 
the impact for the European Research Area would be large. 

3 LOCAL COMPETENCE 
At present, the third generation light Source SLS is technically the most 
advanced light source worldwide. Pioneering features, which are of specific 
importance to users of this source include: 

• A minimum electron beam emittance of 5 nm rad to obtain the 
maximum possible brilliance and coherence of the light [8]. 

• Extension of the spectral range of a medium energy light-source with in-
vacuum undulators into the X-ray regime, which is particularly 
important for protein crystallography [9,10]. 



 

    4 

 

• Elaborate electronics equipment ensures that the beam position is kept 
constant to less than 1µm. This performance, which has not been 
reached before incorporates a series of new developments such as: (1) 
stable top-up injection from the booster into the storage ring [11], (2) a 
passive superconducting RF-system to lengthen the bunch for 
suppression of multi-bunch instabilities and to increase the lifetime [12], 
and (3) a four channel digital beam position monitor (BPM) system with 
bunch by bunch measurement capability and a new digital power 
supply controller with DSP for increased stability and flexibility [13,14]. 

These features have also proven to be interesting for other projects. For 
example the introduction of top-up injection has proven to be ground-breaking. 
It keeps the intensity of the circulating electron beam constant to one part in a 
thousand and provides a constant heat load on optical components such as 
mirrors, detectors, etc., which leads to an important enhancement of the 
stability of the photon beams for use in the experimental areas. Moreover, by 
stabilizing the heat load on the accelerator components, it allows to achieve 
unprecedented electron beam stability, on the order of magnitude of 1% of the 
beam size. This feature has now become state of the art for third generation 
light sources. Even B-factories are now converting to this operating mode with 
the result of a considerable increase in luminosity and an alleviation of 
background problems. 

A second example is the four-channel BPM system, which in the context of the 
European TESLA X-FEL collaboration, is now modified at the PSI to facilitate 
the needs of this project [15]. 

4 LOCAL FEL ACTIVITY 

4.1 INTRODUCTION 
The successful operation of a FEL depends on the combination of high peak-
current, a low energy spread, and a high brightness of the electron beam. 
Operation in the Angstrom spectral range (0.1 nm or 12.4 keV) typically 
requires a peak current of a few kA, a relative energy spread below 10-3, and an 
as low as technically possible transverse emittance [ 16 ]. The emittance 
requirement is particularly challenging since state of the art electron-gun 
technology inhibits operation in the X-ray spectral range with a short undulator 
period and low electron beam energy. Projects such as the European X-FEL [17] 
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and the American Linac Coherent Light Source [18] overcome this problem 
with a significantly increased beam energy and undulator length. Note though, 
that such an option is expensive since it more then doubles the size and cost of 
the required infrastructure. 

The present project at PSI involves the development of an electron source that 
enables operation of an FEL at 0.1 nm with permanent-magnet undulator 
technology and minimum beam energy, i.e., a cost-effective way to obtain laser-
like radiation in the X-ray spectral region. In the novel gun concept of the 
project, electrons are extracted from the cathode surface by cold (or field) 
emission from nano-structured tip arrays. The extraction of electrons from the 
tips is triggered by voltage pulses applied between a closed spaced gate and the 
tips-array. The small dimension of the tips enables a much smaller initial 
emittance as compared to other sources like an RF photo-cathode. In addition, 
the geometry of the tip-arrays introduces a large field enhancement, which 
reduces the effects of space-charge and the resulting growth of the emittance.  

4.2 CONCEPT 
The layout of the proposed reference system is presented in Figure 1. The 
scheme is a result of design considerations stated above and parameter scans 
discussed in Sec. 5.2 

 
Figure 1: Details of the injector are shown at the top. The main linac and undulator 
beamlines are shown at the bottom. See text for details. Note that the conceptional 
phase consists of a single undulator beam-line only. For a future user-facility more 
beamlines are foreseen as indicated by the shaded area in the lower-right side of the 
figure. In this case linac-3 enables independent energy and wavelength tuning of each 
beamline. 

Starting point is the expected performance of LEG (see Table 1). The electron 
beam is then inserted into a 1.5-GHz room-temperature injector followed by a 
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3-GHz booster and main linac. Here the 3-GHz S-band technology serves as 
reference. Higher frequencies, such as C-band (6 GHz) or X-band (12 GHz) 
technology, are also considered as they might allow for a further cost reduction 
because of their higher accelerating gradient and consequently a smaller 
infrastructure. However, these alternatives are not expected to significantly 
influence the technical aspects of the facility and are therefore subject of future 
investigations. 

Table 1: LEG target specifications 
Peak current I > 5 A 
Pulse duration (FWHM) τ 35 ps 
Bunch charge Q 0.2 nC 
Beam energy E 1.0 MeV 
Energy spread (FWHM) σE 0.5 eV 
Emittance (normalized) εn 0.5×10-7 m-rad 
Repetition rate f 10 Hz 

 

Table 2 specifies a set of electron beam target parameters at the high-energy 
end of the linac, i.e., the FEL input parameters. At present the table reflects the 
combined results of (1) performance sensitivity-scans and simulations for a 
wavelength of 0.1 nm, and (2) educated estimates of the linac system. A 
verification of this performance forms the core of the project and is presently in 
progress. 

Table 2: FEL target specifications. 
Wavelength λ 0.1 nm 
Photon energy ħω 12.4 keV 
Beam energy E 5.8 GeV 
Peak current I 1.5 kA 
Bunch charge Q 0.2 nC 
Average β -function β 15 m 
Emittance (normalized, slice) εn 1×10-7 m-rad 
Energy spread (rms, slice) σE 0.6 MeV 
Undulator period λu 15 mm 
Undulator type  planar  
Undulator strength K 1.19  
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The implementation scenario based on the design is sketched in Figure 2. Here 
the accelerator is located in a tunnel below the surface for radiation shielding 
purposes. After the accelerator the electron beam is transported up to the 
surface into a hall where it passes a final acceleration stage (linac-3 in Fig. 1) 
and through the FEL before it is dumped. The experimental area is located on a 
straight line behind the undulator. The spacing between the undulator hall and 
the experimental area allows the photon beam to expand to power density 
levels, which can be handled by conventional grazing incidence optics. The 
sketch represents, in terms of the length, a non-optimized and conservative 
design. Possible candidates for further optimization are: (1) an improved 
design of the linac optics, (2) higher gradient accelerator technology such as 6-
GHz and 12 GHz technology, and (3) relocation of the linac to surface level to 
eliminate the vertical ramp shown in the bottom graph of Figure 2 

injector linac 1+2

0 50 150 250 m100 200

linac 3
undulator

hall

(vertical scale x10)
side-view

top-view

klystron gallery

experimental
hall

ground-level
linac tunnel

 
Figure 2: Possible scenario for a facility layout based on 3-GHz accelerator technology. 

Even a non-optimized design fits well within the flat area close to the SLS. An 
example of a possible implementation is shown in Figure 3. It follows that both 
North and South of the SLS there is sufficient space for the complete facility. 

The expected performance in terms of peak brightness is presented in Figure 4. 
The dots represent the target shortest wavelength of the proposal. Eventually 
the laser will cover a spectral range, which is depicted by the line in the graph. 
At present there is not yet a long-wavelength limit of the project. This will be 
determined later in close collaboration with potential users of such a source. 
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Figure 3: Possible scenario for a facility layout based on 3-GHz accelerator technology. 
The arrows on the aerial map (left) indicate a distance of 800 m, sufficient to house the 
accelerator, undulator hall and an area for user experiments in a worst-case scenario 
(see Figure 2). 

 

Figure 4: The peak brightness compared 
to the SLS beamlines. The lower curve 
corresponds to a SASE FEL. The seeded 
case refers to a case study with seeding at 
the fundamental wavelength (0.1 nm) 
with a peak power of 50 kW (e.g., a self-
seeding scheme as proposed by Saldin et 
al. [19].  

(a) 

(b) 

SLS
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Note that the graph depicts performance estimate for both an X-FEL that starts 
from noise (SASE or Self Amplified Spontaneous Emission) and in the case of 
seeded operation. For technical reasons the present phase of the design we 
concentrate on the SASE mode. That is, in this stage of the design there is not a 
fundamental difference in requirements to both the electron beam and the 
undulator length. For reference the non-seeded case is taken as it is more 
straightforward to interpret performance estimates. A final choice on the mode 
of operation will depend on the availability of seed-sources in the X-ray regime 
and discussion with potential users. 

4.3 ROADMAP TOWARDS AN X-FEL FACILITY AT THE PSI 
To reach the final goal of an X-FEL facility at the PSI the combined effort has 
been split in two major components: (1) the development and test of a low-
high-brightness and low emittance source based on field emission, and (2) the 
development of an accelerator concept that preserves the original emittance 
and severs as driver for a cost effective X-ray free-electron laser. 

Gun Development

Cathode 
Development

Cathode 
Development

500 kV
test-stand

500 kV
test-stand

5 - 25 MeV
test-stand

5 - 25 MeV
test-stand

Theoretical Performance Analyses

1 MV
pulser
1 MV
pulser

100 kV
test-stand

High Gradient
Conditioning

X-FEL Development

X-FEL
Parameter Study

Evaluation

LINAC Feasibility 
Study

X-FEL 
Concept

Injector Test
Facility

X-FEL 
Project  

Figure 5: Schematics of a possible roadmap towards an X-FEL at the PSI. See text for 
details. 

The former activity involves the fabrication, processing, and tests of field-
emitters with the specification summarized in Table 1. To compare the 
performance with theory and specifically diagnose the obtained brightness of 
the source, the final stage of this effort also foresees an acceleration of the 
electrons up to 25 MeV. This part of the effort has been initiated in 2003 and is 
foreseen to continue until 2008. 
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The development of an X-FEL concept, which has started 2004, involves the 
study of the machine aspects of the FEL. Most important is to determine the 
technical feasibility to construct an X-FEL based on the LEG design and to 
establish the possible costs involved. For this purpose a stripped-down 
machine-layout has been defined, which enables a careful study of those 
operational aspects that are expected to be fundamentally different from other 
FEL projects. Here the following issues are important:  

• Preservation of emittance  
The goal is to establish that the target normalized emittance of LEG, i.e., 
5×10-8 m rad, can be maintained throughout the accelerator. This is an 
important issue since linac configurations of other FEL projects are all 
designed for a target normalized emittance of 1×10-6 m rad or more. 

• Electron beam compression  
The expected peak current of LEG will be a factor of 10 to 20 lower, as 
compared to electron sources at other projects. Consequently an FEL 
based on LEG must incorporate a higher electron-bunch compression 
ratio to reach the peak-current levels that are required for the FEL 
project. Compression schemes may degrade the emittance and hence, 
need to be carefully studied. 

In addition the following boundary conditions have been considered: 

• Spectral range: λ ≥ 0.1 nm (ħω ≤ 12.4 keV)  
From the arguments in the previous section it follows the FEL should 
target wavelengths below 1 nm. More specifically it should target a 
wavelength of 0.1 nm as this would maximize the complementarily with 
the SLS and be of highest scientific interest. Note that the operation of an 
FEL becomes more challenging as the wavelength decreases. In practice 
a possible FEL will cover a spectral range for which the lower limit is set 
by this target and the upper limit may be defined at a later stage. 
Typically FELs have a spectral tuning range of (several) decades. 

• PSI User Facility  
FELs may be developed for pure FEL-R&D purposes or to serve a 
scientific community as a light-source. At the PSI the establishment of 
the latter will naturally merge the FEL with the expertise of the SLS user-
community and provide scientists access to two complementary light 
sources in a similar spectral domain, i.e., the SLS with a high average 
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flux and pico-second pulses, and an X-FEL with a high peak-flux and 
femto-second pulses. This option is considered scientifically more 
valuable then the establishment of an FEL research facility. 

A more detailed roadmap towards the X-FEL facility is depicted in Figure 5. 
Details are presented in Sec. 5 and summarized below. 

4.3.1 Low-emittance gun development 
A series of innovative developments will be performed for the project which is 
at the frontier of the technology. They are crucial for the performance of the 
facility. Working is going on in parallel on the following fields: 

• Field Emission Electron Source  
Single-tip field emitters and field-emitter arrays are investigated as 
potential low emittance electron sources. Several materials, conditioning 
techniques, operation modes (pulsed, laser illuminated, etc.) are 
currently under investigation to fulfill the FEL cathode requirements. 
Photo-assisted field emission seems to be a promising process to reach 
the required peak-current and temporal structure. 

• High Gradient Acceleration  
A fast acceleration of the beam in the relativistic regime is mandatory to 
minimize emittance blow-up by space charge. To achieve this, the 
electron source will be installed in a pulsed diode configuration for high 
gradient acceleration (≥ 250 MV/m). High voltages with short pulse 
lengths are needed to reduce the breakdown probability in the 
accelerating diode structure. A 500 kV high voltage supply delivering 
200 ns long pulses is currently under construction and should enable 
gradient acceleration. Surface cleaning techniques are also studied to 
sustain such high gradients. 

• Double Frequency Gun Cavity  
Further acceleration after the diode will be achieved with a high 
gradient 1.5-cell RF cavity. In view of the FEL requirements later, we 
plan to use a specially designed double-frequency harmonic cavity. The 
design of this cavity optimizes the acceptance of long bunches and the 
preservation of the emittance. 
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4.3.2 X-FEL development 
The pathway for an X-FEL follows the bottom part of Figure 5 and consists of 
the following main steps:  

• X-FEL parameter study  
Details of this study are discussed in Sec. 5.2.2. The main purpose is to 
establish a set of working parameters for the electron source and a 
possible FEL. 

• Linac feasibility study  
The FEL proposal incorporates several technological risk-factors, e.g., 
preservation of the emittance throughout the linac. The feasibility study 
aims to establish quantitative insight in all critical technology aspects. 
For this a reference system has been defined, which has been discussed 
in the previous section. The reference can be summarized with: 
− Field-emission electron gun. 
− A 6-GeV room-temperature 3-GHz main linac. 
− Planar undulator sections of 4.5 m length and a 15-mm period.  

• Evaluation 
The aim is an evaluation of: (a) possible costs associated with the 
construction of an X-FEL, and (b) identify the critical technologies that 
limit the operational range of the laser (e.g., in terms of wavelength). 
Note that the reference system is neither optimized in terms of 
performance, nor in terms of cost. For example, possible cost-reducing 
options are: alternative higher frequency accelerator technology, and a 
reduction of the undulator period a beam-energy.  

• Concept 
The outcome of the evaluation may be used to establish a realistic 
concept of an X-FEL facility, which can be used as a reference for 
discussions with potential users. The outcome should be a conceptional 
design of the machine as well as its scientific case. 

• Demonstration of critical technology  
The feasibility study only establishes a theoretical evaluation of the 
technological risks involved. It is therefore advisable to demonstrate the 
control of critical technology experimentally prior to a full investment 
into the project. A possible demonstration project would aim at: (a) 
experimental verification of most critical aspects of the machine, (b) 
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development of diagnostics that is critical for a successful operation of a 
future light-source, and (c) establishment of experience linac technology 
that is capable to drive an FEL. A concept for such a demonstration-
experiment still needs to be established and will depend on the outcome 
of the feasibility study. Most likely such an experiment will concentrate 
on the control of the electron beam quality in the space-charge 
dominated regime, i.e., a linac up to an energy of 200 to 250 MeV (see 
top part of Fig. 1). Note that the design and results of such an 
experiment are closely related to the outcome of the ongoing gun-
development. 

• X-FEL facility  
The concept and demonstration experiments will form the basis for a 
technical design of a future facility. 

5 OVERVIEW OF THE WORK STATUS 

5.1 LOW EMITTANCE GUN (LEG) DEVELOPMENT 
Work is performed on the development of a Low Emittance Gun (LEG) based 
on the use of Field Emission Cathodes as electron sources. The primary goal is 
to achieve normalized emittance values as low as 5×10-8 m rad at the cathode 
level. In comparison, emittances reached with more conventional cathodes 
(photocathode or thermionic cathode) are in the order of 10-6 m rad. Ultimately 
the emittance is limited by the properties of the electron source: the thermal 
emittance. Field emitted electrons are expelled from the solid with a smaller 
initial kinetic energy (cold electrons) in comparison to photo-electrons or 
thermionic electrons. In addition, higher current densities (up to 1012 A/m2) can 
be theoretically achieved by field emission so that smaller beam diameter can 
be produced.  

5.1.1 Cathode Development 
Two types of cathodes are currently studied in the LEG laboratory: field 
emitted arrays (FEAs) and needle cathodes (or single tips). In FEAs, several 
thousands of tips are emitting beamlets which are individually focused so that 
the divergence of each tip stays relatively small. The "needle cathodes" are 
etched from wires and can be coated with robust materials like ZrC. The 
emitted beam has an extremely small diameter (a few micrometers square) and 
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thus a small emittance. So in the first case (FEA), the goal is to produce a 
millimetric beam with an extremely small divergence as in the second case 
(needle option) we are aiming for a beam of a few micrometers in diameter 
with a divergence given by the tip geometry. 

5.1.1.1 Needle Cathode Field Emitter 

Single tip emitters (Figure 7) have demonstrated very high current density 
capabilities (up to 1012 A/m2 [20,21]), which means that very small beam 
diameter can be produced. Several amperes have been extracted from such 
micrometric tip when emission was pulsed in the nanosecond region [22,23,24]. 
The tip apex radius (~ micrometer range) is much larger than in the case of FEA 
tips and thus it requires higher voltages (tens 
of kilovolts) to field emit. The corresponding 
initial diameter of the emitted beam could be 
as small as a few micrometers.  

Since it is difficult to produce electric pulses of 
several kilovolts amplitudes and tens of 
picoseconds durations we are currently 
exploring another way to modulate the 
emission from the needle cathode thanks to a laser. With this, a remarkable 
improvement of the emitted current up to 570 mA could be reached (Figure 8). 

 
Figure 8: Results obtained with laser assisted field emission. Green light has been used, 
i.e. the energy of the photons is not sufficient for photo emission. 570 mA could be 
extracted from a single tip. 

Laser assisted field emission is an interesting way to generate high brightness 
beam [25]. Indeed, laser can modulate the emission to very short durations and 
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the emission is confined to a small area at tip apex where the electric field is 
high. Finally, if the electric field is sufficiently important photons with 
wavelength as large as 1064nm can produce photo current pulses as shown in 
Figure 9. 
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Figure 9: Measured peak current versus apex electric field when laser pulses at 1064nm 
were sent on a ZrC tip for two consecutive measurements. The number of electrons 
that can be possibly excited by 1064 nm photons as described by the formula on the 
right is also represented on the graph for two different work functions.  

5.1.1.2 Field Emitter Array (FEA) 

Field emitter arrays are produced under clean room conditions with standard 
microelectronics techniques. After several deposition and etching procedures it 
is possible to produce arrays with thousands of metallic tips on a one 
millimetre diameter disc area. Each tip is covered by two gate electrodes 
separated by a one micrometer dielectric thickness (Figure 10). By applying a 
few hundred volts between the tips and the first gate layer it is possible to 
extract electrons from tip apexes by field emission. This emission will then be 
focused by the second gate layer so that the FEA produces a beam made of 
beamlets with extremely small divergence. 
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Figure 10: Left - a cut view of a typical FEA cell (two gate layers are deposited above 
the microscopic tip). These metallic gate layers are isolated from each other by 
dielectric layers. By applying a few hundred volts between the metallic tip and the first 
gate layer (extracting gate), field emission arises from tip apex. Locally the electric field 
reaches values as high as 10 GV/m so that electrons start to tunnel through the tip-to-
vacuum potential barrier. Electrons have very little thermal excitation (cold emission) 
so that they follow exactly the electric field lines (middle: divergence with single gated 
tip). In order to shape the electron trajectories a second gate layer with the appropriate 
potential can focus the emitted beam. The voltage applied between the tips and the 
first gate layer can be modulated in order to pre-bunch the electron emission (right: 
field emitter array with φ~200 µm)  
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Figure 11: Current voltage characteristic of a FEA from SRI Inc. after conditioning 
procedure, in a space charge limited regime (black curves) and without space charge 
limitations (red curve). Inset: Fowler-Nordheim representation of the same curves. 

In FEAs, an important limit to high peak current operation is the non 
uniformity of tip arrays. Indeed, only very small geometrical differences at the 
nanometric scale between tips can make huge differences in the current emitted 
from one tip to the other. Typically, only a few percents of the total number of 
tips are emitting within a new tip array [26]. In order to improve the uniformity 
of emission we are currently testing methods of tip forming / blunting. Actually 
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the heat produced by Joule and Nottingham effect during emission can activate 
surface migration so that the tip can be dulled / annealed. In consequence the 
sharpest tip can be smoothed until the second sharpest tip start to emit and so 
on until the uniformity can be improved [ 27 ]. With this so-called "pulse 
conditioning method" [28] the uniformity of emission on commercial FEAs 
could be improved and in consequence the maximum emitted peak current. Up 
to 120 mA have been emitted in our labs from a FEA having 50’000 tips on a 
one millimeter diameter disk area (see Figure 11).  

5.1.1.3 FEA Fabrication 

In parallel to close collaboration with companies, expert in field emitter 
fabrication, PSI is developing his own production of field emitter arrays with 
the appropriate characteristics for an FEL application. The goal is the 
production of field emitter arrays of one millimeters diameter or less with 
several thousands of tips. Tips are covered by an extracting gate layer and a 
focusing gate layer.  

 
Figure 12: Mo tip array produced at PSI LMN, the pyramid base is 1.5 µm × 1.5 µm. On 
the right side one gated tip is shown in top view. 

Tips are produced with the so-called molding technique [29] where silicon 
etched pits are filled with molybdenum. First attempts of gate deposition have 
been recently performed at PSI - LMN (Figure 12). 

 

5.1.2 Theoretical studies on emittance preservation 
Special simulations tools have been developed in order to take into account the 
granularity aspect of the beam (FEAs produce thousands of beamlets regularly 
spaced) [30]. Those simulations showed that beam emittance is only slightly 
increased when going from a smooth distribution to a granular one as 
illustrated on Figure 13. More important is the distribution of defective tips 
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over the field emitter arrays which can multiply by ten the slice emittance when 
80 % of the tips are defective (see Figure 14 right part). 

 
Figure 13: Simulation of slice transverse 
emittance transportation along the beam 
axis z for different accelerating gradient. 
The simulation domain is represented on 
the top.  

 
Figure 14: Cut view of simulated FEA beam with various current density distributions 
when some of the FEA tips are defective. The top left distribution has the minimum 
influence on beam emittance as the bottom right represents the worse case. 

 
Figure 15: Cathode-anode assembly integrated in the 500 kV pulser, see Figure 22. 
Shown is the cathode support, the diode gap where the voltage is applied and the RF-
cavity with rotational symmetric power input. 

The first stage of acceleration, see Figure 13), is of particular interest because of 
his influence on beam emittance. Simulations shown that an acceleration 
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gradient of 250 MV/m in the diode gap, is a good compromise for emittance 
preservation. In fact, a too high gradient increase the diverging effect of the RF 
cavity iris (see peak of emittance in Figure 13). On the other hand, a too weak 
gradient cannot compensate space charge blow up of the emittance.  

After the iris, shown in the left part of Figure 13, the electron beam will be 
transported directly into an RF cavity as illustrated in Figure 15. 

5.1.3 Performance tests 

5.1.3.1 SAFEM (Scanning Anode Field Emission Microscope) 

As mentioned earlier, one issue for reaching high current emission with FEAs 
(~5.5 A), is the uniformity of the emission since it is often, that only a few 
percents of the total number of tips are emitting significantly. The SAFEM 
setup [31] enables the mapping of the emission over the entire FEA surface with 
a resolution below one micrometer (see Figure 16). The scanning anode probe 
could also help to repair the non emitting tips. 

The SAFEM is built up with Phytron Stepper Motors for x-y translation: 10mm 
travel / 10-9 mbar / Resolution with encoder: 0.5µm in x and y motion / 1kg max. 
load. New Focus Picomotor for the z translation with encoder (50 nm 
resolution). Scanning Probe from DME: tip radius:1µm / magnetic holder / 
kapton wire for fast transmission / Keithley source measure unit 237 DC: 110V / 
110mA or 1100V / 10mA, ~10pA sensibility. 

 

 

Figure 16: The 3-D SAFEM test-stand (left) 
and a scan (top). 
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5.1.3.2 Field Emitter current tests 

Several UHV chambers have been installed (Figure 
17 shows one of them with a cathode implemented) 
on separated vacuum lines so that at least one 
chamber is operational while the other are brought 
to UHV conditions. Breakdowns are the main 
problems when one try to extract high peak 
current from FEAs or single tip emitter. Extreme 
care must be taken in environmental conditions 
(collector cleanness) as well as during the initial 
turn on.  

5.1.3.3 Gun Test Stand: 100 kV DC 

First evaluation of the emittance from field emitting cathodes will be performed 
in a dedicated test stand (see Figure 18 and Figure 19). This test stand has a 
complete set of beam diagnostics (faraday cups, slits, phosphor screen and 
more) so that precise characterisation of the beam quality will be possible. To 
achieve a beam of 100 keV the complete cathode part will be polarised at -
100kV so that all the electronic that drives the FEAs are sitting on a hot deck. A 
solenoid positioned just after the anode aperture has been incorporated to 
study space charge compensation. 

 
Figure 18: The 100 kV gun test stand with beam diagnostic in the CAD drawing and 
installed in his bunker. 

 
Figure 17: Faraday Cup 
facing a SRI cathode 
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Figure 19: Detailed view of the gun test stand with cathode assembly and diode 
configuration. A: cut view of the cathode anode parts. 

5.1.4 High-gradient acceleration 
If the cathode can provide a low emittance beam, this good emittance must be 
preserved during the first acceleration. In this gun concept the first acceleration 
will be a diode-acceleration, meaning that a drift space will exist between the 
field emitter source and the aperture entrance of a radio-frequency cavity. A 
very high electric gradient will be applied to this diode gap in order to limit the 
effect of space charge forces on beam emittance.  

The consequence of this high gradient between cathode and anode is the risk of 
breakdowns and the generation of unwanted field emission from parts 
surrounding the FEA (or single tip). To achieve high gradient, negative voltage 
pulses (500kV / 500ns at 10Hz), will be applied to the cathode (the RF cavity 
being grounded). The cleanness and roughness of gun components are critical 
parameters that need to be well controlled in order to sustain very high 
gradient acceleration. 

Various surface treatment techniques have been tested. The purpose is to find 
in-situ treatment which can eliminate unwanted emitter. The wanted field 
emitters will be electrostatically shielded by the double gate structure. Figure 
20 shows the results for various treatment procedures. In this special 
conditioning test stand (Figure 19) only DC voltages were used. However, in 
the final gun but a considerable improvement is expected since voltage pulses 
with short duration will be used in the diode gap. 

Cathode Anode

Diagnostic 
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Figure 20: Dark current test stand reproducing the anode cathode configuration (left) 
and measured field strength on Cu electrodes after various surface treatment (right). 

With the test stand configuration shown in Figure 20, the dark current as 
function of cathode-anode voltage gradient can be measured. Glow discharge 
surface treatment (Fig. 21) with inert gas like Ar or He is very well adapted to 
such simple diode geometry. It has been shown that gradient can be increased 
from 30 MV/m to 90 MV/m after several hours of low pressure (< 1 Torr) He-Ar 
glow discharge. Similar plasma treatments enable the recovery of high gradient 
after an arc event (Figure 20) without venting of the chamber for electrodes 
exchange.  

 
Figure 21: Dark current test stand reproducing the anode cathode configuration (left) 
and current voltage characteristics of this configuration after different treatment. 

The onset and increase of dark current emission is shown on Figure 21. The fast 
increase of current with voltage is due to the field emitting nature of dark 
current. The figure illustrates the beneficial of glow discharge in reducing the 
dark current for a given anode – cathode voltage. 
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5.1.5 High-voltage pulse-generation 
First high gradient tests with an electron beam will be possible after completion 
of the 500 kV pulser, which is currently under construction at PSI. Electrons 
will be initially accelerated in high-gradient diode configuration. For this 
purpose a high gradient accelerating unit is in construction. It will accelerate 
the field emitted beam from zero to 500 keV in the shortest possible distance. 
The targeted electric gradient is around 250 MV/m.  

 

 
Figure 22: High voltage tank of the 500 kV pulser. Top left: CAD drawing of the 
complete assembly. Top right: photo of the high voltage tank. Bottom: Cathode-anode 
assembly and initial acceleration units installed in the high voltage pulser tank. The 
inset gives a magnified view of the diode configuration followed by a 1.5 cell RF 
accelerator cavity. 

In order to sustain such gradient without breakdowns the applied 500 kV will 
be pulsed (500 ns FWHM) at low repetition rate (10 Hz maximum). To achieve 
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good stability as well as reasonable repetition rate the technology used for 
producing these 500 kV – 500 ns pulses is based on air core technology. To 
sustain 250 MV/m in the anode - cathode gap all surfaces must be perfectly 
cleaned and polished as mentioned above. 

Figure 22 shows the CAD drawing of the complete system and a picture of the 
already fabricated high voltage tank. The cathode-anode assembly with diode 
gap and RF-cavity is shown. We note that this pulser is the first step towards or 
final goal of 1-MV acceleration. 

5.2 THE X-FEL FACILITY CONCEPT 

5.2.1 Motivation for low emittance 
The wavelength λs of an FEL is tuned in similar fashion as that of a 
synchrotron insertion-device (ID), i.e., by either the field strength of the 
undulator or the energy of the electron beam: 

( )2
2 1

2
Ku

s +=
γ
λλ  (1) 

where γ relates to the electron-beam energy (E/0.511 [MeV]), λu is the undulator 
period, and K to the magnetic field strength of the undulator (K = 0.66 B λu 
[T cm] for a planar undulator). Unlike an ID, the successful operation also 
depends on the combination of a high peak-current and a high brightness of the 
electron beam. Operation in the X-ray spectral range (0.1 nm or 12 keV) 
typically requires a low transverse emittance: 
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where εn is the normalized transverse emittance of the electron beam source, 
and σxy and σ’xy are the rms transverse beam-size and divergence, respectively. 
Note that Eq. (2) is not a hard restriction but in fact states that during the FEL 
process the electron beam should not divert faster then the produced photon 
beam in order to maintain efficient transverse overlap throughout the 
undulator. 

In addition the FEL needs sufficient a peak current (typically up to a few kA for 
X-FELs). Generally the minimum wavelength, which can be obtained by an FEL 
can be expressed as [16]: 
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where σγ/γ is the relative energy spread of the beam and Bn denotes the 
normalized brightness of the electron beam in the undulator: 

2
2

n
n

IB
ε

=  (4) 

From Eq. (3) it follows that the minimum wavelength can either be obtained by 
increasing the beam energy (γ) or by an increase of the brightness of the 
electron beam. In the case of the latter specifically the emittance must be kept 
low, see Eq. (4), which is ultimately only possible by a control of the emittance 
at the source. Some freedom remains with respect to the peak current expressed 
in Eq. (4). Note however, that space-charge forces limit the maximum current at 
the source, whereas an increase of the current by means of bunch compression 
impedes the energy-spread of the beam and ultimately also limits the 
operational wavelength of the FEL, see Eq. (3). 

The squared dependence of the wavelength on beam energy in Eq. (1), and the 
linear dependence in Eq. (2) make operation of an FEL at extreme short 
wavelengths challenging. This is illustrated in an example in Figure 23. The 
graph shows the required undulator length (left axis) as a function of the target 
wavelength for several normalized beam emittances: 2.00, 1.00, 0.10, and 0.01 π 
mm mrad. The first value corresponds to a typical operational value of the 
emittance of a state-of-the art rf photo-cathode operated at a peak current of 
100 A. The following two values are the emittances which are likely to be 
obtained with rf-photocathode technology and the target emittance for the LEG 
project, respectively. The top graph indicates clearly that, in the case of the 
short undulator period of 15 mm, a wavelength below 1.0 nm is difficult to 
reach with rf photo-cathode technology. Only with an increased undulator 
period (e.g., 100 mm, bottom graph) rf photo-gun technology can be deployed 
to reach shorter wavelengths. From the quantitative values along vertical axis 
in the graphs it follows that such an option is expensive, both because of the 
increased undulator length and the increased accelerator length to reach the 
target beam energy which follows from Eq. 1 (right axis). 
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Figure 23: Wavelength scan for an undulator with a period of 1.5 cm (top) and 10.0 cm 
(bottom), respectively. The vertical axis relate to two major cost-driving factors: the 
length of the undulator (left) and the length of the accelerator (right). 

It should be noted though, that electron sources with an emittance below 1.0 π 
mm mrad are presently not available. For this reason projects like the European 
X-FEL [17] and the American LCLS [18] opt for operation at increased beam-
energy with extended undulator periods. However, future projects, which 
target wavelengths below 1 nm, may benefit significantly from the 
development of an electron source with reduced normalized emittance. For the 
example chosen in the top graph in Fig. 1, the undulator period of 15 mm is 
close to the shortest practical period associated with conventional permanent 
magnet undulator technology, i.e., consistent with the feasibility study 
presented in the next section. 

5.2.2 Parameter scans 
A summary of sensitivity scans are presented in Figure 24. Details are 
discussed in [32]. Results presented in Figure 24concentrate on a 5.8 GeV linac 
in combination with a 15 mm period planar undulator and explore the 
influence of emittance and energy spread on the required length of the 
undulator (saturation length of the FEL) in combination with the influence of 
the driver of the FEL process: peak current. They serve as reference to the 
parameter choice presented in Table 2.  
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Figure 24: Parameter scan for a 0.1 nm 
FEL with electron beam and undulator 
parameters specified in Tab. 2. Values of 
the emittance and energy spread refer to 
so-called slice parameters: the average 
emittance and energy spread over the 
interaction region of the FEL (typically 
of the order of 0.03 fs in this case). 

For the optimization a conservative undulator length has been chosen as a 
reference because: its relevance to the total cost of a potential facility, and the 
physical difficulty to extend an undulator significantly in length once the 
undulator hall is constructed. Hence, a regime where the required undulator 
length grows exponentially should be avoided. It follows that the parameter 
choice in Table 2 is within this range. Note however, that specifically the 
emittance has been put close to the acceptable limit. Relaxation of this 
parameter either requires higher beam energy and undulator period length 
(with the increased project costs as follows from the discussion of Figure 23) or 
a higher peak current. Without an increase in peak-current of the source, the 
latter option also implies an increased energy-spread since the compression 
schemes correlate the compression with peak current. A final answer on the 
most optimum choice energy spread and peak-current will follow from future 
studies. 

A performance estimate is presented in Figure 25. The figure depicts the optical 
power growth and the spectral narrowing along the undulator. For the non-
seeded case the latter depicts the increase in longitudinal coherence due to the 
FEL interaction. In this case, the left side of the plot corresponds to spontaneous 
emission from an undulator, similar to the radiation provided by insertion 
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devices. For the seeded case we assumed a 50 kW seed on the fundamental 
with an rms duration of 35 fs, i.e., a short seed with a power 20 times above the 
level of spontaneous emission. Note that also this level is elevated by at least 
two orders of magnitude as compared to synchrotron light sources due to the 
brightness of the electron beam employed by the FEL. 
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Figure 25: Genesis 3D calculation [33] of the peak power and spectral width of a non-
seeded FEL (solid lines) and a seeded FEL (dashed lines) with parameters specified in 
Table 2. 
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Figure 26: Genesis 3D [33] calculation of the longitudinal pulse profile and spectrum 
for a non-seeded FEL (left) and a two-stage seeded FEL (right). Simulation parameters 
are specified in Table 2. 

A simulated output pulse for the non-seeded and seeded FEL is depicted in 
Figure 26. The spiky nature of the non-seeded output is typical for such an FEL 
[2]. The spikes originate from the shot-noise of the spontaneous emission and 
the FEL amplifying mechanism. That is, the exact position and amplitude of 
each spike is purely statistical and varies from pulse to pulse. However, the 
distance between spikes, and hence the number of spikes, is stable and 
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determined by the FEL process. For an X-FEL the number of spikes is large, 
thus making the number of photons per pulse rather constant. The example 
depicted in Figure 26 corresponds to 4 ×1011 photons/pulse. 

In a non-seeded FEL the longitudinal coherence is limited to a single spike. It 
may ultimately be extended to the transform limit, where the pulse duration 
determines the spectral width. Initial performance estimates for such a case are 
presented in Figure 26 (note the difference in horizontal scale with the figure on 
the left). Note also that seeding partially suppresses the spiking in the temporal 
domain. Such an option might be advantageous for potential users of the FEL. 
From a design point of view there is not a significant decrease in undulator 
length (see Figure 24). 
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Figure 27: Space charge compensation for a 5.5A beam delivered from a 4-mm diode 
gap pulsed at 500 keV. Dotted lines represent the uncompensated emittance and beam 
size. 

5.2.3 Low energy acceleration and emittance conservation 
Theoretical and numerical investigations are also carried out on space charge 
compensation techniques. For a nearly homogeneous charge distribution the 
space charge effect is dominated by defocusing forces. An equidistant electron 
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beamlet arrangement with many single emitters at low current simulates such a 
homogeneous distribution very well. By comparison, a conventional cathode 
uses surface irregularities as the main source for emission, and the electron 
beam homogeneity is not under control. The overall phase space of all beamlets 
together will have a regular distortion resulting from space charge forces, 
consequently allowing space charge compensation techniques to be applied. In 
the limit, emission is from an array of some hundred thousands of regularly 
spaced field emitters with low currents. R&D work is also going on for the 
development of a high voltage pulser with short switching times. It is 
envisaged to generate gradients of 1 GV/m and more in a diode configuration 
after the field emitter.  

 
Figure 28: Two frequency cavity designed for the Low Emittance Gun (on the left: iris, 
on the right filter for the 3rd harmonic. The graph shows the flattened accelerating field 

In a laminar space charge dominated regime the projected emittance dilution is 
due to a different rotation of the bunch slices in the transverse phase space. 
This effect can be compensated applying an external focusing field [34]. An 
illustration of this technique is given in Figure 27 for the case of the 500 keV 
LEG test stand. In this simulation a set of five solenoids is implemented after 
the pulsed diode to refocus the beam and compensate the emittance dilution 
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for diagnostic purposes. To bring the electrons to relativistic energies, a RF 
cavity will be connected to the diode acceleration part. Modeling and design of 
a two frequency cavity have been performed (1.5 GHz and 4.5GHz) [35]. The 
design of a 1.5 cells two frequency cavity is shown in Figure 28 with a profile of 
the accelerating field. Figure 29 shows the first cavity prototype used for 
welding, machining tolerances and surface roughness tests. 

 
Figure 29: Cavity prototype for manufacturing tests. The first surface analysis shows a 
maximal roughness of 50nm. 
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Figure 30: Normalized projected emittance of a 60ps long pulse versus RF phase after 
the 1.5 cell accelerating cavity. On the left the fundamental alone and on the right 
fundamental with optimized third harmonic. The emittance of shorter slices centered 
in the middle of the bunch is as well represented. The transverse and longitudinal 
distributions are here uniform. 

When the beam current is negligible the transverse dynamic is here entirely 
dominated by the electrostatic lens at the diode iris and by the non linearity 
component of the RF fields in the post accelerating cavity. If the space charge 
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effects are negligible the projected emittance growth in the RF gun depends 
only on the RF transverse field and increases obviously while increasing the 
pulse length. The mixing of the fundamental with the third harmonic will 
deform the sine wave compensating the RF non linearity along the pulse so that 
longer electron bunches could be accelerated and compressed while keeping 
the emittance low. 
Figure 30 shows a comparison of the rms normalized emittance between the 
reference case without harmonic voltage and the two frequency case. The 
projected emittance dilution of a 60 ps bunch can be compensated and reduced 
by a factor 3 to 7, well below 0.1 mm mrad, over a wide range of injection 
phases. This result is important because the global emittance dilution at the RF 
cavity entrance, for the LEG nominal peak current of 5.5 A. is already of the 
order of 0.05 mm mrad [36]. 

Figure 31: Cross section of a cryo cooled in vacuum undulator. As shown in the 
adjacent graph, for lower temperatures the maximum remanent field is increased [37]. 

5.2.4 Undulators 
The undulator of the reference design consists of a chain of 4.5-m long sections 
of permanent-magnet fixed-gap planar undulators with a period of 15 mm, i.e., 
similar to the undulator sections installed in the SLS. The fixed-gap has been 
chosen since wavelength tuning by the gap is rather inefficient (small tuning 
range) for small undulator period devices. The period is a conservative estimate 
for planar undulators with regards of the cost-issue discussed in relation with 
Figure 31: a smaller value would reduce the required beam energy and thus the 
cost of the project. It is conceivable that undulator development will permit 
smaller period permanent-magnet technology, or possibly cryo-cooled 
technology. Such a development is not expected to reduce the period by orders 
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of magnitude but might allow some further cost reduction. For the moment we 
have taken a conservative value of 15 mm as period length.  

Developments for cryo cooled undulators will be performed in synergy with 
the SLS. Going to liquid nitrogen temperatures a strong enhancement of the 
remanent magnetic flux is achieved. Moreover alternative materials with even 
higher fields can be used because of the also increased coercivity which makes 
the device less sensible to temperature effects and degradation of the field due 
to radiation. A reduction to 12 mm with corresponding cost decrease might be 
feasible. 

6 CONCLUSIONS 
The synchrotron radiation based users community is about to gain access to 
new fully coherent sources of X-rays with extremely short duration down to a 
few femtoseconds. Their peak brightness will exceed that of the third 
generation ring based light sources by many orders of magnitude. These 
sources will open new fields of applications. 

If electron beam brightness could be dramatically increased beyond today’s 
state of the art, it should be possible to achieve lasing in the hard X-ray regime 
at significantly lower electron energies as compared to the present projects. The 
Low Emittance Gun project at PSI aims at an order of magnitude higher 
brightness electron beam that would serve as a base for a compact Free Electron 
X-ray Laser. 

Such development would radically change the X-ray research by bringing the 
sources within the cost and size parameters permitting their proliferation and 
potentially increasing the world user community well beyond the present size 
of over 20’000.  
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NANOSCIENCE 
 
 
 

 
 
• NEEDS of the potential user scientific communities WITHIN THE NEXT 10 TO 20 YEARS: 

Nanoscience is getting on a firmer and firmer basis in materials science and opening more and 
more perspectives in the field of the life sciences as well as in making the stage for the 
development of nanotechnologies potentially relevant for most domains of society and economy.   
The proof-of-principle to general technology development time has been of the order of 20-30 
years for high knowledge content innovations.  We are now barely at the end of the first decade 
of work with a clear nanoscience perspective, so that at least 20 years are ahead of us to fully 
establish the economic and social impact of nanoscience-based objects and functions.   This will 
be a time of high intensity research and the US, Japan and also smaller economies are already at 
work for providing initiatives and infrastructure suitable to sustain the research in nanoscience 
and nano-technology. 

In Europe several projects are supported by the national research authorities as well as by the 
Framework Programs.  Also from the point of view of infrastructure several large scale facilities for 
fundamental research, mostly in physics, have been recognized to have a strategic relevance for 
nanoscience and nanotechnology.   It lack nevertheless a specific initiative for Research 
Infrastructure providing a timely and convenient access to state of the art methods and 
instrumentation capable of supporting key steps in the research process, both in theory, 
simulation and experiments, as well as to support exploratory steps towards novel 
nanotechnologies.  

The users community for such Research Infrastructure is potentially very large, including the main 
part of the academic nanoscience research groups as well as government and private laboratories, 
and services, notably in health care. 

In the US the Department of Energy (DOE) has launched in 2002 a project of construction of 
Nanoscale Science Research Centres 
(http://www.science.doe.gov/Sub/Newsroom/News_Releases/DOE-SC/2006/nano/index.htm), all 
connected to LSF, offering state of the art instrumentation and methods, including the analysis 
and nanofabrication based on photon and neutron beams and pulses, as well as super-computing 
tools and methods for simulating and producing new materials, adding functionalities, analysing 
and fabricating device prototypes. 

The Nanoscience Centers will intersect a wider science and technology community than currently 
involved in the use of LSF, since providing the full set of nanoscience experimental, fabrication 
and theory tools provides more possibilities and more new ground for original developments than 
strictly particle beam dependent science.  At the same time particle beam science will become a 
readily exploitable option for such nanoscience/nanotechnology projects run at the centers. 

A new dimension  of use of such facilites could quickly spring out of the possibility to operate 
some research steps as remote clients of the facilities. 

The numenr of users per year of a Research Infrastructure organised in 3-5 centers in strategic 
locations in Europe, will be of the order of over a thousand researchers a year at the beginning 
and potentially several thousands in the years to come. 

 



 

• PAN-EUROPEAN dimension is intrinsic to this project that is meant to provide the continent with 
invaluable facilities hardly available for basic research even in the most advanced national centers.  
For the counties that have more recently joined the UE these could represent the main available 
facilities for sustaing nanoscience/nanotechnology programs at the forefront of research.    On the 
other hand only a pan-european RI makes sense from the financial perspective and for optimising 
the science return of the LSF already installed and under development (synchrotrons, FELs, 
spallation sources) 

 

THE SOLIDITY OF NANOSCIENCE PROJECT 

o The proposed new RI corresponds to a priority need of the scientific communities in Europe, 
ranging from materials science to life science to systems with nanoscale-related properties 
and functionalities.   

o New ways of doing science in Europe can be developed by sharing the access to “molecular 
manufacturing” facilities either by actually operating at the facilties for variable extension 
periods, or by remote operation, or by obtaining services (nanofabrication, analysis) that are 
key steps of th enanosceicne projects developed at home institutions.  

o Such nanoscience centers will have a great role in the enhancement of the European 
Research Area. 

o   
 

THE TECHNICAL & BUSINESS CASE, i.e. MATURITY OF PROJECTS: 

o Solid and mature are not the same thing. The proposed new RI should be technologically and 
financially feasible and meet the necessary degree of maturity which is defined as the 
existence of (a) a conceptual design report for the realisation of the project, and, (b) a 
projection of life-cycle costs (since the business case is also the credibility of the costing in all 
phases - construction, maintenance, operation, decommissioning - including the credibility 
that someone is going to fund it). The budgets presented should therefore be realistic. 

o In addition, to judge maturity, we need to have (c) a concrete interest from the funding 
agencies. The ESFRI analysis would therefore require additional information on (d) the 
consortium, supporting the potential for risks- and costs-sharing, (e) the mechanisms for 
other partners to join later on, and, (f) the mechanisms to ensure the use and continuous 
upgrade of the RI in the most open and effective way. 

 
• A report of the Expert Group to the RWG is due in early SPRING 2006 (see attached timetable) 

detailing which RI project (mature or maturing) is recommended to be included in the first ESFRI 
Roadmap; the RWGs are then due to report to ESFRI (ESFRI meeting on JUNE 16), on the basis 
of which the roadmap will be prepared. It is reminded that ESFRI will ultimately decide whether 
individual projects should be included in the Roadmap.  

 

The NANOSCIENCE centers will operate under a general coordination at European level, but with high 
degree of autonomy and characterization, beyond a common standard of offer of state of the art 
clean-room, synthesis, growth, nanofabrication, wet-chemistry, combinatorial methods, 
atomic/molecular models and advanced simulation  of nanosystems, as well as direct access to 
methods based on particle beams from synchrotrons, free electron lasers and neutron sources. 

Specialization in the intelligent design of inorganic materials syntesis, functionalization, life sciences, 
energy production oriented nanostructured systems will be outlines by each proposed center.   

 

 



 

BUDGET 

The budget will be formulated at the time of projects and strongly depends on existing buildings. 

For laboratory equipment and related costs, clean rooms and instrumentation the cost should be 
of the order of 40 M€ per center.  Building costs can vary a lot.  The total cost of construction of 
the Molecular Foundry at Berkeley is 85 M USD, out of which 52 MUSD is the building and land 
reshaping.   

Personnel costs should be evaluated in conjunction with each proposal since direct involvement of 
academic or research personnel from governmental institutions will be possible and, in fact, 
necessary. 

For 3 centers the contruction and partial operation for 5 years should be between 120 and 160 
M€. 
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PALLAS 
 

1. Name and descriptive title 
 
PALLAS the successor for the HFR which is the most prominent facility in the nuclear research infrastructure 
in Petten, The Netherlands. 

2. Short description of new RI (or major upgrade) and main characteristics 
 
The PALLAS reactor will have a power in 30-60 MW range. The reactor is devoted to research & 
development and at the same time producing isotopes. It will be the successor to the HFR, Petten and 
therefore be based on the HFR experience and proven technology. The technology enhancements (LEU) of 
the early 21st will be incorporated to improve specifications. 
Flux, irradiation volume, and high availability (more than 300 fpd per year) are the key elements for the 
PALLAS specification. The peak fast and thermal fluxes are about 5*1018 n.m-2, the double value of the HFR. 
Core squeezing and reduced neutron leak will make the high neutron fluences possible. If needed boosters 
can be introduced for higher local peak fluxes. 
A swimming pool tank in pool configuration is the most appropriate for an optimal solution with the 
boundary conditions: high flux, large irradiation volume, potential of complex in-pile loop operation, radio-
nuclide production and, most important cost of investment and operation. The ease of core handling in this 
Materials Test Reactors, MTR, type is not negligible in terms of technical versatility and operating cost. 
The primary choice for the fuel is U3Si2. It is already qualified for application in MTR's. Fuel will be shaped in 
plates, because it is a proven and cost effective technology today. To reduce control rod movements, 
burnable poison will be applied.  
 
3. Science case (scientific justification, including new areas to be opened)  
 
The first half of this century nuclear applications in the fields of energy, environment and health will strongly 
benefit of a multi-purpose MTR, that will allow both technological and scientific investigations and 
demonstrations in a high flux neutron field. It is expected that a reactor that is attractive for technology and 
science advancement will be beneficial for both. Cross fertilisation will frequently occur in such a community 
of research and development. 
In the energy domain several sub-division s can be identified that will attract technology and science: 
- Life extension and safety enhancement of existing reactors. 
- Generation-4 reactors requiring demonstrations of new developments in fuel elements and coolants such 
as liquid metal coolant effects in a neutron field (lead, lead bismuth and sodium compatibility. 
- In fusion power plant the success of divertor and breeding blankets operation is crucial. The PALLAS MTR 
offers a test bed that is useful for a large part of such devices.  
- Subcomponent testing, sometimes in a loop, proves essential to validate new concepts and approaches. 
For the R&D related to the environment three major issues can be distinguished: 
- Actinide transmutation and fuel cycle research aiming for reduction in waste active lifetime, for example by 
the use of inert matrices. 
- Low activation structural materials development with the potential of recycling of nuclear structural 
materials. 
- Production of isotopes such as I-192 and Co-60 for non-destructive inspection. 
In the health field the next items are important: 
- Isotope production for diagnoses and therapy: Tc, Mo, I, Ho, etc. 
- Development of other medical isotopes such as Lu. 
- Neutron capture therapy. 
In the domain of pure science and expertise building PALLAS can offer facilities for: 
- Neutron beams for diffraction and scattering experiments of materials, but also of structures, weld stress 
analyses for example. 
- Prompt X-ray utilisation. 



 

- Neutron radiography. 
- Activation analyses (impurities low activation materials) 
- Training situations for post-docs, fellows and reactor operators. 
Other anticipated applications are: 
- Semi-conductor composition control: silicon doting 
- Agricultural applications. 
 
The embedding of the PALLAS utilisation in the Joint Undertaking, JU, foreseen will open up the facilities for 
the different technological and scientific communities. The JU will be most effective in the cross fertilisation 
of science and technology in the indicated domains. 
(consult section 5 for more details on JU. 
4. The Concept case (maturity of proposal)  
 
In agreement with the conclusions of the FUENMARR report and the CEA,SCK and NRG advise about the 
European landscape with respect to MTR's and based on a preliminary technical assessment with respect to 
(available) reactor types, it was decided by the PALLAS steering committee that PALLAS will be a 
multipurpose test reactor. 
PALLAS has a wide scope and is an integral part of the EU research infrastructure. 
An up-graded economical study (performed in 1998) is in progress. 
It is foreseen that PALLAS will take over smoothly the tasks of HFR in 2015. The PALLAS initiative will 
confirm and ensure all nuclear roles and importance of nuclear Petten, within a linking pin role for the HFR 
now and PALLAS in the future. In the past that role was recognised in several overall studies and in 
dedicated medical, material tests, neutron beam applications, etc., evaluation - and impact studies. 
The draft specification/profile is based on HFR experience and proven technology. 
Reactor type  Tank in pool 
Nom. power range 30 -60 MWth  
Peak fast flux 5 * 1018 neutrons/m2sec 
Fuel type  LEU, plated, silicide (U3Si2) based 
Operations  > 300 FP days, (light)water moderated and cooled 
Lifetimes  > 40 years 
Finally, main parameter sets will be issue after consultation potential suppliers. 
 
De-commissioning is scheduled after 2060. Financial aspects of decommissioning of the HFR are not 
included in this project. 
 
The major PALLAS stages are: 
 
0. Assuring financing sources: 05-08             
1. Technical specifications:      05-07 
2. Contract negotiations:          2008 
3. Detailed engineering:           09-11 
4. Construction:                       11-14  
5. Commissioning:                   14-15 
6. Operation:                            15-55 
7. De-commissioning:               after 60 
5. Further information, including strategic importance to ERA  
PALLAS offers as an integral part of the European nuclear research and development infrastructure a wide 
scope activities and reliable back-up services. In 40 years of experience this approach has to be classified as 
flexible and has a high added value for the public. PALLAS offers EU hands-on training and expertise 
building in a wide range of nuclear activities and helps in anticipating a new nuclear research area. 
 
With respect to a.o. life-sciences, material research, HFR /PALLAS has a world-leading position and is 
qualified as reliable, predictable and safe. The operational track record is very attractive for a broad range of 
users. The environment has been proven to be most useful for education and training purposes. 
 
6. Identification of other socio-economic impacts 



 

 
The PALLAS reactor together with the JU will open the possibility for all EU countries to participate in high-
level applications of neutron irradiation in the fields of Energy, Environment, Health and pure Science. The 
institutes can also use Pallas for their new initiatives for the application of neutrons for science and 
technology. The training of personnel to get involved in such research and development is foreseen in the 
JU through the involvement of JRC-IE, that already has a wide experience in training of European experts. 
 
7. Participating organisations / support from Member states  
 
At present four parties are involved in the PALLAS initiative: 
- Joint Research Centre-Institute for Energy. 
- Mallinckrodt Medical 
- Technical University Delft  
- lead by NRG 
 
The Joint Research Centre of the European Commission in Petten has taken the initiative for the Joint 
Undertaking, JU, for the High Flux reactor. The JU is within the meaning of articles 45 to 51 of the 
EURATOM treaty. 
It is foreseen to apply this system also for the PALLAS era in Petten. In this frame NRG is the operator of 
PALLAS and JRC has the "ownership" of the scientific facility. Members of the JU could be research institutes 
of EU member states. The institute members contribute in cash or in-kind to the running cost of PALLAS 
depending on the duration of projects. The respective value of the contribution defines the voting rights in 
the board. 
The main task of the EU is to ensure the co-ordination of the scientific use of PALLAS. At present JRC-IE and 
NRG have joined the JU. During 2006 the primary parties will visit EU countries to identify the participating 
countries and institutes. 
 
10. Budgetary information   
Preparatory cost  
M€ 50 
 
 

Construction cost  
M€ 250 

Operation cost (total) 
M€ 35 annually 
including:  
- 100 % depreciation, 
interest,etc. 
- (final)storage spent 
fuel 

Decommissioning cost 
M€ 1 annually over 40 
years minimally 

- JRC-IE 
- NRG 
- Mallinckrodt Medical 
- Commercial banks 
 

Shareholders/owners  
- Research Institutes a.o. 
NRG, JRC-IE 
- Commercial user(s)  
a.o. Mallinckrodt   
Medical 
- Commercial banks 
 
 

Proportionally shared by 
users a.o.: 
- JRC-IE 
- Joint Undertaking 
(section 7 for details) 
- NRG 
- Mallinckrodt Medical 
- Contracts from nuclear 
industry and regulatory 
authorities 
 

Proportionally shared by 
users a.o.: 
- JRC-IE 
- Joint Undertaking 
(section 7 for details) 
- NRG 
- Mallinckrodt Medical 
- Contracts from nuclear 
industry and regulatory 
authorities 
 

11. Timetable until operation 
The major PALLAS stages are: 
0. Assuring financing sources: 05-08             
1. Technical specifications:      05-07 
2. Contract negotiations:          2008 
3. Detailed engineering:           09-11 
4. Construction:                       11-14  
5. Commissioning:                   14-15 
6. Operation:                            2015 



 

Preparatory phase 
2005-2010 
 

Construction phase 
2011-2014 

Operation  
2015-2055 

Decommissioning 
2060- 2065 at earliest 

12. Contact 
name: Bergmans, H. 
email: bergmans@nrg-nl.com 
phone: ++31 224564254 
when absent: ++31 224564254 
fax: ++31 224568912 
address:  
Nuclear Research and Consultancy Group, NRG 
PO box 25 
1755 ZG Petten 
The Netherlands 
 
 



 

MYRRHA 
 
1. Name and descriptive title 

MYRRHA, Multipurpose hYbrid Research Reactor for High-tech Applications 
(http://www.sckcen.be/myrrha) 

2. Short description of new RI (or major upgrade) and main characteristics 
Since 1998, SCK•CEN in partnership with IBA s.a. and many European research laboratories, is designing a 
multipurpose ADS for R&D applications –MYRRHA - and is conducting an associated R&D support 
programme. MYRRHA is an Accelerator Driven System (ADS) under development at Mol in Belgium and 
aiming to serve as a basis for the European experimental ADS to provide protons and neutrons for various 
R&D applications. It consists of a proton accelerator delivering a 350 MeV*5 mA proton beam to a liquid Pb-
Bi spallation target that in turn couples to a Pb-Bi cooled, subcritical fast core. 
In a first stage, the project focuses mainly on demonstration of the ADS concept, safety research on sub-
critical systems and nuclear waste transmutation studies. In a later stage, the device will also be dedicated 
to research on structural materials, nuclear fuel, liquid metal technology and associated aspects and on sub-
critical reactor physics. Subsequently, it will be used as fast spectrum irradiation facility and as  radioisotope 
production facility. As such it should serve the following task catalogue: 

• ADS concept demonstration 
• Safety studies for ADS 
• MA transmutation studies 
• LLFP transmutation studies 
• Medical radioisotopes 
• Material research 
• Fuel research 

A first preliminary conceptual design file of MYRRHA was completed by the end of 2001 and has been 
reviewed by an International Technical Guidance Committee that concluded that there are no show stoppers 
in the project even thought some topics such as the safety studies and the fuel qualification need to be 
addressed more deeply before concluding. At the end of 2004 a so-called DRAFT-2 design file has been 
completed where the remarks of the ITGC have been addressed. Since then the MYRRHA project has been 
integrated within the FP6 EUROTRANS Project for serving as a basis of the XT-ADS advanced design work. 
3. Science case (scientific justification, including new areas to be opened)  
The objectives of the MYRRHA project are manifold but related to energy one can summarise the main 
objective as follows: “MYRRHA intends to demonstrate the sustainability of nuclear fission energy source by 
reducing the burden of the high level nuclear waste (HLW) from geological time scale (many hundreds of 
thousands years) to human manageable time periods (few hundreds of years)” thanks to the transmutation 
of the minor actinides (MA) and the long-lived fission products (LLFP) resulting from the use of uranium as 
fuel in the present days thermal fission reactors.  
Transmutation of MA can be completed in an efficient way in fast neutron spectrum facilities. Both critical 
reactors and sub-critical Accelerator Driven Systems (ADS) are potential candidates as dedicated 
transmutation systems. However, critical reactors, loaded with fuel containing large amounts of MA, pose 
safety problems caused by unfavorable reactivity coefficients and small delayed neutron fraction. ADS 
operates in a flexible and safe manner even with a core loading containing a high amount of MA leading to a 
high transmutation rate. Thus the sub-criticality is not a virtue but a necessity for an efficient and 
economical burning of the MA. 
Besides the reduction of the HLW burden, the MYRRHA project will serve the purpose of developing the lead 
alloys technology as a reactor coolant that can serve one of the Generation IV reactor concepts namely the 
Lead Fast Reactor (LFR). The contribution to the development of a new generation of reactors based on the 
fast spectrum such as the LFR, will also contribute to the objective of making the nuclear fission a 
sustainable energy source. Indeed, moving towards the fast spectrum will allow us a better use of the 
natural resources as in a fast spectrum all uranium isotopes can be fissioned and not only the 235U isotope 



 

(0.7 %) and also all Pu isotopes resulting from the reprocessing of the UO2 fuel irradiated in the present 
days reactors (PWR, BWR, VVER, PHWR or AGCR). 
The implementation of the MYRRHA project will be leading to the demonstration of the efficient and safe 
transmutation of MA in ADS systems as the ultimate goal. Nevertheless, the implementation of such a 
project will be triggering the development of various innovative technologies and techniques that are of 
interest for various nuclear fission and fusion applications. Among others one can mention: 

• The development of new martensitic steels resisting to high irradiation embrittlement and in the 
meantime to the corrosion in contact with heavy liquid metals; 

• The development of ultrasonic visualisation systems (sensors, full-camera) able to operate under 
liquid metals at high temperature (300-500°C) and high dose rates (many MGy of gamma-rays and 
neutrons); 

• The development of the heavy liquid metal technology in terms of pumping, conditioning, filtering, 
monitoring; 

• The development of very reliable (few beam trips per years instead of the present few thousands) 
high power proton accelerators (10 to 100 MW of beam power); 

• The development of advanced remote handling (robotics) systems able to operate in radioactive 
environment and also under heavy liquid metals; 

• The development and testing in real conditions of advanced nuclear fuel containing large amounts 
of MA; 

• The development of high power liquid metal spallation source; 
4. The Concept case (maturity of proposal)  
MYRRHA meets the objectives of the experimental ADS Facility in terms of demonstration and the aimed 
performances, and proposes solutions that satisfy the key issues related to the LBE ADS such as: 

• limiting the LBE corrosion and erosion by leaving the major parts of the system at “cold” conditions 
and by limiting the LBE velocity below 2.0 m/s in the hot parts; 

• avoiding the risk of criticality insertion during fuel handling by leaving the spallation target in 
position and loading fuel assemblies from underneath; 

• eliminating the risk of spallation target window break by choosing the windowless design; 
• reducing the risk of the core melting by adequate design of fuel elements and cooling systems; 
• reducing the personnel exposure and achieving a high availability of the facility (~75%) by 

performing the in-service inspection and repair (ISI&R) and the operation and maintenance (O&M) 
from the conceptual design on by means of robotics and ultrasonic visualisation. 

The accelerator of MYRRHA is based on LINAC technology in order to be fully demonstrative for the 
industrial scale ADS and to be responding to the very demanding conditions in terms of beam reliability (less 
than 5 beam trips per year that can be relaxed to 5 beam trips per MYRRHA cycle of 3 months). A fall back 
solution based on cyclotron technology is kept in back up in case of budgetary constraints. 
The windowless spallation target concept of MYRRHA has been progressed in terms of design and 
demonstration on the basis of an important international experimental programme complemented by an 
international CFD effort for the free surface treatment. The evidence of the feasibility of the proposed 
design is no longer questioned with respect to its fundamental aspects but still remains in terms of its fine 
tuning and advanced design that will be addressed in the coming 3 years. 
The chosen core maximum sub-criticality level of keff ~ 0.950 (ks ~ 0.96) assures a comfortable margin for 
safe operation (~2400 pcm with beam off and when accounting for all reactivity insertion sources and still 
~1300 pcm even when the proton beam is on). The total power of MYRRHA is now amounting to ~50 
MWth with acceptable values of the radial and axial power form-factors; 1.1 and 1.3 respectively in the 
hottest fuel assembly. The high fast (E > 0.75 MeV) and total neutron flux levels are achieved within the 
facility (1.0 1015 and 5.0 1015 n/cm².s respectively) in large irradiation volumes in the core (about 20.000 
cm³ in total), in the neighbourhood of the spallation target, more specifically in the toroidal zone between 5 
cm inner radius and 25 cm outer radius around the target. MYRRHA performances are enhanced by the fact 
that 17 fuel assembly positions in the core can be used for hosting experimental rigs. 
The MYRRHA fuel design (pellet, fuel pin and fuel assembly) proposed in this document is based on the FBR 
MOX fuel technology taking into account the targeted objectives of the MYRRHA facility in terms of 
performances and the present day knowledge concerning the ferritic-martensitic steel T91 that is considered 



 

as prime candidate material for the cladding and for the fuel assembly wrapper. The targeted performances 
to operate at high peak power density (about 1.5 kW cm-3) in order to provide the needed neutron flux level 
in the core during a long term operation up to peak burn-up level of 100 GWd/tHM and clad damage up to 
100 dpa are estimated to be within the achievable range taking into account the clad operating temperature 
range of 250-480 °C and the moderate He production rate (maximum 8appmHe/dpa). The designed 
hexagonal fuel assemblies with medium pitch provide the adequate heat removal at protected DBC with 
maximum LBE velocity limited to 2 m s-1. The fuel pellet design accounts for the fuel-cladding interaction 
based on the fuel performance (swelling, fission gas release, thermal conductivity degradation) estimations 
for a maximum residence time of 3 years. These assessments are to be considered within the present day 
knowledge of the MOX behaviour and of the T91 properties evolution under irradiation. 
The primary system of the MYRRHA facility is designed in such a way as to limit abrupt flow changes of the 
LBE in order to mitigate the erosion problems. Moreover, the operation temperatures were chosen in order 
to mitigate the corrosion due to LBE. The implementation of chicanes in the HLM circulation from the hot to 
the cold zone in  the casing containing the heat exchangers will prevent water ingress in the core or at least 
seriously limit the probability of such an event.  
The MYRRHA building has been conceived from the very beginning taking into account the remote handling 
(RH) and robotics based operation and maintenance within a controlled atmosphere limiting the LBE 
contamination by O2 trapping. The remote handling for both out-of-vessel and in-vessel operation and 
maintenance has been developed on the basis of existing and demonstrated technology in the fusion facility 
JET.  
The safety analysis of the main initiating events in protected conditions (beam off) shows that the MYRRHA 
system - despite the very high power density targeted in the project - will survive without major difficulty. 
In particular the efficiency of the emergency cooling by natural circulation in the primary system is 
established. The conclusions are less favourable for the unprotected events - at least for some of them. For 
instance, loss of heat sink (LOHS) can lead to the maximum temperature limits of the cladding after 9 
minutes even if the emergency cooling system (ECS) is activated. Also, loss of flow (LOF) will lead to 
cladding damage since a hot spot jump of the cladding temperature up to 1060°C can occur in 25 seconds. 
However the feedback effects of the primary system behaviour on the spallation target performance, that 
most likely would drastically mitigate the accident consequences in unprotected situations, were not taken 
into account in the study. Moreover one should point out that the power density targeted in the MYRRHA 
core is very high and can be relaxed. 
A preliminary cost assessment of the investment has been conducted and led to a 440 M€ (June 2004) total 
cost as a average (best estimate) value and 560 M€ (June 2004) for the high figure when taking into 
account the contingencies on the most innovative components. These figures are the one based on the 
LINAC accelerator.  
5. Further information, including strategic importance to ERA  
The aim of this proposal is to mobilise the European scientific and industrial expertise in nuclear fuel
reprocessing, nuclear fuel development, nuclear reactor research and engineering design, and high power
proton accelerator research and development to provide advanced options for high level waste management
leading to the relaxation of the conditions of the waste geological disposal. 
The high level waste management is clearly indicated as a society problem to be solved in the Framework
programme 6. It is clearly identified that research is needed to explore the technical and economical potential
of concepts for nuclear energy generation systems able to make a better use of fissile material and generate
less waste and of partitioning and transmutation (P&T) to reduce the hazard of the nuclear waste. 
Within the FP5 programme on P&T and ADS development 84 institutions were active within the 14 projects 
clustered under the ADOPT Thematic Network. These institutions are research centres, universities, and 
industries. Integrating these activities by making use of the new tools such as the IP has lead to a more 
objectives oriented programme through the EUROPART and EUROTRANS IPs. Nevertheless, to put research 
in the position of being able to quantify indicators for decision-making, such as the proportion of waste to 
be channeled to this mode of management, but also issues relating to security, radiation protection, 
transport, secondary waste, costs, and scheduling there is a need for the realization of a full scale 
demonstration facility as the one aimed within the MYRRHA/XT-ADS project.  
Concentrating the effort of this research community towards the construction of such an innovative RI will 
allow the structuring  and the integration of the European activities related to P&T and ADS development as 
it will : 



 

a) avoid the fragmentation of the present P&T and ADS community by focusing the objectives towards
a mid-term objective of realizing an ADS demo facility and testing at large scale the economical
feasibility of the transmutation of MA in a dedicated core within this test facility; 

b) offer a stable research environment for this community avoiding so the drain of European specialists
to American projects such us SNS project, or the Japanese J-PARC project; 

c) serve as a trigger for maintaining the national funding in this field at a reasonable level; 
d) encourage the realization of the objective of solving the society problems of waste management. 

6. Identification of other socio-economic impacts 
The energy availability in massive quantities is the first condition for progress for the humankind. Today’s 
situation where the developed countries representing more or less 10% of the world population and 
consuming close to 90 % of the energy resources is not a sustainable model to be generalised to all the 
world population. On the other hand the developed countries can’t forbid the access to comfort and 
development to the rest of the world. Therefore, access to massive and sustainable energy source not 
harmful to the environment is a question a humankind survival. This project has the humble objective to 
contribute to the survival of the humankind by making nuclear fission energy more acceptable in the 
developed countries to alleviate the pressure on the fossil fuels sources and to maximise the use of the 
nuclear resources and prepare the take over by the fusion nuclear energy that will benefit from many of the 
technological developments needed and considered in the frame of the MYRRHA project and in the 
Generation IV reactors projects. 

7. Participating organisations / support from Member states  
Either through bilateral collaboration or contractual servicing to the MYRRHA project or through the FP6 
EUROTRANS Integrated Project more then 20 institutions from research centres, industries and universities 
are contributing to the progress of the MYRRHA/XT-ADS RI. Among those partners we can mention from the 
research institutions CEA (Fr), CNRS (Fr), FZK (D), CIEMAT (Sp), ENEA (It), KTH (Sw), NRG (NL), INFN (It) 
and nuclear industry such as Suez-Tractebel (Be), Belgonucléaire (Be), IBA (Be), Ansaldo Nucleare (It) or 
Framatome ANP (Fr). Outside Europe contact are established with the following institutions for possible 
contributions: DoE (USA), JAEA (Japan), CIAE (China) and KAERI (Korea). 
For the moment there are no commitment at state level. 
10. Budgetary information   
Preparatory cost  
(total in M€) 
 

40 

Construction cost 
(total in M€) 
 

440 

Operation cost (total) 
 
Not yet firmly 
established 

Decommissioning cost 
(total in M€) 
 

150 
(of which likely to be 
obtained by possible 
stakeholders) 
 

100% 

(of which likely to be 
obtained by possible 
stakeholders) 
 

20% 

(of which likely to be 
obtained by possible 
stakeholders) 
 

Not yet established 

(of which likely to be 
obtained by possible 
stakeholders) 
 

Not yet established 
11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 

2005-2011 

Construction phase 
 

2012-2015 

Operation  
2016-2017 (Commiss.) 
2018 (Op. Full Pow) 

Decommissioning 
 

2050 (start) 
12. Contact 
Dr Hamid Aït Abderrahim 
SCK CEN  
Head of Reactor Physics & MYRRHA Dept 
MYRRHA Project Leader 
Boeretang 200 
B-2400 Mol, Belgium 
Tel : +32 14 332277, Fax : +32 14 321529 
haitabde@sckcen.be or myrrha@sckcen.be 



 

CTA 
 

1. Project’s name and descriptive title 
CTA: An advanced facility for ground-based high-energy gamma ray astronomy 
2. Short description of project and main characteristics 
Imaging atmospheric Cherenkov telescopes have proven an extremely successful approach to gamma ray 
astronomy in the energy range above a few tens of GeV. The proposed facility will consist of arrays of 
telescopes, aiming to (a) increase sensitivity by another order of magnitude for deep observations, (b) boost 
significantly the detection area and hence the detection rates, particularly important for transient 
phenomena and at the highest energies, (c) increase the angular resolution and hence the ability to resolve 
the morphology of extended sources, (d) provide wide and uniform energy coverage from some 10 GeV to 
beyond 100 TeV, and (e) enhance the all sky survey and monitoring capability. These features will allow the 
exploration of non-thermal processes in the Universe, in close cooperation with and complementing 
observatories in other wavelength ranges of electromagnetic radiation, and for other messenger types. 
Given the wealth of sources in the central region of our Galaxy and the richness of their morphological 
features, a site in the southern hemisphere is attractive. On the other hand, a complementary northern site 
has to be considered for the study of AGNs and the cosmological evolution of galaxies and star formation. 
The ensemble would provide full sky coverage and wider energy range coverage as demonstrated by 
H.E.S.S. - MAGIC large/small zenith angle simultaneous observations. 
3. Science case (scientific justification, including new areas to be opened) 
Data from Cherenkov telescopes of the latest generation have revealed a sky rich in features at TeV 
energies; in the last years, the number of sources has quadrupled. First sky maps show the band of the 
Milky Way lined with cosmic accelerators, with complex and resolved morphology. Their energy spectra 
extend beyond 10s of TeV; some of the objects emit most of their energy in the TeV range. Extragalactic 
sources at unprecedented distances of up to three billion light years have been detected; the shape of their 
gamma ray spectra relates to the density of radiation in the space between galaxies, and thus to the hotly 
debated history of cosmological structure formation. Gamma rays from distant galaxies probe effects of 
quantum gravity. A vivid interplay between high-energy instruments and other domains of astronomy from 
radio to X-rays has developed, with common observation campaigns and exchange of data. While the results 
achieved with current instruments are already very impressive, the detailed understanding of processes in 
cosmic particle accelerators as well as their use for cosmological applications requires wider energy 
coverage, improved resolution, and higher detection rates. The performance in this domain can be improved 
dramatically by a much larger deployment based on now well-established techniques and observation 
strategies. The opportunity for discoveries and growth similar to the one experienced in high energy gamma 
ray astronomy from satellites is now clearly perceived in the adjacent domain of very high energy 
astronomy. The proposed facility should result in breakthroughs in several fields of modern astronomy such 
as the origin of cosmic rays, the environment of compact objects, the physics of pulsars and black holes, 
and possibly the long-standing question of the nature of dark matter. 
4. Impact to society and to new technologies for industry 
Astronomers increasingly work across wave bands, and the new instrument will provide a wealth of 
information at highest energies of the electromagnetic spectrum, with data made available both to the 
science community and to interested amateurs via the Virtual Observatory. The high-quality images of the 
sky in this new domain will continue to attract and interest the public in this scientific endeavour. 
Development of novel photon detectors and their large-scale production in the context of this project is 
expected to have significant impact on industry, for example in medical applications. Operation of the 
instrument requires precise understanding of atmospheric characteristics, fostering cooperation with 
environmental science. Given the large amounts of data generated by the instrument (and by simulations of 
its characteristics), close cooperation with efforts in e-science and grid computing is envisaged. Finally, the 
facility will enable education and training in many fields of science, fundamental and applied. 
5. Strategic importance to ERA 
Currently, European efforts in ground-based high-energy gamma-ray astronomy are split among three partly 
competing projects, MAGIC and VERITAS in the northern hemisphere and H.E.S.S. in the southern 
hemisphere. The project will combine these existing efforts to construct a next generation world-leading 



 

state-of-the art facility, and will capitalize on the expertise and diverse instrumental developments. 
Resolution of the governance, legal and funding aspects of such a project will provide significant input to 
future European-scale research infrastructure projects, and national and EU research agencies. In particular 
concerning the southern site, exchange of knowledge and expertise with pan-European countries will be an 
important element. 
6. Maturity of proposal (including possible timetable) 
The performance and scientific potential of arrays of Cherenkov telescopes has been studied in significant 
detail; what remains to be decided is the exact layout of the telescope array. Ample experience exists in 
constructing and operating telescopes of the 10-12 m class (H.E.S.S., VERITAS). Telescopes of the 17 m 
class and 28 m class are operating (MAGIC) or under construction (H.E.S.S. II) and will serve as prototypes. 
Photon detectors with improved quantum efficiency are under advanced development and testing and will 
be available when the array is constructed. After a phase of detailed design (2006-2008), implementation 
could start in 2009/10, with full operation in 2012, allowing significant overlap with the GLAST satellite 
instrument to be launched in 2007, which covers the energy range below some 10 GeV and which serves as 
an all-sky monitor, triggering pointed observations at higher energies. 
7. Budgetary information (preparation, construction and operation costs) 
Depending on the exact number and size of the telescopes to be deployed, about 100 M€ are required for a 
southern site which will cover a wide energy range from some 10 GeV to 100 TeV for observations of our 
Galaxy at high resolution. A complementary site in the northern hemisphere would focus on extragalactic 
and cosmological objects, with instrumentation optimized for low energies (10 GeV-1 TeV), at a cost of 
about 50 M€. The stations would be constructed and operated by a single consortium. Total operating and 
maintenance costs are currently estimated to 3 to 5 M€ per year, including local staff. Up to 10 M€ are 
needed for site exploration, detailed design and industrial prototypes. 
8. Comments on possible partnerships (optional) 
As indicated under 5, all research groups working in this field in Europe are expected to join under this 
project, with participants from the Czech Republic, Germany, France, Italy, Ireland, the UK, Poland, Spain, 
Switzerland and non-European partners, as well as industrial partners, already significantly involved in the 
design and construction of the current generation of telescopes. 
 



 

 

DAΦNE-II  
 
1. Name and descriptive title 
 
DAΦNE-II, an high luminosity e+e- collider, in the c.m. energy range between 1 and 2.4 GeV  
 
2. Short description of new RI (or major upgrade) and main characteristics 
DAΦNE-II is a major upgrade of the current DAΦNE machine complex, which is presently running at the 
Frascati National Laboratory of INFN, Italy. 
The upgrade aims  to reach a peak luminosity in excess of 5 * 1033 at 1 GeV c.m. and to extend the energy 
reach of the current machine to 2.4 GeV. 
The upgrade is achieved through a complete reworking of the main ring layout, which includes the 
substitution of the vacuum chambers, of the bending dipole magnets, of the RF and feedback systems and 
the introduction of superconducting wiggler magnets, to increase radiation damping as well as of a 
sophisticated low-insertion, also based on superconducting magnets. 
3. Science case (scientific justification, including new areas to be opened)  
DAΦNE-II will allow the exploitation of a very rich experimental program, ranging from Particle Physics 
(rare Kaon decays, lepton universality, CP and CPT studies, quantum interferometry, high precision 
measurements of the �em, proton and neutron form factors), to Nuclear Physics (simultaneous study of the 
formation and decay of hypernuclei, study of  Deeply Bound Kaonic States, studies of nonperturbative QCD, 
studies of Kaon scattering length, etc..), to Solid State Physics and Biology (through the use of synchrotron 
light).   
DAΦNE is already a recognized major research infrastructure, open to a large community of European and 
International users. Its upgrade will strengthen the European excellence in the fields described above and it 
will be competitive with the best realizations worldwide. 
In several cases, it will offer a unique opportunity to perform key precision measurements. 
From the point of view of technologies and applications,  
DAΦNE-II will contribute to keep Europe at the forefront of advanced particle accelerators, with important 
effects in the development of ancillary technologies (ultrahigh vacuum technologies, superconducting 
magnets and RF systems, high bandwidth electronics, etc) and in the application of accelerators to  medical 
diagnostics and therapy. 
4. The Concept case (maturity of proposal)  
DAΦNE-II upgrade rests principally on the experience gained during the several years of successful DAΦNE 
operations. This has resulted in the establishment of a very reliable model of the machine, which has been 
constantly tuned through dedicated measurement campaigns. The model has led DAΦNE to operate at 
record luminosities in excess of 1.5 * 1032, and at the same time has indicated the sources of performance 
limitation of the current design. The new design is based on the removal of those limitation and on a novel 
idea (crabbed waist), which is currently rising a very lively interest in the community. The main technical 
challenges (high field superconducting wigglers, high currents in the beams, high performance feedback 
system, compact low- insertions) appear to be manageable, with a favourable assessment of risk.The 
project time scale is 5 years from the existing Conceptual Design to commissioning. Construction costs are 
currently estimated at 60 Meuro, operation cost (based on DAΦNE experience) are set at  6 Meuro/year, 
decommissioning cost are negligible. 
 
5. Further information, including strategic importance to ERA  
 
Current experiments on DAΦNE have already helped in structuring the Community in Europe around three 
major experiments (KLOE, DEAR, FINUDA) and a substantial TARI access program in FP5 and FP6. A large 
I3 initiative (I3HP) in FP6, which has successfully brought together more than 2000 physicists coming from 
14 European countries, has one of its strong points in DAΦNE, and it is being coordinated by the INFN 



 

Frascati Laboratory. 
DAΦNE-II will be very attractive for this very large community, granting an internationally competitive 
environment to perform high quality, high impact experiments in particle and nuclear physics. In several 
cases, DAΦNE-II will have no competition worldwide. 
Moreover, the exacting machine parameters will make DAΦNE-II environment a very valuable test site for 
the development of high performance accelerators. 
  
6. Identification of other socio-economic impacts 
DAΦNE-II will help to strengthen Europe both in the field of fundamental research in Physics and in several 
key technologies, like superconductivity, material science, high performance computing and electronics.  
It will be an excellent training ground for young researchers and engineers. It will promote transfer of 
knowledge from fundamental research to industry.  
 
7. Participating organisations / support from Member states  
DAΦNE-II has been indicated in the NuPECC roadmap as an embryonic idea, and it has also been included 
in the European strategy document for particle physics.  
A large European community has already submitted three Letters of Intent (AMADEUS, KLOE-II, DANTE), to 
build new detectors or upgrade existing ones, in order to perform a wide physics programme. 
A very positive statement about its funding has been made in the roadmap of INFN Italy, subject to the 
presentation of a Technical Design Report and to the results of measurements being carried out at DAΦNE. 
10. Budgetary information   
Preparatory cost  
(total in M€) 
5 

Construction cost (total 
in M€) 
55 

Operation cost (total) 
 
6 /year of operation 

Decommissioning cost 
(total in M€) 

1≤  
(of which likely to be 
obtained by possible 
stakeholders) 
3 

(of which likely to be 
obtained by possible 
stakeholders) 
40 

(of which likely to be 
obtained by possible 
stakeholders) 
6/ year of operation 

(of which likely to be 
obtained by possible 
stakeholders) 

1≤  
11. Timetable until operation 
Give a short estimation about the timetable until operation 

Preparatory phase 
 
2006-2008 

Construction phase 
 
2009- 2011 
 

Operation 
 
2012-      

Decommissioning 

12. Contact 
 
INFN/LNF 
Via E. Fermi  40 
00044 Frascati  
ITALY 
Sergio Bertolucci 
Sergio.Bertolucci@lnf.infn.it 
 
 
 

 
 



Appendix VIII:  Detailed evaluations 
 
This Appendix contains the detailed evaluations of the following proposals: 
 

AURORA BOREALIS (EMEG) 

EUFAR  (EMEG) 

EMSO  (EMEG) 

ICOS  (EMEG) 

IAGOS – ERI  (EMEG) 

EURO ARGO (EMEG) 

ESS  (LNI) 

ILL 20/20  (LNI) 

ELT  (AAA) 

KMN3  (AAA) 

SKA  (AAA) 

 

 



ESFRI EMEG evaluation: Aurora Borealis 
 
Project Title:   EUROPEAN POLAR RESEARCH ICEBREAKER (ERI) - AURORA BOREALIS  (AB) 
Project type:   New single sited RI (mobile multidisciplinary research platform) 
Project submitted by:  ESF European Polar Board 
Present Core Partners: Germany, Denmark, Norway, Italy, Netherlands, Russia 
Reviewed by:  EWG n°1 using opinions by ESF (polar board and marine board) and in coordination with the BMS EWG on Biodiversity and environment 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

The AB will open long-term perspectives to European and international Arctic research, as well 
as to deep sea drilling in the Arctic and, in the longer term, the Antarctic.  Due to its year-round 
operation ability it will significantly enhance and enable research in these areas. 
If realised, it will be the best, most powerful tool for polar research in the world, and will put 
Europe in the leading position in this field and allowing further international collaboration. The 
project will provide to European scientists a world class infrastructure, allowing them to 
reach/hold a leadership position in Arctic and Polar Research.  

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

Arctic seas are among the most poorly known areas on Earth. Polar research is of primary 
importance for climate, biodiversity, oceanic and geological research. The biggest impact of 
climate change is expected to be in the Arctic and Subarctic regions and in the Northern 
Europe. Geological record through sediment and sea floor coming provides Earth history on 
many subjects, including paleoclimate.   
The AB is a unique project (world scale) to address arctic questions throughout the year and 
has no national or international competitor because of its deep drilling capability, its high degree 
of modularity of the lab systems, its propulsion and dynamic positioning systems, and the wide 
range of research tools. The AB is conceived as a European project and can only be realized in 
a European consortium. The proposal is coordinated by the European Polar Board (EPB). Core 
Member States: GE, DE, NO, IT, NL and Russia. 
The AB has a close linkage with the development plans of the new European Polar Consortium 
(EPC). This large-scale facility could be viewed as a common platform  which could be used in 
variable geometry configurations dependent upon European Science priorities in the Polar 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of  potential user community in the definition of 

the scientific case +  proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

Results from the AB research campaigns may have implications for climate research all over 
Europe. The scientific objectives of the AB project are outlined in the “Science Perspective”, 
published under the same name by the European Polar Board (EPB) of the European Science 
Foundation (ESF) in collaboration with ECORD (European Consortium of Ocean Research 
Drilling).  However countries with scientific teams actually working in the Arctic tend to be 
limited to northern Europe, though the availability of AB is likely to induce changes in this 
respect, (in view of the number of letters of interest). 
The multidisciplinary character of the facility is guaranteed by its size and modularity.   
High cost forces to use the AB by as many users as possible. Within this respect the AB project 
follows an approach quite similar to the already used access approach in existing RVs (Polar 
Stern, and Marion Dufresne). 
Open access will be provided through calls for proposals within the frame of an ERI Programme 
structure  



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embrionic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deploymenta) General concept,  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- Is trained personnell , for develoment and operation, readily available? 

The project is very well described in all technical details, based on existing knowledge. There 
are several detailed designs and revisions leading to technical and cost analysis. It relies also 
on experience both for drilling vessels, ice breakers ad research vessels in high latitudes. It 
includes critical milestones, detailed budgets, cost benefit analysis, management and operation 
plans. Construction may begin in 2007, operation in 2011. Based on the information the AB 
should reach the end of phase B maturity level in 2006.  
The project was prepared in consultation with the best available specialists.  
Technical challenges are indicated: the drilling system is only modelled, not operationally 
proven. Specific attention should be addressed to the capability for drilling operations without 
assistance of other icebreakers. When such assistance is needed the operation costs for 
drilling might increase significantly.  
Appropriate specialized personnel are available in the participating countries. 

C. Business case 
- The project offers possibilities of sharing risks & opportunities  for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

The ship, and the organisations that will be created around it, will provide a good platform for 
co-ordinated European polar research and a valuable European contribution to international 
programs such as IODP. Different kinds of partners will be settled in a way similar to IODP. The 
project, as a unique facility, will offer good opportunities not only for European partnership, but 
also for an improved collaboration with non-European partners. 
As mentioned before the AB project follows an approach quite similar to the already used 
access approach in existing RVs (Polar Stern, and Marion Dufresne). 
The proposal specifies detailed socio/economic objectives. The ship will operate in an area that 
may become ever more economically promising, because of its large unexploited reserves of 
living and non-living resources and because of ever-growing traffic and transport demands. The 
construction of the AB requires several new technical solutions and will provide an extended 
technical potential and knowledge for marine technologies and the ship building industry.  

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over  useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments  at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at Eu 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

The AB is conceived as a European project and can only be realized in a European 
consortium. Efficient use of the new research icebreaker requires the formation of a consortium 
of European countries and their polar research institutions to assure the quality of science and 
efficient employment of the research icebreaker during all seasons of the year. 
A Business case report for the European Research Icebreaker (ERI) is currently in 
development by independent management Consultants and presented to European Funding 
Agencies by spring 2006. This Business case will involve a Cost-Benefit analysis and long-term 
cost effectiveness projection of utilizing a core European facility. The document will be used in 
negotiations with the European Commission and European Investment Bank on partial 
financing for the Construction costs of the research vessel. Estimated construction costs are 
between 320-350 Million Euro dependent upon final design capability. 
The consortium would seek 30 – 40 % of the funding for construction and operation from EC 
sources in FP7. The EPC has entered into the EC article 169 discussion, with the aim to secure 
long-term programme funding for Polar Climate Change Research. The German Ministry of 
Education and Science (BMBF) is expected to cover 20 – 30 % of construction and operation 
costs (positive statements of AWI Board of Governors). A Number of scenarios and variable 
geometries are identified for construction and operational financing. 

 
 
 



 
 

Miscellanea + Synthesis opinion  

- Being in the roadmap adds something to this project? What? 
- Best practice suggestions on existing/ future RI’s, or data 

availability/access? 
- If this RI is ranked in overall scientific impact vs other proposed RI’s in 

same scientific area what would be its place? 
- Is there any other issue which should/ could clarify the evaluation for the 

Rmap? 
- Do you recommend this project as an important imput to a 

Roadmap of international EU value? 

Based on its very high scientific relevance, uniqueness and maturity the EWG recommends 
registering the AB proposal in the road map.  
Some recommendations however could be included. There is a tendency that too many, partly 
contradicting, functions are planned to be included at the same ship (e.g. the ambition to spend 
3 months per summer with drilling is in combination with the ambition to also use the ship as a 
“floating university”, since the rest of the year in the arctic is less attractive for students). As a 
consequence it is recommended to further elaborate the planning of the AB functionality, based 
on a broader analysis of different functions to be met in European polar research in function of 
the available capacity. The list of functions could include drilling during different ice conditions; 
platform for measurements of sea, ice and atmosphere during different times of the year; the 
strategic importance of dedicated European arctic research vessels etc. The list of capacities 
could include AB and other planned ships for less extreme conditions; as well as existing 
capacities like Oden and Russian atomic ice breakers. This need for a broader analysis should 
however not stop the inclusion of Aurora Borealis in the ESFRI Road Map. 



EMEG evaluation criteria : EUFAR 
 
 
Project Title: EUFAR Heavy-Payload Long-Endurance Tropospheric Aircraft  
Project type: mobile research platform (aircraft)   
Project submitted by: EUFAR consortium  
Reviewed by:  EMEG 
 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

The project clearly raises the scientific need for a high payload/high endurance European 
research aircraft which is neither currently available, nor planned by any national agency in 
Europe. Several such aircrafts are available in the US and the possibility for European scientists 
to organise large scale experiments is clearly undermined. The proposed airplane is 
complementary to other airplanes (e.g. Halo) and would change significantly the European 
capacity. This is needed to address many scientific questions in the troposphere. The project 
would put European scientists in a situation more competitive with US scientists (at present, US 
airplanes come to Europe for the experiments). 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

Analysis of productivity through publication outputs and citation index show that such an 
airplane is very efficient Several collaborations are at the moment active with the US for 
participation of European scientists in experiments requiring high payload/high endurance 
aircrafts. In this way, however, European scientists are always dependent on availability of 
these US facilities, even for experiments in Europe or within the European surroundings (e.g. 
see the AMMA experiment in west Africa, which is largely funded by the EC and other 
European Agencies). The airplane concept allows many types of instruments to be used 
simultaneously with open call for projects. It has multidisciplinary extend and can have an 
impact on other scientific fields; broad range of meteo sciences, climate and weather forecast 
including. 
The project is supported by the EUFAR consortium of airplane operators. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

The proposed facility would cover a clear gap in European research infrastructures needed for 
today’s global change programs. This facility will by all means serve a wide range of 
disciplines. 
The aircraft provides good possibilities for cross fertilisation among European research groups, 
since it would allow them to run experiments with their own equipment simultaneously on the 
same aircraft.   
A flying laboratory like this will also be suited for education of new scientists from all countries in 
Europe and would thus contribute to the overall goals with the EU research funds. 
Open access to the facility should be defined when the management of the infrastructure will 
eventually be defined. 



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

The proposal is clearly in phase A. The scientific case is clearly evidenced, preliminary cost are 
estimated, management aspects are provisionally stated, but clear commitments for co-funding 
the infrastructure are still lacking. Timetable is set and is reasonable. Technology already exists 
and the management experience of the currently running infrastructural program EUFAR would 
ensure a limited risk of the action. Trained personnel are already available.  
Presented plans the adaptation of already available airplanes (C130, CASA C295) for research 
purposes or a new construction (A 400 M) looks feasible. There is very little information on 
observation technologies, so one can assume that already used standard methods and 
instruments will be applied. 
No information on risks is given, but low level of risk can be assumed. 
The airplane changes the capacity to embark instruments, to make multi-instrument studies, 
and allows long range experiments. 
The project is based on past experience in UK (25 yrs) and the US. Trained personnel are 
available.  
 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

As a European shared facility, the open access to the whole European science community 
should be ensured with new entry possibility at any time.  
A flexible management structure (EEIG) allowing national funding institutions to share the 
costs, is proposed. The project cannot be developed by a single EU country. It is proposed by a 
25 operator network (Eufar) but formal approval by this consortium is not yet obtained, and 
commitment by national stakeholders is still pending. It appears unclear at the moment which 
country that is willing to take the lead The practical operation set up is not yet established. 
A high cost option to the C130 would be the new European Airbus400M. 
 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments  at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

Three aircraft models have been identified that fulfil the EUFAR requirements 
Preliminary costs: 
Construction cost: 
- Lockheed C130: 40-60 MEUR 
- CASA C295: 40-65 MEUR 
- Airbus 400 M: 90-110 MEUR 
Operation cost:  ~2 MEUR/year 
Decommissioning cost: 0 MEUR 
The infrastructure will not include scientific instrumentation other than the basic equipment. 
Participating scientists should then be responsible for the deployment of the instrumentation for 
any particular experiment. There are at the moment only expression of interest by scientists 
and Institutions. No clear commitment is shown.  
This project will only be possible if stimulated at the European level. 

 
 
 



Conclusion 
 

EMEG concludes the EUFAR project merits being registered in the road map as it would significantly change the capacity of European atmospheric research 
community to study the troposphere holding the potential for cross fertilisation between research group and different science experiments. Similar air planes 
exist in the US that demonstrate the feasibility and benefit of such an airplane. At the same time, this indicates that European scientists will have to select 
carefully the key major scientific subjects that they will develop in competition. It is still in phase A for the organisation and commitment, but it is in phase B 
for scientific requirements and technical concept. 

 
 
 



ESFRI EMEG evaluation: EMSO 
 
Project Title:   EMSO - EUROPEAN MULTIDISCIPLINARY SEAFLOOR OBSERVATION infrastructure for long term permanent monitoring of the ocean margin 
environment around Europe. 
Project type:   Distributed Research Infrastructure: interlinked network of measuring stations 
Project submitted by:  FR, (IFEMER) 
Reviewed by:  EWG n°1 EMEG (in coordination with BMS EWG Biodiversity and Environment) taking in account the strategy notes prepared by the ESF Marine 
Board 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

Deep sea environment is a science frontier, dynamic and time scale of the geophysical, 
sedimentological and ecosystem processes are clearly identified but require continuous 
observations to be studied. The variety of processes requires that a number of sites are being 
studied. At the same time data on several sites are necessary to address large scale 
processes. This long term monitoring capability is even more important in the light of observed 
and predicted climate change.  
Deep sea research and environmental monitoring is of interest to all countries and may have 
world-wide impacts on geological, biological, physical and medical knowledge, on economies, 
and health and well-being of people all over the world. 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

This project is considered critical by the ESF marine board. This board also gives first priority to 
in situ observing systems. 
Major advances in our understanding of environmental processes require us to identify temporal 
evolution and cyclic changes and to capture episodic events relative to oceanic circulation, 
deep-sea processes and ecosystems evolution. Long-term monitoring will allow capture of 
episodic events such as earthquakes, submarine slides, tsunamis, benthic storms, bio-diversity 
changes, pollution and other events that cannot be detected and monitored by conventional 
oceanographic sea-going campaigns.  
This concept of a distributed network infrastructure creates possibilities for further development 
and incorporation of new stations and instruments and can put Europe in a leading research 
position in the field.  
EMSO will provide ground truth data for space-borne sensors of GMES and a further 
development includes the link with the astronomy community in the joint use of their deep sea 
facility in the Mediterranean for neutrino astronomy (Km3NeT-Design Study project financed 
under FP6)  
Currently 12 Institutes from as many countries are supporting (preparing) EMSO.  



 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of  potential user community in the definition of 

the scientific case +  proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

The project is supported by Esonet, a NoE of 50 institutes. It is also part of the “Deep ocean 
floor frontier” concept which assembles many EU projects (Esonim, Hermes, etc…), NoE and 
Eranets (Ecord). The ESONET NoE is a basis for EMSO which guarantees a wide support at 
the European level, with collaborative links with USA and Japan. However, currently the project 
is mainly supported by countries with a substantial coastline except from Spain and Denmark. 
The consortium should make an effort to include institutes from these countries as well. 
The selection of the various sites is based on existing studies by the countries involved in this 
proposal and which are willing to continue supporting these studies. The Esonet NoE (a 
distributed network of in situ observatories) deals with still more countries. EMSO includes only 
50 % of the sites considered in the ESONET proposal. Further analysis of priorities, and 
implication at EU level and commitment of the participating countries seem needed.  
This distributed RI will result in major advances across a range of scientific disciplines: 
geosciences & geo-hazards,  physical oceanography, Biology, non-living resources 
The cable infrastructure linking in situ observatories provides energy, real time access to the 
data and monitoring of the instruments. The system provides both possibilities for teams to 
install and connect their instruments in these sites, and for scientists to get access to the data. 
The project proposes to rely on the Seadatanet network (connecting 50 data centers) to 
manage and provide access to the data. The open access will depend on management and 
further agreements between providers of the raw data. However access to the data for non-
members of the consortium is not clearly defined and should be further clarified. 
The training of graduates and post graduates in multidisciplinary environmental sciences is 
included within the related ESONET-activities.  
 

B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel , for development and operation, readily available? 

The project is considered timely because of the needs in global change research and geo-
hazards This project is partly a continuation of projects started in FP 5 and FP 6. The proposal 
is mature in scientific and technical terms. The design concept is clear but not always detailed 
for all individual sites. A clear design of the overall distributed facility is not yet available. The 
implementation schedule is very preliminary. As a consequence EMSO can be considered to 
be a concept with maturity at the level of phase A. 
All key technological components exist, and are being used in Europe, the US and Japan. 
Standardisation of instruments and data is work in progress. The major technological change is 
the connection of deep sea observatories by cable: the latter is the actual infrastructure. It 
allows a variety of instruments (energy), and real time data transmission and processing. The 
second change is networking, which favours technology exchange and improvement and or 
development of new technologies, standardisation (which is considered as an important 
improvement) and access to a set of simultaneous measurements.  
 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 

The development of new technologies, including standards on sub-sea equipments, could be 
considered as a new challenge for European industry. More specifically, EMSO will indicate 
future environmental technology monitoring and innovation needs in the fields of continental 
margin exploration and exploitation. 
Clear socio-economic impacts are identified. EMSO will be a key asset for the development of 
a thematic strategy for the protection, conservation and sustainable use of the marine 



- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

environment and is fundamental for the implementation of the Global Monitoring for 
Environment and Security initiative (GMES) as its sub-sea segment. The socio-economic users 
of EMSO knowledge include assessment bodies, their scientists and policymakers, 
intergovernmental organisations, international agreements on exchange of data related to 
hazards such as global seismographic networks , non-governmental organisations, …   
A clear design of the business model for the overall distributed facility is not available yet 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g. Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

Preliminary cost estimates have been made based on present day experience. Cost of 
preliminary site survey is relatively important. Operational costs will however be very sensitive 
to instrumentation lifetime (operation cost depends on the capacity to maintain instruments on 
a multi-year time scale, and thus on their replacement rate. The cost of preliminary site survey 
seems relatively high with respect to the total cost). 
Not all of the ESONET sites have reached the same level of maturity. Therefore it is proposed 
to provide basic infrastructure at 5 sites on contrasting environments, to be developed over a 
10 year period. Other sites proposed in ESONET Network of Excellence or in any other 
framework may be invited to join later on the EMSO initiative, according the level of 
implementation of their projects. 
Due to the high costs, the backbone of the EMSO concept can only be done at EU level.  

 
 

Miscellanea + Synthesis opinion  

- Being in the roadmap adds something to this project? What? 
- Best practice suggestions on existing/ future RI’s, or data 

availability/access? 
- If this RI is ranked in overall scientific impact vs other proposed RI’s in 

same scientific area what would be its place? 
- Is there any other issue which should/ could clarify the evaluation for the 

Rmap? 
- Do you recommend this project as an important imput to a Roadmap of 

international EU value? 

EMEG recommends registering the EMSO proposal in the road map since it is a 
highly relevant infrastructure that would add to the pan-European knowledge of state 
of art in the seas. . Recommendations to the project team should be made in terms of 
further development of the business plan (financial and management structures). The 
level of European investment might be flexible since fewer sites than 5 could be 
supported in the beginning. The full potential of this distributed infrastructure will be 
strongly dependent on both full European coverage and data access policies. 

 



EMEG evaluation criteria: ICOS 
 
 
Project Title ICOS 
Project type: distributed  research infrastructure (long term monitoring platform) 
Project submitted by: Max Planck Institute for Biogeochemistry (GE) and Centre d’Electricité Atomique – Laboratoire des Sciences du Climat et de l’Environement 
Reviewed by:  EWG n° 1 EMEG 
 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

This project deals with very important issues related to greenhouse gases (mostly CO2), their 
fluxes between atmosphere and continental biosphere and storage in the ecosystem.  The 
establishment of this infrastructure is a logical and necessary next step for measurement of CO2 
fluxes in Europe. The proposal will be important for providing a quality controlled set of long 
term measurements of greenhouse gases in selected ecosystems representative of Europe. 
The scientific case is well posed and also related to the UNFCCC monitoring needs. The 
science is of highest relevance and of world class. US and Japan are developing similar 
systems however this similar approach in various continents is needed both for global 
coverage, for studying diverse ecosystems, and for political control. 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

The infrastructure will certainly strengthen the European position as an international leader in 
the field. The proposal has been developed in international collaboration between the best 
groups in Europe. The community which has presented the proposal is currently running 
several EC funded research actions which have perfectly set the scene for the proposed facility. 
The facility has clearly been developed in close contact with other similar actions in other areas 
of the world (US, Japan, China...) The need for continued CO2 measurements and modelling is 
very high. The measurements will also provide important base data for post-Kyoto negotiations 
and possibly for independent verification of Kyoto reports. 
.  
 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

The environmental – and political issues are critical to Europe (the project cannot be significant 
at the national level alone). The networks (atmosphere 100 stations, ecosystem, 20 stations) 
are distributed throughout Europe. The pan-European community which has presented the 
proposal has been working together for several years now, and is currently running several EC 
funded research actions on the integrated carbon system. The proposed effort is 
multidisciplinary by its own nature, since it involves experts in physics, chemistry, biology, 
geology. The user community (climate/ecosystem science community) will clearly be 
international (Europe and beyond) and will have the opportunity to use the data produced by 
this facility. The network is flexible and open to new partners. The project offers clear 
possibilities for training of young scientists in the field. .The proposed CO2 measurements have 
potential interfaces towards the meteorological community (e.g. ECMWF that already 
assimilates CO2 in their models); and also towards the sample plot based National Forest 
Inventories, (NFI) which in many countries are used for the operational Kyoto reporting. A 
European harmonisation of the NFI’s are currently being discussed (e.g. within the COST E43) 
and ICOS should follow the development of these discussions and adapt its future activities 
the outcome of these discussions. The proposed Long Term ecosystem observation 
component of ICOS also might also have synergies with other similar initiatives discussed at 
European level. 



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

The project is derived from existing projects through CarboEurope. It includes components that 
are complementary and make it unique. The downscale – upscale problems associated with 
the global Earth system are addressed by modelling approaches. The number of stations in the 
networks is somewhat flexible but needs to be of the order of what is proposed.   
The proposal can be situated somewhere in between phase A and B. The technical concept is 
in fact quite elaborated, and the partnership is defined, but the cost estimate is still preliminary. 
The time table is quite clear and credible and technologies needed are to a large extent readily 
available. There are no major technical difficulties to sort out; what is need is agreements and 
funding. Key instruments, measurements, databases exist. Breakthrough in measuring 
technologies and modelling should be expected during the 20 yr-life-time of the project but 
cannot be easily anticipated. Trained personnel are already available. The varied issues and 
users are well identified. 
Time line:  
-Preparatory phase: 3 years  
-Construction: 5 years 
-Operational phase: 20 years 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

The overall management of this long-term monitoring platform requires a long-term perspective 
which can not be guaranteed by research projects or programs.  Therefore a concept of setting 
up an institution (as a research infrastructure) is proposed. 
A Pan-European partnership is a need for such operation to be implemented and operated. 
Access for new partners at a later stage seems to be possible. The infrastructure will be of 
international relevance by its own nature, and will be world class standard, higher that other 
similar in the US and Japan. 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

Preliminary Costs: 
Preparatory costs: 5 MEUR 
Construction costs: 22 MEUR 
Operation costs: 216 MEUR 
Decommissioning costs: 7 MEUR 
Costs need to be refined. No part of this proposal is already financed, other than the resources 
of the proposers in part derived from the currently running EC programs (e.g. 
CARBOEUROPE). Support by Institutes in Italy, France, Germany, and Netherlands is already 
obtained. There are tentative (credible) commitments by a few European Countries, but no 
clear statement yet. The cost of the infrastructure fully justifies an EU funding approach. The 
structure will complement similar facilities in other parts of the world. A long list of scientists 
supports the project.  
 

 
 
 



Conclusion  

EMEG recommends registering the ICOS proposal in the road map due to its high scientific and societal pan-European and even global relevance in the field of long term 
earth system monitoring. The scientific distributed facility infrastructure will likely be both research and operational (in the frame of GMES) oriented. 
ICOS is in continuity of an ongoing preliminary project (IP CarboEurope) that demonstrates its feasibility and the maturity of the scientific and technical concepts. To secure 
the crucial continuation of these observations a long term perspective should be guaranteed through the set up of an institutional concept (research infrastructure). 
 



EMEG evaluation criteria: IAGOS ERI 
 
 
Project Title IAGOS-ERI: Integration of routine Aircraft measurements into a global Observing system 
Project type:   long-term monitoring platform  
Project submitted by: Institut für Chemie und Dynamik der Geosphäre, Forschungzentrum Jülich  
Reviewed by:  EMEG 
 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

This project aims at equipping routinely flying passenger aircraft with sensors for global 
measurement of key atmospheric components. IAGOS is a very efficient cost-effective 
approach to monitor the long term variations of the atmospheric chemistry on the large scale, 
including many chemical species and aerosols, thanks to the use of commercial airlines. It 
should help to get measurements in important yet poorly observed areas (Asia, Africa). Data 
are available on near real time for operational applications.  
This RI offers a continuation of over 12 years lasting measurements developed by a successful 
EC funded program: MOZAIC. The proposal now aims at building a long term infrastructure. As 
was already demonstrated by MOZAIC, the data obtained by means of routine aircraft 
measurements have been widely used at the international level and notably within the IPCC 
process (worldwide application) but key scientific applications are made in European projects 
such as GEMS. 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

The availability of global data on key atmospheric constituents is a real need for both climate 
and air quality studies.  
The project will establish Europe as an international leader in atmospheric composition change 
research. The prjoject is the most important of its kind on world level. Another similar European 
project, CARIBIC measures more parameters but that equipment is more seldom flown since it 
is hosted in a freight container.  
The IAGOS project is proposed by a European team who worked on precursors of IAGOS since 
1994 (MOZAIC). They published 70 papers on such data. IPCC asked for continuation of such 
observations. Operational applications are developed in the GEMS project for GMES.  

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

The importance of routine aircraft observations has been explicitly acknowledged by several 
international assessments (e.g. GMES; IGOS-IGACO).  
The project has multidisciplinary extent and will have impact on many/other scientific fields 
(climate research, atmospheric chemistry, weather services, agricultural sciences…).  
Training is planned and open access ensured.  
Although the core of the proposal involves a few Institutions in Germany, France and UK (with 
Airbus and Airlines as partners) the consortium is claimed to be open to all interested parties.  
Data will be available to the whole scientific community in quasi real-time. New partners can 
join at any time to add new processing or to support a broader set of equipped air planes. 

 



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Are trained personnel, for development and operation, readily available? 

Project timeline: 
The project is to a great extent in phase C.  
The timetable defined and credible Partnership is known, detailed technical plans are available 
or are being developed through a currently running SSA. Risks of failure are identified and are 
overall very low.  
Future technological improvements are possible/expected and can easily be implemented 
within the proposed structure.  
Trained personnel for development and operation is readily available and, to a large extent, 
already funded. IAGOS is based on the 10-year experience of Mosaic.  
 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

Long-term monitoring making use of commercial aircrafts involves a sustainable operation 
which requires a long term perspective because of the long lead times for the development of 
instrumentation with aeronautical certification, legal binding contracts with the participating 
airlines, and structures for regular maintenance and exchange of the instruments, etc. These 
lead times are incompatible with the short life cycles inherent to research project or programs.  
Therefore a concept of setting up an institution (as a research infrastructure) is proposed.    
Agreements with Airbus are approved. Evolution allows measuring more parameters, lighter 
instruments, faster data transmission. Construction of instruments will be made in small 
European SMES companies.  
The consortium will be open to other European partners capable of joining in with new 
technology/capability. Data will be available to all interested parties. 
Socio-economic objectives are indicated, focusing on the priority area of environment, health 
and quality of life and the area of sustainable use of natural resources. 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g. Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

Cost estimations are reliable and are clearly apportioned for the different phases of the project.  
Preparatory cost: 5-7 MEUR 
Construction cost: 14 MEUR (20 aircrafts) 
Operation cost 5.8 MEUR/year at full operation 
Decommissioning cost (0,4 MEUR) 
Total cost 105 MEUR for 20 years 
The return in terms of results is extremely high compared with the required budget. The project 
is remarkably low cost thanks to the very original international set up with commercial planes, 
yet it provided unique-very demanded-data An optimization of the project effectiveness may be 
the link/inclusion of the other similar actions already existing: the CARIBIC program (MPI-
Mainz) and the small Japanese program.  
5 Research organisations are committed to contribute, including financially for 70 MEuros/20yrs 
(on a total of 105MEuros/20 yrs). Note that additional resources that are most needed are 
operation costs. The missing 1/3 of the budget, although low to the ESFRI standards, is vital to 
allow the project to take-off.  



 
Conclusion 
 

EMEG recommends including the IAGOS-ERI proposal in the ESFRI-roadmap due to its very high and already proven scientific relevance for the 
international climate and atmospheric research community and given it’s very cost efficient set up.  IAGOS is an important project under full European 
leadership.  It is in continuity of an ongoing project though it allows significant improvement and extension. The continuity of the observation is critical to 
detect changes. IAGOS is also likely to become a key component of a GMES service on air quality that is being discussed. EMEG also recommends that 
representatives for the complementary CARIBIC project are invited to IAGOS on management level, and that relevant parts of the continuation of the 
CARIBIC project are included in IAGOS.  

 
 



EMEG evaluation:AURO ARGO 
 
 
Project Title:   Euro-Argo European contribution to the Global Argo Research Infrastructure for Ocean Science and Observations 
Project type: long-term monitoring platform  
Project submitted by:  IFREMER on behalf of a European consortium 
Reviewed by:  EMEG 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

 
ARGO is of very high relevance for understanding the ocean circulation and the global climate. 
Argo provides a unique real time 3-dimensional observation of the global ocean. Data are 
presently used by 200 scientists worldwide, with examples such as global description of ocean 
currents at depth, seasonal cycle of ocean heat content, improvement of seasonal climate 
forecasts, and understanding of the sea level rise. 
It produces enormous more data than earlier have been available from research ships.  
The concept is linking large scientific projects and monitoring.  
The science case is definitely of world relevance and Europe should in some way contribute to 
the world wide ARGO system. ARGO floats have been deployed since 2000 and they created 
real advance in research of ocean interior. Euro-Argo project will build on this important 
experiment and will add new possibilities/sensors and new values to the ocean sciences.  

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? 

The network of floats is a unique tool to provide ocean data for climate models and is fully part 
of a worldwide international agreement.  This international operated concept aims at the 
deployment and maintenance of ca. 800 autonomous floats in the world oceans (1/4th of the 
3000 floats needed to maintain the 3°x3° array worldwide). There is a pressing scientific need 
for the European project to be implemented, also taking into account the international 
agreements with US, Japan and other Countries.  As a consequence Euro-Argo gets support 
from the world Argo office (established in Europe), the world climate research programme 
(office in Europe) and the ocean GMES project. Letters of support by several agencies including 
ECMWF are available.  
Based on first results, the project shows its value and high cost-effectiveness. Due to a good 
coverage of the world ocean this monitoring platform network gives unique opportunity to 
investigate and model ocean scale and global scale phenomena's like ocean circulation, heat 
and fresh water storage and many others. It is excellent complement of research done by costly 
research vessels, satellites and aircrafts. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or 
local? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

EuroArgo is a major contribution to a world scale project, with Europe controlling data centres, 
leading data assimilation experiments or developing new technological improvements. 
8 European countries and the Commission presently contribute to the project. Data are 
processed and made openly accessible worldwide. Centralized data centers allow every 
oceanographer to access the whole data set after quality control and pre-processing. The Argo 
data are already about 3 times more numerous that previously existing BT data sets. 
The data about the ocean obtained is also of high relevance for global climate research 
Results will be used by other disciplines, like meteo sciences. 
Training of students and post graduates is included as one of the Euro-Argo activities. 



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks?  
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

The technical and scientific cases are mature.  The project is rather in phase A/B for the 
organisational aspects. 
Demonstration of the principle and functioning of Argo is made through the initial experiment. It 
is now a major source of ocean observation.  
The time table is clear and credible. After 2007, the project is about replacement of 250 floats 
per year.  There are expertises that can execute the project  
The proposal seems relatively risk free.  
The technology is readily available and European involvement in technological development 
projects is ensured. Coordination, data control, distribution, post processing exist.  
New sensors for nutriments or CO2 measurements are being studied. Rapid profilers, new 
transmission systems, or under ice profilers are also studied. Construction is also made in 
small US or European SMES. 
Trained personnel for development and operation.  

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

The overall management of this long-term wide spread monitoring platform (optimising the use 
of resources for operations at sea, procurement of instruments, maintenance of array, 
technological developments,…) requires a long-term perspective which can not be guaranteed 
by  research projects or programs.  Therefore a concept of setting up an institution (as a 
research infrastructure) is proposed. Argo is a major international cooperation. US invest more 
than Europe, but European agencies have key positions in technologic development, data 
centres, and operation control. The European partnership is still not fully known, and will 
probably largely depend on the inclusion of the project in the ESFRI roadmap. Risk, as small as 
it is, is shared by manufacturers and operation agencies. 
There is an industrial challenge in improving the construction of ARGO floats, which also might 
be useful for other areas. . The proposers claim that while the technology was initially all from 
US industries, a couple of European companies are now producing the required floats. 
Further contribution from Countries which may decide to deploy further floats is foreseen in the 
plan. This is facilitated by the relatively low unit cost of the floats.  Joining procedure is clearly 
described  
Socio/economic objectives are indicated. The EURO-ARGO approach answers Europe’s 
strategic need to strengthen excellence on the functioning of climate and the earth system. 



 
D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over  useful lifetime? 
- The costs include complete sets of instruments to allow best use? 
- The project reports clear commitments  at State/Institutional level, and/or 

credible financial plan to cover part or all expenditure? 
- Which phases are already financed (e.g Conceptual design), and if 

different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at Eu 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

Cost aspecs:  
Preparatory cost: 1,2 MEUR 
Construction cost: 45 MEUR 
Operation cost: 29,04 MEUR 
Total for a twelve year operation: 75,24 MEUR 
 
The total funding available from other sources is difficult to evaluate from the proposal.  EU 
level financing will contribute to less fragmentation and is in line with European commitments 
within the GEO process. However, the system is scaleable and the costs for single floats are 
not prohibitive for national research institutes.  
The overall cost of the project is relatively low in comparison with other infrastructures 
proposed, but will have a comparably very high return in terms of data availability. While an 
approach based on individual Country action is in principle feasible, it is very doubtful that the 
desired coverage of the world oceans could be achieved. A pan-European approach is 
certainly desirable (and in part this is already happening). The project is (will be) managed 
jointly at the international level with major contributions from US and Japan. 

 
 
 

Conclusion  

 
EMEG recommends including the EURO-ARGO proposal in the ESFRI-roadmap due to its very high and already proven scientific relevance for the global change research, 
the maturity of the project, the importance for GEOSS and the open access to data. It is a key scientific and operational ocean observation system that is demonstrating its 
revolutionary benefit. It is high mature for technology and scientific aspects. The present organisational setup, with contributions of research institutes and some central 
facilities for coordination and data processing proves successful but requires firm institutional arrangements. Organisational aspects and governmental commitments should 
be further elaborated. Euro-Argo is likely to become a key source of data for the GMES Marine Core Service that is being implemented. 
 
 



LNI evaluation criteria: ESS 
 
Project Title: European Spallation Source (ESS) 
Project type:    
Project submitted by: Local consortia from Lund (Sweden), Yorkshire (U.K.), Halle/Leipzig (Germany), Basque Country (Spain), …… (Hungary) 
Reviewed by: 
Synthesis opinion: The ESS is a 5 MW neutron source with initially 20 instruments, upgradeable to more instruments, higher power and more target stations. The 
ESS will be the world’s leading neutron source, providing the highest neutron intensity (often orders of magnitude higher peak flux than any of the currently 
operating and planned neutron facilities) and novel instrumentation as a unique tool for research into structure, characterization, functions and dynamics of matter 
to both complement and exceed the capabilities provided by synchrotron sources, NMR, muons, electron microscopy, etc. The ESS is necessary to maintain the 
acclaimed European leadership in the area of condensed matter research and technology.  
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

- Europe will need to build a new neutron spallation source in the near future 
in order to (i) respond to future research requirements, with a continued 
strength in hard condensed matter science while broadening and growing 
strength in soft matter; (ii) enlarge the range of new scientific opportunities 
in areas such as polymers and soft matter, biology and biotechnology, 
amorphous and disordered materials, nanoscience, solid state physics, 
chemistry, engineering and materials science, earth and environmental 
sciences, liquids and particle physics; (iii) maintain European leadership in 
neutron science, which has been built up over the last three decades; (iv) 
attract the world’s best researchers and companies in future fields of 
economic importance. 

- Multidisciplinary groups of world leading scientists have worked out 
excellent science cases for the applications of neutron scattering across a 
multitude of scientific disciplines, identifying key areas in the different fields 
and focusing on future trends. 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? (extent: regional, European, world ?) 

- Neutron scattering is an intensity-limited technique. The highest possible 
neutron flux is relevant to achieve breakthroughs in all areas of condensed 
matter research and technology. Since the early seventies (after the 
successful commissioning of the high-flux reactor at the ILL Grenoble) 
there has been a stagnation concerning the flux of neutron facilities. 
However, new neutron source projects in the USA and in Japan will soon 
exceed the present flux limit. It is therefore of highest relevance for Europe 
to respond to these developments now in order to maintain leadership in 
neutron science. 

- For the last half-century neutrons have played a crucially important role in 
developing and refining our understanding of many key scientifically 
important and technologically significant aspects of condensed matter 
across the disciplines of physics, chemistry, materials, and the life, earth 
and engineering sciences. There is no doubt that neutron research will 
continue to make a major, and indeed growing, impact on each of these 
fields, provided that new neutron sources with the highest possible flux 
become available. 

- The ESS will be the flagship within the network of the existing European 
neutron sources, and through its role it will catalyze and enhance the 
scientific opportunities of the latter. 



- Europe, based on the significant expertise available, has been at the 
forefront of design and development for spallation sources. The ESS 
project, started as early as 1990, was highly influential on the design of the 
new sources in the USA and in Japan, but it will also profit from the 
experience accumulated at the latter. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of  potential user community in the definition of 

the scientific case +  proposal + technical design, is international or 
local, how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

- At present there are about 5000 European scientists using neutron 
scattering as part of their research programmes. A recent survey among 
these scientists convincingly demonstrated the enormous need for a third 
generation neutron source in Europe which will allow experiments on 
totally new cutting edge research. 

- The European user community has been involved in all stages of the ESS 
project to define the scientific case, novel aspects of the instrumentation, 
and the technical design of the source. 

- Neutron scattering is one of the prototypes of a truly multidisciplinary 
technique. 

- The ESS will have an essential impact on other fields, e.g., muon 
spectroscopy for studies of condensed matter; muon particle physics; the 
use of positrons as probes of condensed matter; neutrino studies; 
radioactive nuclear beams; irradiation for fusion materials research and 
development; isotope production; fundamental particle physics. 

- In the past more than 50% of the neutron beam users have been Ph.D. 
and postdoctoral students. Through the EU framework programmes a 
sizeable fraction of new users have been introduced into neutron 
scattering techniques, typically 10-20% per year. These efforts to involve 
new and young users will be continued at the ESS, in co-operation with 
the existing network of European neutron sources. A reasonable task 
separation may be that scientific training of new and young users will be 
mainly done at medium-flux facilities, as a prepartion for ultimate 
experiments at the ESS. 

- The allocation of beam time at the ESS will be based on scientific 
excellence through the established peer-review system. 

 



B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embrionic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

- Sine the early nineties, 15 laboratories/universities from 11 countries and 
hundreds of scientists/engineers have produced the technical design and 
the science case. The maturity of the project is at the level of phase D. 

- Time table for the ESS project: 
• Late 2006: Preliminary baseline range. Start of negotiations. Completion of  
the detailed engineering design including detailed costing and optimisation. 
• Ende 2006 – mid 2008: Detailed negotiations. Performance baseline 
established. 
• end 2008: Go-ahead for construction. 
• 2009: Start construction. 
• 2016 – 2017: First neutrons. 
• 2018 – 2019: First user operations. 
- In contrast to the spallation projects in the USA and in Japan (using a 

short-pulse target station whose technical feasibility is not yet established 
when approaching the power of 1 MW), the ESS project is based on the 
use of a long-pulse target station which is a technique immediately 
available, i.e., there is no need for fundamentally new technical 
developments. 

- The initial ESS concept (long-pulse target station, 5 MW power) is a 
necessary first step towards neutron spallation sources in the 15-20 MW 
power range. 

- Trained personnel will be mainly recruited from the hundreds of 
scientists/engineers who have been involved in the project study. 

C. Business case 
- The project offers possibilities of sharing risks & opportunities  for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

- The business cases presented by the interested consortia are based on 
co-operations with partners from academia and industry. 

- The pan-European character of the ESS project demonstrated during the 
study phase will be continued for the construction, operation and use of the 
facility. 

- The ESS project will be open for partnership at any stage. 
- At a European level the ESS project is crucial for turning brain drain into 

brain gain. One now sees already the effect of the American spallation 
source project SNS on top European scientists, and can note the doubts 
among young scientists in the field or attracted to the field. Investing in 
ESS will be the best incentive to lure people back, maintain people in the 
field, attract young people and scientists from outside Europe to Europe. 
Increasing the talent pool will be a cornerstone of the ESS project in a well 
established network of all European neutron facilities. At a regional level 
there are clearly network effects. The ESS project will have an impact on 
many major industries; more specifically, the ESS project will lead to an 
increase of the number of new companies as well as to a significant 
additional job creation in the region. 

- Although the ESS is a pan-European project, the local scientific institutions 
and industrial companies will be strongly involved in all project stages. 

 



 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial set to 

be developed further, to allow best use? (initial investment, successive 
implementation costs) 

- The project reports clear commitments  at State/Institutional level, and/or 
credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g Conceptual design), and if 
different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

- The construction costs (1 BEURO) and the operating costs (80 
MEURO/year) are well evaluated for the initial ESS project. 

- The costs include 1 long-pulse target station (5 MW power) and an initial 
set of 20 instruments. 

- The detailed financial concept of the ESS project has yet to be established 
through negotiations at state level. 

- Some 100 MEURO have already been invested during the project study by 
the involved parties. 

- The ESS can be upgraded to more instruments, higher power and more 
target stations. These upgrades are likely to be discussed around the year 
2020, thus it is premature to make any forecasts concerning successive 
implementation costs. 

- The overall projects costs have clearly a dimenison at EU level. 
- The financial concept has to be negotiated at state level. 
- Cost savings will naturally occur through the shut-down of neutron sources 

as predicted by the OECD MEGASCIENCE FORUM. According to this 
prediction, the number of neutron sources will be reduced in the period 
from 2000 – 2020 to about one third of the present capacity. Indeed, the 
neutron sources at Risö (Denmark) and Studsvik (Sweden) have already 
been closed in recent years, and the neutron source at Jülich (Germany) is 
due to close during 2006. 

- The experience gathered at the American and Japanese neutron spallation 
source projects will be useful to minimize the technological risks of the 
ESS project. 

 
 
 
 
 



LNI evaluation: ILL 20/20 
 
Project Title                                 ILL 20/20 project 
Project type:    
Project submitted by:              FRANCE 
Reviewed by: 
Synthesis opinion: A major upgrade of the instrumentation and facilities of the Institut Laue Langevin, Europe’s world leading reactor 
neutron source, will enable it to continue doing world class science for at least another 20 years. 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

- The 20/20 project will deliver an average increased performanceower 
across the of neutron ILL instrument suite ofby a factor 10, which would 
beis roughly equivalent to building a 600MW reactor source, but many 
orders of magnitude cheaper and wth no associated risk. The project also 
features increasedwider use of polarised neutronsand, improved users 
facilities through the Partnerships/On-site-Laboratories for Materials, for 
Magnetism and, for Soft Matter. This representsis real ‘value for money’. in 
upgrade compared to a 2B€ plus cost of the hypothetical 600MW reactor. 

- The science produced at the ILL is already world -classrelevant. The 20/20 
project is a cost-effective project way to quickly increasemaintain and 
improve the level of scientific output at European and world levels.  

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? (extent: regional, European, world ?) 

- ThereYes, it is a real need. Increasing the capacity of ILL, still would still 
not match the actual scientific and user demand, which is continuallystill 
rising. TAs to the time frame, the benefits would begin to flow within a one 
year. 

- ILL is unique, and would be made betterfurther improved. 
- ILL is one the main European center within the European network, even 

though it is a reference. Its flagship role must be maintained as “top class” 
to motivate the other sources  and attract and rally young users scientists 
and new user communities. 

- The ILL 20/20 proposal has been developeding through in consultation 
with the ILL’s international user community, by theits international Scientific 
Council and associated, the sSubcommittees, and particularly by thethe 
internet-based instrument review process recently lauched. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of  potential user community in the definition of 

the scientific case +  proposal + technical design, is international or 
local, how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

- Out of user community of about 5000 in Europe, Oover the last 3 years 
2500 individual users, from 1000 different laboratoriess from 45 different 
countries have applied to perform carried out experiments at at the ILL. 
There are about 5000 neutron users in Europe. . 

- Involvement of the user community in the definition of the 
scientific/technical case has mainly been mostly through the public 
instrument review process (above mentioned above). A large user 
meeting is planned for, and the foreseen April 2006. 's Millennium 
Symposium. User expressed needs are supported bys can also input 
views and requirements through the  Scientific Coordination Office. 

- Use/iImpact is certainly multidisciplinary in scientific terms.ce, and 
ininconsiderable complementarity is achieved technique also withthrough 
the ESRF sharing the same site as the ILL. 



- Low energy nuclear physics will also benefit, e.g. studies in gravitation 
(quantum interactions) and, cosmology (n decay). More generally, 
because of the intrinsic multidisciplinary nature of the neutron facilities, 
use of the instruments is certainly expected for applications outside of 
those they were originally designed for is certainly expected (e.g. cultural 
heritage studies examples from engineering andare a growing area using 
techniques originally developed for engineering studies cultural heritage 
studies). 

- The site development - funded by the French regions - will include a 
conference/training centre for courses such as HERCULES. and for 
teaching the The 100 or so doctoral students oin site can also be taught 
'soft skills' - project management, safety, writing grant applications, setting 
up small start-up companies etc. 

- The open peer-review proposal system is central to ILL's culture, indeed it 
is the accepted paradigm. AThe access, which is mostly enabled 
tofocussed the on ILL’s  EuropeanU partners countries, is 
neveronetheless open to all for the highest quality science. 

B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embrionic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

- In the ILL 20/20 project there are virtually no technical unknowns and a low 
technical risk. The project is at the Phase D - i. It only needs approval and 
budget to proceed. The pProgramme is well prepar-elaborated. Cost 
estimates seems to be good realistic within the normal to +/- 20% 
contingency. The programme could start immediately. 

 
- Two successive 5-year phases are envisaged, namely from 2007- to 

202011, and from 2012- to 2016.  
 
- The upgrades are based upon known technology, most of which has been 

developed at and by the ILL, for example cold sources, supermirrors, 
detectors, and polarisers. 

 
- Trained personnel - indeed recognised world experts – areis already 

working on the project proposal. The ILL certainly has the status to attract 
other trained personnel if required. 



C. Business case 
- The project offers possibilities of sharing risks & opportunities  for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

- Certain aspects of the project, such aslike the ‘Partnerships’ and the 
‘Advanced Neutron Technology centre’ies, will have European and 
national partners to share the investment and operational risks. ILL already 
has 12 national partners who share the risks. 

- The ILL is already a European site, with 12 member countries. T, and the 
project 20/20 does not require new treaties to be signed or a green-field 
site to be found. Management and staff are in place. The business case 
seems to be already proven, and the ILL has a demonstrated track record. 

- ILL is open to new partners to join at virtually any time. In the past 12 
months, Sweden, Hungary and Belgium have joined in the past 12 months.

- The proposal addresses the issues of public understanding of science; 
training of next generation of scientists, engineers, technicians; intellectual 
property protection.; Hhigh demands will be putset on high-tech industriesy 
to achieve higher manufacturing precision using new materials. 

- Most of the industrial use comes through research contracts with university 
researchers who use the facilities. Industry therefore gets cost-free access 
to the instruments. The willingness of the local region to invest in the 
infrastructure anticipated under the 20/20 Project, clearly demonstrates the 
important role that the facility plays in the local high-tech economy. 

- D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial set to 

be developed further, to allow best use? (initial investment, successive 
implementation costs) 

- The project reports clear commitments  at State/Institutional level, and/or 
credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g Conceptual design), and if 
different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 

- 10-year build; 20-year use. It is noted that it is awithin the rolling 10-year 
build programme with some parts will producinge results from year one. 
Operatingon costs are scaled to known ILL operating costs and there 
should be few unknowns. Operating costs increase only marginally, related 
to the additional number of public instruments and the new cold source. 
Decommissioning costs are evaluated. 

- The two-phase scheme of the 20/20 project allows well-defined concepts 
to proceed immediately, and enables the newer concepts to be studied 
and designed prior to build, while ideas developed during the early years 
could be assessed for later inclusion. 

- ILL expects to receive 50% of the necessary capital from current scientific 
partners as part of their ongoing budget. The remainder should come 
fromis new partners (about 15%), special investment from the ILL 
Associates (about 25%) and the EU. 

- As above, 50% is financed, the rest is as specified. 
- This is an upgrade programme only. The normal ILL normal budget will 

cover operating costs and investment to keep the facility fit-for-purpose. 
- The cost/dimensions of the project 20/20 certainly merit the EU level 

approach, and not simply because of the European aspect of the ILL, but 
also because offor the level of the project in itself. 

- A pan-European framework already exists. S, and supporting the 20/20 
project would be in the line of helpwith funding an acknowledged European 
centre of excellence facility. 

- There are definite “efficiency” savings since ILL is already an existing 
operating facility, representing about 2B€ investment, with a reliable and 
growing user community. The 20/20 proposal asks for a "delta" of 160M€, 
which is 8% of the capital cost. The annual operating budget for the ILL is 
already there. In the not unlikely event of smaller neutron facilities in EU 
closing during the period of the 20/20 project, the 20/20 will replace the lost 
capacity and offer significantly greater capability. 

- The ILL is international and the risk-sharing is real. 



 
 

AAA evaluation: ELT 
 
Project Title Extremely Large Telescope (ELT) 
Project type: International large infrastructure 
Project submitted by: UK, F 
Reviewed by: A.-M. Lagrange, M. Grewing 
Synthesis opinion: recommended for inclusion in the ESFRI Roadmap 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 

- RI offers a real advance in the possibility of developing new ways in 
doing high quality/frontier science? 

- Quality of Scientific case on which proposal is based, is of world 
relevance? 

The Extremely Large Telescope (hereinafter ELT) has been proposed as the follow-up project 
to the current generation of 8-10m-class optical/near-infrared telescopes. With the successful 
construction of the Very Large Telescope (VLT), comprising four 8-m telescopes, and the VLT-
Interferometer (VLTI), including additional smaller diameter telescopes for multi-baseline 
interferometry, and the suite of powerful instruments that ESO, together with a large number of 
institutes/laboratories, has built, Europe has taken the lead in  ground-based optical and near-
infrared astronomy. 
While the VLT and VLTI are producing outstanding scientific results, it is clear that fundamental 
scientific questions like the formation of structure in the very young Universe, but also the study 
of extra-solar planets in our Galactic neighbourhood, require still larger collecting area, and 
larger angular resolution.  
The gain with respect to current telescopes in terms of sensitivity (factor of 10 for a 30m 
telescope, factor of 100 for a 100m telescope) and spatial resolution (factor of 3 for a 30m 
telescope, factor of 10 for a 100m telescope) will facilitate the exploration of the frontiers of the 
Universe and observations of the "local" objects with an unprecedented sharpness. 
In addition to answering questions which could not be attacked before, the ELT will enormously 
deepen our knowledge as about stellar physics, stellar populations, star and planet formation, 
interstellar and inter galactic material. Globally, all fields of astronomy, including solar system 
studies will benefit from the ELT and the largest fraction of astronomers will in turn benefit from 
the ELT. 
Given the major breakthroughs expected from the ELT, both on key questions and on the 
overall astronomy, the ELT has been recognised worldwide as an absolutely necessary tool in 
the 2015 era. 
In Europe, a wide range of telescope sizes (30-100m) has been considered in the past. It 
appears that timescale for realising the largest sizes would undoubtedly be very long, both, 
because of the necessary technical developments, but because of the total costs. While 
maintaining most of the scientific drivers and most of the technologies for an ELT, the 
discussions have then focused more recently on 30-50m-class telescopes which are now being 
studied in great detail. They certainly represent a natural scientific and technological step 
towards 100m class telescopes. 
Telescopes with diameters in the 30-50m range will push the current limits by one order of 
magnitude, and there is common agreement that this will allow breakthrough science on a large 
number of long-standing astronomical issues.  
The 20-30m diameter range is also being studied in the United States for their next generation 
large ground-based optical/near infrared telescopes, and there is some open exchange of 
specific technical ideas on how to approach such a project. 



A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world level? 
- Development/availability of this RI has relevance for other 

existing/possible future facilities? 
- Proposal’s design has been prepared/ developed in international 

collaboration? (extent: regional, European, world ?) 

Many discoveries remain to be made with the VLT/VLTI and the first and second generation of 
instruments in the years to come. It is nevertheless already clear today that certain studies 
remain out of reach, unless the photon collecting power can   be enhanced significantly, and 
also the angular resolution of the instruments improved. Only larger diameter telescopes can 
respond to these needs. 
As with the 8-10m-class telescopes, of which about 10 exist or will exist, there will be a 
worldwide need for several telescopes with diameters in the 30-50m range in the future. This is 
because these telescopes serve a very large range of astrophysical fields and because the 
optical/near-IR community represents by far the largest proportion of the astronomer population, 
even though new domains of wavelengths have been opened in the last decades for the study 
of some astrophysical objects (e.g. high energy or low frequency domain). Given the pressure 
on the VLT today, it is obvious that one European ELT will be mandatory for the community, 
and that the pressure for observing time will be very high. 
Even if one can hope that the various ELTs worldwide could be complementary in terms of 
optimization of designs for particular scientific goals, or in terms of sites, it is likely that the 
competition will be fierce, especially as concerns the key science and the follow up of the 
forthcoming JWST. It is imperative that European astronomers must be amongst the first to 
have access to such a telescope in order to stay at the forefront of astronomy. 
The proposed RI will build heavily on the experience gained from the successful construction of 
the VLT, and it will in turn provide an important milestone towards still larger facilities. 
The science of the ELT project has been prepared within the European OPTICON Integrated 
Infrastructure Initiative. The main technological aspects are also being developed under design 
studies at the European level (ELT-DS). 
It has become standard practice to share ideas on specific questions and study results on such 
large infrastructures on a world-wide basis as long as this does not concern patent rights of 
individual industrial partners. However, healthy competition for the development of the final 
designs remains. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or local, 
how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

ESO has the mandate from its Council to develop and operate the ELT project. ESO has been 
created from the beginning to serve the entire community of optical astronomers in the 
participating countries. With more and more countries joining ESO, this already large 
community will grow further.  
There is a long tradition to involve the astronomical community at large from the beginning in 
the brainstorming processes that lead to new ideas and concepts, during the phase of detailed 
studies, and also during the actual construction phase of the instruments. Scientific and 
technical workshops play a key role in this, but also advisory committees appointed through 
the ESO Council, and through close interaction with the consortia responsible for the design 
and development of instruments. For the ELT specifically, ESO has set up scientific and 
technical groups of experts from all countries, and a special advisory committee has been 
created to advise the ESO Council on ELT matters.  
It is standard practice today that training of new and young users is given in dedicated schools. 
Also specific training for the use of an instrument (including software and related data 
reduction) is offered as needed.  
The ELT will be used by scientists working on a wide range of different subjects, including 
early Universe science as well as studies of bodies in the solar system. 
Many of today's questions in astronomy are closely linked to questions in fundamental physics, 
and there is a very close interaction between these fields. 
Access to the European ELT will be on a scientific merit basis. This is common practice in 
astronomy around the world. 

 



 
B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

The present calendar is as follows: 

o Reference design: 2006 
o Final design: 2009 
o Start construction: 2010 
o First light : 2017 (telescope) 
o Full operation with instruments: 2018 

It is tight but technically feasible, if the necessary funding is made available in a timely manner. 
The technical challenges have properly been identified. There is no real show stopper. The 
biggest challenges are the stability of the telescope against varying wind loads, the adaptive 
optics, and laser guide stars. Also the quality of the site is crucial. As in the case of the 10m 
class telescopes, there will be a natural phasing in the developments of instruments. The first 
generation of instruments should apply technologies that are now being developed for the 
second generation of VLT instruments. A further step in performance will then come later from 
the second and third generation of ELT instruments. 
Significant R&D for the telescope and for the first instruments is ongoing (under the ELT design 
Studies and OPTICON). Additional R&D money will be needed later in order to prepare the 
second generation instruments. 
The ELT project benefits from the skills and competence of the ESO personnel who have built 
the VLT. It also relies on the competence within the laboratories and industries. 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

The ELT project includes a large number of innovative technologies that are currently being 
studied and developed as part of R&D programs within ESO, institutes and industries. As far as 
industries are concerned, these include in particular the wavefront control (phasing, actuators, 
metrology), the fabrication of crucial optical elements (SiC, opt. finishing, coatings), the 
mechanics (composite materials, friction drives), Adaptive Optics (AO units designs, larges (?) 
DMs, novel concepts), enclosures (enclosure concepts, renewable energies, infrastructures). It 
also includes instrumentation, site characterization (sites parameters, modelling, 
measurements, large-scale properties) and observatory operational concepts. 
Most of these studies are being performed under ELT-DS, which gathers ESO, institutes and 
industries (1/3 of the participants). 
The construction of the ELT will need the know-how of European industries, in particular those 
who have a long, internationally recognized tradition in building parts of astronomical devices 
(mechanics, optics, mirror fabrication, adaptive optics). Hence the industrial return in Europe for 
the ELT will be high. It has to be noticed that this know-how can be used beyond the single 
case of a European ELT. For instance, all the 8m un-segmented mirrors worldwide have been 
manufactured in Europe.  
Mechanisms for other partners to join: see item D 
Apart from the direct use of the know-how of the industries for astronomical purposes, the 
technical developments that are being considered may in some cases, and unexpectedly be 
used in very different contexts. A nice example is the use of adaptive optics technology, which 
has initially been developed for military purposes, and then in astronomy to compensate for the 
effect of atmospheric turbulence is now used in ophthalmology, to obtain the deepest eye 
images. 
The ELT will be used only for scientific purposes. 

 



 
Evaluation Criteria Argumentation 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial set to 

be developed further, to allow best use? (initial investment, successive 
implementation costs) 

- The project reports clear commitments at State/Institutional level, and/or 
credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g Conceptual design), and if 
different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 
 
 

The present R&D activities, dedicated to the telescope, the site selection, and the first 
generation of instruments are estimated to cost about 100 M€ (including salaries).  These 
activities are financed by ESO, ESO member countries involved in the ELT-DS, and by the EC. 
The ESO Council has decided that the current design effort for the ELT should have as a target 
an upper limit of 750 M€. This budget should include the construction of the telescope, the 
creation of the site infrastructure, and at least half of the cost of the first three first-generation 
instruments. It also includes ESO manpower and industrial contracts. It is expected that 
member countries will make additional contributions for the instruments as it has been current 
practice so far. 
The present studies will produce, at the end of 2006 to be precise, the most affordable size, 
given this ceiling, and the refinement of the science case according to the final telescope 
diameter. 
The EG believes that this design-to-cost approach can succeed without compromising the key 
science objectives. 
This project obviously merits and needs financial support at the European level. It has been 
included as the highest priority next big project in ESO’s long-term plan. It seems therefore 
reasonable to assume that the majority of the costs for the ELT will be covered within ESO’s 
future budgets. However, in order to build the ELT on a timescale that will keep Europe in the 
lead and that is therefore driven by technical requirements and not by the availability of ESO 
funds, additional money will be needed in the coming years. These additional contributions are 
preferably to be found in Europe. At this moment it seems unlikely that the amount of money 
available for the ELT can be significantly increased by further increasing the number of ESO 
member states. The EG considers a contribution from the EC as a very worthwhile investment 
of European funds that would benefit the entire astronomical community in the EU.  
The operation costs for the ELT are estimated at about 40 M€/yr. The plan must be able to 
absorb these costs in the future ESO budget. 
ESO has proposed a coherent strategy for the use of the existing ESO-run sites in the ELT era. 
This strategy aims at a reduction of operating and investment costs of smaller telescopes that 
will nevertheless still be needed in the ELT era. 

 



AAA evaluation: KMN3Net 
 
Project Title The KM3Net (Cubic Kilometre Neutrino Telescope) 
Project type:   International large infrastructure 
Project submitted by: NL, GR 
Reviewed by: L. Resvanis, R. Battiston 
Synthesis opinion:  recommended for inclusion in the ESFRI roadmap 
 

Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

The KM3NeT (Cubic Kilometre Neutrino Telescope) will be a unique frontier instrument in which 
together with ICECUBE (the US-led Cubic Kilometre size neutrino telescope which is currently 
under construction on the South Pole) will open up a new field in astroparticle sciences, that of 
neutrino astronomy. Together with ICECUBE they will monitor the Universe continuously and will 
complement each other. The KM3NeT promises to be a superior telescope to ICECUBE, having 
a considerably higher signal to noise ratio due to: 
1) the potentially better angular resolution, at least one order of magnitude improvement (due to 
the fact that the scattering length of light in the clear seawater is about two order of magnitudes 
better than in the Antarctic ice), 
2) the fact that in the sea the telescope can be deployed much deeper than is possible in the 
Antarctic ice, which means that deep sea telescopes have one to two order of magnitude less 
down going Cosmic Ray background.  
The scientific case for Deep Neutrino Telescopes was made in 2002 by the IUPAP (International 
Union for Pure and Applied Physics) panel of High Energy Neutrino Astronomy (HENAP). IUPAP 
created this panel on the request of the OECD Mega Science Forum. The HENAP report strongly 
endorses the scientific case of Neutrino Astronomy and urges the construction of a Cubic 
Kilometre size detector in a timely fashion to compete with ICECUBE. Lastly, a Mediterranean 
Cubic Kilometre Neutrino Telescope will be in the unique position to observe the Galactic Centre, 
which is not possible with ICECUBE. 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world 
level? 

- Development/availability of this RI has relevance for other 
existing/possible future facilities? 

- Proposal’s design has been prepared/ developed in international 
collaboration? (extent: regional, European, world ?) 

This is a pan-European effort. The Design Study has already been funded by the EU and it aims 
at bringing together the three existing Mediterranean effort (Antares, Nemo, Nestor) into one 
construction project covering at least an overall kilometre cubic of volume, taking advantage of 
the gained experience and utilizing the best relevant techniques from each effort. The 
development of a Cubic Kilometre Detector will provide the Deep Submergence Science 
Community (oceanographers, geologists, biologists) with a unique field laboratory.  
The ongoing effort right now include teams from 10 EU Member States (Cyprus, France, 
Germany, Greece, Ireland, Italy, Malta, Netherlands, Spain, UK) plus Russia and the USA.  
 

 



 
Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of potential user community in the definition of 

the scientific case + proposal + technical design, is international or local, 
how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary extent? 
- Is there a sizeable impact on scientific fields other than the proposed 

ones? 
- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

The only realistic way in which the three ongoing demonstrator efforts can coalesce into a 
large one which is big enough to perform the task of starting Neutrino Astronomy is to create a 
pan-European RI at the optimal site(s). The technical design will be defined by the ongoing 
(already EU funded) Design Study of KM3NeT, where all the interested participants from ten 
EU member states participate as well during specialized workshops. This D.S. will also 
address Organizational and International governance Issues as well as the couplings to and 
the sharing of the facility with other Deep Submergence Scientists (oceanographers, biologists, 
geologists). Summer schools will be organised in order to attract and train young scientists in 
the field. 
KM3NeT actively encourages new groups or users to join (for example during the last few 
months of 2005 two new groups from the Institute for Advanced Studies in Dublin and from the 
University of Malta have been admitted in the Consortium). 

B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity at 

the level of :  
o Phase zero: preliminary idea and concept, [add comments on 

further needs for design and/or technological development and 
eventual incubation time needed to mature from an Embryonic 
to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates for 
technical, feasibility, management aspects; preliminary cost 
estimate.  

o Phase B: elaborated technical concept and feasibility study; 
reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for development 
within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily available? 

The technology for KM3NeT exists today as has been demonstrated by the successful 
deployments and data collation by the NESTOR and Antares demonstrators. The target of the 
KM3NeT Design Study is to combine the best available techniques and incorporate them with 
the chosen architecture in an optimal fashion, including a realistic budget line and a clear 
identification of the challenges and risks involved as well as identifying alternate approaches.  

PHASE A: the detailed scientific concept has been covered by  the HENAP report 
PHASE B (2006-2009): is being covered right now by the already funded KM3NeT Design 
Study 
PHASE C (2006-2009): this will be the outcome of the already funded KM3NeT Design Study 
PHASE D: this will follow immediately the approval of the KM3NeT construction. Construction 
will take three years. 

This is a challenging experiment but the demonstrator projects show that the participants have 
the know-how to solve any outstanding problems. 
There is readily available personnel within the ongoing demonstrator projects Antares (outside 
Toulon), NEMO (south-east of Sicily), NESTOR (south-west of the Peloponnese) and the 
European Deep Submerged Science Institutions.  

 



 
Evaluation Criteria Argumentation 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other institutions/industries? 
- Proposal offers clear openings for European partnership for construction-

development-management-use? 
- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use and 

local/industrial use? 

The Conceptual Design report will be ready in spring/summer 2007 and the detailed Technical 
Report will be ready at the end of 2008/beginning 2009. Both have been funded by the Design 
Study KM3NeT. The approval and funding of the Design Study KM3NeT has attracted the 
interest of many SME European Industries which see it as a singular opportunity to go through 
the transition of designing/manufacturing “one off” components to “mass production” with the 
corresponding substantial reduction in cost.  
KM3NeT might open new possibilities for the development of affordable exploration techniques 
and hardware by the European Deep Sea Industries and in turn also help them significantly to 
become leaders in their field. 
The stated policy of the KM3NeT group is to encourage groups to join the Consortium. This 
policy will be followed also in the future.  
Two of the three proposed sites are located in Europe’s less developed regions and will be 
eligible for EC structural funds with an obvious social and economic bonus. It is also clear that 
a multitude of SMEs will be developed around the chosen site.  
The culture of the scientists who propose KM3NeT is shaped by the policy that encourages 
groups to join the consortium, (like CERN). 
Lastly, the concrete interest from the funding agencies is demonstrated by the funding of the 
ongoing projects Antares, NEMO, NESTOR (of the order of 40-50 M€ total funding, excluding 
salaries). It is clear that the consortium will keep on encouraging new partners to join later on 
and will create the necessary mechanisms to upgrade the RI and follow the Science in an open 
and effective way. 

D. Financial aspects 
- Are construction, operating and decommissioning costs well evaluated, 

defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial set to 

be developed further, to allow best use? (initial investment, successive 
implementation costs) 

- The project reports clear commitments at State/Institutional level, and/or 
credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g. Conceptual design), and if 
different partners/stakeholders are involved, does it specify contribution 
arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the expected 
competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach at EU 
level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing RIs? 
- There is potential for better risk and cost-sharing at international level? 
 
 

This a 200 M€ project. The construction, operating and decommissioning costs will be 
determined in a realistic detail at the end of the already funded Design Study KM3NeT.  
Phase B and Phase C are already funded through the KM3NeT Design Study (17.6M€). 
Phase D is expected to be funded by the currently participating funding agencies, new 
partners, additional funds provided by the host country. 
The project deserves further support at EU level. Depending on the choice of site, it may be 
also eligible for funding through the structural funds.  
This is clearly a R.I. where close cooperation and coordination with industry is of paramount 
importance. The upgrade costs of the R.I. have not been included; it is generally felt that the 
R.I. should operate first for a few years before serious decisions for the upgrade are taken. 
This RI will probably supersede and merge ongoing demonstrator projects Antares, NEMO, 
NESTOR.  
Given the significant European funding of the US-led ICECUBE, some level of US participation 
might also be expected in KM3NeT. Japanese participation should also be encouraged given 
their strong tradition in the field of Low Energy Neutrino Astronomy.  
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Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
I Scientific quality 
- RI offers a real advance in the possibility of developing new ways in 

doing high quality/frontier science? 
- Quality of Scientific case on which proposal is based, is of world 

relevance? 

The Square Kilometre array (hereinafter SKA) is proposed to be an extremely powerful survey array 
telescope with a distributed collecting area of one million square metres and multiple wide area 
beams, covering a wavelength range from meters to cm (frequency range 0.1 – 25 GHz), able to 
follow up individual objects with high angular and time resolution. Innovative concepts include full 
digital control of the focal plane arrays giving multiple, steerable beams and digital data 
transmission directly to the processor via wide band fibre links. 
As a survey instrument at cm wavelengths it will have 50 times the sensitivity and 8000 times the 
survey speed than the currently envisaged most powerful array, the upgraded US Very Large Array 
(eVLA) and will attack many of the most important problems in modern cosmology and 
astrophysics. 
The huge collecting area responds to technology limitations of system sensitivity, receivers at the 
wavelengths in question having reached their fundamental (quantum) limit and so improvements 
over today’s designs can only be small. Hence the required move towards the collection of more 
microwave photons. 
The project, its technical concepts and its scientific case are the result of the collaboration of 
institutes from 15 countries and it is generally viewed as the most important next step after ALMA in 
radio interferometry. SKA will complement the higher frequency ALMA array telescope although it 
will have a much higher survey speed on account of its wide field of view.  
The scientific case, as discussed in several major international conferences and workshops, 
addresses important problems in astrophysics: extreme tests of general relativity through studies of 
pulsars and black holes; evolution of galaxies, cosmology, dark matter and dark energy; probing the 
first observable phases of the Universe, the first galaxies and stars; the origin of cosmic magnetism; 
the searching for exo-planets and the study of the chemical evolution of star forming regions. In 
addition, such a sensitive new telescope is almost bound to make serendipitous discoveries. 

 



 
Evaluation Criteria Argumentation 

A. Scientific /Strategic criteria  
II. Role in the existing landscape/ comparison to other RIs 
- RI project responds to a real specific need of the field (in which time 

frame)? 
- RI will allow significant scientific advances if compared with other 

existing/possible instruments and will be unique/rare at EU/world 
level? 

- Development/availability of this RI has relevance for other 
existing/possible future facilities? 

- Proposal’s design has been prepared/ developed in international 
collaboration? (extent: regional, European, world ?) 

During the coming decade, current large telescope surveys will have reached the limit of their 
sensitivity and any improvements will require very large integration times; even the eVLA and the 
other SKA demonstrators (see below) will be running out of sensitivity, thus the coming of the SKA 
in 2020 will indeed respond to a strong scientific need and will certainly promote significant scientific 
advances. It will be unique at both the EU and worldwide levels. 
The development of SKA is of relevance, not only to other radio astronomy projects but also to the 
proposed new optical infrastructure, the ELT and potential space missions like the James Webb 
Space Telescope. The complementarity among these RIs is important. 
The SKA proposal has been developed by an international consortium representing research 
institutes from 15 countries, world-wide but with a strong influence by the EU radio astronomical 
community. There is now an internationally agreed reference design for SKA and a staged plan to 
work towards the technology to support the final concept. The staged approach is agreed by all 
international collaborators. The EU funded European SKA design study (SKADS) will address this 
approach in its technology development plan, as will several international SKA demonstrator 
programmes using arrays of collecting area less than 1% of the final SKA but much of the 
technology required. 

A. Scientific /Strategic criteria  
III. Impact on users 
- RI is/will be attractive for all/part of the potential user community in 

Europe (scientific pan-European value, size of user community)?  
- Involvement and support of potential user community in the 

definition of the scientific case +  proposal + technical design, is 
international or local, how it is organized)? 

- Is the use/impact of the facility of disciplinary/multidisciplinary 
extent? 

- Is there a sizeable impact on scientific fields other than the 
proposed ones? 

- Are scientific training aspects of new and young users included? 
- Proposal offers possibilities of open access to all perspective 

international users, based only on quality of proposals? 

There has been, during the past decade, a serious attempt to make all astronomical instruments 
user friendly, i.e. such that the user no longer needs to have technical expertise in a given 
wavelength range in order to propose experiments, and she/he is delivered pipeline data (e.g. an 
image of a source) for interpretation in the broader context. This is the case with ALMA and will 
also be so for SKA. In fact SKA will produce a data base as a result of a number of all sky surveys 
with particular goals. For these reasons the user community will run into many hundreds.  
The scientific case for SKA has been determined through a series of meetings of potential users 
although the initial proposal derives from the European radio astronomy community. Likewise, the 
technical design, while still being developed, has been and is international. As stated above,, the 
European SKA community (with several other collaborating nations) is receiving design funds from 
the EU in the SKA design study (SKADS) in which some €10.4M has been provided by the EU 
and, together with matching funds, amounts to nearly €30M. 
Complementarity: see above. 
Certain aspects of the design – focal plane arrays and the wide-band digital data transmission, 
especially the data rates being discussed, will be of interest in other fields. Furthermore, at the 
lowest frequencies, the effects of the ionosphere may require special treatment for calibration, 
even dynamic calibration. Such techniques may also have interest elsewhere. 
As part of the SKA overall plan, there are several so called SKA demonstrator projects. These are 
being built in order to develop and test the technology. Such a demonstrator, Embrace, is even 
part of the SKADS and there are others in Australia and South Africa. Inevitably, the training of 
new, young users will take place in these ‘demonstrator’ projects, each of which have the capacity 
of < 0.01 SKA but will demonstrate the technology and the scientific method. 
The project will produce huge amounts of data, which will be a real technical challenge both in 
terms of collection but also dissemination among the astronomical community. There will be great 
potential for involvement of prospective international users. 

 



 
Evaluation Criteria Argumentation 

B. Technical and Technological case  
- Project timeliness and maturity: is the concept clear and its maturity 

at the level of :  
o Phase zero: preliminary idea and concept, [add comments 

on further needs for design and/or technological 
development and eventual incubation time needed to 
mature from an Embryonic to a full technical concept] 

o Phase A: detailed scientific concept – preliminary estimates 
for technical, feasibility, management aspects; preliminary 
cost estimate.  

o Phase B: elaborated technical concept and feasibility 
study; reliable cost estimate; known partnership. 

o Phase C: detailed technical concept required for 
development within known budget. 

o Phase D: development and deployment  
- Timetable for design, construction and operation is clear and 

credible? 
- Clear identification of challenges and risks? [comments whether 

technologies are immediately available or need further development] 
- The infrastructure project opens new possibilities or offers improved 

technological performance 
- Is trained personnel, for development and operation, readily 

available? 

PHASE ZERO: An agreed reference design was produced at an international meeting in India, in 
September, 2005, and there is considerable technical maturity within the current project plan. 
PHASE A: there are several SKA demonstrator projects being developed around the world (Europe, 
Australia, South Africa) and the Dutch LOFAR project will also develop and demonstrate several 
important technical aspects. In addition, as pointed out in the SKADS study document, a phased 
timeline for the final concept development is envisaged, based on 1% SKA demonstrator projects 
as described above, to be operational in the 2007 time-frame and a phased building project of the 
final SKA starting on the final, low radio interference site, which will be chosen in late 2008. 
PHASE B (2005-2009): the EU funded SKA Design Study (SKADS) addresses this approach in its 
technology development plan and give cost estimates at sub-system level. Furthermore several 
studies have and are currently addressing these areas e.g. the concept of ‘smart feeds’ - focal 
plane arrays with wide-band feeds which may be necessary to produce the design field of view of 
tens of degrees above 1 GHz., and the data distribution and handling may require substantial 
development. These particular problems are being addressed directly in EU study projects in FP6 
RadioNet and Express. 
PHASE C: In parallel phase B the site selection discussions should start and this will influence both 
the final costing and partnership. Discussions on the formation of the legal entity running SKA 
should also be advanced. This will determine the beginning of Phase C. The detailed design of the 
array should be feasible (but challenging) in two years. 
PHASE D: The start of phase D depends on the outcome of Phase C with a target completion date 
of 2020. 
Most technical challenges are related to the high frequency part of the SKA. Although the 
technology is well known, the implementation of large detector arrays working at a few GHz will 
require some technological developments. During Phase B SKADS will provide solutions and 
technical details about how to carry out these technical developments. 
Finally, it seems to be quite easy to recruit the personnel to develop and build the demonstrator 
projects, such is the interest in the technical challenges, and there will be no shortage of interested 
astronomers to use the data and check the soundness of the method. 

C. Business case 
- The project offers possibilities of sharing risks & opportunities for 

technological development/ training with other 
institutions/industries? 

- Proposal offers clear openings for European partnership for 
construction-development-management-use? 

- The project indicates mechanisms for other partners to join later? 
- Proposal specifies additional socio/economic objectives? 
- Proposal specifies balance between open international scientific use 

and local/industrial use? 

SKA is a €1bn-class project. The Experience of LOFAR suggests that this kind of project may 
receive significant industrial support. The SKADS design study has attracted interest from several 
different industrial groups for the demonstrator projects in areas like antenna design and data 
handling. The design and replication of e.g. antennas, presents serious challenges to European 
industry and because the cost must be at an absolute minimum offers shared risk partnerships, as 
well as individual innovation. There are clear openings for European partnerships. 
So far research institutes from 12 countries (8 of which are European) participate in SKADS. 
According to the SKADS planning, there is ample room for new partners to join later and still 
contribute to aspects of the design. 
Since the site for SKA is likely to be outside Europe in a place which is free of radio frequency 
interference (RFI), desert regions of Argentina, Australia, Brazil and South Africa have been offered 
and are being assessed. The socio/economic possibilities are clear. 
Since SKA is a purely astronomical project, industrial use of the final instrument is unlikely.  

 



 
Evaluation Criteria Argumentation 

D. Financial aspects 
- Are construction, operating and decommissioning costs well 

evaluated, defined and reliable over useful lifetime? 
- The costs include complete sets of instruments, and/or of an initial 

set to be developed further, to allow best use? (initial investment, 
successive implementation costs) 

- The project reports clear commitments at State/Institutional level, 
and/or credible financial plan to cover part or all expenditure? 

- Which phases are already financed (e.g Conceptual design), and if 
different partners/stakeholders are involved, does it specify 
contribution arrangements & percentages of costs covered? 

- Estimates of overall upgrade and development costs during the 
expected competitive lifetime have been included? 

- The cost dimension of the project merits/ needs financial approach 
at EU level? 

- If the reply to the previous question is yes, does it mean that a Pan-
European financial approach is necessary? 

- Are there potential cost savings by replacing/superseding existing 
RIs? 

- There is potential for better risk and cost-sharing at international 
level? 

All current SKA project discussions set an upper limit on cost at €1bn. So, although today, the costs 
are not yet well evaluated and will be studied in the SKA design study, the costs will, it is said, be 
capped and the project will employ cuts accordingly. Such thinking has already been employed by 
the European SKA advocates; they are ready to cut the high frequency goals (Cradle of Life) if the 
high cost of high frequency antennas makes them prohibitive. This leaves the possibility of an 
extension to the basic design to be added later by another country eg the USA where SKA is not yet 
in their planning cycle, although there are strong proponents of the project within the community 
and recent signs that NSF is taking an interest. 
The cost of the initial SKA will include the complete array with receivers for several wavelength 
ranges and an affordable bit rate (receiver and transmission band width; number of beams, etc.) 
However, this could be developed further in several ways – increased wavelength ranges and 
increased bandwidth, enabling higher sensitivity, or more beams for greater survey speed. The 
concept of Moore’s law of computing is discussed in this context of bandwidth, data rates, etc, 
meaning that if such costs continue to decrease, upgrades in performance may be applied at 
proportionately lower cost.  
There are clear commitments at the level of research institutes to SKA and discussions among 
Research Councils and Funding Agencies are now underway to define National priorities. On an 
international basis, several countries have expressed serious interest and commitment (e.g. the 
countries building demonstrator projects). 
Funding for Phases A and B has been secured. 
The dimension of the project is global with a major pan-European component. The SKA design 
study is already benefiting from EU support. The EG believes that such a Pan-European project will 
deserve further support. A major problem for SKA is the current lack of a suitable international 
umbrella organisation to manage and lead the construction. The EG believes that the EU could help 
to set up such an infrastructure. 
European countries have about 15 radio observatories and new telescopes are being built in Spain 
and Italy. These observatories often use their telescopes in a combined interferometric mode (VLBI) 
reminiscent of SKA, albeit without the collecting area or the sensitivity. There may come a time 
when some of these might be closed when SKA becomes operational, but for the foreseeable future 
the interest in, and scientific output from VLBI is too important to consider early closure of these 
infrastructures. 
International participation is implicit in the global nature of the project. This applies both to cost-
sharing and reducing risk. 

 
 




