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Foreword 
 
The energy domain is by its nature multi- and inter-disciplinary, often at the very borderline 
between research, technology and industry.  
 
The European and International concerns about sustainable energy use and production call for a 
global approach in which research has to foster innovative technologies, both to meet the goal of 
reducing the impact of green-house gases and to promote the competitiveness of energy sources.  
 
ESFRI has therefore decided to create a specific working group to evaluate proposals for research 
infrastructures in the energy domain, even if several existing research infrastructures are already 
providing an essential contribution to this domain, like, for instance, the multidisciplinary facilities 
for material studies.  
 
Concerning the new proposals, the greatest challenge for the Energy Working Group had been to 
outline better what can be defined, in this domain, as a “research infrastructure”.   
 
The innovation path between fundamental research and an industrial application is characterised 
by three stages of “infrastructures”: the “research” and the “industrial prototype” ones at its two 
extremes, and an intermediate stage, a “research demonstrator”, in which the validation of the 
concept still needs strong interactions between academic and industrial worlds to safely 
implement an emerging technology. We should also note that the innovation path is not always a 
linear one, but needs often to reiterate between research and industry. 
 
The first stage is clearly in the scope of ESFRI, the last one is more the object of other European, 
namely the Set-plan, or National Initiatives. 
 
The intermediate stage is often undefined, but it is the key for technology breakthroughs resulting 
in industrial innovations, and is the place where most reiteration between research and 
development takes place. Depending on the amount of fundamental research which is still 
needed, it can be eligible for the ESFRI list.  
 
Beside this classification, it is of outmost importance that an appropriate funding scheme is 
elaborated, to assure the realisation of research infrastructures and also of “research 
demonstrators” by sharing the industrial investment risk by public-private partnerships and allow 
European industry to have access to the full pan-European research potential. 
 
In this report, we summarize the work which has been carried off by 18 European experts, 
seconded by two advisors and an EC scientific officer, during one year to evaluate 12 proposals.  
Three of them are recommended to be included in the ESFRI list as they are considered to be 
essential tools to boost European research.  
 
It would be misleading to assume that the proposals not put forward for the Roadmap are 
unnecessary. In some cases they will play an essential role for European industry and technology 
competitiveness, although their basic research character is not sufficiently developed. In some 
other cases, additional work is necessary to better develop and consolidate an emerging proposal.  
 
Research infrastructures are and will be essential for the excellence of European Research, which 
has to become even more a source of innovation for our industry, building together our common 
sustainable future.  
  

 
 
Gabriele Fioni 
 
Chairman of the Energy Thematic Working Group 
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1. Executive Summary        
 
The European Strategy Forum on Research Infrastructures (ESFRI) decided in 2009 to proceed to 
a partial update of its roadmap, approved in 2006 and updated for a first time in 2008.  
 
The rising social, economic and political concerns on energy resources, production and 
consumption, together with leading European Union (EU) initiatives in this domain, made the 
creation of the Energy Working Group (EWG) a natural choice.  
 
Several EU initiatives strongly contribute to the strategic definition and to operational programmes: 

� The European Strategic Energy Technology Plan (SET-Plan1) was adopted by the 
Commission on 22 November 2007 as an integral part of the Energy and Climate Change 
policy package. The SET-Plan constitutes a framework to foster innovation by a closer 
cooperation between research organizations, European Industry and the public sector and 
is followed by a set of subsequent measures towards implementation. The ESFRI 
decision of creating the EWG results in part of a SET-Plan request and exchanges of 
information have taken place between the EWG and the SET-Plan, 

� The European Energy Research Alliance (EERA) aims to accelerate the development of 
new energy technologies by harmonizing the national and EC programs and decreasing 
fragmentation. Leading European research centers form the core of this institution, to 
which several other laboratories are associated. A number of common programs are 
under implementation. These constitute the first operational examples of EU-level joint 
programming, 

� The various EU “energy platforms” and “joint technology initiatives” actively contribute to 
the definition of the European strategy.  

 
A group of 18 experts (Annex I), each of them from one EU country including two advisors and an 
EC scientific officer, was set-up by ESFRI in June 2009, following the nominations by member 
states.  
 
The terms of reference (Annex III) define the mission of to the EWG: 

� To follow the general status and development of the EU and Global research 
infrastructure landscape in the field,  

� To evaluate new research infrastructure proposals forwarded by ESFRI delegations, 
indicating those (few) which are suitable for inclusion in the Roadmap due to their Pan-
European level, 

� To assess the "energy" aspects of all other research infrastructure projects. 
 
Five plenary meetings were held to define the work plan, to meet the representatives of different 
EU technology initiatives and universities (Annexe V), and to evaluate the proposals.  
 
For some multidisciplinary proposals, the advice of other ESFRI working groups (SSH and PSE) 
was obtained.  
 
The EWG has received, from the ESFRI executive board, and assessed the 12 proposals listed in 
Table 1, which widely represent the energy research domain.  
 
Amongst them, three are recommended for inclusion in the ESFRI roadmap: EU-SOLARIS to 
serve research on concentrated solar power, Windscanner, for wind energy, and MYRRHA, for 
research, in particular on materials, linked with nuclear fission energy.   
 
The detailed evaluations for each proposal are provided in chapter three.  
 
 
 
 

                                                     
1 A European Strategic Energy Technology Plan (SET-Plan), COM (2007) 723 
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EC 
Reference 

Title domain Recommended 
for ESFRI road 

map update 
 

Single 
sited 

Distributed 

RU09_06 EU-MAST: European Material Research 
Infrastructure for Solar Thermal Energy 
 

Solar  
 

  x 

RU09_13 ASTER (Solar): The European Advanced Solar 
Technologies Research Infrastructure 
 

Solar  
 

  x 

RU09_11 EU-SOLARIS: The European Solar Research 
Infrastructure for Concentrating Solar Power 

Solar  
 

x  x 
RU09_04 WindScanner European Centre for Wind Energy 

Research in Atmospheric Turbulent Flow 
Wind x  x 

RU09_02 MYRRHA: Multipurpose hYbrid Research 
Reactor for High-tech Applications 

Nuclear 
fission x x 

RU09_07 PALLAS: for Research, Development & Isotope 
production 

Nuclear 
fission  x  

RU09_09 ALLEGRO: Experimental facility for the 
development and demonstration of Gas cooled 
Fast Reactor nuclear technologies 

Nuclear 
fission  x  

RU09_08 FOREVER: Facility for European Low-energy 
Roads 
 

Transport   x 

RU09_15 ESTGC: Energy Saving Trough Green Chemistry 
 

Green 
Fuels  x  

RU09_12 EU SusLab: European Sustainable Living and 
Working Laboratory 

Social 
Sciences   x 

RU09_16 CL.E.N.S. :Clean Energy Networks and Systems 
 

Smart 
Grids   x 

RU09_14 NFFA: Nanoscience Foundries and Fine Analysis Sciences   x 
 

Table 1: summary of the new proposals assessed by the EWG 
 
 
In addition, the 4 RI already included in the 2008 ESFRI roadmap have been assessed to verify 
their coherence with respect to the initial proposal. The EWG recommends maintaining them in 
the ESFRI roadmap, as summarized in table 2. 
 
 

EC 
Reference 

Title domain Maintain in the 
road map 

 

Single 
sited 

Distributed 

ENE2010_
032 

ECCSEL: European Carbon Dioxide Capture and 
Storage Laboratory Infrastructure 
 

CCS 
 

x  x 

ENE2010_
035

JHR: Jules Horowitz Reactor 
 

Nuclear 
fission x x  

ENE20103
4

HiPER: The European High Power laser Energy 
Research facility 

Nuclear 
fusion 
 

x x

ENE2010_
033

IFMIF: International Fusion Materials Irradiation 
Facility 
 

Nuclear 
fusion 
 

x x  

 
Table 2: summary of the existing proposals reviewed by the EWG 
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2. The need for European Energy Research 
Infrastructures 

2.1 The role of existing pluridisciplinary research infrastructures for Energy R&D  
The grand challenges of the Europe 2020 strategy call for a mobilization of European best 
researchers from across all disciplines to find innovative solutions.  

Clear goals are the reduction of greenhouse gas emissions by 20%, to ensure 20% of renewable 
energy sources in the EU energy mix and to reduce EU global primary energy use by 20% by 
2020. The 2050 objectives of reducing greenhouse gas emissions by 60-80% are even more 
ambitious and both, the 2020 and the 2050 goals, require a strong research effort to permit major 
breakthrough enabling technological innovation.   

Energy as a scientific discipline differs from the traditional ones, as for instance nuclear physics, 
astronomy or medicine, being more a kind of platform where different scientific fields come 
together to provide solutions to the energy problems and challenges.  
 
Energy is thus a highly multi- and interdisciplinary field, which cannot be looked at from one 
perspective only. In energy R&D, the integration of knowledge from different disciplines is not only 
important, but also essential when striving for innovative technology solutions. Figure 1 illustrates 
the integration aspect of energy systems in the innovation chain and shows how each type of 
research can contribute when moving from very fundamental to systems research in energy.  
 

 
 
Figure 1: The hierarchy of integrating knowledge in energy. Ref: /P.D. Lund: Effects of energy policies 
on industry expansion in renewable energy. Renewable Energy 34 (2009) 53–64/ 

 
As an example, new materials relevant to energy applications form part of a useful technology 
solution and new developments are essential for further research and development in various 
disciplines. 
 
Existing multidisciplinary research infrastructures have already permitted essential advances in 
material sciences and in the comprehension of fundamental physics mechanisms, which are at the 
basis of innovation in the energy domain. With this respect, research infrastructures have already 
proven to play a major role by providing world class facilities open to the scientific and engineering 
communities.  

Several already existing European research infrastructures have relevance to energy R&D. This is 
true for research infrastructures in particular for physical, material and engineering sciences, but 
also for e-infrastructure and data management. Materials are often key areas in energy and for 
example, the European Synchrotron Radiation Facility (ESRF) located in Grenoble has been 
important for material science associated to energy and hydrogen storage and fuel cells. 
European neutron sources or nanomaterial related characterization research infrastructure have 
proved to be valuable in this context as well.  

 
In the coming years, the role of basic science research infrastructures will be highly relevant to 
energy R&D as much of the energy science and technology development takes place in the fields 
of new materials, sophisticated physical characterization, modeling and data analysis.  
 
New research infrastructures, specific to the energy domain, are essential to integrate within 
a dedicated facility the knowledge and the required technologies. These research infrastructures, 
often at the borderline between technological pre-industrial demonstrators and more conventional  
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research infrastructures, are a key element for the development of a consistent and world-class 
eco-system of research infrastructures enabling researchers to make decisive contributions to 
innovation. 

For a better understanding of the role of research infrastructures in energy research, a short 
clarification of what it is meant by research infrastructures in this context may be useful, in 
particular as the characteristics of energy sources and technologies vary significantly.  
 
In nuclear research, both for fission and for fusion, large central facilities are required. Because of 
their high investment cost, joint European or even international facilities are the reference 
approach. The international joint-fusion ITER facility or the Jules Horowitz high-flux reactors, both 
under construction in Cadarache in the south of France, are examples of central nuclear power 
research infrastructures.  
For renewable energy, the nature of the research infrastructure can be very different, due to the 
varying nature of the renewable sources. For example, constructing one European central 
research facility in the sunniest part of Europe in Spain for solar thermal power plant and 
concentrator research is highly motivated by the good access to solar radiation enabling the 
necessary basic conditions for full-scale research.  
As another example, considering wind power plants, local micro-conditions will significantly affect 
wind turbine performance. Therefore a network of mobile LIDAR measurement equipment spread 
over Europe for determining turbulence fields around the turbine is a very valuable RI for research 
around future wind turbine technology and meteorology. In this case, one central facility would be 
inadequate to pursue the necessary research in this field. Thus, parallel to central ones, 
distributed research infrastructures, often located in more than one county are of need, depending 
on the specific requirements. 
 
Both the central solar energy (EU-SOLARIS) and distributed wind energy (WINDSCANNER) 
infrastructures are now included in the ESFRI roadmap update 2010.  
 
Sometimes a combination of central and distributed RI within the same project is necessary, as for 
instance the European research infrastructure on carbon capture and storage (ECCSEL). It 
employs a unique large-scale central infrastructure for carbon dioxide storage research in Norway 
common to CCS accompanied by different CCS research installations all over Europe to cope with 
the diversity of power plant options.  
 
We also note that distributed energy research infrastructures differ from ordinary networks, such 
as the ERA-NETs, as the overall setup of the research infrastructure is unique and requires a 
major investment outside the scope of normal laboratory budgets. 
 
Some of the energy research infrastructures are multiple-purpose facilities, being installations 
undertake fundamental science, but also providing a platform for sophisticated industrial research 
or even serving demonstration purposes, all functioning simultaneously. The new European 
nuclear reactor facilities (JHR, MYRRHA) or the Plataforma Almeria Solar Thermal Test Facility 
(EU-SOLARIS) have a strong industrial dimension as well and serve both the European scientific 
community and the European ETP's (Energy Technology Platforms) in respective fields.  
 
This is quite typical for energy research infrastructures in general, as research in the energy 
domain is often more applied and strives ultimately to create the technology and innovations for 
producing clean energy. However, even in these cases, energy research infrastructures provide a 
critical tool for achieving serious and unique results. 
 
Research infrastructures have already contributed positively to energy research and innovation in 
several ways over the last years, many of these now under the framework of ESFRI.  
There is a strong need to reinforce the development of research infrastructures in Europe as they 
strongly contribute to shorten the distances between fundamental research, technological 
development and industry.   
 
Research infrastructures permit to: 

� Help researchers accessing the best facilities, as cutting edge research necessitates 
access to research infrastructures that often can not be found in individual universities or 
research laboratories, 

� Structuring ERA: Beyond enabling cutting edge research, these facilities also play a key 
role in structuring the scientific community. They serve as a bridge between academic  
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research, education and industrial applications (knowledge triangle), drawing young 
people into research and facilitating the transfer of ideas towards industrial applications. 
Particularly for the energy field, installations for scientific research, but also testing 
facilities, being publicly available for innovative research, will play a major role in bringing 
forward key technologies, 

� Supporting innovation: An optimized ecosystem of RIs in Europe will help increase the 
effectiveness of a broad range of European initiatives, from fundamental research 
supported through the ERC to research-driven innovation by Research & Innovation 
Partnerships. In the light of other major EU innovation policies, first and foremost the SET-
Plan, research infrastructure policies can play a major role in accelerating innovation, 

� Improving efficiency: Europe and its Member States invest annually more than 10 B€ of 
public funds into operation and maintenance of research infrastructures. However, the 
current situation does not lead to Europe realizing its full potential:  

 
o Independent investment decisions by governments often lead to duplication of 

efforts, and limited national budgets imply the construction of facilities less 
powerful than those set up in other parts of the world, such as in the US or Japan, 

o Nationally operated facilities in Europe often do not reach out very effectively 
beyond national borders to the full European user communities, 

o To avoid duplication of efforts and improve complimentarily of investment 
decisions, Europe needs better coordination between the different national 
decision-making processes. Europe also needs the mobilization of additional 
funding for construction, operation and accessibility of world-class facilities, 

o In many of the energy technology fields, like offshore renewable energy, 
concentrating solar, carbon capture and storage, photovoltaic or wind energy 
rapid development in research, innovation and implementation is ongoing and 
European research infrastructure policies can help to make best use of scarce 
public (and private) finances in the appropriate installations for research and 
testing. 

2.1.1 The overall coherence of European initiatives  

Since several years, the European efforts towards the creation of the ERA are concerning also the 
energy domain and energy research infrastructure policies are increasingly important.  

Within EC co-financed Networks of Excellence, the sharing of installations among project partners 
has become good practice, a policy equally practiced by Technology Platforms.  

In the European Energy Research Alliance, one of the SET-Plan initiatives, the research 
infrastructure issue is central in the development of joint research activities.  

In the new Industrial Initiatives, another pillar of the SET-Plan, research infrastructures will 
contribute essentially to the development of new energy solution to the market. 

Joint Programming, a Member States led process which aims at the integration and coordination 
of research programs of EU member states and their research institutions, the RI role is essential 
for enhancing Europe's competitiveness in science and innovation. The coordination process, 
which has started in 2008, is steered by the High Level Group for Joint Programming GPC, a 
dedicated formation of CREST. 

In many ways, research infrastructure policies will have to reach beyond Europe, tackling global 
energy challenges. International cooperation (i.e. cooperation with third countries, other than EU 
Member States and associated states) is becoming increasingly important. A prominent example 
is the ITER project, which is constructed in a cooperation including China, the European Union, 
India, Japan, Korea, Russia and the United States, representing over half of the world's 
population. 

 
EC efforts of networking of existing research infrastructures, funded under FP5-7 as Integrating 
Activities of Engineering and Energy has provided important installations relevant for energy 
through different disciplines. It is worthwhile to mention a few energy specific research 
infrastructures:   

� DERRI: Distributed Energy Resources Research Infrastructure, 
� SFERA: Solar Facilities for the European Research Area, 
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� ESWIRP: European Strategic Wind tunnels Improved Research Potential (This project is 
serving the aeronautical community, however, the use of the existing windtunnels for wind 
energy applications will be looked at).  

 
The table below gives an overview on the current situation of research infrastructure activities 
relevant for the SET-Plan priority technology fields and on additional priority technology fields.  
 
Columns three and four of the table include only the research infrastructure activities currently 
linked to the FP research infrastructure action and that there is an additional large and growing 
number of installations run by research institutions and companies. The energy field is developing 
quickly, and with this the need for new and upgraded research infrastructures, test facilities and 
demonstration sites. As in other research fields, special focus has to be on a better networking 
and the improvement of the accessibility of already existing facilities. 
 
 
 
SET- Plan 
priority 
technology 
 

 
Research infrastructure need 
described in the ESFRI energy RI 
landscape 

 
New RI 
implementation 
proposed (ESFRI 
project) 

 
Existing research 
infrastructure network 
within the RI action 
 

Solar Energy: 
Concentrated 
Solar Power 

Additional open access RIs for 
researchers and for industry: 
Performance characterisation of 
systems and components, heat transfer, 
heat storage; testing of pre- commercial 
concepts 
 

EU-SOLARIS (The 
European 
Research 
Infrastructure for 
Concentrating 
Solar Power) 

SFERA (Solar Facilities 
for the European 
Research Area) 

Solar Energy: 
Photovoltaic 
Power 

Improving the efficiency: modelling, 
material characterisation, solar cell 
development; integration of PV in 
buildings and in the energy system 

 SOPHIA (PhotoVoltaic 
European Research 
Infrastructure) 

Wind Energy Additional open access RIs for 
researchers and for industry: research 
and testing facilities (blades, 
components, extreme conditions), 
measurement of wind conditions, large 
dedicated wind tunnels; grid connection 
and integration; databases, data 
sharing. 
Improved access to existing RIs. 

WindScanner 
(European Centre 
for Wind Energy 
Research in 
Atmospheric 
Turbulent Flow) 

MARINET (Marine 
Renewables Infrastructure 
Network for Emerging 
Energy); for offshore wind 
and marine renewable 
energy 

Bioenergy Demonstration of new technologies, 
network of RI for 3rd generation of 
biofuels;  
Networking of existing RI in: 
thermochemical and biochemical 
conversion technologies, biorefineries; 
networking and improved accessibility 
of databases 

  

Electricity 
networks, 
smart grids, 
supergrids 

A virtual research infrastructure through 
simultaneous online access to a 
number of individual DER research 
infrastructures, each including several 
real, active units, supplemented with 
real power system simulators. 

 DERRI (Distributed 
Energy Resources 
Research Infrastructure) 

Carbon 
Capture and 
Storage 

Integrated European research 
infrastructure for research and testing of 
CCS technologies; use of 
demonstration and pilot projects as test 
sites. 

ECCSEL 
(European Carbon 
Dioxide Capture 
and Storage 
Laboratory 
Infrastructure) 

 

Energy 
Efficiency – 
Smart Cities 

Model urban districts as demonstration 
sites to integrate various technologies 
and solution. 

  

Nuclear 
Fission 

Experimental reactors and 
demonstrators for Gen. IV reactors, 
projects ASTRID, ALLEGRO, PALLAS, 
MYRRHA; nuclear knowledge platform 
ENEKM   

MYRRHA (Multi-
purpose hYbrid 
Research Reactor 
for High-tech 
Applications JHR) 
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Hydrogen and 
Fuel Cells 

Hydrogen: storage and transport; Fuel 
cells: for materials development and 
systems diagnosis, performance. 

  

 
Other 
technology 
priority 

 
Research infrastructure need 
described in the ESFRI energy RI 
landscape 

 
New RI 
implementation 
proposed (ESFRI 
project) 

 
Existing research 
infrastructure network 
within the RI action 
 

Geothermal 
energy 

Improved access to existing field 
laboratories and experimental sites; 
need for a pan-European demonstration 
infrastructure to test new technological 
solutions for their transfer to industry 

  

Marine energy Better coordination of and improved 
access to existing facilites (tank testing 
facilites, test sites, numerical modelling 
capabilities). 
New and upgraded RIs: tank testing 
facilities, dedicated computer modelling, 
test facilities for validation of sub 
systems and components; new test 
sites for full-scale deployment.  

 MARINET (Marine 
Renewables Infrastructure 
Network for Emerging 
Energy); for offshore wind 
and marine renewable 
energy 

Nuclear fusion Research Infrastructures and 
demonstration sites under development: 
ITER, JET. IFMIF in "broader approach" 
of fusion research. 
Project LMJ 

HiPER, IFMIF  

Enhance 
efficiency of 
energy 
conversion 

Model urban districts as demonstration 
sites to integrate various technologies 
and solution. 
Testing facilities for improved energy 
conversion of fossils.  

  

Sustainable 
transport 

Technological demonstration and test 
sites, integrating a variety of 
technologies, as a collaboration tool 
between research and industry. 

  

Energy 
storage 

Smaller RI to test, characterise, 
optimise and evaluate the operation of 
storage devices and power gnerators 
(close link to smart grids). 

  

 
Table 3: SET-Plan priority technologies and other priority energy technologies, current RI need 

identified in this report and already ongoing activities within the RI action  

 

2.1.2 The financing of research infrastructures 

A current survey by the European Commission has identified around 100 major existing research 
infrastructures in Europe, worth over EURO100 billion  in all fields of science. Additionally, during 
its recent work, ESFRI has identified 44 new research infrastructures (or major upgrades of 
existing ones) Europe needs to set up in the next 10-20 years to stay at the forefront of research. 
Their total construction cost amounts to some 17 Billion Euro and their operational cost would be 
around 2 B€ per year. Gathering the financing for these projects is the key current challenge. For 
the update 2010 of the ESFRI roadmap six new projects, three of them in the energy domain, 
another three in biological and medical sciences will be included. In addition to these major pan-
European research infrastructures, a much larger number of existing and new research 
infrastructures, public or privately owned, will be decisive for strengthening Europe’s 
competitiveness. 

The EU Framework Program is currently contributing to about 2.5% of the total operation costs of 
the top 500 European Research Infrastructures and has been up to now the main financing 
instrument to support networking, joint research activities, open access and services (including e-
Infrastructures). FP7 is also supporting the implementation of the ESFRI roadmap and the 
coordination of national policies in specific fields (ERANETs). The FP7 budget for this action is 
about EURO 1.7 B for the seven years from 2007-2013.  
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Within the EU Structural Funds under the current Financial Perspectives 10 B€ are earmarked for 
"R&TD infrastructure and centers of competence", which could boost the competitiveness of the 
European Research Infrastructures landscape. Both national projects and projects listed on the 
ESFRI Roadmap could benefit from these funds. 

The Risk Sharing Finance Facility (RSFF) aims at fostering private sector investment in research, 
technological development and demonstration, as well as innovation. Under RSFF, the ERCF-
ESFRI Risk Capital Facility is a specific tool set up by EIB in 2008 to finance delays/shortfalls in 
country commitments.  
 

2.2 Renewable Energies 

2.2.1 Concentrated Solar Power 

Context 
Recognizing both the environmental and climatic hazards to be faced in the coming decades and 
the continued depletion of the world‘s most valuable fossil energy resources, concentrating solar 
thermal tower (CSP) (or Solar Thermoelectric, STE) can provide critical solutions to global energy 
problems within a relatively short time frame and is capable of contributing substantially to carbon 
dioxide reduction efforts. Being one of the promising renewable technologies available for large-
scale power production today and for the next few decades, CSP has the potential to make major 
contributions to the implementation of clean energy because with the advantages of its relatively 
conventional technology and ease of scale-up. 
 
Solar thermoelectric generation is highly predictable, and can be coupled with thermal storage or 
hybridization, with gas or biomass, enabling stable national or European electricity networks. Solar 
thermoelectric power plants can easily meet the demand curve and contribute to the electrical 
system’s stability through the input of substantial amounts of other less dispatchable renewable 
resources in the electrical systems, both at European and at regional level, when allowed by the 
super-grid development, including the Southern Mediterranean and Northern Baltic areas. 
 
CSP is among the SET-Plan priority technologies. The European Industrial Initiative (EEI) on Solar 
Energy – Concentrating Solar Power has been launched in June 2010, aiming at achieving large-
scale, sustainable deployment of advanced CSP plants with better performance and lower costs. 
This requires addressing a series of technical issues, as well as carrying out a parallel series R&D 
and demonstration activities designed to better exploit the inherent strengths of CSP technology. 2 

Key Figures  
The short-term potential of CSP for European Mediterranean countries is estimated at 30,000 MW 
that could contribute, if the necessary measures are taken, to the EU 20 % target in the year 2020.  
 
Today’s technology of CSP systems is implemented in the cost range of 15 - 20 cents€/kWh in 
excellent irradiation locations, with optimum size and technical characteristics. In the conventional 
power market, it competes with mid-load power in the range of 3 – 4 cents€/kWh. Sustainable 
market integration as predicted in different scenarios can only be achieved, if the cost will be 
reduced in the next 10 to 15 years to a competitive cost level. Competitiveness is not only 
impacted by the cost of the technology itself but also by a potential rise of the price of fossil energy 
and by the internalization of associated social costs such as carbon emissions. Therefore it can be 
assumed that in the medium to long-term competitiveness is achieved at a level of 5-7 
cents€/kWh for dispatchable mid-load power. 
 
As one of the different scenarios to reduce the actual electricity costs of these technologies, the 
European Concentrated Solar Thermal Road mapping, ECOSTAR3 assessed three ways: i) Mass 
production (e.g. by continuous plant deployment); ii) scaling of the unit size and iii) Implementation 
of Technical Innovations. 
 
 

                                                     
2 Investing in the Development of Low Carbon Technologies (SET-Plan), COMM (2009) 519 
3 FP6 project ECOSTAR (European Concentrated Solar Thermal Road-Mapping) 
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In the SET-Plan4 the European Commission identifies the need for an industrial upscaling of 
demonstrated technologies by building up to 10 first-of-a-kind power plants, supported by a 
research programme to reduce costs and improve efficiency, in particular through heat storage. 
With this CSP could contribute to around 3% of the European electricity supply and if the 
DESERTEC vision can be achieved CSP could contribute to at least 10% of the European 
electricity supply by 2020.5 
 

Research Challenges 
In the next 10 years, research activities should focus to contribute to the implementation of the 
potential European technical innovations with the highest impact on CSP cost reduction. 
 
The main research challenges may be divided in three groups: 
 
1. To increase the efficiency, as for instance:  
 

� By plant scheme simplifications by reducing the need of heat exchangers when using 
different working fluids (as in Direct Steam generation or using molten salts as 
working fluids), 

� Further development of the cycle with increased temperatures, or additional 
superheating for the CRS (Central Receiver System) saturated steam plant may be 
considered. These measures provide higher efficiencies and solar fractions, 

� Provide more cost-efficient solutions of dry cooling to extend widely the potential 
placements for these plants. 

 
2. To increase the dispatchability and availability: 
 

� New storage materials and advanced charging/discharging concepts for plants, 
� Configurations fully adapted to the grid requirements, 
� Hybridization concepts, 
� Developing improved strategies for control and operation under clouds transients, 
� Improved prediction of dispatch schemes on meteorological predictions and demand 

and market curves, 
� Development of procedures and methodologies for life time assessment by 

accelerated aging of materials of principal components such as receiver, driving 
mechanism, 

� Improved operation and maintenance procedures. 
 
3. To decrease investment cost: 
 

� Modularity on plants concepts, such as multi-tower schemes and more cost-effective 
dish-Stirling systems, 

� Modification of structures, application of new materials and simplification of the 
concentrator system, 

� Modularity of spare parts or components, such as heliostats or receiver modules. 

Need for new research infrastructures 
Most of the large R&D infrastructures on CSP worldwide are of European relevance and are 
belonging to public organizations, such as CIEMAT-PSA, DLR, PROMES-CNRS, ETH and PSI 
which were already part of a virtual laboratory consortium known as “Sol LAB6 These research 
infrastructures and are now part of a broader partnership within the FP7 project SFERA7. 
 
Several research infrastructures are being prepared by private companies or CSP plants 
promoters to test their own developments in parallel to the similar existing public facilities. These 
                                                     
4 Investing in the Development of Low Carbon Technologies (SET-Plan), COMM (2009) 519 
5 DESERTEC is a massive deployment of solar technology, mainly CSP in Middle East and North Africa and 
export the electricity to Europe 
6 The European Alliance SolLab; Alliance of European Laboratories for Research and Technology on Solar 
Concentrating Systems 
7 SFERA (Solar Facilities for the European Research Area), FP7 contract within the Research Infrastructure 
program 
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new facilities include small solar fields and test beds for components, like receiver and 
instruments, but actually lack laboratory capabilities and fully dedicated and expert personnel. 
 
In addition to the already existing installations there is a real need for research infrastructures 
open to European companies and research centres to afford the main R&D challenges. These 
European Research Infrastructures should provide: 

� European references on diagnostic/evaluation procedures to characterize performances 
of the “solar” components of the CSP plants, 

� Adaptable Test beds for research on optional heat transfer fluids to use in solar receivers, 
heat storages, 

� Mid size facilities to test pre-commercial concepts, both for linear receiver and point focus 
technologies. 

 

2.2.2 Photovoltaic Solar Power 

Context 
The main advantage of Photovoltaic Solar Power (PV) comes from its high reliability, its modularity 
within either decentralised or centralised applications, its quickness and easiness of installation 
and its flexibility for use in an urban environment.  
 

Key Figures  
As a result the PV market has experienced so far a rapid growth, with an average annual growth 
rate of 40%. 
 
Cumulative installed PV capacity worldwide: 

 
 
During the year 2009, six additional GW were installed, which results in a worldwide installed 
capacity of more than 20 GW. In the EU27, photovoltaic represented the third largest net new 
energy generating capacity installed, after wind energy and gas. The contribution of PV to 
electricity production is increasing rapidly, and it will be significant for the EU electricity supply 
already by 2020. Under favorable conditions, this contribution might be more than 10% by 2020. 
 
The European Commission, the International Energy Agency, the US Department of Energy, 
Institutions and Policy Makers worldwide now recognize PV as a key technology to address 
environmental and climate change challenges; in particular energy safety, security, sustainability, 
access and affordability. PV is among the SET-plan priority technologies and the European 
Industrial Initiative (EEI) on Solar Energy – Photovoltaic Power has been launched in June 2010. 
The EEI proposes a R&D programme focused on increasing performance and extending the 
lifetime of PV systems and components, on key technologies for the interface with the power grid, 
such as inverter and storage devices and up to 5 pilot plants of advanced automated high 
throughput manufacturing processes for mass production. The plan equally proposes a portfolio of 
demonstration projects of PV power production as decentralised applications and in urban 
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communities. These activities are proposed to be accompanied by a long-term R&D programme 
on advanced PV concepts and systems.8    
 
 

 
The PV sector track record has provided evidence of continuous innovation and cost reduction: 
The learning factor for PV modules has been fairly constant over the last 30 years, with a cost 
reduction of 20% each time the installed capacity doubles, indicating a high rate of technical 
learning.  
 
 

Learning curve over the last three decades Cost evolution until 2020  
 
Current cost of kWh for a large PV power plant is already in the range of 0,15 to 0,20 €/kWh, and 
potential for further cost decrease is known for at least the two coming decades.   
 
Assuming a globally installed capacity of 1000 GW, which may occur around 2030 depending on 
the incentive schemes, generation costs of around 5-10 cents/kWh (depending on the region) are 
expected.  
 

Research Challenges 
The main challenges in terms of research are focused on improving existing cells, modules and 
system components by increasing their energy efficiency, reducing material usage and extending 
lifetime.  
 
There are additional challenges more on the application side, dealing with an easier integration 
within various systems, such as the electrical grid or energy-efficient buildings.  
 
The main objectives are summed up in Table hereafter.  
 

                                                     
8 Investing in the Development of Low Carbon Technologies (SET-Plan), COMM (2009) 519 
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PV Technology state-of-the-art and major objectives/milestones for the next 10 years (numbers 
and ranges are indicative because of the spread in technologies, system types and 
circumstances, etc.). 

 2007 2010 2015 2020 

Turn-key price large systems (€/Wp)* 5 2,5-3,5 2 1,5 
PV electricity generation cost in Southern EU 

(€/kWh)** 0.30-0.60 0.13-0.25 0.10-0.20 0.07-0.14 

Crystalline silicon 13-18% 15-20% 16-21% 18-23% 
Thin films 5-11% 6-12% 8-14% 10-16% Typical PV module 

efficiency range (%) 
Concentrators 20% 20-25% 25-30% 30-35% 

 
Inverter lifetime (years) 10 15 20 >25 

Energy pay-back time (years) 2-3 1-2 1 0.5 
 
*The price of the system not only depends on the technology improvement but also on the maturity of the market 
(which imply industry infrastructure as well as administrative cost) 

 
The mature crystalline silicon technology, with a proven lifetime of 30 years, is continually 
increasing its cell and module efficiency, whereas the cell thickness is gradually decreasing. 
Commercial module efficiency currently varies from 14 to 20%, depending on silicon quality and 
manufacturing process. It may still increase by 3 to 4 % as indicated in the table. 
 
Technologies like PV thin films (using alternative semiconductor materials), dye sensitised solar 
cells, and concentrated PV (using III-V components) are also developing and present another 
potential for cost reduction.  
 
Whatever the technology, it is crucial to prepare the industry for multi-gigawatt production and to 
accelerate the process “from labs to manufacturing” by carrying out research also on the pilot-
scale demonstration equipment necessary to reach high-production levels.  
 
On the application side, as the PV market share grows, several types of warranties have to be 
given to the marketplace to avoid concerns about:  

� potential impacts on the stability and operation of the electricity grid (ancillary services, 
coupling with storage systems, communication and control functionalities), 

� quality of integration of PV in buildings (easiness of mounting, performance of 
multifunctional products), 

� lifetime of PV and BIPV products. 
 
All the issues will require specific equipment, criteria and test procedures which still need to be 
developed. 
�

Need for new research infrastructures 
Most member states have at least one research infrastructure in the field of PV, and some of 
them, like Germany, have several. At the European level, it makes many research infrastructures 
(more than 50), and so far, the exchanges between all of them were limited to the following 
framework:  
 

� The Eurec-Agency Association organises exchanges of information and develops periodic 
roadmaps, 

� The network of excellence ERA-NET PV, which promotes some collaboration between 
Member States, 

� Through some collaborative FP5, 6 and 7 projects. 
 
Two initiatives are emerging and will improve this context: 

1. The European Energy Research Alliance, which was created end of 2008 by ten research 
organisations, officially launched in June 2010 a programme on photovoltaic (EERA PV). 
Its main goals are to exchange information on research programmes, and therefore to 
avoid unintended duplication, and to start joint research activities on some selected topics,   
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2. The FP7 integrating Activity project SOPHIA (Solar Photovoltaic Research Infrastructure) 
enables the integration of key European research infrastructures. This will (1) make 
information exchange easier, (2) provide open access for research users to outstanding 
equipment, (3) harmonize and improve the test procedures for material, device and 
system characterisation.  

 
For preparing for the future, extension and upgrading of existing facilities on the one hand and the 
development of new research infrastructures on the other hand will be necessary. 
 
According to the main issues described previously, the required research infrastructures would be 
needed according to the following categories:  
 
1. Research infrastructures for “Improving the efficiency” 
Proposals for upgraded or new infrastructures concern the following issues:  

� Modelling of new materials and 3D modelling of innovative designs of PV cells, 
� Material characterisation, 
� Solar cell development:  

o At the laboratory level, flexible deposition equipments (Atomic Layer Deposition, 
MBE, MOCVD, …) are required for the rapid screening of active materials and the 
studies of interfaces, 

o For quicker technology transfer, infrastructures on large-scale material synthesis, 
printing, high-rate vacuum deposition on large surface would be needed. 

 
Such infrastructures would allow gathering physicists and chemists, which would be very 
beneficial to this general approach.  
 
2. Research infrastructures for "Increasing integration of PV systems in the energy system and the 
built environment” 
Given the rapid and competitive development of solar energy applications, there is a need for 
upgraded as well as new research infrastructures.  
 
Several of them are envisioned hereafter:  

� A European-scale PV production forecasting system 
� A platform for testing advanced system: tracker, grid support, grid-connected storage 

systems, EV charging stations, 
� New dedicated test infrastructures for multifunctional BIPV systems, for specific conditions 

(façade or roof integrated) or under extreme environmental conditions (such as high wind, 
snow, hail), 

� Multi-constraints climatic chambers for accelerated ageing tests (mixing simultaneously 
UV irradiation, heat, humidity, bias voltage), in order to develop improved lifetime criteria, 
according to the climatic and installation conditions. 

 

2.2.3 Wind Energy 

Context 
Wind energy’s growth as a vehicle for new generation capacity investment has attracted a broad 
range of players. From an industry concentrated in Denmark and Germany with single, often 
farmer-owned turbines at the end of 1990s, the wind power ownership now includes large players 
such as utilities, independent power producers and investors. Europe still hosts globally leading 
manufacturers and faces the tightest competition for market share with companies, such as 
Vestas, Enercon, Gamesa, Siemens and Repower. In recent years, the global competition has 
increased with new players from especially China and India.  
  
Due to the enormous global uptake of wind energy, the demand for wind turbines has forced 
industry to focus on supply chain management. Manufacturers tend to balance between a vertical 
integration of component supply and full component outsourcing to fit their turbine design. This 
has given rise to special market structures for each component segment, underlining the 
complexity and also the immaturity of the wind turbine industry. For example the markets for 
blades, bearings and gearboxes are highly concentrated and have high entry barriers based on 
size of investment and manufacturing ramp-up. Other component markets such as controls, 
generators, castings and towers have lower entry barriers and a larger number of players.  
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In order to make wind energy fully competitive in the future, onshore in 2020 and offshore in 2030, 
an ambitious European wind energy technology roadmap proposes a 6B€ master plan of efforts 
needed over the next 10 years in EU, within the European Wind Initiative9, launched in June 2010. 
It proposes of R&D activities with basic and applied research, pilot projects and test facilities, 
demonstration programmes and market replication measures.   

Key Figures  
Currently wind energy delivers around 1.6% of global electricity consumption. It is the world’s 
fastest growing renewable energy with annual growth rates of nearly 30 % over the last ten years. 
The total installed capacity was in 2009 158.5 GW with US, China and Germany representing 
55%. In 2009, China more than doubled its capacity from 12.1 GW to 25.8 GW and became the 
number one market with 36% of the total new installed capacity of 38.3 GW. With a total of 35.0 
GW, including 9.9 GW installed in 2009, the US is still the country with the largest installed 
capacity. However, as a region Europe continues to be the world’s leader in total installed wind 
energy capacity with 74.8 GW with more than 10 GW of new installed capacity in 2009. The wind 
power capacity installed by the end of 2009 will in a normal wind year produce 162.5 TWh of 
electricity, equal to 4.8% of the EU’s electricity consumption. Although the European offshore wind 
energy is still in its infancy with 2.0 GW in installed capacity, it is expected to increase to 40 GW in 
2020.  
 
Future prospects for European wind energy are supported by favourable framework conditions. 
The EU Renewable Energy Directive10 has set an EU renewable energy target of at least 20% of 
final energy consumption by 2020. In terms of electricity consumption, renewable sources should 
provide about 34% of the EU’s power by 2020 to meet the binding EU target, with wind set to 
contribute 14-17%. The recently launched European Wind Industrial Initiative expects in its 2010-
2012 Implementation Plan a wind energy penetration level of 20 % in 2020. Further by 2030 and 
2050, European Wind Energy Association (EWEA) expects to reach wind penetration levels of 
30% and 50% respectively.  
 

Research Challenges 
The evolution of the wind power technology is a remarkable development of engineering and 
scientific skills, which is not yet complete. In the last 25 years turbines have increased in power by 
a factor 100 to commercial 5 MW turbines and the cost of energy has reduced. Although many 
incremental technology improvements in design, materials, processes and logistics have taken 
place since commercialization in the early 1980s, the basic architecture of the wind turbine is little 
changed. Most wind turbines have upwind rotors and are actively yawed to preserve the alignment 
with wind direction. The three-bladed rotor dominates and typically has a separate front bearing 
with a low speed shaft connected to a gearbox which provides an output speed suitable for a four-
pole generator. In the area of the gearbox significant developments in basic architecture are 
appearing, in the form of direct drive generators or hybrid arrangements. It is far from clear which 
of the drive train configurations is optimum taking capital costs and reliability into consideration. 
For future large machines there appears to be consensus that pitches regulation and variable 
speed will be adopted.  
 
Although the wind industry is regarded by some as the most mature of the new renewable energy 
technologies, significant R&D efforts are needed to maximize the value of generated energy, 
increase reliability and develop the technology for offshore use. In particular, two main barriers to 
large scale wind deployment are grid integration and limitations that prevent further up-scaling.  
 
Firstly, current transmission and distribution systems have been designed to manage conventional 
generation technologies and are not appropriate for large-scale wind penetration. Increasing wind 
energy will require a new grid philosophy based on more flexible, robust grid infrastructure and 
wind energy with power plant characteristics.  
 
 

                                                     
9 Investing in the Development of Low Carbon Technologies (SET-Plan), COMM (2009) 
10 Directive 2009/28/EC of the European parliament and of the council of 23 April 2009 on the promotion of 
the use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC 
and 2003/30/EC. 
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Secondly, further up-scaling will require new materials, control strategies and concepts to be 
developed in order to cope with and/or reduce mechanical loads on wind turbine components and 
to increase reliability. In addition, the limitation of existing research infrastructure facilities in 
Europe, (both public and industry owned) for testing wind technology at an appropriate scale and 
under relevant climatic conditions, poses severe barriers to the up-scaling of wind technology and 
the drive towards offshore development and higher reliability. Finally, the most appropriate 
concepts for offshore may differ from current concepts and new concepts should be explored and 
developed. 

In its technology roadmap 2020 The European Industrial Wind Initiative aims at a 20 % share of 
wind energy in the final EU electricity consumption by 2020 and an average wind energy electricity 
production cost reduction by 20 % in 2020. To that end more detailed resource mapping and 
spatial planning tools will have to be developed. A new generation of large scale, more efficient 
and more reliable wind turbines will have to be demonstrated under real operating conditions for 
both offshore and onshore applications. Dedicated maritime technologies, e.g. structures, need to 
be rolled out to allow for exploitation of offshore potential in deep waters. Manufacturing processes 
have to be further automated and optimised relying notably on industrial cooperation with other 
sectors; and the whole logistics cycle from component manufacturing, transport and erection, to 
wind farm operation and maintenance has to be worked out and refined. In summary these 
include: 

� Wind conditions (Siting in complex terrain or forested terrain, wakes, extreme wind 
speeds, wind profiles and great heights, advanced measured techniques, offshore) 

� Wind turbine technology (Wind turbine as flow devices, wind turbine as a mechanical 
structure/ materials, innovative concepts and integrated design) 

� Wind energy integration (Wind power plant capabilities, grid planning and operation, 
energy and power management) 

� Offshore technology, deployment and operation (Technology development of turbines and 
supports structures, market deployment, mass manufacturing, standard, large scale 
operation and maintenance, access systems) 

Need for new RI’s 
Access to a competitive EU research infrastructure is decisive for the technological and scientific 
developments in wind energy. Today’s strong position of the European wind energy research base 
needs to be further reinforced through upgraded and modern research infrastructure. Parallel to 
upgrading and installation of new infrastructure, efforts should be made to provide access to 
European partner research infrastructures.  
 
The European research infrastructures relevant to wind energy R&D consist of a limited number of 
national test centres, a variety of research infrastructure in [national] research institutes and some 
coordination towards a European wind energy research infrastructure. 
 
In a few European countries, national test centres have been established with access for industry 
as well as for researchers. In Denmark, Risoe National Laboratory for Renewable energy has in 
addition to its own research infrastructure established a national test station for large wind turbines 
in Western Jutland in 2004. Recently, a larger national test centre for large wind turbines has been 
approved and is expected to be in operation in a few years. National test and research centres are 
also established in the Netherlands (ECN), Spain (CENER), Germany (Frauenhofer IWES) and 
UK (NAREC). Likewise, newly established research centres in Norway dedicate substantial 
resources for research and test of offshore wind turbines. While the national test centres allow the 
industry to perform restricted validation and testing, the centres also allow researchers to conduct 
experimental research and tests.  
 
At the level of research institutes, research infrastructure exists, but given the rapid and 
competitive development of wind energy, there is a need for upgraded as well as new research 
infrastructure. In addition, sharing of data and common research could be improved. Proposals for 
upgraded and new infrastructure are:  
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Wind conditions: 
� New meteorological infrastructure for high quality measurement of wind speed, wind 

direction, turbulence at various heights and positions such as met mast, mobile LIDAR 
systems (light detection and ranging) and wind scanners. 

� Offshore wind meteorological and ocean conditions platform to investigate the processes 
influencing marine meteorology and assessment of off-shore wind energy. 

 
Wind turbine technology: 
For operational verification and demonstration of high risk wind turbine concepts an aerolastic 
research platform consisting of research turbine, wind tunnel and blade test centre is needed, 
including: 

� New dedicated wind tunnels for wind energy, and keeping existing wind tunnels 
operational and accessible for wind energy research (largest tunnel available in US), 

� New blade test facilities, 

� Drive train test facilities, 

� Other component test facilities for extreme environmental loading, 

� Test fields for specific conditions (e.g. high wind, turbulent and extreme test conditions), 

� New test facilities for small wind turbines operating in special sites (residential and urban 
applications) 

 
Wind energy integration:  

� Test facility for grid connection characteristics of wind power plant. The facility will allow 
for testing the grid compliance of wind turbines and wind farms and thereby verify the grid 
code requirements for cost-effective and reliable power systems (Active and reactive 
power control; Fault ride through, Monitoring of voltage dips.) 

 
Offshore deployment and operations: 
There is a need for data acquisition from several different offshore monitoring programmes across 
Europe during the installation and operational phases of projects as for example: 

� Structural design and development techniques that will be encountered by the industry in 
the coming decade 

� Careful acquisition and sharing of environmental data and quantify the environmental 
impact of the developments, analysing the variations in ecology,  

� Acquisition of structural performance and climate data (meteorological/oceanic). 

At European level, the European Energy Research Alliance (EERA) also collaborates regarding 
research infrastructure and has submitted a proposal for a wind scanner facility to be included in 
the ESFRI Roadmap 2010 (see more on www.windscanner.eu). In addition, the European DERRI 
– Distributed Energy Resources Research Infrastructure – is a project within the EC Research 
Infrastructure action under the FP7 with 15 partners with exceptional and supplementary 
infrastructures and expertise (more info on http://www.der-ri.net/). The project aims at giving 
access to partner research infrastructure and at making common research. Upgraded and new 
research infrastructure will make such coordination attractive and create competitive framework 
conditions for science and technology development in wind energy. 
 

2.2.4 Bioenergy  

Context 
Biomasses contribute in several ways to the energy diversification, from biofuel production to 
power generation. In the frame of the EU commitment to increase the use of renewable energies 
to replace fossil fuels, at least 10 % of energy input in the transport sector should come from 
biofuels. Biofuels tackle the oil dependence in the transport sector, which is one of the most 
serious issues affecting security of energy supply that the EU needs to face.  
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At present, biofuels mixed with fossil fuels are the so called “1st generation products”, derived 
from agricultural crops traditionally used for food like oleaginous seeds (for biodiesel) and cereals 
and sugar beet (for bioethanol). 
 
Biomasses are also used for electric power production or in small-medium size cogeneration 
plants, thus using a renewable energy source for the simultaneous production of electric power 
and thermal energy covering industrial processes or small facilities heating and cooling needs. 
Along with the power sector, a flourishing market of small domestic pellet-fired stoves exists that is 
particularly developed in Austria, Italy, Germany and the Scandinavian countries. 
 
Biomass is a limited resource and its use should thus be targeted at supporting the global 
optimization of the energy system. Biomass and derived fuels are storable, which implies that it 
can act as a buffer to facilitating integration of intermittent energy production from sun and wind, 
and generally contribution to balancing the energy supply and demand.  
 
Biofuels, along with synthetic fuels, can also be expected to play a long term role in the transport 
sector including planes, trucks and ships. 
 
Bioenergy has been identified as one of the SET-Plan priority technologies. The EEI Sustainable 
Bio-energy Initiative aims to bring to commercial maturity the most promising technologies, in 
order to permit large scale, sustainable production of advanced biofuels and highly efficient 
combined heat and power from biomass. A longer term research programme should support the 
development of a sustainable bioenery industry beyond 2020. By 2020, the contribution to the EU 
energy mix from sustainable and cost-competitive bio-energy could be at least 14% and more than 
200 000 jobs could be created. 

Key Figures  
EU is the world leading biodiesel producer having about 80% of the overall share. The bioethanol 
sector is much less developed and the mandatory level of blending with fossil fuels is fulfilled by 
imports from Brazil which is the main world producer. Nevertheless, the technologies which are 
currently mature at commercial level will not be the long term solution for the achievement of the 
European targets, as they lack sustainability requirements, or are too expensive, or induce 
possible social conflicts by competing with food production. 

Research Challenges 
A set of different technologies for 2nd generation biofuels is at the demonstration phase to 
overcome these drawbacks by efficient conversion processes of biomass, including the cellulosic 
part and /or waste of various kinds.  
 
To go further, new and different biomass sources are under study, including autotrophic micro-
organisms (3rd generation) and energy-dedicated crops not in competition with the food cycle, and 
capable of growing on marginal lands using minimum water resources. The main advantages of 
second and third generation biofuels include higher productivities per hectare, better GHG savings 
and avoidance of direct competition with the food market. 
 
Moreover, further research has to be carried out in the field of innovative thermo-chemical 
processes, like pyrolysis and gasification, devoted to the production of versatile energy vectors 
such as bio-oil or syngas that can be coupled with a chemical island for biofuel synthesis and a 
power island for electric power production.  
 
The power generation sector can benefit of the co-firing technology that involves both a higher 
conversion efficiency compared to small stand alone biomass plants, and an environmental 
benefit in terms of CO2 emissions by saving of fossil fuels.  
 
Significant cost reduction and technological developments are needed in order to make 2nd 
generation technologies competitive with fossil fuels. The sustainability of the overall process has 
to be ensured as the sector of biofuels is fairly complex involving very different stakeholders in 
terms of culture, business areas, dimensions and strategies (agricultural area, chemical sector, 
fuel/refinery industry, and automotive industry). 
The role of the supply chain and of biomass logistics should be considered, recommending the 
involvement in a given project of different kinds of operators, including those from the agricultural 
sector.  
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Need for new RI’s 
In most cases the demonstration phases need capital intensive projects for the building of large 
plants, which would greatly benefit of joint public and private investments. This is the case for 
instance of ligno-cellulosic bio-ethanol or the Biomass to Liquid processes.  
 
However, given the difference between operators involved in this sector, intellectual property 
issues may hinder the practical possibility of multi-partners collaboration on a given project.  
 
All projects which have already passed the scientific demonstration phase and that make the 
object of economic competition are hardly open to the entire scientific and technical community.  
In the case of pre-competitive research, a wider scientific and technical EU cooperation is 
possible, and a distributed infrastructure approach may present some advantages.  
 
Lignocellulosic ethanol 
Following the distributed infrastructure approach for the ligno-cellulosic bioethanol, the European 
Commission and the EU Industry have already kick-started a major technology initiative within the 
7th Framework Programme. This project involves 26 partners, mostly from the industry, in 11 
countries. Supported by a total grant of 35 M€ for research and demonstration activities for the 
period 2010 - 2013, four large demonstration projects will address the entire conversion chain 
from the use of biomass, intermediary processing steps and its conversion into end-products at 
large scale demonstration facilities. This cluster is a crucial first step in the Commission's 
endeavours to set up the European Industrial Bioenergy Initiative of the EU Strategic Energy 
Technology Plan (SET Plan), a key target for the EU's energy research agenda on sustainable 
biofuels.  
Further efforts in this frame may not be required at this stage. 
 
Biomass to Liquid 
This technology has been less covered by a network of collaboration, and still requires substantial 
work, potentially involving large facilities to prove technology advances. A previous EU project 
(CHRISGAS)11 was aimed at the demonstration of the gasification phase of biomass but actually 
the production of vehicle fuel was not included. A model of collaboration like the lignocellulosic 
one is desired to address the open question of the process about its economy and scalability 
especially towards other better established production chains like pyrolysis of biomass.  
 
3rd generation biofuels 
Given the less mature state of the art, a network on 3rd generation biofuels (new feedstock and 
new processes) may be a more neutral and favoured option in which mixed university, research 
centres and state members consortia may be in the position of submitting proposals, although 
major companies are working and investing already in these areas. It is, however, difficult to 
imagine how large infrastructure needs would give benefit to the progress in this field, unless large 
algae pond systems are envisaged. A network approach is probably most suited in this case as 
well. 
 
Power generation 
The main technical hurdles of biomass co-firing are related to the biomass pre-treatment and the 
combustor. In the case of co-firing processes, it is necessary to adapt the existing combustion 
system or even build a new one tailored on the specific feedstock. The same is true for the 
storage and transport that require a biomass pre-treatment, such as drying, pelletizing or milling to 
small particles. These research areas refer to a limited and well-known technology and could 
probably be carried out without the need of a strong consortium. 
 
In addition to possible new research infrastructure projects activities for a better networking and 
improvement of the accessibility of existing RI are proposed. There is an obvious need for an 
enhanced coordination and better availability of existing research infrastructures in the fields of 
biomass gasification, syngas, synfuels, advanced gas cleaning, co-gasification and advanced pre-
treatment processes, for example as torrefaction and pyrolysis. Related to the biochemical 
pathways a better coordination of existing research infrastructures for the advanced biological 
conversion technologies of biogenic feedstock, fermenters and other installations related to 
biorefineries is of need. Projects for improving the accessibility of existing databases and 

                                                     
11 FP6 project CHRISGAS (Clean Hydrogen-rich Synthesis Gas) 
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structured information on for example on combustion behaviour of biogenic feedstock, ashes, etc. 
are identified as another relevant field. 
 

2.2.5 Geothermal 

Context 
Geothermal energy is a non-carbon-based renewable energy source, able to provide base load 
power for electricity and heat generation in many countries around the world. The source of 
geothermal energy is the huge amount of heat stored in the earth (about 12.6 x 1024 MJ); 
however only a small fraction of it is accessible and usable with the currently available technology 
that has been developed over the last 50 years. Currently the main part of geothermal energy is 
commercially produced from hydrothermal systems, where hot fluids (water, brine or steam) are 
extracted from natural high-permeability reservoir rocks and to a small amount from enhanced or 
engineered geothermal systems (EGS), where the heat stored in very deep (4-6 km) low 
permeability rocks is transported to the surface through man-made water loops. Geothermal 
energy can be transformed into electric energy using different conversion technologies and/or 
directly used as thermal energy in district heating, agriculture and industrial processes, and in 
spas. At present, the worldwide geothermal energy production provides less than 1% of the 
world's energy needs but the geothermal resources confined in the first 6 km of the earth’s crust 
are estimated to be fairly above 200 GW of which about-80 GW are in the continental Europe. 
With the present technology only a small part of the huge thermal energy confined at accessible 
depths can be utilized either for electricity generation or thermal energy uses. The development of 
more cost-effective technology is continuing and geothermal energy has the potential to supply at 
least 20 % of the total European Energy consumption in 2050. During recent years geothermal 
energy has attracted only minor investments in the fast growing market of renewable energy in 
Europe, whilst new geothermal initiatives have been launched in other countries such as USA and 
Australia with financial support from local Governments for research and technological innovation. 
 

Key Figures  
In EU the geothermal electric generation capacity is about 1400 MW, concentrated in Italy 
(843 MW), Iceland (575 MW) and Portugal (23 MW). In several European countries geothermal 
resources are also used on a small or district scale, for heating supply and heat/chill storage.   
The development scenarios foresee about 5-6000 MW of installed geothermal electric capacity by 
2020 and between 15.000 and 30,000 MW by 2030. To realize such an increase is beyond the 
scope of available mature technology and requires the development of new cost-effective 
technologies able to enhance the production of the already identified resources, to discover new 
untapped hydrothermal systems and to develop non hydrothermal systems. 
 
Recently the EERA (European Energy Research Alliance) launched the JPGE (Joint Programme 
on Geothermal Energy) which brings together the leading European geothermal research 
institutions in a single strategically oriented R&D Programme. The JPGE aims at liaising with 
European industries for fostering their strong involvement in the emerging huge world-wide market 
of geothermal project development and contributing to the achievement of the EU SET Plan 
objectives, accelerating the targeted development and maturing of the next generation geothermal 
technology. 
 

Research Challenges 
Like other renewable energy sources, geothermal energy development faces barriers and 
obstacles, such as the high upfront cost and risk associated with the resource assessment stage, 
the low efficiency of power conversion technology, the environmental acceptance and the lead 
time from discovery to production.  
 
The development of more cost-effective technologies for large-scale deployment of geothermal 
electricity and heat/chill generation involves:  

� enhancing the production from already identified and utilized geothermal fields, 

� exploring, accessing and developing at large scale in Europe new untapped hydrothermal 
resources (up to 6 km deep), 
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� accessing and developing Engineered Geothermal Systems (EGS) at large commercial 
scale, 

� Exploring, accessing and developing “high potential” resources such as Supercritical 
fluids, Pressurized Geothermal Systems, and Magmatic systems. 

 
Beside the technological challenges other aspects of relevance for the further development of 
geothermal energy, which need to be addressed with innovative approaches and tools, include:  

� improving the risk assessment and management for a reliable evaluation of the technical, 
environmental and economical sustainability of projects, 

� secure the social acceptance of geothermal projects by ensuring that potential sites and 
technology specific side effects are  typically relatively minor compared to the benefits, 

� Provide the guidelines to the Regulatory Authorities and Policy Makers for sustainable 
development of geothermal initiatives. 

 
The required research and technological innovation activities are related to the development of a 
multidisciplinary approach to be applied in the main phases of any geothermal project. 
 
The main phases of any geothermal project entail: 

� Resource Assessment, 

� Accessing and Engineering a Reservoir, 

� Process Engineering and Design of power systems, 

� Operation and Management of Geothermal Systems, 

� Sustainability, Environment and Regulatory Framework. 

 
This sets the headlines for a multidisciplinary research and innovation agenda.  
 
Resource Assessment  
This research activity is focused on the development of innovative approaches and cost-effective 
exploration technologies to be applied in several prospective areas in Europe for the accurate 
assessment of the geothermal potential stored at depth up to 6000 m, the definition of the drilling 
targets, the definition of thermal and stress conditions favourable to produce an EGS and the 
forecast of the reservoir performance and resource sustainability. Starting from the knowledge 
gained through the past 50 years of exploration for hydrocarbon, geothermal and mineral 
resources, and several R&D program such as ENGINE and IGE, the following activities will be 
performed: 

� Implementation of the European Geothermal Information System - EGIS, 

� Development of innovative methodologies for geothermal exploration, 

� Improvement of geothermal modelling, 

Models and technologies will be tested and validated in natural laboratories. 
 
Accessing and Engineering a Reservoir 
The drilling represents the most expensive step in the development of a geothermal site and the 
improvement of drilling and well completion technology as well as the methods for efficient heat 
extraction are central. The key issues to be addressed in research are:  

� Drilling and well completion technologies development including laboratory and field 
testing, including the Icelandic Deep Drilling Project (IDDP) to both drill into conditions of 
supercritical water and develop high temperature measurement tools. 

� Efficient heat extraction from the reservoirs, improving the technology applied in existing 
EGS projects (Soultz, Groß Schönebeck, Basel, Hannover) and testing new alternative 
technologies for using alternatives to water as heat carrier fluid. 

� Well logging tools development for high temperature geothermal reservoir characterization 
and monitoring dynamic processes in deep geothermal systems including supercritical 
fluid systems. 
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Process Engineering and Design of Power Systems 
The efficient production of heat, chill and electricity from geothermal energy plays a major role for 
the economic sustainability of any geothermal power project. To enhance the net efficiency of 
geothermal power plants all components and aspects have to be considered and improvements in 
heat transfer from geothermal fluid to the energy conversion system are needed. Developments 
will include: 

� improvements in heat transfer from geothermal fluid to the energy conversion system, 

� design and testing  of  more efficient binary power systems  in pilot projects, 

� Storage and provision of heat and chill, dependant on the geothermal reservoir and fluids 
conditions. 

 
Also cross-cutting tasks, including geothermal water chemistry and corrosion, will be taken into 
account in the development of new materials at lower cost. 

 
Operation and Management of Geothermal Systems 
The sustainable use of geothermal energy requires a thorough understanding of the processes 
occurring during the operation of the system. Reliable reservoir models, intelligent design of 
surface installations, careful selection of system components, operation methods and 
maintenance schemes are the most important factors for success.  
Major goals are represented by: 

� Improvement of sustainability of geothermal resources through the development of 
sophisticated thermo-dynamic and hydraulic-models based on the experience gained at 
existing reservoirs to predict the performance of geothermal reservoir under different 
operation conditions.  

� Implementation of chemical and biological processes to prevent scaling and precipitation 
of salts into boreholes and surface equipment. 

� Laboratory and field experiment to provide insight into the processes and rates of change 
in the permeability development of reservoir depending on long-term fluid-rock interaction.  

� Research on innovative and cost-effective materials able to withstand corrosive conditions 
in geothermal wells and  surface system components. 

 
Sustainability, Environment and Regulatory Framework 
The issues related to the financial and environmental performance of geothermal projects and 
their social acceptability by local stakeholders vary widely according to the type of geothermal 
system and end of pipe technologies. Innovative approaches need to be developed for: 

� Life Cycle Analysis (LCA), and Life Cycle Costs (LCC), to be refined for existing systems 
in operation and be applied for the planning of new operations. 

� Social multi-criteria evaluation (SMCE), to be applied for the evaluation of a potential 
geothermal project, where public opposition and environmental concerns need to be 
addressed and weighed against economic interests and the security of energy supply. 

� Risk assessment and mitigation, in the different phases of the single project including the 
uncertainties in assessing the resource during the exploration phase and to predict the 
production performance during the project life as well as  other specific risk associated to 
the environmental sustainability and social acceptance, 

� Economic evaluation methodologies, which allow  to quantify in terms of reliable economic 
values and/or indices useful for investment decisions and evaluation of financial 
performance,  

� Guidelines for Regulatory bodies for the licensing of geothermal site development for 
Regulatory Impact Analysis (RIA) and Compliance strategies and monitoring mechanisms. 

 
This research agenda is reflected in the work plan for the EERA Joint Programme on Geothermal 
Energy which also includes the following milestones: 

� Within two years: demonstrate the potential for a coherent  geothermal  energy 
development of the major European players, strengthen the R&D capacity by intensified 
collaboration whilst creating a substantial synergy sharing experience and infrastructures 
including “natural laboratories” such as Soultz, Groß-Schönebeck, Icelandic IDDP, 
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Larderello, and other new “geothermal test sites ” that will be  established at European 
level. 

� Within five years: achieve proof-of-principle technological milestones for the development 
of all technical elements needed for the deployment of geothermal systems for large scale 
electricity and heat/chill production. New technologies and tools will be tested and 
validated in field experiments to be carried out in laboratories already existing, such as 
Larderello and Monte Amiata (Italy), Soultz (France), Basel (Swissland), Gross 
Schönebeck (Germany), or new ones to be established in areas of geothermal interest 
such as Iberia, the Lower Rhine Graben (Netherlands), Lavrio (Greece) and the 
Pannonian Basin (Hungary).  

� Within 10 years: develop demonstration projects which will permit the testing of new 
technological solutions in preparation for their transfer into industry. 

Need for new RI’s 
To deliver on the research agenda set out above it is of the essence to have access to field 
laboratories and experimentation sites to confirm the results of the research and to test new tools, 
materials and procedures in the different geothermal systems (High, Medium and Low 
temperature hydrothermal systems, EGS, supercritical, magmatic, geopressurized).  
 
Some private and national facilities (Soultz, Groß-Schönebeck, Icelandic IDDP and Larderello) are 
available in the context of the EERA Joint Programme on Geothermal Energy, and new ones will 
be established in areas of geothermal interest such as Iberia, the Lower Rhine Graben 
(Netherlands), Lavrio (Greece) and the Pannonian Basin (Hungary). 
 
In order to accelerate the development of innovative technology for large scale deployment of 
Geothermal Energy avoiding duplication a Pan European Geothermal Research and 
Demonstration Infrastructure network needs to be established to test and demonstrate new 
technological solutions in preparation for their transfer into industry. 
 

2.2.6 Marine Energy 

Context 
Marine Energy represents an important source of emission-free electricity that can help reduce 
greenhouse gas emissions whilst responding to the growing energy demand and security of 
supply issues. In addition to its potential, Marine Energy presents advantages over some other 
renewable energy sources such as a good predictability. Marine Energy resources include energy 
from wave, tides, both current and range, ocean currents, temperature gradients and salinity 
gradient (osmotic pressure). The EU has an important energy potential in most of these resources 
with the highest potential being available from wave and tides. As set in the European Ocean 
Energy Roadmap 2010-205012, Ocean Energy could, if sufficiently and adequately supported, 
represent 3.6GW of installed capacity by 2020 and close to 188GW by 2050. 
 
The Marine Energy sector has been growing rapidly in terms of both academic research and 
industrial developments. Stakeholders are developing various systems for the different marine 
energy resources with a number of technologies being ready for large scale pre-commercial 
deployments and tests. Initiatives have also been launched in countries such as France, Ireland, 
Portugal, Spain and the UK to provide support to the nascent industry.  
 
Although Marine Energy is being developed worldwide, the EU currently holds a leading position 
in its development. However, comprehensive research programs, appropriate policies and 
additional financial supports will be required to maintain this leadership and to enable the Marine 
Energy to achieve its potential and to reach industrial scale. 
 
 

                                                     
12 Oceans of Energy, European Ocean Energy Roadmap 2010-2050, European Ocean Energy association, 
2010 
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Key Figures  
Floating offshore wind 
For technical and economical reasons, the current offshore wind turbine technology, fixed on the 
seabed, is generally limited to water depth of approximately 30m. This, in turn, limits the distance 
between the project sites and the shore, therefore limiting the number of sites available for wind 
projects as proximity to shore increases potential visual impact and potential conflicts with the 
existing users of the areas. 
Floating offshore wind technologies are currently being developed to overcome these barriers and 
allow access to fields further offshore which have a better wind resource. A first prototype has 
been deployed in Norway in late 2009 and a number of projects are currently being developed in 
EU to test prototypes of floating offshore wind turbines.  
 
Temperature gradient – Ocean Thermal Energy Conversion (OTEC) 
OTEC technology primarily applies to tropical waters where the temperature difference between 
deep and shallow waters is sufficient to run a heat motor. In addition to electricity generation, 
OTEC technology can also be used in other applications such as freshwater production, air-
conditioning or to support aquaculture by providing nutrient rich water. Based on a 20°C 
temperature gradient, it is estimated that up to 80,000 TWh/yr could be generated from OTEC 
technology worldwide. However, the exploitation of this theoretical potential is currently limited by 
the lack of electricity demand centres near the potential production areas, and especially in the 
inter-tropical waters. 
 
Current OTEC projects include the development of pilot systems in French overseas territories 
and in Hawaii. 

Tidal currents 
Marine Energy from tidal currents has the benefit to be predictable and could provide a semi 
baseload supply. Worldwide, the technically exploitable potential is estimated to 450 TWh/yr whilst 
the EU potential is estimated between 15 and 35 TWh/yr. 
The technologies have recently made some significant progress with a number of prototypes 
being deployed and tested worldwide and in the EU. The systems have also been scaled up from 
the earlier prototypes, with grid-connected systems of a capacity up to 1.2 MW. Several pre-
commercial projects are now being developed in the EU with an expected deployment between 
2011 – 2012. 
 
Finally, the Crown Estate has recently signed agreements for lease for ten sites in Scotland’s 
Pentland Firth and Oarkney waters. The proposed projects will provide 1.2GW, 600MW from both 
tidal and wave, and should be installed by 2020. 
 
Tidal range 
The World Energy Council estimates the tidal range resource to 380 TWh/yr (for sites where the 
tidal range is greater than 5m). 
After the construction of the French power station on La Rance river in 1966 (240MW) and a 
period of limited interest and investments, new projects are being developed. Such projects 
include Sihwa (260MW) and Garolim (500MW) in South Korea and several projects on the Severn 
in the United Kingdom. 
 
Wave Energy 
Based on the 2007 survey on Energy resources from the World Energy Council13, wave energy 
could provide up to 1 400 TWh/yr, covering 10% of the current electricity demand. 
As for the tidal current technologies, a number of companies and research institutes are 
developing systems to convert wave energy into electricity. Some systems have been deployed 
and tested at full scale in various European and worldwide locations, representing a total installed 
capacity of approximately 1 to 1.5 MW. Several other projects, representing a total capacity of 10 
to 15MW, are currently under construction or have been granted consents. 
 
Osmotic Power 
Osmotic power uses the difference in salt concentration between seawater and freshwater to 
generate electricity. The electricity can be generated using either pressure retarded osmosis or 
reverse electro-dialysis technologies. 

                                                     
13 Survey of Energy Resources 207, World Energy Council 
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Currently, osmotic power is primarily developed in the Netherlands and in Norway where it is 
estimated that the technology could provide 10% of the electricity needs. 

Research Challenges 
Although much progress has been made in the last few years, marine energy faces significant 
challenges and needs to overcome a number of barriers if it is to provide the amount of energy 
envisioned by the EU Member states. Extensive information about the challenges faced by marine 
energy can be found in the already referred to European Ocean Energy Roadmap 2010 – 2050. 
 
Broadly speaking, the main challenges are to improve, optimise and de-risk the Marine Energy 
technologies so that they can move from the current prototype stage to the stage where investors 
can finance the deployment of large scale commercial projects providing electricity at costs 
competitive with other technologies. 
  
Some of the challenges that marine energy faces are unique to this field whilst a number of them 
are similar to the ones faced by other renewable energy sources. These common challenges 
provide opportunities if lessons learnt from industries that have already reached commercial stage 
can be integrated to marine energy and if research programs are set across the global renewable 
energy sector. 
 
The key challenges can be summarised as follow: 

� Existing studies and data assessing the potential impact of the various marine energy 
technologies are currently limited. To facilitate the development of these technologies and 
to ensure that projects are developed in a socially and environmentally acceptable 
manner, it is important to develop research programs that will study and assess the 
potential impacts of marine energy. These potential impacts must be studied at different 
levels from the impact of a single prototype to the combined impacts of large arrays of 
various technologies including hybrid technologies; 

� Life Cycle Analysis of the various technologies should also be performed to complement 
the environmental studies and to assist the optimisation of the marine energy systems by 
assessing their overall footprint. These researches should be conducted from both 
general and technology specific perspectives; 

� As for other renewable sources, power distribution and grid integration is a major 
challenge which must be addressed, both from the distribution network and the marine 
energy technology perspectives. In addition to the issues faced by renewable energy in 
general, marine energy faces specific challenges such as the distribution from the farms 
to the shore and the impact of distance and sub-sea connection issues;  

� Marine energy technologies that have proven their concepts and are preparing pre-
industrial designs will now focus on optimising the different sub-systems, components and 
power take off equipments to increase efficiency and reliability of the systems. In addition 
to this research effort, it is also important to further investigate new concepts that could 
bring technology breakthrough and accelerate the deployment of marine energy; 

� It is also important to support this research for new or improved concepts and optimisation 
of the existing technologies by promoting innovation and research in the field of composite 
materials and development of new materials and processes in areas such as anti-fouling 
and corrosion protection;  

� A lot of the technologies involve heavy equipment that must be deployed in harsh 
environment. Once deployed and in operations, the systems must be operated and 
maintained with, sometimes, limited access to the installations. For the technologies to be 
economically viable, it is important that fabrication and installation methods, operation and 
maintenance procedures and tools are developed; and 

� To facilitate the initial and detailed project sitting and to improve the knowledge of the 
conditions faced by the Marine Energy systems, programs must be launched to improve 
resource mapping, spatial planning at various scales and understanding of the impact of 
parameters such as local bathymetry and sea-bed geophysical and geo-technical 
properties. Habitat mapping will also be required to assist project developers and 
regulatory bodies in their assessment of projects. 

Need for new RI’s   
It is very important for the emerging Marine Energy industry, but also for researchers, to be able to 
access competitive research infrastructures to support and accelerate its innovation potential.  
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Today’s Research Infrastructures (RI) mostly consists of relatively un-coordinated facilities in the 
various EU member states. These infrastructures include Tank testing facilities, some of them 
being specialised in Marine Energy, National Research Institutes, a limited number of test sites 
and numerical modelling capabilities. 
 
Existing Research centres with tank testing facilities include: the New and Renewable Energy 
Centre (NaREC) and the University of Plymouth’s Marine Institute in the UK; the Hydraulics and 
Maritime Research Centre in Ireland; the French Research Institute for Exploitation of the Sea 
(Ifremer), the Laboratoire de Mécanique des Fluides de l’Ecole Centrale de Nantes and 
Oceanides in France. 
Today, the European Marine Energy Centre (EMEC) in the UK is the only multi-berth test site 
currently in operation for wave and tidal energy converters. New test sites are planned in the 
South West of England (the WaveHub), in France (the SEM-REV), in Spain and in Portugal.  
 
A first need would be to improve the coordination between the existing European infrastructures to 
facilitate the transfer of knowledge, to exchange best practice and to ensure the consistency of the 
research programmes. The FP7 research infrastructure project MARINET (Marine Renewables 
Infrastructures Network for Emerging Energy) aims into that direction, by coordinating major 
European research infrastructures and granting access for research and testing. The project will 
provide a coherent portfolio of installations which can support the research and development of 
this emerging field at all stages. The installations within MARINET are divided in the four groups 
wave energy research, tidal energy research, research infrastructures for cross cutting issues and 
databases including environmental data.  
 
Secondly, there is a need for both new research infrastructures and the upgrade of existing one, 
especially in the following areas: 

� Existing tank testing facilities across EU would require upgrades to respond to the specific 
needs of the Marine Industry such as testing in complex sea conditions (crossed seas, 
currents and wind), 

� Dedicated computer modelling capabilities that respond to the specific requirements of the 
industry should be developed to allow isolated and combined simulation of the different 
aspects of the technologies from hydrodynamic response to acoustic behaviour for 
example, 

� Test facilities should be developed to accelerate the validation and the reliability 
improvement of the various parts of the technology. These facilities should allow testing of 
the various sub-systems and components of the technologies and, in particular, of the 
power take-off equipments. This infrastructure could also assist in developing and refining 
operation and maintenance methods and tools, 

� Although a few test sites exist for full scale deployments, new infrastructures should be 
developed as the current capacities are not sufficient. These infrastructures should be 
carefully planned and coordinated at the EU level to ensure their adequacy with the needs 
of the industry. Particular attention should also be paid to the complementarities of the 
different test facilities to cater for the requirements of the various stages of development, 
from prototype to pre-commercial arrays. These infrastructures are vital for the industry as 
it needs to test its technology and demonstrate its effectiveness.  

 
Since there are several EU members actively working on the fast developing and innovate Marine 
Energy industry, and taking into consideration the fact that there are a number of specificities 
between the various countries, e.g. environmental conditions and market opportunities, it is 
important and necessary that new Research Infrastructures are be developed in multiple locations 
in Europe. There is however no doubt that these infrastructures shall closely coordinate their 
activities to ensure full complementarities, efficient use of the various investments and successful 
development of the Marine Energy at European and National levels. 
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2.3 Nuclear energy 

2.3.1 Fusion 

Context 
Nuclear Fusion has the potential to provide electricity and medium grade heat in a safe, clean and 
CO2-free process. A fusion reactor would typically have a unit size of 1.5 – 2 GWe (CW). 
 
The basic elements needed to provide the fuel, Deuterium and Lithium, are abundantly available. 
In the process, materials in the reactor become radioactive due to the neutron irradiation. These 
must be disposed off adequately and can be recycled after about 100 years. Fusion does not 
produce long-lived radioactive waste. 
 
Two main lines of development are pursued worldwide:  

� magnetic confinement fusion (MCF), with ITER as the focus of international collaboration 
in which Europe has a leading role, 

� inertial confinement fusion, with NIF(USA) as the leading experiment, while Europe has 
two activities in this field: LMJ (France) and a proposed experiment HiPER (ESFRI list 
item). 

 
MCF has a fully integrated European research programme with the Joint European Torus JET as 
the flagship facility and several other national shared experiments. The international facility ITER 
is sited in Cadarache-France and Europe is having a 45% share in this experiment.  
 
ITER is a reactor of the so-called tokamak family, characterized by a toroidal reactor vessel in 
which the fuel – a hot plasma of hydrogen isotopes – is confined by a magnetic field that is partly 
generated by a electric current in the plasma itself. The tokamak is presently the most developed 
reactor concept, but has some disadvantages associated with the current in the plasma. 
 
In parallel to ITER, Europe works on concept improvement. Most notably, it has a major R&D 
activity on the stellarator concept. This MCF, while being technically more complicated than the 
tokamak, does not have the problems associated with the electric current in the plasma. The large 
stellarator W7-X – world-leading in the field - is under construction in Greifswald, Germany, with 
financial support of EURATOM.  
 
The road map to fusion power foresees three major steps in the development of fusion power: 

� the mission of ITER is to demonstrate 10-fold power multiplication at the 500 MW output 
power level, thereby establishing the scientific and technical feasibility of fusion power. 
Start of operation is foreseen for 2019, with full performance to be reached in 2027.  

� After ITER, demonstration reactors (indicated by DEMO) will be built that provide 
electricity to the grid.  

� The first generation of commercial power reactors is to follow soon after a successful 
operation of DEMO. 

 
This sequence marks fusion power as an 'endgame' solution: it will not play a role in the energy 
landscape until 2050, but it has the potential to develop into a significant player during the second 
half of the 21st century. 

Key Figures  
The European fusion program is fully integrated and it is being mainly operated by the Euratom 
associates (research laboratories) which are working within the EURATOM frame.  
 
The construction of ITER is an international effort, which is coordinated by the ITER Organization. 
The European contribution of 45% of the resources, either in kind or in cash, is provided through 
the European Joint Undertaking “Fusion for Energy”.  
 
Further fusion R&D activities are carried out under an international agreement between Japan and 
EURATOM, termed “Broader Approach” to cover R&D items, which are not part of the ITER 
activities. One part of the Broader Approach activities are the EVEDA (Engineering Validation and 
Design Activities) for IFMIF  (International Fusion Materials Irradiation Facility), which is needed to 
test and qualify materials to be used in DEMO. 
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Research Challenges 
At present, the main challenge is the construction of ITER within the shortest possible time.  
 
Materials development is another pressing item as new and validated materials will have to be 
available for the use in DEMO. Specifically the resistance of these materials to intense irradiation 
damage has to be investigated and to be validated. The fusion community promotes IFMIF, 
project already included in the ESFRI list, as the central research facility to allow for these 
investigations und fusion specific irradiation conditions. 

Need for new research infrastructures 
Besides the present initiatives on ITER construction and IFMIF, further coordinated European 
initiatives in the field of nuclear fusion R&D could underpin the development of fusion. Important 
items are e.g. the understanding of plasma-wall interactions using specific fusion-related facilities 
or coordinated activities on plasma heating and current drive. 
 

2.3.2 Fission  

Context 
The nuclear industry supplies one third of the of the EU’s electricity. The share of the nuclear 
energy in the European energy mix will increase, several member states having expressed their 
will to build new reactors.  
 
The so-called “generation II and III” existing reactors are essential for the independence of EU 
energy production and the continuation of their safe and efficient operations is essential.   
 
For the long-term future, behind 2040, “generation IV” reactors are envisaged, and the 
Sustainable Nuclear Energy-Technology Platform (SNETP) has been officially launched on the 
21st September 2007, and its Strategic Research Agenda (SRA) was issued in June 2009. Current 
activities are the implementation and coordination of research programs. 
 
The SET-Plan has identified in 2008 key EU technology challenges in the field of Sustainable 
Nuclear Energy: 
� maintain competitiveness in fission technologies, together with long-term waste 

management solutions (to meet 2020 targets), 
� focus on the development of Generation-IV technologies, completion of preparations for the 

demonstration of Gen-IV of fission reactors for increased sustainability (to meet 2050 
targets). 

 
The SET-Plan has asked to launch European Industrial Initiatives in the major low-carbon 
technologies, including nuclear energy with ESNII (European Sustainable Nuclear Industrial 
Initiative). 

 
The need for proper nuclear knowledge management has also been identified by the EWG, for the 
following reasons: 
� the lack of experts in the operating and future nuclear facilities all over the EU member 

states that develop a Nuclear Program, 
� the ageing of the existing personnel operating the nuclear research and power facilities, 
� the limited number of young people studying nuclear field subjects. 
 
The nuclear Research Infrastructures plays a key role for education and training, to get at the 
same time the scientific and technical background, and to put the highest safety and security 
standards into practice.   

Key Figures  
o Nuclear energy represents today 14 % of electricity production in the world, with 370 

GWe, produced by 436 power reactors, and about one third of the EU electricity 
production,  

o Light Water Reactors have cumulated more than a thousand years of operation, 
o The present known resources of uranium represent at least 100 years of consumption 

with existing reactors, 
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o IAE-AEN technology roadmap for nuclear energy issued in June 2010, based on the IEA’s 
ETP 2010 BLUE Map scenario for a 50% cut in energy-related carbon dioxide emissions 
by 2050, targets nuclear capacity of 1 200 GW, providing around 24% of global electricity, 

o 30 countries have expressed to the IAEA their interest for a nuclear programme as 
newcomers, 

o Fast neutron reactors with closed fuel cycle have the potential multiply by a factor of 50 to 
100 the energy output from uranium, making existing resources sufficient for many 
centuries of production.  

 

Research Challenges 
For current reactors of Generations II and III, the challenge is to improve lifetime management, to 
increase performance and competitiveness, while improving waste management, radiation 
protection and keeping the highest safety standards.  
 
For fast neutron reactors of Generation IV, the SRA of SNETP has identified two technology 
paths: 
� Sodium cooled Fast Reactor (SFR) to be build in France (ASTRID), open to international 

partnership, 
� an alternative technology which could be either the Lead-cooled Fast Reactor or the Gas-

cooled Fast Reactor (ALLEGRO experimental reactor) technology. Decision to be made in 
~2012, construction of a demonstration plant in ~2020. 

 
R&D challenges cross-cutting Generation II, III and IV have been identified by SNETP in the field 
of materials for the reactors structure, for their fuels and waste: 
� materials ageing under operation conditions, 
� characterisation and advanced qualification including safety related assessments, 
� physically based and constitutive multiscale modelling, 
� supporting R&D for codes and design methods development. 
 
R&D challenges in the field of materials exist for all three fast neutron reactor concepts, to sustain 
high fast neutron fluxes and high temperatures, while complying with innovative reactor coolants: 
� development of new materials, 
� advanced instrumentation and in-service inspection systems, 
� innovative fuels, including minor actinide-bearing, 
� partitioning and transmutation of long-lived waste. 
 
R&D organizations involved in energy research are part of the EERA (European Energy Research 
Alliance) and develop joint programming at the EU scale. First activities are undertaken on the 
specific topic of “materials for innovative nuclear systems” (a first workshop took place September 
2009 in Karlsruhe).  
But the European material testing reactors have been started in the 60's, and most of them will be 
stopped in the next decade, leading to a real lack of irradiation facilities.  
 
Specific research challenges exist also for each fast neutron reactor concept.  
For SFR, the use of sodium as a coolant requires for instance to develop advanced sodium-water 
reaction detection systems, and secondary loop designs enabling the containment of any sodium-
water reaction accident, or to develop in-sodium telemetry or non-destructive examination 
techniques.  
For LFR, there is a need for lead-corrosion resistant materials and protective coatings, for lead 
oxygen and chemical control to prevent corrosion or deposits, develop models and tools to study 
the nuclear thermal-hydraulic feedback, and also in-lead metrology and non-destructive 
examination techniques. 
As GFR operates in high power density and high temperature, innovative carbide and nitride fuels 
are investigated, with refractory cladding materials, using metals or composite matrix ceramic. It 
will require new research on reprocessing the fuel, and conditioning the high-level waste. The 
lower thermal inertia will require studying specific safety systems in case of loss of coolant or 
depressurization, during accident transients, or during severe accidents. A multi-scale modeling 
and a probabilistic risk assessment will be necessary.   
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Need for new RI's 
 
The SRA has identified the need for new nuclear large RI. Beside JHR, which is already under 
construction, ASTRID and ALLEGRO, already mentioned, there are: 
� MYRRHA at Mol in Belgium, a flexible fast spectrum irradiation facility, operating as a 

subcritical (accelerator driven) system, and as a critical reactor for material and fuel 
developments for GenIV and fusion reactors and in a back-up role for radioisotopes 
production;  

� PALLAS at Petten in The Netherlands, presently under design with a priority for serving the 
objective of securing the radioisotopes production for medical application for Europe. It 
could be used as a complementary and back-up facility in support of the industrial needs for 
technological development for present and future reactors. 

 
The EWG has also identified the need to support a European Nuclear Energy Knowledge 
Management (ENEKM) Platform, organized as a permanent structure devoted to collecting, 
preserving and transferring information between universities, training centers, students and 
researchers from all MS. 
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2.4 CO2 reduction in the use of fossil fuels 
 
According to statistics made by the International Energy Agency (IEA), about 29 Gt of energy-
related CO2 were emitted in 2007. Very low changes can be observed in the trend of EU27 since 
1990, while Chinas emissions have been doubling since 2003 and reaching values of more than 6 
Gt. Responsible for approximately two thirds of global CO2 emissions are the transport sector 
(23%) together with the generation of electricity and heat (41%). Coal, oil and gas are the fossil 
fuels responsible of the 99% of the worldwide energy-related emissions, respectively with 42%, 
38% and 20%.14 
Moreover, the primary energy demand is and will be continuously increasing, and fossil fuels 
constitute the main energy source at least in the short and medium term.  
 
According to the IEA global Reference Scenario15 that is in the absence of measures of 
abatement, CO2 emissions in 2030 will rise to 56 Gt of CO2-eq. The amount related to the energy 
sector will rise to about 40 Gt (average annual growth rate of 1.5% in the period 2007-2030). 
Consequently CO2 atmospheric concentration could reach a peak of 1000 ppm within the next 
century and the global warming could get to about 6 °C. 
 
Differently, according to the so-called IEA 450 Scenario, that considers collective policies aimed at 
reducing emissions, in the next century the threshold CO2 concentration in the atmosphere will be 
set equal to 450 ppm with the subsequent containment of global warming to 2°C. This scenario 
estimates that the emissions peak at 30.9 Gt just before 2020 and decline thereafter to 26.4 Gt in 
2030. It has to be pointed out, that more efforts are required by the current and newly 
industrialized nations. Indeed, thanks to recent policies, it has been estimated that in the EU 
energy-related CO2 emissions could fall from 3.9 Gt in 2007 to 3.5 Gt in 2030. End-use efficiency 
will be the largest contributor to CO2 emissions abatement in 2030, the use of renewable and 
nuclear energy, the activation of CCS systems and the use of biofuels represent the other major 
contributions to the containment of global warming. 
 

2.4.1 Carbon capture and storage 

Context 
The European Commission is proposing ambitious Greenhouse Gas mitigation goals. By 2020, 
the emission of these gases should be reduced by 20% or by 30% if a broader commitment can 
be achieved. The EU acknowledges that achieving the climate goals requires the full exploitation 
of the potential of new knowledge and technologies in Carbon Dioxide Capture and Storage 
(CCS)16. 
 
CCS is a process consisting of: 

1. Separation of CO2 produced in industrial and energy related sources (e.g. by post-, pre-, 
oxyfuel combustion capture), 

2. transportation of the concentrated CO2 to a suitable storage location (e.g. by pipeline, 
ship, rail or road),  

3. storing the CO2 in deep onshore or offshore geological formations (e.g. deep saline 
formations, oil and gas fields), in minerals (e.g. mineral carbonation) or use it in industrial 
processes. 

 
CCS has been identified as SET-Plan priority technology with the target of making it cost-effective 
by 2020 within a carbon-pricing environment. As specified,17the pressing need would be to 
demonstrate at industrial scale the full CCS chain for a representative portfolio of different CCS 
options. A comprehensive research program is supposed to deliver improved components, 
integrated systems and processes to make CCS commercially feasible in fossil fuel power plants 
going into operation after 2020.   
 

                                                     
14 IEA Statistics, Emissions from Fuel Combustion, Highlights, IEA (2009) 
15 IEA World Energy Outlook 
16 EUROPE 2020, A strategy for smart, sustainable and inclusive growth, European Commission (2010) 
17 Investing in the development of low Carbon Technologies, COM (2009) 519 
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Key Figures  
Today, most elements of the CCS chain of technologies are used commercially, although at a 
scale much smaller than that required for power generation or by other carbon intensive 
industries. Available technology captures about 85-95% of the CO2 processed in a capture plant.  
 
A power plant equipped with a CCS system (with access to geological or ocean storage) would 
need roughly 10-40% more energy than a plant of equivalent output without CCS (highly 
depended on technology use), of which most is for capture and compression.  
 
CCS systems with storage as mineral carbonates would need 60-180% more energy than a plant 
of equivalent output without CCS. Application of CCS to electricity production, under 2002 
conditions, is estimated to increase the electricity generation costs by about 0.01-0.05 US$/kWh 
18. 

Research Challenges 
CO2 Capture 
The technology required for pre-combustion capture is widely applied in fertilizer manufacturing 
and in hydrogen production. Although the initial fuel conversion steps of pre-combustion are more 
elaborate and costly, the higher concentrations of CO2 in the gas stream and the higher pressure 
make the separation easier. Oxyfuel combustion is in the demonstration phase and uses high 
purity oxygen. This results in high CO2 concentrations in the gas stream and, hence, in easier 
separation of CO2 and in increased energy requirements in the separation of oxygen from air. 
 
R&D activities, recommended by ZEP19, for CO2 capture should focus on improving and 
developing new and competitive capture technologies in order to reduce cost and energy 
consumption, including:  

� New CO2 sorption media and processes for post-combustion,  
� Integrated processes for pre-combustion and oxy-fuel, 
� Plant integration for all three capture technologies, 
� Oxygen production for pre-combustion and oxy-fuel; Improving combustion, flue gas 

treatment and CO2 cleaning for oxy-fuel, 
� Improving and up-scaling gasifiers, hydrogen-gas turbines, carbon monoxide-shift and 

CO2 capture for pre-combustion, 
� CO2 compression. 
 

CO2 transportation and storage 
Pipelines are preferred for transporting large amounts of CO2 for distances up to around 1,000 
km. For amounts smaller than a few million tonnes of CO2 per year or for larger distances 
overseas, the use of ships, where applicable, could be economically more attractive. 
 
Storage of CO2 in deep, onshore or offshore geological formations uses many of the same 
technologies that have been developed by the oil and gas industry and has been proven to be 
economically feasible under specific conditions for oil and gas fields and saline formations. 
 
R&D activities, recommended by ZEP19, for CO2 transportation and storage should focus on 
enhancing technologies and methodologies expected to facilitate wide-scale deployment, 
including: 

� Developing a complete transportation infrastructure, including industrial sources of CO2, 
� Improving methodologies for assessing storage options and their capacities, 
� Optimizing storage capacity and efficiency. 

 
Mineral carbonation 
CO2 can be reacted with solid or liquid wastes forming the corresponding carbonates and a solid 
by-product, e.g. silica. The kinetics of natural mineral carbonation is slow; hence, all currently 
implemented processes require energy intensive preparation of the solid reactants to achieve 
affordable conversion rates and/or additives that must be regenerated and recycled using external 
energy sources. The technology is still in an early development stage and requires more R&D 
effort especially related to improving the kinetics of mineralization. Mineral carbonation could be 
                                                     
18 IPCC - Carbon Dioxide Capture and Storage 
19 European Technology Platform for Zero Emission Fossil Fuel Power Plant (ZEP): “Recommendations for 
research to support the deployment of CCS in Europe beyond 2020” 
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suitable for small-scale CO2 sources (e.g. special industrial sectors) as a complement to 
geological storage. 

Need for new RI's 
Beside the CCS addressed by ECCSEL, research programs on mineral carbonation on a solid 
form could first be built and proposed. It could be integrated into ECCSEL, without creating a new 
specific RI. 

2.4.2 C02 reuse 

Context 
According to IEA projections enhanced energy efficiency, CCS and indirectly biofuels, appear as a 
potential action to mitigate the corresponding emissions, but not the reuse of CO2.  
 
Besides, according to experts in the chemical industry, only one percent of the carbon dioxide 
emitted annually due to human activities can be used to produce useful substances, but including 
fuel production, the rate may increase by a factor of ten. 

Research Challenges 
Studies carried out so far show many cases of CO2 reuse: 

� feeding algae, through the process of photosynthesis able to use sunlight, to absorb 
carbon dioxide and to provide an end product (bio-oil), 

� with artificial photosynthesis, to produce organic substances from water using solar 
energy and CO2, 

� reacting with hydrogen (utilizing renewable sources such as the splitting of water using 
solar energy) to produce methanol or hydrocarbon fuels in accordance with processes 
more advantageous than the exploitation of solar energy using photovoltaic technology, 

� reaction with phenol and salicylic acid production, the basis of aspirin (a total of 120 
million tonnes of CO2 annually are used in this manner), 

� various chemical transformations - often mediated by catalysts, micro-organisms, high 
temperature - to produce hydrocarbons or alcohol or formic acid or esters or carbonates 
or bicarbonates or various polymers or polycarbonate or polycarbonate to encapsulate 
CO2. 

Need for new RI’s 
The issue of reuse of CO2 comes certainly as challenging. The exploratory nature of the research 
still in progress suggests the creation, as a first step, of a distributed network rather than one large 
specific network or even realizing a specific R&D infrastructure focused on the CO2-reuse.  
 
A working group, which would identify public and private structures involved in the reuse of carbon 
dioxide activities both in the EU and in the world, could be created to promote networking among 
the first ones and contacts with the second ones. The continuous technology monitoring for the 
CO2-reuse would lead to a more accurate timing and to the definition of specific research themes 
for which to carry out an ad hoc European research facility in the future.  
 

2.4.3 Enhance conversion efficiency 

Context 
Economic and energy growths are strongly linked and modern societies are no exception. 
Increased industrialization, accumulation of people in large urban areas, mobility and living 
standards have lead to record energy consumption in our societies and the only factor that can 
reduce this correlation is enhanced conversion efficiency from primary energy into useful energy. 
Currently it is estimated that only about 1/3 of world’s primary energy is converted into useful 
energy.  Therefore a large potential for energy efficiency gains exists, which can become even 
larger when material supply and recycling chains are brought into the picture. This potential can 
be a major driver for the development of energy policies for sustainable societies and forms the 
basis for the strategic options that have been adopted in the EU but also internationally. 
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Key Figures  
Energy efficiency at the supply-side (i.e. energy extraction, conversion, transportation, and 
distribution) has reached a high level of technological maturity in Europe and has attracted so far 
most of energy investments.   
Energy efficiency at the demand, or end-use, side although not as technologically challenging, 
appears to be at a lower level of maturity and/or implementation.  Energy efficiency has a direct 
economic impact and it is triggered both by advances in technology as well as by innovations in 
production (economies of scale) and in education/training of the citizens.   
It is feasible to expect an almost order of magnitude increase in the availability of useful energy in 
the future, due to an increase in conversion efficiency. 

Research Challenges 
The globalization of the economy and many of the industrial sectors create large opportunities for 
improving energy efficiency at the global scale.  
 
Research needs to address the following challenges: 

� Optimization of energy need for living, by rethinking the cities to minimize need for private 
transportation of people and to decrease the buildings energy need, 

� Optimization of energy transport/distribution, exploiting decentralized approaches and 
information technology, 

� Optimization of energy intensive processes with respect to energy use, 
� Exploitation of waste energy in industrial processes, 
� Identification of targeted policy measures to facilitate the increase of useful energy and 

conversion efficiency in the design/planning of new installations. 
 

Need for new research infrastructures 
Due to the highly decentralized and variety of conversion efficiency gains, a specific research 
infrastructure would not be necessary. Member states are already implementing measures for the 
improvement of conversion efficiency. Demonstration urban districts and building are implemented 
in several countries in Europe and are of great value as integration test sites of several 
technologies and solutions.  

There is a potential and need for measures for a better networking and a better availability for 
researchers of existing research infrastructures for fossil fuel conversion. 
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2.5 Energy end-use and infrastructures 

2.5.1 Sustainable transport 

Context 
Transport has become worldwide a victim of its own success, leading to traffic congestion and 
excessive use of fossil fuels, which are major contributors to global warming and pollution. The 
challenge for transport today is to overcome this paradox and make growth and sustainability 
compatible, by decoupling environmental impacts from economic growth, while assuring the 
competitiveness of the world transport industry.  
 
Economic crisis, increasing scarcity of non-renewable energy sources, aging, migration and 
internal mobility, urbanization, and globalization of the economy are among the other significant 
challenges to be faced by transport research. Growing concerns about the impact of these side 
effects have led most of the developed and emerging countries to move away from such 
infrastructure-intensive, capital-intensive transportation strategies, toward more integrated 
transport policies, which strengthen transport infrastructure through technology. 
 
EU countries are conducting critical research across all modes of transportation, supporting data-
driven decision making on national priorities, including building a leading physical infrastructure, 
supporting advanced vehicle technologies and educating the next generation to foster a world-
class workforce for the transportation sector.  

Key Figures  
Transport accounts for some 71 % of overall oil consumption in the EU, 60% for road transport 
and 9% for air transport. Rail transport uses roughly 75 % of electricity and 25 % of fossil fuels. 
Road transport alone contributes to 74% of all transports CO2 emissions.  
The increased public awareness on climate change, the scale of the challenges involved, and the 
pressing need to prepare for a post-petrol future, have prompted most of the world’s developed 
and emerging countries to step up research, trialing and deployment of transport systems that use 
more energy-efficient and less petrol fuel-dependent vehicles.  
 
In response to the second objective on petrol dependency, electric power offers a potentially 
groundbreaking solution, provided that the production supply chain does not emit too much CO2, 
accounting today for between 20% and 25% of world energy consumption and carbon dioxide 
emissions. Greenhouse gas emissions from transport are increasing at a faster rate than any 
other energy-using sector. Sustainable transport (or green transport) refers to any means of 
transport with low impact on the environment. 
Essential components of the transport policy are based on a better integration of transport 
networks, developing alternatives to road transport, promoting clean technologies, and upgrading 
infrastructure.  

Research Challenges 
Strategic objectives of transport research cover and combine two major fields20: technological 
advances and socio-economical researches: 

� Decarburizing and “greening” the transport system, by reducing or eliminating CO2 
emission or using carbon neutral fuels, enhancing energy efficiency, and drastic reduction 
of noise or pollutants such as NOx and particles, 

� Pioneering the transport of the future (long-term perspective), focusing on breakthrough 
technologies aimed at achieving step changes in the transport system. Enhancing and 
strengthening the ERA, by the structuring effect of research projects, joint undertakings 
and other initiatives, 

� Strengthening the competitiveness of the European industry, by improving cost efficiency 
and promoting eco-innovation,  

� Improving safety and security of passengers, aircraft, vehicles, vessels and 
infrastructures,  

                                                     
20 A sustainable future for transport. Towards an integrated, technology-led and user-friendly system, 
European Commission (2009) 
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� Increasing efficiency of the whole transport system, including all transport modes as well 
as urban transport planning and mobility, and co-modality, notably by the use of ITS 
(Intelligent Transport System) to set up a smart transport system and enhanced integrated 
decision support tools, 

� Lower the energy needed to build roads and infrastructures. 

Need for new RI’s 
This domain is a clear example of multidisciplinary approaches covering several research and 
technological domains. Research activities range from electronics, to material science and to 
social and human sciences. The working group does not feel the need of an integrated research 
infrastructure, but recognizes and supports the need of “technological demonstration and 
development sites”, where a variety of technologies has to be integrated. Such sites are supposed 
to serve as a collaborative tool between R&D organizations and industry.  

 

2.5.2 Smart Grids and Super Grids  

Context 
Smart Grids, intelligent control of the electricity systems, holds the promise in the short to medium 
term to provide technologies for efficient integration of large amounts of stochastic energy 
production. In the long term perspective Smarts Grids enable an electricity system largely based 
on sustainable energy sources, thereby providing a cost efficient, secure and reliable energy 
supply, supporting the reduction of the CO2 emission from the energy sector. 
 
Main drivers of the introduction of Smart Grids are the large-scale introduction of variable and only 
partly predictable renewable energy sources in power systems on all voltage levels. The likely 
growth of distributed energy resources (DER) in the form of generation resources on lower voltage 
levels such as photovoltaic, and in the form of demand response (DR), such as controlled heat 
pumps, and introducing new storage technologies, for instance electric in vehicles make the 
further development of the electricity network a major challenge.  
 
Means to ensure reliable electricity supply include a combination of multiple sources, high 
transmission capacity, local generation and balancing between demand and generation. Multiple 
sources include the intelligent activation of the control opportunities provided by the distributed 
energy resources (DERs) – both generation and demand – each with limited contribution, but in 
huge quantity with a significant aggregated contribution. Local power balancing may be a cost 
efficient alternative to investment in more transmission and distribution capacities. Power 
balancing requires intelligent control of demand, generation, distribution and transmission. 
A key technology in Smart Grids are ICT systems, providing an integration platform for secure 
communication, monitoring and control of all the components in the power system, including the 
transmission / distribution system and a huge number of DER units, and ensuring an efficient and 
optimal integration with market systems.  

Key Figures  
The European Union's electric power system is one of the largest technical systems in the world 
serving over 500 million people, with 230,000 km of transmission lines at the highest voltage 
levels of between 220kV and 400 kV and 5,000,000 km of distribution lines at medium and low 
voltage levels. With all the stations and support systems, the investment in the European 
electricity grids until now exceeds 600 B€ (some 1,500 € per citizen). 
A significant proportion of the European electricity grid was built more than 40 years ago. Renewal 
is necessary and is already happening, according to the International Energy Agency, 
approximately 500 B€ will have to be invested by 2030. Without deployment of new “smart” 
technologies and solutions, this renewal will become a mere replacement programme, based on 
old solutions and present technologies, with little utilization of the potential for efficiency gains, and 
might eventually lead to stranded assets, lost opportunities and failure to achieve the ambitious 
energy targets for Europe. 
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Research Challenges 
There is a need for Smart Grids research infrastructures that are able to: 

� characterise and evaluate the DER units’ power system characteristics and controllability 
in a standardised way, 

� analyze, validate and test the cooperation of a huge number of active DER units, all 
contributing to the power system operation, 

� develop, analyse and test extensions of existing power market designs suitable for power 
systems with a large number of DER units, 

� test the operation under extreme and unpredictable situations, island operation and black 
start, 

� test the integration into existing power systems. 
In a safe and controlled environment. 

Need for new RI’s 
An efficient way to provide European research communities with access to research 
infrastructures including a huge number of different, controllable DER units in a complex network, 
is to establish a virtual research infrastructure through simultaneous online access to a number of 
individual DER research infrastructures, each including several real, active units, supplemented 
with real time power system simulators.  
 
The virtual facility should include as many and different components and distribution / transmission 
levels as possible. The distribution and transmission systems should be emulated. 
 
Preparatory work to develop this concept is included in the ongoing EC FP7 supported research 
infrastructure project DERRI.– within the networking and the joint research activities of this 
European DER research infrastructure trans-national access project between 15 European 
partners. However, if the virtual facility should meet the above-indicated requirements, there is a 
need to have protected access to much more complex power systems, including more active DER 
units, substations, voltage levels and protection systems. 
The research infrastructure should be extended to include the possibility to test and demonstrate 
intelligent control concepts in real power systems in a supervised mode, protecting the power 
system and securing the power supply to the real consumers. 
 

2.5.3 Energy storage  

Context 
Although there are many forms of energy and energy carriers, one main interest of researchers 
concentrates now on a direct or indirect storage of electricity due to its key importance in 
nowadays technology and economy.   
To provide proper operation of a power system, the demand and supply of electric energy must be 
sufficiently balanced. The storage devices facilitate to maintain the balance between the network's 
load and power generated.  The relevance of energy storage becomes more and more important 
with increasing complexity of power systems; storage of energy in smart grids plays an essential 
role for their proper operation.   
 
The storage of energy allows to: 

� increase the efficiency of energy production, Improve the management of energy 
production and transmission, improve energy quality, and use more efficiently renewable 
energy sources. 

There are various methods of energy storage, the most important ones are: 
1. mechanical 

1.1. pumped storage hydro power 
1.2. compressed air energy storage (CAES) 
1.3. flywheel energy storage 
1.4. hydraulic accumulators 

2. electrochemical 
2.1. fuel cells 
2.2. batteries 
2.3. flow batteries  
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3. electrical 
3.1. capacitors and supercapacitors 
3.2. superconducting magnetic energy storage (SMES) 
 

4. chemical 
4.1. hydrogen 
4.2. synthetic fuels 
4.3. biofuels 

 
Various technologies are applied in practical realization of the methods that are listed above, e.g. 
there are at least five different types of fuel cells regarding only a kind of electrolyte, tens of types 
of batteries and several technologies of hydrogen storage. Therefore, when future prospects, 
challenges and implementation of the particular method of energy storage are considered, the 
technology used should be taken into account.  Despite this difficulty, some general classification 
can be done, so that methods 1.1 and 1.2 are useful for management of energy (storage devices 
are generally located close to electricity producers) whereas methods 1.3, 2.2, 3.1 and 3.2 can be 
exclusively employed to improve energy quality (storage devices are located close to electricity 
consumers).  CAES (1.2), stationary fuel cell generators (2.1) and flow batteries are somewhere 
between these two applications accordingly to their operational characteristics. Some technologies 
of methods, as 1.1, 1.2 and 2.2, can be considered as mature and commercialized, others as 1.3, 
1.4, 2.1, 2.2, 2.3, 3.1, 3.3, 4.1, 4.2 and 4.3 are still intensively developed.  

Key Figures  
 
To fulfill current requirements of smart grids, energy storage technologies and systems have to 
increase the reliability, performance and competitiveness of electric generation, transmission and 
use in utility tied and off-grid systems.  In addition, the capital costs per unit of energy and power 
are critical factors for their wide, commercial applications. Below, one can find currently available 
ranges of these parameters for the chosen state-of-the-art storage facilities: 
 

Storage facility Capital cost per 
unit of energy 
$/kWh 

Capital cost per 
unit of power 
$/kW 

Energy density 
kWh/ton 

Energy density 
kWh/m3 

 
CAES 30-80 600-1000   
Pumped hydro 
power 

40-500 700-2000   

Flow batteries 100-300 700-3000 30-60 30-60 
Lead-acid batteries 100- 500 300-750 20-50 40-120 
Ni-Cd batteries 300-1000 700-2000 40-60 40-150 
Li-ion batteries 300-2000 1000-3000 100-250 150-500 
Na-S batteries 200-500 1000-3000 100-200 120-300 
Supercapacitors 100-3000 200-1000 10-50 10-50 

 
The targets depend on the intended application, for example, in the case of use of Li-ion batteries 
as an energy source in electric car, roughly speaking all the parameters of this battery should be 
improved by factor of three until 2020.  

Research Challenges 
As it has been mentioned above, apart from the two mature methods of mechanical energy 
storage: 1.1 pumped storage hydropower, 1.2 CAES and some types of 2.2. electrochemical 
batteries, others must be significantly developed to reach commercialization.   
 
Main flaws of state-of-the art storage devices are the low specific energy, the high costs of 
production and services and, sometimes, the low reliability.   
 
Generally, the following characteristics are important for quality of storage device: 

� specific energy (energy stored per unit of mass or volume of the device), 
� specific power, 
� charging and discharging characteristics and efficiency of the cycle, 
� impact to the environment, 
� rate of self-discharging, 
� maintenance costs and frequency, 
� range of temperatures, 
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� complexity of construction, 
� range of available voltages, 
� synchronization with external grid and controlling systems, 
� life-time, 
� reliability, 
� number of cycles. 

 
In the case of chemical methods of energy storage, i.e. these listed in entry 4., the following 
factors should be taken in account: 

� availability of raw materials for fuel production 
� costs and efficiency of the production process 
� impact to the environment 
� conversion of the produced fuel to useful energy in convertor devices 
� efficiency and technology of fuel storage. 

 
As an example, let us analyze the basis of the hydrogen economy:  Over 95% of hydrogen is now 
produced using natural gas, coal and liquid hydrocarbons. The minimal costs of hydrogen 
produced using natural gas or coal are comparable today and can be estimated at 10-12 USD/GJ 
(1.2-1.5 USD/kg).  
 
The price of hydrogen produced using biomass is higher: 44-82 USD/GJ.  Only ca. 4 % of H2 is 
obtained by electrolysis of water and its price depends on source of electricity: ca. 80 USD/GJ for 
home-used electrolyzer and electricity from the grid, 32-34 USD/GJ for electricity from nuclear 
power plant and 45-66 USD/GJ for electricity from hydropower station. When renewable sources 
of energy are utilized, the costs of H2 production are: 34 and 75 USD/GJ for grid connected and 
autonomic wind generators, respectively and 45 and 51 USD/GJ for grid connected and 
autonomic PV cells. The structure of costs justifies why H2 is produced mainly from natural gas 
(48%), although recently coal gasification attracts interest of more and more producers.  It is also 
seen that application of renewable energy sources for water electrolysis needs further 
development to decrease costs of production.  New technologies are desirable: photoelectrolysis, 
thermal splitting of water and biomethods of H2 production. 
 
Research and development are also necessary to improve conditions of H2 storage and transport.  
Although several methods of H2 storage are used in practice (as liquid, compressed gas, 
adsorbed H2 and metal hydrides), the gravimetric, volumetric capacities and costs of storage are 
still much below the target.  Also fundamental convertors of hydrogen to electricity, fuel cells, 
require further improvement to increase life-time, efficiency, reliability and, first of all, decrease the 
production costs. 

Need for new RI’s 
Because of the wide spectrum of technologies applied to energy storage, the foundation of 
centralized, universal research infrastructures will be ineffective.  
 
Instead, smaller RIs are desirable, which concentrate on particular energy storage problems as for 
example: 
� electrochemical storage devices: fuel cells, batteries and supercapacitors 
� hydrogen storage 
� hydrogen and synthetic fuels production 
� SMES 
� flywheel, etc 
 
Although R&Ds for all these technologies are very important for energy sustainable development, 
the emphasis should be put on these relevant to transportation problems, i.e. first three mentioned 
in the list above.   
 
There is also need for RI to test, characterize, optimise and evaluate the operation of integrated 
systems of storage devices and power generators (smart grids).  Because many storage devices 
approach a state close to commercialization, therefore a need for cooperation between companies 
and research centers appears, aiming to standardize the products and characterize the 
independently performance of the facilities. 
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2.5.4 Fuel cells 

Context 
Fuel cells are among the most efficient devices for converting the chemical energy of a fuel into 
electrical energy. The electrochemical oxidation of the fuel and the electrochemical reduction of 
the oxidant (usually oxygen) thereby take place in compartments separated by a solid electrolyte. 
Two main classes are distinguished by the nature of this electrolyte. 
 
In low temperature fuel cells operating at temperatures below 200 �C (and predominantly below 
100 �C), a solid polymer electrolyte is used. Polymer electrolyte fuel cells are fuelled by pure 
hydrogen, with the 'direct methanol fuel cell' representing a niche market. Target applications are 
transportation (fuel cell passenger vehicle), portable devices, and small combined heat and power 
units. 
 
In high temperature fuel cells operating at temperatures between 100 �C and 1000 �C, a ceramic 
membrane that conducts oxygen ions is used as the electrolyte. These fuel cells can be operated 
on various fuel gases including methane, carbon monoxide, and hydrogen, whereby methane is 
converted to CO and H2 by external and/or internal reforming. Solid oxide fuel cells are mainly 
considered for efficient co-generation of electricity and heat from natural gas, and for 
decentralized power generation at scales ranging from 1 kW to 1 MW. Further applications also 
target auxiliary power units (APUs) for trucks and airplanes, and supplies for potable devices. 
 
While the principle of the fuel cell has been known since 150 years, commercial applications have 
been restricted to few applications, including space missions and power supply in submarines. 
The reasons are straightforwardly recognized as follows: 

� in the past, low temperature fuel cells have been too expensive to compete with internal 
combustion engines in mass markets such as car propulsion 

� durability did not yet meet customer expectations 
� a network for the distribution of hydrogen was missing 
� for the solid oxide fuel cell, the degradation of performance with operating time and start-

stop cycles represented a problem 
� cost was not competitive with other solutions for combined heat and power generation. 

 

Research Challenges 
The challenges that are presently being attacked by a variety of research groups around Europe 
are different for the two types. 
 
Low temperature fuel cells 
 
With a focus on lowering the investment cost per unit of power, the following areas are addressed. 

� Development of alternative low-cost polymer electrolyte membranes with high stability and 
proton conductivity, 

� Reduction of the amount of platinum required as electrocatalyst, 
� Tailoring of the gas diffusion media effecting the transport of reactants and products, 
� Innovative simplified design of the bipolar plates separating successive cells in a fuel cell 

stack, to achieve high performance at low production cost, 
� cost-effective concepts for the design of the system comprising the fuel cell stack together 

with the necessary auxiliaries (cooling, humdification, compression, …). 
 
On the side of hydrogen production, distribution, and storage, the following issues are addressed: 

� storage of hydrogen on board of the vehicle (various options), 
� hydrogen distribution networks and logisitics, 
� choice among low-CO2 routes for the production of hydrogen, 
� clarifying the role of hydrogen as an energy vector storing intermittent renewable 

electricity (wind, solar). 
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High temperature fuel cells 

Research efforts are again directed towards increasing lifetime and lowering costs: 
� decreasing the rate of performance loss during operation, 
� increasing the stability of the ceramic membranes against thermal cycles, 
� developing materials for lower operating temperatures, 
� new compositions and deposition methods of electrocatalysts, 
� developing interconnects with high corrosion resistance that are inexpensibly produced, 
� reducing the overall system cost by integrated design. 

Need for new RI’s 
 
Infrastructure needs can be grouped around materials development and systems diagnostics. 
 
In the first are, the required infrastructure is the one used in materials research, i.e. 

� polymer research 
� ceramic materials research 
� catalyst and electrocatalyst development. 

Characterization includes both advanced laboratory-based methods and access to central facilities 
(such as transmission electron microscopy centers, synchrotron-based XRD, …). 
 
System diagnostics comprises 

� performance tests at fuel test stands in the power range from 1 kW to 1 MW, 
with the possibility to vary environmental conditions 

� microscopic characterization of transport processes, e.g. by synchrotron based X-ray 
tomographic microscopy (XTM) 

� in situ diagnostics of water household and transport in operating stacks by neutron 
radiography 

� spatially resolved in situ diagnostics of transient electrochemical processes, e.g. by 
impedance spectroscopy. 

 
In summary, the need for Research Infrastructure in the area of fuel cells is quite similar to the one 
of other areas of materials research, whereas the testing of fuel cell stacks and systems is usually 
carried out in a decentralized fashion in research laboratories, institutes, and industrial 
laboratories. 
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3. Evaluation of New Proposals      
  
3.1 Methodology 
 
The terms of reference (Annex III) define the mission of to the EWG: 

� to follow the general status and development of the EU and Global RI landscape in the 
field,  

� to evaluate new RI proposals forwarded by ESFRI delegations, indicating those (few) 
which are suitable for inclusion in the Roadmap for their Pan-EU level, 

� to assess the "energy" aspects of all other RI projects. 
 
The call for proposal issued by ESFRI in September 2009 was closed on 31st December 2009. 12 
proposals were then sent by the ESFRI Executive Board (EB) to the EWG to be evaluated.  
 
Several meeting between the ESFRI-EB and the thematic working groups’ chairpersons took 
place in order to exchange on the undergoing process and practices. The chairpersons at the 
ESFRI plenary meetings provided regular updated information.  
 
To ensure a coherent strategic vision in the energy domain, the EWG invited all EU technology 
platforms and joint technology initiative spokespersons and met several of their representatives 
(Annex V). Meetings with the representative of Set-plan and EERA were also organized. 
 
In agreement with the ESFRI-EB, the EWG decided to conduct the evaluation based on the 
provided documents, without interviews of the proposers.  
 

3.1.1 The assessment procedure and criteria 
The evaluation criteria have been defined at the EWG meeting on 28 January 2010 and 
summarized in a specific document (Annex IV).  
 
They were grouped in two main parts, one concerning the strategic and scientific relevance of the 
proposal, and the other on its technical and business case.  
 
They are summarized as follow: 

� Strategic and scientific relevance: 
o level of uniqueness, 
o relevance to European science development, 
o relevance to European innovation and technological development, 
o relevance to European energy and climate policy targets, 
o relevance as a RI in the proposed field, 
o European character, from pan European to National; 

 
� Technical and business case: 

o maturity of the technical plan, 
o maturity of the financial plan, 
o realism of the proposed schedule,  
o quality of the proposed RI management scheme, 
o quality of the consortium. 

 
Eliminatory criteria were also defined, for which a fail at one of the following items resulted in the 
non eligibility21 of the proposal:  

� European character, 
� EU strategic interest, 
� Relevance with respect to the energy domain, 
� Open access for researchers and engineers, 

 

                                                     
21 'Non eligibility' means that the ESFRI Energy Working Group does not propose to include the respective 
project into the updated ESFRI roadmap 2010 
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3.1.2 Modus Operandi 
For each proposal, EWG members having a conflict of interest have been identified (Annex II), 
and amongst the remaining ones, a group of three reviewers have been designated by the 
chairman.  
 
A common written evaluation, using the defined criteria,  was requested from each group for the 
EWG meeting of March 2010. 
 
For the following proposals, which embrace different scientific domains, a parallel evaluation has 
been asked to other ESFRI Working Groups in order to have a more comprehensive view:  

� SSH working group for EU SusLab (European Sustainable Living and Working 
Laboratory), 

� PSE working group for FOREVER (Facility for European Low-energy Roads) and for EU-
MAST (European Material Research Infrastructure for Solar Thermal Energy). 

 
The evaluation meeting took place on March 4th 2010. 
 
For each proposal: 
� people having a conflict of interest left the room, 
� amongst the evaluators, one was nominated to summarize the discussion and update the 

evaluation form in accordance with the EWG discussion, 
� the designated evaluators spoke first in relation to the proposal, 
� an overall discussion took place with all the remaining EWG members, 
� the final decision on the eligibility was taken by consensus.   

 
3.2 Evaluation Results 

3.2.1 Mature Proposals 

RU09_11 EU�SOLARIS  
 
Title: THE EUropean SOLAR research InfraStructure for Concentrating Solar Power 
  
Proposer: Spain 
 
Summary 
The main objective of the EU-SOLARIS proposal is to start up a process where current a pan-
European work team through a major upgrade of existing facilities in Europe may achieve 
research challenges in CSP. The initiative focuses on the target of establishing a strong 
distributed infrastructure for developing new solar technologies. 
 
The CTAER/PSA cluster in Almería (Spain) will have a core role within this initiative. CTAER will 
provide a large space for quickly implementing highly innovative industrial demonstration projects. 
This site is located in a highly insolated area of flat land, with water for cooling purposes and 
access to the grid easily available. The surface could be enlarged in the future if needed.  
 
Additionally, other complementary sites at several leading European labs –representing those 
European countries with largest solar potential (Portugal, Italy, Greece and Turkey) and Germany 
(technological provider) – could become a part of the new RI. EU-SOLARIS will continue 
developing this multilateral approach for the project, carrying out a more detailed analysis of the 
potential roles and contributions of each partner. 
 
The Spanish Government (Ministry of Science and Innovation) and the Andalusia Government, 
along with the two most relevant industrial associations in this field, PROTERMOSOLAR 
(Spanish) and ESTELA (European) support this proposal. 
 
Assessment by the EWG 
The existing CTAER/PSA platform represents a world leading facility in the area of CSP. The 
proposal aims at a major upgrade of existing CSP to a Pan-European RI. The technical set-up is 
very good and covers all relevant RI to undertake high-level R&D in CSP technology.  
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This level of the facility is necessary to pursue high-level science in high-flux solar energy science 
(e.g. concentrator development, solar chemicals, high-flux photochemistry and photo-thermal, 
solar hydrogen). There is no such facility available elsewhere in Europe.  
 
There are a number of items addressed in the proposal related to relevant and target oriented 
scientific and technological open questions (solar fields and receivers, storages, cooling systems, 
hybridization, and system design).  
 
There is a realistic cost plan and plan for how the upgrading and new installations at CTAER will 
be financed. The construction cost of the facility ends up at ca 80 M€ of which 20% has been 
secured through the host country. Non-Spanish financial contribution has not yet been settled, 
though letters of intention of general nature exist. 
 
The consortium contains the best R&D “players” in the field from Europe. In addition, the intention 
to make the facility open to European industries is applauded. 
 
The chosen organisation model is good. The influence of the foreign partners is balanced and 
convincing, and reveals the intention to create a Pan-European RI.  
A board and a scientific committee are suggested to manage the facility. Though this is 
considered a good way to govern such facilities, it is recommended to clarify the independency of 
the board to make decisions and also to clarify the terms of scientific activity at the facility. 
 
The proposal was recommended by the EWG to be included in the ESFRI list as a very relevant 
RI on CSP and associated science. The proposers are requested to give more attention to the 
following points: 

� securing the funding of the facility for upgrade and covering of the operational costs, 
� elaborate clear governance rules for operating the facility as a European RI, 
� integrate non-Spanish contributions and views more strongly to the project. 

 
The EU-SOLARIS project is recommended by the EWG to be included in the ESFRI list.  
 

RU09_04 WindScanner 
 
Title: European Centre for Wind Energy Research in Atmospheric Turbulent Flow 
 
Proposer: Denmark 
 
Summary  
Wind turbines are surrounded by air that is shifting dynamically in three dimensions. This project 
proposes to establish a distributed European Research Infrastructure, the so-called European 
WindScanner Facility (WindScanner.eu), to improve the fundamental understanding of the 
atmospheric turbulent flow over various terrains and offshore, to also improve the ability to 
securely map the wind resources, to build durable wind turbines and to improve experimentally 
validated computer flow models. 
  
It will integrate state-of-the-art laser-based remote sensing wind measurement techniques, built 
from today’s high standard telecom spurred laser Doppler wind measurement devices. These 
newly conceived wind measurement devices, called “Windscanners”, are based on a new 
measurement concept of portable and easy distributable Wind lidar’s and Windscanners, a 
technology that is envisioned disseminated and operated in national or regional nodes, and 
interconnected throughout Europe via fast computer networks. 
 
The overall objectives of WindScanner.eu are:  
� to establish a distributed, European Research Infrastructure for Wind Energy, which will offer, 

via its distributed network of facilities, R&D services and information exchange within 
atmospheric science researchers and within the wind energy society and industry users 
engaged in developing and installing wind energy throughout Europe;  

� to structure the European world-class experimental facilities for full-scale measurements 
enabling studies of detailed structures within atmospheric turbulent flow of the 3D wind vectors 
around static or rotating objects, including wind turbines, in full-scale;  
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� to underpin the strategic research needs towards 2020 and beyond in order to achieve the 
targets for Wind Energy deployment as set out in the SET Plan;  

� to establish a user-friendly scheme for access and sharing of data. 
 
Assessment by the EWG 
Wind atlas studies have been carried out in many countries, but they are of low resolution, focus 
mainly on high level wind, and contain virtually no data relating to changing conditions, particularly 
those caused by turbines themselves. The approach of the project to determine wind fields over a 
range of different wind/landscape situations is unique. 
 
The proposed work is highly relevant to enhance the performance of large scale wind turbines and 
wind turbine fields. Improvements in wind farm design, location, and operation will no doubt come 
from the deployment of high resolution scanners to map wind conditions. Turbulence within wind 
farms already causes many problems for designers and operators.  
 
The larger scale LIDAR facilities are elements with a clear infrastructural character. They link well 
with mobile smaller scale experiments. Modelling and validation of CFD models is being advanced 
by the project. The offshore element is particularly new. 
 
The technical plan is mature and can be implemented. The basic technology has been developed 
and requires only to be deployed and data analysed. The schedule appears to be achievable.  
 
The management scheme is typical for European Projects and it should suit the needs. 
Steering committee, scientific advisory board, project management team, selection committee and 
working groups are defined. 
 
At the 2008 PSE ESFRI call, the Windscanner project had been proposed and identified as an 
emerging project, but PSE review mentioned that plans for financing and broad European 
participation still needed to be worked out.  
 
The new financial plan is credible and commitments by partners are indicated. As the overall 
investment divides into a suite of de-central items the overall risk is small as the single investment 
items are under control of the institutions involved. On a global cost estimated between 45 and 60 
M€, the Danish commitment is of 15M€ today. 
 
The major European stakeholders in the field of wind R&D are now involved in the project: 
Denmark, Spain, The Netherlands, Greece, Germany, Norway and Portugal. There is a mix of 
academia and industry. Open access to non-partner countries is planned to allow access to the 
facility to measure their own wind regime. 
 
The Windscanner project is recommended by the EWG to be included in the ESFRI list.  
 

RU09_02 MYRRHA  
 
Title: Multipurpose hYbrid Research Reactor for High-technology Applications 
 
Proposer: Belgium 
 
Summary 
MYRRHA is intended to be a Pan-European large research infrastructure in the domain of nuclear 
fission energy. Consisting of a hybrid system, that combines a high energy proton linear 
accelerator (600 MeV x 3.2 mA) and a lead-alloy cooled fast spectrum research reactor (60-100 
MWth), MYRRHA can be operated in both sub-critical mode (ADS, accelerator driven system) and 
critical mode. 
 
The use of MYRRHA will be the following: 
� be operated as a flexible fast spectrum irradiation facility for testing materials and innovative 

fuels for ADS and 4th generation systems and fusion reactors, 
� demonstrate accelerator-driven technology in the frame of the research on partitioning and 

transmutation of high-level waste, 
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� contribute to the development and demonstration of GEN IV Lead Fast Reactor (LFR) 
technology, 

� perform fundamental research, making use of a fraction of the proton beam available within 
the facility to produce radioactive beams (ISOL@MYRRHA project currently under discussion 
in the NuPPEC Long Range Plan), 

� be a tool for talent development, for education and training of future generations of scientists 
and engineers and for valorisation of scientific research. 

 
MYRRHA as a fast spectrum irradiation facility will contribute the renewal of the European 
Research Area of Experimental Reactors.  
The Strategic Energy Technology Plan (SET-Plan) has identified nuclear fission energy as one of 
the contributing sources within the energy mix. The Sustainable Nuclear Energy Technology 
Platform (SNETP) indicates that GEN IV fast neutron reactors supplemented by a closed fuel 
cycle is the way towards sustainable nuclear fission. MYRRHA contributes to both of the above 
objectives and therefore is included in the Strategic Research Area 2009 (SRA 2009) of the 
SNETP. 
 
Assessment by the EWG  
MYRRHA has strong relevance to EU energy and climate targets, because future reactor 
technologies should help significantly to reduce carbon emissions. 
 
MYRRHA is an ambitious project which is concentrated on the construction of a demonstrator 
(lead fast reactor technology, ADS concept, sub-critical and critical facility, neutron irradiation 
facility, medical radioisotopes) for industrial needs. It is a complementary infrastructure to the 
Jules Horowitz Reactor (thermal spectrum reactor). 
 
It is planned as single sited infrastructure. This aspect of RI should be more worked off in the 
project (open access but lack of universities). 
 
The project includes strong partners in the field, both research centres (SCK-CEN, CEA, CNRS, 
KIT, FZD, ENEA, NRG, ITN, CIEMAT) and industrial partners (AREVA, Ansaldo Nucleare, CRS4, 
SENER, ADEX). The leading centre of the project has broad cooperation outside of EU – USA, 
Japan, Russia, and South Korea. However, there is no partner from new EU member states. 
 
The proposed implementation plan seem to be realistic (creation of Owner Consortium Group 
within 2 years, establishment of a User/Customers Group within 4-5 years). However, the 
information provided in the proposal is very limited. The complex project including a lot of partners 
(research institutions, companies) need more detailed structure of management scheme (for both 
phases – construction as well as for operation).  
 
The planned phases are following: preparatory (2009-2013), construction (2014-2019), operation 
(2020-2050), decommissioning (start in 2050). At present, no license process (long-term task) is 
running. Complete engineering is also ambitious. The project assumes that all main components 
(critical, sub-critical facility) will be ready at the same time.  
 
The project should be financed by Belgium (40%), partners and industrial companies (50-55%) 
and EU (5-10%). The total budget deserves to be precisely evaluated before the construction 
phase and after the detailed design.  
 
At the 2008 PSE ESFRI call, the MYRRHA project had been proposed and identified as an 
emerging project.  
 
This project has gained in maturity and is recommend by the EWG to be included in the ESFRI 
list.  
 

3.2.2 Other Proposals 

RU09_03 ALLEGRO  
 
Title: Experimental facility for the development and demonstration of Gas cooled Fast Reactor 
nuclear technologies (GFR) 
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Proposer: jointly submitted by the Czech, Hungarian and Slovak delegations. 
 
Summary 
The Sustainable Nuclear Energy Technology Platform SNETP has set up a Strategic Research 
Agenda addressing the needs for research, development and demonstration for fast neutron 
reactor technologies with closed fuel cycle, together with the supporting research infrastructures 
and fuel cycle facilities. Sodium cooled fast reactor technology is considered as the reference, 
thanks to the experience gained from operating experimental, prototypes and commercial-size 
reactors.  
The planned ASTRID prototype, using this technology but with significantly improved safety, will 
provide some experimental capacities. According to the documents submitted it will essentially be 
an industrial prototype producing electricity and a technology demonstrator. In order to face the 
major technological challenges, to limit the overall technological risks, and to be able to satisfy 
various markets, the SRA also considers two alternative technologies, namely the Gas-cooled 
Fast Reactor (GFR) and the Lead-cooled Fast Reactor (LFR). 
 
Using helium as coolant, the GFR concept combines the benefits of fast spectrum and high 
temperature, up to 850°C. The high coolant temperature allows high energy conversion efficiency 
and opens the possibilities for new application of nuclear energy, such as base load heat 
production for industrial uses; and fast neutrons and closed fuel cycle will allow providing these 
services sustainably in the long term. In addition, the helium coolant presents potential merits 
regarding safety, in-service inspection, reparability, operability and dismantling.  

 
ALLEGRO is a low power loop type gas cooled fast neutron experimental reactor, about 80 MWth. 
No reactor of this type has ever been built. Thus, ALLEGRO is at the same time: 

� the objective for a development program encompassing activities in material sciences, 
helium technologies, nuclear fuel science, reactor design and safety etc.  

� the core of a platform for the development and testing of high temperature materials, 
refractory and innovative fuels, and cogeneration systems, including the capacity of 
irradiations by fast neutrons; 

� the first necessary step towards a gas fast reactor prototype generating electricity.   
 
Assessment by the EWG 
The proposed infrastructure ALLEGRO is with no doubt an important and interesting 
demonstration project. Its totally new concept of fast neutron reactor, gas-cooled, with high 
temperature applications will face scientific and technical challenges, for instance in materials and 
helium technologies, but could lead to simpler and safer nuclear reactors, able to use much better 
the uranium resources, and to incinerate long-lived waste. 
 
For the EWG, the route to the reactor construction constitutes a sound research programme, but 
in the proposal it is mainly the development of a demonstrator which is presented.  
 
However, based on the ESFRI definition of a RI, the future ALLEGRO reactor as it was described 
in the proposal cannot be considered as an ESFRI RI today, but was regarded as an emerging 
project due to both the high strategic interest and to its strong pan-European character. The 
research programme established for the preparatory phase has to be further developed and a 
more clearly open access scheme has to be developed.  
 

RU09_06 EU-MAST  
 
Title: EUropean MAterial research infrastructure for Solar Thermal energy 
 
Proposer: Austria 
 
Summary 
The research infrastructure of EU-MAST proposes to create a link between cutting edge materials 
laboratories and leading solar thermal energy laboratories. It allows both communities to enhance 
and focus their efforts towards development and qualification of materials which provide the 
desired specifications. In addition outdoor testing under a large variety of climates is integrated in 
EU-MAST in order to assure that the materials and components prove long term durability. Deep  
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research on aging processes and development of accelerated aging methods is therefore 
integrated in the infrastructure’s activities. 
Key elements of the EU-MAST research infrastructure are frontier research activities on material 
development, material adjustment and material characterization for solar thermal energy use. The 
project proposes to create a close network with leading research institutes and to create a 
coherent R&D roadmap in the field of solar thermal energy conversion. The operators will provide 
their joint infrastructure to both the R&D sector and the industry in a coordinated way. 
 
Assessment by the EWG 
In order to pursue and strengthen the development in the field of solar thermal energy research, 
the EU-MAST project proposed to create a network with researchers and research organizations 
that have worked a long time together and to share facilities in different labs. The proposal is of 
high quality and with a clear pan European character and a clearly evidenced need for such a type 
of research infrastructure. 
The EWG concluded that this project does not provide adequate uniqueness of the research 
infrastructure development. Therefore EWG propose not to classify it as an ESFRI research 
infrastructure as equivalent facilities could be found in Europe. The format of the proposal appears 
rather being a coordinated research programme including research infrastructure development 
than a distributed research infrastructure as defined by ESFRI. The decision on this research 
infrastructure was not taken in a unanimous way, the only case of the twelve projects that have 
been discussed,.  A minority of members of the Energy Working Group opted for the inclusion of 
EU-MAST in the updated ESFRI roadmap 2010. 
 

RU09_13 ASTER (Solar):  
 
Title: the European Advanced Solar TEchnologies Research infrastructure 
 
Proposer: Italy 
 
Summary 
The aim of the ASTER project concerns the necessity to overcome the today's limits of the solar 
technology for energy production:  

� limited density power, 
� discontinuity in energy production during day/night/season and its necessity of storage, 
� cost and availability of raw materials, 
� low production throughput which could not be able to sustain increasing market. 

 
The proposed approach for a better utilization of solar energy is based on a tight interaction of this 
specific technological field with science and technology of the new materials including 
nanostructured ones that encompasses fundamental research in PV-related materials, on 
innovative fluids for heat transfer and thermal storage in developing advanced technologies for 
solar concentration, and proposes that solar energy should be overtaken with a back-up system 
supplied primarily by other renewable sources, such as biomass, algae, geothermal. 
 
Furthermore an interaction of the project at local level among R&D organizations and small, 
medium enterprise could also produce improved trend in creating Clean Tech Jobs in top-tech 
activity, new career training programs, and the move of clean-tech manufacturing to end-use 
markets. 
 
ASTER is based on the implementation of the laboratories, facilities and expertise owned by 
ENEA, the Italian National Agency for New Technologies, Energy and Sustainable Economic 
Development. The laboratories are localized in an area subject to higher solar irradiance. 
 
Assessment by EWG 
The ENEA organization is a significant European player, however the project shows a clear lack of 
European partnership.  
The EWG estimated that many of the proposed topics are already covered by other existing RI, or 
represent focused on-going research activities in other European laboratories. Stronger European 
partnerships, with joint planning, coordination and a share of responsibilities, are required before 
this project can be considered as a pan-European RI project. 
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RU09_07 PALLAS  
 
Title: PALLAS for Research, Development & Isotope production 
 
Proposer: the Netherlands 
 
Summary 
PALLAS is the irradiation facility that is planned to replace the current HFR in Petten, the 
Netherlands. It will satisfy both the need for nuclear research, and the supply security of 
radioisotopes for medical use.  
 
The major requirements for PALLAS are: 
� peak fast neutron flux [> 3.5 * 1018 n.m-2], about twice the value of the HFR with ample space 

for test rigs and isotope production;  
� peak thermal neutron flux, [> 5 * 1018 n.m-2], two to three times the HFR value, with a 

sufficient number of spacious positions for loops and components for accelerated testing and 
isotope production;  

� compact flexible core with a replaceable Beryllium reflector concept to economize on the use 
of fissile and reflector material. 

 
In a letter for Parliament, issued in October 2009, the Netherlands government expressed their 
positive vision on the building of PALLAS. The letter underlines the important international role of 
the reactor, and the potential for co-financing by the relevant European Union institutions. 
 
Assessment by the EWG 
The proposed infrastructure PALLAS is critical to ensure the production of radioisotopes needed 
for medical applications, and with this respect it fully responds to an essential need for Europe and 
has to be implemented.  
Nevertheless, its relevance to the energy field needs to be more detailed than it has been done in 
the proposal submitted to ESFRI. Its character as a European RI should also be clarified, with a 
more detailed description of the research programs and its role as user facility. Its position on the 
European scene with respect to other innovative reactors with material testing capabilities should 
be advocated. The business case deserves to be more developed.  
 

RU09_08 FOREVER 
 
Title: Facility for European Low-energy Roads  
 
Proposer: France 
 
Summary 
Building on previous projects aimed at improving the links between existing research 
infrastructures and identifying gaps, FEHRL, the Forum of European national Highway Research 
Laboratories, has proposed this pan-EU integrated research infrastructure.  
 
This ‘Facility for European Road Research’ will comprise a series of new test facilities and 
demonstration sites linked with a wide network of existing centres. These existing centres will 
include facilities for road pavement, structures and related civil engineering applications across 
Europe and with links to US and South African centres. Individual facilities will be upgraded to 
improve the complementarities of the network of centres, but new facilities will also be needed to 
address the new scientific and technical challenges.  
 
This new RI will focus on the issue of Energy and Road Infrastructure. These facilities will include 
pilot-scale centres to test low-energy roads and vehicles. The overall aim of the RI would be to be 
able to produce roads that interact with vehicles and powers new generations of vehicles, that 
recovers and stores energy at least for its own management, that was built with energy and 
resources saving materials, minimizes CO2 release from vehicles and stores CO2, that is 
instrumented with micro or nano sensors that can monitor and report on maintenance needs and 
even repair the pavement itself, and above all will support multiple types of transportation modes, 
including private car, freight, public transport and cyclist, depending upon the road status. The RI 
can also be a demonstrator for self-diagnosis enabled structures / bridges. 
 



ESFRI Energy WG 2010 

 55

 
Assessment by EWG 
The FOREVER project is very general and broad. Its overall aim is to decrease energy usage at 
road transport in Europe. Taking into account the transportation share in the overall energy 
consumption, it is one of the most important issues.  Hence, the adequate RI is needed not only 
for diagnostic purposes but also to indicate the modern solutions of the problems.  The scientific 
impact is limited, but the technological impact is more important. The aims and ways of realisation 
should be described more in detail.  
The proposal has the format of a coordinated research program close to application with a 
network of demonstrators quite different from the ESFRI concept of a distributed research 
infrastructure, but it deserves to be considered in other contexts.  
 

RU09_15 ESTGC  
 
Title: Energy Saving Through Green Chemistry  
 
Proposer: Italy 
 
Summary 
The ESTGC proposal concerns energy saving and deals with the utilization of CO2 as a renewable 
feedstock for the production of new fuels and green chemicals.  
 
Aim of the proposal is to set up a research infrastructure in the field of green chemistry for the 
reuse of CO2. 
 
The chemical industry accounts for a high energy consumption and high CO2 emissions. The 
industry typically consumes 25-30% of the total energy used annually by the entire manufacturing 
sector. The potential energy savings are enormous. Improving atom economy, utilizing less 
powerful reagents, reducing waste, adopting intelligent energy activation and alternative 
separation procedures will allow to reduce energy consumption and CO2 emission.  
 
Because the topic is enormous, the project proposes to start with two integrated problems 
interconnected by the carbon dioxide chemistry: new fuels from renewable resources and CO2 as 
building block for chemicals.  
 
A powerful European Research Infrastructure devoted to Green Chemistry is proposed to address 
the efforts and to achieve a sustainable development and an environmental friendly use of fuels 
and to explore new approaches for the production of sustainable reagents and products.  
 
ESTGC has its headquarters in Marghera - Venice, where a Research Infrastructure already 
operates, in an area which in the past was a major site for Italian chemical industries.  
The proposers of this new RI are a network of Universities (Consortium INCA) and an Agency 
devoted to Energy (ENEA) leading to a combination of the expertise needed (chemists, INCA and 
systems engineers, ENEA). First aim of this project will be to extend the partnership to other 
European actors during the submission of the full proposal. 
 
Assessment by the EWG 
The topic of the proposal is highly relevant, and the concepts are good and could ultimately yield 
to long term changes in chemical, carbon dioxide and fuel industries. But the project needs to be 
described in more detail, and with more focus on the European level and outcome. Also, the 
scientific challenges and outcome need to be more thoroughly described, as well as how 
innovation and the possible technological outcome is ensured. The proposed infrastructure should 
be more detailed to evaluate whether it is unique and necessary on a European scale. 
 

RU09-12 EU SusLab  
 
Title: EUropean Sustainable Living and Working Laboratory 
 
Proposer: Switzerland 
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Summary 
EU SusLab is a pan-European research infrastructure to research human interaction with, and 
stimulate the adoption of, sustainable, smart and healthy innovations with focus on user-
orientation. SusLab allows studying lifestyles and consumption patterns in a scientifically rigorous 
way.  
 
EU SusLab will start with a pilot lab in Switzerland (Swiss Federal Institute of Technology/ETH 
Zürich) and then create a pan-European consortium encompassing sixteen world class partners 
from academia, the private and public sectors will implement this network to test, evaluate and 
develop break-through technological innovations in a variety of fields.  
 
As an example, the application area of the Swiss SusLab pilot covers the living and working 
environment, with a main focus on the efficient use of energy, promotion of sustainable and 
renewable energy forms as well as the development of low carbon emission technologies. EU 
SusLab fosters the creation of common testing and reference standards given that it allows 
assessing lifestyles and consumption patterns in a scientifically rigorous way.  
 
The EU SusLab network will combine:  

� scientific expertise in all relevant disciplines (combination of bionic-, chemical-, civil-, 
electrical, material-, mechanical-engineering, product-designer, natural sciences, in a 
combination with the social and human sciences), 

� research infrastructure (network of houses and laboratories) at various locations around 
Europe, 

� advanced methodologies for longitudinal user observation, co-creation, etc.  
 
Assessment by the EWG 
Social science aspects of the proposed experiments, such as applicability of findings due to bias 
in samples (human participants who’s behaviours are under observation), have not been 
adequately described, when it is considered essential for this proposal.  
 
The EWG consider that it is a highly relevant and well timed project with a sound objective 
proposed by a strong team. It is however, not of a scale that requires an inclusion in the ESFRI list 
in order to be realised. The proposal has been presented as a purely Swiss project and would 
benefit from a clearer description of the European dimension and of the role of potential industry 
partners. 
 

RU09_16 CL.E.N.S.  
 
Topic: Clean Energy Networks and Systems 
 
Proposer: Italy  
 
Summary 
The constituting RI proposed by this project is realized by networking several existing research, 
private, and mixed public/private centers (Laboratories), researching and experimenting in 
different scientific domains and application fields that deals with different aspects of the energetic 
problem.  
 
The participants can be subdivided in a number of thematic laboratories: 

1. Metrologic Laboratory (COPA, Polo UniNA, MESE, LAMI) 
2. Instrumentation Laboratory (UniSA, PalMer, SUN) 
3. Distributed management Laboratory (CESI, UniCas) 
4. Mobility Laboratory (TEST, COMEA) 
5. Sustainable construction Laboratory (UniCas) 
6. Social-economical Laboratory (CNR, MADI) 

 
The strategic perspective of the proposed RI consists in networking these Italian Laboratories thus 
allowing a unitary and multidisciplinary approach, and in promoting the laboratory accreditation, 
thus allowing the availability of certified measurement on both components and systems. In 
addition, the creation of a certified laboratory network (SINAL) is planned.  
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Partners of the project are research laboratories capable of certified measurement and validation, 
of simulation, analysis and monitoring of energy systems and components with a clear link to 
energy operators. The partnership comprises a wide range of facilities in research and testing of 
energy components and systems and of modelling. The proposal is relevant for the energy as well 
as for the transport sector. 
 
An integration structure is also proposed to be realized for the coordination of the network and the 
realization of an e-platform.  
 
Assessment by the EWG 
In general the topic of the proposal is of high relevance with competent partner institutions. 
However, this RI proposal is a strictly national project, restricted to Italian partners, thus clearly 
lacking a European perspective. 
 

RU09_14 NFFA 
 
Topic: Nanoscience Foundries and Fine Analysis 
 
Proposer: Italy 
 
Summary 
NFFA addresses the creation of an open access Research Infrastructure to meet the urgent needs 
of European nanoscience and nanotechnology that have been identified by several European 
outlook exercises. The lack of an infrastructure capable of combining state of the art 
nanofabrication and complementary analysis methods with the full exploitation of fine analysis 
enabled by radiation source methods is a bottleneck in the European competitiveness in medium-
long term research programs on nano-functional materials and nano-systems and has special 
implications on energy, health and environmental issues. 
 
NFFA will be a distributed research infrastructure consisting of coordinated Nanoscale Science 
Research Centers at European sites that already host one or more Large Scale Facilities for fine 
analysis of matter.  
 
The proposed NFFA centres will make available state-of-the-art equipment for material synthesis, 
nano-fabrication and analysis, together with the most relevant methods of fine analysis based on 
radiation sources and modelling at the nanoscale. The NFFA centres will provide in particular a 
unique resource for advanced research in the fields of energy addressing fundamental processes 
that are not understood at the basis of energy conversion, storage and release and bio-nano 
technology addressing the nanoscale processes of hybrid functional bio-systems along with the 
more general scope of addressing the need of a multidisciplinary pan-European RI on 
nanoscience and nanotechnology.  
 
The NFFA-ERIC will have a single entry window for users, will develop and operate under a 
unified metrology and will introduce a first repository of nanoscience data and protocols 
(metadata). The symbiosis with LSF for fine analysis will further ensure a 
multidisciplinary/interdisciplinary approach to nanoscience. 
 
Assessment by the EWG 
The basic idea behind this proposal isto use highly advanced equipment at large scale facilities 
(LSFs) in the fields of nano-science and nano-technology to further advance the 
beamlines/spectrometers. This is of importance, timely and indeed relevant. 
 
However, the proposal is not an energy research infrastructure but suggests the creation of an 
open access platform for all scientists within nano-science and nano-technology. These domains 
could potentially be relevant for energy research, but the approach within NFFA is extremely 
broad.  In the field of the project even a single topic requires a very wide range of experimental 
tools and highly specialized experts to proceed.  
There is a need for joint planning and sharing of responsibilities before this project can be 
considered as a Pan-European RI project. The technical objectives also need to be specified more 
clearly. 
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4. Evaluation of Energy RI from the 2008 ESFRI Roadmap 

 
4.1 Methodology 
 
The evaluation criteria for existing energy RI projects have been defined at the EWG meeting on 
26th June 2009, following the ESFRI terms of reference. 
 
The EWG evaluation was not intended to be a programme review of the undergoing project, but 
mainly an assessment that the main objectives of the project remain coherent with respect to the 
initial ones and if the progress of the project is in line with the strategies followed by ESFRI. The 
coherence of the project with respect to the energy landscape was also analysed. 
 
The evaluation mainly took into account the following aspects:  

� changes in the scientific case 
� changes in the impact of research 
� changes in the landscape 
� changes  in the European character 
� progress in scientific and technical developments  
� other important information.  

 
The spokespersons of the concerned RI have been asked by the EWG to provide a progress 
report on their projects in form od an updated description of their projects. These reports can be 
found in Annex IX. 
 
For each Energy RI from the 2008 Road Map, EWG members having a conflict of interest have 
been identified. AReviewers have been designated by the chairman among the remaining EWG 
members. The designated reviewers have given a written statement about the evolution of the 
infrastructure, and their recommendation for maintaining or not the selected Energy RI in the 
updated roadmap.   

 
4.2 Assessments of the individual projects 

ECCSEL (European Carbon Dioxide Capture and Storage Laboratory Infrastructure) 
The ECCSEL RI will combine three approaches to capture (pre and post combustion and O2/ CO2 
-oxyfuel- recycle combustion capture) and three approaches to carbon storage (aquifers, depleted 
oil/gas fields, coal bed methane). It was included in the 2008 ESFRI Roadmap as the only new 
entrant on Energy. 
ECCSEL will be a pan-European distributed Research Infrastructure within CCS, meaning an RI 
with more than one site and with unique legal status, management structure, strategy and 
development plan, access point for users, and annual report and fiscal address. It will be a 
Research Infrastructure with pan-European interest, i.e. unique laboratories ensuring open access 
to researchers.  
 
The project aims at the upgrading of existing national infrastructures to European level, and at 
developing a common European strategy for CCS research priorities and investments. By 
supporting European CCS laboratories to act as a group rather than the more isolated efforts, 
ECCSEL aims to  

� improve scientific quality of the new and upgraded infrastructure, 
� add speed into the planned investments, and make the investments more cost effective, 
� increase the “return on investment” by optimizing infrastructure utilization, 
� improve effectiveness of research, by optimizing the use of experimental results, 
� and to avoid the duplication of efforts. 

 
The upgraded RI will be composed of distributed parts in different countries, and a coordination 
centre in Norway. The coordination is foreseen to be done by NTNU/SINTEF. To date, over 25 
research institutes and universities in Norway, France, The Netherlands, Germany, Switzerland, 
Denmark, Hungary, Croatia, Poland, Greece, Spain, Italy and the UK have either submitted 
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Letters of Intent or in other ways expressed their interest in contributing with their laboratories to 
the ECCSEL research infrastructure.  
 
Eleven of these institutes and universities have joined to carry the ECCSEL Preparatory Phase 
project, which will start in late 2010. The project will last for 2.5 years and aims at creating an 
ECCSEL Business Plan.  

  
 After the Preparatory Phase project, the ECCSEL RI will enter the Implementation phase (mid 
2013). It will start with existing facilities, continue with the building and upgrading of new 
infrastructure, and thereafter be in full operation. 
 
The EWG recommends maintaining this project in the ESFRI list.  

JHR (Jules Horowitz Reactor) 
The JHR project aims at the realization of a new material testing reactor in Europe. It is under 
construction at the site in Cadarache in France.  
Operated as an international user-facility, JHR will address the development and qualification of 
materials and fuels under irradiation with sizes and environment conditions relevant for nuclear 
power plants in order to optimize and demonstrate safe operations of existing power reactors as 
well as to support future reactors design. The start of operations is planned for 2015. 
 
The EWG recommends maintaining this project in the ESFRI list.  

HiPER (High Power laser Energy Research) 
The HiPER project is one of the key approaches towards future energy sources, with the goal to 
demonstrate the feasibility of nuclear fusion by inertial confinement. It constitutes an alternative 
approach to the magnetic confinement which is implemented in the ITER project.  
 
In this domain, the recent progress made by the NIF facility asks for a deeper cooperation 
between both teams. The Risk Reduction Phase could use the results obtained by NIF and by this 
way the planned time for this phase could be decreased.  
 
The future phases of the HiPER project have to take into account the NIF results and also the 
experimental possibility which will become available at the Megajoule Laser in Bordeaux, where 
the coupling with a Petawatt laser is envisaged for 2015.  
 
The next phase of the project will provide the key technologies and components of the system. Its 
cost should be carefully evaluated on the bases of the existing projects.  
 
The EWG recommends maintaining this project in the ESFRI list.  

IFMIF (International Fusion Materials Irradiation Facility) 
The IFMIF project envisages the construction of an irradiation facility to validate experimentally the 
characteristics of structural materials envisaged for a nuclear fusion reactor. The Validation and 
Engineering Design Activities phase (EVEDA phase: 2007-2014) is under way on the basis of 
international collaboration. The result in 2014 will be an Engineering Design Report enabling a 
decision on the Construction, Operation and Decommissioning Activities (CODA) for IFMIF. 
 
The project is following its implementation plan and is coherent with its initial goals 
 
The EWG recommends maintaining this project in the ESFRI list.  
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5. Conclusions 

 
Research infrastructures, as one of the pillars of the European Research Area, will play an 
important role in future implementation of the Europe 2020 Flagship Initiative Innovation Union.22 
Research infrastructures are in the core of the innovation triangle and at the basis of knowledge 
creation and technological developments. They act as a crystallization point for excellent science 
and they have an outmost importance for the attractiveness of the European Research Area. 
 
Research Infrastructures in the energy domain constitute an essential element to increase the 
innovation potential of European research. They allow shortening the distances between research, 
technology and industry and market implementation.  
 
The three new proposals to be included in the ESFRI list will strongly contribute to that, reinforcing 
the European Research Area and optimizing the European R&D efforts in the domain. Together 
with the existing facilities, they will constitute a unique set of tools which will be largely used by 
scientists and engineers, in particular those of the European Energy Research Alliance partners.   
 
ESFRI has taken a multidisciplinary approach to the overall Research Infrastructures aspects, and 
ha proposed Infrastructures ranging form the Social to the Physical Sciences, including 
Environmental and BioSciences.  
 
It is also important to highlight that the major changes in the energy domain, which will take place 
in the next years, need to be studied and anticipated by social scientists, and in the context of their 
effects on environment, sustainability and health. Scientists and engineers can conceive and 
realize new schemes, new technological opportunities, but any innovations to be viable need 
consumer and citizen acceptance, as well as economic and environmental sustainability. It is 
therefore essential that the societal aspects of market implementation of new Energy solutions are 
taken into account since the very beginning and dedicated funds have to be allocated for that. 
 
The various SET-Plan initiatives for the implementation of low-carbon energy technologies on the 
energy market can become a reference in this domain, coordinating not only the European 
Industrial Initiatives, but structuring also the medium and long-term energy R&D policies in 
Europe.  
 
The Member States and the European Commission should find the most appropriate way to 
finance a part of the investments and the running costs of Research Infrastructures, as they are a 
key element for Europe long-term competitiveness. 
 
In particular, about one third of the public EU funding allocated to energy investments should be 
focalized to R&D actions, both for “Research Infrastructures” and for “Research Demonstrators”.  
 
In this way, Europe will be able to keep its innovation potential in the medium and long terms, 
which is essential for our common sustainable future.  
 
 
 

                                                     
22 Europe 2020 Flagship Initiative Innovation Union, COM (2010) 546 
 





ESFRI Energy WG 2010 

 63

Annex I: List of members of the Energy WG 
 
 

Title Family Name First Name
Natio-
nality

Nominated 
by Email

CHAIR FIONI Gabriele France NA gabriele.fioni@recherche.gouv.fr

Dr. CARRERE Jean-Marie France chair jean-marie.carrere@recherche.gouv.fr
Dr. BINDSLEV Henrik Denmark Denmark hebi@risoe.dtu.dk

Prof. Dr. BOLT Harald Germany Germany h.bolt@fz-juelich.de

Prof. Dr. BRANDON Nigel UK UK n.brandon@imperial.ac.uk

Prof.  LOPES CARDOZO Niek NL NL
n.j.lopes.cardozo@tue.nl

Mr. CRISTESCU Ion-Catalin Romania Romania catalin.cristescu@nuclearagency.ro

Dr. FERRAZZA Francesca Italy Italy francesca.ferrazza@eni.it

Dr. GRONLI Morten Norway
chair (as 
adviser) morten.g.gronli@ntnu.no

Dr. JUODIS Laurynas Lithuania Lithuania ptomczyk@agh.edu.pl

Mr. KENNEDY Mathew Ireland Ireland matthew.kennedy@seai.ie

Mr. McAULEY David Ireland

deputy for 
Matthew 
Kennedy David.McAuley@seai.ie

Dr.
KONSTANDOPOUL
OS Athanasios Greece Greece agk@cperi.certh.gr

Prof.Dr. LEIJON Mats Sweden Sweden Mats.Leijon@Angstrom.uu.se

Prof. Dr. LUND Peter Finland Finland Peter.Lund@tkk.fi

Dr. LABEAU
Pierre-
Etienne Belgium Belgium pelabeau@ulb.ac.be

Prof.Dr. REKSTAD John Norway Norway john.rekstad@fys.uio.no  

SORIA LASCORE Enrique Spain Spain enrique.soria@ciemat.es
Doc. Ing. 
Csc. ŠTEKL Ivan

Czech 
Republic

Czech 
Republic ivan.stekl@utef.cvut.cz 

Prof.Dr. TOMCZYK Piotr Poland Poland ptomczyk@agh.edu.pl

Prof.Dr. WOKAUN Alexander
Switzer-
land

Switzer-
land alexander.wokaun@psi.ch

WEISS Brigitte EC EC brigitte.weiss@ec.europa.eu



ESFRI Energy WG 2010 

    64 

 

Annex II: Declaration of conflict of interest  

 

Family Name First Name Nominated by
Conflict of Interest for 
Proposal

FIONI Gabriele NA FOREVER
CARRERE Jean-Marie chair
BINDSLEV Henrik Denmark Windscanner
BOLT Harald Germany
BRANDON Nigel UK
LOPES CARDOZO Niek NL
CRISTESCU Ion-Catalin Romania
FERRAZZA Francesca Italy
GRONLI Morten chair (as adviser) ECCSEL
JUODIS Laurynas Lithuania
KENNEDY Mathew Ireland

Mc. AULEY David
deputy for Matthew 
Kennedy

KONSTANDOPOULOS Athanasios Greece
LEIJON Mats Sweden
LUND Peter Finland
LABEAU Pierre-Etienne Belgium MYRRHA
REKSTAD John Norway

SORIA LASCORE Enrique Spain
ASTER (Solar), EU-
SOLARIS, Windscanner

ŠTEKL Ivan Czech Republic
TOMCZYK Piotr Poland MYRRHA
WOKAUN Alexander Switzer-land
WEISS Brigitte EC



ESFRI Energy WG 2010 

 65

Annex III: Terms of reference of the RWG's 
 

Terms of Reference of the ENERGY Working Group  
To be active during the period 2009-2010 

 
Preamble 
 
� The ESFRI roadmap, as approved in September 2006 and updated in 2008, identifies 

thematic scientific landscapes and needs of the European research communities for the 
existing and new or major upgrades of pan-European Research Infrastructures (RIs), to 
ensure world competitiveness in all scientific areas and the growth of the European 
Research Area, thus supporting a coherent strategy-led approach to European policy 
making.  

� The roadmap and its regular updates, therefore, support an ongoing process. New RI’s (or 
major upgrades) in the Roadmap have different degrees of preparedness, and their 
implementation depends on long-term commitments by relevant European partners, 
Member States and intergovernmental organizations. To this effect the roadmap is made 
available to all relevant actors, including Governments and the EU. 

� The European Commission will also use the list of projects in the Roadmap as a base to 
activate preparatory actions to facilitate their realization. 

 

Rationale for the ENERGY RWG 
 
� Specific Roadmap Working WGs have been set-up by ESFRI during the last years in five 

main areas. These are the Social Sciences and Humanities (SSH), the Environmental 
Sciences (ENV), the Biological and Medical Sciences (BMS), the Physical Sciences & 
Engineering (PSE), and the e-Infrastructures (e-IWG). The e-IWG is also assessing the e-
infrastructure aspects of all other RI projects.  

� In the 2008 update, it has been recognized that a specific Working Group is necessary in 
the Energy Research domain. ESFRI has therefore decided to set-up this Working Group 
(ENER-WG) as a specific body aimed at supporting, from a scientific point of view, 
decisions on new RIs of pan-European interest in the Energy Research field.  

� This WG should fulfill the ongoing strategic process (a) in developing and updating the 
relevant landscape, including existing and new needed RIs, and (b) in reviewing and 
identifying individual RI projects to implement and update the current Roadmap. The WG 
will also collaborate (c) in assessing the energy sustainability aspects of other projects 
addressed by ESFRI. 

 

Creation and update of the WG 
 
� This WG is set-up by ESFRI and chaired by an ESFRI member, having expertise and/or 

qualifications that would inspire the confidence of the WG and of the scientific community. 
The nomination of the chair of a WG is made according to the rules of procedure of 
ESFRI. 

� The duration and composition of the WG, its field of activity, and its responsibilities, are 
indicated by ESFRI. ESFRI will also update the composition, field and terms of reference, 
as necessary.  

� The WG members should have high scientific and/or managerial qualification and 
integrity, and his/her contribution should be capable to develop a strategic and 
independent science-policy advice.  

� It is essential that the WG represents the whole range of topics to be discussed. On this 
basis, the members of the Group are proposed by the ESFRI delegations23 24 and 

                                                     
23  The proposal must include a CV of the candidate. 
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nominated by ESFRI after discussion with the chair of the WG25. The final composition of 
the WG is published on the website. 

� In all applicable cases, with the agreement of ESFRI, the WG should liaise with the 
intergovernmental and/or international organizations already acting in the relevant fields. 

 
Activities 
 
� The activities of the WG are the following: 
- To follow the general status and development of the EU and Global RI landscape in the 

field,  

- To evaluate new RI proposals forwarded by ESFRI delegations, indicating those (few) 
which are suitable for inclusion in the Roadmap for their Pan-EU level, 

- To assess the "energy" aspects of all other RI projects.  

� The process of definition of the landscape and of evaluation of existing and new projects 
must be transparent in every aspect of its definition, in order that all stakeholders can be 
confident in the final recommendations.  

� The RWG chair is responsible for the timetable and good organisation of the meetings, for 
which he/she may be helped by an EC official26.  

� RWG reports are regularly presented to ESFRI; the final report is published in the ESFRI 
web site.  

 
Method of working: 
 
� Meetings of the RWG will be held in closed-sessions; all information exchanged and 

prepared within is meant for internal use only, unless explicitly stated. Members of the WG 
must declare any conflict of interest, whenever it occurs in relation of specific projects 
being discussed.  

� The Group should discuss the need and best way to protect the confidentiality of its 
deliberations, to allow for open discussions within the group. In addition, while keeping 
internal discussions confidential, the 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 reports to ESFRI. 

� The Group should meet and consult as necessary and in accordance with the needs of 
the timetables set down by ESFRI. The WG may seek independent advice, making use, 
as necessary, of existing bodies and/or specific experts, e.g. through workshop or time-
limited expert groups, to deepen the discussion in specific fields.  

� The WG should not become the expression of any specific lobby-group supporting or 
opposing a specific proposal or other item. 

� The WG itself should not generate projects but should advise ESFRI on the best process 
to stimulate important proposals which are missing in its field, and then evaluate the 
proposals submitted by ESFRI delegations (or Intergovernmental Organizations) 
emerging from this process. 

� The Chair of the RWG should report to ESFRI whenever required by ESFRI. Specific 
evaluations of proposals proposed for the Roadmap and specific suggestions for strategic 
initiatives should be presented in written reports, detailing procedures followed and 
experts used. 

 
 

                                                                                                                                                            
24   Member State could decide whether they wish or not to contribute experts provided that the group is 

balanced. 
25  If the quality and balance of the nominations is not sufficient the WG chair alerts the ESFRI chair, who in 

turn will contact the ESFRI delegations. 
26  Other EC official(s) who are specialists in the field might attend the meetings as observers. 
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Resources, time scale, deliverables and review 
 
� Resources to cover travel expenses of RWG members will be covered by ESFRI 

delegations.  

� The chairs of the RWG must be able to provide their own secretarial support. The ESFRI 
secretariat will provide the necessary assistance to help in the harmonisation of the work 
and of the deliverables of the RWG. 

� General information on the RWG activities and the RWG reports should normally be 
circulated through the ESFRI Secretariat. 

 
Annex 1 to the ToR 
 

Competencies needed in the RWG dealing with Energy  
(according to the European Strategic Energy Technology plan - SET plan) 

 

Competencies should cover a broad multi-disciplinary research field, referring in particular to 
the SET plan which defines key challenges for the next 10 years: 

� Make second generation biofuels competitive alternatives to fossil fuels, while respecting 
the sustainability of their production (linked with the Bio-energy Europe Initiative 
corresponding with an overall bio-energy use strategy); 

� Enable commercial use of technologies for CO2 capture, transport and storage, 
including whole system efficiency and advanced research (linked with the European CO2 
capture, transport and storage initiative focusing on the  system requirements, including 
efficiency, safety and public acceptance, to prove the viability of zero emission fossil fuel 
power plants at industrial scale);  

� Double the power generation capacity of large wind turbines, with offshore wind as the 
lead application (linked with the European Wind Initiative focusing on large turbines and 
large systems relevant to on- and off-shore applications); 

� Demonstrate potential of large-scale Photovoltaic (PV) and Concentrated Solar Power 
(linked with the Solar Europe Initiative); 

� Enable a single smart European electricity grid and Trans-European energy 
networks able to accommodate the massive integration of renewable and decentralized 
energy sources and to support the low carbon economy of the future(linked with the 
European electricity grid initiative focusing on smart electricity systems, including storage, 
and on the creation of a European Centre to implement a research program for the 
European transmission network); 

� Bring to mass application more efficient energy conversion and end-use devices and 
systems, in buildings, transport and industry, such as poly-generation and fuel cells; 

 
The SET plan also deals with the longer term target of reducing green house gas emissions 

by 60-80%. Some other research challenges are defined as: 

� Achievement of breakthroughs in the cost-efficiency of energy storage technologies;  

� Demonstration of a new generation (Gen-IV) of fission reactors for increased 
sustainability (linked with the Sustainable nuclear fission initiative focusing on the 
development of Generation-IV technologies) to maintain competitiveness in fission 
technologies, together with long-term waste management solutions and completion of the 
ITER fusion facility; 

� Achievement of breakthroughs in enabling research for energy efficiency: e.g. materials, 
nanoscience, ICT technologies, bioscience and computation. 

 

Synergies should possibly also be found between ESFRI and the European Energy 
Research Alliance (EERA), which was recently created for a more effective use of 
resources. A declaration of intent was signed by the founder members on 27/10/08. 
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Annex IV: Evaluation form for new proposals 
 
 

Evaluation form for new ESFRI Energy RI proposal 2010 
 

Proposal Name and Number:  
 
 
Strategic and scientific relevance: 
 
Please mark from 1-327, and give a short (3 lines maximum) comment. 
 

1. Level of uniqueness: 
 
2. Relevance to European science development: 

 
3. Relevance to European innovation and technological development: 

 
4. Relevance to European energy and climate policy targets: 

 
5. Relevance as a RI in the proposed field: 

 
6. European character28: 

 
Technical and business case: 
 

7. Maturity of the technical plan: 
 
8. Maturity of the financial plan: 
 
9. Realism of the proposed schedule:  

 
10. Quality of the proposed RI management scheme: 

 
11. Quality of the consortium29: 

 
Recommendation: 
 
ESFRI list:  Yes:  No:  
 
Comments: 
(Please give your written statement about the new infrastructure) 

 

 

                                                     
27 3=high, 2= medium, 1=low 
28 From “Pan European” (3) to National (1) 
29 In case of a national proposal, N/A 
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Annex V: List of people met by the EWG 
 
 
 
 
 

Family Name First Name

Pérez Latorre Mariangels ESTELA
European Solar Thermal 
Electricity Association

Malbranche Philippe PVTP
Photovoltaic Technology 
Platform

Bindsev Henrik EERA
European Energy Research 
Alliance

Kaluzny Yves SNETP

Chaix Pascal SNETP

Fichaux Nicolas TP Wind
European Wind Energy 
Technology Platform

Kalaydjian Francois ZEP

European Technology Platform 
on Zero Emission Fossil Fuel 
Power Plants

Smith John EUA European University Association

Luccese Paul
HFC Joint 
Untertaking

European Joint Untertaking on 
Hydrogen anf Fuel Cells

Porot Pierre ETP Biofuels
European Biofuels Technology 
Platform

Schuppers Jeroen European Commission

Velkova Maria European Commission
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Annex VI: Links to relevant documents 
 
 
Energy publications and webpages 
 
Europe 2020 and Flagship Initiative Innovation Union 

� http://ec.europa.eu/eu2020/index_en.htm 
� http://ec.europa.eu/research/innovation-union/index_en.cfm 
� http://www.facebook.com/innovation.union  

 
SET plan and related information 

� http://ec.europa.eu/energy/technology/set_plan/set_plan_en.htm (EC SET-Plan webpage) 
� http://ec.europa.eu/energy/renewables/index_en.htm (EC on renewable energies) 
� http://www.biofuelstp.eu/eibi.html (European Industrial Bioenergy Initiative) 
� http://www.zeroemissionsplatform.eu/ ( The European CO2 Capture, Transport and 

Storage Initiative) 
� http://www.smartgrids.eu/ (The European Electricity Grid Initiative) 
� http://www.ec.europa.eu/research/fch (The Fuel Cells and Hydrogen (FCH) Joint 

Technology Initiative) 
� www.snetp.eu  (The Sustainable Nuclear Initiative) 
� http://ec.europa.eu/energy/efficiency (Energy Efficiency – The Smart Cities Initiative) 
� www.eupvplatform.org (The Solar Europe Initiative, PV) 
� www.rhc-platform.org/cms (The Solar Europe Initiative, renewable heating and cooling) 
� www.windplatform.eu (The European Wind Initiative) 
� http://ec.europa.eu/energy/technology/set_plan/steering_group_en.htm (The SET-Plan 

Steering Group, SET-Group) 
� www.eera-set.eu (The European Energy Research Alliance, EERA) 
� http://setis.ec.europa.eu (The SET-Plan Information System, SETIS) 

 
Research Infrastructures 

� http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=home Research 
Infrastructure webpage 

 
IEA (International Energy Agency) selected publications 

� http://www.iea.org/about/spt.htm (All about the IEA) 
� http://www.iea.org/Textbase/publications/index.asp (IEA publications) 
� http://www.iea.org/Textbase/subjectqueries/index.asp (IEA information, structured by 

technology fields) 
� http://www.iea.org/Textbase/techno/etp/index.asp (energy scenarios, technologies and 

strategies to 2050) 
� http://ec.europa.eu/research/energy/index_en.htm (webpage of DG RTD- energy)  
� http://ec.europa.eu/energy/index_en.html (webpage of DG TREN-energy) 
� http://cordis.europa.eu/fp6/projects.htm (FP6 funded RTD projects 
� http://ec.europa.eu/research/energy/gp/gp_pu/article_1100_en.htm#eu_er (EC Energy 

RTD publications) 
� http://ec.europa.eu/research/energy/pdf/age_swog_en.pdf (Report of the EU Advisory 

Group on Energy) 
� http://ec.europa.eu/research/energy/gp/gp_lk/article_1094_en.htm (EC RTD page - 

energy research links)http://ec.europa.eu/research/energy/gp/gp_pu/article_1257_en.htm 
(Publication "World Energy, Technology and Climate Policy Outlook", sets out a detailed 
picture of global challenges in this field.) 
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Annex VII: Mature ESFRI project Proposals 
 
RU09_04 WINDSCANNER 
 

1. Descriptive title, and information on the ESFRI delegation submitting the proposal 
(or one of the member of EIROForum)  

 
The European 

WindScanner Facility 
WindScanner.eu 

 
is 
 

a unique new and distributed infrastructure for research in the large-volume wind fields that 
engulfs today’s and tomorrow’s huge on and offshore wind turbines – spurred from recent 

advances within mobile laser Doppler wind measurement  techniques. 
 
 

 
 
2. Synthesis description of the new RI (or major upgrade) and S&T fields involved at 
Pan EU level in its use. Add links to relevant data/web pages (half page max)  
Our aim is to provide a major boost to the research, the development, and the penetration of 
wind energy in Europe. 
 
Wind turbines are surrounded by air that is shifting dynamically in three dimensions. We can 
feel these movements as breezes and wind, but it is almost impossible to “see” them. 
 
We propose to establish a distributed, European Research Infrastructure, the so-called 
European WindScanner Facility -WindScanner.eu . The vision is to make is possible to 
“view” 3D wind movements in real time. We will go all-out at this to improve our fundamental 
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understanding of the turbulent wind flow and its interaction with wind turbines. 
 
Improving our fundamental understanding of the atmospheric turbulent flow over various 
terrain and offshore will also improve our ability to securely map the wind resources, to build 
durable wind turbines and to improve experimentally validated computer flow models, e.g. 
for resource mapping and for wind turbine design. Our means are today’s state-of-the-art 
laser-based remote sensing wind measurement techniques; build from today’s high standard 
telecom spurred laser Doppler wind measurement devises.. 
 
These newly conceived wind measurement devises, called “Windscanners”, enable us 
today radical improvements in our ability to scan and measure the complex three-
dimensional structures of wind fields in the real atmosphere, and consequently, to improve 
our fundamental understanding of the complex geophysical flows characteristic of the 
turbulent wind fields engulfing wind turbines in the atmospheric boundary layer. 
 
The WindScanner facility is based on a new measurement concept of portable and easy 
distributable Wind lidar’s and Windscanners, a technology that is envisioned disseminated 
and operated in national or regional nodes, and interconnected throughout Europe via fast 
computer networks. 
 
The overall objectives of WindScanner.eu are: 
 
� Establishment of a distributed, European Research Infrastructure for Wind 

Energy. The Wind-scanner facility will via its distributed network of facilities offer R&D 
services and information exchange within atmospheric science researchers and within 
the wind energy society and industry users engaged in developing and installing wind 
energy throughout Europe. 

� Structuring of the European world-class experimental facilities for full-scale 
measurements enabling  studies of detailed structures within atmospheric turbulent flow 
of the 3D wind vectors around static or rotating objects, including wind turbines, in full-
scale. 

� To create a European Research Infrastructure that will underpin the strategic 
research needs towards 2020 and beyond in order to achieve the targets for Wind 
Energy deployment as set out in the SET Plan, the technology roadmap for Wind Energy 
and in the emerging Joint Programme on Wind Energy carried out by the European 
Energy Research Alliance (EERA) 

� To establish a user-friendly scheme for access and sharing of data 
 
Establishment of a distributed, European Research Infrastructure for Wind Energy 
We envision the proposed new WindScanner facility will become a first distributed Research 
Infrastructure build upon mobile 3-D remote sensing wind scanning stations that can be 
disseminated and operated in a network within partners across Europe, starting at 
strategically different terrain sites, initially organized in 7 national nodes. 
 
The facility will be a first European distributed research infrastructure that integrates and 
upgrade already existing major wind energy and wind turbine test sites in Europe. The 
Research Infrastructure will ensure coordination and upgrading of these major European 
facilities with state of the art research tools that will be instrumental for Europe in retaining its 
competitiveness within wind energy. A number of European research institutes have 
already agreed to become partners in WindScanner.eu. In time, a legal framework will be 
developed to care for an optimal environment in order to deploy all joint activities aiming at 
working as one common European entity.  
 
The physical manifestation of the proposed WindScanner facility will be: 
 

1. A European network between distributed WindScanner research and demonstration 
nodes embedded with leading European energy research organizations and 
complemented with a large task force of highly trained personnel and mobile wind 
profilers and windscanners. 

2. Mobile remote sensing based devises, distributed across Europe, utilizing the new 
3-D wind scanning measurement technology under development at Risø DTU 
Denmark, cf. WindScanner.dk. 
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3. Release the present measurement limitations due to large and costly measuring 
towers and establishing a new paradigm in wind energy field-testing, on and 
offshore.  

4. Provide a flow-modeling boost through major investments in computer clusters 
together with databases and data nets providing open access via ICT and e-science 
to significant new WindScanner results. 

WindScanner.eu encompasses Europe’s leading wind energy institutions and ensures that 
Europe’s many different and climate zones: subtropical to artic, ocean to continental terrain 
types (e.g. open land, forest, hilly and mountainous, coastal and offshore) will be covered. 
 
The following partners (with their specialties) have at this stage already fully accepted to 
participate: 

1  
Denmark 

 
Risø 
DTU 

Flat terrain wind turbine test station and offshore wind parks  
Horns Rev I & II 

2  
Spain CENER Inland mountain wind turbine test station and wind tunnels 

3 

 
The 
Netherla
nds 

ECN Full-scale research wind farm, scale research wind farm,  
offshore site with large turbines and offshore Met-masts 

4  
Greece CRES Coastal complex terrain 

5 Germany Fraunhof
er IWES 

Test site in forested hilly terrain, onshore 
sites with large (5 MW) turbines, offshore wind park Alpha 
Ventus, offshore test sites FINO 1-3 

6 Norway SINTEF Onshore test sites and offshore technology 

7 Portugal LNEG/IN
ETI 

Highly complex terrains with high turbulence occurrences,  
intense stratification and strong complex mountain-valley 
breeze circulations. 

 
Structuring of the European world-class experimental facilities for full-scale 
measurements  
The objective is to develop a distributed European facility which will be recognized as a 
world class RI with a unique new research methodology for full-scale measurements of  the 
detailed structures of the 3D wind vectors around static or rotating objects, including wind 
turbines, in full-scale. The primary aim of the wind scanning measurements is to increase 
our basic understanding of the aerodynamics and structural dynamics, which is a 
fundamental fluid mechanical discipline, and which is a highly important field for enabling 
improved and more effective turbine design. 
 
In particular, the RI will focus on research and fundamental comprehension of the physics 
within the large-volume wind fields engulfing today and tomorrows huge wind turbines, using 
newly developed laser Doppler wind measurement techniques. 
From the beginning the European WindScanner facility will focus on capitalizing its 
planned investments of wind lidar’s and WindScanner equipment at the regional nodes by 
setting the RI available (via open access) to the European Wind Energy Research 
Community’s scientific and industrial users. This is envisioned realized by mutual 
specialization of the wind measurement methods at the partner’s facilities and by developing 
a common research and test portfolio with the aim to cover all relevant tests in the field of 
wind energy (climate conditions, different terrain types (incl. offshore) etc).  
 
The RI will focus on experimental research for gaining fundamental comprehension of the 
physics in the flow and turbulence in the large-volume wind fields engulfing today, and 
tomorrows huge wind turbines, utilizing newly developed laser Doppler wind measurement 
and scanning techniques. The WindScanner facility will address geophysical research within 
atmospheric flow and turbulence on time and space scales that otherwise cannot be covered 
by existing experimental RI’s, including CFD modeling and wind tunnel scale studies.   
 
We therefore envision many benefits within geophysical research capitalized in terms of 
improved power production and reduced structural loads on on and offshore wind turbines. 
In particular this will come from: 
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1. Improving our ability to measure, comprehend and predict the wind conditions for a 

large range of locations for wind turbines, especially in mountainous and forested 
terrain and coastal and open sea areas. 

2. Predicting and mitigating the effects of shear and turbulence related loads on wind 
turbines. 

3. Improved wind farm layout by minimizing the adverse effects of wind turbine wakes. 
4. Optimized blade designs giving better aerodynamic performance. 
5. Optimized wind turbine operation and control based  on wind turbine integrated wind 

lidar’s 
6. Measurements and modeling of wakes for optimization of power generation in wind 

parks, on- and offshore.  
 
To create a European Research Infrastructure that will underpin the strategic research 
needs towards 2020 and beyond 
Since the submission of the initial WindScanner-proposal to the ESFRI Road Map process in 
the beginning of 2008 the European dimension of the WindScanner facility has been 
significantly strengthened.The partnerships is strengthened by inclusion of seven European 
partners who are leading in research infrastructures in wind energy and turbulence research 
and also including both scale modelling groups and wind tunnel groups as well,  
 
All of the partners already work together under the auspices of the European Energy 
Research Alliance (EERA) and the European Academy of Wind Energy www.eawe.org  and 
in connection with the European Wind Energy Technology Platform TPWind 
(www.windplatform.eu), cf. Chapter 6 for details. 
The WindScanner RI will integrate with existing and upcoming European research activities 
(e.g. EERA and TP Wind). The proposed organization is very well in line with the 
organization of the EERA, which has as the main goal to align and coordinate future 
research by conceiving and implementing joint European programmes. Essentially the RI will 
underpin the EERA Joint Programme on Wind Energy that is expected to be launched in 
early 2010. The nodes in the proposed RI are all partners in the EERA Wind Programme, 
but it is important to stress that the facility will not be exclusively for EERA participants. 
Furthermore, the RI would be an important element in some of the medium to long-term 
R&D components of the “Wind Energy Roadmap” published in October 2009 by the EC in 
the communication on financing Low Carbon Technologies. 
 
Windscanner.eu is via these strong European links envisioned to become a new Pan-
European extension of already funded and established European wind energy research 
infrastructure, in particular the Danish large-scale facility WindScanner.dk.  
 
The RI will integrate with existing RI addressing wind energy R&D such as computational 
fluid dynamic (CFD) centre’s and existing experimental RI facilities such as large-scale high-
Reynolds number wind tunnel facilities.  
Establishment of a user-friendly scheme for access and sharing of data 
The double aim is to improving the access of users to the existing research facilities by 
creating a uniquely organized European Infrastructure, but also to develop further synergies 
and complementary capabilities between the partner nodes. This will overcome the present 
fragmentation and redundancy resulting from separate national activities by developing an 
integrated European facility for pre-competitive research at international level. 
 
The user groups for the proposed facility is atmospheric scientists and fluid dynamic 
researchers working in national laboratories within the field of atmospheric turbulent flow, as 
well as researchers  within the wind energy research and development community including 
wind turbine manufactures. The WindScanner facility addresses EU’s existing national wind 
energy research communities and wind energy development teams.   
 
With the aim to place the research infrastructures at the disposal of the European 
researchers, and also ease user access, the already existing, national facilities will be 
upgraded and networked into a new integrated RI providing access and services for 
European user groups. We will do this by reinforcing the already existing facilities and 
providing central access nodes, capable of directing the wind energy researchers to the 
facility the most suitable to their needs. 
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The aim is to reach common access condition in all the facilities that will allow carrying out 
research programs that involve more than one facility and to compare and exchange results 
obtained by different facilities. Furthermore, it is the aim to develop compatibility of 
experimental test procedures common for all nodes. 
 
The idea is to set up a web-based information portal for all internal and external 
stakeholders. It will include a basic online user application process that will create a single 
entry point for all potential users with clear and homogeneous procedures. More details on 
the information sharing via e-infrastructure is given in section 5. 
 
Access conditions
A Selection Committee will manage the scientific access of the users to all of the distributed 
facilities. The selection criteria will emphasize scientific quality of the proposed projects, 
geographical and science policy parameters following the procedures already used by 
existing European large scale RI facilities. A dedicated Working Group will have the task of 
developing a scheme for the management of access, definition of common standards and 
procedures and setting up a user support service. Access and sharing of data is not a trivial 
issue and special attention will be devoted to develop an IPR-scheme.  
 
Organisation 
The European WindScanner will be established as a truly European organisation governed 
by a Steering Committee with members from the participating institutes. The Technical 
University of Denmark, Risø, will host the project management and secretariat, especially 
during the research and development phases.  
 
Steering Committee 
The Committee is composed of high-level managers from the participating partners.  

Selection Committee 
This Committee will give the Granting of access for the scientific community. 
 
Advisory Board 
A Scientific Advisory Board with relevant stakeholders (Industry, TPWind, EAWE, EERA) will 
assist and advise the Executive Board on scientific and technical matters.  
 
Working Groups on Technical and Scientific Issues and Administrative Issues 
Scientific and technical issues as well as administrative and funding questions will be dealt 
with in two dedicated working groups: Working Group on Technical and Scientific Issues and 
Working Group on Administrative Issues (AFI). Both groups report on a regular basis to the 
Steering Committee. 
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3. Science case: scientific area(s) and potential and/or explicit users, how the new RI 
will fit into the existing and future landscape of Research and of existing RI’s, at EU 
and World level (one page max, links to relevant documents, references). 

The WindScanner facility intents to provide a unique new EU-distributed research 
infrastructure to support research on large-volume wind fields: 
 

� Build upon 3-D laser Doppler measurements of the wind fields that surround today’s 
and tomorrows huge wind turbines. 

� Regard it as a natural wind tunnel with an air volume of the dimensions ten times 
bigger than the largest wind turbines. 

� Established within EU to increase our understanding of the structural dynamics of 
wind turbines, and enabling improved turbine designs. 

� Significant research activities will be performed at each institution directed towards 
the development and use of wind lidar remote sensing and WindScanner 
technologies.  

 
Background 
The motivation behind “The European WindScanner Facility” arises from needs to better 
our fundamental understanding of natural atmospheric turbulence and flow on scales and 
heights  which are the scales of flow most relevant for the operations of today and 
tomorrows huge wind turbines and wind turbine parks(1m  to 10 km horizontally, and from 
10-300 m vertically). Some of the essential properties of the atmospheric turbulent flow are 
here characterised by features such as in-stationary, non-homogeneous turbulent flow, 
strongly affected by atmospheric temperature stratification and by the effects of the rotating 
Earth’s Coriolis acceleration. These properties make scale models such as wind tunnel 
investigations of natural atmospheric turbulent flow of very limited value. Only by a large 
coordinated experimental research effort with extensive focussed meteorological 
experiments will it today and in the near future be possible to obtain a much better 
knowledge of the nature of atmospheric turbulence on all its many scales relevant for wind 
energy. A knowledge that is necessary for improving our ability to design the very large wind 
turbines, to assess the power generation as short-term prediction or over their lifetime. 
 
The day-to-day continuous interaction between the institutions will be secured via ICT-based 
European Scientific Networks, cf. Chapter 5 e-science. Further each of the institutions act as 
a “Node”, which means that other European research organizations and industry can 
participate via open access in the RI through these nodes. Hence, at each Node there will be 
wind lidar’s and 3-D wind scanning equipment as well as skilled research teams available to 
assist research, development and demonstration. As the wind lidar’s and Windscanners are 
mobile, they are available for research and wind energy industry at off-node measurement 
sites for measurement campaigns.  
 
Traditional wind measurements 
Wind measurements are traditionally made using cup anemometers mounted on a 
measuring mast. This gives good measurements of the wind speed, but only at a few points 
and usually at some distance from the wind turbine. The wind is truly three-dimensional both 
in the sense that all three components of the wind are important and in the sense that it is 
important to understand both the temporal and the spatial structures in the wind field 
approaching the rotor plane. Today we know rather little about the wind arriving and leaving 
a wind turbine rotor and this is limiting our understanding and ability to model accurately. As 
a result, turbine designs are not as effective as possible and are overly conservative, 
resulting in a large waste of glass-fibre and steel. 
 
WindScanner benefits 
Recent advances in laser Doppler measuring techniques make it today possible for the first 
time; to build ground-based remote sensing devises that can measure the true 3-D wind 
around a wind turbine rotor, cf. WindScanner.dk. These new measurement capabilities will 
radically expand our understanding of the underlying fluid dynamics and drive major 
advances in our ability to model the aerodynamic and structural behaviour of wind turbines, 
resulting in cheaper, more efficient, quieter and safer wind turbine systems. 
 
The proposed WindScanner research facility now holds world-class potential to increase the 
scientific and technical level for research groups in public and private organisations in the 
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field of wind energy research and development. The facility will provide new and 
complementary wind data in real time complementary to any other existing wind 
measurement systems available. This will in combination with progress in other field of wind 
energy research give European wind energy research, and in the longer run, European 
based wind turbine manufactures a competitive advantage. 
 
On vs. offshore: 
The majority of on-shore wind turbines are installed in mountainous and forested areas. The 
challenge is here to predict the turbulent wind flow and how the winds are affected by the 
terrain and local climatology and thus allow developers to find the best sites for the wind 
turbines and avoid areas with damagingly high turbulence. Mobile windscanners can be 
deployed in such inaccessible areas and provide new datasets for developing and validating 
computer models. 
 
For offshore wind parks, the big challenge is to design the array of turbines to maximise the
power production and to minimise structural loads due to wake interactions and shear. An
offshore WindScanner system can in this regard provide groundbreaking new information
about the formation and the decay of wind turbine wakes in the typically low turbulence
environments. Such measurements will drive major advances in this optimisation. 
 
Offshore wind lidar’s and windscanners will be located on platforms or pylons, and on 
floating structures such as pontoons or ships. For the use on floating platforms, the 
instruments will be stabilised (pointing-stabilized platforms or gyros) and/or corrected for the 
motions of the platform. 
 
In case of a positive decision on the construction of the Krieger’s Flak Offshore Wind Farm in 
the Baltic Sea between Sweden, Germany and Denmark, and co-located near the new 
German FINO-2 (3) platforms, this site will become top candidate for a new joint  “Offshore 
WindScanner Node”. Build on stabilized platforms, e.g. movable suction mono-piles or on 
stabilised floats it will be possible to investigate turbulent flow within offshore wind farms and 
array based on 3-D WindScanner measurements.  
 
Offshore Windscanners enable detailed mapping of the offshore turbulence which will 
supplement data from ordinary non-scanning wind lidar’s that are now being operated over 
the North Sea in 2009-2010 in the EU FP7 NORSEWIND project. 
 
One of the key new questions to be addressed off shore is turbulence shear created by 
individual turbines and turbine parks and their wakes in order to assess the consequences 
for additional turbines to be erected in the vicinity. These issues are essential to understand 
in order to fulfil the goals of the SET Plan where offshore wind energy is providing a 
substantial share of the produced wind power production in the EU by 2020. 
 
World 
Extensive alliances beyond Europe exists already within the WindScanner facility network 
and will be further developed, with established  overseas research organization, such as 
USA (NREL; CREW, NCAR), Canada (WESNet), Australia (CSIRO) and  China (CMA , 
including the new Chinese-Danish liaison University). 
 
4. Technical case: summary of results (technical specifications) of conceptual and/or 
technical design studies (half page, list references/links). 
 
Laser Doppler based remote sensing of wind (wind lidar) is becoming a well-established tool 
in wind energy. Risø DTU, who has made significant contributions to this new remote 
sensing measurement technology, has extensively evaluated two commercial lidar profiler 
systems30.  
 
However, the available wind lidar’s are, as they come, single beamed, only suitable for 
measurement of vertical mean wind profiles of speed (and direction) over flat terrain. For 
measurements in mountainous terrain or where the flow is rapidly changing, such as in front 
of a wind turbine, it is necessary to use a number (three or more) of lidar’s operating in 
concert, in order to measure the full 3-dimensional wind vector at predefined points in space 

                                                     
30  Commercial mean wind lidar-based profiler products Zephir and Windcube. 
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and time. 
 
By sweeping the lidar beams around in front of a rotor plane or volume of air, we have today 
already obtained scans of the true 3-D wind vector fields at a rate of 500 Hz. New 3-D, full-
scale wind scanning measurement systems termed ‘WindScanners” are currently under 
development and testing at Risø DTU. Full-scale three-dimensional wind lidar 
measurements, the first in the world, were successfully made at the Høvsøre National Test 
Station for Large Wind Turbine in December 2007, cf. WindScanner.dk. 
 
The insights into atmospheric turbulent flow provided by the WindScanner systems will, 
besides increasing our fundamental understanding of turbulent atmospheric flow, also be 
capitalised by implementing the gained knowledge into computer flow models (CFD) used 
for improved wind turbine design. It is therefore essential to strengthen and coordinate the 
WindScanner RI with current and future research efforts in atmospheric CFD. Increased 
computer power will furthermore enable us to capture the ever-finer details of 3-D flow 
structures and this is an important underpinning feature of the RI. At the same time, the 
currently rather dispersed research teams within atmospheric boundary-layer meteorology 
and manufactures of wind turbines will be encouraged to collaborate and share data in the 
context of WindScanner.eu 
 
On-shore the WindScanner facility will provide sets of portable, easy moveable 
WindScanner units, each set consisting of  3 or more inter-linked ground-based wind lidar’s, 
equipped with steerable scan heads and fibre-interconnected with a local control 
center/database, cf. WindScanner.dk. 
 
Off-shore the wind lidar’s and windscanners will be installed on stable platforms or on wind 
turbine array pylons. Initially we propose to concentrate offshore research around the 
German FINO-1 platform and the new Alpha Ventus Demonstration and Research wind 
farm, and include these existing and possible future new (movable) platforms in the vicinity 
around it, for detailed offshore measurement campaigns. The on-going EU FP7 
NORSEWInD wind lidar project collects wind data from 13 wind profiling lidar’s, installed and 
in operation (2010-2012) at oilrigs and platforms distributed over the North Sea and the 
Baltic Sea.  
 
The scientific questions addressed offshore will focus on measuring the 3-D turbulence fields 
(and not only the mean winds) measured e.g. in multiple transects in front of, through, and 
behind (in the wakes of) wind turbine parks. Similarly, the scientific aims on shore is to 
measure and model fluctuations, gusts and (negative) shear in 3-dimensions over forested 
area and over complex terrain. 
 
More specific research topics for the WindScanner Facility WindScanner.eu could include: 
 

1. Detailed characterization of the dynamic inflow to a wind turbine for improved 
prediction capability of power production, loads and structural dynamics. 

2. Characterization of wake turbulence generated for improved understanding of 
fatigue loads and power production in wind turbine parks. 

3. Extreme and normal structural load mitigation and power optimization from 
development of nacelle mounted forward-looking wind lidar’s.  

4. Characterization of flow and turbulence over hilly and forested terrain, hence 
improve atmospheric flow models. 

5. Research in turbulent flow in areas with significant temperature gradients. 
6. Research in turbulent flow around full-scale civil engineering structures such as 

building and bridges. 
7. Wind turbine structural load measurements - Remote sensing of wind turbine 

structural load responses by microwave and videogrammetry scanning of wind 
turbine blade and tower deflexions  combined with 3-D wind scanning. 

 
5. e-infrastructure: what does the new RI require as far as e-infrastructure? How is it 
integrated with the existing EU e-infrastructure (e.g. Geant, grid, digital repositories). 
 
The WindScanner facilities will establish and maintain a public and open-accessible ICT-
based platform and a database containing measurement data and corresponding modelling 
results. 
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ICT-based e-Infrastructure mechanisms will be established for sharing of gathered data sets 
to provide a distributed valuable resource for atmospheric turbulent flow researchers across 
Europe and create opportunities for better evaluation and validation of wind and turbulence 
flow simulation tools. The partners will establish fast data links between laboratories that will 
provide an opportunity for data feeds to be established between laboratories conducting 
related experimentation. E-infrastructure with high-speed web-based information portal will 
facilitate open access for all internal and external stakeholders.  
 
Via e-science we will also ensure the possibility to make experimental slot time allocated in 
the facility respondent to the specific research needs; and the capability of the infrastructure 
to address the user to an alternative equivalent or better facility. 
 
A common database will be made in collaboration with iCFDdatabase at the Italian center for 
supercomputing and the JHU Turbulence Database Cluster at Johns Hopkins University, 
USA. These research institutions and universities are already members of the International 
Collaboration for Turbulence Research, which was established in 2007 with Risø DTU as a 
founding member.  
 
As data on the turbulent wind fields begin to stream in from all over Europe from the 
distributed WindScanners, we have the chance of improving our abilities to generate 
accurate, efficient and validated computer flow models. That is supported by a new 4.5 M€ 
grant from The Danish Council for Strategic Research obtained by Risø DTU with the sole 
purpose of improving flow modelling for wind energy.  
 
The European WindScanner facility will boost flow-modelling efforts through major 
investments in computer clusters together with large database servers providing open 
access to significant WindScanner data and simulations. In order to check the validity of the 
simulation results we will arrange blind tests where measurements from the WindScanner 
are kept secret until all interested modellers have handed in their results. At Risø DTU, we 
held such a workshop in December 2009 for a smaller scale experiment where about 60 
wind energy modellers from all over the world handed in results (see 
http://bolund.risoe.dtu.dk). 
 
The e-infrastructures needed are large clusters of computers to simulate the turbulent flow 
over the natural terrain in such a detail that the dynamic loads and wind energy resources 
can be calculated. In addition, large storage systems will be required to provide on-line open 
access to measurement data and simulations. 
6. Other expected socio-economic impacts: development of new technologies, effects 
on training, involvement of industries, local impact, other (one page, references). 
 
The European Union’s plan for the use of renewable energy is given by the SET Plan 20-20-
20 goals and implemented in the RES Directive as legally binding targets for the member 
states: 20 % of the energy used in EU must origin from sustainable energy resources in 
2020 and with regard to electricity generation 30 – 40% shall come from wind energy. 
 
Hence, the RES directive and the SET Plan enforce a high rate of deployment of wind 
energy, on- and offshore leading to a high challenge for research in wind energy, for 
instance the ability to assess the right wind conditions with a high degree of certainty is 
paramount for obtaining low risks and high reliability. In order to meet the challenges, a 
substantial research need has been identified by the European Wind Energy Technology 
Platform (TPWind) documented in the Strategic Research Agenda (SRA) published by the 
TPWind. The EU Commission has recently adopted a number of the research projects from 
the SRA into the “Wind Energy Roadmap”, which gives priority to the Commission’s, the 
member states’ and the industry’s funding of wind energy research in the years to come. 
One high priority project is “the Experiment”, where 7 to 8 locations in EU are heavily 
instrumented with the aim of producing a database, necessary for developing the next 
generation of numerical tools for siting, resource assessment and design of wind turbines. 
The development and deployment of the Windscanners are crucial for the completeness and 
usefulness of the experiments.  
 
Several types of organisations and companies identified needs will be met via our proposed 
RI, see e.g. www.windplatform.eu. The involved partners will perform very relevant research 



ESFRI Energy WG 2010 

    80 

project during the development, establishment and use of the described infrastructure. This 
will further enhance an already strong research environment and will attract researchers and 
students to wind energy at all the involved research organisations. This flourishing research 
environment will strengthen the world’s first master education in wind energy at the 
Technical University of Denmark. The objective is to expand it to the European level through 
in collaboration with EERA and EAWE. 
 
In the period 2002-2007 the wind turbine market has experienced an average growth rate of 
more than 20 % per year and a similar growth is expected for the next 5 years. This means 
that the accumulated total market for wind energy turbines for the next 5 years will exceed 
200 billion €. Today wind turbine manufacturers from EU have a dominating market position, 
but with increased competition from China, India and the US. By providing our EU-based 
wind turbine manufacturers with a unique measurement tool in the R&D-process, they will 
be in a stronger position to maintain a high market share for years to come. 
 
Companies having knowledge of wind lidar technology, such as Leosphere in France and 
Natural Power in United Kingdom among others will actively participate in the project. The 
knowledge obtained using the RI will reach the wind turbine manufacturers through 
collaborations and education; the Commission research projects coming from the “Wind 
Energy Roadmap” and where research organizations and industry work together, will 
accelerate this process. The RI will be a valuable tool for the wind turbine manufacturers to 
develop more efficient wind turbines. It will measure complex real life conditions far more 
accurately than wind measuring methods of today. As a consequence, a given wind turbine 
will be sited under more optimal wind conditions. The wind turbine manufacturers located in 
the EU are thereby in a position to receive by far the most benefit from the RI since they 
already have close relations to the research partners in this RI.  
Developers within wind energy and primarily of wind farms can benefit through the access 
to the Windscanners as customers. This Windscanner.eu RI will enable the developers to 
make better choices of where to site a wind farm and furthermore of how to design the wind 
farm to avoid strong turbulence and devastating negative wind shear. Another very important 
area for developers, where the RI can provide useful information, is its ability to measure the 
local wind conditions, on and offshore, and thereby the potential energy production of the 
wind turbines and hence the revenue of the wind farm. This means that typical developers 
receive a significantly more accurate set of information about the potential revenue. 
 
Benefits outside wind energy society will come from measurements of wind  on and 
around buildings and bridges, which can be documented in a way never before possible. 
Planning of infrastructure constructions like airports can benefit from a mapping of adverse 
turbulence conditions.The enhanced understanding will give cheaper and safer 
constructions.  
7. Commitments / maturity: which States / Organizations have demonstrated interest / 
commitment in supporting and/or funding the proposal? 
 
Below is a description of existing and coming national commitments in the facilities of the 
partner nodes, which are of relevance for the proposed WindScanner facility. As indicated 
there are huge ongoing national commitments, which constitutes the basis for the 
establishment of the European facility, although not all of the investments are WindScanner-
specific.  
 
Denmark will contribute with its present hands-on experience and existing expertise in the 
field of ground-based remote sensing with wind lidar’s, and also with Denmark’s newly 
established and already funded national WindScanner research facility: WindScanner.dk. 
 
Researchers at Risø DTU have already developed the first new multiple-beam laser 
WindScanner systems capable of measuring the spatial and temporal evolution of the wind 
fields in 3D within volumes bigger than complete rotor discs at periods of the order of one 
per second. Risø DTU has also constructed steerable laser-beam scan-heads enabling laser 
beams from several wind lidar to be pointed at the same measuring volume from different 
directions. Via Windscanner.dk we have established a first proto-type3-D scanning 
WindScanner equipped with steerable focused (continuous wave) wind lidar beams a 
concept developed by Risø DTU. A single-beam 2-D scanning wind lidar system has also 
been developed and installed for demonstration of real-time upwind for measurements from 
the nacelle of a wind turbine, cf. Tjæreborg Turbine. This nacelle integrated upwind scanning 
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wind lidar measurement system enables now research in control strategies employing 
forward-looking lidar measurements and may ultimately have great commercial potential for 
the wind industry. 
 
Spain 
CENER, in collaboration with CIEMAT and the Technical University of Madrid (UPM), will 
establish 2 WindScanner node facilities in Spain, each one with a 100 m fully instrumented 
meteorological mast and lidar’s, in order to validate both 3D and 4D turbulent boundary-layer 
approaches. CENER will host these new facilities. UPM will contribute with CFD modelling 
(Higher School of Industrial Engineers) and wind tunnel simulations (Higher School of 
Aeronautics Engineers). Approaches will be investigated within the proposed WindScanner 
facility to assess the predictability of natural atmospheric turbulent flows over complex 
terrain. 
 
The Netherlands 
ECN, the Energy research Centre of the Netherlands is operating its test site ECN Wind 
turbine test site Wieringermeer (EWTW) since 2004. The test site consists of a full-scale 
wind farm with five 2.5 MW wind turbines and three 109m high masts, four prototype test 
locations for turbines up to 6 MW and a scale wind farm with 10 turbines and 14 met-masts 
to characterise the flow within and around this wind farm. ECN contributes also with remote 
sensing experiences with sodar measurements (as coordinator of the EU WISE project) in 
various environments including a floating platform. Currently, an application is made to 
extend the EWTW by six 5 MW wind turbines and five prototype locations for turbines up to 
10 MW. The extension will be supplied with five Met-masts of at least 135m height. 
Experiments with Lidar systems are planned; it will offer a unique opportunity to determine 
the flow field with the wind scanner technology. 
 
ECN will grant access to the ECN wind turbine test site Wieringermeer (EWTW) to perform 
experiments with the WindScanner. The test site now consists of five 2.5 MW wind turbines, 
it is planned to extend the test site with six 5 MW wind turbines. ECN is planning to operate 
in the context of the FLOW programme (if granted) two far offshore large Met-masts, which 
will be suitable to host Lidar systems.  In the Netherlands, the FLOW (Far Large Offshore 
Wind) consortium is defining large demonstration research programme, in which a number of 
offshore met-masts are planned to be built.  In the case the FLOW programme is granted, 
two far-offshore masts will be built in the Dutch part of the North Sea in 2010. These masts 
will be equipped with platforms to also include Lidar experiments. ECN will also contribute 
with CFD modelling activities. 
 
Greece 
CRES has already tested standard wind lidar’s operation over complex terrain extensively 
and the new 3-D WindScanner measurement technology is expected to provide new vital 
data in complex terrain, thus the Windscanner.eu facility network can gain from this.  As 
WindScanner node, CRES will host operational 3D-WindScanner systems at the Lavario 
Test Station combining it either with the 100m Met mast or with any of the existing test wind 
turbines. 
 
Germany: 
In the project 'Wind power utilisation in inland Germany' the aim is to demonstrate the use of 
Lidar technology at forested and hilly sites, which are typical in the inland of Germany, but 
not used extensively for wind power due to large uncertainties in the assessment of the 
energy yield. This will be expanded by the purchasing of three LIDARs and aims at 
developing a methodology which allows the use of Lidar for resource assessment at such 
sites. For validation, a 200m high Met mast will be built next year on a forested hill close to 
Kassel. This test site will be included in the WindScanner facility. In the project 'Development 
of innovating measurement technology’, we aim to develop a methodology and 
measurement technology to use Lidar on ships. A correction method will be developed to 
compensate the influence of the ship movement on the Lidar measurement.  The experience 
gained here would also be important in the development of Windscanner.eu.  
 
Norway 
Norway has recently established two new offshore research centres re wind technology: 
NOWITECH, www.nowitech.no and NORCOWE, www.norcowe.no. SINTEF is hosting 
NOWITECH and will act as node for coordinating the Norwegian participation within 
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WindScanner.eu. The two research centres NOWITECH and NORCOWE collaborates on 
research and use of infrastructure, hereunder lidar systems and met-ocean buoys. A 
regional WindScanner.eu node will be established at the west coast of Norway under this 
collaboration. Relevant locations are e.g. Frøya (were 2x100 m and 2x45 m Met-masts are 
already in operation, and a lidar system and met-ocean buoy will be installed during 2010), 
Valsneset (test station for wind turbines), Stadt (offshore test site under development) or in 
proximity to HyWind (full-scale floating wind turbine) outside Karmøy.  NOWITECH with 
SINTEF, NTNU (Norwegian University of Science and Technology) and IFE as research 
partners will as part of the WindScanner.eu activity bring in CFD modelling and wind tunnel 
simulations, and apply the wind scanner results for validating numerical models and 
developing wind turbine control systems. 
NORCOWE with research partners research in oceanic boundary layer conditions,  CFD 
modelling, and request WindScanner measurements for evaluation of  numerical models and 
for developing wind turbine control systems. 
 
Portugal 
As WindScanner node LNEG/INETI will conduct research in turbulent flow over highly 
complex terrains, in particular for turbulence and extreme gust investigations. Portugal will 
provide access for the Windscanners to the WindFarm site in operation in the centre of 
Portugal, which is characterized by high turbulence levels and gustiness, intense 
stratification and strong complex mountain-valley breeze circulations. Evaluation of the 
atmospheric turbulent flow in highly complex terrains. 
 
8. Costs for construction, operation and decommissioning, indications on project 
financing (half page, with references/links). Give budget info in M€ 
  
Below is a short outline of the existing and coming national funding in the facilities of the 
partners nodes, which are WindScanner related. The table reveals substantial ongoing 
national commitments. If the proposal will make it to the ESFRI Roadmap an application to 
FP7 for funding to the preparatory phase will be submitted and a main task will be to develop 
a detailed design for each node and the preparation of detailed budgets.  
 
Denmark: 
Risø DTU has to data obtained National funding to establishment of the Danish national RI 
WindScanner.dk 
0.2 M€: (2006) Pre-phase from the Danish national research council 
2.5 M€  (2007) Pilot-study from Globalisation Risø DTU (DTU internal globalisation funds) 
4.8 M€  (2009-2014) From the Danish Research Council incl. own-financing (DTU) to new RI 
WindScanner.dk 
3.5 M€ (2010-2013) From Danish National Advanced Technology Foundation for 
demonstration improved wind turbine performance by integration of wind lidar’s for wind 
turbine control. 
4.5 M€ (2010-2013) from The Danish Council for Strategic Research for improved flow 
modelling for wind energy.  
 
Spain:  
National wind condition wind turbine test facility near Pamplona. National Funds 4 M € 
The Netherlands:  
In the Netherlands, the FLOW (Far Large Offshore Wind) consortium is defining a number of 
new offshore Met-masts. In the case FLOW will be granted, additional two far-offshore masts 
will be built in the Dutch part of the North Sea, which will be ready to include also Lidar 
measurements. 
National investments in scale and offshore wind farms and research turbines including Met 
masts on and offshore amounts to a total of 28 M€. 
 
Greece: PM 
 
Germany: 
Fraunhofer IWES has so far (2009) been granted two national research projects for the 
development of the Lidar technology: 1) Development of a national RI on wind 
measurements at forested hilly sites including the use of Lidar technology (1.4 M€ (2009), 
German environment ministry (BMU)), 2) Development of an innovative measurement 
technology to realise Lidar wind measurements from ships (1.0 M€ (2009), state Bremen) 
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Norway: 
NOWITECH and NORCOWE have received joint funds (2009) for procurement and 
operation of three lidar systems, two met-ocean buoys and others to a total of approx 2 M€. 
A national application for additional infrastructure funds to a total of about 12 M€ are 
currently under preparation (phase 2 with deadline 30 January 2010). This includes an 
offshore boundary layer observatory (ala FINO, but on deep waters 100-200 m), an 
experimental floating wind turbine (about 200 kW) and additional instrumentations.  
 
Portugal: PM 
 
 
Total preparatory 
cost 

Total construction cost Operation cost /year Decommissioni
ng cost 

8 M€ 
 
Risø DTU has so far 
spend 2.7 M€ 
during the 
preparatory phase 
leading to 
WindScanner.dk. 
 

 45-60 M€ 
 
In addition to the above 
listed national 
contributions, we envision 
the following overall 
budget is required: 
   
Establishment cost, 
estimated at an average 
of  4 M€  per  nodes plus 
special offshore costs 25 
M€  
Total 53 M€  
 
Open access 
coordination and e-
Science 7M€ 

4 M€ 
 
It is anticipated that the 
main part of the 
operational cost in time 
will be covered by the 
users (both from 
industry and research) 
and by grants from 
national research 
councils and FP7. 

0.1 M€ 
 
N/A 
 

9. Timetable for construction, operation and decommissioning (half page, with 
references/links)with duration and possible starting dates. 
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Detailed 
planning 

                  

Constructio
n 

                  

Operation                   
Decommiss
ioning 

                  

 
Construction period = 4 years 
Operation period = 15 years (whereof the  first 2 years will be testing and 
adjustments) 
 

10. Reference address for follow up 

 
 
Henrik Bindslev  
 
Director 
Risø DTU, National Laboratory for Sustainable Energy 
Danish Technical University (DTU), Denmark 
e-mail: hebi@risoe.dtu.dk; 
tlf: +45 46774602
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 RU09_11_EU_SOLARIS 
 
 

1. Descriptive title, and information on the ESFRI delegation submitting the proposal (or 
one of the member of EIROForum)  

 
THE EUROPEAN SOLAR RESEARCH INFRASTRUCTURE 

for Concentrating Solar Power 
EU�SOLARIS 

 
Submitted by the Spanish delegation to the ESFRI Forum 

 
 

2. Synthesis description of the new RI (or major upgrade) and S&T fields involved 
at Pan EU level in its use. Add links to relevant data/web pages (half page max)  
 
TheRationale: 
 
� Energy is becoming one of the most urgent and strategic issues of the policy maker’s 
agendas. 
� Renewable energies are expected to play an increasing role in the final energy consumption 
structure (2020 and beyond) in Europe and in the whole world. 
� Renewable energies are the only sustainable alternative to the increasing energy demand 
providing security of supply, avoiding CO2 emissions and preventing from the uncontrolled 
impact of the fossil fuel price increases on the countries economies.   
� Solar technologies show the largest potential among all the renewable energies. 
� Concentrating solar technologies could provide the basis for dispatch-able electricity 
generation, as well as for other purposes (chemicals, water desalination, etc.). 
� There are solar thermal electric plants -either in operation or under construction- with a 
global power close to 3.000 MW. Although the market is currently mainly in Spain, great efforts 
on R&D are being carried out by many other European countries. 
� Additionally, there are ambitious plans in USA and MENA countries, as well as in other 
regions (China, India, Australia, …) where European technology could play a great role.  
� The European industry is currently leading this technology at international level, but great 
efforts are needed to defend this position, as USA and other countries are quickly jumping into 
this field.    
� The technological development is mainly driven by the industry, which is highly compromised 
with the cost reduction. Just for reference, the global investment on the plants currently being 
built in Spain is around 10.000 million Euros. 
� Nevertheless, there are huge scientific challenges to be undertaken by research centres to 
contribute to this real need of reducing costs, increasing efficiency and enhancing reliability of 
solar concentrating technologies.   
� European Commission wants to actively contribute to this process. EU has recently launched 
the Solar Industrial Initiative within the SET Plan. See the point of view of the European 
Industrial Association on the SET Plan at: 
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/2009_-_ESTELA_-_STEII__SET-
Plan__06_-_09_07_03__FINAL_-_NO_LIST_.pdf. 
� Spain and Germany have been working together at the “Plataforma Solar de Almería” (PSA) 
for a long time. The European Commission supported PSA in the past under the former Large 
R&D Installations Program. 
� In spite of the big scientific and technological challenges in this sector and the huge 
potential, none Solar Concentration facility appears in the ESFRI Roadmap. Only a proposal 
named TEREI-Solar, which could be considered to be the seeds of the current EU-SOLARIS 
proposal, was included as an emerging project in such Roadmap. 
 
Summary, objectives and European dimension of the proposal: 
 
The current EU�SOLARIS proposal addresses the need for a high-powered European research 
infrastructure within Concentrating Solar Power (CSP). The Spanish delegation to ESFRI 
believes that this target can be achieved by upgrading existing CSP research infrastructures, 
developing new unique laboratories and strengthening networks between European CSP 
laboratories. Such a European RI can consolidate the competitiveness and leadership of the
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European scientists, research centres and industries in the field of concentrating solar energy. 

A new generation of quality research activities within CSP requires a major upgrade of existing 
facilities at European level, so that a critical mass of advanced and integrated facilities is 
created. Although the European dimension of the project is still at an early stage, the facility is 
envisaged as a European distributed RI, which will eventually integrate and upgrade several 
already existing major CSP test centres in Europe. 
 
Therefore, the proposed facility will consist of several distributed sites, all of them devoted to 
world-class cutting-edge research on CSP. The CTAER/PSA cluster in Almería (Spain), shown 
in the picture below, where 50 senior researches, 15 doctoral students and 25 auxiliary staff 
currently work on solar technologies, is currently considered the most important CSP lab at 
world level. These CTAER/PSA facilities will have a core role within the EU�SOLARIS initiative.  
 
CTAER, which stands for “Centro Tecnológico Avanzado de Energías Renovables”, is a non-
profit foundation whose members are various leading Spanish companies in the field of solar 
energy, together with two Andalusian government agencies dealing with promotion of innovation 
and deployment of renewable energies. The “Plataforma Solar de Almería” (PSA) belongs to 
CIEMAT, which is one of the founding members of CTAER. At the same time, CIEMAT belongs 
to the Spanish Ministry of Science and Innovation, which fully supports this proposal.  
 
 
The picture shows the PSA and CTAER sites. Both are of the same size, approximately 100 
hectares each.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CTAER will also provide a large space for quickly implementing highly innovative industrial 
demonstration projects. This site (2.2º W, 37.0º N, 600 m high) is located in a highly insolated 
area of flat land, with water for cooling purposes and access to the grid easily available. The 
surface could be enlarged in the future if needed. The European industry sees considerable 
value in this particular point. 
 
Additionally, other complementary sites at several leading European labs – representing those 
European countries with largest solar potential (Portugal, Italy, Greece and Turkey) and 
Germany (one of the main technological providers at world level) – could become an integral 
part of the new RI, offering their own facilities to create a real networking atmosphere and 
contributing to jointly encourage the implementation of these technologies in Europe. 
  
The new and existing EU�SOLARIS facilities, as a part of the ESFRI Roadmap, will be a 
foundation for real and fruitful R&TD cooperation between a core group of countries, on the 
basis of an integrated funding, joint management and collective use policy that has to be further 
defined. EU-SOLARIS will therefore continue developing this multilateral approach for the 
project, carrying out a more detailed analysis of the potential roles and contributions of each 
partner. 
 
In summary, the main objective of the proposal brought forward by Spain is to start up a process 
where current research challenges in CSP may be achieved by a pan-European work team 
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through a major upgrade of existing facilities in Europe. The initiative focuses on the high-level 
target of establishing a strong distributed infrastructure for developing new solar technologies. 
 
This proposal is supported by the Spanish Government (Ministry of Science and Innovation) and 
the Andalusia Government (“Consejería de Innovación, Ciencia y Empresa”), along with the two 
most relevant industrial associations in this field, PROTERMOSOLAR (Spanish) and ESTELA 
(European). 
 

 
 

3. Science case: scientific area(s) and potential and/or explicit users, how the new RI will 
fit into the existing and future landscape of Research and of existing RI’s, at EU and 
World level (one page max, links to relevant documents, references). 
 

The physical principle of the solar concentrating technology consist of tracking the sun by 
reflectors (parabolic troughs, heliostats, parabolic dishes or linear Fresnel mirrors) that 
concentrate  the sun rays into a linear or a point focus called receiver. The thermal power at the 
receiver will be further converted into electricity by more or less conventional power cycles or 
into solar fuels inside specific chemical reactors. 

The relevant disciplines concerned are: optics, thermodynamics, materials science, heat transfer 
and storage, thermo-chemistry, automatic control, industrial design, process optimization, photo-
catalysis, electronics, etc. 

New scientific and technological developments require the experimental demonstration of the 
suitability, durability, reproducibility, efficiency and competitiveness of this concept, as they are 
intended to be deployed at a large scale. The EU�SOLARIS facility will fill the gap from the 
theory or the lab scale test to a demonstration plant of almost commercial size. 

Attempts to achieve these new developments have been pursued in the few existing test sites 
for CSP applications in Europe, being PSA the largest one (www.psa.es). Other national 
facilities in Europe are DLR (www.dlr.de), ENEA (www.enea.it), INETI (www.ineti.pt), CRES 
(www.cres.gr) and METU (www.metu.edu.tr), that will be a relevant complement to the above 
mentioned core installations of CTAER/PSA in Almeria. 
 
There is still a wide range of scientific and technological open questions that public research 
centres and private industries are willing to jointly answer. In particular, the upgraded and new 
facilities considered within this proposal will enable more advanced levels of research in: 
 
Solar Fields and Receivers:  

Issues on concentration optics (�, aberration and tracking accuracies) and corresponding impact 
on the land requirements, optical behaviour of long distance heliostats, achievable working fluid 
temperature depending on the type of technology and the concentration ratio, optimum working 
temperature considering fluid and receiver material properties, thermal losses, fluid mechanisms 
effects, etc., matching between fluids and concentration technology, features of the control 
systems, combined reflection a refraction techniques, etc.  

Storage: 

Storage principles (thermal, chemical reversible reactions, …), use of the same or different 
storage medium than the collector fluid, use of sensible or latent heat or a combination of both, 
use of single or dual media, mass and volume requirements pre unit of energy stored, 
achievable charge and discharge rates, safety issues, etc. 

Cooling systems: 

Reduction of water needs in wet cooling systems, combined dry and wet approaches, passive 
night cooling systems, exhaust heat uses, etc. 

Hybridization: 

Conceptual approaches (respond to cloud passing or enhancing the conversion cycle 
efficiency), use of fossil fuels or biomass (direct burning or gasified), partial or full load 
capabilities, complement or alternative to storage, etc. 

System Design: 
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Preferred conversion cycles (combined cycles, steam Rankine, organic Rankine, Stirling, …), 
capacity factor (base load, picking power, …), advanced multi-tower approaches, reduction of 
heat exchanger requirements, dual electricity and desalting water products, process heat for 
industrial application, chemical solar fuels or synthesis products, etc. 

The development of the next generation CSP lab (EU�SOLARIS) and enhanced integrated 
network for European research on CSP is intended to facilitate a comprehensive approach to all 
these issues, that should be considered not only from a technical point of view, but also from an 
economic one (the cost of these technologies during their whole life span). Individual 
researchers and research teams will be able to work on the most auspicious solutions. A quick 
overview of the current research priorities can be seen at the web site of the last Solar Paces 
Congress (http://solarpaces2009.org/cms/front_content.php), held in September 2009 in Berlin. 

 
It is envisaged that a wide user community from all countries that have significant interests in 
CSP (not only European countries, but also third countries having association agreements with 
the EU) will obtain access to the EU�SOLARIS facilities. For each particular case, open access 
to the most appropriate EU�SOLARIS infrastructure will be given to international researchers 
from public research institutes, academia and companies with interests in CSP and solar 
technologies. Thus, EU�SOLARIS will be operated as a proposal-driven open laboratory, with a 
selected group of experts designed to perform and guarantee a transparent prioritisation of 
proposals, according to a programme of support for researchers that will be both internationally 
and nationally managed. The selected researchers will have the opportunity to work on cutting-
edge experiments that are a part of the essential CSP-activities described above. 
 

4. Technical case: summary of results (technical specifications) of conceptual 
and/or technical design studies (half page, list references/links). 
 
To tackle all the challenges listed in section 3 above, the following needs for new EU�SOLARIS 
infrastructures have been identified in the first phase: 
 

� Multipurpose functional tower (70 m high with three apertures) 
� Solar field with 180 heliostats, 120 m2 each (around 20 MWth) 
� Beam down facility up to 0.5 MWth 
� This facility would yield 1 MW power on the “on-ground” receiver aperture. A hyperbolic 

mirror of 300 m2 attached to the tower and 10 heliostats with reflective surface of 120 m2 
each would make the sun tracking 

� Test beds for parabolic trough modules and complete loops 
� Test beds for Fresnel linear mirror collectors and complete loops 
� Test beds for Stirling motors and micro turbines with special attention on hybridization 

techniques  
� Test beds for storage systems 
� A thermal and chemical energy storage (molten salts, synthetic fluid, phase change, 

chemical reaction, etc) laboratory and a complete experimental test loop with 1.5 MWth 
thermal energy source (up to 600ºC) 

� Test beds and auxiliary installations for micro-STE and thermal applications 
� Test beds for dry cooling systems 
� 1 MW hybrid solar-biomass test facility, including solar field, biomass gasification plant 

and power cycle plus a hybrid systems laboratory, oriented to the development of 
specific components for solar-gas hybrid plants. 

� Combined solar thermal power plant linked to a thermal application as a multi-effect 
distillation system downstream. It’s proposed a test loop based on the refurbishing of 
facilities already existing at PSA: a 200 kWth multi-effect-distillation plant, a 150 kWth 
absorption heat pump, a 1.2 MWth parabolic-trough solar field and a 500 kWe set 
turbine-alternator 

� A controlled-atmosphere chamber with 2m-diameter quartz window and all necessary 
instrumentation for testing of innovative materials (ceramic, nano-structural materials, 
composites, etc.) under severe conditions (high flux, temperature gradients, heating 
rate) as an example the aerospace materials that requires testing temperatures close to 
2.000ºC 

� Solar Hydrogen and Solar Chemistry Test Facility, capable to achieve temperatures 
close to 2000 ºC and high radiant flux 
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� Chemical Lab 
� Mechanical Lab and workshop 

 
This proposed list of additions/new infrastructures is based on the Spanish commitment to 
promote and support this proposal, and it will represent a major upgrade of the CTAER/PSA 
facilities. Apart from these facilities, which could be regarded as the core of the EU�SOLARIS 
ESFRI scheme, other complementary (distributed) infrastructures in other leading centres are 
needed. It is envisaged that these core and distributed infrastructures will altogether offer, after 
the necessary enlargements and improvements, a full range of facilities across the partner 
countries. In particular, the  number of distributed facilities may be increased over time. Should 
EU-SOLARIS become a part of the ESFRI Roadmap, future development plans for new 
complementary facilities will be encouraged and discussed in detail by the partners of 
EU�SOLARIS.     
 
5. e-infrastructure: what does the new RI require as far as e-infrastructure? How 
is it integrated with the existing EU e-infrastructure (e.g. Geant, grid, digital 
repositories). 
 

EU�SOLARIS will make use of the European e-infrastructures, such as “Geant”. All 
experimental data acquisition systems and generated data bases will be designed using the 
most suitable standards, with the aim to facilitate open access to the scientific community of all 
member countries. 

The sites and governing bodies will be connected through a network and an Internet based 
system will be set up for data exchange, real-time monitoring of experiments and transfer of data 
among all the participating partners for each single project. 

Within the community, a public and open-accessible Web-based database will be set up with all 
public accessible results of the activities. 

The most suitable and updated Internet based systems will be implemented and used for a 
proactive communication among all the EU�SOLARIS partners at both management and 
technical levels.  

  

6. Other expected socio-economic impacts: development of new technologies, 
effects on training, involvement of industries, local impact, other (one page, 
references). 
 

Solar Thermal Electric (STE) plants are the most intensive ones in terms of labour force among 
all the renewable energy technologies. Detailed studies have shown that 10.000 man-year-
equivalents are needed to promote, manufacture the components and build a 50 MW plant (refer 
to CIEMAT paper). Therefore, the deployment of these technologies will not only contribute to 
the supply of electricity, but also to regional development, at the same time as the employ would 
be locally based. 

STE plants can provide cogeneration supplies and they could also help to accommodate other 
renewable energy technologies to a larger extent, providing the necessary stability and 
“dispatch-ability” to the grid and allowing for a more sustainable, independent and secure energy 
mix in the countries. 

Therefore, the sooner and more intensive support to the development of STE –or Concentrating 
Solar technologies in general– the better socio-economic impact at European level will be 
achieved. 

This moment is of particular importance, as Europe is leading these technologies, while other 
countries in the world want to start deploying these plants, namely USA, India, China, Australia, 
etc.  

Furthermore, the countries of the Union for the Mediterranean, with a strong involvement from 
the European Union, have launched the Mediterranean Solar Plan leadership (MSP). The MSP 
was approved in 2008 by the 42 countries comprising the Union for the Mediterranean, and it will 
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result in a huge deployment of solar thermal electric plants in the Northern Mediterranean and 
Middle East countries. See the view of the European Industrial Association on the MSP (as well 
as the important socio-economics effects that could be derived from this ambitious initiative) at: 

http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/2009_-_ESTELA_-_MSP_17_-
_09_07_06__FINAL_.pdf  

These facilities could also be used as centres for technology transfer and training for scientists 
and engineers from the Middle East and Northern African (MENA) countries as an essential part 
for the implementation of the Mediterranean Solar Plan. 

In particular, PSA and CTAER, which are closely linked to Andalusian Universities, can show a 
large experience in training. In this context, PSA, which is already the world reference centre for 
training activities in CSP technologies, in cooperation with other leading European labs to be 
partners of EU�SOLARIS, could play an important part in the development of this type of 
activity. The main driver behind is the creation of a generation of young researchers who can 
contribute to the deployment of concentrated solar energy applications.  

The support to the STE technology development will also have a positive impact in reducing the 
cost to accomplish the 2020 objectives. This could be certainly enhanced by placing this 
initiative within the ESFRI Roadmap, helping the STE plants to increase their competitiveness. 

All in all, the EU�SOLARIS IR will be of foremost importance for strengthening European 
competitiveness in the field of CSP technologies, which need to be further developed, and thus 
promote European targets for an energy-efficient and renewables-based economy.  

7. Commitments / maturity: which States / Organizations have demonstrated 
interest / commitment in supporting and/or funding the proposal? 
�
The core of the proposal will be represented by the new CTAER facilities (www.ctaer.com), to be 
built just next to the existing premises of PSA (www.psa.es). This cluster of facilities represents 
nowadays the most important lab at world level in concentrating solar power. 
 
The EU�SOLARIS proposal is intended to comprise: 1) the new and advanced test and 
research facilities at the CTAER terrain (core facilities), and 2) other new or upgraded national 
infrastructures in Europe that are willing to join and contribute to the EU�SOLARIS initiative 
(distributed facilities). This will enable a major advance in the scale of research to be 
implemented in a faster timescale than is currently possible, due to the engagement and 
collaboration of a wider international research community. In particular, the existing free space 
provided by CTAER will allow for innovative industrial demonstration of individual and 
transnational collaborative projects, with strong teams of European researches and, eventually, 
from other non-European countries. 
 
Apart from CTAER and CIEMAT/PSA, the following research centres and organizations have 
expressed their interest in the EU�SOLARIS initiative. The two most significant Solar Thermal 
Electric Industrial Associations at world level, PROTERMOSOLAR (www.protermosolar.com, 
Spain, 86 members) and ESTELA (www.estelasolar.eu, European, 52 members) have also sent 
supporting letters of intent. 
 
These centres are the most relevant organizations in this field in the Southern European 
countries, where the use of these technologies is most likely to take place. Nowadays, Spain 
alone represents more than 95% of the market at world level, but it is assumed that CSP plants 
will be largely deployed in Portugal, Italy, Greece and Turkey in the coming future. Germany is 
one of the most important technology providers in this field, and its leading research centre –that 
has been cooperating with the PSA since the early 80’s– supports the EU�SOLARIS initiative 
as well. 
�
All these leading institutions, which are briefly described below, are deeply involved in the 
development of solar technologies and certainly have action plans for the future that will be 
discussed and negotiated during the preparatory phase.  
 
Contributions linked to the CTAER/PSA facilities: 
 
Portugal 
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LNEG through INETI approaches the energy sector from a perspective of establishing its 
position as a technological support institution for state policies in this field, interacting with the 
private sector and bringing about innovation in energy policies. 
Stemming from this vision on the field of energy, strategic objectives are defined, both structural 
and horizontal in nature and focusing particularly on Endogenous and Renewable Energy 
Resources, where activities focus on bringing forth new concepts and technologies for the 
promotion of renewable energy sources and extracting energy from wastes and boosting the 
safety of supplies. 
 
Italy (Supporting decisions from ENEA and Seconda Universita' degli Studi di Napoli still 
pending) 
 
ENEA contributes to minimizing energy-produced emissions with a view to improving energy 
technologies – especially renewable energy - by applying innovation to CO2 capture and 
confinement.  
Actually these research fields are of utmost importance. Indeed, based on the prevalent 
assessments the availability of energy-efficient technologies could be reached in times useful for 
facing the huge growth of energy demand from Asian countries where large coal reservoirs are 
available.º 
ENEA is developing projects on Distributed Energy in order to contribute to distributed 
generation penetration into the national electricity system by exploiting renewable energy 
sources and advanced technologies for energy production on the basis of Solar Thermodynamic 
Energy, setting up pilot plants – where high-temperature energy is produced by means of 
concentrating solar power systems – for the production of electric power, seawater desalination, 
and heat and cold generation for civil and industrial uses.  
�
Greece 
 
CRES is the Centre for Renewable Energy Sources, Rational Use of Energy (RUE) and Energy 
Saving (ES). CRES has been appointed as the national co-ordination centre in its areas of 
activity. Its main goal is the research and promotion of RES/RUE/ES applications at a national 
and international level, as well as the support of related activities taking into consideration the 
principles of sustainable development.  
CRES operates in two main fields of activity: as a Research and Technological Centre by 
developing applied research for the new energy technologies and by technically supporting the 
market for the penetration and the implementation of these technologies and as the National 
Energy Centre, working on energy planning and policy for RES and ES and developing the 
necessary infrastructure to support the implementation of RES&ES investment projects. 
 
Turkey 
 
METU The Middle East Technical University in Ankara is one of the leading R&D universities in 
Turkey. The overall volume of grants awarded to METU is among the highest in Turkey. 
Research incomes account approximately for over 35% of total income of METU.METU had the 
greatest share in national research projects funded by the Scientific and Technological 
Research Council of Turkey (TÜB�TAK). In the last five years METU is the premier university in 
Turkey, in terms of the number of the EU Framework Program (FP) projects. A wide spectrum of 
international COST, EUREKA, MEDA, NATO, NSF, UN, World Bank, Jean Monnet projects 
have also been carried out by METU researchers. 
The Solar Energy Research and Application Centre GÜNAM is prestigious centre active in both 
PV and CSP technologies with a wide spectrum of international collaboration projects. 
Additionally the Selçuk University through its Chemical and Engineering Department and the 
Advanced Technology Research and Application Centre will provide specific expertise in their 
related scientific areas.     
 
Germany 
 
DLR is Germany's national research centre for aeronautics and space. Its extensive research 
and development work in aeronautics, space, transportation and energy is integrated into 
national and international cooperative ventures. 
“Focused solar systems” is one of the main priorities in the energy areas. It includes work on 
both point-focusing systems ("solar ovens") and line-focusing systems ("trough concentrators"). 
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The two most important development areas are work on the direct production of steam in 
parabolic troughs and using solar energy to operate a gas turbine. Additional topics include 
storage of energy in the form of heat or in chemical form as alternative fuels produced using 
sunlight. With a team at the PSA in Almería (Spain), DLR has strategically important access to 
an ideal test site for solar-thermal power research where numerous large-scale studies are 
being conducted by international teams 
 
Contributions by pan-European partners and their facilities:  
The EU�SOLARIS initiative would respond to the need for a Pan-European network of research 
labs (focused, highly capable and mature). These centres have altogether an accumulated 
experience of hundreds of international cooperation projects.  

International Contributions 

The EU�SOLARIS initiative is open to international cooperation both with highly developed 
countries in this field, like the USA, and with potential new comers, as the Middle East and North 
Africa countries which are supposed to accommodate a huge number of Solar Thermal Electric 
Plans under the umbrella of the Solar Mediterranean Plan/DESERTEC. In particular, contacts 
have already been undertaken with relevant research institutions from Morocco, Algeria and 
Egypt which have expressed their interest in cooperating, up  to some extent, in the 
EU�SOLARIS initiative. 

CTAER has also contacts with solar institutions from Australia, India and China whose interest 
could be explored if it is found appropriate by ESFRI.  

Organization 

The EU�SOLARIS RI will integrate the CTAER/PSA major infrastructure facilities (core facilities) 
developed in Spain, as well as a set of jointly planned complementary facilities (distributed 
facilities), located in other leading European centres. All of them are intended to be collectively 
usable by international researchers through a joint access program that will be based on 
discussions between the partners of EU�SOLARIS. The distributed facilities can be expanded 
over time and will be locally managed by the institutions in which the facilities are located 
(always within the EU�SOLARIS framework). 

It is planned to organize the EU�SOLARIS governance structure as follows: 

� An Executive Board, with legal entity and representatives from each financially 
contributing country. The Board will appoint the management, lead the development of 
EU�SOLARIS, decide on the policy for accession of researchers and oversee the 
infrastructure operations. 

� An Advisory Board, with relevant nominated experts who will advise the Management 
Board on scientific or technical matters. 

In order to have EU�SOLARIS come into being after the preparation phase, it is proposed to 
form an international preparatory committee. This will act as a preliminary management board to 
monitor different working groups in charge of scientific/technical and administrative/financial 
issues. 

8. Costs for construction, operation and decommissioning, indications on project 
financing (half page, with references/links). Give budget info in M€ 

The table above compiles the estimated cost of EU�SOLARIS new infrastructures at CTAER 
exclusively. 

12,5 million Euros have been already assigned through an agreement between the Spanish 
Ministry of Science and Innovation and the Government of Andalusia. This budget has been 
allocated to the purchase of land, civil engineering works and construction of first research 
facilities (heliostat field + tower and test bed for parabolic trough modules).  

It is expected that an important part of the future investments will be co-financed by industry. 
The relevant collaboration procedures should be defined during the preparatory phase.  

The already existing assets in both CTAER and PSA exceed 60 million Euros.  

TOTAL PREPARATORY CONSTRUCTION OPERATION DECOMISSIONING
88,5 + Operation 3,5 80 3,0/year 5,0 
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The whole amount needed for the upgrading of distributed facilities to be hosted by future 
partners will have to be explored during the preparatory phase. These financial requirements 
shall depend on the type of operational agreements to be established among the partners. 

 

9. Timetable for construction, operation and decommissioning (half page, with 
references/links)with duration and possible starting dates. 
 
Preparatory phase: 1 year  
Construction phase: 4 years (+ continuous replacement of innovative demonstration projects)  
Operation phase: 20 years 
Decommissioning: 1 year  
 
10. Reference: Person who has submitted the proposal, and will follow up in 
ESFRI 
Luis Crespo  
General Manager of CTAER 
Paraje Retamares s/n PSA, Almeria (SPAIN) 
Phone: +34.950.104546; Mobile: +34. 672041489;  E-mail: luis.crespo@ctaer.com 
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RU09_02 MYRRHA 
 
 

Synthesis template for new / upgraded Research Infrastructure (RI)  
of pan-European relevance  

to be sent by the ESFRI delegations to the Executive Board for consideration 
 

1. Descriptive title, and information on the ESFRI delegation submitting the proposal 
(or one of the member of EIROForum)  

 

 
 

MYRRHA  
 

Multipurpose hYbrid Research Reactor for High-tech Applications 

“Science towards Sustainability” 
 

http://www.sckcen.be/myrrha 
 

submitted by the Belgian delegation in ESFRI 
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2. Synthesis description of the new RI (or major upgrade) and S&T fields involved at 
Pan EU level in its use. Add links to relevant data/web pages (half page max)  

Description: MYRRHA is intended to be a Pan-European large research infrastructure. Consisting 
of a hybrid system, that combines a high energy proton linear accelerator (600 MeV x 3.2 mA) and 
a lead-alloy cooled fast spectrum research reactor (60-100 MWth), MYRRHA can be operated in 
both sub-critical mode (ADS, accelerator driven system) and critical mode. 

 

 

MYRRHA concept  
MYRRHA research infrastructure facility, 

hosted by SCK•CEN (Mol, Belgium) 
S&T fields involved at Pan EU level: 

� To provide a multipurpose flexible fast neutron irradiation facility as part of the renewal of the 
infrastructure of the European Research Area (ERA) for experimental reactors; 

� To be operated as a flexible fast spectrum irradiation facility for testing materials and innovative 
fuels for ADS (www.nea.fr/html/ndd/reports/2002/nea3109.html) and 4th generation systems 
(GEN IV, www.gen-4.org) and fusion reactors; 

� To demonstrate accelerator-driven technology in the frame of the research on partitioning and 
transmutation (P&T, www.nea.fr/html/pt/welcome.html) of high-level waste; 

� To contribute to the development and demonstration of GEN IV Lead Fast Reactor (LFR) 
technology); 

� To perform fundamental research, making use of a fraction of the proton beam available within 
the facility to produce radioactive beams (ISOL@MYRRHA project currently under discussion in 
the NuPPEC Long Range Plan www.NuPECC.org); 

� To be an attractive and practical tool for talent development, for education and training of future 
generations of scientists and engineers and for valorisation of scientific research. 

MYRRHA as a fast spectrum irradiation facility completes the renewal of  the European Research 
Area of Experimental Reactors (Annex 1). As such, it fits within the implementation of the Lisbon 
strategy for growth by reinforcing ERA and facilitating the development and transfer of knowledge 
for the welfare and well-being of its population. 



ESFRI Energy WG 2010 

 95

Security of energy supply is of paramount importance for Europe. The Strategic Energy 
Technology Plan (SET-Plan) has identified nuclear fission energy as one of the contributing 
sources within the energy mix, if nuclear fission is made sustainable. The Sustainable Nuclear 
Energy Technology Platform (SNETP, www.snetp.eu) indicates that GEN IV fast neutron reactors 
supplemented by a closed fuel cycle is the way towards sustainable nuclear fission. MYRRHA 
contributes to both of the above objectives and therefore is included in the Strategic Research Area 
2009 (SRA 2009) of the SNETP.  

This will put Europe in a leading position in the field of the development of sustainable nuclear 
fission systems as part of the transition to a low-carbon energy mix to mitigate climate change. 
3. Science case: scientific area(s) and potential and/or explicit users, how the new 
RI will fit into the existing and future landscape of Research and of existing RI’s, at 
EU and World level (one page max, links to relevant documents, references). 

Future landscape: MYRRHA as a large research infrastructure, will be organised as an open 
users' facility in a European and international context, the non-proprietary access being granted on 
the basis of excellence, assessed by international peer-review. 

Since the MYRRHA facility will be operated as a sub-critical (ADS) and as a critical system, the 
following user communities can be clearly identified: 
� The ADS and P&T communities 
� The nuclear fuel community 
� The material fission and fusion community 
� The GENIV reactors and in particular LFR technology community 
� The nuclear physics community 
� The radiopharmaceutical community 

MYRRHA will be the first large facility in the world allowing the demonstration of the ADS 
concept that will trigger a large programme of research in the field of P&T. Transmutation of 
high-level, long-lived waste from spent fuel (minor actinides, MA) can be performed in an efficient 
way in fast neutron spectrum facilities. Both critical reactors and sub-critical systems (ADS) are 
potential candidates as dedicated transmutation platforms. However, in order to maintain a 
sufficient safety level, critical reactors cannot be loaded with a large fraction of MA due to 
unfavourable reactivity coefficients and the small delayed neutron fraction. An ADS operates in a 
flexible and safe manner, even with a core load containing a high amount of MA (50%) leading to a 
high transmutation rate. Thus the sub-criticality is not a virtue but a necessity for efficient and 
economical burning of the MA in a concentrated manner.  

MYRRHA will be the only fast spectrum irradiation facility in the EU (since the shut down in 
2009 of the Phenix reactor in France). Due to its characteristics, the fast neutron spectrum and 
high flux levels (1015 n/cm².s for energies greater than 0.75 MeV), MYRRHA offers the opportunity 
to respond to the needs of the nuclear fuel community and material fission and fusion community in 
terms of technological development and demonstration. Key elements for these user communities 
are flexibility and representativeness in irradiation conditions and in operation modes, and 
availability of large irradiation volumes. MYRRHA is designed from the very beginning to respond 
to these requirements. Therefore, it offers a unique environment for the development of GEN IV 
systems (Sodium Fast Reactor, Gas Fast Reactor, Lead Fast Reactor) and ITER and DEMO fusion 
facilities.  

As a critical lead-alloy based reactor, the MYRRHA facility will significantly contribute to the 
demonstration of the Lead Fast Reactor technology. The MYRRHA design allows the reactor to 
be run also in a critical mode. In this sense, MYRRHA can also respond to the need for a 50-100 
MWth European Technology Pilot Plant (ETPP) identified in the roadmap for LFR development and 
taken up in the SRA2009 of the SNETP.  

Part of the MYRRHA proton beam can serve as a source of radioactive ion beams (RIB) for 
fundamental physics research (see Annex 2). The 600 MeV proton accelerator, combined with 
the installation of an Isotope Separator On-Line system (ISOL), will allow to produce intense low-
energy RIB. This setup will complement other European (and international) RIB initiatives for 
fundamental physics, specifically for experiments requiring very long beam times.  

New generation of medical radioisotopes. Due to the higher flux levels that can be generated in 
thermal flux traps and due to its operational flexibility, MYRRHA offers the capability to produce 
specific medical radioisotopes. As such, it will contribute to the field of research concerned with 
therapeutic medical radioisotopes and as an essential European facility for their production. 
MYRRHA shall also serve as a backup production facility for the current generation of medical 
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radioisotopes. 
4. Technical case: summary of results (technical specifications) of conceptual 
and/or technical design studies (half page, list references/links). 

Technical design studies 

Since the initial concept in 1996, the MYRRHA project underwent several development and design 
stages. It has now reached a degree of maturity, making it fully ready for its launch (Annex 3). 

As from 2005 and the start of the EC FP6 EUROTRANS integrated project, MYRRHA has served 
as basis for the small-scale, short-term eXperimental facility demonstrating the technical feasibility 
of Transmutation in an Accelerator Driven System (XT-ADS) machine.  

Starting early 2009, building on the XT-ADS design, MYRRHA was revisited by SCK•CEN 
technical task force to achieve (XT-ADS-HF) the required high flux specifications (1015 n/cm².s for 
energies greater than 0.75 MeV). The EC FP7 CDT project (Central Design Team) is currently 
optimising the design for subcritical and critical mode operation (FASTEF: Fast Spectrum 
Transmutation Experimental Facility) as a last step towards detailed engineering design and 
preparation for components tendering. 

Technical specifications 

The current main parameters and characteristics of the MYRRHA facility are summarized 
hereunder: 

� The accelerator of MYRRHA is based on proven LINAC technology (600 MeV) as to be fully 
demonstrative for the industrial scale ADS (800 MeV to 1 GeV), and to cope with the very 
demanding requirements in terms of beam reliability (5 beam trips per operating cycle of 
3 months).  

� The spallation target concept of MYRRHA has been validated by calculations and experiments. 
Further design optimisation is being performed. 

� The core maximum sub-criticality level of keff ~ 0.95 assures a comfortable margin for safe 
operation. The total power ranges between 50 to 100 MWth, depending on the core loading and 
the experimental rigs inserted. The total neutron flux levels (1.0 1015 to 5.0 1015 n/cm².s) allow 
very high performance testing conditions. Further, this is achieved within the facility in large 
irradiation volumes in the core (about 20.000 cm³ in total).  

� The MYRRHA fuel design is based on Fast Reactor MOX fuel technology (~ 30% total 
plutonium content). The targeted fuel residence time is 3 years. The MYRRHA core is designed 
to accept MA based fuel assemblies whenever these will be available. 

� The MYRRHA reactor vessel is of a pool-type system. The core is cooled with lead-bismuth 
eutectic (LBE). The heat exchangers (using boiling water as a secondary fluid) and primary 
pumps are immersed in the vessel in dedicated casings. Interim fuel storage inside the vessel 
can accomodate the used fuel before it is transferred out of the vessel.  

� The MYRRHA building has been conceived from the very beginning taking into account remote 
handling 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 Joint European Torus fusion facility.  

Related technical publications are listed in Annex 4.  

Technical Description of XT-ADS can be found in Annex 5. 

In parallel, the MYRRHA CDT is permanently conducting a technical project risk evaluation as part 
of the overall MYRRHA project risk management, in order to monitor and safeguard the project 
viability and eliminate critical risks. Also, a dedicated R&D programme is conducted to mitigate 
possible technological risks (Annex 6). 
 
5. e-infrastructure: what does the new RI require as far as e-infrastructure? How is 
it integrated with the existing EU e-infrastructure (e.g. Geant, grid, digital 
repositories). 

E-infrastructure 
The development of the e-infrastructure for the MYRRHA project will be primarily based on the ICT 
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infrastructure of SCK•CEN. This infrastructure is continuously upgraded to respond to the overall 
needs of the Centre, as well as the specific needs of MYRRHA. The table below is a summary of 
the existing/future ICT tools that have been/will be used for the development of the MYRRHA 
project. 

EU e-infrastructure integration  
In order to promote scientific development at Pan-European level, specific attention will be given  to 
the implementation of ICT tools in e-grid configuration:  

� to support data acquisition, treatment and exchange; 
� to provide capabilities for remote follow-up of experiments.  

These applications shall take advantage of using the GEANT infrastructure to interconnect the 
various users communities in an efficient way. 
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6. Other expected socioeconomic impacts: development of new technologies, 
effects on training, involvement of industries, local impact, other (one page, 
references).

EU reference framework 

In order to evaluate the relevance of a proposed Research Infrastructure (RI) project, Europe 
considers a set of criteria for excellence, efficiency and impact of the project, on the dimensions of  
Science, Europe and Growth. Due to its specific nature and objectives, MYRRHA is well positioned 
to meet each of these criteria (see Annex 7). 

Study on the socioeconomic impacts 

In 2009, a study, conducted by an independent external organisation, was completed to evaluate 
the socioeconomic impact of MYRRHA at European, Belgian and regional levels. A selection of 
learning points from the study is included as Annex 8. 

In this study, a particular focus was made on how to optimise the impact of the infrastructure in 
order to generate lasting socioeconomic effects. To this extent, MYRRHA is positioned as a lever 
to attract and mobilise talent, which will enable SCK•CEN and the consortium running MYRRHA to 
perform as an engine of innovation and a source of economic development.  

The study has shown that significant impacts can be expected in the following areas: 

Development of new technologies   

� Feeding in several new technology areas the high-tech clusters of ELAt (Eindhoven-Leuven-
Aachen triangle) and Meuse-Rhine (Aachen, Maastricht, Liège triangle); 

� Creating spin-off companies for the newly developed technologies and attracting high-tech 
companies in the vicinity of SCK•CEN; 

Training 

� Attracting students and scientists, including offering education, training as well as top level 
experience for professional growth; 

Involvement of industries 

� Forging academic and industrial partnerships for joint and bilateral research and technology 
development programmes (both during the construction and exploitation phases); 

� Enhancing revenue generation through active business development and valorisation, in 
order to reinforce the financial viability for MYRRHA; 

Local and global impact 

� Maintaining the already existing close collaboration with regional authorities and other 
stakeholders to continuously improve fertile local conditions for the Centre as an engine for 
economic development (see Annex 9); 

� The study shows that the total economic impact of the MYRRHA project for the construction 
and exploitation phases (time span 2009 till 2050), amounts to almost 13 billion euros 
(13 G€). For 1 euro invested in MYRRHA, the average economic return for the contributing 
parties will yield 5.5 euros; 

� Construction of the MYRRHA infrastructure (2009-2020) corresponds to the generation of 
3,400 man*years of work. The total impact on employment (including indirect effects) 
amounts to several hundreds of jobs being, created right from the first project phase, with a 
peak of more than 2,000 jobs during the construction phase. These jobs will be distributed 
among various European countries; 

� During exploitation (2020-2050), MYRRHA will yield more than 2,000 lasting jobs including 
indirect effects on employment. 

7. Commitments / maturity: which States / Organizations have demonstrated 
interest / commitment in supporting and/or funding the proposal? 
Demonstrated interest and support 
More than 50 partners (universities, research centres and industrial parties) from various European 
countries are contributing to the progress of MYRRHA through the FP6 EUROTRANS Integrated 
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Project (2005-2010). Additional support to the project is provided through bilateral collaboration and 
contractual servicing. 
Partners in the Domain “Design” of the FP6 EUROTRANS Integrated Project are listed in below 
table.  
In the frame of the FP7 Central Design Team (CDT) Project (2009-2012), a partnership has been 
established with the partners listed in below table. As MYRRHA is moving to an industrial phase,  
the partners leading the major work-packages are coming from industry. 
 

 FP6 EUROTRANS – Domain “Design” FP7 CDT 

Country University Research 
Centre 

Industrial 
Party University Research 

Centre 
Industrial 

Party 

Belgium UCL SCK•CEN 
Tractebel 

Enginering, 
IBA 

SCK•CEN 

France CEA, CNRS AREVA CEA, CNRS AREVA 

Germany UFrankfurt-IAP KIT (ex-FZK) KIT (ex-FZK), 
FZD 

Italy ENEA, INFN Ansaldo 
Nucleare ENEA 

Ansaldo 
Nucleare, 

CRS4 
Netherlands NRG NRG 

Portugal ITN ITN 

Spain UPM CIEMAT Empresarios 
Agrupados 

UPM,
UPV CIEMAT 

Empresarios 
Agrupados, 

SENER, 
ADEX 

Sweden KTH 
U.K. OTL OTL 

Outside Europe contacts are established with the following institutions for possible contributions: 
JAEA (Japan), KAERI (South Korea), DoE (United States), IPPE (Russia), CIAE (China) and 
BARC (India). 

Commitments and Maturity 
The Belgian Federal Council for Science Policy (an advisory body to the Belgian Federal 
Government) has given its full support to the MYRRHA project as a priority Belgian research 
infrastructure proposed for the ESFRI roadmap. In its report of December 2008, the Council 
requested the further confirmation of the Belgian government for a financial commitment for this 
project. 
The MYRRHA project is also listed as a priority on the 2008 TGIR report for the French roadmap 
for large research infrastructures. 
In 2008, the Belgian Government requested OECD/NEA to carry out an international evaluation of 
the MYRRHA project. The final report by MIRT (MYRRHA International Review Team) was 
delivered to the Belgian government early December 2009 and concluded as follows:  

“The MIRT has concluded unanimously that MYRRHA is an innovative and exciting project , 
that the facility would be unique in Europe, indeed in the world, and could play a valuable role 
both in the management of radioactive wastes and also in the development for the longer term 
of advanced nuclear reactors, both fission and fusion. It could help the EU achieve the vision 
set out with the launch of Europe’s Sustainable Energy Technology Platform…  
(The MIRT therefore recommends to the Belgian Government) that the MYRRHA project be 
given the go-ahead, including funding, for a further phase of work” 

When publicly available, the report will be accessible to the ESFRI experts. 

In August 2009, as part of the second meeting of the MIRT, an event was organised in which a 
broad delegation of regional stakeholders and actors pledged explicit support to the MYRRHA 
project (see Annex 9). 

A dedicated European task force (including representatives from Belgium, Czech Republic France, 
Germany Italy, Spain, and UK) is preparing the European Sustainable Nuclear Industrial Initiative 
(ESNII), based on the Strategic Research Agenda of SNETP. The ESNII task force is explicitly 
supporting MYRRHA as  one of the key research infrastructures to be realised. 

Growth of the Project Organisation 

End 2008, in addition to the CDT, the management of SCK•CEN has decided to create a dedicated 
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finance and policy task force with the mission:  
� to develop an overall, consistent and integrated project approach; 
� to prepare the project legal framework in view of establishing an international consortium;  
� to promote the project at national and international level; 
� to identify suitable financing sources. 

MYRRHA being proposed as an open user facility for the international research community in the 
fields of physics and nuclear engineering as well as for material and nuclear fuel science, the 
further steps shall be: 

� the creation of the Owner Consortium Group (OCG) within the 2 coming years; 
� the establishment of a Users/Customers Group of the facility within 4 to 5 years. 

The OCG will consist of partners that are interested in the realisation and later on in the operation 
of MYRRHA. These partners are acting as representative of their countries or in their name. 

The OCG will be taking the overall responsibility of the project and will be led by SCK•CEN as it is 
the hosting organisation of the facility on its site. The OCG will establish a MYRRHA Central 
Project Management Team based at Mol and responsible for the daily project management, control 
and follow-up of the project.  

The Users/Customers Group will be set up to further help detailed definition of the future needs and 
to survey the possible implementation in the facility. 

Funding 
A strategic alliance kernel for investment funding will be established. 
First, the support from the Belgian Federal Government, as a pre-requisite for the project, shall be 
confirmed early 2010, for 40% of the project funding. 
A nucleus of foreign major partners in the field of research, where the proposed facility is to serve, 
includes already CNRS (FR), CEA (FR), CIEMAT (SP), KIT (DE), ENEA (IT) as well as industrial 
partners such as Empresarios Agrupados (SP) and Ansaldo Nucleare (IT). 
Belgian industrial partners such as CMI and IBA have already expressed interest.  
The project is seeking for additional partnerships (public and private). 
Altogether, these partners shall contribute to another 50-55% of the project funding. 
Possible European funding (5-10%) is also expected in the frame of the SET-Plan and/or RTD 
framework programmes. 
In 2009, contacts were established with the European Investment Bank. ERCF financing 
opportunities (ESFRI RSFF Capital Facility) were discussed as to provide flexible funding for the  
members of the OCG under the form of a long term loan with ad hoc grace period and minimal 
interest rate. The revenue generating activities, identified in the business plan, will constitute the 
basic capacity for the reimbursement of the loan. EIB is now awaiting the Belgian political 
commitment and the legal structure for the project before concrete RSFF finance (Risk-Sharing 
Finance Facility) could facilitate its implementation. 

 
8. Costs for construction, operation and decommissioning, indications on project 
financing (half page, with references/links). Give budget info in M€ 

The detailed business plan for MYRRHA exists (see Annex 10) and has been updated in 2009 to 
reflect the latest technical specifications and the project strategic developments. 

The total construction cost amounts to 960 M€(‘09), and will be spread over a 12 years period. It 
includes direct costs (building and equipment), indirect costs (management, engineering and 
licensing) and provision for contingencies. 

The total operating costs are estimated to 46.4 M€ per year, inclusive of a yearly provision for 
decommissioning cost (8.2 M€/year).  

Since the final goal is to further develop the project beyond the borders of fundamental science into 
an “S-T-S model” (Science, Technology & Services), a reinforcement of the internal organisation of 
the project is foreseen and amounts to 14.6 M€/year (mostly personnel cost) and shall be cost-
neutral versus supplemental related generated revenues. 
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Total preparatory 

cost 
(1998-2009) 

 
40 M€ 

 
Total construction cost

(2009-2020) 
 

960 M€ 
 

 
Operation cost /year 

(2021-2050) 
 

46.4 M€ / year 
 

(personnel, energy, nuclear 
fuel, maintenance, 
decommissioning) 

 
Decommissioning 

cost 
(2050) 

 
105 M€(’09) 

 
 

 
of which already  
100% spent or 

committed 
 

� 85% SCK�CEN 
� 15% FP5 + FP6 

 
 

contributions committed 
or indicated by possible 
funders: 
 
under discussion with 
European research 
institutes, government 
institutions, international 
industrial partners and 
European Investment 
Bank. 
 
foreseeing: 
� 40% Belgium as a 

member of 
consortium 

� 50-55% other 
members of 
consortium  

� 5-10% EU funds 
 

NB: 10-20% EIB loan 

contributions by possible 
funders: 
 
 
under discussion 
but foreseeing: 
 
� endowments from 

consortium members 
� joint research 

programmes 
� bilateral research 

programmes 
� irradiation services  
 

 
 
 
 
decommissioning 
cost will be covered 
by the build-up of a 
yearly provision 
(8.2 M€/year) 
included in the 
yearly operation 
cost. 
 

9. Timetable for construction, operation and decommissioning (half page, with 
references/links)with duration and possible starting dates. 

The key dates are the following (more detail can be found in the business plan - Annex 10): 

� Mid 2009: Freezing of the conceptual design in the EUROTRANS framework 

� 2009-2013: Detailed engineering design, preliminary and safety assessment report and 
site preparation 

� 2014-2016: Fabrication of the components by the manufacturers and civil engineering 
realisation on the site 

� 2017: Assembling on site 

� 2018-2019: Commissioning of the facility at progressive levels 

� 2020: full-power operation 

2050 (expected): shut down of the machine and preparation for decommissioning. 
10. Reference address for follow up 

Prof. Dr Hamid Aït Abderrahim 

Advanced Nuclear Systems Institute, Director 

SCK•CEN  

Boeretang 200 

B-2400 Mol, Belgium 

Tel : +32 14 332277, Fax : +32 14 321529 

haitabde@sckcen.be or myrrha@sckcen.be 
http://www.sckcen.be/myrrha
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Annex VIII: ESFRI energy projects on the roadmap 2008 – 
updated project descriptions 
 
ENE2010_032_ECCSEL 
 

1. Descriptive title, and information on the ESFRI delegation submitting the 
proposal (or one of the member of EIROForum)  
 
European Carbon Dioxide Capture and StoragE Laboratory Infrastructure 
(ECCSEL) 
 
2. Synthesis description of the new RI (or major upgrade) and S&T fields 
involved at Pan EU level in its use. Add links to relevant data/web pages (half 
page max)  
The current ECCSEL proposal addresses the need for a powerful European research 
infrastructure within Carbon dioxide Capture and Storage (CCS). This requires major and 
strategic  upgrading of existing CCS research infrastructures, development of new unique 
laboratories, as well as goal-oriented strengthening of networks between European CCS 
laboratories. Such a RI will enhance European competitiveness within CCS technologies, 
contribute to the defragmentation of work within this topic and improve security of supply for 
energy in Europe. 
The following aspects are currently characterizing the CCS situation:  
i) CO2-reduction is a European political priority 
Europe has adopted aggressive targets for curbing carbon dioxide (carbon) emissions, the 
aspiration is 20% cut by 2020 and to push for 50% by 20501. 
ii) States are making slow progress towards these targets, in part because cost-effective 
technological solutions for a) alternative energy supply and b) capturing and storing CO2 are 
developing slowly. This is in strong contrast to the ambition in the SET plan2 
iii) There is an urgent need to develop more cost effective and inherently environmentally 
benign CCS technologies. At present the added cost of CCS applied to conventional fossil 
fuelled power plants is in the range of 45-60€/MWh3. This hampers the deployment of CCS 
and more efficient technologies are needed. CCS is a major tool in curbing emissions and 
may contribute by 20-30% of the needed emission cuts by 20504.  
 
Current technologies (utilising chemical solvents and sorbents, membranes and power 
cycles deploying existing materials and components and present understanding of storage 
options and management) are thus sub-optimal. A new generation of research activities, 
encouraging some of Europe's best researchers to address these problems through in-
depth/advanced quality research, requires a major upgrade of existing facilities (more 
advanced equipment and technologies) to bring about a critical mass of advanced and 
integrated facilities. 

An important location identified is the Trondheim cluster where 650 researchers current work 
on greenhouse gas management technologies in two facilities previously recognized as 
European Research Infrastructures (ENGAS - for environmental gases 
management/replacement, and the Multiphase flow facilities). Trondheim researchers (from 
NTNU, the national technical university, and SINTEF, one of Europe's largest research 
institutes) work directly with all of the oil and gas companies involved in Europe's largest oil 
and gas fields (in the North Sea, and increasingly further North), and have been heavily 
engaged in several of the EU Framework Programme and national CO2 management 
projects undertaken to date (see Enclosure, Appendix 2) 
 
To address the current research challenges, a major upgrade of existing facilities in Europe 
are needed. The goal of this initiative brought forward by Norway is to start up a process 
where this may be achieved by a Pan-European team work. This initiative is focusing on the 
challenges to establish infrastructures for new materials and processes, new absorption 
processes, new combustion facilities, freeze-out labs and storage test labs.  
 
This major and strategic upgrading of existing Carbon dioxide Capture and Storage (CCS) 
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research infrastructures clearly needs a pan-European approach to optimally build further on 
existing critical mass and expertise. ECCSEL will therefore continue development of this 
initiative with European partners further detailing their contribution. In combination with 
infrastructure, network enhancements will facilitate an integrated programme of research 
with other leading European CCS-related laboratories. This will create the major next-
generation infrastructure needed to tackle CCS, and to integrate research teams and 
laboratories in a more coherent approach / scale of effort to help bring about the rapid 
technological advances now required.
3. Science case: scientific area(s) and potential and/or explicit users, how the 
new RI will fit into the existing and future landscape of Research and of 
existing RI’s, at EU and World level (one page max, links to relevant 
documents, references). 
a) CCS combines three approaches to capture (pre and post combustion and O2/CO2 -
oxyfuel- recycle combustion capture) and three approaches to storage(aquifers, depleted 
oil/gas fields, coal bed methane). Attempts to develop new and improved methods of 
achieving this have been pursued in national and EU programmes by specialist groups and 
facilities such as those in Stuttgart and DLR (strong in oxy-fuels, coal, hydrogen 
combustion), NTNU/SINTEF/TNO/TUD/IFP (Absorption for CO2 capture, utilising new 
materials and processes; pre-combustion), IFP/ELGI/TNO (CO2 storage monitoring and 
integrity) and other specialist labs involved in EU projects such as ENCAP, CASTOR, 
CACHET, DYNAMIS, COACH, DECARBit, CESAR and CAESAR.  
 
Outside of Europe leading centres include University of Regina Canada (post-combustion), 
MIT (CCS processes and integration) and Stanford (GCEP programme) in USA, CO2CRC, 
Australia (storage and absorption, capture in general), AIESTE and RITE (new materials, 
membranes, sorbents) in Japan. 
 
b) Individually some of these groups are world leaders in specific fields, and in combinations 
for research have made substantial progress in developing advanced integrated solutions to 
specific CCS problems (e.g. CASTOR pilot plant for CO2 capture and SLEIPNER CO2 
storage (through the SACS project)) 
 
c) The development of the next generation CCS lab (ECCSEL) and enhanced integration 
network for European research on CCS is intended to facilitate a comprehensive approach 
to CCS. Individual researchers and research teams will be able to work on the most 
promising routes.  Further to optimize the science needed for more strategic research to 
underpin applied technological advances. In particular the upgrades facilities will enable 
more advanced levels of research in post combustion absorption (needed to address the 
more near term options), new materials and processes (needed to reduce the cost and 
reliability of next generation CCS processes), combustion facilities (to enable oxy-fuel CCS 
processes and efficient hydrogen combustion) and storage facilities (needed for improving 
the knowledge of storage in aquifers and to develop qualification methods and mitigation 
strategies). 
 
The results generated within this field will be of utmost importance in a global context to curb 
emissions. Globally we see the developing economies now ramping up energy use and 
some studies have shown that China is now the largest emitter of greenhouse gases5 in the 
world- taking over the leadership from the US. China alone developed 102GWe new 
capacity in 20066, 85% by coal- this is near equivalent to the generating capacity of France. 
CCS R&D and deployment strategies is thus very important on a global scale, it is a matter 
of developing new technologies in Europe, for Europe and from Europe for curbing global 
carbon emissions. 
 
 
4. Technical case: summary of results (technical specifications) of conceptual 
and/or technical design studies (half page, list references/links). 
The huge advantage that has come from cooperation through transnational and 
national programmes, has helped to clarify where the major challenges are and where 
the ECCSEL is needed to reduce the current deficits for the next generation research. 
A Gap analysis performed by the ZEP and IPCC is presented in the ENCLOSURE, 
APPENDIX 1. 
To handle the tough challenges facing us in bringing forward energy efficient and economic 
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solutions, the following need for new infrastructures have been identified for the Trondheim 
hub of ECCSEL in the first phase 

� Absorption Laboratory    
� New Materials and Processes Laboratory 
� Combustion Laboratory     
� Storage Laboratory     
� Freeze-out Laboratory     
� Mongstad Research Laboratory 

These labs also include Pan-European partner labs as described in section 7 
 

The ECCSEL will be addressing the following span of test facility capabilities: 
CO2 concentration : 3-15% by volume 
Capture rates  : 0,1 – 200 kg/hr of CO2 
Thermal capacity               : 0,1 – 1000 kW (note MW’s available for the industrial lab sites) 
Impurities  : 1-10000 ppm of various impurities (SO2, H2S, NOx,…) 
Pressure  : 1-40 atm, from post-c conditions to high rated gas turbine cond. 
Temperature  : (-80)10- 10000C ((freeze out) to post-C and pre-C conditions) 
Fuel feed/exhaust   : coal and gas exhaust 
Hydrogen feed  : equivalent to up to 500kW H2 
Oxygen feed  : as required  
Storage capacity               : from some kilos to megatonnes (lab to full scale operations) 
 
The ECCSEL laboratories will contribute substantially to the realization of the tough targets 
brought forward in the Road Map for EU ZEP Technology Platform (see below). 
 
 
 

 
EU ZEP Technology Platform R&D Road Map 

5. e-infrastructure: what does the new RI require as far as e-infrastructure? 
How is it integrated with the existing EU e-infrastructure (e.g. Geant, grid, 
digital repositories). 
The sites and governing body will be connected through a network utilising web-hotels and 
make use of internet facilities for net meetings, transfer of data and monitoring of 
experiments, setting up databases etc. A feature of the collaboration is that it will be built 
upon an infrastructure, comprising  for instance of grid computing software, which can 
provide researchers with shared access to large data collections, advanced ICT tools for 
data analysis, large scale computing resources, and high performance visualisation, among 
other examples. The RI will encompass a type of virtual research environments (VRE), i.e. 
working together effectively through the use of information and communications technology. 
Within the community, researchers can collaborate, communicate, share resources, access 
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remote equipment or computers and produce results as effectively as if they, and the 
resources they require, were physically co-located.  
A VRE will be able to cope with the cultural and methodological differences of different 
disciplines. It will enable effective team work that can be as open and participative, closed 
and private, formal or informal and structured or unstructured as required; it will change 
between these states dynamically, depending on the nature and the stage of the research. A 
separate homepage has been established for the ECCSEL proposal, see: www.eccsel.no 
 
6. Other expected socio-economic impacts: development of new 
technologies, effects on training, involvement of industries, local impact, 
other (one page, references). 
The ECCSEL RI will enable the European innovation cluster to effectively develop 
competence and to test at various maturity new technologies. The market prospect for CCS 
plants is estimated to be between 5000 and 7500 in total by year 2100. If Europe succeeds 
in capturing part of this market it will be of great benefit for the European society in terms of 
job creation and improved living conditions/security. CCS will enable coal to be used in a 
sustainable manner and thus improve security of supply for the Europeans and on a global 
scale. It is estimated that 100-200 researchers per year can make use of the RI’s included in 
the ECCSEL which not would have been possible without such RI’s. An overview of current 
R&DD efforts within CCS is given in ENCLOSURE APPENDIX 3. As seen from these 
diagrams, all routes for CCS is pursued by the industry and there are substantial interest to 
develop this within 2015-2020.    
 
The proposed ECCSEL location hub in Trondheim is one where NTNU and SINTEF employ 
650 researchers in the current ENGAS Research Infrastructure, and the research 
headquarters of the largest Norwegian oil and gas company (StatoilHydro), itself a large 
stakeholder in many large EU Integrated Project on CCS is located. NTNU and SINTEF 
currently work with the following partners on CCS research: ALSTOM, BGR, IFP, BRGM, 
DONG, ENItechnologie, GdF, GEUS, GVS, Imperial College, OGS, Doosan Babcock, TNO, 
E.ON, PPC, REPSOL, ROHÖEL, RWE, SIEMENS, StatoilHydro, Univ. of Stuttgart, Twente, 
Delft, Ulster, Paderborn, Sofia, Roma, ETH, TUM, Tsinghua, Vattenfall, Air Liquide, BOC, 
Chalmers, DLR, Linde, Lurgi, Air Products, Chevron, ConocoPhillips, CSIC, ENDESA, ECN, 
Fraunhofer, SHELL, Technip, BP, BGS, ECOFYS, Schlumberger, IEA-GHG, JRC, 
Progressive Energy, Societe General, SNSK, Harriot-Watt, IRIS, DNV, GFZP, PAS, TOTAL, 
Wintershall, KTH, PetroChina and TPRI. 
 
NTNU has been heavily involved in European research training, with 14 EU-supported 
doctoral researcher training centres including the following:  

� CombuSite - Combustion technology for a better environment  

� Echochem - Eco-efficient design and control of environmentally-friendly reactors 
and processes  

� MP Multiphase Flow  

� SurFace - The Membrane Surface as a Catalyst/Barrier  

� EcoEffDryers - New Eco-efficient drying technologies  
 
NTNU and SINTEF are presently involved in CCS projects exceeding 125M€, and are 
leading CCS projects for the total budget of approximately 90M€.  
 
NTNU-SINTEF was able to support Statoil and Kværner in the successful development of 
the CO2 capture and injection system at the Sleipner field and for monitoring and assessing 
the suitability of the Utsira aquifer to store CO2. The Sleipner project was the world’s first 
commercial-scale off shore storage of CO2 for mitigation of climate change. The CO2 is 
injected into a large, deep saline reservoir, the Utsira formation, 800m below the bed of the 
North Sea ( http://www.ieagreen.org.uk/sacshome.htm). The storage at Utsira has been 
subject to many R&D projects funded by the EU framework programmes for research and 
international collaboration (DoE). 
 
At local level, NTNU and SINTEF are actively engaged in the development of spin-out 
companies, with dedicated services providing advice and coaching for new entrepreneurs. 
The local research park has more than 100 spin out companies which are exploiting the 
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science and technologies developed in either NTNU or SINTEF (or both). 
 
7. Commitments / maturity: which States / Organizations have demonstrated 
interest / commitment in supporting and/or funding the proposal? 
This proposal is for a major upgrade of existing facilities to enable a major advance in the 
scale of research to be implemented in a faster timescale than is currently possible - and to 
enable this to be done with the engagement and collaboration of a wider international 
research community.  
 
In the sense that this builds on existing facilities that have been developed for ad hoc (but 
highly significant and industrially influential) research projects with individual partners, and 
transnational collaborative projects with strong teams of researchers outside Norway, the 
facility and its development plans may be considered to be 'mature'. 
 
Contributions linked to the Norwegian Roadmap NCCL: 
What is proposed here in terms of upgrades / new infrastructure is based on the following 
commitments: 
Norway is promoting this proposal and supports this initiative. Within Norway there are 
several partners which operate research infrastructures that will contribute to the totality of 
ECCSEL that will become available through the ESFRI for collaborative research with other 
European researchers. These laboratories are linked by a Norwegian Roadmap NCCL. 
Examples of these facilities include: 
 
SINTEF – large research institute- operating two principal labs- Heat and Power labs and 
the Chemistry and Materials labs proposing 6 new subordinate labs relevant for this 
proposal (absorption, separation, combustion, freeze-out, societal and storage labs) 
NTNU- sharing above infrastructure with SINTEF, and also operate additional infrastructures 
under the EUFP6 ENGAS RI (Environmental Gas Management) 
IFE- large energy research institute- labs for advanced CO2 separation techniques to 
hydrogen, fluid mineral reactions, CO2 corrosion testing and tracer monitoring technology 
CMR- Christian Michelsen Research- fuel cell lab, visualization facility. measurement 
technology lab 
UIB- University of Bergen – reservoir technology lab, geology analysis lab, geobio lab, 
seismic lab, computational science facility 
IRIS and University of Stavanger- test lab for CO2 absorbents 
DNV- Det Norske Veritas- qualification/verification labs for CCS technologies, test lab for 
transport solutions- verification. 
TCM-Test Center Mongstad (near Bergen)- European CO2 test center - test center for 
new CCS Technologies operated by StatoilHydro, Shell, DONG, Vattenfall and the 
Norwegian Government (through Gassnova). We need this pilot plant scale-up to see “what 
does work”. 
UNIS- The University Centre in Svalbard- researching storage possibilities at Spitsbergen- 
is conducting well drilling and geological investigations for a storage field lab in 
Longyearbyen. 
StatoilHydro including R&D Centres - operate CCS facilities at Sleipner gas field and 
Snøhvit LNG plant CCS - storing 1.7 million tons of CO2 annually- several R&D test facilities.
Aker Kværner labs, operated by Aker Kværner- facility at Kårstø for capturing CO2 from a 
natural gas processing plant. 
CO2 Alliance, informal group of Norwegian R&D providers within the CO2 topic, 
encompasses all mentioned R&D providers mentioned above. 
The list of additions to the existing infrastructures which would represent a major upgrade of 
the facilities (absorption labs, CO2 storage labs, etc) are proposed following consultations 
with a) industrial companies involved in oil, gas and coal industries, b) international research 
partners with which NTNU / SINTEF currently work / exchange researchers / collaborate in 
research planning, and c) the national research council and relevant Ministries in Norway. 
 
Contributions by Pan-European partners and their facilities:  
International discussions with leading European laboratories have identified the need for a 
Pan-European network of research labs (focused, highly capable, and mature) to be 
partners with the upgraded ECCSEL facilities in the future development of advanced co-
operative CCS research. These leading laboratories (current list - but not an exclusive list, 
nor one that would be fixed) include: 
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DLR Stuttgart – Institute of Combustion Technology – together with the University of 
Stuttgart (UStutt) Test facility and lab for high pressure combustion testing of hydrogen, 
oxy-fuel and other CCS fuel gases also test labs for coal research. Planning for a major 
upgrade of the labs for CCS purposes in order of several million Euros although not detailed 
here at this stage. LoI attached 
Technical University of München (TuM)- Labs for exploring safety aspects of enriched H2 
combustion relevant for CCS plants. In particular planning for a facility upgrade of 1.5M€. 
LoI attached 
ELGI- (Eotvos Lerand Geophysical Institute of Hungary) having at disposal and for 
future development passive/active seismic systems for CO2 monitoring and storage integrity. 
Plans include infrastructure for 50 seismic stations to be deployed at a storage site for on-
line monitoring- 1 M€, 5% per year operating cost. LoI attached 
Eidgenossische Technische Hochschule Zürich (ETH)- New materials and processes 
labs- focusing adsorption processes for CO2 and the requirement for high 
pressure/temperature resistant materials with high capacity. An investment exceeding 3M€ 
is foreseen. LoI attached 
Polish Academy of Sciences- Institute of Chemical Engineering (PAS)- Adsorption lab 
and mineralization lab at hand, planning for a hybrid membrane adsorptive (PSA) system to 
study pre-combustion separation (around 250 m3 (STP)/hr of syngas)and a packed 
absorption column for high pressure applications, cost estimate 1 M€, 10% operating cost 
per year. LoI attached. 
University of Zagreb(RGN)- Planning a future laboratory system for studying the dynamics 
of CO2 percolation through samples of cap rocks. New equipment and laboratory facilities 
are planned which can amount up to 1 M€ in investment. LoI attached. 
 
Netherlands Organisation for Applied Scientific Research (TNO) 
CCS is an important topic for TNO, the largest fully independent non-profit research 
organization in the Netherlands (4,500 employees). We cover the whole chain of CCS from 
generation up to storage. Our contribution to ECCSEL can be extended but is currently 
focussed on two main topics:   
- Absorption labs: TNO is planning the extension of its absorption labs in cooperation with 

TU Delft. TNO works specifically towards improved and alternative solvent systems for 
CO2 capture, membrane contactors that allow compact/effective mass transfer as well as 
process integration. Planned investments concern facilities for advanced screening of 
solvents, facilities for the generation of thermo-dynamical data required for scale-up and 
capture testing at site. 

- Storage Labs: TNO is planning to develop state of the art lab facilities to investigate the 
effect of CO2 under in situ conditions on the reservoir rock, the seal and the near well 
materials and equipment (cement, steel and technical (long term monitoring )equipment. 
This will be done by HP/HT reaction vessels in combination with full analytical facilities 
(e.g. CT scans, SEM, conductivity). Part of the equipment is already operational whereas 
other equipment needs to be upgraded or  acquired. 

LoI attached. 
 
Technical University of Delft (TUD)- Labs for combustion technologies (post- and pre-
combustion, oxyfuel, pilots), capture technologies (solvents development, conceptual 
design, scale up, optimization and development of (new) equipment, gas treatment), 
integrated processes, capture/storage research (mineralization), materials and corrosion 
research related to power generation. 
 
Among others TUD is planning the extension of the high pressure absorption unit (e.g. two 
columns for continuous ab-/desorption), pressurized gasification unit, mini/micro-plant 
technology for systems analysis and adsorption and mineralization technology. LoI attached.
 
IFP - CCS is the first strategic priority for IFP (1,720 employees) the French R&D, training 
and information body which main mission is to develop the transport energies of the 21st 
century.  Our research activities cover the whole chain of CCS including capture, CO2 
conditioning and transportation, injection and storage. Our contribution to ECCSEL will 
include 4 main topics: 
 
- Absorption pilot: this pilot will allow development of  amines based process, test of 
equipment such as membrane contactors and new packings but also breakthrough process 
for CO2 capture such as the solvent demixing process studied by IFP at lab scale; 
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- Adsorption pilot: this pilot will allow test of sorbents studied by IFP at lab scale; 
 
- Kinetics lab: this lab will be equipped for studying mainly the rate of CO2 capture by 
chemical solvents. 
 
- Storage lab: this lab will be equipped for injectivity evaluation, characterization of cap rock 
for leakage prevention, characterization and understanding of cement chemical degradation 
in contact with acid gases. 
 
These sites constitute an informal network in Europe within CCS research due to close 
cooperation within FP5 and FP6/7, and will form an excellent basis for the further 
development of ECCSEL. Further support have been received from GEUS- The Geological 
Survey of Denmark and Greenland for the establishment of ECCSEL and to support this 
with designated lab facilities in due time. GEUS is a key R&D provider for geological storage 
of CO2 and has/is co-ordinating many EU FP5 and FP6 research projects within this field 
(GESTCO, Geocapacity) 
 
 
8. Costs for construction, operation and decommissioning, indications on 
project financing (half page, with references/links). Give budget info in M€ 
 
 

* Input to National infrastructure roadmap-Norway 
 
 

Total preparatory cost 
(M€) 

Total 
construction 

cost (M€) 

Operational 
cost/year 

(M€) 

Decommissioning cost 

NTNU-SINTEF 
Absorption labs* 

8 0,4 Responsibility of site owners 

NTNU-SINTEF New 
materials and processes 
lab* 

4 0,2 Responsibility of site owners 

NTNU-SINTEF 
Combustion lab* 

4 0,2 Responsibility of site owners 

NTNU-SINTEF Storage 
lab* 

4 0,3 Responsibility of site owners 

NTNU-SINTEF Freeze-out 
lab* 

3 0,2 Responsibility of site owners 

Mongstad Research Labs 25 2,0 Responsibility of site owners 
TNO-TUD Absorption labs 10 0,9 Responsibility of site owners 
TNO Storage Labs 3 0,3 Responsibility of site owners 
IFP absorption pilot, 
adsorption pilot and 
kinetics lab 

6 1 Responsibility of site owners 

IFP Storage Lab 2 0,2 Responsibility of site owners 
Other European labs 12 0,6 Responsibility of site owners 
SUM 81 6,3  

9. Timetable for construction, operation and decommissioning (half page, 
with references/links)with duration and possible starting dates. 
The timing for the development of ECCSEL is dependent upon the extent to which it is 
prioritised at European level. If ESFRI considers that the major upgrade proposed deserves 
inclusion in the ESFRI roadmap by 2008 it is expected that major partners will commit 
themselves to realise this significant European Research Infrastructure.  
 
The envisaged timetable would then be as follows: 
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Decommissioning cost and responsibility will be covered by the hosting lab party - this will 
be specified in separate agreements. Preparations for the ECCSEL can start immediately 
after a clarification of inclusion in the European Infrastructure Roadmap. It is foreseen to 
take approximately 6 months. 
 

 Start 
(year) 

 

Operation 
(target) 

NTNU-SINTEF Absorption labs 2008 2010 
NTNU-SINTEF New materials and 
processes lab 

2008 2010 

Combustion lab 2008 2010 
NTNU-SINTEF Storage lab 2008 2009 
NTNU-SINTEF  Freeze-out lab*                2009 2010 
TNO-TUD Absorption labs                         2009 2010 
TNO Storage Labs                                       2009 2009 
IFP pilots and labs                                       2009 2010 
Other European labs  and Mongstad 
Research Labs                                                  

to be determined           to be determined           

10. Reference: Person who has submitted the proposal, and will follow up in 
ESFRI 
Arne Bredesen (NTNU) and Nils Røkke (SINTEF) in collaboration with Sissel Hertzberg 
(NTNU) with the following Working Group members: Bjørg Andersen - IFE; Eli Aamot - 
StatoilHydro, Oscar Graff - AkerKværner,  Stein B. Jensen – DnV, Geir A, Johansen – UiB 
and Hallvard Svendsen, NTNU. Close discussions with key personell at the supporting Pan-
European entities. 
 
Submitted by NTNU – The Norwegian University and Science and Technology 
(www.ntnu.no) and SINTEF (www.sintef.no), one of the largest research institutes in Europe. 
Both institutions are situated in Trondheim and are working closely with European R&D 
institutes and industry (oil and gas, power generators, vendors and engineering companies) 
to find new and better ways for capture and storage of CO2 from fossil fuel energy 
conversion. 
NTNU also host the Environmental Gas Management Research Infrastructure ENGAS RI, 
consisting of 14 unique laboratories, where people work to goal-oriented on environmental 
gas management from source to end-user (www.ntnu.no/engas). 
 
All information about the ECCSEL initative, proposal, Letters of Intent, contacts and 
references may be found on the ECCSEL home page (www.eccsel.no). 
 
 
 
1 European Spring Council, March 2007- declaration 
2 SET-PLAN, communication from the commission to the council, the European parliament, the 
European economic and social committee and the committee of the regions – 22 November 2007  
3 IPCC Special Report, 2005 – Carbon Dioxide Capture and Storage- see www.ipcc.ch, ISBN 92-9169-
119-4
4 IEA 2006, Energy Technology Perspectives 
5 For instance press release from Netherlands Environmental Assessment Agency, 19 June 2007 
www.mnp.nl/en/dossiers/Climatechange/moreinfo/Chinanowno1inCO2emissionsUSAinsecondposition.
html 
6 The Wall Street Journal, 15-17 June 2007- page 20
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ENE2010_032 HIPER 
 

1. Project’s name and descriptive title 
 
 HiPER – The European High Power laser Energy Research facility. 
 
2. Short description of project and main characteristics 
HiPER is a large-scale laser facility designed to allow Europe to take a leading position in the 
pursuit of Inertial Fusion Energy, whilst offering an internationally unique capability for science 
under extreme conditions of temperature and pressure. It will open up entirely new areas of 
research, providing access to physics regimes which cannot be explored on any other science 
facility. The preparatory phase project is now well underway, involving scientists from 26 
institutions across 10 nations (with 6 of these represented at the governmental or national 
funding agency level, along with 2 regional governments, direct involvement from industry, and 
formal links to institutions in Russia, USA, China, Japan and the Republic of Korea). 
 
Inertial Fusion Energy (IFE) lies at the heart of the design of HiPER. Fusion is often called the 
“holy grail” of energy sources – combining abundant fuel with no greenhouse gas emissions, 
manageable waste products, and a scale that can meet mankind’s long-term energy demands 
in a manner compatible with existing electricity grid infrastructure. Fusion combines hydrogen 
isotopes to create helium gas and a neutron which is captured to provide heat for a 
conventional turbine. The IFE solution for fusion is a proven scientific concept. A laboratory 
demonstration of ignition and gain (net energy production) using lasers for IFE is now imminent 
– expected between late 2010 and 2012, marking the culmination of 50 years’ research. This 
“game changing” event will attract significant public and political attention, and drives the 
development timeframe for the HiPER project, which has been established to provide a timely 
route towards a practical power plant, based on a strong science mission. 
 
For further information, see www.hiper.org  
 
3. Science case (scientific justification, including new areas to be opened) 
IFE has been studied for many years as an attractive long-term energy solution, and as a 
means for studying some of the most extreme conditions achievable anywhere on Earth. This 
is the approach adopted by Nature– inertial fusion powers the stars. Far more importantly, the 
process of net energy production from inertial fusion has already been demonstrated on Earth 
in an offshoot of the UK and US defence missions in the 1980s.  
 
The prospect of the production of affordable, secure, sustainable energy with low 
environmental impact from power plants based on laser driven fusion is about to be 
transformed by two landmark advances: 
� Demonstration of net energy gain in a scalable, self-sustaining system. Marking the 

culmination of over 50 years’ research, the $3.5 Billion National Ignition Facility (NIF) in the 
United States is expected to deliver energy gain (by a factor of more than 10) within the 
next one to two years (late 2010 to 2012).  This will be a full and sufficient demonstration 
that laser driven fusion has changed irrevocably from an elusive phenomenon of physics to 
a predictable, controllable, technological process, ready to be harnessed for secure energy 
supply. 

� Development of the underpinning technology required to harness this demonstration at a 
level compatible with bulk power production. Highly efficient lasers capable of repetitive 
operation in the required 10 Hz regime open up the opportunity for commercialisation of 
laser fusion. Construction of solid-state, diode pumped lasers with the required 
characteristics is now possible over the next 5 years, which is fully compatible with the 
timescale required for adoption in a power plant. 

 
It is essential that our scientific community clearly understands the future path to an energy 
programme in light of these advances. This will require international cooperation over the 
coming decade centered on a next generation laser facility. Europe is ideally placed to lead the 
world in this journey, with preeminent research facilities and unparalleled industrial 
competence, but requires a focused project to ensure timely progress 
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The purpose of the HiPER project is thus to propel IFE to the point where an internationally 
coordinated approach to power plant delivery will result in very substantial impact on the 
participants’ national economies – able to supply a significant fraction of the electricity 
generating capacity of many nations on a timescale consistent with global environmental 
imperatives. The HiPER project plan is intended to allow the capture of critical Intellectual 
Property and ensure first-to-market advantage in this field. 
 
Analysis during the prior 2-year design study clearly indicated that a particular type of laser 
fusion known as “fast ignition” was the prime technical solution that could provide an optimum 
balance of scientific excellence and long-term energy options. The design of HiPER to meet 
this solution provides a step-change in laser capability, opening up entirely new research 
programmes in:  

� Extreme matter studies (the highest magnetic fields and energy densities in the world) 
� Fundamental atomic physics (e.g. radiative opacity) 
� The unexplained field of warm dense matter (e.g. for planetary geophysics) 
� Laboratory astrophysics (studying dynamical processes and testing predictive models) 
� The physics of turbulence (one of the remaining puzzles in classical physics) 
� Non-equilibrium nuclear physics (otherwise inaccessible through conventional 

techniques) 
� Production and interaction of relativistic matter (enabling a wide range of applications) 
� Fundamental physics at the strong field limit (e.g. the physics of the quantum vacuum) 

 
By opening up laser science into wholly new regimes, HiPER will attract scientists from many 
communities not traditionally associated with lasers. The anticipated size of the user 
community is thus many times that of the existing laser plasma groups, to be easily in excess 
of 1000 scientists. 

4. Impact to society and to new technologies for industry 
The pursuit of a long-term, sustainable, clean, safe source of energy is one of the key 
challenges facing society. The energy mission of HiPER is aimed at ensuring the exploitation of 
laser driven fusion. It is timed to coincide with the upcoming demonstration of energy 
production from lasers on the NIF, and is pitched to address the key remaining R&D challenges 
– scientific and technological optimisation of high repetition rate, high gain operation. This 
approach is highly complementary to large scale solar power plants, advanced fission reactors, 
and the ITER approach to fusion. Multiple energy solutions are demanded by a risk-balanced 
strategy for energy supply. 
 
Whilst the energy mission addresses one of the highest societal priorities, the scientific impact 
of HiPER will be unique. No comparable laser system is underway anywhere in the world – 
HiPER will be a highly effective international attractor to Europe.  
 
European industry is very well placed to capitalise on HiPER – in the design and build phase, 
the operational phase, and from the ensuing technical spin-out opportunities. Indeed, this is a 
cornerstone of one key aspect of the consortium development. The laser and optics industry 
will clearly benefit enormously in the design and build phase. The project plans to advance 
significantly the area of solid state (diode-pumped) technology. This progression will be 
relevant to the development of a wide range of opportunities within the traditional laser field, as 
well as for next-generation accelerator and intense light sources, and industrial markets – for 
example in the areas of material treatment and hardening. 
 
A such, investment in this area is strategically important at a national level from many 
perspectives: 

� Economic impact. The scale of the market demand and the central role to be played by a 
secure, abundant and carbon-free source of base load energy illustrates the huge potential 
for revenue generation – directly by the relevant utilities; directly by the supply chain (e.g. 
for consumables required by the plant through-life); and indirectly for the nation via 
taxation, the growth of a substantial high technology sector, and via the broader economic 
impact of large scale roll-out of the plants. 

� Geopolitical security. The source of the principal components of the fuel is seawater, 
ensuring robust energy security for each nation. The national importance of such security 
for base load electricity generation is clear. 
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� Greenhouse gas emissions reduction obligations. Finding a solution to the competing 
requirements of reducing carbon emissions and meeting the demand for energy currently 
requires unpalatable choices to be made. Large scale roll-out of laser energy over the 
coming years will provide an enduring answer to this conundrum. Whilst investment to date 
has precluded its immediate use in the run-up to 2020, there is still time to contribute to our 
2050 obligations and establish a sustainable model for progression thereafter. 

� Industrial impact. Perhaps one of the most important aspects of this field is the scale of 
the industrial sector and investment sector opportunities. The next phase of activity will see 
the central planks of the Intellectual Property established. These will have substantial near-
term applications in a wide range of markets, but their key role is to secure know-how and 
First to Market advantage for those involved in the through-life activity.  

 
5. Strategic importance to ERA 

HiPER will be a facility with true global impact – one which will lead the world in terms of its 
scientific output and its technological implementation. It will therefore provide a strong attractor 
for international scientists into the ERA, both to the facility itself and to the broad base of allied 
laboratories. 

The scope of the HiPER project has been designed to make best use of European expertise 
and thus maximise the potential of the facility. The HiPER philosophy is to build upon local 
capabilities to create a “hub and spoke” European consortium of institutions centred on the 
major facility. The nature of laser science allows this distributed model to function very 
effectively. The role of smaller nations, convergence nations and neighbouring regions can 
therefore have a disproportionate impact to the benefit of both the project and the local region. 
The distributed model is also effective in developing the capability of the members of the ERA 
to play a greater role in international projects centred on facilities in the USA and (increasingly) 
in Asia. Thus, through a combination of national, regional and EC funded activity, this project is 
already pulling together and enhancing expertise in: 

� High power, high energy laser beam line design and operation (principally involving 
UK, France, Germany and Czech Republic) 

� Novel high power laser solutions (principally involving Russia, Portugal, UK, France 
and Germany) 

� Target Fabrication and fusion materials technology (principally involving Spain, 
France, Russia, USA and UK) 

� Diode pumped technology for high efficiency, high repetition rate sources (principally 
involving France, UK and Germany) 

� Plasma physics and applications (involving Italy, Spain, Portugal, France, UK, Russia 
Greece and Poland) 

� Detector and diagnostic development techniques to ensure broad-based application 
and high quality, quantitative scientific delivery (principally involving Italy, Poland, 
Greece and France) 

� Major facility construction and operation (principally France and UK) 

Each of these areas has substantial “spin-out” potential – both for local programmes and for 
technological applications outside the scope of HiPER. International experience in this field has 
demonstrated that such knock-on impact can be truly significant. 

The upcoming “technology prototyping and demonstration” phase is particularly well suited to a 
distributed approach – requiring multiple, parallel track installations to develop the key 
underpinning technology. These will then be integrated into the HiPER facility in the following 
phase of the project. The scope of these major demonstration sub-projects is being established 
in the Preparatory Phase, with their location to be determined in response to the next phase 
Business Case. 

Ultimately, HiPER positions Europe to take a leading role in the subsequent deployment of 
laser fusion power production, providing a credible long-term contribution to the global demand 
for clean energy into the next century. The economic and industrial opportunities this 
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represents cannot be overstated, nor can the security implications of energy self-sufficiency in 
the long term. 

6. Maturity of proposal (including possible timetable) 
Following the acceptance of the HiPER project onto the ESFRI roadmap in October 2006, the 
project started a 3 year preparatory phase project in April 2008 – with full funding obtained from 
a combination of the European Commission and Member State governments. 
 
Whilst the risks to final delivery are still high at this time, the scale of investment required and 
the timescale for the next period provides a balanced approach, and one in which the 
technology development is amenable to a wide range of scientific and industrial applications 
independent of the viability of power production.  
 
An achievable timeline for this option is shown below, contingent on no unforeseen major 
technical obstacles and appropriate funding at each stage. Progression from one stage to the 
next is explicitly controlled via the production of clear demonstration of capability, ensuring a 
robust platform for risk-managed implementation: 

i. Design Study Phase (2005-2007) 

ii. Preparatory-to-Construction Phase (2008-2011) 
 Definition of the technical and strategic path to deliver IFE via HiPER.  

 [NIF Ignition (demonstration of fusion ignition, burn and energy gain) 2010-2012] 

iii. Risk Reduction Phase (2011-2018) 
 Delivery of technology solutions.  

iv. HiPER Construction (2016-2023). 
 Delivery of high repetition (~10 Hz) operation 
 2 years Detailed Technical Design phase + 5 years build 

v. Demonstrator Power Plant construction (2028-2033). 
 Delivery of electricity to the grid. 
 
In each phase there are considerable opportunities for industry in the capture of critical 
Intellectual Property and know-how.  
 
7. Budgetary information (preparation, construction and operation costs) 
The 3 year preparatory phase project consists of 15M€ in new funding, with 3M€ from the EC 
and approximately 12M€ from member states. Significant levels of co-funding have been made 
available by participating nations and institutes, and the HiPER project has led to a number of 
member states funding new internal projects aimed at securing a robust technical capability in 
this field of science and technology. The in-kind funding also includes the PETAL laser in 
France (an intermediate facility strategically aligned to develop the technical basis of HiPER), 
and ring-fenced access for HiPER experiments on the European high power lasers PALS, LULI 
and VULCAN. 
 
The HiPER project also makes use of coordinated programs with international collaborators 
(USA, Japan, Korea, Russia, etc), who have significant allied projects and large scale facilities. 
 
At an early stage in the Preparatory Phase, the independent HiPER Executive Board made a 
key decision to select a “high repetition rate” laser operation mode for the facility. This allows 
the IFE field to skip a generation, but requires the integration of an in-depth technology 
development phase as noted above.  
 
This technology phase is designed to provide robust costing and technical de-risking for the 
final facility construction, operation and decommissioning. HiPER is a multi €Billion undertaking 
through life. This, coupled to its ubiquitous impact and global mission, lends itself to being 
adopted as a fully international project. This approach is being explored as part of the 
Preparatory Phase and will form a key aspect of the Business Case for subsequent phases. 
 
8. Comments on possible sites and possible partnerships (optional)  
Site analyses will be undertaken as part of the next phase of the project. Several host sites are 
already under discussion. 
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As discussed above, international options for HiPER are being explored, in which relevant 
programs in Asia and North America could be strategically aligned as part of a global effort. 
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ENE2010_035 JHR 
 

1. Project’s name and descriptive title 
 
The JHR project,   new European Material Testing Reactor 
 
2. Short description of project and main characteristics 
The JHR Project aims the construction of a new material testing reactor in Europe. Operated as an 
international user-facility, JHR will address the development & qualification of materials and fuels 
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 is 100MW, pool-tank reactor, including hot cells for an integrated experimental process. With a 
high core density power, JHR will create high neutron flux necessary to accelerate irradiation 
mechanisms. JHR is a multi-customers facility that supports typically 20 simultaneous experiments 
relevant for different nuclear plant technologies in use in Europe.  
3. Science case (scientific justification, including new areas to be opened) 
With enhanced online instrumentation, JHR will cope with advanced material and fuel science 
coupled with modelling and with tests necessary for industrial qualification, including experiments 
on transients regime necessary for the safety demonstrations. 
The up-to-date modelling of material and fuel behaviour under irradiation needs data that can be 
obtained in JHR by highly instrumented separated effect experiments. For example, the “fission 
products lab” is a unique feature that will provide real-time fission gas information during the 
irradiation process. 
4. Impact to society and to new technologies for industry 
The facility with its experimental programs will preserve cutting-edge expertise in Europe and 
provide the long-term capability not only to support the continuing safe operation and 
competitiveness of the nuclear power plants in Europe, but to provide a necessary resource for the 
development of advanced future reactor designs. 
5. Strategic importance to ERA 
The need for renewing MTRs in Europe was assessed by the Commission in the 5th FP thematic 
network FEUNMARR (Future European Union Needs in MAterial Research Reactors, Nov. 2001 – 
Oct 2002) with the following conclusion: “There is clearly a need as long as nuclear power provides 
a significant part of the mix of energy production sources” • “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 shared development of JHR and of innovative experimental devices (in the 6th FP) has a 
significant impact on fission R&D activities and future EURATOM programmes i) by gathering the 
European expertise in material and fuel under irradiation science, ii) by updating experimental 
strategies coupled with hot labs activities and with advanced modelling, iii) by attracting and 
training a new generation of scientists and engineers. 
6. Maturity of proposal (including possible timetable) 
The JHR construction schedule is the following: 

� Completion of definition studies in 2005 ; Decision for construction: second half 2005 
� Development studies:   2006-2007 ; excavation started at mid-2007 
� Construction phase & tests:  2008-2013 
� Start of operations:   2014 

7. Budgetary information (preparation, construction and operation costs) 
The construction is 635M€. The operation cost will range from 20M€/y to 30M€ depending the use 
of the facility. 
8. Comments on possible partnerships (optional) 
Partnership with European research institutes and industry has been concluded in a Consortium 
Agreement signed on March 2007. EC will participate through the 7th and 8th FP, securing the JHR 
project as a major research infrastructure of European interest in the field of fission.  
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ENE2010_033 IFMIF 
 
1. Project’s name and descriptive title 

 
IFMIF – The International Fusion Materials Irradiation Facility 
 

2. Short description of project and main characteristics 

IFMIF is a proposed accelerator-based materials testing facility. 
IFMIF is an accelerator-based Deuteron-Lithium (D-Li) neutron source to produce an intense flux 
of high energy neutrons with a sufficient irradiation volume to enable realistic testing of candidate 
materials to be used for fusion reactors up to about a full lifetime of their anticipated use in a 
demonstration reactor plant for electricity production and beyond. 

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

It is an essential adjunct to ITER. The preparation for the construction of IFMIF through a phase 
of Engineering Validation, Engineering Design Activities (EVEDA phase: 2007-2014) is part of 
the activities of the so-called “Broader Approach” agreement establishing collaboration between 
Europe and Japan on the way to a fusion reactor. 
Scientific scope is the study of the effects on materials of 14 MeV neutrons in order to choose, 
optimise and qualify structural materials for a fusion reactor in particular with respect to their 
nuclear performance. An intense source of 14 MeV neutrons (1018 n/m2/s) needs to be 
developed to study the expected structural damage levels under accelerated testing conditions 
as only < 1012 n/m2/s sources are presently available with a much lower energy range. 

4. Impact to society and to new technologies for industry 

Essential step on the road to fusion for the production of electricity. 
During the current Engineering Validation and Engineering Design Activities phase (EVEDA 
phase: 2007-2014), the main objective is to provide the detailed engineering design of IFMIF 
(subject to site selection), enabling a decision on its Construction, Operation and 
Decommissioning Activities (CODA). This design will be supported through the validation of the 
three main systems of the plant: 

� The Accelerator. Designed and built in the EU, the components of the most challenging 
low energy (9 MeV) part will be installed and tested in Japan with full beam current. These 
are very important activities for accelerator technologies which also open up new 
perspectives in other domains (very high current, high reliability accelerators, such as in 
Accelerator Driven Systems or Small Sample Testing Technology in reactor materials 
development). 

� The Liquid Lithium Target. A full scale vertically and third scale horizontal test loop is 
being built in Japan to validate its hydraulic performance. 

� The Test Facilities. Design and build a prototype of the high flux test module. Perform the 
design validation in a nuclear environment by fission reactor irradiation of the rigs 
containing the samples.�

5. Strategic importance to ERA 

In addition to the already well established ERA centred on the work of the European Fusion 
Associations, strong collaboration between research institutes working on accelerator technology 
will take place. 

6. Maturity of proposal (including possible timetable) 

The design of the IFMIF plant in the Engineering Design Report is planned to be issued in June 
2014 with the cost estimation of construction, operation and dismantling and will cover the three 
main facilities: two continuous wave (CW) deuteron accelerators (125 mA, 40 MeV, each), a 
flowing liquid lithium target facility, generating, through interaction with the two deuteron beams 
produced by the accelerators an intense neutron source (about 1018 neutrons/m2/s) with the 
spectrum centred around 14 MeV, and Test Facilities where the 14 MeV neutrons will irradiate 
the material samples at controlled temperatures and at DEMO relevant neutron fluences and 
He/dpa or H/dpa ratios. Post-Irradiation Examination facilities are foreseen to be part of the 
IFMIF plant itself. 
The validating R&D is being approached by the installation and operation of prototypes for which 
the manufacturing process is now underway: This includes the prototyping of the most 
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challenging low energy (125 mA, 9 MeV, CW) section of the IFMIF accelerators, including an 
Injector, a Radio Frequency Quadrupole (RFQ) to produce a beam with the right bunching and 
the desired emittance and a superconducting Radiofrequency Linac using half wave resonators 
(SRF Linac). All these systems are identical to the ones foreseen for IFMIF. In addition, a lithium 
test loop, physically similar to the IFMIF one, although at reduced width, is being built in the 
Oarai Research and Development Centre of JAEA where it will be tested in order to provide 
critical information about the geometrical stability of the lithium flow and the performance of the 
flow guiding structure. A third field of investigation involves the prototyping of the Test Facilities 
components and their irradiation in a materials testing reactor in the EU. 
In 2014, the engineering design report will be updated to incorporate data which will then be 
available, from the R&D performed on the prototypes. The decision for the construction of IFMIF, 
as well as the organisational framework, will depend on resources available at that time and the 
status of ITER. However if there is increased commitment internationally to the “fast track” 
approach to fusion power this may accelerate its realisation. The construction of IFMIF is 
expected to take 6 years. 
Economic circumstances may require delaying the start of the Construction, Operation and 
Decommissioning Activities (CODA) previously expected for 2014 by a few years. Such a period 
however should be used to significantly mitigate the residual risks in the IFMIF Engineering 
Design Report by continued operation of the accelerator prototype in non-pulsed mode and by 
experiments studying the beam/target interactions. Both studies would give quantitative 
information on the reliability and availability of continuous beam operation which is a key criterion 
for the IFMIF plant performance. 

7. Budgetary information (preparation, construction and operation costs) 

The original construction cost estimates were performed in 2004 with the preparation of the 
IFMIF Comprehensive Design Report. The initial construction cost was in the region of 800 M€. 
This estimate covers the costs for the 2 deuterium beam lines, for the Target and Test Facilities, 
for the Building and Conventional Facilities and for Project Management and the Central Control 
System. 
The 2014 design report will give a more detailed and reliable cost estimate. 

8. Comments on possible partnerships (optional) 

The construction of IFMIF could be agreed in the framework of an international agreement which 
would also fix the site of the facility. Europe will likely have to compete for the site with other 
countries while having a prominent position. 
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