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PREFACE

In October 2002 the Commission usked its DG-RTD Advisory Group on Enheryy (AGE) to develop u
strateyic vision for energy R&D on u Europeun scule, with an emphasis on overcoming existing burriers
and on addressing the fragmentation that presently characterises much of energy R&D in Europe.

The objective wus to support decision mukers with wide-runygying und thorough unalyses of the
issues ut stuke, und of the potentiul of various technology options to provide Europe with
sustuinuble enerygy supply und use.

The AGE emburked onh u two-pronged upprouch by estublishing two working groups:

® J Strateyic Working Group (SWOG), to provide guidance oh ehergy research priorities and
strateyies, at EU and Member Stutes levels;

® u Europeun Eneryy Reseurch Areu Working Group (ERAWOG), which focused on ussessing the
potentidl for yreuter coordinution in various ureus of eneryy reseurch, toyether with practicdl
recommendutions to make ERA d redlity in the eneryy field.

The unulysis und recommendutions put forward in this second report come from ERAWOG, und
have been endorsed by AGE. They ure importunt as the collective conclusions of many
independent experts from very different buckgrounds und speciulisutions ulthough they do not,
of course, commit the Europeun Commission.

The ERAWOG members responsible for the thinking behind und the content of this report ure Niels
Busch, Gerd Eisenbeiss, Gerhard Funinger, Aluin Gerard, Heuther Greer (ERAWOG Chuir/Rupporteur),
Frantisek Puzderu, Peter Peurson und lacovos Vusdlos.

Other members of the AGE und of DG-RTD ulso contributed by muking presentutions to ERAWOG
or by providing information und useful comment. They were Willium Borthwick, Hardo Bruhns,
Martin Huemer, Peter Lund (AGE Chuir), Frédérick Murién (AGE und ERAWOG Secretury), Odissefs
Punopoulos, Michel Poireau, Derek Pooley, Alfred Voss and Margot Weijnen. ERAWOG wdas dlso
assisted throughout its work by Commission Services (DG RTD-Unit J).

ERAWOG believes thut the creution of un ERA in enerygy (EERA) is un imperdtive if the effectiveness
of Europeun eneryy resedrch is to increuse, us is well demonstruted by the existing high level of
infeyration of fusion oriented reseurch, und that the EERA must be visionury and concern the
deployment of complete technoloygies in the marketpluce. Its creution will require the full
commitment of Member Stutes. ERAWOG hus dlso identified criticul issues for the credtion of the
EERA, reyurding specificully the 7th Framework Programme.

In this first report, ERAWOG hus identified eleven sets of orgunisational gouls to be reuched in
correspondiny technoloyy fields, through actions to be undertuken by dll public und private
stakeholders. It hus dlso identified a key role for the Europeun Commission in terms of
coordinution, removul of resedurcher mobility barriers, implementation of udministrative
instruments for reseurch, educution, colluboration with third countries und ensuring flexibility in the
face of ever-changing resedurch requirements.

Paving the way towards aun EERA will reyuire attention to the issues unalysed in this report, und to
the strateyic priorities und issues uddressed by SWOG. Hence, the two reports should be regarded
us complementury to one unother.






I. MESSAGE TO POLICY-MAKERS

If society’s future energy heeds ure to be met, u mussive, lony-term commitment of resources is
needed. No single energy technoloyy on its own will provide the solution, so reseurch must be
curried out ucross u wide runge of technoloygy options, which together could have u significunt
impuct. Given the scule of the resources needed, we will continue to struggle to prioritise.
Optimisution of the use of resources is essentidl.

Reseurch ucross Europe is frugmented. Energy is ho exception und, despite many yeurs of co-
operaution, there is sfill little coordinution of energy reseurch programmes. The present upprouch
to orgunisution is far from optimum: u greut dedl of enerygy reseurch is carried out within reygionadl
und nhutional programmes operuting lurgely independently of one unother und of the main
Europeun progrummes. ERAWOG believes that the reseurch problems in energy will be solved
only by ubundoning this costly und ineffective upprouch.

The Member Stutes will be better uble to tackle their energy problems if they do so toyether. The
froblems ure shared, und shared solutions ure heeded ucross the Community. Some cun only be
addressed if Europe coordinutes its purticipution in major international R&D projects. And it must
dlso be recognised that achieving redl effectiveness may involve the ubundonment by some
Member Stutes of their own research progrummes in some eneryy fields, in fuvour of u better
coordinuted Europeun dpprouch.

We cun develop the hew enerygy technoloyies we heed, but we cun only do so in time if energy
research is far better orgunised thun at present. It is ERAWOG’s belief thut energy research in
Europe must be youl-directed, und that gouls must be visionury und concern the deployment in
the market place of complete technholoygies. This cunnot happen without a well-coordinated
dpjprouch across Europe, und u pooling of the resources avdilable ut regionul and national levels.
And the intellectudl challenyges are such that the best research brains in Europe must be shared
ut u Europeun level.

Redlising the Europeun Reseurch Areu in enerygy — the Europeun Energy Reseurch Areu - is thus
not un option but un imperutive. ERAWOG culls on the Member Stutes to commit to the concept
and principles for creuting the EERA.

In this report, ERAWOG hus identified 11 sets of orgunisutional gouls to be reuched in 11
technoloyy ureus, through u series of uctions which should be undertuken by dll public und
private stakeholders.

The Commission itself has a key role to play. It must:

® continue with fop-down dctions fo stimulute u coordinated dpprouch to planning and
fundiny eneryy reseurch;

® muke sure that buarriers to the mobility of reseurchers und the protection of intellectudl
property rights are uddressed;

® implement the instruments dt its disposul so us to uchieve their gouls of infegration and
coordinution;

® dllow for the hecessury cross-cutting issues to be uddressed — in materidls, in education and
fraining, in tackling societul problems ussociuted with hew eneryy technoloyies —including the
uge und gyender imbulances that exist in many eneryy reseurch fields;



® muke sure that Europeun eneryy reseurch is curried out in colluboration with third countries;

® provide the flexibility heeded to respond to changing requirements, in the development of
future Framework Programmes.

But in addressing this ugendu, the Commission will need the support of the Member States aund dll
other stukeholders.

Time hus been lost. The reul work of creuting the Europeun Energy Reseurch Areu must start,



Il. INCREASING THE EFFICIENCY AND EFFECTIVENESS
OF EUROPEAN ENERGY RESEARCH

The demund for eneryy reseurch is ubout to tuke off. This is largely due to the converyence of
three critical fuctors: demund for eneryy itself is rising und will continue to rise'; fossil fuels are
running out; und the need to start tuking climute chunge seriously is becoming more und more
cleur. Our dominunt enerygy technoloygies ure unsustuinuble info even the neur future, und there
dare resedrch problems to be solved before dlternative technologies cun be ds widely deployed
us they must be. And some technoloyies will tuke decudes to bring to the muarket. Arguubly, the
problems to be solved through energy research are amony the most important facing society in
the 21st century.

Supporting the necessury increuse in eneryy reseurch will tuke u substuntial increuse in finuncing?.
But financing is hot enough. It is undenidble that energy research programmes in the US or Japan
are lurger than those in the EU?, but one of the important problems for Europe is that, despite many
yeurs of Framework Programmes, Europeun energy reseurch remuins widely fragmented und
uncoordinuted. Euch Member Stute — indeed, euch reyion — independently plans und funds its
eneryy reseurch. In contrast, much of US and Jupunese eneryy research is organised through
large national progrummes dllowing for a concentration of financing on strateyic priorities. Globul
markets for advanced sustuinuble energy tfechnoloyies ure huge und growiny, und Europe is uf
risk of < serious loss of market share in key energy technology markets.

This report — of the ERA Working Group (ERAWOG) of the Commission’s Advisory Group on Energy
- focuses on increusing the efficiency und effectiveness of the orgunisation of energy R&D in
Europe. Without a more rationdl use of resources (finuncial und infellectudl); without auccess to
world-cluss reseurch fucilities for Europeun reseurchers; without u much more struteyic upprouch
to eneryy reseurch in Europe — without dll these it will be impossible to meet the enormous
chdllenyes fuced by society in providing for its future energy heeds in u sustuinuble way. It is such
issues thut the Europeun Reseurch Areu will address.

The concept of u Europeun Reseurch Areu wus discussed in u Europeun Commission
Communicution in Junuary 2000. This Communicution uacknowledyed the yup between Europe’s
expenditure on R&D compured with the much higher expenditures by the US und Japun, and
recoyhised that the “fragmentation, isolation und compurtmentdlisation of national reseurch
efforts and systems, and the disparity (between) regulatory and administrative systems, only serve
to compound the impuct of lower (Europeun) investment in knowledye““. The Europeun Reseurch

1. World energy, technology and climate change outlook 2030 - WETO, Brussels: Europeaun Commission Directorate-
Generdl for Reseurch — Energy, EUR 20366, 2003.

2. The Strategy Working Group (SWOG) of the Commission’s Advisory Group oh Energy hus recommended u fourfold
increuse in funding for Europeun energy reseurch. We endorse thut recommendation. See A Vision for European
Energy R&D: Recommendations for Research and Development by the Strategy Working Group of the
Commission’s Advisory Group on Energy, December 2004.

3. "The United Stutes of Americu und Jupuh account for over 65% of the energy RDD spending by IEA member
goverhments”, Ahtonhio V del Rosurio, Chuirmaun, World Energy Council, 2003.

4. Towards a European Research Areq, Brussels: Europeun Commission Communicution to the Council, the Europedun
Parliument, the Economic und Sociul Committee und the Committee of the Reyions, COM (2000) 6, 18 Juhucdry 2000..



Areu would dim fto improve the coordinution und inteyration of reseurch in Europe. The
Commission’s Framework Programmes would help in creuting the conditions nheeded for such
infegration, and the Member States would themselves participute in creuting d ‘single research
murket” in Europe through a voluntary process of self-coordinution. The objective of creuting the
ERA wus udopted by the Europeun Council at Lisbon in March 2000°.

Unhindered progress towards redlising the ERA in energy is thus hot an option but un imperutive
for Europeun society, und hence ulso for Europeun policy-mukers und administrators.

5. Presidency Cohclusions, Lisbon Europeun Council, 23 and 24 March 2000. See http://europdu.eu.int/
comm/off/index_en.htm.



I1l. VISION OF A EUROPEAN ENERGY RESEARCH AREA (EERA)

The term ‘Europedn Enerygyy Resedrch Ared’ (EERA) is used throughout this report to denote our
vision of the ERA us it develops within and dcross the field of energy R&D.

It is not un untfilled field becauuse, in some ways, the EERA exists ulreudy. For u lony time industry
and public reseurch institutions have communicuted and worked with one unother in tackling
shared problems, and previous Framework Programmes have led to d significant meusure of co-
operution and colluboration umony key research actors. Reseurch within industry is dlready
largely orgunised on o Europeun, uand even u globul, busis. Although this is far from o fully
developed EERA, it honetheless provides fertile yround for rapid proyress, us the muny eneryy-
related initiatives since the sturt of FP6 have demonstrated (see Section D).

Our overdll vision of the EERA does nhot differ markedly from that contdined in humerous
Commission documents. Above dll, it is of u vibrant, world-leading single enerygy reseurch market
across Europe, with well-tfrained resedrchers uble to pursue rewarding careers within that market.
Such u murket will serve both to retuin Europeun reseurchers und to uttract yood reseurch stuff
from elsewhere in the world. Our vision of the EERA includes the coordination requirements,
orgunisutionul upprouches, und funding instruments outlined below.

We wunt Europedn energy R&D to be u vigorous force behind securing u substantial share of the
€16 trillion-plus® world market for energy technoloygyy between 2001 aund 2030.

Many of the issues fuced in developing the EERA ure common to the ERA more yenerdlly.
However, the heed to pursue eherygy reseurch across u broud agendd’, the typicdlly large funding
needs und very lony leud times involved in bringing eneryy technoloyies to the point of market
deployment, und the conseqguent high level of risk involved® make the EERA dll the more
importunt. The specific heeds of the EERA include the followiny:

® Politicul commitment to solving the environmentul, economic und societul problems that
eneryy reseurch dims to address.

® A lohy-term committment of resources such that R&D cun be orgunised to address dll of the
reseurch needed to deploy the tfechnoloyies concerned in the murket. The time horizon for
euch technoloyy runges from onhe to seven or more decudes.

® Committment of dll actors — including industry — to d set of strateyic reseurch agendas that will
determine und guide dll R&D up to the point of market deployment.

® Access not only to public funding for expensive, high-risk, long-term projects, but dlso to
udditionul private-sector risk capital,

6. The Internutionul Energy Agency’s estimute of the totul world market for energy technology between 2001 und
2030. Note thut this estimute does hot include the additional investment required if the OECD Alterndtive Policy
Scenurio drives reseurch,; udditiondl investment would be required in (for exumple) curbonh-sequestration
techholoyies, widespreud introduction of hydrogen fuel cells unhd advanced hucledr geheration systems dre
included. World Energy Investment Outlook, Paris: Infernutional Energy Agency 2003.

7. Since ho onhe technoloyy is likely to provide dll of the unswers.

8. The voldtile hature of energy markets, exacerbated by factors such us security of supply issues, market liberdlisation,
uhd - ih Europe - emissions truding, creutes u high level of unhcertuinty ubout the conditions within which hew
eheryy techholoyies will have to function even in the heur future.
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® Avdilubility of world-cluss enerygy reseurch fucilities ut a Europeun level.

® A pooling of eneryy research intellectudl resources to solve the muny problems shared ucross
the Community.

® The ubility to curry out the hecessury cross-cutting resedrch problems, especidlly in relution to
the mauny muateridls problems that are central to so mMuch eneryy reseurch.

ERAWOG’s conclusions conhcerning the orgunisation of the EERA reflect the dbove nheeds.
However, they dlso reflect differences between specific eneryy technoloyies.

Coordination and organisational arrangements within the EERA

The coordinution heeds of u yiven reseurch field depends on u humber of fuctors of varying
importunce ucross the enheryy reseurch ureu. Thus, different upprouches to orgunisution will be
employed within the EERA, us follows:

There are fields heedinyg strong coordination in order o achieve the hecessury proyress, including
a robust organisationul upprouch to plunning, coordination und monitoring. Orgunisutionadl
dpprouches baused on the Technoloyy Platform (TP) concept dare likely to be adopted’, if very
expensive reseurch infrustructure is needed, und/or if early stundardisution requires consensus
amony many stakeholders. A TP cun dlso help o generate consensus from stukeholders on how
to channel support. Very strony industrial participation will be essentidl. Public support for R&D will
be closely dligned with ugreed reseurch struteygies having well-defined market deployment
objectives. The heed for mussive funding in most cuses will hecessitate the close coordination of
regionul, hational and Europedn research programmes in these fields™.

Other reseurch fields cun be organised udequdutely with more moderate coordination. Such fields
should shure u common vision und consensus on how to redlise it'". Thus, the TP concept may still
apply, but muinly for purposes of developinyg, yuining commitment to, und monitoring proyress
towards, u strateygic vision und reseurch strategy. The coordinution needs of such fields might
effectively be met through the appointment of un Advisory Council thut is representutive of the
key interests in the field.

Findlly, a limited hnumber of energy reseurch fields — especidlly where leud times und reseurch
costs are relatively low, und murket deployment is reldtively close — have low coordindtion needs.
Indeed, competition issues could muke coordination difficult fo achieve in practice. Such fields
will be much more loosely organised, und the main emphuasis will be on networking und the
selective shuring of information. Even these fields, however, will benefit from agreed resedrch
strateyies und u closer coordinution of regionadl, nationul and Europeun funding thun exists at
present. We envisuyge that these needs will generdlly be met through bottom-up activities such as
normal shured-cost projects, hetworks und other forms of communicution und didlogue. R&D

9. Technology Platforms: from Definition to Implementation of a Common Research Agenda. Brussels: Europedun
Commission, 21 September 2004, EUR 21265.
10. Becuuse u given reseurch field will hot be u priority for dll Member Stutes, variuble-geometry solutions (varying
numbers of Member Stutes participuting in research in each field) will be heeded.
11. Such u vision might, for exumple, be of murket deployment of u heurly developed fechhologyy ut ucceptuble
cost, or of retuining un existing dominunt murket position viu the uchievement of further criticul breukthroughs.



roud mups cun be developed within relatively short-term projects, und commitment guined viu
conferences, consultution processes und the like.

To ensure the most uppropriute dllocution of uvdiluble funds to the different eneryy reseurch
fields, the EERA will dlso heed coordination across dll of the different fields, in the form of un
agreed R&D strateyy for the whole energy resedrch ared. In d fully developed EERA, such
strateyy will ussist in ensuring the avdilability of udequate funds from a multiplicity of sources.

An effective EERA will enjoy u high level of coordinution of cross-cutting reseurch, especidlly in the
materidls field™. There will dlso be G heed for close linkages with socidl research und with activities
aimed at improving educution, fraining and mobility of researchers.

Instruments and financing within the EERA

All eneryy fields will use the full range of existing FP instruments™. We believe there will dlso be a
need for instruments capauble of providing higher levels of flexibility than is possible at present.

Effective use of the ERA-NET instrument will be criticdl in bringing about the levels of coordinution
and shared funding between reyionul, nationul und Europeun administrations that ure needed
to redlise the EERA, especidlly where strong coordindation is heeded. Our vision of the EERA
includes u development of successful ERA-NETs info more duruble forms of orgunisution.

Most of the strateyicdlly important energy research fields will require significantly more funding in
order to provide the solufions heeded. As public budgets dare dlways limited, more effective
funding ut a Europeun level will be obtuined by coordinuting funds pooled from muny sources,
including:

Larger levels of Europeun reseurch funding, primarily through the Framework Programmes.

National and reyional funding, possibly using Article 171 of the EU Treuty™ to leyitimise joint
undertukinys.

Funding from private industry, muinly through co-funding shured-cost projects, us ut present,
together with substantial risk capital sourced from the EIB und other public and private sources.
It is likely thut mdjor, lony-term projects using finunce from multiple sources will be orgyunised us
Joint Technoloyy Initiutives.

Utilisation of Structural Funds and other sources of funding for the development of muijor
Europeun eneryy reseurch infrustructures ut regionual level.

12. Progress in mauny strutegicdlly crificdl fields of ehergy is depehdent on breukthroughs in mduteridls resedrch:
hydrogen storage, solar photovoltaics, solar thermal (high-temperdture), super-critical steam, for example.

13. Integrated Projects (IPs), Networks of Excellence (NoEs), Specific Turyeted Reseurch Projects (STREPs),
Coordination Actionhs (CAs), Specific Support Actions (SSAs), unhd infrastructure frojects (13).

14. Article 171: “"The Community may set up joint undertakings or any other structure hecessary for the efficient
execution of Community research, technologicul development und demonstration programmes.”

13






IV. A LOT DONE - MORE TO DO

Progress to date

Previous Frumework Programmes have helped enerygy reseurch orgunisutions in the public und
private sectors to leurn more ubout one unother. Collabordtive resedrch projects involving a wide
range of institutions huve deepened thut knowledge. This long-term colluborution represents u
foundution that is essential for building the EERA.

The Europeun eneryy resedrch community hus responded positively to the concept of ERA
and the New Instruments (NIs), in generadl the only limiting factor beiny the avdildbility of funds
to support un adeqyuute humber of uctions at an adeqyudate level®™. It is foo early to be dable to
draw conclusions on the ultimate value of these dctions but, within energy, most dare in key
areus und dll involve key reseurch actors within the field. All of the energy fields addressed by
the work programme for FP6 how include at leust some Networks of Excellence und Integrated
Projects, dlong with the more fradifional instruments such as Specific Targeted Resedrch
Projects, Coordinution Actions und Specific Support Actions — althouygh in some specific topics
und in some specific eneryy fields, yups remuin where udeyuute proposuls huve not yet been
received.

The indicutions ut present are thut Europeun Commission initiutives have generdlly been well
desiyned from the point of view of udvunciny the ERA, even thouyh there ure uspects of FP6
and the NlIs which will benefit from refinement’, and dlthough it is still foo eurly to ussess
accurutely the success or otherwise of these instruments, purticularly NoEs”: ERAWOG notes the
large size of some consortia, und shures the concerns expressed in the Marimon Report in
relation to their size. Over and dbove the instruments of FP6, the Commission hus taken the
initiutive on the related topics of hydrogyen-reluted technoloyies und fuel cells: the formation of
a High Level Group (HLG) has dlready led to the establishment of the TP on hydrogen/fuel cells.
The Commission hus dlso been essentiul in providing top-down support for TPs in other ureus
such us solar PV. More will be needed.

The ubove uuyurs well for the future. However, there is room for improvement. Sadly, there is
little evidence so fur of sighificant action by hational or regional administrations. Although a
number of ERA-NET dctions dre how under wuy in eneryy, these are relutively few and far

15. In the first Cdlls in FP6, the humber of dpproved projects hus greutly exceeded the humber that could be
accepted, due fo budygetary constraints; and there have been severe limits to the amounts of funding that could
be provided for muny uccepted projects.

16. See, for exumple, Evaluation of the Effectiveness of the New Instruments of Framework Programme VI, Report of u
High Level Expert Punel chuired by Professor Rumon Marimon, 25 Juhe 2004, unhd the Commission respohses —
Communication from the Commission: responding to the observations and recommendations of the high-level
panel of independent experts concerning the new instruments of the 6th Framework Programme, Brussels:
COM(2004) 574 finul, 27 August 2004, together with the Commission Working Paper SEC(2004) 1057, of the sume
dute, uccompuhying the Communicaution.

17. NoEs have still to show their value. The principdl purpose of this instrument is to encouruge ‘duruble integration’,
So far, it seems there are difficulties in creuting consortia which are sufficiently focused on such un objective, and
it is likely to be some yedurs before un ussessment cuh be mude of the success of NoEs in this regard. Some
cutegories of reseurch institution (e.y. uhiversities, industriul teams) muy have specidl problems with the legdl
requirements for creuting duruble structures, and the Commission should identify and examine such problems.
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between. There hus been insufficient progress in opening und/or coordinuting hutional/
regionul enerygy reseurch proygyrummes, und there is no reul evidence thut nutional
administrations ure tuking steps to demonstrute the commitments mude ut Lisbon und
subsequently, in relution to the ERA. This is us tfrue for enerygy us it is for other reseurch fields.

The conhcept und potentidl benefits of the ERA generdlly, and the EERA specificully, are little
understood und even less vulued by the research community. Given that the ERA is infended to
creute greutly enhunced cureer prospects for Europeun scientists, u lack of understunding will
hold buck its development. We believe that a luck of understanding of — und more worryingly, u
lack of commitment fo — the ERA extends to reygiondl und nationul administrations. This reforesents
a barrier to progressing the reluted issues of improved coordinution und greuter concentration of
resources.

Some lessons

The followiny lessons from the steps tuken to dute should be heeded if the overdll project to
advunce the EERA is to succeed:

Reul progress reyuires deep und ohyoinyg political commitment. More specificdlly, it requires
fractical ways of tfranslating that commitment into finauncial and organisational actions uimed at
sharing resources. Furthermore, given the very lond time frame heeded for much enerygy reseurch,
there is u heed for redl continuity of politicul support over u lony time period — meusured in
decudes rather than in yeuars. This is vitdlly important, und it should be pursued ut the highest
politicul level'™.

Continuing to encouruye bottom-up plunning und coordinution actions will be vital to ensuring
further udvances fowurds redlisution of the EERA. At the sume time, top-down initiutives in some
key ureus will continue to be heeded.

The new instruments ure cupuble of working well, but their objectives with respect to the EERA
must be used to yuide the gpplicution of these instruments. The present budyet is too smuall to
dllow the Nls to be used us fully us is heeded.

There is ho one ‘ideul” solution: different reseurch fields huve different needs. This muy meun
different puths towards EERA; it mauy meun different destinations. It is necessury to udopt us flexible
an upprouch us possible in order to uccommodute differing setfs of heeds.

18. The fuct that ERA-NETs ure hot permitted within Euratom is unfortunute becuuse it hinders greuter coordination of
national R&D in this field.

19. The most effective level ut which to pursue u translation of commitment into action on the purt of the regiondl
uhd hutional administrations may be the Council of Ministers. However, politicul commitment must be translated
info administrative action.



V. GETTING THERE

1. CRITICAL ISSUES FOR FP7

The Seventh Frumework Programme will run from 2007 to 2011. This is a criticdl period in the
development of the ERA, und the whole project will fail unless FP7 provides the dppropriate
guidunce und support. We see little point in lookiny further uheud than the end of FP7 for the
purposes of plunning the ERA in enerygy, even though some of the most important energy R&D
initiutives that will be sturted during FP6 und FP7 will continue for muny more yeaurs ufter the end
of FP7. In this connection, we merely observe that the organisational arrangements made in the
neur future will require politicul, finunciul und other support for u lony time uheud. This mMakes it ull
the more criticul that the orgunisutionul arrangements put in place during FP6 und FP7 dare us
effective us possible. We huve identified eight imperdtives for the EERA which will need to be
taken into uccount in desighing FP7:

® Accelerute the coordinution of regionul und nationul resedrch programmes
® Accelerute proyress in strategicully crucial fields of R&D

® Develop world-cluss fucilities for Europeun enerygy reseurch

® Estublish effective information and communication systems

® Develop humun resources

® Ensure udeqyuute infernutiondl participution

@® Build societdl bucking

® Ensure the necessary scientific basis in other reseurch fields such as muteridls reseurch aund
informution und communicutions technoloyies

The remuinder of this section dedls with these issues, specificdlly with FP7 in mind. However, many
of these upply equdlly to the remuinder of the present Frumework Programme.

Accelerate the coordination of regional and national
research programmes

The avdilubility of funds for Europedn research is a criticdl issue in plunning FP7: what can be
dchieved through even significuntly increused funding viu the Frumework Programme budyet
dlone will be very different from whaut cun be uchieved if other funds from nutionul, regional und
other sources ure ulso uvuiluble for Europeun reseurch from the sturt of FP7. Therefore, the
importunce of increusing the use of the Open Method of Coordinution® — by whutever meuns -
cunnot be overemphusised; und whutever high-level politicul and other influence cun be
brought to beur on this during the remuainder of FP6 should be mobilised without delay. It is likely

20. The Open Method of Coordinution (OMC) is the upprouch ugreed dt Lisbon. It is essentidlly u voluntary upprouch
to coordinution involving the use of u runge of tfools such us hetworking, benhchmarking of policies uhd
rogrummes, sharing information, fraining, etc., in order to identify ureus where coordinution would be of benefit
to the uctors involved.
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that ldarge-scule funding from multiple sources will be reyuired for specific mujor projects
orgunised on u Europeun busis, und it is for this kind of funding need thut regionul and hational
administrutions should be prepuring. Plunning for FP7 should be bused on un ussumption of
substuntial progress in this regard before 2007.

There is a heed for un increased humber of ERA-NETs in the enhergy field. Some administrations may
find it difficult or impossible to purticipute in ERA-NETs, due to u luck of resources or of the
necessury orgunisutionul structures. Administrations should: ) ensure un udeyuute level of
coordination of eneryy research programmes within their ownh bounduaries, und b) dllocute
resources specificdlly for full purticipation in ERA-NETs und other OMC processes. The Commission
might consider the estublishment of un ‘overarching” ERA-NET for the energy R&D field, whose
functions would be to identify and remove dany barriers fo the coordination of energy R&D, und
to provide additionul top-level support for the OMC process.

The Scientific and Technicul Reseurch Committee (CREST) has a potentidlly valudable role to play
in increusing the coordination of Member State eneryy research programmes. CREST hus
orgunised workshops, sponsored by the Commission, on the opening of nationul resedrch
frogrummes in the ureus of maurine sciences, chemistry und plunt genomics. It would be desiruble
to see this extended to the eneryy ureu. A strengthening of the role of CREST, purticularly in
relation fo the Open Method of Coordination (OMC), is heeded?.

Where relevant, regiondl und national administrations should be urged to include investment in
eneryy research infrastructures in their plans for the use of Structural Funds. The Commission should
ensure thut uppropriate mechunisms dre in pluce to ensure thut the role of Structural Funds in
relation fo reseurch infrastructure is fully utilised.

Accelerate progress in strategically crucial fields of R&D

Within eneryy, progress in a number of fields reyuires substantial investment in the reseurch heeded
for lurge-scule, long-term projects to pilot or demonstrate a new technoloyy (e.y. zero-emission
coul-bused electricity yeneruting plunts; advaunced nucleur fission reuctors). In some cuses, IPs will
be udeyuute, but in some instunces the scule will be lurger thun could be supported through IPs.
The urrangements currently envisuged by the Commission — TPs leuding to JTIs with multiple sources
of private und public sector fundiny, invocution of Article 171, und the estublishment of Quick Start
fprojects with substantial louns from EIB, EBRD und perhaups from private sources ulso — ure probubly
adeyuute. Muny of these will heed to be in pluce during the lifetimes of FP6 aund FP7.

The timescules for some of the lurge projects foreseen in enhergyy dre meusuruble in decudes
rather than in yeurs. Equually, the scientific und technicul challenges are greut. Hence, the level of
risk is substantial. We nhote that the Commission is clready considering the “potential multiplying
effect that could be provided through the infroduction of < Europeun loun gudruntee
mechanism in the research ared”? and we urge d solution to the issue of guarantees well before
the commencement of FP7.

21. It would be important fo ensure that CREST’s role is strengthened rather than diminished by the work of future High
Level Groups.

22. Techhology Platforms: from Definition to Implementation of a Commohn Reseurch Agendd. Brussels: Eurofpedun
Commission, 21 September 2004, p.21, EUR 21265.



There dure other importunt issues which dre not uniyue to eneryy reseurch. These include the
protection of intellectuul property rights in large, long-term reseurch progrummes involving shared
reseurch ucross u number of sectors; und the provision of udeyuute urrunyements to fucilitute
movement of reseurch stuff across the EU. Such issues lie outside the scope of ERAWOG's terms of
reference.

Develop world-class facilities for European energy research

There is u heed for world-cluss enerygy reseurch facilities® operating at a Europedn level in most
topics. The new instruments, und Networks of Excellence in purticular, should leud to the
development of such facilities, and should be dn effective instrument provided they dare
sufficiently focused on this objective, both in their design und deployment. The following may help
to provide NoEs with the hecessary focus and durubility:

® encouruge existing successful NoEs to focus on the creution of Europedn Resedrch Facilities;

® encouruye hew proposdls primarily from small consortia whose primary objective is to creute
an ERF;

® ensure u strong weighting for the ‘duruble inteyration” and ‘Europeun added vulue’
evdluution criteriu;

® encouruye yreuter use of Coordinuted Actions for purposes of networking (und where the
purpose is explicitly not to infeyrute the puarticiputing bodies), leuving NoEs for u smuller
number of uctivities more focused on the development of ERFs.

The development of ERFs muy reyuire u meusure of flexibility hot currently avdiluble from the
existing new instruments. Given thut ERFs are likely to be directly concerned with critical
resedurch issues in ohe or more fields, it is eusy to envisuge a need for infrastructural
development combined with a mujor reseurch progrumme, for instunce. There muay well be
other important EERA uyendus not eusily uaddressed with currently avdiluble instruments — for
instunce, some cross-cutting resedrch, or some internutiondl projects. A new, flexible instrument,
potentidlly dllowing for a mix of infrustructure development, orgunisutional structuring und
actuul reseurch activities, would fill a gup in the existing raunge of instruments, and muay be
vuluuble in the mid to long term. The hew flexible instrument envisauged would include elements
of the existing IP/STREP, NoE, und 13 instruments.

Within enerygy, there will be u need for a reldtively limited number of large, costly infrastructures
designed to serve the reseurch community ut u Europeun level (for exumple, lurge-bundwidth
fucilities such us GEANT und GRIDS, to support networked R&D; concentfrated solur eneryy test
fucilities such us Plutuforma Solar de Almeria; und hot luborutories to serve the needs of nucleur
fission research). In yenerul, such infrustructure could receive funding support viu the specific

23. Such facilities are referred fo in this report us Europeun Reseurch Facilities (ERFs). Europedun ehergy resedrch
infrustructures are likely to be locuted within ERFs. ERFs ure undlogous to the cohcept of Europeun Centres of
Excellence, referred to by this fitle in muny Commission documents. We believe thut the use of the term
“excellence” is unhforfunate und should be avoided - thus, we diso feel that NoEs should more properly be cdlled
“Networks of Integration” (though for clarity we continue to refer to them us “Networks of Excellence” throughout
this report.
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programme “Structuring the Europeun Reseurch Areu — Support for Research Infrustructure”. To
dute, no lurge-scule eneryy infrustructure projects have been concluded within FP6, although
a significunt number of smuller uctions ure under wuay. It is desiruble to see u much ygreuter
mobilisation of the I3 instrument within FP7 for major energy infrastructure. We believe that closer
coordinution of the infrustructure und eneryy elements of FP7 is culled for.

Establish effective information and communication systems

There is u need for reliuble informution on the Mauin Europeun eneryy reseurch pluyers und the
wuays they are structured. We hope that this will be delivered by the Synergy study currently being
concluded for the Commission. If not, the Commission should initiute a process to provide this kind
of informution.

The SINAPSE e-network (Scientific Information for Policy Support in Europe) should be pursued
vigorously since it will promote und facilitate communications umong resedrchers across Europe.
It is encourayginy thut the pilot phase will commence ih 2005, and desirable to see the system in
full operaution before the start of FP7.

The ERA., in generdl, still uppeurs to be little understood, even umong the research community und
amony hational und regionul administrations (this is even more the cuse umohy the generdl
public, which is addressed below). The Eherygy Directorate in the Commission should cohsider the
possibilities for u more vigorous informution cumpuign targeted dt the enerygy reseaurch
community — individual researchers, research bodies und national/regionul administrations — with
the primary focus beihy on expluining the dims and benefits of the EERA.

Develop human resources

Beftter ufilisution of Europeun human reseurch tulent is one of the primary dims of the ERA. A vibrant
reseurch sector in Europe, where scientists ure uble fo pursue their cureers ucross the EU, find
interesting, world-leuding work, und develop their tdlents, is likely to help in refdining Europeun
reseurchers und utfracting tulent from dbroud. The need fo utfruct und retuin yood reseurch stuff,
to provide excellent und relevant educution und training, fo protect skills, to address age profiles in
key fields (e.y. in nucleur fission there is un urgent heed to retuin relevunt scientific skills und to ensure
a flow of younger scientists into the field), and to address g gender imbdlance where the vast bulk
of existing eneryy reseurch stuff is male. ure dll importunt issues in energy™.

ERFs und major research infrastructures will play an important role in the education and training of
reseurchers. A close relutionship between such estublishments und the educution sector will be
important.

The linkuge between the Murie Curie Fellowship scheme und the specific programme on eneryy
is weuker in FP6 thun it wus in previous Frumework Programmes, with ho coordinution uctivities for
enerygy Fellows within FP6. Given the importunce of educution und truining in the EERA, this
linkauge should be strengthened.

24, NoEs have uh importunt role to play in auddressing such issues, und the Commission should ensure that existing and
future NoEs focus udequdutely on them.



Ensure adequate international participation

Energy und emissions dre ylobudl problems, und the international co-operation uspects of the
EERA must hot be overlooked since in the energy areu there are issues of critical importance to
the EU to be addressed. So far in FP6, there hus been limited success in allocuting the €600 million
budgeted for infernationdl co-operution®, and increused puarticipution of third countries in enerygy
R&D is heeded. There is un urgent need to identify und remove the bdarriers to progress in this
reyurd; luck of information is one buarrier that could be removed reldtively eusily. We believe there
is u political will in favour of third-country participution in the Framework Programmes, and the
Commission should act to franslate this will info action.

There will remuin u need for specific instruments suited to specific situutions und specific
geoyruphicul locutions. Lurge-scule projects should be open to countries outside of the EU (u
model beiny the openness of the nucleur fusion ITER project). At the outset of uny proposed Mmujor
project, there should be u full examinution of the scope for, und potentiaul benefits from, the
fpurticipution of both developed und developing third countries.

Build societal backing

Energy R&D in key strategic fields fuces public opposition and luck of understunding of the issues
or the science. Given the sensitive nature of the priority energy topics, un increused research
conhcenfration on these technhologies may well be held buck by this societul opposition. Society is
even more distunt from the orgunisation und funding of reseurch: more specificully, we believe
there is un almost complete lack of uwdareness of the ERA amony the generdl public. Yet it is the
generdl public who will provide the scientists of the future. And it is precisely to provide people
with the opportunity of u rewarding cureer in a Europeun-wide reseurch murket that the ERA — the
EERA —is beiny developed.

The proyress both of eneryy reseurch und of the development of the EERA us un onyoiny socidl
forocess ucross Europe could thus be impeded by socidl fuctors. There is u heed for un explicit
focus on sociul reseurch including burriers, educution/promotion/awdadreness-ruising, deliberative
processes, etc. Within FP7, this could be uchieved both by broudening the scope of socio-
economic reseurch within the thematic programme on eneryy, und by strengthening the link
between eneryy und the Science und Society programme — with specific energy-related topics
included in this programme, und un ullocution of some funds specificully for energy-reluted sociul
and culturdl reseurch.

25. For exumple, only 16% of the €285 million ullocuted fo INCO within FP6 hus been committed so far.
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Ensure the necessary scientific basis in other research fields such as
materials research and information and communications technologies

The technoloyy ussessments in the followiny section show thuat some of the mMost cruciul energy
resedrch needs ure concerned with cross-cutting issues such as materidls problems or the
development of ICT upplications in the energy field. The present arrangements for energy-related
cross-cutting reseurch within FP6 are not sutisfuctory. For instunce, yiven the importunce of
materidls research in so mMany crucial energy R&D fields, there is a heed for a much closer
interfuce between energy und the cross-cutting elements of the Framework Programmes to
ensure thut importunt eneryy-reluted mauteridls reseurch is promoted, und thut there is un
adeyuute level of coordinution with the ehergy programme.



2. THE NEEDS OF SPECIFIC TECHNOLOGIES

Introduction

The centrdl element in the work of the ERA working group waus un ussessment of the orgunisational
needs of the different fields within energy reseurch. This ussessment wus conducted
independently of the technicul ussessments curried out by the Strategy Working Group (SWOG):
the ERA working group ussessment focused only on the needs of euch field for coordinution und
for the various instruments. Thus, our dssessments were not in any way concerhed with the reldtive
strateyic importunce of euch field ulthough, of course, they were carried out auguinst the context
of the strateyy working group ussessments.

The starting point in selecting specific technoloyies for ussessment wus the selection mude by
SWOG which identified eight technologies for assessment®. All but one of these were included by
ERAWOG - dlthough discussed by ERAWOG, nuclear fusion wus hot included in the orgunisational
ussessment since it is dlreudy functioning in effect us u well-developed ERA. Four udditionadl
technoloyy fields — yrid intfegration, oceun eneryy, socio-economic reseurch, und solar thermal
(high-temperuture) energy — were included in the ERAWOG ussessment. These additional fields dll
have coordination heeds ut some level, und ure therefore potentiul cundidutes for the EERA.

Euch of the technoloyies considered were initidlly ussessed aguinst nine criteriu, six of which
referred to the agpplicability of the EERA concept, und the other three to their relutive readiness
for the EERA. The nine criteria were s follows:

Applicubility to the EERA:

® |5 the technoloyy still u long way from commerciul exploitation (thus making colluboration
more feusible)?

® |s the technoloyy of importance to the overdll Europeun enerygy system (muking coordinution
of reseurch uctors more likely)?

® |s there u lurye ylobul market potential, with a dunger thut Europe could luy behind
international competitors (Muking it more likely that Europedn reseurchers would wish to co-
operute via the EERA)?

® Does the field require u unified Europeun upprouch in order to colluborate with mujor R&D
progrummes elsewhere in the world (muking it more likely that resedurchers would seek u
coordinuted Europeun upprouch)?

® |5 u Europeun upprouch needed in order to proygress key reseurch issues (e.g. harmonised
Europeun standards)?

® |s the field so costly/complex that significunt reseurch audvances cull for u shared upprouch?

26. Idem
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Reudiness for the EERA:

® |sthere dlreudy un industrial/supply structure in existence in Europe (that is, is Europedun industry
ready to carry forward a well-coordinated reseurch effort)?

® Are there existing nutionul/regionul reseurch programmes in Europe thut would provide u busis
for the development of Europedn policies/programmes?

® To whut extent have dctivities ulreudy been undertuken (e.y. networks, ussociutions, joint
reseurch) in information sharing und identifying possible areus for coordination/ colluboration?

The EERA working yroup ulso considered other documentution on the existing orgunisation of R&D
in euch of the fechnoloyies considered, before arriving ut conclusions reyurding their
coordinution und other orgunisutionul heeds. The results ure summarised below, und further
information on the ussessments is presented in Annex B of this report.

The specific technologies

The technoloygies considered by the ERA working group were us follows (in dlphubetical order)?:
® Biomuss eneryy

® Fuel cells

® Hydroyen-reluted technoloyies

® |ntegrution of renewuble energy sources und distributed gyeneraution into the yrid

® Neur-zero emission power generution bused on fossil fuels (including pre- und post-combustion
CO, sepurution und storuye)

® Nucleur fission

® Oceun eneryy (wuve; seu current)

® Socio-economic und policy-related resedrch
@ Solur photovoltuics

® Solur thermal (high-temperature)

® Wind eneryy

ERAWOG ulso considered nucleur fusion, und concluded that there was little to udd in relation fo
its current orgunisution; huclear fusion ulreudy functions us a more or less complete ERA. This is hot
infended to represent a full coverayge of dll energy tfechnoloyies; ERAWOG wus unxious to dssess
a wide ranyge of fechnholoyies but, in the time avdiluble to the group, it wus not feusible to uddress
them dill. In g second phuse of ERAWOG s activities, energy technologies missing from this report

27. It should be nhoted thut the ERA working group cohsidered rather more technhologies than did the strategy
working group. The reuson for this is that, although u field may be of reldtively low strategic importance to
Europe us u whole, it muy honetheless be u fruitful field for u coordinuted upprouch by those working in it. Note
dlso thut ulthough hucleur fusion wus cohsidered by the group, this field is ulreudy in effect functioning ds u
well-developed ERA.



may be ussessed. Omission of u technoloygy does hot imply that they are unsuited to the EERA;
‘deep’ yeothermadl eneryy reseurch, for exumple, is dlready well coordinuted viua a mujor
onyoiny IP-like project initiuted in FPS5.

Biomass energy
Visioh
The overdll objective is to expund the use of biomuss, especidlly in the fransport sector, in order to

replace fossil fuels in the EU-25 by up fo 30% by 2030. Technology and equipment must be
developed to enuble u higher eneryy contribution from biomuss in the EU enerygy bulunce.

This goul will regyuire new developments in the value chain for valorising biomass via hew energy
crops und their exploitation, with both thermochemicul und bioconversion methods to produce
biofuels, hydrogyen und chemiculs leuding to cost-effective solutions.

Orgunhnisatiohdl ahd resource heeds

Achieving the overdll objective will involve u coordinuted joint effort by stukeholders from the
industriul und acudemic community — with expertise not only in enerygy, but dlso in agriculture,
biotechhology, chemistry, and industrial processes.

The level of involvement of euch stukeholder depends on the muturity of the tfechnoloyy for
maurket use. Biomuss use for electricity production viu co-combustion is considered da rapidly
muturing technoloyy, while the yenerdution of electricity viu yusificution requires further
development. Cost-effective production of biofuels und hydroyen viu the gusificution route
needs substuntiul improvement in biomuss feedstocks, cutulyst development und process
inteyration. Bioconversion routes for the production of either biofuels or chemiculs reyuires cross-
cufting fundumentul reseurch in hew crop production methods, biotechnoloyy routes to the
desired products, und cost-effective sepuration und utilisution of both biofuels und chemicuals.

Another important heed is the adoption of policies both at community and Member State level,
in order to: U) infroduce economic und reyulutory instruments (including tux policies) to increuse
the commerciul viubility of biofuels; und b) develop stundurds for biofuels deployment
(distribution und use).

Sutisfying the heeds

The level of coordinution heeded will be dictuted by the resource und orgunisutionul heeds, us
well us the needs of the specific technology. ERAWOG believes these cun be met by the use of
existing und proposed instruments:

® Member States should become involved in the ERA-NET scheme which will be useful in
developing u common policy uimed ut encouruying the development of balunced growth,
harvesting und distribution of biomuss resources for both energy und hon-enerygy use.

® Private enterpirises, finuncing institutions und research orgunisations will be the prime movers in
developing yusification technoloyy for hydrogen and BTL fuels, using existing Framework
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Progrumme instruments, including infrustructure development for u BTL demonstrution plaunt
using the 13 instrument.

® The use of bioconversion methods for the economic production of biofuels und chemiculs will
require a higher level of busic resedrch, und hence u gredter involvement of reseurchers in
third-level institutions will be needed. Onhce aguin, the existing FP instruments should be
udeyuute.

® Resedrch oryunisutions, universities und industry will be the prime movers in developiny
processes for the simultuneous production of biofuels, chemiculs und enerygy, employiny the
proposed new flexible tool und developing Europeun Reseurch Fucilities to be estublished for
core technoloyies.

Fuel cells

Vision

Fuel cells are un excellent technoloyy option for clean und highly efficient electricity production
from natural gus, und later on from hydrogen, especidlly for mobile und locul upplicutions. A vision
of the widespreud use of fuel cells depends on the uvdilubility of ubundunt and cheuply produced
hydrogen (of course, hydrogen can be used ds unh energy cdrrier in conjunction with conversion
technoloyies other than fuel cells — such ds infernal combustion engines or gus turbines — and fuel
cells cun be employed using naturdl gus, for example, rather thun hydroygen, us a frunsitionul

strateyy). The successful development of fuel cells will chunge many industrial structures, and will
creute u hew murket opportunity where Europe should strive for a leading position.

ERAWOG sees fuel cells us u future strategic commodity on u globul market. In order to guin u
large share of this emerying market over the next ten years, Europe should join forces within the
EERA und with the instruments introduced during FP6 und ifs predecessor progrummes.

Orygunisdtiondl und resource heeds

Although bused on u very old ideu, fuel cells still require expensive R&D becuuse the costs of
recently achieved solutions und demonstrations are still far foo high fo compete effectively in the
maurket. The US und Jupun currently invest large sums of public und private money in fuel cell
reseurch und product development. This is u challenye for Europe, where nutional strateyies
prevuil over joint efforts, and the industriul groups uctively developing these technoloyies ure
globdl (or atf leust fransatlantic) players. Europedan research on fuel cells will remain wedk unless
Europeun progrummes und the existing Technoloyy Platform chanye the situation. There will be u
need for close colluboration between industry and the leading Europeun resedrch institutions.

In the perspective of the EERA, it is importunt fo choose the right level of coordination — especially
bedring in Mind competitive issues umony Europe-bused industrial players. Thus, the necessary
coordination has to be of medium level — that is, applying the existing FP instruments. Specidl
consideration should be given to developing the hecessury norms und standards in order to
prevent incomjputibility within the murket — for exumple, in grid connections, or with respect to fuel
supply infrastructures.



As fuel cells still cunnot compete on u cost busis in the murket, there is un urgent need for more
fundumental research in order to develop hew dpprouches. Even in u perfect EERA, this research
will need finunciul support without strony coordination - self-coordination by ylobul scientific
exchunyge, conferences, etc, should be sufficient.

Satisfying the heeds

ERAWOG supports the Europeun approuch of a Techhology Platform combining the fuel cell and
hydrogen strategies, ulthouygh both elements are not hecessarily closely connected. When cheup
hydrogen is widely avdiluble from environmentally benign primary energy sources, u much closer
inteyrution of reseurch in the two fields will be hecessary. In the meuntime, ERAWOG recommends
that the independence of both fields be curefully respected.

Other than this, ERAWOG hus littfle to udd to the struteyy dlready being implemented: the
establishment of u High Level Group on hydrogen/fuel cells, followed by the development of a
Technoloyy Plutform. This coordination scheme will be strengthened by dll existing tools such us
ERA-NETS, NOEs, IPs, STREPs, efc.

There is strony internutionul competition from other countries with high competence in fuel cell
reseurch, includinyg the US, Cunudu, Jupun, China und Koreu, ERAWOG recommends u cureful
unulysis of relutive strenyths before proceeding to u higher level of externul co-operution.

Hydrogen-related technologies

Vision

The vision is of u highly efficient eneryy supply und service economy, supported by hydroyen us
an eneryy cdrrier, ulony with electricity. Hydrogen is abundunt in hature, but it will only help in
meeting sustuinability objectives if produced without CO2 us u by-product. Our vision therefore
includes production of hydrogen by sustaindble meuns — for example, using hydro, wind,
wuve/seu-current, high-temperature solur thermal, or photovoltuic energy. In the mobility und

fransport sector, hydrogen dand synthetic hydrogen-rich fuels will play an important role in
replenishing the energy economy.

Orygunisdtiondl und resource heeds

Different needs exist for different uspects of hydrogen reseurch, including hydrogyen storuye,
sustuinuble production of hydrogen bused on existing energy technoloyies, und development of
novel methods of hydrogen production:

® The development of lightweight, compuct hydrogen storage systems is critical for the
ultimute success of hydroygen in the frunsport sector, und dlso in the mMurketiny of portuble
devices replacing butteries. Although this is u crucial aspect of hydrogen R&D, strony
coordinafion May not be appropriate since hew ideus und approuches are still needed.
Whuat is needed in the EERA is u coordinuted uwdreness of ongoiny development so thut the
necessary horms and standurds cun be imposed us sooh us market deployment begins in
ten to 20 yeurs.
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® Alternative hydrogen production methods from many hon-electric primary (und some
secondury) eneryy cdrriers huve to be developed und optimised. This must be coordinuted
with R&D in other fields — e.y. in hucleur und solar thermal development — in order to study
thermochemical cycles for water splitting; or in the biomass sector, us one of the many
possibilities of producing biomuss fuels. With respect to the EERA, many strateyies dure of
Europeun dimension, interest aund visibility, so adeyuute coordinution is needed.

® Fundamental research is sfill heeded to gdin hew ideus for hydrogen production (e.y.
biologicul und photocatulytic methods), storage (e.g. in hanostructures) and applications
(see fuel cells). This resedurch will not heed to be coordinated too closely - self-coordinution by
globudl scientific exchunyge, conferences, etc. is the most desiruble upjprouch.

Since u hydrogen system in fransport will und must consist of u globdlly computible infrastructure,
reseurch aund development, us well us demonstration and deployment, huve to be more und
more strongly coordinated as market introduction comes closer.

Satisfying the heeds

ERAWOG supports the existing orgunisational developments — the appointment of u High Level
Group followed by u Technoloyy Plutform with the development of u common strateyy within
working groups on R&D and eventuul deployment. This scheme of coordihution will be
strengthened by:

® An ERA-NET, in existence since October 2004, bringing ftogether national und regional
strateyies on hydrogen technoloyies

® Applicution of dll existing FP instruments

® Opehiny up Europeun projects to important parthers from other continents.

Integration of renewable energy sources and distributed generation into
the grid

Vision

A Europeun yrid which is uble to utilise energy supply from smuall us well us large generators using
u wide runyge of eneryy fechnoloyies, including photovoltuics, wind enhergy, fuel cells, CHP and
oceun eneryy.

Orgunisutional and resource heeds

There is a need for a range of R&D projects with the participation of dll European Member States,
ufility companies, SMEs, and reseurch orgunisations dimed at solving outstanding problems
ussociuted with the infegrution of renewubles into the yrid — including eneryy storuge, power
electronics, ICT technoloyies, efc.

There ure policy und regulatory uspects of yrid development und munugement which must be
addressed in u coordinated manner.



Sutisfying the heeds

The urranyements estublished in FP5 — networks, clustering of existing projects — provide u yood
busis for advancing u coordinated approdch in FP6. The ongoinyg RES-DG cluster of projects brings
toyether seven mujor projects/networks with u total funding of €34 million.

Within FP6, the EU-DEEP project (tfotul funding €30 million), which started in January 2004 and will
run until Mid-2009, will address market inteygration issues, regulation uduptation, conhnection
technoloygies, yrid impuct of distributed yeneration, und Distributed Energy Resources (DER)
systems.

Pluns ure dlreudy in place for extending existing coordinution activities into FP7.

ERAWOG considers that substantial progress is being mude in this field, in the direction of
coordinuted reseurch efforts ut u Europeun level. It is desiruble to continue to support existing
activities, und to support any further initiatives to address additiondl research heeds us they drise.
ERAWOG considers that the existing range of instruments should be adeyuute to meet any such
needs.

Nearzero emission power generation based on fossil fuels (including
pre- and post-combustion CO, capture and sequestration/storage)

Vision

The long-term objective is the gyeneration of electricity with fossil fuel combustion (in the very lony
term, coul) with heur-zero CO, emissions. In the short fo medium term, we envisuge improvements
in fechnoloyy towdrds much greuter efficiency in the use of dll fossil fuels for electricity yenerution
- including reduced emissions und the cupture uand seqyuestration/storage of CO,. In the medium

to lony term, we expect the development of hew combustion methods to muke CO, sepurution
eusier, und the development of sufe CO, frunsportution und seyuestration methods.

Orgunhnisationhdl ahd resource heeds

The ubove-mentioned objective will be duchieved through o coordinuted effort by utility
compunies, eyuipment suppliers, und the ucudemic community working together und drawing
on resources from Mmuteridls science, combustion enyineeriny, equipment design, environmentadl
und socidl sciences.

Incremental improvements in existing processes dre possible with hew Materials and combustion
modificutions, resulting in o More concentruted CO, flue yus streum, und muking CO, cupture
and seyuestration/storage eusier. There is a heed for  range of focused R&D projects to uchieve
these improvements.

A neur zero-emission fossil fuel (probubly coul) bused power plunt will reqguire developments in
muteriuls science, new combustion processes, CO, sepurution Mmethods, und sufe
fransportation and seyuestration/storage of CO,. Integration of dll process steps for power
geherution (with und without hydroyen production for fuel cells) will be necessary for providing
many of the options for reaching the final godl of a hear zero-emission electricity generdation
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plunt bused on coul. There will be u heed for some very lurge-scule projects to pilot und
demonstrate the infegrated tfechnology. For CO, sequestration/storage, there will be a heed
for R&D to help the development of regulutory mechanisms to uddress long-term sufety and
sustuinubility issues.

Satisfying the heeds

The coordinution efforts required to reuch the gouls will become more und more demaunding us
the redlisution of the nedr-zero emission objective becomes closer. The following dctions dre
envisuged in increusing order of coordinution needs:

Industry und reseurch orgunisutions will be the prime movers behind substantial improvements in
eneryy efficiency, which cun be dchieved by incorporuting hew materidls in traditionadl
combustion systems. Existing FP instruments (IPs, STREPs) should be adequate for the development
of the muteriuls tfechnoloyy. Construction of u demonstration plunt to test material components
will involve a mujor project with multiple funding sources.

® Resedrch oryunisutions, universities und industry will develop seyuestration/ storage-reudy
combustion systems, including the development of CO, sepurution methods. The new flexible
instrument (see elsewhere in this report) is recommended for this ureu because of the need to
infeyrate muny different reseurch topics, und mauny different branches of reseurch, in order to
achieve muximum eneryy efficiency.

® |ndustry, together with research organisations, will be the principal actors in the development
of hew methods of coul conversion (PFBC, IGCC) thut will fucilitute CO, sepurution. A pilot
plant that will dllow for evaluution of upprouches will be heeded, ulony with one to two
demonstration plunts in which the complete caurbon munugement puth will be demonstrated.

® Governments, industry, finauncing institutions, resedarch orgunisations and universities will be
involved in developinyg inter-reluted technoloyy und policy options for promoting u heur zero-
emission fossil fuel-bused power plant. A Technoloyy Platform will be required to define un
infegrated approuch; internationul co-operation will be essential. An inifial step should be the
estublishment of u High Level Group to put forward u common vision, d strategic resedrch
auygendu, und u deployment strategy fowdrds u heudr zero-emission coul-bused power plant,



Nuclear fission
Visioh
The lony-term objective is to develop technoloyies for nucleur fission energy yeneration that:

® guuruntee the highest stundurds for sufety, security und resistunce to proliferation with
essentidlly no risk to the workers, the generdl populution und the natural environment — und, in
purticular, yuuruntee the sufe munugement und disposul of the rudiotoxic wuste produced;

® optimise the use of nuturdl resources (uranium, thorium) so us to Muke nucleur fission u
sustuinuble source of eneryy for centuries, while minimising the production of toxic wuste,
especidlly high-level, long-lived radiouctive wuste;

® prouden the opportunities for the use of nucleur eneryy beyond electricity froduction,
including use of process heut for various upplicutions such us production of chemiculs,
hydrogen muss production, und seu-wuter desulinution.

These dre in essence the youls of the fourth yeneration of huclear power systems und their ussociuted
fuel cycle. The current (second) yenerution hus reuched industrial maturity and competitiveness,
dlthough the uestion of sufe findl disposul of the radiouctive wuste remuains to be validauted at the
industrial level. Third-yenerution systems, which are sufer und more economic, huve just sturted
market deployment. Generdtion IV systems dre expected to start penetrating the market around
2030-2040. Generution IV fechnology is of cohsiderdble importance in Europe since nuclear energy
generution will still represent some 22% of electricity yeneration in Western Europe in 2020. There is ulso
u large potentiul globul market for Europeun munufucturers, especidlly in Asiun countries.

ERAWOG's vision is of u concerted effort by dll of the reseurch uctors involved such that the lony-
term objective stuted ubove is redlised in us short U timescule us possible.

Significant audvances dre expected through continued resedarch on second- and third-generdation
technoloyy. In particulur, Europe-wide uccepted solutions fo the munuyement und disposal of
high-level toxic waste have to be found well before Generdtion IV will be ready for market
deployment. This dlso includes confinued R&D uimed ut muintuining und improving high levels of
radiologicul protection, especidlly to resolve uncertuinties concerning the effect of low und
protracted doses of ionising radiation on humun health, ERAWOG’s opinion is that this topic
pertuins to medicul studies rather thun to nucleur fission enerygy technoloyy per se. However, the
studies in this field would certuinly benefit from u better-coordinated orgunisutionul framework
estublished for nucleur fission reseurch ut large.

Orgunhnisationdl ahd resource heeds

The muin heed how is for major plunning and coordination dimed at substantial Europeun
involvement in the development of u Generution IV huclear plant, Given the mdjor involvement
of the US in such a project — purticularly through the Generdtion IV International Forum — there is
u heed for u unified Europeun effort. A joint undertuking umony severul Member Stutes could be
the objective.
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Given the very high costs of reseurch und the lony leud time, there is u heed for substuntidl
ohyoiny public funding to cover R&D und infrustructure costs. Europeun infrustructure is much
needed, purticulurly in the provision of Europeun hot lub fucilities und hew muteridl test fucilities.

Attention to educution und training is required particularly in the field of hucleur fission, nhoting the
need (ut the leust) to muintuin expertise in this criticul field.

There is u need for mujor cross-cutting muteriuls reseurch, purticularly in relation to structural
elements und fuel elements for reactors operating at high/very high temperatures.

Satisfying the heeds

As regards Community-supported R&D, dll of the existing Framework Programme instfruments are
needed in this field. Large infrastructures might be provided partly by projects undertaken as
Integrated Infrastructure Initiatives (13), or they could be aun early and important element within u
maujor Europedun programmatic upprouch to huclear fission research.

ERAWOG is supportive of initiutives that could leud to a Technoloyy Plutform in nuclear fission,
addressing a much wider reseurch ugendu thun is presently covered by FP6/Euratom. Such an
initiative would deserve strony top-downh support from the Europeun Commission.

Ocean energy (wave/sea-current energy)

Vision

ERAWOG supports the IEA Implementing Agreement vision for ocean energy?: “to redlise by 2020
the use of cost-competitive, environmentdlly sound oceun energy on d sustuinuble busis to
provide u significunt contribution to meeting future energy demands upurt from other uses such
us desdlinution”. More specificully, we look forward to the emergence of u small humber of

dominunt oceun wuve und seu-current technologies, und of u significunt deployment of these in
appropriute locutions uround Europe.

Orgunhnisdationdl uhd resource heeds

Europe is currently a world leader in oceun eneryy R&D. Oceun eneryy reseurch in Europe is
currently dominuted by SMEs, with support from public reseaurch bodies, universities und others.
There dre networking and coordindation heeds in advancing the resedurch agenda direudy
produced by the Europeun Wuve Energy Network, WuveNet. There is recoynition umony the
WaveNet members thut the consideruble reseurch work currently under way in Europe hus been
fragmented und conducted in isolation.

There ure R&D needs in relution to first- und second-generution oceun eneryy devices, centred
mainly on efficiency improvement, design refinement and cost reduction. There is u heed for
informution exchunge on mutters of shared interest, und short-term R&D projects to address
shared problems. Shured problems include knowledyge yups requiring a multi-disciplinary
approuch.

28. See http://www.ieu-oceuns.ory/ubout/vision/home.htm



There is u heed to ensure udeqyuute links with dll uctors involved in oceun-bused technoloyies,
especidlly offshore wind energy technology, to ensure that any possible syhergies dre pursued.

Satisfying the heeds

The necessary R&D should be carried out in a coordinuted way in Europe, und should ufilise the
existing [EA Implementing Agreement for carrying out oceun enerygy reseurch in colluborution
with infernational partners. We envisuge colluboration between the Europedn reseurch actors in
ensuring the necessary progress on shared issues such us test fucilities, und the development of
common standurds. R&D oh oceun eheryy devices could be cuarried forwurd with a series of
STREPs uddressing specific topics, or by meauns of un IP whose objectives encompuss the whole
reseurch ugendu estublished by WaveNet. An IP would represent a meuns of udvuncing oceun
enheryy reseurch in u well-coordinuted way.

Networking und joint plunning have been curried out to dute by the Europeun Wauve Eneryy
Network (WaveNet), u Themutic Network estublished in 2000 within FPS. CAs represent u suituble
instrument for the continuution of hetworking.

WAVETRAIN — a Marie Curie Reseurch Training Network established within FP6 — dims to advance
topics such us device modelling, ussessment of devices und components, und socio-economic
assessment. This is a valuduble network that deserves ohgoiny supjport.

Use could be mude of the Infeyruted Infrustructure Initiutives (13) instrument for the development
of resedrch infrastructure, such as a network of Europedn test facilities, which may be large scale
and costly.

Socio-economic and policy-related research

Vision

The vision is of u highly developed set of resources ut u Europeun level — comprising resedurch
actors from individual Member States collaborating on shared problems — and meeting Europedn
needs for eneryy, environmentul and economic reseurch. In addition, we envisuye Europeun-
level reseurch on societdl drivers of und burriers o innovation in und the widespreud ufilisution of

new und more sustuinuble enheryy technologies and infrastructures, and on the inteructions
between people und eneryy.

Orgunhnisationdl ahd resource heeds

The muin need is to ensure un udeyuute level of coordinution of socio-economic und policy-
reluted research by the Member States, to provide for shared dpprouches, knowledyge dund
experience, wherever these ure warranted. There is un ongoiny heed for the further development
of socio-economic reseurch methodoloyies cupuble of providing unswers to policy und other
yuestions relevunt to innovation in energy technoloyies, and to enerygy production and use und
its economic und environmental implicutions.
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There ure two broud setfs of heeds, one concerned with economic reseurch und the development
und use of economic models, und the other concerned more with policy-reluted und socio-
culturdl uspects of new eneryy fechnoloyies und infrustructures und demaund-side issues.

® The former is yuite well estublished in energy research, while the latter has mostly been
addressed ut nutiondl level to date. Thus, there dre existing resources conducting socio-
econhomic reseurch focused oh econometric modelling und the like, und there hus been u
meusure of networking und coordinution through previous FPs.

® The sume cunnot be suid of eneryy-reluted sociul und policy-reluted reseurch, und there is u
need for both dn increused level of research in this field, and for gredter coordination.
Althouygh there is reseurch within Member States, there hus been reldtively little shared uctivity
across Member States to dute, even though many of the challenges are shared.

Satisfying the heeds

Specific socio-economic reseurch chuallenges cun be daddressed by utilising existing FP
instruments.

With regurd to policy-reluted und sociul/cultural uspects of enerygy (including issues ranyging from
innovution policy und instruments to the ucceptubility of hew eneryy technoloyies und
infrastructures, end use and behaviourdl issues), the FP6 work programme dlreudy dllows for
froposuls in these fields, und this would provide u busis for reseurch proposuls ut u Europeun level.
There would be scope for u joint reseurch effort on common issues, o be estublished by hational
eneryy bodies in colluboraution with uppropriute nationul level reseurch institutions.

The Commission should encouruge the estublishment of an ERA-NET, with a view to bringing
together nutiondl us well us Europeun socio-economic und policy-reluted reseurch und
associuted datu, The dim should be to identify shared issues that would benefit from d
coordinuted upprouch ut u Europeun level. These issues could be udvunced through specific
projects using the existing Frumework Programme instruments.

Solar photovoltaics

Vision

The overdll objective is to expund the use of grid-connected PV systems in the electricity sector
with a meuningful und yrowiny penetration by PV in Europe by 2030, und d significunt penetration
in non-grid murkets by 2020. Such un objective will require new developments in mMuteriuls and

munufacturing processes, linking the physics of PV devices to munufucturing process
technologies.

Orgunhnisatiohdl ahd resource heeds

Although photovoltuic technoloyy hus dlreudy been brought to some markets, there are
significant buarriers, some of them involving lony-term reseurch efforts — vitadl if PV is to uchieve
muijor penetration purticularly in grid-connected dpplications. The time heeded to udvunce



these sutisfuctorily is probubly sfill yuite consideruble, althouygh PV is un areu where there is
substuntiul murket competition ulreudy.

Achieving the overdll objective will involve u coordinuted joint effort by stukeholders from the
industriul und ucudemic community. The level of involvement of euch stukeholder depends on
the muturity of the technoloyy for murket use.

Muny R&D uctivities are under wuay, involving lurge consortiu funded in FPS und FP6, plus the
Distributed Enerygy Resources cluster of uctivities which includes considerutions of issues linked to
large-scule PV grid connection.

Private enterprises, finuncing institutions und reseurch organisations will be the prime movers in
developing hew PV technologies. In dll areas of PV production, considerable R&D (both busic und
dpplied) is hecessary in Materials und new production technoloygy: research on PV, linking the
physics of PV devices with munufacturing technology (more specificully, muss production of PV
devices) und muaterial reseurch on promising PV technoloyies will benefit from < shared
dpjrouch.

An importunt heed is for the adoption of policies both ut community und Member State level in
order to provide resources for ussessment und siting, environmentul uttributes, stundurds, testing
und evuludtion, murketing und finuncing mechunisms to expedite deployment, inteyrution of PV
systems especidlly in low-energy buildings, und enerygy storuge in synerygy with PV technoloyies.

Satisfying the heeds

The muin strateyic opportunities for progressing the EERA in relation to PV technholoyies ure the
need, recoyhised in Europe, for much yreuter efforts to compete effectively with Japun and the
US, und the heed for a hew yeneration of PV technholoygies, which must be closely linked to cheup
maunufacturing processes aund products which dare environmentdally friendly.

ERAWOG believes these cun be met by the use of existing und proposed instruments:

® Member Stutes should become involved in the ERA-NET scheme, which will be useful in
developing u common policy uimed ut encouruging the development of bulunced yrowth
of PV systems for both rurdl electrificution und remote sites, und yrid-connected electricity in
cohnjunction with distributed yenerution bused on u range of RES-E sources.

® Resedrch orgunisutions, universities und private industry will be involved in the lonyg-term efforts
required for the economic production of solur cells und PV systems, using existing Framework
Programme instruments. ERAWOG acknowledyges, and is generdlly supportive of, the desire of
Europeun PV actors to establish a TP. However, it hus to be recognised that the PV R&D
activities are dlready well orgunised, so the establishment of a TP must be considered carefully.
The existence of the PV Techholoyy Reseurch Advisory Council, PV TRAC, is welcome, und
provides u useful starting point in identifying common resedrch gouls, und in proyressing un
ugreed struteyic reseurch ugendu for PV in Europe.
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Solar thermal (high temperature)

Vision

The objective is to develop highly efficient solar combined cycle technoloyies (ulways in
conjunction with gus) for power production us well us solur thermal production of hydrogen or
other fuels. More specificdlly, the goudl is to uchieve cost reductions of u factor of 3-5, compured

with present costs. This will dllow u significant contribution to electricity supply in Europe (Mauinly
Southern Europe).

Europe currently has a leuding role in solur thermual high-temperuture technoloyies, but this is in
jeopurdy from the US und Japun. It is part of this vision that Europe should maintuin its position us
the world leuder of both the technoloyicul development und the commercial utilisation of solar
thermal high-tfemperuture upplicutions.

ERAWOG's vision is one of u joint Europeun effort that supports the strateygic medium to lony-
term reseurch necessury to keep Europe competitive in solur thermal high-temperature
technologies.

Orgunhnisdationdl aunhd resource heeds

Solar thermal high-temperature technoloyy will be un option for sustainuble electricity and fuel
production. Reseurch infrustructures und pilot plunt development ure costly und would benefit
from a Europedn dpproduch.,

ERAWOG concludes that the solar thermal field does hot heed to be strongly coordinated.
Nonetheless, there ure topics which would be well suited to the EERA concept, including R&D to:

® increuse efficiency und reduce costs (high temperuture dpprouches, lightweight
concentrutors, hew reflector concepts);

® explore und develop high-temperdture technoloyies for various purposes including solar
thermal hydrogen/fuel production (solur thermal could represent the only technology fo
compete effectively with nuclear, for the production of hydroyen);

® reduce operution and muintenunce costs, und stimulate mass production;
® develop Materidls for high-temperature applications and for thermal enerygy storage.

The SolLaub Network is un importunt existing opportunity for colluborution und coordinution. There
is a need for such colluboration on u wider busis across Europe.

There is ulso U heed for large-scule infrustructures, such ds Plutaforma Solar, but with generdl
Europeun uccess.

The uchievement of such d significant contribution from solar thermal high-temperature
technoloyies will not only reyuire tfechnoloyicul developments leudiny to cost reductions, but will
dlso hecessitute consideration of murket development, grid integration, environmentadl impact,
und socio-econhomic uspects.



Sutisfying the heeds

Initiutives should be tuken that utilise dll the instruments avdiluble through the Framework
Prograummes. A Europeun Reseurch Areu in solur thermual high-temperuture technoloyies that cun
support the sector through long-term yeneric und scientific R&D should be the umbition. R&D in
high-temperuture solur thermal eneryy should be included in the FP7 work programme.

There is u key role for IPs to form the busis for lurge-scale R&D, including the construction of
pilot/demonstration plant. High-temperature uspects, ulony with other topics reluted to the
production of hydrogen, should be included within the scope of the H,/FC Technoloyy Plutform.

An effort should be mude to extend the uccess to networks such us SolLub und infrustructures
such us the Plutuformu Solar,

Muateridls reseurch represents un opportunity for cross-cutting research within the ERA.

Wind energy

Vision

The objective is to develop cost-effective technoloyies that will dllow wind energy to contribute
significantly to electricity supply in Europe, as well as worldwide, by 2020. It is foreseen that offshore

wind turbines will produce much of this contribution. This makes R&D in offshore wind fechnoloyy
a priority area,

It is purt of this vision thut Europe should muintuin ifs position us the world leuder of both the
technoloyicul development und the commerciul utilisation of wind eneryy.

ERAWOG's vision is ohe of u joint Europeun effort that supports the strateyic medium to long-term
research necessury to keep Europe competitive in wind energy - research that would not
otherwise be curried out.

Orgunhnisationhdl ahd resource heeds

The dchievement of such u significunt contribution will hot only reyuire technoloyicul
developments leuding to cost reductions, higher degrees of exploitation of wind resources, und
better und more stuble operution of wind turbines, but ulso hecessitute considerution of Murket
development, grid inteyration, environmentadl impuct, and socio-economic uspects.

There is heed for open-knowledye hetworks umony the Europeun reseurch institutes und industry
dedling with lonyg-term generic und more fundumentul wind eneryy reluted R&D-uctivities. There
is dulso u need for more und better-coordinated activities that can mMake knowledye avdiluble to
EU compunies ut u cost compuruble with that avdiluble to US und Jupunese competitors.

This need for R&D covers such u broud spectrum of resedurch dreus in technoloyy, eurth und
environmentul sciences, and socio-economics that a strong Meusure of coordinution is warranted
in order to ensure that Europeun resources — human us well us fiscul — dre optimully exploited.
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Sutisfying the heeds

Initiutives should be tuken that utilise dll the instruments avdiluble through the Framework
Progrummes. A Europeun Reseurch Areu in wind enerygy that cun support the sector through lony-
term generic and scientific R&D should be the uambition. A hecessury busic element will be the
inclusion of wind eneryy topics within FP7.

ERAWOG believes that offshore wind ehergy should be given high priority, and that the
estublishment of u Wind Enerygy Technology Platform should be pursued, us should the possibilities
for multinationul offshore R&D progrummes.

Summary of instruments und upprouches

The instruments und dpprouches sugygested by ERAWOG dre summarised in Table 1 on the
followiny puges. Summaries of the more detdiled techhology dssessments carried out by
ERAWOG ure presented in Annex 2.
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VI. CONCLUSIONS AND RECOMMENDATIONS

We believe thut good proyress hus been mude in creutfing the EERA during the first years of FP6.
This hus been mude possible purtly us a result of earlier uctions designed to bring key stukeholders
together, in shared reseurch, in hetworks and ussociutions, und in developiny und debuting R&D
roud mujps und strateyies. Apurt from this history of progressive co-operution, the success to dute
has been lurgely due to the mix of bottom-up inifiutives tuken dt the level of the individuul
research estublishment, and of fop-down inifiatives and support provided by the Europedn
Commission. This mix of initiatives is appropriate for the future development of the EERA.

Recommendation 1 - mix of bottom-up and top-down initiatives
The Commission should continue to progress the EERA through a mix of top-down initiatives

and support, and through creating opportunities for bottom-up initiatives.

The reqyuisite efficiency und effectiveness — und indeed the hecessury concentration of resources
— cun only be uchieved if substuntial progress is made in increusing the coordination of regiondal,
national und Europeun programmes.

Recommendation 2 - increased concentration of resources

The Commission should:

® Promote the establishment of a greater number of ERA-NETs in the energy area.

® |dentify and remove the barriers to regional or national coordination.

® Establish and maintain a web-based database of energy research actors and the ways
they are structured.

® Strengthen the role of CREST with respect to use by Member States of the Open Method of
Coordination.

® As early as possible in the development of TPs, identify opportunities for initiatives for Joint
Technology Initiatives and the use of Article 171 of the EU Treaty. One or two should be ‘fast-
tfracked’ in order to establish the process, and to serve as examples for further initiatives.

® Consider separate programmes for very large/complex projects (e.g. construction of an
advanced fission reactor, or a zero-emissions coal-fired plant/CO, sequestration).

® Advance its consideration of a Loan Guarantee Scheme. This is especially important in
energy research.

® Encourage early use of the 'Support for Research Infrastructure’ programme for the
development of large-scale energy research infrastructures.
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Recommendation 3: Member State responsibilities
Member states should:

® ensure that commitments made regarding research funding are translated into national
and regional policies leading to action;

® provide the resources necessary for full participation in ERA-NETs within the energy
research field;

® ensure an adequate level of coordination of energy research programmes within their
own boundaries.

By the start of FP7, it is likely that a number of energy-related JTls will be starting, and g number of
Europeun Reseurch Fucilities will be ut an emergent stuge. TPs will shupe the reseurch priorities in
u humber of eneryy research fields. Thus, the instruments avdailable in FP7 will have to support this
foroyression.

Recommendation 4 - instruments in FP7

Instruments proven to be successful in FP6 will be equally appropriate in FP7, and should be
retained, bearing in mind the following:

® NoEs should be concentrated on the development of European Research Facilities (and
NoEs should be re-itled ‘Networks of Integration’).

® Greater use should be made of Coordination Actions for larger networks whose main aim
is ‘coordination through networking’.

® A new flexible instrument should be considered to offer the possibility, within a single
contract, of networking, development and implementation of a research work
programme, and development of infrastructure.

ERAWOG is of the view that existing structures are inadequate with respect to the cross-cutting
reseurch needs of eneryy. While this is purticularly the cuse for cross-cutting muteriuls reseurch,
the observation dlso upplies to other fields such us ICT und Science und Society.

Recommendation § - FP7: energy-related cross-cuiting research

FP7 should:

® ensure even closer coordination of energy and the other elements of the Framework
Programmes necessary for achieving energy research goals (the research needs of a
particular topic should not be confined to the priorities of a thematic programme);

® consider the use of the new flexible instrument (recommended in 4 above) as a means of
ensuring that important cross-cutting research needs are addressed.



Some heeds for eneryy reseurch infrustructures have been identified, und u humber of the most
importunt reseurch priorities in eneryy involve the construction of larye, costly pilot or
demonstration plunt — which in itself serves u similar purpose to infrustructures for enerygy
reseurchers. Within FP7, there will be u need for some lurge enerygy infrustructures to be put in
pluce (see technoloyy ussessments for specific suggestions). Structural Funhds could play dan
important role in funding Major eneryy resedrch infrastructures ut regional level.

Recommendation 6 - use of Structural Funds

Regional and national administrations should make greater use of Structural Funds for the
creation of ERFs and energy research infrastructures.

It is essential thut progress be made during FP7 towards increusing the utilisation and mobility of
reseurchers. In addition, there is un urgent need to uddress the issues of uge und yender profiles
of energy reseurchers. There is ulso u heed to ensure U close reldtionship between the
development of the EERA und the provision of excellent educution of relevunce to eneryy
reseurch.

Recommendation 7 - FP7: education and training; age/gender profiles
The Commission should:
® initiate a dialogue between the education sector and representatives of energy research;

® strengthen the linkage between the Marie Curie trainee scheme and the specific
programme on energy;

® ensure that the training requirements in NoEs and IPs are taken seriously by consortia;
development and implementation of training plans should be closely monitored;

® ensure that consortia take seriously their obligation to address resource imbalances in
areas such as age and gender.

The ERA is essentidlly u societul movement, servinyg sociul us well us economic uims. At heaurt, it
concerns the creution of u heulthy Europeun employment market for scientists und enyineers. But
the dim of eneryy reseurch (und hence the EERA) is to meet society’s heeds for sustuinuble
eneryy. These uims meun thut enerygy resedrch in yenerdl, und the EERA in particular, must not be
dllowed to progress independently of the society in which they exist. We are convinced thut the
EERA is still little understood by eneryy reseurchers und policy-mukers, und even less so by the
generdl public. And future eneryy technoloyy options ure either unknown or distrusted by the
poublic.
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Recommendation 8 - FP7: broader societal issues
The Commission should:

® increase the emphasis on socio-economic research linked to energy technologies by
broadening the scope of social research carried out within the energy programme, and
strengthening the link between the energy programme and Science and Society;

® act to raise understanding and appreciation of the importance and benefits of the EERA
to society.

Intfernutional co-operation is of ygreut importance in the eneryy field. There is a need for
colluborution with the developed world in tuckling shared problems. There dure opportunities ulso
for Europe to share its tfechnoloyies for sustuinuble eneryy with the developing world, und there
are mussive commercial opportunities in this sector. Findlly, there dare ygood politicul und
environmentul reusons why the EU should co-operute actively with neighbouring countries.
Instruments cunnot be upplied in the sume way in dll countries und ureus, und there is u heed for
flexibility in order to maximise third-country participution.

Recommendation 9 - international co-operation

The Commission should:

® act to remove any barriers to participation by third countries in the Framework
Programmes, in order to encourage a greater take-up of the funds available for
international co-operation;

® ensure maximum flexibility in the application of instruments to third-country participation.
We huve, in our ussessments of specific eneryy technoloyies, reuched conclusions us to the most
uppropriute ways of progressing the EERA for euch field. This ussessment reussures us that the mix
of instruments recommended in this report should be udeyuute to meet the requirements of
enheryy reseurch in the mid term.

Recommendation 10 - specific energy technologies

Our recommendations on the most appropriate approach to coordination, and the
appropriate instruments to be employed, are summarised in Table 1 above.



Overall conclusion

On the busis of its ussessments, ERAWOG is of the view that energy R&D in FP6 und FP7 will benefit
from u rapid transition tfowards greuter coordinution, increused pooling of regionul, national und
Europeun funding, und the udoption of umbitious, lony-term youls for technoloyy deployment.
However, the level of coordination dimed for in any one field must be carefully tdilored to the
actudl heeds in that field, und the dungers of over-coordination must be borne in Mind.

The current instruments, augmented by the hew flexible instrument recommended in this report,
should be cupuble of meeting the eneryy R&D heeds in the short fo mid term (although it remains
too eurly to say with confidence that the new instruments of FP6 will be effective in furthering the
dims of the EERA). Becuuse so much eneryy reseurch is complex und lony term in nuture, there
will be a fdirly widespreud heed for Technoloyy Plutforms and Joint Technology Initiatives with
funding from diverse sources. Funding is heeded not only for reseurch, but ulso for coordinution
fourposes.

So fur, energy R&D is on the uppropriute course in FP6. What is heeded now is u confinuuation on
this course, uccompunied by (u) onyoinyg monitoring of the effectiveness of the FP6 new
instruments und their upplication, und (b) un ucceleruted effort to increuse the involvement of
the Member Stutes at the European level.
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ANNEX A

Glossary of Acronyms Used in the Report

Acronym

Coordination Action

Committee on Reseurch Science und Technoloyy
Distributed Energy Resources

Distributed Generation

Europeun Bunk for Reconstruction und Development
Europeun Enerygy Reseurch Areu

Europeun Investment Bank

Europedun Reseurch Areu

FP6 instrument for coordination of Member State activities
Advisory Group oh Energy (AGE) Working Group oh the ERA
Europeun Reseurch Facility (used in this report as an dlternative to the more
commonly employed “Europeun Centre of Excellence)
Framework Programme

High Level Group

Integrated Infrastructure Initiative

Information aund Communicutions Technoloyies
International Energy Agency

Integrated Gusification Combined Cycle

Integrated Project

Joint Technoloyy Initiative

Member State of the Europedn Union

New Instruments infroduced in FP6

Network of Excellence

Openh Method of Coordination (see foothote 18, puye 9)
Pulverised Fluidised Bed Combustion

Solar Photovoltuics

Photovoltuics Technology Reseurch Advisory Council
Research and Development

Research Development aund Demonstration

Renewdble Energy Sources

Electricity from Renewduble Energy Sources

Smull und Medium-Sized Enterprise

Specific Support Action

Specific Targeted Reseurch Project

Advisory Group oh Energy (AGE) Working Group onh enhergy R&D strategy
Technoloygy Platform
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ANNEX B
Summary Assessments of Selected Energy Technologies

Infroduction

The followinyg puyges contuin the summury tfechnoloyy ussessment sheets for the technoloyies
exumined by ERAWOG:

® Biomuss eneryy

® Fuel cells

® Hydroyen-reluted technoloyies

® |ntegrution of renewuble enerygy sources und distributed gyenerution into the yrid

® Neur-zero emission power generution bused on fossil fuels (including pre- und post-combustion
CO, sepurution und storayge)

® Nucleur fission

® Oceun eneryy (wuve/seu current)
® Socio-economic reseurch

® Solur photovoltuics

® Solur thermual (high temperauture)
® Wind eneryy

The ussessments entuiled u considerution of un ugreed set of questions which would be likely to
impuct upon the upplicubility of the EERA to the technoloyy in yuestion, und upon the reudiness
of the technoloyy for early progress. Of course, these dare not the only determininy fuctors, but
they provide u focus for the ussessment. In uddition to this consideration, ERAWOG members
conducted u brouder ussessment bused on their own knowledyge of the fechnoloyies, on
avdiluble informution, on discussions with others where necessary, und, lust but not leust, on the
technoloygy ussessments conducted by the SWOG.

The dim wus hot fo conduct un exhaustive unalysis, but rather to utilise un approuch that would
give indicutions of the extent to which the EERA would be likely to help in progressing the reseurch
agendus in euch technoloyy, und clues s to the likely value of the range of avdiluble instruments
in the Frumework Progrummes; of the need for Europeun infrustructures; of the nheed for cross-
cutting reseurch; und of the possibilities for progressing coordination via dpprouches such us
Technoloyy Plutforms, Joint Technoloyy Initiatives, use of Article 171, und so on.
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Biomass Energy

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order fo collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

Yes, for the following areas:

* Design of plants optimised for energy use,
looking for a better trade-off between high yield
and limited environmental impact

* Development and commercialisation of
equipment which can reliably harvest woody
crops

* R&D on optimising the design and operation of
more conventional Biomass to Liquids (BTL)
processes (conversion of multiple biomass
feedstocks to liquid fuels via gasification and
Fischer Tropsch synthesis-Biomass to Liquids(BTL))

* Bioconversion methods for producing liquid fuels
and hydrogen from ligno-cellulose parts of
woody plants

* Biomass use for the simultaneous production of
biofuels, chemicals, and energy (biorefinery)

Yes, especially for:

* Need to achieve the biofuels directives:
-about 6% of transportation fuel by 2010
- 20% by 2020

Yes:
¢ Current: global consumption 50 EJ/year
* Global potential 450 EJ/year

Yes, examples include:

» Establishment of biomass energy crops requires
public support in terms of tax incentives

* Need to reduce public resistance to genetically
modified organisms to produce crops with
improved yields and decreased cost

Yes, for topics listed in item 1 and the need to
adopt European standards for biofuels utilisation

Yes, because of:

* Multi-fuel and multi-path exploitation of biomass
resources, which necessitates a shared approach




Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

Yes, specifically:

» Biodiesel production established in some
European countries (Germany, France, Austria,
Italy)

* Ethanol and its derivative ETBE used as fuel
component in some countries (France, Spain,
Sweden)

* BIL liquids (Methanol, DME, Fischer-Tropsch) from
biomass synthesis gas likely o be produced after
2010

Yes:

* Many countries (e.g. Austria, Nordic countries)
have an active programme on bioenergy

Yes, for example:
* A NoE on Overcoming Barriers fo Bioenergy

* An IP aimed at intfroducing BTL production and
utilisation

¢ An IP aimed at biomass utilisation for hydrogen

* Need to encourage biomass utilisation for
concurrent production of electricity, heat and
high-value chemicals (biorefinery)

Assessment of selected technology, based on the above

Vision

The overdil objective is to expaund the use of biomuss, especidlly in the transport sector, in order to
replace fossil fuels in the EU-25 by up to 30% by 2030. Technologyy und eyuipment must be
developed to enuble u higher eneryy contribution from biomuss in the EU eneryy bulunce.

This goul will require new developments in the value chain for valorising biomass via hew energy
crops und their exploitation, with both thermochemical und bioconversion methods to produce
biofuels, hydrogyen und chemiculs leudiny to cost-effective solutions.

Orgunhnisationdl ahd resource heeds

Achieving the overdll objective will involve u coordinuted joint effort by stukeholders from the
industriul und ucudemic community — with expertise not only in enerygy, but dlso in aygriculture,
biotechnoloyy, chemistry, und industriul processes.
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The level of involvement of euch stukeholder depends on the muturity of the tfechnoloyy for
maurket use. Biomuss use for electricity production viu co-combustion is considered da rapidly
muturing technoloyy, while the yenerdution of electricity viu yusificution requires further
development. Cost-effective production of biofuels und hydroyen viu the gusificution route
needs substuntiul improvement in biomuss feedstocks, cutulyst development und process
integration. Bioconversion routes for the production of either biofuels or chemiculs requires cross-
cutfting fundumentul reseurch in hew crop production methods, biotechnoloyy routes to the
desired products, und cost-effective sepuration und utilisution of both biofuels und chemicuals.

Another important need is the adoption of policies both at community and Member State level,
in order to: U) infroduce economic und reyulutory instruments (including tux policies) to increuse
the commercidl vidbility of biofuels und b) develop standurds for biofuels deployment (distribution
und use).

Sutisfying the heeds

The level of coordinution heeded will be dictuted by the resource und orgunisutionul heeds, us
well us the needs of the specific technology. ERAWOG believes these cun be met by the use of
existing und proposed instruments:-

® Member States should become involved in the ERA-NET scheme, which will be useful in
developing u common policy uimed ut encouruying the development of balunced growth,
harvesting und distribution of biomuss resources for both energy und hon-enerygy use.

® Privute enterprises, finuncing institutions und reseurch orgunisutions will be the prime movers in
developing yusification technoloyy for hydrogen and BTL fuels, using existing Frumework
Progrumme instruments, including infrustructure development for u BTL demonstrution plaunt
using the 13 instrument.

® The use of bioconversion methods for the economic production of biofuels und chemiculs will
require u higher level of busic resedrch, hence u gredter involvement of resedurchers in third-
level institutions will be needed. Once agdin, the existing Framework Programme instruments
should be adeyuadte.

® Resedrch oryunisutions, universities und industry will be the prime movers in developiny
processes for the simultuneous production of biofuels, chemiculs und enerygy, employiny the
proposed new flexible tool und developiny Europeun Reseurch Fucilities to be estublished for
core tfechnoloyies.



Fuel Cells

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order fo collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

* Although there is industrial involvement in FC

research, many topics relevant for cost-effective
fuel cells still require pre-competitive research
(i.e. a long way from commercial application),
including: materials and material systems,
understanding of basic processes critical for
good performance and degradation, and
systems engineering with complex interaction of
components

Low at present - will be high if costs come down,
and when H, becomes cheaply available in
quantity

Provided cost effectiveness and fuel
requirements are met: very large

Given the level of R&D in the US and elsewhere,
Europe could lag seriously behind

No

The necessary cost reductions in fuel cells are
very high, and there is a need for many parallel
research paths. Coordination should not restrict
this. Given the high risk involved, the need for
parallel research paths further increases the
case for coordinated/supported activities

There is a need to ensure adequate
communication between different research
programmes working on similar topics

Need for collaboration on development of
standards, testing, safety requirements, etc.

Can be dealt with within the frame of existing
instruments such as IPs, NoEs, efc.

European FC R&D needs more funding than at
present for lab work, prototypes and
experimental small-scale production - and more
will be needed for market intfroduction

However, the multi-stranded nature of research
on fuel cells, and the need for parallel lines of
research, means that some level of strategic
planning of R&D would be beneficial

55



56

Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

* Major global industrial players interested and
currently engaged in projects

* Yes, in many Member States with an active
involvement in all aspects of FC research

* Good research institutions exist (and many are
already involved) to carry out research projects
together with partners in industry, universities and
other research partners

* Many past and existing networks involving all key
European players (e.g. ELEDRIVE, FCTESTnet, FHIRST,
SOFCnet)

* HLG and TP has brought together most interests

and forms a promising basis for a more
coordinated European approach

Assessment of selected technology, based on the above

Vision

Fuel cells ure un excellent technoloyy option for cleun und highly efficient electricity production
from natural gus, uand later on from hydrogen, especidlly for mobile and locul applications. A
vision of the widespreud use of fuel cells depends onh the avdilability of ubundant and cheuply
produced hydrogen (of course, hydrogen cun be used s un energy currier in conjunction with
conversion technoloyies other than fuel cells — such us infernal combustion engines or gus turbines
— und fuel cells can be employed using hatural gus, for exumple, rather thun hydroygen, us a
tfransitionul strateyy). The successful development of fuel cells will chunge mauny industridl

structures, and it will create a hew market opportunity where Europe should strive for u leading
foosition.

ERAWOG sees fuel cells us u future strategic commodity on u globul market. In order to guin u
large share of this emerying market over the next ten yeaurs, Europe should join forces within the
EERA und with the instruments introduced during FP6 und its predecessor progrummes.

Orygunisdationdl unhd resource heeds

Although bused on a very old ideu, fuel cells still require expensive R&D becuuse the costs of
recently achieved solutions und demonstrations are still far foo high fo compete effectively in the
maurket. The US und Jupun currently invest large sums of public und private money in fuel cell
reseurch und product development. This is u challenye for Europe, where nutional strateyies
prevuil over joint efforts, and the industriul groups uctively developing these technoloyies ure
globdl (or ut leust tfransatlantic) players. Europedan research on fuel cells will remain wedk unless



Europeun progrummes und the existing Technoloyy Plutform chunye the situution. There will be u
need for close colluborution between industry and the leading Europeun resedrch institutions.

In the perspective of the EERA, it is important 1o choose the right level of coordinution — especiully
bedriny in Mind competitive issues aumony Europe-bused industrial players. Thus, the hecessary
coordination has to be of medium level — that is, applying the existing FP instruments. Special
consideration should be given to developiny the hecessury horms und standards in order to
prevent incomjpdutibility within the market — for exumple, in grid connections, or with respect to fuel
supply infrastructures.

As fuel cells still cunnot compete on u cost busis in the muarket, there is un urgent need for more
fundumentul research in order to develop hew upprouches. Even in u perfect EERA, this reseurch
will nheed finuncidl support without strony coordindtion; self-coordination by yglobul scientific
exchunye, conferences, etc., should be sufficient.

Sutisfying the heeds

ERAWOG supports the Europeun approuch of a Technhology Plutform combining the fuel cell und
hydrogen strategies, dlthough both elements are hot hecessarily closely connected. When
cheup hydrogen is widely avdiluble from environmentally benign primary energy sources, a much
closer integration of research in the tfwo fields will be hecessary. In the meantime, ERAWOG
recommends thut the independence of both fields be carefully respected.

Other thun this, ERAWOG hus little to add to the strateyy direudy being implemented: the
estublishment of u High Level Group oh hydrogen/fuel cells, followed by the development of u
Technoloyy Plutform. This scheme of coordinution will be strengthened by dll existing tools like
ERA-NETS, NoEs, IPs, STREPs, etfc.

There is strony international competition from other countries with high competence in fuel cell
research, including the US, Canudu, Japan, China and Koreda, ERAWOG recommends G cuareful
anulysis of relative strenyths before proceeding to a higher level of external co-operation.

57



58

Hydrogen-Related Technologies

Criterion

Potential applicability of EERA concept

Is the technology still a long way fromm commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order fo collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

Overall yes, although:

* Many research topics are already near to the
competitive stage (H, is already available to
industry)

But H, from high-temperature electrolysis,
thermochemical processes, etc., are pre-
competitive

Pre-competitive elements of the H, strategy are
fundamental research on novel/promising
methods of production (e.g. biological systems),
and H, storage with new materials and safety
studies (a complex problem with no viable
solutions to date)

* Very much so, since political decisions have
already been taken by the EC as well as by the US
(though it is unsure whether the US commitment to
H, as a major energy carrier will remain in the
longer term) to embark on a H, strategy

Its significance is high even if there are
alternatives to the H, strategy

Very large, and given that the US is accelerating
the development of H,, it is vital that Europe should
at least keep abreast of what may become a
universal energy carrier. Note, however, that this is
a long-term assessment

Yes, but this applies mainly to distribution and end
use. International collaboration is not so important
when it comes to H, production

* Yes, to the extent that it is important to ensure
that technological solutions developed in Europe
do not diverge

* Harmonisation is vital in: infrastructure for fuelling
systems; standards (safety, etc.); and to some
extent H, handling, transport, storage and
application projects

* Yes, for building demo/pilot plants production
technologies such as high-temperature
electrolysis or thermochemical cycle

* No, for other more conventional production
technologies such as low-temperature
electrolysis or reforming and POX - these are
existing/competing technologies




Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

Yes, but on a small scale, and confined to H, for
industrial uses. No structure is available yet for
commercial refuelling

* Yes, in some EU Member States, but not all

* Existing programmes do not have a shared
vision in relation to H,

» Major global players are interested and engaged
in projects

* Most importantly, there have been major/ongoing

discussions on a shared European approach,
leading to the formation of a HLG (in 2003), and
now the establishment of a H, Technology Platform
and sub-structures

Assessment of selected technology, based on the above

Vision

The vision is of u highly efficient energy supply und service economy, supported by hydrogyen us
un eneryy cdrrier ulony with electricity. Hydroygen is abundunt in hature, but it will only help in
Mmeetiny sustuinubility objectives if produced without CO, us u by-product. Our vision, therefore,
includes production of hydrogen by sustaindble meuns — for example, using hydro, wind,
wave/sed-current, high-temperature solar thermal, or photovoltuic energy. In the mobility und

fransport sector, hydrogen dund synthetic hydrogen-rich fuels will play an important role in
replenishing the energy economy.

Orgunhnisdationdl uhd resource heeds

Different heeds exist for different uspects of hydrogen reseurch, including hydrogyen storuye,
sustuinuble production of hydrogyen bused on existing enerygy technoloyies, und development of
novel methods of hydrogen production:

® The development of lightweight, compuct hydrogen storuge systems is criticul for the
ultimate success of hydroyen in the transport sector, und dlso in the marketing of portuble
devices replacing buatteries. Although this is u crucial aspect of hydrogen R&D, strony
coordinution muy not be uppropriate, since new ideus und upprouches ure still needed.
Whut is needed in the EERA is u coordinuted uwdreness of onyoinyg development, so that
the hecessury horms und stundards cun be imposed us soon us market deployment beyins
in ten to 20 years.
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@ Alternutive hydrogen production methods from many non-electric primary (und some
secondury) eneryy cdrriers huve to be developed und optimised. This must be coordinuted
with R&D in other fields — e.g. in huclear and solar thermal development — in order to study
thermochemicdl cycles for water splitting; or in the biomass sector, us one of the many
possibilities of produciny biomuss fuels. With respect to the EERA, muny struteyies ure of
Europeun dimension, interest and visibility, so that adeguate coordination is needed.

® Fundumental reseurch is sfill heeded to yuin hew ideus for hydrogen production (e.y.
bioloyicul und photocutulytic methods), storuge (e.g. in hanostructures) und upplicutions
(see fuel cells). This reseurch will not need to be coordinated too closely: self-coordinution by
yglobudl scientific exchunyge, conferences, etc. is the most desiruble upprouch.

Since u hydroyen system in transport will und must consist of u globully computible infrastructure,
reseurch und development us well us demonstration und deployment have to be more und more
strongly coordinuted, us market infroduction comes closer.

Satisfying the heeds

ERAWOG supports the existing organisational developments — the appointment of u High Level
Group followed by u Technoloyy Plutform with the development of u common strateyy within
working groups on R&D and evenfuudl deployment. This scheme of coordination will be
strengthened by:

® An ERA-NET, in existence since October 2004, bringing toyether nadtional und reyiondl
strateyies on hydrogen technoloyies

® Application of dll existing FP instruments

® Openinyg Europeun projects to importunt partners from other continents.



Integration of Renewable Energy Sources
and Distributed Generation into the Grid

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

No: close to use

Yes: essential for grid stability, and for further
connection of multiple small-scale production sites

Large global need for solutions

However, the main issues are to do with improving
the European electricity situation

No

Yes: solutions must apply on a trans-European
basis, and there is a need for shared standards
and shared approaches to regulatory matters

No, but the solutions affect the design and
implementation of exiremely costly energy
infrastructures

Each Member State is concerned with research in
this field, though with varying levels of research

Yes: there is a maijor cluster of projects and
networks within FP5 focusing on various aspects of
DG:

* ENIRDGnet is a network of 37 partners from 15
Member States

» SUSTELNET is a network focusing on policy and
regulatory issues

* A cluster of projects including CRISP (ICT
technologies), INVESTIRE (storage), MICROGRIDS,
DISPOWER (RES-E), DGFACTS (utilising power
electronic techniques)

» Within FP6, a CA led by ISET (France) is
coordinating seven FP5 projects and will be
extended to include coordination of FP7
projects/actions

* An IP (EU-DEEP) with a total budget of 30M will
run from Jan 2004 to June 2009, aimed at
resolving outstanding problems
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Assessment of selected technology, based on the above
Visioh
A Europeun yrid which is uble to utilise energy supply from small us well us large generators using

u wide runge of enerygy fechnoloyies, including photovoltuics, wind energy, fuel cells, CHP and
oceun eneryy.

Orgunhnisdationdl unhd resource heeds

There is u heed for u runge of R&D projects with the participation of dll Europeun Member Stutes,
utility compunies, SMEs, und reseurch orgunisutions, uimed dt solving outstunding froblems
associuted with the intfegration of renewdbles into the yrid — including eneryy storage, power
electronics, ICT technoloyies, etfc.

There ure policy und reygulutory uspects of grid development and munugement which must be
addressed in u coordinuted munner.

Sutisfying the heeds

The set-ups estublished in FP5 — hetworks, clustering of existing projects — provide u yood busis for
advuncing a coordinuted upprouch in FP6. The ongoing RES-DG cluster of projects brings
together seven mujor projects/networks with  totul funding of €34M.

Within FP6, the EU-DEEP project (totul funding €30M), which started in Junuary 2004, will run until
mid-2009 and will address market integration issues, regulation adaptation, connection
technoloyies, yrid impact of distributed yeneration, and Distributed Energy Resources (DER)
systems.

Pluns ure dlreudy in pluce for extendiny existing coordinution uctivities intfo FP7.

ERAWOG considers that substantial progress is being mude in this field, in the direction of
coordinuted reseurch efforts ut u Europeun level. It is desiruble to continue to support both
existing dctivities und any further initiatives to address additionul resedurch heeds ds they drise.
ERAWOG considers that the existing range of instruments should be adeqyuute to meet any such
needs.



Near-Zero Emission Power Generation Based on Fossil
Fuels' (Including Pre- and Post-Combustion CO,
Separation and Storage)

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order fo collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

Yes, especially:
* Improved efficiency (high-temperature materials)

¢ Inherently cleaner coal technologies (PFBC,
IGCC)

* Sequestration ready combustion systems
 Affordable separation technologies
« Storage technology for CO,

Yes

* Coal is the main fuel used for electricity
generation in EU

* Reduced dependence on energy imports

* Need to stabilise liberalised energy markets

Yes

There is a very large global market - many new
coal-fired steam power plants will be built in non-
EU countries

* Real danger that Europe could lose lead to
US/Japan

Yes (needs a unified European approach, and
need for collaboration with other programmes)

* Need to focus on EU lighthouse projects (very
large project(s) similar to ITER)

¢ EU should join US programme (FUTUREGEN) on
zero-emission fossil fuel power plant

Yes

* For example, the items listed in item 1 (and
reduced R&D spending by utility companies in
medium- and long-term R&D means public
support is necessary)

* EU-ETS (and possible extension to other gaseous
pollutants) will lead to pressure for CO, savings
from new/retrofitted fossil fuel power plants

Yes - very costly indeed, and:

* Complexity means that there is a need for cross-
cutting research and concurrent research in
several areas

¢ Construction of prototype plant very costly and
liberalised markets are not conducive to such
developments

1. The principul focus of this ussessment is on the cleaner use of codl.
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Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

Yes - for instance:

* New generation of ultra supercritical boilers, e.g.
Germany, Denmark

e Existing IGCC plants in Bugenum (NL) and
Puertollano (ES)

* PFBC plants in Spain, Sweden, Germany

Large-scale CFB in France, Poland, and Finland

Yes - for example:

* National programmes dedicated to clean fossil
power plants exist in the following countries:
Germany, ltaly, UK

* Restricted activities exist in Denmark, France,
Spain, Austria, Portugal, Greece

* New Member States

Yes - for example:
* FP5: TN:POWERCLEAN
* FP5/6: CO,NET/CO,NET2

 FP6: ERANET/SSA (FENCO)
* EU participation in CSLF

Assessment of selected technology, based on the above

Vision

The lony-term objective is the gyenerution of electricity with fossil fuel combustion (in the very lony
term, coul) with hear-zero CO, emissions. In the short to medium term, we envisage improvements
in fechnoloyy towurds much greuter efficiency in the use of dll fossil fuels for electricity yenerution
- including reduced emissions und the cupture and seqyuestration/storage of CO,. In the medium

to lony term, we expect the development of hew combustion methods to muke CO, sepurution
eusier, und the development of safe CO, transportation und seyuestration methods.

Orgunhnisatiohdl ahd resource heeds

The dbove objective will be uchieved through d coordinuted effort by utfility compunies,
eyuipment suppliers, und the acudemic community working toyether, und drawing on resources
from materidls science, combustion enyineering, equipment design, environmentul and socidl
sciences. Incrementdl improvements in existing processes are possible with hew materials und
combustion modificutions, resulting in  more concentruted CO, flue yus streum, und mukiny
CO, cupture und seyuestrution/storage eusier. There is u need for u runye of focused R&D
forojects to uchieve these improvements.



A neur zero-emission fossil fuel (probubly coul) bused power plunt will require developments in
materidls science, hew combustion processes, CO, sepuration methods, und sufe fransportation
und seyuestration/storuge of CO,. Inteyrution of ull process steps for power yenerution (with und
without hydrogen production for fuel cells) will be hecessury for providing many of the options for
reuching the finul goul of u neur zero-emission electricity generution plant bused on coul. There
will be u need for some very lurge-scule projects to pilot und demonstrate the inteyruted
technoloyy. For CO, seyuestrution/storuge, there will be u heed for R&D to help the development
of regulutory mechanisms to uddress long-term sufety aund sustainability issues.

Satisfying the heeds

The coordinution efforts required to reuch the gouls will become more und more demaunding us
the redlisution of the nedr-zero emission objective becomes closer. The following dctions dre
envisuged in increusing order of coordinution needs:

® |ndustry und reseurch orgunisutions will be the prime movers behind substuntial improvements
in eneryy efficiency, which cun be uchieved by incorporating hew materidls in fraditional
combustion systems. Existing FP instruments (IPs, STREPs) should be adeqyuate for development
of the muteridls technoloyy. Construction of d demonstration plunt to ftest muteridl
components will involve u mujor project with mulfiple fundiny sources.

® Resedrch oryunisutions, universities und industry will develop seyuestration/ storage-reudy
combustion systems, including the development of CO, sepurution methods. The new flexible
instrument (see elsewhere in this report) is recommended for this ureu because of the need to
infeyrate muny different reseurch topics, und mauny different branches of reseurch, in order to
achieve muximum eneryy efficiency.

® |ndustry, together with research organisations, will be the principal actors in the development
of hew methods of coul conversion (PFBC, IGCC) which will fucilitute CO, sepurution. A pilot
plant that will dllow for evaluution of upprouches will be heeded, ulony with one to two
demonstration plunts in which the complete curbon munugement puth will be demonstrated.

® Governments, industry, finauncing institutions, resedarch orgunisations and universities will be
involved in developinyg inter-reluted technoloyy und policy options for promoting u heur zero-
emission fossil fuel-bused power plant. A Technoloyy Platform will be required to define un
infeyruted upprouch - internutionul co-operution will be essentidl. An initiul step should be the
estublishment of u High Level Group to put forward u common vision, d strategic resedrch
aygendu, und u deployment strategy fowards u heudr zero-emission coul-bused power plant,
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Nuclear Fission

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

* Second-generation technology is mature, in
commercial exploitation for > 30 years

Waste disposal still needs industrial validation

Third generation is ready for industrial
deployment; first units should be commissioned
around 2010

Fourth-generation technology is a long way from
commercial exploitation (ca 2040)

Yes! In the reference scenario, nuclear energy
generation will still represent 22% of electricity
generation in Western Europe in 2020

Nuclear energy generation reduces EU
dependence on imported oil and gas and
improves security of supply for the EU

Yes: there is a large global market for European
manufacturers, mainly in Europe and Asia

European technology is presently competitive

But there is a risk of losing market share against
the US, Japan, Russia and, in the long run, China

Present collaboration with US, Japan, Russia and
elsewhere is done at the national level. Hence, a
European strategy is not essential for
infernational collaboration

However, it would be highly desirable, since it
would strengthen the position of European actors

A broad European approach is needed for the
development of design requirements and
standards (European utilities are grouped in the
European Utilities Requirement)

R&D would benefit from harmonisation and
standardisation (e.g. reactor codes)

Yes: integration of research resources (teams
and tools) is highly desirable to develop a mid-
long-term vision for sustainable nuclear energy
generation and the corresponding R&D

Infrastructures: existing heavy infrastructures
(large hot facilities) should be shared, and new
infrastructures should be designed and operated
as European facilities




Criterion

Readiness for early application of EERA
concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

Qualitative assessment

Yes: in Europe the nuclear industry

(PP manufacture and fuel cycle) is already
structured around (two major) large industrial
players

* Yes: there are large research programmes in
several EU Member States which could serve as
a basis for further development

» But the situation varies across the EU, depending

on national policy towards nuclear fission

* In general, national research policies are not
oriented towards new developments (there are
some exceptions, and the situation is changing)

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

* Yes: projects and networks in successive FPs
allowed significant progress over a long period

* NoEs, IPs and Integrated Infrastructure Initiatives
within FP6 provide a basis for further development,
particularly towards a Nuclear Fission Technology
Platform

Assessment of selected technology, based on the above
Vision
The lonyg-term objective is fo develop technoloyies for huclear fission energy generation that:

® guuruntee the highest stundards for sufety, security und resistunce to proliferation with
essentidlly ho risk to the generdl population or the naturdl environment;

® optimise the use of nuturdl resources (urunium, thorium) so us to Muke nucleur fission u
sustuinuble source of eneryy for centuries;

® prouden the opportunities for the use of nucleur eneryy beyond electricity production,
including use of process heut for vurious upplicutions such us production of chemiculs,
hydrogen muss production, und seu-wuter desalination.

These dre in essence the ygouls of the fourth generation of nuclear power systems and their
associuted fuel cycle. The current (second) yenerution hus reached industriul maturity and
competitiveness, ulthough the question of sufe final disposul of the radiouctive wuste remuains
to be vdliduted at the industrial level. Third-generution systems, which are safer and more
econhomic, have just starfed market deployment. Generation [V systems are expected to start
penetrating the market around 2030-2040. Generdtfion IV technology is of consideruble
importance in Europe, since huclear energy yeneration will still represent some 22% of electricity
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geheration in Western Europe in 2020. There is ulso u lurge potentiul globul market for Europeun
munufacturers, especidlly in Asiun countries. ERAWOG's vision is of u concerted effort by dll of
the reseurch actors involved, such that the long-term objective stuted ubove is redlised in us
short ¢ timescule us possible.

Orgunhnisatiohdl ahd resource heeds

The muin heed now is for mujor plunning und coordinution dimed ut substuntial Europeun
involvement in the development of a Generdtion IV huclear plunt. Given the mdajor involvement
of the US in such a project — particularly through the Generdation IV International Forum — there is
u need for a unified Europeun effort. A joint undertuking amony several Member States could be
the objective.

Given the very high costs of reseurch und the lony leud time, there is u heed for substuntidl
ohyoiny public funding to cover R&D und infrustructure costs. Europeun infrustructure is much
needed, purticularly in the provision of Europeun hot lub fucilities und hew muteridl test fucilities.

Attention to educution und training is required particularly in the field of hucleur fission, nhoting the
need (ut the very leust) to muintuin expertise in this criticul field.

There is u need for mujor cross-cutting muteriuls reseurch, purticularly in relation to structural
elements und fuel elements for reactors operating at high/very high temperature.

Satisfying the heeds

As regards Community-supported R&D, dll of the existing Framework Programme instfruments are
needed in this field. Large infrastructures might be provided partly by projects undertaken as
Integrated Infrastructure Initiatives (13), or they could be un early and important element within a
maujor Europedun programmatic upprouch to huclear fission research.

ERAWOG is supportive of initiutives that could leud to a Technoloyy Plutform in nuclear fission,
addressing a much wider reseurch ugendu thun is presently covered by FP6/Euratom. Such an
initiative would deserve strony top-downh support from the Europeun Commission.



Ocean Energy'
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Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

Yes, although some devices are at the demo stage
and some could come to commercial production
in the mid term: commercial demo schemes of
largerscale devices in Ireland, Netherlands,
Portugal, Sweden, UK.

Wave Dragon has already supplied electricity o
the grid, though on a very small and experimental
scale

In theory, yes (e.g. estimates for Ireland alone give
the practical OE resource as 15.8 TWh/a,
compared with 16 TWh/a for wind (on- plus
offshore)

Yes - very large global potential

Yes - Europe is currently ahead of other
competitors but some overseas companies are
very active and may be first to have commercial
schemes in operation.

National programmes in Japan, China, India.
Much private-sector involvement, both in Europe
and the US

No

In part - e.g. common approaches are needed to
the definition and measurement of capacity
ratings, efc.

Yes - test facilities are expensive and a European
network of test centres across a range of
environmental conditions is needed. Progress is
being made in this direction.

1. Includes potentiul und kinetic energy from the oceun
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Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint

Qualitative assessment

In part: R&D is dominated by the private sector in
Europe, with companies active in Denmark,
Greece, Ireland, Netherlands, Portugal, Sweden
and UK. A full supply structure is not yet in place
but progress will be made as pilot/demo work
progresses

Yes, in part - Denmark, Ireland, Portugal, UK have
national programmes. However, national funding
remains at a low level

Yes - European Wave Energy Network
(Wavenet/EWEN), funded in FP5, has produced a

comprehensive analysis and R&D road map for
Europe - main players recognise need for further
networking/communication/co-operation

research) in information sharing and identifying
possible areas for coordination/collaboration?

Assessment of selected technology, based on the above

Vision

ERAWOG supports the [EA Implementing Agreement vision for oceun enerygy®: “to redlise by 2020
the use of cost-competitive, environmentally sound oceun ehergy on ud sustuinuble busis to
frovide u significunt contribution to meeting future energy demands upurt from other uses such
us desdlinution”. More specificully, we look forward to the emergence of u small humber of

dominunt oceun wave und sed-current technologies, and to d sighificunt deployment of these in
Jppropridute locutions uround Europe.

Orygunisdtiondl und resource heeds

Europe is currently a world leader in oceun energy R&D. Oceun eneryy resedurch in Europe is
currently dominated by SMEs, with support from public research bodies, universities and others.
There dre networking and coordindation heeds in udvancing the resedurch agenda direudy
produced by the Europeun Wave Energy Network, WaveNet. There is recognition umonyg the
WaveNet members that the consideruble reseurch work currently under way in Europe hus been
fragmented und conducted in isolution.

There ure R&D needs in relation to first- und second-generdation oceun eneryy devices, centred
mainly on efficiency improvement, design refinement and cost reduction. There is u heed for
information exchunge on matters of shared interest, and short-term R&D projects to address
shared problems. Shared problems include knowledyge ygups requiring o multi-disciplinary
Jpprouch.

29. See http://www.ieu-oceuns.ory/ubout/vision/home.htm.



There is u heed to ensure udeqyuute links with dll uctors involved in oceun-bused technoloyies,
especidlly offshore wind energy technology, to ensure that any possible syhergies dre pursued.

Satisfying the heeds

The necessary R&D should be carried out in a coordinuted way in Europe, und should ufilise the
existing [EA Implementing Agreement for carrying out oceun enerygy reseurch in colluborution
with infernational partners. We envisuge colluboration between the Europedn reseurch actors in
ensuring the hecessary progress on shared issues such as test facilities and the development of
common standurds. R&D oh oceun eheryy devices could be cuarried forwurd with a series of
STREPs uddressing specific topics, or by meauns of un IP whose objectives encompuss the whole
reseurch ugendu estublished by WaveNet. An IP would represent a meuns of udvuncing oceun
enheryy reseurch in u well-coordinuted way.

Networking und joint plunning have been curried out to dute by the Europeun Wauve Eneryy
Network (WaveNet), u Themutic Network estublished in 2000 within FPS. CAs represent u suituble
instrument for the continuution of hetworking.

WAVETRAIN — a Marie Curie Reseurch Training Network established within FP6 — dims to advance
topics such us device modelling, ussessment of devices und components, und socio-economic
assessment. This is a valuduble network that deserves ohgoiny supjport.

Use could be mude of the Infeyruted Infrustructure Initiutives (13) instrument for the development
of reseurch infrastructure, such as a network of Europeun test facilities which may be large scale
and costly.
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Criterion

Potential applicability of EERA concept

At a pre-competitive stage in research, a long way
frorn commercial exploitation

Of (potential) importance to the overall European
energy system

Very large global market potential - danger that
Europe could lag behind international competitors

Needs unified European approach to collaborate
with major R&D programmes elsewhere in the world

European approach needed in order to progress
key research issues (e.g. harmonised European
standards)

So costly/complex that rapid development
necessitates a shared approach (e.g. in providing
research infrastructure)

Socio-Economic and Policy-Related Research

Qualitative assessment

Not relevant

Yes, although indirectly. Socio-economic research
is needed in some specific areas (e.g. DG), but the
focus here is on more general socio-economic
research. It is important in that it is required in order
fo guide, support and encourage energy R&D in
all fields (including fields with little support from
industry and/or the public). There are also major
social issues concerning the acceptability of
energy technologies, safety, planning, etc. which
present potential barriers to funding and
supporting key research. New issues concern
‘deliberative’ processes (how do you talk to the
public; how people respond to new information).

There is also a need for long-term (50-80 years time
horizon) research.

Not really relevant, although it is important that
Europe should stay at least abreast of the world,
and is able fo model the energy/environment field
credibly for its own internal decision-making and
for global forums

Yes, in that there is a need for projections and other
outputs on a European basis, and these should be
consistent with other non-European models

Yes: European policy decision-making requires an
acceptable and accepted basis of socio-
economic research

No (cost). Yes (complex - the issue here is not only
one of complexity but of finding generally
acceptable ways of dealing with that complexity)




Criterion

Readiness for early application of EERA
concept

An industrial/supply structure already in existence
in Europe

Existing national/regional research programmes
provide a basis for development of European
policies/ programmes

Activities already undertaken (e.g. networks,
associations, etc.) in information sharing and
identifying possible areas for collaboration

Qualitative assessment

Yes, in that Centres of Excellence exist in the EU
which are capable of developing and
maintaining socio-economic approaches on a
par with anything in the world

Yes: most significant national/regional research
programmes include socio-economic research as
an essential element, and these resources already
work together on a European level

Many major projects in previous FPs (for example,
ATLAS, SENSER, PSI, modelling projects including
ExternE, POLES, etc.) - with ongoing work both on the

maintenance of models and on new modelling
projects

NEWEXT is an ongoing project with six partners (five
Member States) aiming to improve the ‘external
costs’ aspects of ExternE

There is considerable networking and co-operation
in this field

Assessment of selected technology, based on the above

Vision

The vision is of u highly developed set of resources ut u Europeun level — comprising reseurch
uctors from individuul Member States colluboruting on shared problems — und meeting Europeun
needs for enerygy, environmentul und economic reseurch. In addifion, we envisuge Europedun-
level reseurch on societdl drivers of und burriers to innovation in und the widespread utilisution of

new und More sustuinuble eneryy technoloyies und infrustructures, und on the inteructions
between people und enheryy.

Orgunhnisatiohdl ahd resource heeds

The muin need is to ensure un udeyuute level of coordinution of socio-economic und policy-
reluted reseurch by the Member States, to provide for shared upprouches, knowledye aund
experience, wherever these ure warranted. There is un ongoiny heed for the further development
of socio-economic research methodologies cupuble of providing unswers to policy und other
questions relevunt to innovution in eneryy technoloyies und to eneryy production und use und
its economic und environmental implications.

There ure two broud sets of heeds: one concerned with economic reseurch und the development
and use of economic Models, und the other concerhed More with policy-related and socio-culturdl
uspects of hew eneryy technoloyies und infrustructures und demand-side issues.
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® The former is yuite well estublished ih eneryy reseurch, while the lutter hus mostly been
addressed ut nutiondl level to date. Thus, there dre existing resources conducting socio-
economic reseurch focused on econometric modelling und the like, und there hus been u
meusure of networking und coordinution through previous FPs.

® The sume cunnot be suid of eneryy-reluted sociul and policy-reluted reseurch, and there is u
need both for an increused level of research in this field, and for gredter coordination.
Although there is research within Member States, there has been reldtively little shared activity
across Member States to dute, even though many of the chullenges are shared.

Sutisfying the heeds

Specific socio-economic reseurch challenges cun be uddressed by ufilising existing FP
instruments.

With regurd to policy-reluted und sociul/cultural aspects of enerygy (including issues runyging from
innovution policy und instruments to the ucceptubility of new eneryy technoloyies und
infrustructures, end use und behaviourdl issues), the FP6 work progrumme dlreudy dllows for
proposdls in these fields, and this would provide u basis for research proposals at G Europedn level.
There would be scope for u joint reseurch effort on common issues, o be established by nationadl
enheryy bodies in colluborution with appropriate nutiondl level reseurch institutions.

The Commission should encourage the estublishment of an ERA-NET, with a view to bringing
toyether nationdl us well us Europeun socio-economic und policy-reluted reseurch und
ussociuted dutu, The dim should be tfo identify shured issues thut would benefit from u
coordinuted upprouch ut u Europeun level. These issues could be udvunced through specific
projects using the existing Frumework Programme instruments.



Solar Photovoltaic

(@1{i(=){[e]s}

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

* In part, yes: although PV has already been brought
to some markets, there are significant barriers,
some of them involving long-term research efforts,
and vital if PV is to achieve major penetration,
particularly in grid-connected applications:

- Need for major cost reductions

- Need for innovative new concepts - particularly
in thin-film technologies

- Need for mass production technologies
The time needed to advance these satisfactorily is
probably still quite long, although PV is an area

where there is substantial market competition
already

Yes, provided technical and particularly economic
problems can be overcome, there is potential for
approximately 10% penetration by PV in Europe,
with an expected upper limit of around 20%.
Potential exists in:

* Rural electrification and remote sites

* Grid-connected electricity in conjunction with
distributed generation based on a range of RES-E
sources

Yes (large global market potential): although still
embryonic, PV is reckoned to have huge potential
in global markets, and major growth is expected in
stand-alone applications worldwide

Yes (Europe could lag): US and Japan have much
bigger R&D programmes in PV than Europe

No (the effectiveness of European R&D in PV could
be improved by greater coordination, but this is
not needed for international collaboration)

In general, no, with the following exceptions:

* Resource assessment and siting, environmental
attributes, standards, testing and evaluation,
marketing and financing mechanisms to
expedite deployment, and integration of PV
systems in especially low-energy buildings, and
energy storage in synergy with PV technologies

Progress in materials and manufacturing
processes (linking the physics of PV devices to
manufacturing process technologies) would
benefit from a shared approach (though this
could be difficult fo achieve)

Yes: see topics listed under item 5 above
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Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well-coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

Qualitative assessment

Partly

Yes, although the situation is highly variable across
Member States, a few have active R&D
programmes in PV (national activities tend to focus
on market deployment issues)

To what extent have activities already been Yes

undertaken (e.g. networks, associations, joint - s
L . . . " * The PVNET and PVECNET activities funded within FP5
h f i h d identi
Coselemliie it eIl Sniyilie] focus on developing R&D road maps for PV in

possible areas for coordination/collaboration?
Europe

* The European PV Industry Assn. (EPIA) is active and
a European road map is due for release at its
conference in June 2004

* ASiNet is a European network focusing on
amorphous silicon devices

* Many other R&DI activities involving large
consortia funded in FP5 and FPé, plus the
distributed energy resources cluster of activities,
which include consideration of issues linked to
large-scale PV grid connection

Assessment of selected technology, based on the above

Vision

The overdll objective is to expund the use of grid-connected PV systems in the electricity sector
with o significant penetration by PV in Europe by 2020. Such un objective will reqyuire hew

developments in Mauteridls und mMunufucturing processes, linking the physics of PV devices to
maunufacturing process technoloyies.

Orygunisdtiondl und resource heeds

Although photovoltdic techhology hus dlready beenh brought to some markets there dre
significant barriers, some of them involving long-term research efforts aund vitdl if PV is to achieve
major penetration particularly in grid-connected dpplicutions. The time heeded to udvance
these sutisfuctorily is probubly sfill quite consideruble, dlthough PV is un dreu where there is
substuntial market competition dlreudy. Achieving the overdll objective will involve a coordinated
joint effort by stukeholders from the industrial und ucudemic community. The level of involvement
of euch stukeholder defoends on the muturity of the technology for market use.

Many R&D activities are under way involving large consortia funded in FP5 and FP6, plus the
Distributed Enerygy Resources cluster of uctivities which includes the consideration of issues linked
to large-scule PV grid connection.



Private enterprises, finuncing institutions und reseurch orgunisutions will be the prime movers in
developing hew PV technholoyies. In dll areus of PV production, consideruble R&D (both busic und
upplied) is hecessury in Muteridls und hew production technoloyy: reseurch on PV, linking the
physics of PV devices with munufacturing technology (more specificully, muss production of PV
devices) und muteriul reseurch on promising PV tfechnoloyies will benefit from o shared
dpjprouch.

An important heed is for the udoption of policies both at community and Member State level in
order to provide resources for ussessment und siting, environmentul uttributes, stundurds, testing
und evdludtion, murketing und finuncing mechunisms to expedite deployment, inteyration of PV
systems especidlly in low-enerygy buildings, und enerygy storuge in synerygy with PV technoloyies.

Sutisfying the heeds

The muin strateyic opportunities for progressing the EERA in relation to PV technholoyies ure the
need, recoynised in Europe, for much yreuter efforts to compete effectively with Jupun aund the
US, und the heed for u hew generution of PV technoloyies which must be closely linked to cheup
maunufacturing processes und products which are environmentully friendly.

ERAWOG believes these cun be met by the use of existing und proposed instruments:

® Member Stutes should become involved in the ERA-NET scheme which will be useful in
developing u common policy uimed ut encouruying the development of bulunced yrowth
of PV systems for both rurdl electrificution and remote sites, und yrid-connected electricity in
conjunction with distributed generation bused on a range of RES-E sources.

® Resedrch orgunisutions, universities and private industry will be involved in the long-term efforts
reyuired for the economic production of solur cells und PV systems, using existing Framework
Programme instruments. ERAWOG ucknowledyes und is generdlly supportive of the desire of
Europeun PV actors to establish u TP. However, it hus to be recoyhised that the PV R&D
dctivities are dlready well organised, so the establishment of a TP must be considered carefully.
The existence of the PV Technology Reseurch Advisory Council, PV TRAC, is welcome, und
provides u useful starting point in identifying common resedrch gouls, und in proygressing un
ugreed struteyic reseurch ugendu for PV in Europe.
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Solar Thermal High Temperature

Criterion

Potential applicability of EERA concept

Is the technology still a long way from commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so cosily/complex that significant
research advances call for a shared approach?

Qualitative assessment

Yes, in particular:

* High Efficient Solar Combined Cycle (always in
conjunction with gas) for power production

 Solar thermal production of hydrogen or other fuels
from renewable sources

Yes, in the longer term, for:
* RES-E (generated in S Europe or N Africa)
* Production of low-cost fuels incl. hydrogen

e Yes: Europe currently has a leading role but this is
in jeopardy from the US and Japan

No

No, but there may be a need for this in time, in
connection with high-temperature applications

No, although for large-scale components, research
infrastructure and construction of prototypes, the
cost may be such that a shared approach would
facilitate progress




Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European indusiry
ready to carry forward a well-coordinated
research effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

Yes (and are working together already - the first
prototype plants have been built in Spain and
Italy). There are solar plant construction
companies and component suppliers in Germany,
Spain, ltaly (ACS; Schott, Flabeg)

Yes (national programmes dedicated to solar
high-temperature technology in Germany, Spain,
France, Switzerland, Italy and Israel; and restricted
activities exist in Denmark, Greece and Portugal

Yes - for example:

¢ FP6: ECOSTAR (road map activity for solar thermal
electricity)

* FP6: INNOHYP CA (Coordination Action for
hydrogen production on thermo-chemical cycles
form nuclear or solar heat)

¢ |EA SolarPACES Network

* Sollab Network of Research Facilities for
concentrating technologies from Germany, Spain,
France and Switzerland for scientific exchange
and optimised facility use

Assessment of selected technology, based on the above

Vision

The objective is to develop highly efficient solur combined cycle technoloyies (ulways in
conjunction with gus) for power production, us well us solur thermal production of hydrogen or
other fuels. More specificdlly, the goudl is to achieve cost reductions of a factor of 3-5, compured
with present costs. This will endble d significunt contribution to electricity supply in Europe (Mainly
Southern Europe). Europe currently hus o leuding role in solur thermal high-temperature
technoloyies, but this is in jeopurdy from the US and Japan. It is part of this vision that Europe
should muaintuin its position us the world leuder of both the technoloyicul development und the
commercidal utilisation of solar thermual high-temperature applications. ERAWOG's vision is one of

u joint Europeun effort thut supports the strategic medium- to lony-term reseurch necessury to
keep Europe competitive in solar thermal high-temperature technoloyies.

Orgunhnisatiohdl ahd resource heeds

Solar thermal high-temperature technology will be an option for sustaindble electricity and fuel
production. Reseurch infrustructures und pilot plunt development dre costly and would benefit
from a Europedn dpprouch.
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ERAWOG concludes that the solar thermal field does not heed to be strongly coordinated, but
there are topics which would be well suited to the EERA concept, including R&D to:

® increuse efficiency und reduce costs (high ftemperature dpprouches, lightweight
concentrutors, hew reflector concepts);

® cxplore und develop high-temperdture technoloyies for various purposes including solar
thermal hydrogen/fuel production (solur thermal could represent the only technoloyy to
compete effectively with nucleur, for the production of hydroyen);

® reduce operution und muintenunce costs, und stimulate muss production;
® develop Muteridls for high-temperuture upplicutions und for thermal eneryy storuge.

The SolLab Network is an important existing opportunity for colluboration und coordination. There
is u heed for such colluborution on u wider busis ucross Europe. There is U heed for lurgye-scule
infrustructures such us Plataforma Solar, but with generdl Europeun uccess.

The uchievement of such d significant contribution from solar thermal high-temperature
technoloyies will not only require fechnoloyicul developments leudiny to cost reductions, but will
dlso hecessitute consideration of murket development, grid integration, environmental impact,
und socio-econhomic uspects.

Sutisfying the heeds

Initiutives should be tuken that utilise dll the instruments avdiluble through the Framework
Prograummes. A Europeun Reseurch Areu in solur thermal high-temperuture technoloyies that cun
support the sector through long-term yeneric und scientific R&D should be the umbition. R&D in
high-temperuture solur thermal eneryy should be included in the FP7 work progrumme.

There is u key role for IPs to form the busis for lurge-scale R&D, including the construction of
pilot/demonstration plant. High-temperature uspects, ulony with other topics reluted to the
production of hydrogen, should be included within the scope of the H,/FC Technoloyy Plutform.
An effort should be mude to extend the duccess to hetworks such das SolLub and infrastructures
such us the Plataforma Solar.

Muateridls resedrch represents an opportunity for cross-cutting research within the ERA.



Wind Energy

Criterion

Potential applicability of EERA concept

Is the technology still a long way fromm commercial
exploitation (thus making collaboration more
feasible)?

Is the technology of importance to the overall
European energy system (making coordination of
research actors more likely)?

Is there a large global market potential, with a
danger that Europe could lag behind international
competitors (making it more likely that European
researchers would wish to co-operate via the EERA)?

Does the field require a unified European approach
in order to collaborate with major R&D programmes
elsewhere in the world (making it more likely that
researchers would seek a coordinated European
approach)?

Qualitative assessment

* The European WE industry is competitive but
depends on frontline R&D for further
improvements and essential cost reductions

The structure of the electric grids and their
management must be developed to
accommodate large-scale utilisation of wind
energy

A long-term challenge is the development of

radically new (‘fourth generation’) wind turbines
that are still far from the market

Wind power is applicable only in suitable
locations, but in such localities the potential is
high in Europe and worldwide

Deregulation of the European energy markets and
internalisation of the externalities into the pricing of
the wind energy will create a situation in which
wind energy has the potential fo become a
significant contributor to the electricity markets (10-
20% or even higher, depending on storage options
such as water pumping, hydrogen, efc.)

The distributed nature of wind energy will lead to
a reduction in transmission losses and to more
efficient utilisation of the electrical grid, but also
to new investments in the high-voltage grid

Yes, considerable; a realistic assumption is a
global increase in wind power capacity of
around 10 GW in 2004 alone

In 2003, European wind turbine manufacturers
supplied 80% of the new wind energy capacity,
so Europe is market leader at present, but runs
the risk of losing market shares if joint efforts are
not made in research areas such as short-term
forecasting of power outputs, offshore
environment and technology, wind-turbine
technology (materials, computational fluid
mechanics), and grid dynamics and integration

No, not really, although international R&D co-
operation may provide a valuable means of
promoting new European wind technologies

However, there may be a need for a joint EU
approach to technology foresight and scouting

Also, it is important to ensure that markets
elsewhere do not develop in ways and directions
that are incompatible with EU technology
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Wind Energy (followed)

Criterion

Potential applicability of EERA concept

Is a European approach needed in order to
progress key research issues (e.g. harmonised
European standards)?

Is the field so costly/complex that significant
research advances call for a shared approach?

Qualitative assessment

* The WE industry’s own R&D efforts are short-term
innovation activities with a frend towards
becoming closed vis-a-vis competitors, R&D
institutions and universities, which makes it difficult
to sustain long-term research activities on a
European level

Lack of European funding of R&D projects leads to
deterioration of the European research networks in
the wind sector and pushes the R&D back to
fragmented national research programmes
(compared with the US Wind Energy Program that
exploits the research competences in the whole of
the US and is coordinated by the National
Renewable Laboratory in Bolder, Colorado)

So there is a need for medium- to long-term R&D
that would be unlikely to happen unless supported
by public initiatives at national/EU levels; such
research is needed to maintain Europe’s global
lead and the momentum of wind technology

It is also necessary to develop European
standards related to safety, testing, certification,
environmental issues, inclusion of external costs,
grid infegration and management, etc.

¢ See point 5 above




Criterion

Readiness for early application of EERA

concept

Is there already an industrial/supply structure in
existence in Europe (that is, is European industry
ready to carry forward a well-coordinated research
effort)?

Are there existing national/regional research
programmes in Europe that would provide a basis
for the development of European
policies/programmes?

To what extent have activities already been
undertaken (e.g. networks, associations, joint
research) in information sharing and identifying
possible areas for coordination/collaboration?

Qualitative assessment

Yes, and well developed, but wind turbine
manufacturing is still only significant in a limited
number of European countries (Denmark,
Germany, Spain, Greece, Portugal)

A European Wind Energy Association and a
European Academy of Wind Energy exist

Wind energy has developed on the basis of a
combination of industry efforts and national R&D
programmes

Most EU Member States have wind energy as a
component of their national R&D programmes,
but national activities are focused on market
deployment and on support of the industry, not
on long-term R&D

Publication of a European Wind Atlas (and
development of a methodology followed by
Member States in producing national wind
atlases) demonstrates both the understanding of
the importance of wind energy and the
effectiveness of existing networks

European Wind Energy Association is very active
and has many Indusiries as well as national R&D
organisations and associations as members

* The Thematic Network managed by EWEA

presented a European R&D strategic plan to the
Commission in January 2004

Assessment of selected technology, based on the above

Visioh

The objective is to develop cost-effective technoloyies thut will dllow wind enerygy to contribute

significantly to electricity supply in Europe, us well as worldwide, by 2020. It is foreseen that offshore
wind furbines will produce much of this contribution. This makes R&D in offshore wind fechnoloygy

a priority areq,

It is purt of this vision that Europe should muintuin its position us the world leuder of both the
technoloyicul development und the commercial utilisution of wind eneryy.

ERAWOG s vision is one of u joint Europeun effort that supports the strateyic medium- to lony-term

reseurch necessury to keep Europe competitive in wind eneryy - reseurch that would not

otherwise be curried out.
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Orygunisdationdl unhd resource heeds

The uchievement of such d significant contribution will hot only require technoloyicul
developments leuding to cost reductions, higher degrees of exploitation of wind resources, und
better und more stable operution of wind furbines, but will dlso hecessitute consideration of
market development, grid integration, environmental impact, and socio-economic uspects.

There is heed for open-knowledye networks umony the Europeun reseurch institutes und industry
dedling with long-term generic and more fundumental wind energy related R&D dctivities, and
for more und better-coordinuted uctivities thut cun mMuke knowledye uvdiluble to EU compunies
at u cost comparable with that avdiluble to US and Jupunese competitors.

This heed for R&D covers such u broud spectrum of research dareas in technology, earth and
environmentul sciences, und socio-economics that a strong meusure of coordinution is warranted
in order to ensure thut Europeun resources — humun us well us fiscul — ure optimully exploited.

Sutisfying the heeds

Initiatives should be taken that ufilise dll the instruments avdilable through the Framework
Progrummes. A Europeun Reseurch Areu in wind enerygy that can support the sector through lony-
term generic und scientific R&D should be the umbition. A hecessury busic element will be the
inclusion of wind enerygy topics within FP7.

ERAWOG believes that offshore wind ehergy should be given high priority, and that the
estublishment of u Wind Enerygy Technology Platform should be pursued, us should the possibilities
for multinational offshore R&D programmes.
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