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ABNURALT

The Buropean Comimission {FC) {osters and tunds under 1t muln-amnual work programme —
currently the Sevendl Framework Propramune {2007-2013) - research, development and demonstration
activities on hydrozen and fuel cells, Tt hag also soeeessfully mobilised key Furopean stal.ehuolders via
thiz establishment and operation of the indvatry-led European Hydrogen and Fuel Ceil Technology
Platiom and most eecenily with the launching of s fellew-up, the Fuel Celis and Hydrogsn Joimt
Technology Bnidagve (1), The JTT is @ long-erm pubiic-private Jaing Undertaking 1o be {unded by
the European C'onaonnity #nd an fndussy Greuping. The aun of the J1T is to cuplare the potential and
aecelerale the Jevelopment and deployenent of these key lechnolozies al Furopean level, ihrough
irzgrated, foeused actions, with & vizien of clean. affordable and secure encepy systoms based on
hyalrogen as an enerwy corier amd Juel cells us energy converters,

Fhe current paper highliphts seme illostrative EC co-financed R&IY prijects on hydrogen
iechnologies, the rode of materials rescarch in thew and their key schicvements. It abso includes o href
overview of the enabling, supporting functions assumed in this research Geld by the Commission’s
Jownl Research Oentre and in purticatar by the [nstitate for Coecpy. An outlook au hydrogen coeray
rescarch and respoctive priorites in the Sevenih Framework Programme and under the Fuel Cells and
[vdrouen JTL s also Jiscussed,

INTRODLICTION

The Bwropean Union' LI is a unigue, treaty-buged, economic and political parmership
betwesn ciTently bvenry seven member siates, [t aims at peace, prosperity and freedom for its almos
U0 miliion citizens, The L affaivs are regulaied by a number of Instiwtions - primarily the Curopean
Parliament. represeniiog the people of Curape, the Counal of the Furpean Union, representing
matiomal governments, and tne Fuopeon Commission. The Curopean Commission is independent of
naiornal governments ancl it embadies the comman FL inwerest as o whole, T iy the executive arm of
the B deatls proposals Tor pulicies and it has the sole right to initate legislation. It also sasures ibat
all abide to Buropean treaties and lasvs und manages the day-te-day nunning of the G

The EC e divided into Pirectosate Genzreals {1DGs) handling 2 number of policy areas and
portfolios, such as agnicultural policy and economic developmeni, trade. conmpetition, covironmant,
cotsurmers and heahh, homanitavion §id, enetgy. Soveral of lhese DGs huve mandiates reluted o
resedrch and development, scicnee and techoology. In pariicular, the following have responsibilitics
linked to Hydrogen and Fuel Celis {(TL/FCY activities: DG Transport and Energs . DG Enterprise, DG
Cuvironment, LG Edueation and Culture, DG Research and the Joint Rescarch Centee {TRC). DG
Reveurch oversees the European Reseorch Arca initiative’, manayges the FL Research Progamms and
adminisiers the respactive budget. The JRC with lis research activities and seevices supparts the EU
policy making. It vonteibutes to the developmeni and operation of an EU scientific reference sysiem for
underpinning polivy decisions, JRC's knowledpe comes by networking within Ewope and glabally.
and from specific application- and tssue-oriented research within its seven nstiinies. The JRO [netite
lor Frergy focuses on energy issues and runa the JRC Bydropen and Fuel Cells research activities.

Rescarch and developiment in thix ased iz alao funded, within Furope, regionally, nationaily, and
by the Indusiry, however the present document concenirates on BT funded Hy/FC activities. The
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Curopean Commission (ECH fosters snd Bands under s wmubi-annual work progrannne — cuirently the
Seventh Framewock Progranmence (FF7: 2007-2013) - research, develapment and  demionsization
activities on energy-reloted issues and on hvdrogen and fuel cells. Here we presenc the bighlights of
somi llusitaiive FC eu-financed R&ED projects on hydrogen wechnologies. with @mphasis on the
related matcrials rescarch issues, and on dhe projects’ key achievements. Following the recent
developments in the enerey research policy field, T will be covered in the near futare anly under
ihe indusiry-led “Tont Technology Tnitiatve™ (T and it comespending "Joine Undertaking ir: Toel
Cells and Iydrogen®™ This Undertaking will be responsible for defining the shori, mediun and long
term resenrch aggnda on HFC Inowhat followe: we give a briel account of the rationale and the sieps
i the proposal of the TT1, ag part of the evolubien of the EU enerey policy frmework.

EU FNERGY STRATEGY & THE CASE FOR HYDROGEN AND FUEL CELLS RESEARCH

[ Lnergy Policy  Rationale and Recent Deve bapmenis

The ET has o seong dependence on forsil foel sources, whtle #s hvdrocarbom reserves are
runming down and canoot even satisly e current demand. As woresult, the FUCis obliged o Unport
20% of 1ts todal encrey conswoed. This, in geopolitical tevms, means dependence on two regions - 45%
af vil impoity come {rom the Middle East and 40% of narural gas comes from Russia. According to
projections, over the colnig yoam, primary encrgy production in Farope will declive while demand is
coing Lo gresy duither, Prices for oil and gas are steadily increasing, making the situation more
vucomfonakle, Morsover, conaderable investments are needed 10 replace the EU ageing infrasruciure.
lor baluncing the energy supply with the demand, The picture becomes maore complicated considecing
that encrgy produciion and use, at ihe moement, account for 80% of all greenhouse gos (CHHG)
cmiszions. These emtissions contribure o global wanning which hay alveady made the world 0.6°C
hutter i the past 100 vears. according o the TN Tmergovermmental Panet on Cliniate Chunge (IFCC).
Continuing with the current trend, and for a "husiness s usual’ scepario, by 2030 cnergy imports will
be chmbing to 65% of ol consumption in the TLL the electricity demand will raise by 1.3% per year
while the preenhouse gas cimiasions will inergase by 55% This clearly has ceonomie. social,
enviremaital and pleysicsl visks for the ETL

For tackling ihis situation ynd fulfilling the ELT vision for an efficient, diversifisd, decarbonised
energy futupe. the ELT leaders. being inspired by the FC Green” Papers’ and following the FC
proposal’, decidad to crmbine seiion at European and member states' level. They therefore endorsed au
EU-interated approach w climawe and energy poliey, the "Energy Palicy for Europe” (EPE), in March
207, The FPE hay o compreheasive package of measurcs, the “Action Plan' 2007-200%, attiending o
priorities, while respecting the Member Stnes’ choice of eaergy mix - the share of cral, nuclear, gas or
renewables — and vovereizniy over primary encrgy sources. The prioxities addressed are the internal
gaz and clectricity markat. the security of energy supply aml the rsponse 16 pateniial crises. EPE also
mahes conercte recommendations For expanding and strengthenine the By miernationat enerys
relations by speaking with o ‘commeon voice'. Mareover, it sets highly ambitious quannfied targats: the
sa-catled 20%s by 2020 - 2iMa reduction of GHO emissions, 20% energy officiency improvements and
20% renewables 1o the engogy mix Owith 10% hiofucls in ranspot),

To ansist the implementation of the Acton Plan. the EC propused & coordinated set of strategic
actions ol o tannber of key technobopies, under the European Straepic Envrgy Technology (STT)
plan’. This was recemly endorsed (28" Febeuary 2008) by the EL} Enerey Ministeis. The techanlegical
sectols identiticd can be nstrontental in resching EPE's aljeetives and are those for which the barricra,
the scale of the invesunent and risk invelved can be beiter tackled collectively. Examiples are: secund
gencration hiofuels, Cth capture and storage. wind cnergy. solar energy, dission, encrgy storage
technologies, fuel cells and hydrogen, ete. KU oflonts in these arcas are currently scatiersd and
fragmented. The SET plan aims o coordinate themn and explait the added value of Furopean-level
intenention by mobitising the crificul mass of RED investment from public and private sources and
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coupiing research tightly to innavation. It alse cstablishes a waich apd alerl Furopean Hrer2y
Technokogy aystom, and ensures elier communization and cormespondence between developmems in
these technobogios and eneray policy goals, The twols proposed for fraplementing these actions arg the
Furpeun Industrial lntiatives' - steategie wehnology sllianees beiween rescurchers, key guonony
operators and decision makers at different levels, One form for such an alfiance ars the Joinl
Technislogy Initiatives {F11s), intredueed in FE7?. The JTTs are long-tevm public-private pannerships,
with industry in the lead, fur wchoelogy Relds of high indusitial and policy relevanes across Europe
and ihetefore priortised as such by all member states, They ensure & long-term work programme,
yuarantce linking of fundamental reseaveh and demonstration projects snd an agreed, bog-term budget
plan and sirieyy - these are prereyuizites for the indusiey 1o commit more resounes,

Ha/FC research under the JTL bevond 2008

The Fuel Cells and Hydrogen Jaint Teehnoingy Bailiative was adepred by the Cominission on
the 9" of Oetober 20607, The Commission is expected © fund ME 470 from ihe FPT programme far a
period of sis years with al legst the matching amenmt coming from the peivate seclor, The JT1 will be
cotablished as a Jorw Underiaking Fov a peiiod of ten yvears with its seat In Brossels, The foupding
wembers are the Furepenn Cammunity represenied by the EC and the Induzry Groaping, a non-peofit
asgnciztion of Curopean dusuy interests. A suoilar grouping representing the research comimuitity
will alse be furmed and will become member of ihe JTE The Foel Celis and Hydrogen JTT aims o
boast the development of hydrogen technelogies o the pood of commercial take-off betwecen 200 and
2020, 1t wall do thig via the implementiation ol streamlined, basic and large-seabe, indusitial and applied
R&DY activities, demonstreatian and support actions feused on the most promisiog apphications. This s
in e with the needs wlentifisd by the JTTs predecessor, the Bwvopean Hyvdroven and Doel Cell
Technology Platform (HFPY and its vision tor hydrogen and fuel cells, ay seen in s "Deployment
Strategy™ document. Earezcted from iy documenit i e se-called "Saapshor 20207 with macker
forecasis for Hp/ PO technologies in all end-use applications, stating what s neaded to move technelogy
from protey pe thrauzh demonsiraton o commersialisation by 20240,

Table 1. Key assumptions on ITydrogen and Fucl Cell Applications for a 2000 reference imarket
seenario CSrapshot 2200 for the laplementation Man - relerences 7. 8

i Pertable FCs Portable Stationary FCs | Raad T
for handheld | Generators & | Combined Heat and | Transpert
_ | elecirgnic devives | Early Markets Power (CHP)
E H2: FC units i ~ 250 million = PO per year | TODAO 1o 2000000 | 0.4 mithon o
sold per  year | {~1 GW,) Pt year 1.8 miillian
pjection 10 24 0W
B camulalive | M.t - () 40(),01,50—:5._‘3@,(5(1 1-% million
salos projectinns i~ H W) (3-16 (W3
w2
LL Lxpected ! Established Estahlished Growth Mass market
220 Market redl-our
Stutuz I .
Average  power | 15 W KWW =100 EW (Micre HPy | 30 kW
FL7 sysiem | =100 KW Lindusirial
: . |ctir
FO svatem cost | 1-2 67 % SODERW [ 2000 ERW (Micrey | < TO0ERW
rarpet | LOGET S €&W | (for 130,000
_ L. (indusirial CHP) LTS per vour)
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The MU Werk Progranimne will be built & achieve this scenano in ine with the HEP devized
Sirwegie Research Agenda and ihe respeciive Implemenlation Plan® for applicd R&D  and
dempmstntion actions. The ollimate alm s o pave the way for the realisation of the High Level
Gronp'™ (LG visien for Eurape in 20507, thraugh activitios concenating on four nuin T ation
amd Development Activns, (DA s as detined in the implementation Plan, These are all necessary.
comprehensive sots of actioms for wechnolngy development and acquisinon thal have to bappen by 2010
and 2013 in oider woaclueve a tmely, smooth wansition from now to 2029 for the macket entry of
ransport, dativnary and portable hydrogen and fuet celt applications. Fram now on, all EU {unded
research work related n the field of Fuel Cells and Hydrogen will falf under ihe unbeelia of the JTI

European H, and FC RTD & D Programme ,\ _
§ k.
)
. (VDA 77 ¥, Vihveds & Hfoaiing ™ Y "\
Stations by
. o &
{ IDA 2: Sustainable H, Production Y 5 [}
1 & Supply VR g
IDA 3. Fuel Cells for CHP and ) g
.Fower Generation 8 3
. /18 g
‘ (DA 4: Fusi Cells for Earty Markets ‘ /
] Y

Fipme | Key elemienis of the Ewropean llvdrogen and Fuel Cell Research and Technological
Development and Demonstraion Programme for megting ihe "Snapsher 2020 fargets and the 2050
Vision of the High Lesvel Group

Concurning regulanony issues for the establishmeni of ihe Fue! Cells and Hydrogen JT1L on the
23t F ebruary 2008, the B Competitiveneas Councid reached an agreement of the main elements for
its launcbing and the final decishm im expected sill by surmmer 2008, b the mean tme and w ensure a
guick start-up ol the activitics. & 'bridging structure’ has been pul in place and che first call fgr
praposals is planned immedistedy after the Ceuncil decizion’”,

HYDEOGEN ENERGY LA FUNDED KI SLARCH

Az stared earlier, research an hydeogen and fuet celis has heen co-finded over the yeurs
thesugh the TC multi-anneal wirk programnie, the se-catled Tramewotk Programae (F1%: the main
1 mstrument for Tunding RTD activities since 1984, We are cuvently n the Seventh Framework
Prograinma''. which has a number of nevelties compated 1o the mevions FPs FP7 s of langer
duratien {2007-2013). with an mereased sonual budget and a new structure. It alse has novel
mechanism: for managing R&ED — (he Huropean Research Councii' dedicated 10 Fronder Reseacch
ez the Technologs Platforms on g number of selected arcas for defining R&LD prierities and the
pewly crzned IMls bt should be alse mentioned here that the CC §s a member in the lmernanonal
Fartnership tor the Hydrogen Feonomy' (1P1EL since 35 esablishmeni in 2003, The FPHE is
feveraging intermativmal [unds and it s conedinating fovused internarional yesearch. Jevelopment,
demvnsiration: and commercial wtitisation activities for odvanemy the tansiten to the hydragen
ecpnomy. Many Ewopean-funded projects have alicady gained IPHE recognition jor heir lead and
innevation leved in the area of iydrogen and fuei ceils rescarch.

Orver the successthve Framework Progosmumes tor research, the Buropcan Commission has
tuereased ity inancial support we fuzl cells and hydrogen, rising from ME § in FP2 {1980- 1095 0 MF
315 in FPE, wath o wotal ol ME 358 investad in the fleld from 1986 w0 2006, niatched by an cquivalont
amount of paricipating stakehodder investment. To put things in perspecitve. e BC will contribure,
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aver si vears, ME 37 o the Jeine Uredertaking- the legal entity entrasted with the coordination amd
e efficient management of the fundz conumtied o the TUT, and the private sector will at least match
this amouns,

350

- /_________._. S
250 /

200

M€ 150 /

100
50 —

Pz

FPZ (1886- FP3 (1980- FP4 (1994- FP5{1998- FPE (2002-
1880) 1994) 1988) 2002} 2006)

Figuee 2 127 Support to Pael Cell and Hydrogen RTTY in Framework Progremmes

Looking at the most recent programme. the EP. mere than ¢ighty He PO projects”’ were
lunded with = significam pan of this fsling Jedicated 10 transport applications, w the hydrogen
production and distebution. te validaten and demonsiration seuvities and then io storage of hydrgen.
A balanced approach o fondumental and applied research and demonstration was abaays sought, and
attettion was paid 1o better covrdination anumg naitonal and replonal research programmes.

Validation and
Demonglraticn
16,0%
H2 storaga
10,1%

H2 production &
distribution
1B5%

Stationary and Porabie

Applications
7%

Transport applications Salety, Regulations, Co

(including FC hybrig das &::a;darm
wehicieg) '
18.8% .
FC basic research - Low_,r-"""’;-_ Palhways and socio-
Temp BLONOMIC analysis
7. 88%

\— FC basic resaarch - High
Temp
6.1%

Figure 3. FT'G buoget breakdown for HFCs - wtad FC Coniribution M€ 315
From all diese projeces. theve are several worth mentioning as a result of their schisvermeats,
hivwgver our present overview only ddresses the salient points of some illustralive examptes.

Faphasis. as stated earlier, by placed on those projeels where matetials issues took centre stags in the
rescireh activities ve mdenal innovalions were considered mstrumentad for further prograss. A mons
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detailed account ol the recent achievemeanis of the cuttenidy running EU hvdrogen and fuel cells
projects can be found in 4 recent publicaiion’” diseowsing the highlights from these peojects, 85
presented in the Keview Davs'07 Mccling' eo-organised by the EC and the European Hydregen and
Fuel Celil Technoiogy Platform.

Hydrogen Rescarch Projects

A vumber of statedic Tesearch topics were pursued for hydeogen in FPe™ but are alss still
ventral Lo e currenl FPT These are summarised below.,

(iy Clean, competitive and sustainable produciion of hydrogen from eststing and navel
processes ineluding the wehno-smiv-eoanoniic dsmessment.

{1} Prepariey for a transiton o 3 hydrogen energy economy — abining at the conselidation of
ctforts on bvdrogen pathway anabysiz and road mapping and exploration and shamng the wealib of
informeition coming from the significant investment made in the Hield. This way the 1esearchers can
underpin sound transition strategies and provide a rational hasts for policy decisions and macket
framework development. This proved to be an excellent $121d for joining furces alsoe at fnternational
level. ws wus Jemomstrated by the IPHE recognised projects - the Curopean lod HYWAYSY -
development and detailed eval ua!ion of 2 barmvondzed European hydrogen aneryy mmhm{_) the Clean
Urban Transport tor Eorope (0 UTE™), and the Esotngical City Cransport Systemn (LOTS

11111 Rafety - in a suseainable hvdrogen enerey ceonomy this s paramount tor the uurr_:du:, ton
of naw technologies for hvdrsgen storage and energy conversion, In the absence ol bamionized
turopean and worldwide vepofations. codes and standards, pre-normative rescarch and develapment
werg and still remain esseatial, Projects around these hines made o contribulion fwwards Oiling
kniawledye zaps and supplying the necessary information for certification 155008 (see storage vossels)
and preparation for rezulations, codes and standards (RCS) ar EL and global level. They also offered
ihe oppurtonity W form sirong imernativmal partnerships (or solving such pre-compeliiive isugs.
THusirative examples ate the safery recognised [PHE prajects, HYSAFE"™ (Rafety of Hydrapen as an
Enetgy Carrier), and Fuel Cell Temting, Satety and Quality Assurance [FCTES P,

fiv) Basic materials rescarch - a number of fundamental isspes were addeessed such as the
devaelopmert of functional marenials for electrolysers and fuel processors, novel materials for hydragen
siorage and separation membranes and purificaton. For msiance, components, materals lor steam
reforning and comtaminants retnoval; more stable ion-conducting electrolytes tor high temperature
electroly <is celis and new malerabs {or advanged perlormance electrolysers: new malterials far high
TEIAPRTAIULE FCACIOLS,

An Hlustenive example Is the HIzH2 (Highly efficient, High iemperawre. Uvdrogen
production by Warer Llectrolysia, coordinated by TdF. France, 2004-2007). HI2ZHZ was cheeking the
feaibility of increasing the etficiency of the electolysis up o patentially 90% by uzing a planar Solid
Oxide Eleetrochemical Converter, based on material celi components and fabrivaiion processes of
advanced thin-film SCGFC wehnology, It also analysed the linirations and degradarion mechamsns of
such cells moerder 0 develop new cormsion resisiant materials (cells, membrane, intereonnccis) mw b
used in high temperature electeolysis mode. The peject, completed fova, achieved a remarkahle
performance andd Jurabnlity for single cells, Tiowever, teathing issues such as celt degradation, das
sealant problens, and hear manugemenr, pacticualarly for seale-up applications 10 rthe level of MW
plants, remaia w be addressed as part of o possible futaee strategic research in s fedd.

(v} Hydrigen storage - exploning innovative metheds, meluding hybrid storage systems, which
conld lead tu breskthrongh solutions, particulacly for the most demanding on-board storage for read
teansportativn. n spite the lechmeai progress made, none of the storage options can satisfy the
stringent requirements. A number of scientific and reebnical issues relaed 10 maierials, which could
make a ditterence. were identified.
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iv.lh Gaseous storage: there is still the need to develop bigh strength fitwes and liners
inpermeable 1 hydbowen for e in vessels that ean albow higher presswre tanks, under safe conditions.
for looger drivieg range read velieles: addeess the fssue of up-sealing, recyele-ubifite vf materiols and
develep cost and ume eifective laininating procesaes.

1. 2% Liguid storage; the Tssues of high enerey penalites due wo ljuetaction and bail off remain
unselved, whereas saterials research could enable the cxploeation of novel insulativns and ihe building
of the next veneration of cryogenic lehtweightlow volume ranks.

.33 Belid state storage: this s the area whers naterialy are indeed the Tocal pomi: i wis
shown that passing eftictently this technology frou the lahoratory 1o application requires a lof miore
than our current titnited anderstanding ol the meckanisms of chemi- and physi-sorption of hydrogen in
the different material classes, Thercfore the need for fundamental research is still pressing, Under
hvdregen storage, the EC has funided five FPS projects and tuee research truining nevworks (investing
around ME 31 in grants) for cdueuting the fatare wehnologins - all of them are sl running.
NESSIHTY™ was recognised by the TPHE as 3 leading international projeci. Under FP7. a2 new
collabarative  project careund  BE 24 shnted in January 2008 this is NANOHY (Novel
Nanoconmpuosites [or Flvdrozen Storage Applications). coordinated by FZK, Uermany.

Table H. LU funded research projects on hydiogen storage under FP6 apd FP7

Project K o-ordinator [Duration Topic EL
[Acronym  months) indicative funding
Running since ME)
Hydrogen Storage Projects under the Energy Propranune
STORHY  fMagna Steyr. 54 ext generation storage technologiesl 0.7
[A ustria since (/0304 or vehicle on-board applications
[NESSHY INCSR Demokritos, |60 Movel efficient solid  slorage  fon]7.5
+ HYSICY [Greece singe 01/01/06  Mwdrogen K+ 0.3)
INANOHY  |FZ Karlsruhe, 45 [Novel nanocomposites for hydrogenf2. 4
Kunder FP7) [Germany ince 01/01/2008 torage applications
Hydrogen Sterage Projects under the Materials Programme
HYCONES  [NCSR Demokritos. 36 Hydrogen storage in Carbon cones  |1.53
Greece since 01/11/06
SURMOF  |Rhur  University 36 lAnchoring of MOFs to surfaces [2.5
jGermany since 01/10/2006
IMOFCAT  §SINTEF, 36 [Functional MOFs as heterogencoud2.2
Orway since 01/09/2006 fcatalvsts and adsorbents
Research Training Networks (RTN) on Hydrogen Storage under the Marie Curie Programme
HYTRAIN  |University offd8 Mg-based, complex hydrides {e.g)2.65
Salford, UK kalanates, borohydrides),  novel  lighy
since 01/01/2005 Jhvdrides {Li nitrides. amides)
COSY GKSS, ’ 18 Sorption kinetics and reactive hydridef?.5
Germany lcomposites,  for  energy  efficient
kince 01/11/06  Jhydrogen storage
HYDROGEN|Leiden University 48 |Alanates, borohydrides, & new].54 {enly 50% tof
etherlands since 01/09/06  pmaterial classes in form of ammonia [H, storage

The hydrogen storage portfalio covers on-hoard and oif-board hydrogen storage svsterns and it
has basic research and application-urisnied projects, STORIY®, "Hydrogn Storage for Autamuotive
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Applivation”, is one ol the autometive application projects aiming at developing robust, safe aud
elficient on-hoard Tiydragen storage systoms, suible for use in hydrogen fuelled FC ar ICE vehicles.
Ii adidresses all theee byvdeogen storape solutions: high pressure compressed s (U-Ha). covogenic
liguid (L-T1z3, and salid concenirating vt advanced atanates. STORHY has thirty four partners coming
ivom fhirieen European countries and a il badges of ME 187 (EC conibutdon: ME 10.7). I is near
to compiction now aud it has o far the best performing sobution foc C-H; and T-Hy, For the 700 buar
hydrogen pressure tank, STORIY daka reach cupacities of 4.5 wi.% ( for 2.4 kg 100 1 ar system
levely and for Ll 14wt {comesponding @ 4 kg H=/100 1) at system level for metal design, and
even up fo 18 wi % with advanced composite materials '™,

Howgver, there is stitl room for improveinent on all sioeage solutions with respect o a
compachensive safery asseasiment of the technologics vsing probabilistic theory wols; ackling energy
and sturage lesses throueh evaporstion-ligonefaction of the gas and *boll-off’; addressing issues of
rermeabibily and tank design optimisadon using theorctical simulations. New designs. new coooepis
need to be ceritied to be comumerclabised. and they require validation and possible changes in
regudations, codes wund stundards. Firally, environmental fssues, recyele-able materials and uliimateiy
averall costs, need o be also addressed. There 15 2 need Lo fundamendal research and undersianding of
material properties tor reducing sgenng, fangue and associated fablure in gas ovhinders and alse for liner
materials. Hedrogen compression for increasing the volumetric enevey in C-Hs, is a rather matuse
technwlogy nowadays but remains encrgy consuming: i reduces the Lol system etficiency and adds to
the cverall expense of this weehnology. Funher work may be roguired on the development of
COMpressors considering new materials, improved efficicney . and even more compaet designs. Aay
additeral cowt reduction, particularly for op-scaling, calls for completely novel indusitialisation
voncepts, For L-He STORHY demenstrated a compact, light, itee-funm tank design with improved
cemfyrmability for vehicle infegration and with considerable potential in combinalion with new
hydropen [CE. Nevertheless, the overall cost is sl prabibitive for commercialisation.

Conceming solid-starage, the state-of-the an in Europe is ai the moment with the FP& project
NESSHY, recording for alunates., and at room temperature, 2 maximum of 1.8 wi s and higher values
for 80-100°C. Despile being the safest and most energy saving oweihod, becavse of these storage
capacitics and the inadequate overall performance with respect to a number of technival and ceonomic
criteria. solid-state storage is far away Irom the largels for Gransport applications'™. Whai s still
required are nuvel materials with improved siorage densities, kinetics and thermadynanic behaviour,
o maks the difference. Tlie rescarchers need W adapt a multi-diseiplinary apgroach and explore the
full potential of theoreticat moedelling, experimentaion and the lesgons leamt from fundarmentats and
basic rescarch. Az an example HYCONES™ 1s looking at the improvement i hydrogen sorpticn
propertics of carbon cong materials through a better undersianding ol the hydragen-carbon inlgractivns,
NESSHY ftself usea diverse analy lical, computationad and characierisation toels and pools resources
fromy twenty two particis i wvelve European countres and the USAL Morcover, NESSHY organises
integrating aciivities amungst its partners, coordinated by the JRC-IE. These alm at the establishment
of o common buropean infrasiruciure, 3 Virtual Laboratory, for exchanying and shariog experimental
data. measurement technigues, for calibralion purposes, standardisation and for addressing safety
issues, s part of thase activibes, inrer-laborarory comparison exercives are curreutly runming and a
daiabase 15 being developed for the management of the experiiiental matenial propertics duta generated
in the provect und of the plivsiza! wnd enginecring daia requnred for the tank design.

Fuel Cells, Systems and Apphcations - Research Projects

A number of strateqic research topics were pursued for fuzl celi systems o the E1) funded
projects, ranging from basic research 1o validatiun and demonstaation actividies Tur gaining field
expertence’. All activilies were targeting systoms which could be commercially viable by 2020 for
many applications, with tocus on the hizh temperawre wehnolopies (maiidy Solid Oxide, SGFC) and
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low lemperature technolngics (msinly Polymer Electrebyre, PERCY ™™, The most challenging ohjeciive

{ior Fuel Cells rescarcl was, amd sull remains, the reconciliativn of ihie cost el the high performanca,
dueability, zafely aned reliabiliiy, for making the FOC technology corpetitive with conventional
tecimologies. The key arcas addressed were:

i Cost - investigation of possibitities for cost reduction with respeel i matzoals and
proceszes, Jooking fur v cost materialy and inexpensive elecwolvie membranes and cotalyvsts amd
mimimising the use of precious inctals. Examples of such approsches we fiod in e e iransport
appircations projects for developing high temperaiure PEMEC (Prown Exchange Membraone Fuoei
Ciellsd \Pemlmu at 13020070 [see FOANGDE (200720100 but also low temperate PEMEC (se
FURIM® 1. AL TOBRAME - -\ummome [Migh Tempersture Fued Cell Membrunes {running 2003-
2009, cosrdinated by Daimlert hevsler)-iz aiming at developing apar from catalysts aiso Membrane
Eleetrods  Aseemnblies (MLAs) for high reaperature  auiemotive  applications. First tesis on
perflusrsulphonaie jontineric MEAs and on inexpensive catalysis have ool vet reaolted in any
promising alternatives. To offecrively tackle such persisting problems, projects in this field are bnter-
collabmaling, For instance, AUTORRANE is tn close comtact with two uther Consortia also JEHE
cecognised tor theie Jeading research programimes, namelyv: CARISM AT (Coardination Actton of
Resvarch on Intermediate and high wopeiatore Specialised Membrang slectiode Assemblies; 2007-
2006y - arcd [PHE-GEME (TPHE for GEMeraiion of new lonomBr mambranes, started in December
20063 which aims ar developing an AUTOBRAML -relevant MEA vsing marcrials aod awthedds
camplemeniary o those of ALTORR aNE.

{1ty Durabilicy - naterial development to guarantee pecformance in tenms of coreosion resistane
aind exhavstion of catalvUoally adtive components; reduced ageing and vupgedness Ineveryday
operation, long lifeme, low degradation. tolerance to impuritics. Aed these refer also o stacks atud
balance of plant components. Projects were also asked to address mechanival o ib;hty {403,000 hours
for stationary applications and "maintenance [ree for life” for smaller pnrmhlc unis ‘bl 1 . Esamples of
privects foking at sich issues are REAL SSOFCH (20t -200R) for 600-800°C operation and the [PHE
recogised SORCGIE™ (2006-20110) loaking at speradion al 6000 . They investigate generie problems
with planar Solid Oxide Fuel Cells (SOFCY an o coicenesd action involving the Dwopean fuel cell
industey and rescarch institutions. They resort o methodical matenad research 0 achieve snhance:d
lifetinies, ease of nperation. cost etfecriveness and sustainabihity. Unfortunatcly the eesults so Ffar do not
demon:irate any significant impeosement on performance with respect w voltage fand effiviency)
degradation’”. Nevertheless ooe of the valuable fessons leaml is the nead fur agreeing oo siandard
definitinns of reyuiremenis and of indicaiors with respect ro degradation.

{iti) Upscalme and manufacturing — projects wene dargeiing standardized, mass-production,
high volume munutactee an lower cows, ar material and component level. They looked at ways for
optimising and simplifyinge FC components while keeping o high standard pectiomancs. Their
investigations showed lhat there is 2 oeed for wsing now analyais ols and gualiy assuranee
methedologies for coamalling the indusinstised process,

() Waght and packaging tssnes- this was more challenging for portabie applicaiions which
require the mintaimisation of the fuel cell stack and balance of plant components au applicaunn evel,
Issues wuch ss compenents intcgration and thermal, air and  water namagement were seen as
insrwmenial for roving ihe echnoelogy to the newt level,

HYTRAN™ (2004 20683, "Hydrogen and Fuel Cell Technologies tor Road Teansport”,
cowrdinated by Volvo Technology Corporation. 15 addressing such issues when integraimg components
and subavstems uwo twe anovative fuel cell system platfunms: one for teaction power by an 80 kKW
direct hydrogen T'E“d fuel cell sysiem implemented on a passenger cur and the wther one o1 Pll\(iliur"
Power Units of 5 kW including a misro-aructueed diesel oil stcam retormer. clean-up reactors,
retbrmate h,vdrf_\gen stack and balance of plant componerts, This projeci yives the opportunity lo
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nlentify techaolegical bottlenccks. and in resr-dove ard characterise the exisling state-of-the anl aad
fially wdennfy rescarch and development gaps for eaching the targets.

1] Pertnnmance charactzrisation and benchmarking of maerialsisystems/components,
One of the conclusions drawn from the projeets Tunded in this aren, was that 3 s imperaiive to vse
advanced predictive modelling and zimulaticn tools 1o complement and retice the experimental work.
Equally important iz the development of wsting and chirsctensation protecels for sufficient esting
capacity and comparative assessiment of materials, colls, stacks, components and sub-systems. Indeed,
as demonstraled by the REAL-SOFC project, which was recently completed, standardisation issues ace
critical for the materials and compouent Jevelopment. To syslematically  research this field,
parttcularly when several laboratories are involved, as is the case 0 these mubi-partner projects, it s
eesentinl that o coordinated tesing programme is drawn to cffectively mobilise all. The esting
conditiona noust be standardised and the respective handling and esting protueols have o0 be agreed in
arder to ensure comparability of the results berwseen difterent laborawories and w enable sharing of
lesiny resaurces. Reproducibility and quality assurance are eritical for having reliable data, This is an
elamment of great importance and recognised as such aise in the work performed at the Tnsoilute for
Energy af the Joimt Research Centre of the European Commission.

The IRC-IE specifc [T C experimental programimne

The JRC-Institute for Bnergy supports the EU encrgy pelicy by conducting deskinp and
experimental acrivities focused an impact evaluaiion, assessment and benchimanking of uew cnergy
wehnulogivs, and kydrogen, i terms of etficiency. safety, reliabiliny and environmentul perlormance.
The JRC-IE institutional work is carmed out under the uwmbrella of the EC RT3 tramework
Prograrmmes. Its auiput i3 most apprecinted where a Huropean pevspeciive and independaiee of
commercial and nalional interssts are essential. It comes in the form ol weehnological studics or
scaeniiiic data originatmg from s state-of-the-ari facilities, JEC-IE is #spiring w establish and perate
EU reference laboraories Tor fuel cell. hvidrogen storage and safety sensors pre-nommative rescarch and
performance versfication, within the Eurapean Research Area, open o the sciemtific community an:
indostey. The tacilities and the sctivities followed are designed 0 suppont developments in Regulation,
Cades and Slandards (RUS) and w camy ot testing campaigns under Fl-funded reseurch projects io
the related fields,

‘There are two reczarch projects currently cnming at JRC-IE relying on sxperimenta] fscilities
for hyvdrogen storage and fuel cell testing, namely the FCRPOINT® {Fuel Cell POwer chain Integration
and Testing) and S¥YSAF (SVstemS for Alemative Fuelsy™. Both are weli positioned within their
respeclive aren of expertise by nerworking and collaborating in a number of B fumled reseurch
projects, and at imemaiional level participation in the Iniemaiional Tnergy Agency. Hydrogen
Implementing Agreement and in TPHE activities and IPTIE reeognised projectsy,

FOPOINT comducts pre-notmative research on the validation and benchinarking of test
methads for the operational assessment of fuel cells. 1Ealse performs testing on Fuel cell syitems w
evaluate their performance i terms of efficiency and emissions and their integration infe the power
chain. This is dune within the FU prajects FCTESTRE CUFCTES™, FOANGDLE and DECODE. A set
of foel cell testing protocols (single eells, stacks and sysiems) for trunsport. portable and sabonary
applications were actually establizhed under the JRU-E implemented project FOTESTNET. In the
mean Lime, these leal procedures are appiied by SQFCANY and they are currenily uvader vaiidation
within the FUTESTNET fullow-up project: FCTES™ . The lamer locuses on safety und guality
usstiganee. [ts reanlts and pap analysis tor presnominative research on RCS tor fuel cells will be
dissemimated o [FUD members and 1o intemational standardisation bodies by the FCTED} {IPHE
recognised project: "Fuel Cell TEsting and Dissemination™).

The tuel cell test facility of FCPOINT, where all ibis activity Js performed, allows
characterisation of the cleetical and environmenal performance of Pelvmer Electrolvte Fuel Cefl
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(PLEC stacks. componemts and ontive systents, in off-prid, wnl grid-copnected comfigurions, with a
cupueity of up w100 KW electnica] power sutpm, The factlity consicts of an avtomared and
coriputerised Tl cetl st station, gas amdysers, 3 muiti-axisl vibeation systenn which is housed ina
walk-in eiviconmental chamber {for controlling temperatore:, humidiiy, shocks and sibrationsy wd
anvillan equipmend, The data oblained are complementary to and vahdate fuel goll simulations and
modets with releecncs operation mades, components and system characleristics” .

FCPOINT = Fuel Cell POwer Integration & Testing
at the JRC-IE

Environmental & vibration —

testing of FC systems & ﬂ L
LS,

Standardised test methods for fuel cells and fucl
cell systems under simulated service conditions
at the JRC-1L testing facilities

CTD modelling of FC performance
& modelling validation

To factltale the hydrogen marker peneiration. it 15 impertaiive 1o establish, benchrmark and
validare new concoprs and technologies ulse for the safe, officient, reliable srofage and handling of
hydrogen. This invalves the harmonication of measurziient inctlods and test protocals fur assessing
the performance and poenial of the different hvdrogen siomge media and respective soiutions in
difierens applications, Such tesubs of pre-ponmetive research could make a valuable vontriburion w
standurdisation in the tield and support the FC policy makers, They also make available e the
industry validated, harmonised inlurmation and avaluaiion tvals for designing or amessing the
performance of hydrogen storage systemss. This is the SYSAT rationale o its work progranime
which has three experimeraal piflars covering the high pressure gas siorage. e solid-state slorage
sysiems and the hvdrogen detcerion by means of safery sensors, There is also a SYSAT tesk on
computationad uid dyvnamies awdeiling for the validotion and mterpretation of ihe daia, pariculady
with respect w safety,

SYSAY perfurms part of its aclivities within Furopean funded and 1PHL recognised ressarch
priects. The work under the safety and perfurmance assezament ol hvdropen commereial sensors, jor
ea-board applications. 1s conducted under the MNetwork of Excellence HYSAFE . This is done in the
form of reund robin testing with Furopean partners, The safery sensors are tesied at the IRC-EF in-
house bl Sensors Festing Facility {SenTeF). This thciiity consists of an aumorated st hench For
gas sensors construcied based oo the functicnal reguirements derived from market and gap analyses.
The westing purameiers irvestizated are the sensors feaction tme, lifetime, sensitivity, specifinity, as
welbas their stabilily under varions environmental parameters gemperatore, humidity and altitudel, in
sictrdance to the guidehines wiven by the existing L€ standurd for the detection and measurement of
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fammable gases. The resalts of the mound robin tests checking the praciics) applicability of the
proposed procedure will be fed fo ihe 18O TOIYHWOIS on "hvdeogen deteetion apparatus™ for thwe
reviewing of the testing methediobogy.

JRC-TE SYSAF = 8¥YstemS for Alternative Fuels

High Pressure H; | Solid-state H, On-board safety Modeling H2
Storage | Storage SCRNSOTS release

SenTeF 20 and 3D
CFD codes

SoiTeF

GasTeF

Storapge capacity Hydrogen sensor

Safety bunker for

Stationary & cyclic characterisation testing
testing facility up H Sarprion Reaction-, life-time, gas
Measurements {cross-) senaitivity

to 800 bars. snvironmental factors

| cFD modetting of
| apermting conditiony &

| accidental kydrogen
release gfrom pipelines)
= T

Conpressor and tank testing “bunker”:
¥ | m thick compositc walls: 3 meters sand
P 40 tons slicing door

P |nterior filled with Ny during experiments
F Permeation & High pressure cycling westing

Figure o, The stare-of-the art facilities at FC-IRC-IE for perfonmance charactenisation of tusl cells,
hyvdropen storure and sety sensors

The GasTeF™. hydiogen high pressuee Gas storage Testing Facility. is aspirng u become the
Etdreferenwe laboratory Tor satety and performance assessment of high-pressure hvdeagen and nawiral
gas storage tinks This unique facibity s houssd ina specialiv-built bunker with N-inertised rooms,
Vargeted testing welndes cycling, simulating operation under real conditons wich fast fitling and hold-
oF slow-cmprving of the ank, and permeation tests on the full scale bigh-pressure vehicles 1anks, The
resubts will give intormation on dong-term sivuctural stabdlicy: of ks and thetr safery -related
perfomiance parumeters. Such data coninbute 1o the idenlitivation of polential safety issues and of
possible gaps and necded mprovements in the present reulations and standards,

Baerials and thear interacton with v deogen are central in the acivities a1 the SalJel (Solid
state bivdrogen storage Testing Focility) of the SYSAY project. This is the laboratory aimine at
Lecoming the FLD referenve experimental facility for hydrogen capacity measaremants in solid-state
materials, 3 function supgesicd by o number of key slakeholders. SedTel was built for exploring and
identifying the most appeopriate medswemenl methodologics, delining best practices and  for
contributing to the development of testing proweols and standardised procedurcs for hydrogen (de-)
sorption measurements. s work programme sddeesses aceuracy, repeatubility, reproducibility and
reliubslliy 10 measuremenss. The laburatsry i equipped with instruments covenny  difforent
characterisation techniques, emperalure/pressure egimes and sampie tvpes and sizes. 10 therefare
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caters for a broad vange of storape marerals and their sensitivity 0 the sarople history and
experimental vonditiony. In paraliel, Sollel participarcs in European funded projects o sold stawe
storapge, oifers "second opinton” measuement service fo Buropean research cenires and university
vraups who develop matenals, 18 is also engaging én traintng of fulwe technelogists under the Marie
Curie Research  Training Network HYTRAINT  Morcover, the SolTel group  co-ordinate
nenchmarking exercizes on hvdrogen sorption megasuremens on Jiflereni materials under the wnbrella
of the lntegrted Penjoct NESSHY, Such an cxerelse will identify causes for deviations in
mezsuraments and cnable the development of guidelines and best practices protocels serving futune
slandardization needs, Finally. and 513l under NESSHY, SYSAF is developing a web-cnabled database
for exprrimental hydeogen capacity parameters and physical engineering properties— this will be made
available to European laboratories.

CONCLUSIONS

The Eurepean Cominkssion Tully supports throogh its inulti-annoal work programime researchy,
development and demonstration achivities ou hydeowen and fuel cells. Recent policy developnents in
this field are paving the way o the tull mobtlisabon of key European stakcholders. This will
materialise by the soan 10 be established. industry-led, Fuel Cells and Uvdrogen Toint Technology
mitiative (711, The Y1 mms at integraded, focused research in the ELin order 1o faciinare the market
penertation of the hydrogen and fuef coli teehinologics.

S tar, vdrogen and fuel cell ressarch resultz, i spite of the sclenlitic and technical progress
made. show that these technologics ars ast mamre enough and they are nen able vet to ncach the
sirateric turgels, Therg seems o be a strong need tor breakthoowpgls and return back to basics’
Fundamental research For undeestanding materials and their issues appears o be instrunental foe any
turther progress. There Is alsa 4 perssting  requireinent for hermoaisation. validaven and
siandardisation of data and test procedures and underpinning pre-normative research in this wrea. This
1% al activity endorsed by the European Comndssten b its work progeumme. 1 is alse suppeticd by the
Le-Toint Rescarch Contre, lastnute foe Foergy vine its stade-ni-the an iesting tacilities aspliing to
beeome the BU reference taboratories in the field of facl cells and hvdropen storage performance
azsesaraent.

FORYTNEYTES
"To whom comesponsdencs should be addressed - constantina. fitiouiire.nl

Creen papers - they are diseussion papers published by the Commission on a specific policy area,
They are primarity addressed to interested arganisations and individaals swha are invited o participale
in consultation and debale provess. In some cases they provide an nnpetus for subsequent fegisdation.
" The High Level Group tor Hydeogen and Puel Celis Technobogios was initiated in Ocicker 2002 by
the KL ¥ice Mresident. Loyola de Palacio, Dnergy and Transport Comuissioner. and Philippe Busguin
Research Commissioner, Fhe group was invited i {urmulae a collective vision on the contrihution
that hydrogen and fuel cells could make w the realisation of sustainable cocrgy =sysiems in fuus,
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