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A Vision of a Hydrogen Future
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I'iott Ydpoyovo ?

To VOpPOYOVO £xEL TO LYNAOTEPO EVEPYELOKO TEPLEYOLEVO AVA LOVEDQL
Bapovg and omolodnmote dALO YvoTo kowoo, 120.7 kl/gr kon mepimov
TPELG POPEC UEYAADTEPO a0 0vTO TS cvuPatikng Beviivng.

Kdéver "kabBoapn" kavomn. Otav kaiyetal pe o&voydvo mopayel Lovo vepod Kot
Oepudnra Kal o€ couPdriel otn LOAVVGT TOL TEPIPAALOVTOC.

Me ta katdAAnAa pEtpa wote vo amo@evyei n
TPOAVAPAEET, TO LOPOYOVO EIVOIL TTOAD KOAO
KOOGLO GTOVC KIVNTNPESC ECMTEPIKNG KAVGEMG LUE
amOooo™ Kotd 22% vymAdtepn and Tov
avticTtoryo Pevivokivnnpa.




To v6P0YOVO WG POPENS EVEQYEING

To vopoyovo pmopet va
YPNOUOTONOEL WG POPENC
EVEPYELOG, ONAOOT 0L LOPPT
EVEPYELOKOV VOUIGLOTOG,.
XapoKTNPLoTIKO TOPAOELYLLO,
Y10 TO TG TO VOPOYOVO UTOPEL
va, xpnoiponoinfet yo va
nopaydet evépyeta etvan ot
AEYOUEVEC KDYELEC KOVGILOV
(fuel cells), ototyeia Ta omoia
YPNOLOTOLOVVTAL Y10 TNV
TOPAYDYT NAEKTPIKNG
evépyelag pe Baon vopoyovo.
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Source: United Nations Industrial Development Organization.

To vopoydvo, amailaypévo amd Kabe mT0cootd dvOpaka, UTOPEL Vo TPOCPEPEL
APKETY EVEPYELX VIO KAOMUEPIVES YPTOELS, OTMC 1 NAEKTPOOOTNON KTIPiwV 1 M

KIVNGM LETAPOPIKDOV LECOV.


http://el.wikipedia.org/wiki/%CE%9A%CF%85%CF%88%CE%AD%CE%BB%CE%B7_%CE%BA%CE%B1%CF%85%CF%83%CE%AF%CE%BC%CE%BF%CF%85

Mze xatevBover ™y «Owovopia Tov Ho»
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H2 produced from fossil fuels with C sequastration \MN%

“It is our declared goal of achieving a
step-by-step shift towards a fully
integrated hydrogen economy, based on
renewable energy sources by the middle of
the century”

Former EU President Romano Prodi

European Roadmap for Hydrogen and Fuel-Cells 2050

Widespread H2 pipeline infrastructure
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Fugl cells become dominant
2040 technology in transport, in
distributed power generation,
and in micra-applications

<«
Interconnection of local H2 distribution grids; ,;%p.\
significant H2 production from renewables, incl .‘»o&(\ =
2020 o2

Biomass gasification

Clusters of local H2 distribution grids; &

egp £ H, prime fuel choice for FC vehicles
Local clusters of H, filling stations é’ Significant growth in distributed power generation
H, transport by road, and local H2 201 0 Q(‘-\ : with substantial penetration of FCs
production at refuelling station (refarming ‘& o o 2n4 generation on-board storage (long-range)
and electrolysis) LS é@d& 2020 i el
H, produced by refarming natural gas *:Qé’ 5(9 Law-cast high temperature fusl cell systems;

and electrolysis

& FCs commercial in micro-applications
FC vehicles competitive for passenger cars
SOFC systems atmospheric and hybrid commercial (<10MW)
F

irst H2 fleets {1+ generation H2 storage)
2010  Series production of FC vehicles for fieets (direct H2 and on-board refarming)
and other transport (boats); FC for auxliary power units(incl. reformer! ({\%

Stationary low temperaiure fuel cell systems (PEM) (<300kW)

5’@
Stationary high-temperature fuel cells systems (MCFC/SOFC) (<500kW); ‘ﬁ (\’\.
H2 ICEdeveloped; Demansiration fleets of FC-buses \80' 6@0\.

Stationary low temperature fuel cell systems for ,b{\b &
Y

2000

Fossil fuel-based

economy
niche commercial (<50kW)

2000
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O gohog twv AIIE oty «Owovopia Tov H,»
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To v6P0YOVO GTIG PETAYOPES




Ydooyovoxivnta acQoonden

Ybépoyovokivnta eniBatikd agpookadn
(apLotepad) LE KPUOYOVLKEC OEEQUEVEC
KOTA LAKOC TNG POXOKOKAALAC TNG
atpaktou. To kavolpo H2 amattel
TEPLTTOU TWV 4-TTAQLGLO OYKO ATtO OTL TO

http://planetforlife.com/h2/h2vehicle.htmi  OUMBATIKO AEPUWBOUHEVO kaloLuo
(kepolivn).



http://planetforlife.com/h2/h2vehicle.html

Ydopoyovoxivnta oynmete

GROUND UP ZEV FUEL CELL VEHICLE

(Gaseous H, Tanks)

BE WW
Fusl Call ™
Snack (4]
DL B Litsg]

TANE VOLUME in lbs, Hy I
5T SRATR vy L Tl
00" % 105 Long 50 5.0
@ FUEL CELL PROGRAM B0k Long | 15 30

Figure 1. A conceptual fuel cell vehicle fueled with 5 000 psi hydregen stored in carbon fiber-
wrapped tanks



http://upload.wikimedia.org/wikipedia/commons/e/e3/Mercedes-Benz_F-Cell_WAS_2010_8926.JPG

Kuereg Kavoipov (Fuel Cells)

» Hlextpoynukdg eE0mAGUOS TOV AEITOVPYEL OTTMG
0l GLGCMWPEVTEG
» Katavaimvouv Yopoyovo kot OEuyovo kot
TOPAYoLV:

= HAekTpiKn evépyeia

"AecpuoTnTo.

"Nepo
» Aev etvon ALIE, eivorn e£omAMopnoO¢ LETATPOTNG
evépyelac amodnKevEVNG VIO TNV LOPPT) KAVGILOV
(LOpOYOVO, HeBdvio, O.A, nebavoin)
» Kootog amd € 5.000 — € 20.000 / kW)
»Otav 1o kavoo givor kabapd Ydpoyovo ot
EKTOUTTEG Elval LOVO VEPO
»Otav 10 Kavoo gival KAmolto¢ vopoyovavipakog,
101e ekAveTOl CO2 oAl GE LIKPOTEPES TOGOTNTEG
and KEK (mwepinov 1kg CO2 ava m3 H2)

0O,
Oxygen
from
Air

Exhaust

H,0

|
O NAeKTPOLITNG : EOIKEVUEVO
moAvpepES N GALO VKO, TOV EMTPETEL
™V 01€Aevon 1OVTOV aAAG OV Eivan
nepatod amd niektpovia. To niextpodoia
gival ouv0mg a6 Thativa.




Tomor Kuperwv Kavoipov
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ovpmopaywynig



‘Eva. copuPatikd avtoxivinto yio tnv kaivyn 400 km kaiel katavaimvel
nepimov 24 kg metpedaiov. I'ia v kdAvyn ¢ 10106 amdoTaong
yperalovtal poag 4 kg vopoydvoou og FC car.

Qo61600, 10 VYPO H2 anattel tov 4-mAac1o OyKo amd OTL 1 1GOOVVOLN
evepyelaxkd mosotnto Peviivng.

4kg H; divouv
auTovopia ot éva
oxnua yia 500km kar
aTramolV OpIopPEVD
OYKO yia Tnv
aTmoBnkKeuan Toug

V4

-
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Nature 414 (2001), 353-358



What Consumers Want

With transparency an acknowledged target, 1t
1s important to understand consumers’
expectations for fuel storage on a vehicle.
Simply put, consumers do not think about fuel
storage. They do not see the fuel tank. They
expect maximum passenger and trunk space.
They expect 300 to 400 miles range on “a
tank of gas” before having to fill-up. They
expect to fill up their “tank” in less than 3-5
minutes. | hey are used to self-serve “gas
stations’ that are virtually foolproof, with a
simple trigger-type nozzle that starts with a
push of a button or flick of a lever. They
expect to be able to refuel at the corner oas
station, although refueling at home would be a
nicety. Probably the only time most consumers
in the United States think about fuel, let alone
fuel storage, 1s when fuel prices rise to $2.00
per gallon of gasoline.

>300 miles range
<5’ self service refilling

<$2/gallon eq. gasoline



ITpodtxypapeg ovatnpotog amobnrevong

e AnoBnkeuTikn duvaToTNTA: AQUTOVOMIa OoXNUATog yia
TouAaxioTov 500km pe €va yePiopa

e Ao@aAsia: kivduvog ano Tn PMEYaAn ava@Ae&ipoTnTa

e JUVBNKEeG AEIToupyiag: KovTa OTIC aThoogalpikeg (yia
AOYOUC ao(pAAEglac Kal KOOTOoUC)

e 'OykOC: oupBaTocg pe TIC O1a0TACEIG EVOC KOIVOU OXNMAaTog
e Bapoc: eninAeov KaTavaAwon Kaugoidou
e TaxuTNTa YEMIONATOG: CUYKPICIKNN ME CUKBATIKO OXNHA

e XapnAo KOOTOCG



AnoOnxsvon Yogoyovou

ATIAITHZEI>
AYTOKINHTO- AMNOTEAEZMATA
BIOMHXANIAZ EPEYNAS
[MO2OTIKA KPITHPIA
[Hapaperpoc (katd DOE) 2005 2010 2015

Iepiexktikotra o H, (% x.p.) 4,5 6,0 9,0
Xvyk/on evépyetag katd Papog (kWh/kg) 1,5 2,0 3,0
XvyKk/on evépyetag kot Oyko (kWh/L) 1,2 1,5 2,7
Kootog ($/kWh) 6 4 2
Kvxioc Comg (apOuds yepuoudtwmv) 500 1000 1500
PvOuodg minpoceng (kg H,/min) 0,5 1,5 2
Anolees [(g H, lost /h)/kg H, stored] 1 0,1 0,05




Didieg Ydning Ilicong

ITiéoeic: 200, 350 ko 700bar (2000bar oto pHEAAOV)
Koatackeun and cvvBeta vikd (composites) mdve og xalOotvo Kalovmio
[Tpodiaypapéc vAIKOL:

- Mnyovikn| avtoyn (kpovor, didtpnon K.A.1.)

- XounAio Bapog

- Mndevu dwmepatdtro H,

- KoaAn Bepuxn cvumeprpopd

XpNon cLeToLYiaG PLOADY TOPAAANAL GUVOESEUEVMV

[TAoTikn epaproyn 6€ LEGO GLYKOWVMOVIOG

IT\covekTnNuotao,

*  Meydin anoBnkevtikn duvatoOTTO,

o XyETIKA YOUNAO KOGTOC

Ipofiquota

¢ Ac@dAela, E101KA Y10, EPOPLOYT OTIC LETOUPOPES

* Advvapio Aettovpyiog vd otabepn wieon

*  YToypemTikn KLAWVOPIKN OLUUOPPMOGCT) PLAANC



Yypomompevo Yopoyovo

*  Kpvoyev cvetiuata
*  Amodektn mieomn Asttovpyiag (<8bar)
E&apetikd younAéc Oepuoxpacieg (<-240°C)

*  Edum teyvoroyio novmong (super-insulation): evaAlaccdueva otpopoto ond cvvheta,
VAIKA LEGH GE VYNAO KEVO

IT\covekTnNuota,

A&rtovpyia og otabept) Kot yaunAn wieon

EvkoMa 6t petagopd-otovoun pe peydia Botiopopa

Ipofquota

2vveyng egaton H, (boil-off)
E&apetika evepyofopa vypomoinon (30-40% g HLV)
IToAV e€erdikevuévn teyvoroyio = HeYAAO KOGTOC

2voowpevon atpuav H, o€ kAe1oto0g xdpovg
otdOuevong




ITopwdn Yira

graphite nanotube nanocone zeolites

* ®voikn poenon (cuvndmc povopoplakn), acevelc aAinienidopaocels H,-
VITOGTPOLLOTOC

* Avtiotpenti arodnkKevon (e0koin avaktnon H,)

» EEaipetikn enidoon o€ yauniéc Oepuoxpaocies (77K) adldd oyt oe Bepurokpacia
nepariovtog (< 1% x.3. H,)

e [Ipoontikég BelTimong Le apIoTOTOINGT TNC YEMUETPIOG KOl ELGOY YT
npocuiCemv (m.y. alkali-doped nanotubes)

e XaunAo KOGTOG



MetadrohdioLe

H 1m0 JEAETAMEVN KATAYOPIA UAIKWYV
atrofnkeuvong H,

XNUIKA pOPnon atouikou H: 1oxupn
ouyKpAaTnon Tou H,

A1G@opo TUTTOI XNMUIKOU dECUOU:
METAAAIKOG — OUOIOTTOAIKOG - IOVTIKOG
YynAn cuykévipwon H, kat’ oyko, YETpia
Katd Bapoc (3% oe Bepuokpacia
TTEPIBAAAOVTOG)

Augnuévo Bapog Adyw Tou PETAAAOU
E¢wBOepun avridpaon oxnuaTiohou, EKAuan BepuoTNTAG KATA TN
péenon H,

Au@ioBnToUheEVn QVTICTPETTTOTNTA

2UvOeTa UdPIdIa eEAPPWY PETANWV (TT.X. LiIBH,, Al(BH,);: UNIKG pE
ECAIPETIKEG duvaToTNTEG atroBnkeuong H, (wg 18% K.B. ?)
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volumetric capacity (g/L)

How Far we are from the Targets

100 ,
Current Cost Estimates | [
(based on 500,000 units) : I
I
| 700 bar - ] l L — -
80 350 bar = | lED'l 2 targets
Liquid H2 = | —
Comphex Hydnde e § :
Chemical Hydride | S 3
60 50 T s  s10 $15  $20 :
O 3/kWh |
: L 2010 targets |— — — — — —
40 + :
| | R e i it 2007 targets |-
h | hyarid X - g
el .'*‘”:" " n liquid hydrogen .
2{:} ® & 700 bar
T *
. o ® 350 bar
complex hydride
0 # i |
0 2 4 6 8 10

gravimetric capacity (wt.%)

Please cite this article in press as: S. Satyapal et al., The U.S. Department of Energy’s National Hydrogen Storage Project: Progress towards
meeting hydrogen-powered vehicle requirements, Catal. Today (2006), doi:10.1016/j.catod.2006.09.022




NAL...n acpaleila eivat onpavtikn oAl
NEPLOCOTEPO 0 Pofoc tnS aAAayn...

“Mra véa 7z77)/77' evEpyetag wov ovoudletTal ... Beviivy 5)(51 rapayls! aro
&vay ﬂly)(aww 7le Boma)wyg Avwri 7o %auaz/zzo va %azygmz oe AéBnra,
EXQIYVUTAL OTO EOWTEQIHG TOV XOAVOQOV EVOS HIVNTHOA ..

Or svovvor slvar mpopavels. Karaoriuara Peviivng ora )(égza Ty
avOpcdraw mov evotapépovrar Tpwtiorws yia 1o xépoog ba arotsioboay
snpnntind onuela vining exvavovvornras. Auateg olyawe dloya zov
rwovvrar ue Peviivn Oa pumopody va exriyovy o tayvTnTeg twy 14, 1)
axoua xat 20 whiov vy wea. H arethn ya tovg avbpawrovg uag avrod tov
070V IOV EEYVVOVTAL /ZléO'CZ aT00g 0p0HOVS Hag xat va 577/177T7701d(0012 Y
arﬂoagaazga Oa ararrrjoet 7w auson 90;10(9571%77 5@61077 Xal, axoun xar av ot
arganwn%eg nar omovolumgg 57[:7[70)051; Oy mcw 7000 aoy%)towan%eg

70 %OO'Z'Og‘ Tapaywyrns g ﬂev&vqg glvat oAb mépa aro tn )(pfy/aawéanmy
mcwaﬂym 70V 10LWTIHOV w,uea Eﬂlﬂleov, / avartoln avtng e VECZQ‘
HOPPIIG EVEQYELAS UTTOPEL VA EXTOTIIOEL TN YON0N TWY ardywy, n onola Da
raracrpsPer ) yewpylia pag”

US Congressional Record, 1875



RTD on Hydrogen and Fuel Cells

otV Evponn



EC Support to Fuel Cell and
Hydrogen RTD in Framework
Programmes

300+

250—/

200+

M€ 150~////

100+

so)”

FP2 (1986- FP3(1990- FP4(1994- FP5 (1998- FP6 (2002-
1990) 1994) 1998) 2002) 2006)



FP6 Budget Breakdown for H2/FCs
Total EC Contribution ~275 M€

H2 production 15%
H2 storage 8%
H2 distribution 4%
Pathways, roadmaps, socio-economic analyses,

coordination of National programmes 9%
Safety, regulations and standards 4%
High temperature FC - basic research 6%
Low temperature FC - basic research 8%
Stationary and portable applications 6%
Transport applications (including FC hybrid vehicles) 21%
Validation and demonstration 19%




Important RTD&D FP6 Projects
CHRISGAS))

fuels from biomass éE
L ' ELICTAS

European Hydrogen
and Fuel CeII/ projects

A
S

HyWavys

Hydrogen Energy in Europe




“HYDROGEN FOR TRANSPORT™”
(Demonstration Projects in FP6)

Cars Mini:Transport

o)
io hyd?geanl"ﬁnl ge

Coordination action




WHAT’S NEW in FP7

Annual budget doubled (EUR 5 billion » 10 billion)
Emphasis on RTD themes rather than on “instruments” — Continuity.
Significant simplification of its operation

Focus on developing research that meets the needs of European
industry, through the work of Technology Platforms and the new Joint
Technology Initiatives

Basic research - Establishment of a European Research Council

Other new topics: Research Infrastructures, Regions of Knowledge,
Risk-Sharing Facility (EIB).

Programme length: 7 years




EAAHNIKH TEXNOAOI'TKH ITAAT®OPMA
YAPOI'ONOY KAI KYWEAQN KAY2XIMOY

Baowkog okomog: tpondnon tc Owovouiog Yopoyovov ot
YOPO, ETCL OOTE VO, GLVEICPEPEL OTN PLOGIUN AVATTLEN TNC
EALOOOGC LEGH TOV TOPUKAT® EVEPYELDV:

» KoaBopropo Odkov Xaptn (roadmap) yio tnv avantoln Kai ypnon
TEYVOAOYLV Y 0poyovoy ko Tv Kuyelov Kaveipov otnv EALGOO pe
ypoviko opiCovta to 2050

» Agatonepn kaopiopnd Tov Oepatov Epeovas kol Avadrtoéng mov
wpénel va, VAOTOIMBoUV o€ €0VIKO EMmed0 TPOKEUEVOL VA DTOGTNPLYOOVV
01 OPAGELC TOL TTEPTYPAPOVTOL GTOV 0OTKO YEPTN

» Efac@daion g mtoc‘n]pt&ng ™G IHoltelog o€ OEpoto GTPATNYIKNG Y1
NV avATTLEN TNG GYETIKNG OYOPAS

» XUVTOVIGUO TOV TPocTadel®V, d10c@arilovTag T GLVEPYLL Kot
CUUTANPOUATIKOTNTO TOV EPEVVITIKOV POPEDY KOL TOV OVVALEDY TN

yopag



Agpaatnpromnteg KAIIE oto H,

To KAIIE dpaoctnpromoieiton otny avAmTusn Kot EXIOEEN
TpoyLoTIKNG KAlpokoc cvotnudtov AIIE — Yopoyovov:

» [opayoyn Ydpoydvov
» AmoBnkevon Ydpoydvov
» Xpnon Yopoyovov oe Kuyérec Kavoipov

* 2¥E0100UOC KAl AVAADGT] OAOKANPOUEVOY GLGTUATOV
* 'EAeyyoc Kot aEloAdynon TUNUATOV ECOTAIGLLOD

* AZ10AOYNON TTPOYLATIK®OV GUGTIUATOV

* Teyvo-01KOVOLIKES LEAETEG

* Movtehomoinon Kol TPOGOUOIDGELS



IHapko Evepyerokng Aymync (IIENA)

‘Eva véo TTapxo yia v evnuépmon Kot tnv

gvaisOnronoinon tov kool ce Opata AIIE kot
EZE, katackevaotnke and 1o KAIIE oto yopo tov

eMOEKTIKOV AtoAkov [Tdpkov Guvorkng

eyKatesTNUEVNG 16%00¢ 3,01 MW, otnv meproyn g

Kepatéag Attikng.

To IIENA kotocKgvaoTnKe £161 MOTE VOl Bpicmsrou
GE OPUOVID. LE TO PUGIKO TEPIPAALOV TG TEPIOYNS

Ko oproBeteital amd Eva EOMVO LOVOTTATL

QOTICOUEVO UE VTOVOUL GMOTOPBOATUIKE POTICTIKA,
OOV GT1 OLOOPOUT] CLVOVTE EKTTOLOEVTIKECG TEPLOYEC

KOl EVEPYELOKOVC eKkBeG10KOVC KOUPoLG.
To IIENA amoteleiton amnd:

> 4 eEKTOOEVTIKEG TEPLOYEC: >
e Il - To Métono tov Avéuov .
« 1II2-To Yopoyovo *
e [I3 - Tn Pon tov Nepov .
e JI4 - To Métowno tov 'HAlov .

» 3 xoupovg:

K1 - Koppog g Iotopiog tov
Avaveooiuov IInyov Evépyetag
K2 -Koppog g I'ewbeppiog
K3 -Kopupoc AAhaov Moponv AIIE .

8 emoEIKTIKEG povaoeg:

Movaoa Biopalog yia 0éppavon kot (eato vepd ypnong
Emwectikn 'ewbepuikn| avtiio Oeppotntag yio KAUATIGHO
YOPOL

Avtintuc Movada pe @otofortaikd Xvotnua
Avtovoun YPpudkn Movéda Apardtoong @arlacotvod
Nepov

Movaoa ITapaymyng, Epgrdimong & Amodfikevong
Yopoyovovu pe ypnon Avohkng Evépyerag

Movaoa Hhoxkov Khpatiopoo pe  texvoloyio
aQOYPOVONG —€EATIIONG

Muwkp6 Emdectikd Y dponrektpikd 0ot
dwtofortaikd AaEovikd Zuotua [apakorovbnong tov

"HAov



KopBog H2 - ITENA

Tuqpoto eoriiopov | XapoktnproTikd > BS}‘TIGTOTEO“]GT] MSY??O(DV TV
TUNUATOV EEOTMGUOV GE GYECN
®¢om o¢ Aettovpyia Oxtmpprog 2005 LE TIC P 0 cv S pOY 4V ov,
A i 500 kW . ,
VEHOTEVVITERIE NAEKTPIGUOD KOl TTAPOPOPLOV
Ak 25 kW, 5 Nmh H, » Avaivon amdd0onc/KOGTOVC
Hlextpdivon 20 bar N OICT 'y 49,
KaBapotta 99.98 %v G AAKAALKTG NAEKTPOAVGTG
Ae&apevég petadlikov | LaNis type > AVOO\‘UGH (175050011€/ KOGTOVG
v3p1dicy 40 Nm? TV 0£EAUEVOV PLETOAAIKDV
Youmiectng vopoydvov | MovoBaduiog 4
10 - 220 bar nglSw)V
Y1a0poc TARpwong 100 Nm3 ot
KUAivOpoug

Levikn drown t™)¢ ovadog



KopBog H2 - ITENA




Epyaotnoto Evowpdtwong Teyvoroyiwy AITE — H,

> Avtikelnevikog Xkomog: H evooudtmon

1)  TEYVOLOYI®OV TAPAY®YNC LOPOYOVOL (aAKkaAlkT) Kot PEM
NAEKTPOAVLGT — AvOLOPP®ST BroatBovoing),

11) TEYVOAOYI®V amoBNKELGNC VOPOYOVOL (VTTO TTiEOT KUl GE
OECOUEVES LETAAAIKOV DOPLOIMV)

111) TEYVOAOYIDV EMAVOYPNCLOTOINGNS VOPOYOVOL Y10l
ropaymyn niektpiocpot (PEM fuel cells kot AAkoAikd
Fuel Cells) og vapyov vpp1oikd cuotnuo ®/B-Ntiled

»  XuvoMKOg mpovmoroyionog: 440.000 Euro



Epyaotnoto Evowpdtwong Teyvoroyiwy AITE — H,

PV-Thesel

Generator Set

T T T T T T T T == A
I Loy 1
I Alkaline Flectrolyser i I ! e e - Comial & D
' | 0.5 Nm3mH2,6bar || ! L : ontro’ & Data
| —_ ;! | 1 i Acquisition
/8 —
I Cam i - : I
I I I 1
; : : 45 N3 H, | ! |
! under 15 bar o . !
i i | ?_'”E‘HA"‘ —
[ | 1 I
l K : [ H.O |
: I : i 1 e i
| 1 | 5 kKW PEN.
I 1 : : 1 hFUﬁlf ':]E'E]?I : Programimable
: } I I : e e _ : Flectiical Loads
L ]! > ! | I
| I : 1 | I
I
: PEM Electrolyser | ; | : : : hydrogen
: 0.5 m3/hr Hy, 13.8 bar : : 1 : ! power
1 I
- | Pl | 3SNwHpin | - |
: i 1| Metal Hydrides : : :
] I ! = ] ]
I (I : 1 I
! Ex : : 1 L I
I B
Bioethanol | 5 1 : :
Reformer : : I 111 : HYDROGEN
g s —_————— RE-ELECTRIFICATION :
HYDROGEN HYDROGEN Fuel Cell
PRODUCTION STORAGE Test Bench




» 2T0 Oymua €xel evoouotmoel KataAANAN
GLGTOLYI0 UTTATAPIOV, MG EVOLAUEGO GTAOL0
amoBNKELONG TNC NAEKTPIKNC EVEPYELNS TTOV
TOPAYETAL OO TNV KLYEAT Koweipov (1.8
kW) mpokelévou va TpopodoTNoEL TOV
niektpoxivnnpa. To vopoydvo mov
TPOPOOOTEL TNV OAKOAKT] KOYEAT KOLGILOV
amoONKEVLETUL GE OEEAUEVT] LETAAMKOV
vop1oimv tomov LaNis.



EYXAPIXTSC
I'TA THN ITPOXOXH XAX!
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