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Evepyela-MNepiBarlov-Owkovopia
Moaykooutec NpokAnoeslc: H Avaykn ylo koBapa kavotpa

L

H evepyelakn {ntnon Metpélao MeptBAAAOVTIKES EMIMTWOELS
KaAUmtetay(???) ‘ AvOpoko Ao@aleia Tpowodbdooiacg
OLTtO OPUKTA KaU oL Mduowo Aéplo Anodcuata kauoipwv

2 Mupnvikn evepyela

e€QPTNON OTA OPUKTA KAV OLUAL:
» H EE eloayeL ~50% tng eVEPYELOG TTOU
KOTOVOAWVEL

» YPnAR e€dptnon o€ apyo METPEAOLO
(>90%) kot QA (66%)

\ O FTeWTOATIKEC €EQAPTATELG

a I'Islptoptouéva anoeé’uatq & woxupn

» Kootoc eloayopevng evépyelac > 1 billion€/day

0 E€aoddion evepyelakic tpododooiac-peiwaon blackouts

0 EniSpaon aepiwv Beppoknmiov otnv Kotk oMayn - copP21 [~ |

\ 0 EMUMTWOELG EKTTOUTWY KOWUCOEPLWV OTNV TIOLOTNTA TOU aEPQ

2evapLo

Tpododoaoiac amo

EVOAAOLKTLKEC
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2 YYNnAO KOOTOC QVILPPUTIAVTILKWY TEXVOAOYLWV
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» MoAuvvon atpoodatpac (CO, NOx, H/C)

» Qawopevo Beppoknriov (ekmopmneg CO2)
» MoAuvvon vdatwv

» OwTtoXNULKO VEDOC

» 0&wvn Bpoxn
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EKTPOKIVNONG UEOW TWV
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0bwo¢ xaptng udpoyovou yia tnv EE N\

Anteéaptnon ano tov avipaka yla tnv apaywyn vdpoyovou rpowdwvtac tThv

DA2H 1 napaywyn 1 ekat. TOVVwv rnpactvou udpoyovou Ue toudayitotov 6 GW

gykateotnUEVwWVY diataéewv NAEKTPOAUONC VEPOU

Evowuatwon tov ubpoyovou OTo EVEPYELOKO CUCTNUA UE EMEKTOON TOU
QVOVEWOLLLOU UOPOYOVOU O€ VEEC BLOUNXAVIKECG EapPLOYES (xaAuBacg, UETOPOPES)
napayovrac 10 ekat. TOVvwy npactvou udpoyovou ue tovAaytotov 40 GW
gykateotnuévwy diataéewv nAekTtpoAuong yia npaotvo uépoyovo

Avantuén avavewoiuwv TexVoAoylwv udpoyovou o€ HUeydAn KAiUaKa wWOoTE va

texVoAoyiwv vdpoyovou

kaAu@doUv oAot ot touegic ou givat 8UuckoAo va arteéaptndouv aro tov avIpaka.

Mpoorntikéc nAeKkTpokivnong HEow Twv

TTnyA: https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf




- ) Nedia emevuoewv o oXE0N UE TOV 08IKO XAPTN N

- Avamtuén ko kataokeun drtatacewv nAektpoAuong vepou: 24 - 42 billion € ewc¢
to 2030

O AUEnon KALLOLKOC OTNV EYKATECTNMEVN TIOPAYWYH EVEPYELAC IO NALAKA Kot
aoAka tapko o 80 — 120 GW: 220 billion € pe 340 billion € pgxpt to 2030

- 2e avtiBeon pe aAAec xwpec kal elOLka tn MNeppavia, 0 0O6LKOC XAPTNE TNG
Evpwrnaikng Emtponng avayvwpilel emevOUGELC VLol TNV Topoywyr udpoyovou
QIO TINYEC avOpaKka XapNAoU AmMOTUTIWHOTOC, EVOWMOTWVOVTOC TEXVOAOYLEC
deopevonc avbpaka (avavewotlpa cuvBetika kavowua): mepirnov 11 billion €

texVoAoyiwv vdpoyovou

d Avantuén diktuwv Kat otadpwv petadopac, dtavoung, amodnKevong Kat
avedpodlacpov yia to udpoyovo: 65 billion €

Mpoorntikéc nAeKkTpokivnong HEow Twv

- Eykateotnpévn mapaywyn vdpoyovou £we to 2050: 180 e 470 billion €



[Mpaocwo YOpoyovo yia Blwaotpuo HeEAAoV

Energy carrier

Hydrogen
Sources of energy ) Backbone of energy system ) End uses

1 . Enable large-scale,
efficient renewable
energy integration

Source: Hydrogen Council

o Decarbonize industry
energy use

2 . Distribute energy across
sectors and regions

6. Serve as feedstock
using captured carbon

7. Help decarbonize
building heating

3. Act as a buffer to
increase system resilience

il
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kivnong HEow twv
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texVoAoyiwv vdpoyovou

Mpoorntikéc NAeKTPO



Smog and soot =» Health and welfare impacts

CO; and other greenhouse gases =» Climate change

u‘?uouty HeevyDuty Motorcycles ManneEngms' Locomotives Luwn v

ON ROAD NONROAD

Solutions for Transportation Air Pollution

Emission reductions = Cleaner air & better health

Q0000

Catalytic Fuel Engine Transmission Alternative vehicle Bettot
converters standards !echnologl« technologies technologies transportation
in conjunction with reduce exposure o like 7+ speeds, mdueaparhcua\a like plug-in electric planning
unleaded gasoline and poliutants iike ounuclsvanable dual clutch matter from vehicles & for passengers &
low sulfur levels lead and benzene vaive timing, transmissions (DCTSs), on road & fuel cells = zero freight reduce
significantly reduce multi-valve engines, & continuously variable off road tailpipe emissions emissions &
hydrocarbon & nitrogen Renewable turbo charging & transmissions (CVTs) diesel engines fuel use
oxide emissions fuels reduce gasoline direct improve fuel economy
CO; emissions injection improve & reduce
fuel economy & reduce  CO, emissions

) 4

» 1/5 twv eKMounWV
avOpaka TIPOEPYETAL
Qo TNV aToKivnon.

» la kaBe Aitpo
Bevlivnc mou
KOTOLVOLAWVETOLL,
ekmepmnovral 2.9 kg
Co,.

A 4

FUEL CELL VEHICLES

» HAEKTPLKOC KLVNTAPOLC

» Kup€lec kavoipou e
uetatpomnn H, og nAekTpLkn
EVEPYELO OE CUVOUOOUO ME
urtotapiec (VBpLdKN TTNyN)

» MeyaAUtepn autovopia

» priyopoc avepodLaopoc

» Mnbevikeg exnopmneg (H,0)

I 4

kivnong HEow twv
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» O KlvnTtAPOC TOU OXNUOTOC TTIOU
oTnv ouoia eival nAektpokivnto,
Tpododoteital oo pa uBpLdikn
ninyn (Fuel cell, urmatapioa)

» Ol KU EAEC KavaLLOU €XOUV
LLEYAAN TIUKVOTNTO EVEPYELAC KOl
LLLKPA TTUKVOTNTA LoXVOG
(evd. >1kWh/kg ko <400W/kg
OUUTTEPLAABAVOLEVWY TWV
BonO. KUKAWHATWV)

» To avtiloTto o XapoKTNPLOTLKA
TWV NAEKTPOXN UKWV
CUCOWPEUTWV Elval
CUUTANPWHATIKA (gV0.
<350Wh/kg ko >1kW/kg)

Aoun evoc oxnuatocg pe kupeAec kavaipou (B)

[l tn BEATLIOTN AEtoupyia Tou
KLVNTNPLOU CUOTNMOTOC Elvol
ONMAVTLKO va xpnotpornotnBetl
N KATAAANAN OTPATNYLKA VLA
dlaxeiplon TN EVEPYELOC TNG
UBPLOLKAG TINYAG.

texVoAoyiwv vdpoyovou
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Fuel Cell efficiency
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TTnyA: http://www.energytransitiongroup.com/vision/localenergy.html



) MIUOoL kat paypatikotnta yia ta Fuel Cell Vehicles ko to ubpoyovo —@

Mu0og: To YSpoyodvo Sev eivat MuBog: Ta FCVs poAuvouv

aoPaAEC t0 tepLBailov

n . T : MNpaypatikotnTa:
poypotikotTnTa: Ta oxnuata T EE S

KUWEAWV KOLUOLLOU UTTEPKAAUTITOUV , , ) ,
b H P puTou, Hovo KaBapo vepPO,

TOUQGOLUGTr]p?TEpEQ 'U;\'[OLpXOUGEQ' Fuel Cell & Hydrogen  EIolade (e lRas 05/ 3Tt 0e 1
TIPOOLAYPAPEG AOPUAELG KaL Elval Energy Association TWV EKTIOUTWV AvOpaka og
TO OO0 N Kat 1o aachaAn amo ta Ty A

ouppatika oxnua (cuvoALkog KUKAOG
H,)

MuBog: Ta FCVs gival pn amodotika

MNpayupatikotnta: H kavon ota
oupBatikd Bevivokivnta oxnuata
NEPLOPLleL TNV amodoon Toug oTo
17-20%, evw N NAEKTPOXNHLKN
avtibpaon Tou LOPOYOVOU OTLG
KuEAeC Kawoipou odnyel oe

TEXVOAoyLwv udpoyovou

MuU0Boc¢: AUokoAoc &
XpovoBopoc avedpodLaoUOC

Mpoontikég nAeKTPOKivnONG HEOW TWV

Mpaypatikotnta: eUKOAOC
avedoSLOOUOC OTIWCE KOLL YLaL

aroSOoeLC >35%, Sumhaotdlovtog ta Bevivokivnta oxnpota,
TNV autovouia yia tnv dla o€ 3-5min
OoOTNTA KAUGIOU
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Low, Medium & High GHGs/km for 2035 Compact Car 140 160 180
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TTnyh: https://doi.org/10.1016/j.esd.2013.09.001

“We"!l

o

Produce
primary fuel
~

<Vell to Tank (WTT)

Distribute

road fuel
S

Transport

primary fuel
S

Produce
road fuel

Fuel
vehicle
For each WTW pathway, calculate: Bumfuel

= Total energy required in vehicle
= Total GHG emitted ™

“Wheels”
Tank to Wheels (TTW)

TTnyn: https://ec.europa.eu/jrc/en/jec/activities/wtw
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HAektpokivnon pe KUPENEC KAUGLUOU

Xpovoc avedpoSiaopot o2 m
| Avtovouia e 500700 km

Honda Clarity

texVoAoyiwv vdpoyovou

TTnyn: http://www.fchea.org/

Mpoorntikéc nAeKkTpokivnong HEow Twv

YriepkaAUTTOUV T
>25 million km QUOTNPOTEPO KPLTNPLA
o6nynong oxnUatTwy aoPAAELAC KOL TTOLOTNTOC YLa
KUPEAWV KaUolpoU o6nynaon oToug AUTOKLVNTO-
dpopouc (NHTSA, EURO7)

50 xpovia To udpoyovo
O€ Tapoywyn,

amnodnkevon, petadopa
KOlL XpAon oo tnv
noykoouLa Bropnyovia




’ 2taOuol avepodlacpou vdpoyovou (lavouaplog 2020)

Stations.org

@ in operation
planned

Status January 2020
© Ludwig-Bolkow-Systemtechnik GmbH www.|bst.de

Hydrogen Refuelling Stations Worldwide

Hydrogen . s
Highway
in Europe =

@

e =
Hitations.org

@ public H2 station
planned

Status January 2020
© Ludwig-Bolkow-Systemtechnik GmbH www:. |bst.de

<250km>

r _
Maykoouia kataotaon (apxec 2020)

v Zovolo: 432 otaduoi

v’ HIA: 74 (48 otnv KaAwpopvia)

-

v’ 330 o€ dnudota xprion onwc¢ ot ouuBartikoi otaduoi

v TetpanAaotaouoc ta 5 teAsutaia xpovia

v AZIA: 173 (114 otnv lanwvia, 33 otnv Kopéa, 26 otnv Kiva)
v' EYPQIIH: 177 (83 otn lepuavia, 26 otn loAAia)

I e—

/ 4
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EKTPOKIVNONG UEOW TWV

texVoAoyiwv vdpoyovou

Mpoorntikég nA



2 O Topeag Twv petadopwyv svBuvetal ylo to 17% twv
exmopnwv CO, maykoouiwg (6290 Mt).

Hydrogen
is most
competitive
low-carbon
solution

Hydrogen
is less
competitive
low-carbon
solution

/

Blending 5 & Regional
Methanol‘. of hydrogen Fertiliser! e
ingas
Combined yetwnrk

. Large

passenger
vehicle

generator/ Boile : _
with . Urbine iigh grad grade

existing a4 heating

Van for

urban
delivery

S Compact
urban car
HP
for smalCombined
1o DUildingl  cycle i
with new turbine
network

\ () Depending on the availability of CCS

Long-

distance | gistance
urban bus

coach

distance
urban bus

v

Hydrogen is less competitive Hydrogen is more competitive
compared to conventional options compared to conventional options

1. Hydrogen is the only alternative and low-carbon/renewable hydrogen competing with grey (optimal renewable or low-carbon shown)

TTnyA: https://hydrogencouncil.com/en/

- O TopENC TWV
netadopwyv evBUvVeTaL
yla to 17% twv
exmounwv CO,
NOyKooULwe (6290 Mt).

 2UYKpPLOLUO KOOTOCG
QyOPAC E T NAEKTPLKA
oxNuoTa.

 Kootog kauoipou:
» Bevlivn: 0,09€ /km
» Yépoyovo: 0,11€/km pe
npoPBAen va dtapopPpwbel
ota 0,07€/km to 2025.

(mnyA:https://cafcp.org/content/cost-refill)

Mpoorntikéc nAeKkTpokivnong HEow Twv
texVoAoyiwv vdpoyovou



Ermtifatika oxnuota
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TTnyn: wikipedia



FCVs otlc peTadOPEC
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EKTPOKIVNONG UEOW TWV

TEXVOAoyLwv udpoyovou
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TTnyA: http://www.fchea.org/transportation



FCVs otnv aepormniola
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FCVs otn vauTtllla
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FC o€ un emavopwpeEVa oxnuata
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TTnyA: http://www.fchea.org/transportation
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TTnyA: https://www.jwnenergy.com



H;NV200 Methanol Fuel Cell Hybrid

TTnyh: www.serenergy.com

Methanol Mix;

H3 Range Extender

Cabin heating (Fuel Cell System)
(Optional)
|||||||I -

att'e.‘ri:.:e._sl P — «2 Reformer

H
Charge f ;
Air Process exhaust
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Mwpyog AuyoupormnoulAocg, Av. KaBnyntng, Epyaotnplo NavoUAlkwy & Evepyetakwyv TexvoAloyLwv
TuApa Emotiung twv YAkwy, Maverotnpo Matpwy

“Environmental Catalysis
over Gold-Based Materials”

Epsuvntikee 6paotnprotntec

o 1] ] 1 ;
edited by Avgouropoulos & R
sl by g >Navo§opnpevav UALKA Yl EVEPYELUKES & g
R 11ePBAAAOVTIKEC PAPIIOYES 3
s > Katadutikeg Siepyaoieg udpoyovou yia i
TEXVOAOYleg KUWEALO®V KAUO1110U D
» [IepiBadAovtikn kKatdAuvon (oetdwon CO) 3
»Internal Reforming Methanol Fuel Cell g
| > NavoUdixkd yia poatapleg 10viov Li & Na 3 5
‘Metal oxide support < 9
el 3
5 =
. . s
Gt Xpnpatodotnon & cuvtoviopog S
Current sayfiln SUPKIATK@V KAl €0ViKQOV ¢pywv oe s °
Collector [ ] (]
KupeAildeg Kauoipou Kat poavapieg >56me€ E
h ey :é
— S ‘E‘S\
@-@ﬁ 2
v IRMFC (FCH-JU; 2013-2016) -
&Qﬁ <= ‘ ' =)
g@ carbon i v METHCELL (Greece-China; 2019-2022) =
water :

v' BaNaNa (Research-Create-Innovate; 2020-2023)

CuMnO/Cu foam catalyst ~Anode: PUC  Cathode: Pt/C
CH,0H+H,0—3H,+CO, H,—>2H*+2¢- 0.50,+2H*+2¢'—H,0

Internal Reforming Alcohol Fuel Cell
G. Avgouropoulos et al., US Patent 200861/095,779 (10 Sep. 2008)

OLVEPYUOLES Fraunhofer/IMM, ITE/IEXMH, UMCS, Adamant, Pleioni, Advent, Uol




Entapewvwvéac Mntpovikag, Ert. Kabnyntnc, Epyaotnplo HAektpounxovikne Metatpornnc Evépyeloag
TuApa HAsktpoAoywv Mnxavikwv kot TexvoAoyiac YroAoylotwy, Mavemotipo Matpwyv

EpsuvnTikEC SpOOTNPLOTNTES

» Movtelomnoinon, avaAuon Kot OXESLAGHOC
HAektpikwv Mnxavwv

‘ » Movtelonoinon, AvaAuon kot Kataokeun

HAektpovikwv Metatponéwv Loxvog:

Metatporneic DC/DC, HAektpovikol Metatpomelc

loxVoc yLa tov EAeyxo HAektplkwv Mnyavwy,

HAektpovikol Metatporeig loxuoc yia ATE.

ZuoTtpato NAEKTPONPOWGCNG HAEKTPLKWY Kall

YBpldkwv OxnuUATwv.

0énynon ko €éAeyxo¢ HAeKtpokvnTneiwv

ZuoTnMAatwyV — pEBodol avektikol o opaipara.

Awayvwon ZdaApdatwv HAektpokvnTnplwyv

JUOCTNUATWV.

AnopokpuopEVoc EAeyxo¢ HAeKTpLKWV

Kivntnpilwyv Zuotnuatwy.

Muwkpobiktua AME - Ateomtappevn Mapaywyn.

Laboratory of
. Electromechanical
E Energy Conversion

Electrical Machines u Electric Drives
Research Group ‘===  Research Group

Energy Conversion

. Research Group 4

Ndavw amno 40 EpeuvnTIKA TPOYPALLATAL,
XpnHotodotovpeva ana:

v EOVIKA Kot Eupwrtaikd kovSUALa

v/ Eyxwpta fj Zévn Blopnxavia

VMGG |nnovative Technologies Center, Eurocopter, FARAD S.A., MILTECH HELLAS, KLEEMAN S.A.
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