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H Nepupepeta Autikne Makedoviog (1)

J MAnBuopoc: ~284000 ot 12
ANUOTLKEC EVOTNTEC (EAsTAT, 2011)

J Katad KepaAn Eloodnpa: 9236 € n
66.3% tou pEoou opou tn¢ EE
(GhK Purchasing Power 2017)

d Avepyla 29.1% (eurostat, 2017)

(1" otnv EE...), > 50% o€ vEéouc
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H Nepupepeta Autikne Makedoviog (2)

H “Kapdid” tou nAektplopol otnv EAAGda
* 4 opuyxeia Atyvitn 40 Mtn/yr
* = 50% tTNG EYXWPLAC NAEKTPLKAG napavwvnq
e ~ 3000 artaoXoAoUHEVOL
* > 200 ouvepyalopevec MME
* Mapoxn $Onvng BeppotnTag
HECW SLKTUWV TNAEOEpOVONG




H Nepidepera Autikng Makedoviag (3)

E6vikO Mapko Mivoou “Valia Kalda”

MoTauia

[Epupa oTov noTapd Awod



H Nepupéperta Avtikng Makedovioag (4)

BeyopiTida

Xipatimda Mpéonec



H Nepidepera Autikng Makedoviag (5)

Ala@eocipornta Biopdadlag
KTnvoTpo@ikd Atroppippara; >500000 tn/yr «

Aaoika YtroAcipypara:= 10000 tn/yr ;’_‘j;-ip‘;}._
YAotopia: > 50000 tn/yr



Evepyelakn Aélontoinon Blopalog

Néa Movada Bioevépyeiag 25 MW oTo AJUvTaIO




SWOT AvaAvon — Autikil Makedoviac (EOviko ZxEdio RIS3)

AYNAMEIZ
®duowkoi NMopot
AU&non emunedou eknaidsuong
Napoucia opyavicpwv E&A
BOLOLKOG TTALLKTNG OTOV TOMEQ TNG EVEPYELAG

EYKAIPIEZ ANMEIAE2
KaAUtepa KivRTpoL yLOL ETILXELPNLOTLKEG *  OwovouLKn e€elbikevon o€ TOUELS XOLUNARG

enevduoelg o SpaotnpLotnteg E&A texvoloyiag (yewpyia, TOUpLONAG)
ZUVTOVLOMOG EOVIKWV Kat epLPEPELAKWV NepBaAAovtiki emapuvon
TLOALTIKWV yla T otieen tng dtadoonc twv TMNE KAeiowo povadwv AEH

‘E€umvn €€e1dikeuon OTOV EVEPYELAKO TOMEQ Awappon avBpwnivou Suvapikou
Yrootipién avaBaduiong tng teEXVoAoyLlkig

ikavotntag twv MME

NpooéAkuon {Evwv emevdUGeEwWVY




Nepiwpeperakn EEunvn E€ebikevon

OIKONOMIKH EZEIAIKEYZH Emtiotnpovikn E€eldikevon
* Kévtpo mapaywyng NAEKTPLKNG EVEPYELAG * MNavermotnpo Avutikng Makedoviog
* Apoaotnplonoinon o€ mapadoolakoUC TOUELS, * TEI Autikic Makedoviag

onw¢ pappoapo, cadpav, ppouta, TOTUKA  EKETA/IAEN

KPOOLA, YOUVEC Kol EEELOLKEVMEVEG BLoTEXVLEG.

ISlaitepa eEELOIKEVMEVN OE: ‘Endaon os

e E€0puén Ayvitn *  Mnxaviki

e [ouvormnoltia *  Duokég Emotipeg
¢ Mapaywyn Kat dStavop NAEKTPLKAG EVEPYELAG * Evépyelwa

MPOKAHZEI2

* Napad tnv uPLOTANEVN EEELBLKEVON OE EVEPYELA KOL TLG
enevéUoeLg og E&A Sgv evioXUONKE N AVTOYWVLOTIKOTNTO
oAAQ povo o avtictowog dnpooiog topEag (AEH)

MetaBaon otnv peta-Ayvitiki nepiodo

‘EAAewdn oxediov yia tnv avanAnpwon tou xapevou AEN




‘HAwo¢, OaAacoa Kot ARLOC

AYTIKH

EANALA MAKEAONIA




NeppEperta Autiknc Moakedoviag

o

Euneipia ka
E€cidikeuon o€
Evepyeiaka OcuaTa



OAoKANpwHEVO ZUoTNHO AloXELPLONC ATTOPPLLLATWY

Usiadupa




Y&poyovo otnv Autikin Makedovia
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MoAwtikn Aéopevon — Yrnootnpién E&A

‘xj H Mepipépeia Autiking Makedoviag

S Kal 0 ANpog Kodavng nrav atro Toug
B 1°US popeic TTou utréypawav To MoU
yia Tnv rpwrofoulia FCH-Regions.

Axkadnuaikoi/EpeuvnTtikoi Opyaviouoi

ITANEIIIZXTHMIO
AYTIKH2Z MAKEAONIAZ

EKETA

EBNIKO KENTPO

EPEYNAY & TEXNOAOI'IKH2
ANATITY=HX

TEXNOAOTIKO EKMAIAEYTIKO IAPYMA

AYTIKHZ MAKEAONIAZ



Texvodoyiec KueAwv Kavaoiuouv & Yoépoyovou

Ertiotnuovikn @avraoia n MNpayuatikotnta ;



H ntpoBAsdn tou pEAAoOvVTOC £XEL pLOKO

CONSUMPTION SPREADS FASTER TODAY

PERCENT OF U.5. HOUSEHOLDS
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“I believe there is a world market for maybe 5 computers”
1943 Thomas Watson, CEO rn¢ IBM

“There is no reason anyone would want a computer in their home”
1977 Ken Olson, lMpoedpo¢ tn¢ Digital Equipment Corporation



FCH2 JU portfolio of project

185 projects supported for about 638 mill €

50/50 distribution between Energy and Transport pillars
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Transport portfolio

Total FCH JU support:
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Hydrogen Fuel Cell cars in Europe
[Mirai, ix35FC, Kangoo-Symbio, Daimler B-Class]
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Buses: Achievements and Challenges

61ME£ for 67 buses from 4 projects in 12 locations

15-20

Contributions of FCH JU demo projects N

Achievements

As flexible as diesel buses
— Full operations: 12-20hr daily shifts
— Short refuelling time

0.65M€

Refuelling Time -
min

2024 Vehicle Cost

-50%

* (Cost reduction

(" )

Baseline
2008

8-12

* Efficient electric drivetrain

FCHIU
projects

J

Fuel Consumption
kg/100 km \

Challenges

* Availability

* Spare parts

* Time to repair
* Trained staff

* Cost of FCBs, Infrastructure/H2

Volumes bring lower costs and

mature supply chain



Buses: from demo to a 1.5 B€ market appetite

A broad stakeholder coalition of 82 organisations established within studies
- Operators and local governments have grown now to 64 locations
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ENERGY portfolio

Hydrogen
Production

106 projects under Energy pillar, for more than 326 mill €

tribution
12%
mAL
mI'EM W Electrolyser
tationary Demo
u S0EC W Fuel_Cell zﬂr;i
B AFC B Green H2 production
B OMIFC ® H2 distribution
u MCFC W H2 safery
u PEMFC ® M2 storage g
| SOFC nary RTD
15%

Technology neutral approach, however most support to Solide Oxide and PEM for both
fuel cells and electrolyser applications

Mew
electrolyte New fabrication 50,000,000.00 - 1z
felectrode routes
materials
Materials 50,000,000.00 4 ] [
Development
Understanding / Design for 40,000,000.00 1 | 8
Degradalion Manufacture
Mechanisms
Novel design - 30,000,000.00 6 whundi
) ng {EURQ]
Predictive Pﬁﬁ?ﬂ:m - architectures
Modelling ; Stack Design W ne projects
COPRD 20,000,000.00 1 n 4
Accelerated
Testing
10,000,000.00 4 -2
Di tics B
“Control
Diagnostic Abniormal eperation 0.0 - ' ' T o o
algarithm detection/ recavery Portable, back-up  Improvement of Systern proofof  Field demonstration

develnpment Online EIS and UPS companents roncept




Accomplishments

(examples of projects achievements)

Residential Market Segment (< 5 kW)

CAPEX (€/kW) LCOE (x grd parity) E\. EfMicioncy ene.field project: more than 500 units installed in
H 10 countries of Europe, reliabilities confirmed, very
30,000~ L i %% H good customer satisfaction (70% positive feedback),
15,000 = ™ 20 - 40% — H
10,000 ™ 10 - 30% SOFT-PACT project: 65 fuel cell systems, electrical
F | T T 1 T ! ' ! efficiency higher than 42 % over lifetime (total
FreFCHIU SoA 2023 FreFCHJU SoA  z093 PraFCH.JU Sod 2023

efficency higher than 78%), 25% cost reduction

Commercial Market Segment (5-400 kW)

SOFCOM project: proof-of-concept poly-generation
CAPEX (€/kW) LCOE (x grid parity) El. Efficiency . .
SOFC systems fed by biogenous primary fuels

10,000 = 3.0 S B80% — . .

E H H g H - (biogas and bio-syngas, locally produced), modular

l s H concept, cost driver identified - next step:
1,000 Ll 0% = upscaling to hundreds kW size (DEMOSOFC project)
| | | | | |
F‘re.FiI:H Ju sln mlza Pre-FGH JU Soi  2n33 Pre-FCH JU SoA 2023

POWER-UP project: first module of 40kW (out of

kW) in the field, 61% el ical efficie
Industrial Market Segment (0.3-XX MW) 240 kW) in the field, 61% electrical efficiency

CAPEX (E€/kW) LCOE (x grid parity} El. Efficiency

ClearGenDemo project: 1 MW PEM to be installed

i i — i i % H near Bordeaux, FR on by-product H2 from clori-
- " i H
N —

10,000 =

alkali plant

1,000 — 1.0 = 0% =

| I | I I |
Pre-FCHJU SeA 2023 Pre-FCHJU SeA 2023 Pre-FCH JU SeA 2023

DEMCOPEM-2MW project: 2 MW PEM (European
technology) to be demonstrated in China




A¢opevon CO, kot Napaywyn EvaAlaktikwv Kavcipwv

AE2MEYZH KAI AZIONOIHZH CO, ANO KAYZAEPIA AITNITIKQN
ATMOHAEKTPIKQN 2TAOMQN
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Napaywyn Bio-Yépoyovou

NAPATQrH BIOYAPOIONOY (200 kg/d) — BIOAEPIOY
lNA XPHZH ZTIZ META®OPEZ KAl ZTHN THAEOEPMANZH
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Napaywyn Bio-Yépoyovou

AEPIOMNOIHZH BIOMAZAZ MNMPOZ NAPAIQrH BIO-YAPOITONOY

AEPIOMNOIHZH
YAPOTONAAIKO

BIOMAZA

O,
HAEKTPOAYZH



‘AMec MOavég Ebappoyéc

Mepik KaAuyn Twv Avaykwyv o€ TNAEBEpUavVOn kSt

Eyvartia Od86¢ - HRS

E@apuoyég oTnVv TTOAN
(cApwOpa, ATTOPPINMATOPOP)



ENAVEK 2014-2020

ENIXEIPHZIAKO NMPOrPAMMA
ANTAMQNIZTIKOTHTA« ENIXEIPHMATIKOTHTA« KAINOTOMIA

LIGBIO-GASOFC

AnodoTtik peTaTpOT) Alyvitn mPog NAEKTPLKN EVEPYELA UE
Tautoxpovn xpnon Blopadlog os KUWPYEAN KWOLUOU OTEPEOU
NAeKTPOAUTN UtOBONOOVUEVN HECW ECWTEPLKAC KoL
€EWTEPLKNC KATAAUTLKNAG aLEpLlomoinong

KQAIKOZ EPTOY T1EAK-01894
ENAVEK 2014-2020 = EZ"A
B ANTAFANISTIKOTHTA = 2014-2020

ENIXEIPHMATIKOTHTA

KAINOTOMIA | _avinusdn - gpyecia - alkalayyen |

Evpwnaikn ‘Evwon
Eupanaind Topcio

Mg tn ouyxpnupatoddtnon e EAAASac kat 1n¢ Evpwnaixic Evwong
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LIGBIO-GASOFC (EPEYNQ — AHMIOYPIQ — KAINOTOMQ)

World consumption
Milicn tonnes ail eguivalent

500

14000 m Oil
u anl N m Natural gas
u w Coal
W Hydroelectricity
B Muclear energy
W Matural gas
| O 400

200

OECD Non-OECD European Union CIs World
Coal remains - by far - the most abundant fossil fuel by R/P ratio; oil and natural gas reserves have increased over time, although both registered small declines in 2015
Non-OECD countries account for the majority of proved raserves for all fossil fuels. The Middle East holds the largest reserves for oil and natural gas, and the highast
R/P ratio for natural gas; South & Central America holds the highest R/P ratio for oil. Europe & Eurasia holds the largest coal reserves and North America has the highest
R/P ratio.
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LIGBIO-GASOFC (EPEYNQ — AHMIOYPIQ — KAINOTOMQ)

IAWMA T!XNOAOHAI KAl EPEYNAZ

IRTEC
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