Fuel Cells & Hydrogen Technologies
Potential Large Implementation Projects in Greece
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Fuel Cells & Hydrogen technologies role in the Energy Union

Energy Security

* [ncrease independence from unstable outside regions

Competitiveness
» research excellence leading to industry innovation and growth

Sustainability

" H,isaclean energy carrier Energy

* Transport and Energy applications, Security
generate electricity and heat with

very high efficiency

" Possibility for storage of renewable
energy sources

* Reduction of CO, emissions

Sustainability
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Are Fuel Cell & Hydrogen Technologies
a REALITY for EUROPE today ?

Which could be Potential Large
Implementation Projects in Greece ?
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FCH2 JU portfolio of projects

185 projects supported for about 638 mill €

50/50 distribution between Energy and Transport pillars
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Total FCH JU support:

* 286.6ME for 45 projects

of which 215.3M€ for demos
(incl. 21.8M€ APUs)

Achlevements

800 k€

Vehicle Cost Range- km

Baseline
2008

H FCHJU
projects

5t Hellenic Forum for SCIENCE TECHNOLOGY AND INNOVATION

Edinburgh
O

Glasgow
United

<</ Kingdom

Isle of Man

Dubl Manchester

Transport portfolio

in
o
Ireland Liver]
25vans

Short-Term

France E’“SI”
28 Moavposre,\/\

H2ME, 100 vi

600

500

400

300

200

100

ANDINAVIA- -~
N #FCEVs

17

H2ME S0c8rs
Lo en
Denmar K
H2) ANDINAVIA 24

4 / 2
msiSrd SWARM, L)
N!"‘\eﬂl\lﬂ‘ s
Ba 5 .Lologne an
o y
\ﬁm 3 @ e 114
GOSN O rank rague
e H2KIE, 120 cars
tuxembourg
1 24 e
H2ME2,1200+ vehicies Munich
138

Project

Hamoves,eu

@rz e

T swarM

huFIve

I3
Hydrogen
¥ 58 Mobility Europe

Monaco

= 2 Oaend

Hydrogen Fuel Cell cars in Europe
[Mirai, ix35FC, Kangoo-Symbio, Daimler B-Class]

m Other (NO, CH)

aEU

11 HRS deployed

u 7
.

2011 2012 2013 2014 2015

July 51" 2017, Athens

2016
tdo7



Buses: Achievements and Challenges

61M<€ for 67 buses from 4 projects in 12 locations

Contributions of FCH JU demo projects 1.5-2M€

Achievements

. - 0.65M€
* As flexible as diesel buses
— EE” ope;atl;:r.ns: 1.2-20hr daily shifts Refuelling Time -
- ort refuelling time min
2024 Vehicle Cost
* (Cost reduction - 50%
8-12
i Baseline
* Efficient electric drivetrain 2008
Fuel Consumption i Fc""‘it
Challenges kg/100 km o
* Availability

* Spare parts
* Time to repair
* Trained staff
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Cost of FCBs, Infrastructure/H2

15-20
-57%

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

Participating locations
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Secured commitments for roll-out and large scale demos
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Hydrogen

Production

istribution
12%

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

B Electrolyser

m Fuel_Cell

N Green H2 production
W H2 distribution

H H2 safety

W H2 storage

Stationary RTD
15%

Technology neutral approach, however most support to Solide Oxide and PEM for both

fuel cells and electrolyser applications
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Accomplishments

(examples of projects achievements)

Residential Market Segment (< 5 kW)

CAPEX (CikW) LCOE (x grid parity) El. Efficiency
30,000 H 50 E 60% H
15,000 ™ a0 ™I 40% H i
10,000 H 1.0 - 30%
| | ]

T T T T T |
Pre-FCHJU SoA 203

Pre-FCHJU SoA 2023 Pre-FCH JU Sod 2023

Commercial Market Segment (5-400 kW)

CAPEX (€/kW) LCOE (x grid parity) El Efficiency
10,000 H 2.0 H B0% E
1,000 1.0 30%
| T | T T 1 T 1 |
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Industrial Market Segment (0.3-XX MW)

CAPEX (€/kW)

10,000 i ,

1,000

LCOE (x grid parity) El. Efficiency

Alg - .
: - i ? |

-

Pre-FCH JU SoA 2023 Fre-FCHJU SeA 2023 Pre-FCH JU SoA 2023

ene.field project: more than 500 units installed in
10 countries of Europe, reliabilities confirmed, very
good customer satisfaction (70% positive feedback),

SOFT-PACT project: 65 fuel cell systems, electrical
efficiency higher than 42 % over lifetime (total
efficency higher than 78%), 25% cost reduction

SOFCOM project: proof-of-concept poly-generation
SOFC systems fed by biogenous primary fuels
(biogas and bio-syngas, locally produced), modular
concept, cost driver identified = next step:
upscaling to hundreds kW size (DEMOSOFC project)

POWER-UP project: first module of 40kW (out of
240 kW) in the field, 61% electrical efficiency

ClearGenDemo project: 1 MW PEM to be installed
near Bordeaux, FR on by-product H2 from clori-
alkali plant

DEMCOPEM-2MW project: 2 MW PEM (European
technology) to be demonstrated in China
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Potential Implementation Projects in Greece
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Hydrogen — Road Transport

Y 400 kg/day HRS — 15 Buses

* 150 - 200 kg/day HRS — 8 Buses
10 kgH,/100 km

or a mix with cars (5 kgH,/100km)

* Taxi Unions

e Car Rental Companies

* Hotel Shuttle Buses

* Hop on — Hop off Buses

e Car fleets in Air-(Ports)

* Forklifts in Air-(Ports)

* Buses for disabled people

e State, Regional, Local
authorities cars, scooters
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Hydrogen — Road Transport

Large stations are needed to create plausible investment case

o1 500kg/day DELIVERED station assuming 20 buses, B€/kg,
I 20 kg/day g S0%capex subsidy, H2 delivery cost 4.9€/kg
[ 80 ke/day o5
I 200 kg/day 5
[ 1500 kg /day So.0
0.5
-1.0
5-11 6-8€/kg breakeven
ranga with diesel e
m Cash flow before financing = Curmulative Free Cash Flow
10% 30% 50% 100% = —Curnulative Discownted Free Cash Flow

Calcufation of the breakeven price for hydrogen at stations of different sizes and load factors (fraction of capacity used per

Task Capacity Source of Location Total CEF Other funding

of station hydrogen Cost€ funding €

1.1 Installation in 400 ka/da On-site electrolysis Bruneck 1 Mio from regionalflocal budgets
Bruneck glday using green electricity 6.86 Mio 3.43 Mio 1.6 Mio from applicant's own
S resources

1.2 Installation in By-product from . .
Cologne P00klday  pearpy chemical plant  “©'°9"€ 307Mio  153mip 193 Mo ffom applicants oun
1.3 Installation in By-product from Hiirth . ) 0.43 Mio from applicants own
Harth e nearby chemical plant 0.85 Mio 0.43 Mio resources
1.4 Installation in On-site electrolysis Wuppertal 504 Mio 2 52 Mio 2.52 Mio from applicants own
Wuppertal 320 kg/day using green electricity South Eegnl":;;effum applicants own
1.5 Installation in o ooy On-site electrolysis — pogterdam 5.00 Mio 2.5 Mio resources
South Rotterdam using green electricity 0.5 Mio from revenue generated
1.6 Installation in On-site electrolysis Birmingham i i i

o 680 ko/da ! - i ) 1.34 Mio national fundin
?I_?T:II‘I;P;&;;{] _ giday using green electricity 483 Mio 2.42 Mio 1,07 Mio other funding g
London ot ™ 400 kgiday Delivered liquid London 15 Mo )0 o 1 MioNational funding
1.8 Installation i ’ ) 1.25 Mio applicants own resources

.4 Installation in Groningen ; ;
Groningen 200 kglday By-product from 2.0 Mia 1.0 Mio 0.25 Mio applicants own resources

nearby chemical plant 0.75 Mio regionalflocal funding
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Hydrogen — Ports Operation

\\ In the port sector, more than 250

Kavala . container terminals are currently
Thess loniki 05 | operating in EU countries.
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Dual-Fuel LNG-Diesel Reach Stacker to be retrofitted to Full LNG-Electric Prototype

Hydrogen — Ports Operation

Figure 5. HDG (Hybrid-Diesel) and e-HDG (Electric Pluggable Equipped with Super-Caps) Prototypes

Low Voltage | §
Blectrified RTG
e-HDG

Source: Paceco Spain Figure 8. Hydrogen Fuel Cell Yard Terminal Tractor Prototype

Figure 7. Hyster-Yale Container Top Loader

Figure 6. Lift Truck Classification according to Lifting Capacity

v Hyster-Yale is a Full-Line Lift Truck Supplier...

CLAS 52 C 3 AS5 4 CLASS 5
Electric Internal Internal
Counterbalanced E!:f;g"#jg&:" El”ﬁﬂig""u Combustion Engine | Combustion Engine
Rider 'I'rqcks {cushion tire) (preumatic tire)

Eleciric Warehouse Equipment Big T“"L“'

43 ¥ g4 m,fE = LHL

3 wheel Electric Reach Trucks Combustion Handlers
\-'\ervnancw Engine
. ,,,s._."(.s I E’ Laten Contsinar
| Hind ars
Pallet Trucks ‘@ m‘
Amheel Elechic =

Over 260 different truck models available

HYSTER-YALE
Solutions to DRIVE Productivity 4 WATERIALS FANB LI

Source: Hyster - Yale Source: Hyster-Yale
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Hydrogen — Ports Operation

Base Line Scenario (2016) vs. Eco-Efficient Conservative and Optimistic Scenarios

I Enerpy Consumption COZ2e Emistions [tonnes)
|in-|-|-,r Censumer |Base Scenario 2016 |Base Scenaria 2016 20320 Seenaria 2025 Scanaris
IE'H Crames 2556713 2.567 2.439 o924
|Reafer Containers 9.567.237 2.870 2717 1033
|Elestrical Consumption (KWh/year] [Yard Lightning 3,150,345 Gt Aag 340
Offices 1005, 345 i my 104
Sub-Total [kwh] 22.279.641 654 6351 2408
RT3 Cranss 2,970,000 9.177 4. 648 2753
Ward Tractors 1. 7500000 5.408 4.110 1947
Fuel Consumgtion (litres/year) Lont. Handlers Sa0L000 1,730 1,150 156
Other Vehicles 0000 i [ 164 154
Sub-Tatal (litre) 5,350,000 16.5%1 10.072 5.012
Tetal COZe [tannes) 23.215 16.423 7418

Source: Fundacion Valenciaport

The current study shows COze reduction of 29.2% in the conservative scenario and 51.6% considering
the optimistic scenario in comparison with the 2016 baseline. These results confirm the potential
benefits derived from the BEST Ports prototypes implementation. Given that more than 1.3 million
CO;. tonnes are generated at European port terminals (see Section 2.1), by extending these
hypotheses at European level, a potential reduction between 400,000 and 650,000 COgz tonnes could
take place in European ports yearly. This potential reduction surpasses even in the conservative
scenario Europe’s 20/20/20 Objectives.
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Hydrogen — Rail Transport

Hydrogen-powered Coradia iLint at the September 2016 InnoTrans Rail Exhibition in Berlin

BULGARIA

< loannina

Y T
i

TURKEY Alstom’s passenger rail car variety

Gstom‘s diesel

vehicle

Alstom's electric \

vehicle

m Low maintenance
costs

m Low noise emissions

= Recovery of braking
energy

-~

m Well-proven
design

m Light carshell

m w/o overhead lines

=D

. - 4 "Rhodo.
—— main line it a Electric drive system of Coradia iLint
——— minor line . [~
~— under construction i == Fuel-cell composition Hydrogen fuel tank

X border crossing

\ \
Traction motor  Traction inverter & Pwxiliary converter Battery compositon
NCNC-rnnverter
DMU (Benchmark) FCMU

Laufleistung 150.000 km/a 150.000 km/a
Einsatzdauer 30 Jahre 30 Jahre
Spezifischer Verbrauch 1,36 | Diesel/km 0,26 kg Hz/km

(13,33 kWh /km) (8,67 KWh/km)
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FCH CHP Possible Applications in Greece

* CHP in stand alone applications (islands) and isolated operations (e.g. power supply in
telecommunication antennas)

 FCH CHP integration with Biogas or Bio-methane production ... or in general biomass
potential

* Small-medium FCH CHP for residential/commercial applications
* Hydrogen production and use for efficient energy storage

* RES penetration in off-grid applications (e.g., islands)
* Use of excess power in current PPC power plants
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Requirements for the deployment of FCH projects ....

* Political commitment and strategy (Road Map) for FCH deployments

* Funding (European grants, EIB loans, Governmental/Regional funding, PPPs ...)

e Maturity (Permits, Selection of location, National laws in place, AFl)

* Training of engineers/technicians

 Standards/Specifications (already developed in several countries)

» Social awareness/acceptance (studies, monitoring, training of public)

» Coordination of efforts to deliver the first studies/roadmaps/education material and to
“pull” public-private interest for investments and “push” the roll out of FCH products.

» Hellenic Hydrogen Association with University/Research and Industry (HELPE, Air
Liquide, ELBIO, etc) Pillars. Expected to be established on early 2018.
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H, Production —

Present Technical Coverage
95% of FCH JU support on H, production goes to renewable pathways

[NuclearEnergyj[ RES j[ Fossil Fuels j
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H, Production — Strategy

TRL Green Hydrogen Study identified 6 most promising
pathways besides RES+WE
& 9cokWhy,
SMR: 299
.. we12 | Pathways
BRSNS _. Natural gas SMR* j (2) Raw biogas
’ WE: 27 FR o [ i reforming
¢ 2 /= Gream reforming of 2w D18 (1) Biomass
gasification
7 (3) Thermo-chemical
oS <Pl water splitting
G2 e bl : (6) Supercritical H20
F 5 e i8S A | gasification
_ . (5+2) Fermentation
4| caerobc CEETT e \-‘L 50 (4) PEC
R is (4)
2 > anchmarktechnology: Main Feedstock: GHG-Emissions: Criteri
1 i,_4 Steam methane reforming (SMR) Solar XX Beoa/ KWhy; i rl Teerl-la
.::) Water electrolysis (WE) Biom XX Bcoa/ kWhie, L Feadetook
Timeline 2015 2030 > | © GHG-emissions
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P2H & H2X - from 150kW to 6MW

Industry acknowledges the potential of Hydrogen to the greening of
industrial products through increased penetration of renewables
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Transport, Steel industry, Refineries, Chemical industry
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