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Fuel Cells & Hydrogen technologies in the context

of the European Energy policy

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

Competitiveness Sustainability

Energy Security

= |ncrease independence from unstable outside regions

Competitiveness
= research excellence leading to industry innovation and growth



From 80% dependency on fossil fuels to
80% reduction in GHG emissions in 40 years !

— A reinvention of our energy system...

The FCH JU/JTI in the SET plan

The European

The European
Wind Initiative

The Solar
Europe
Initiative

Energy
Efficiency -
The Smart

Cities Initiative

*European Council, October 2014

** continuation of previous exercise for 2008-2013 with a budget of approx. 1 bill.€

Industrial
Bioenergy
Initiative

Sustainable
Nuclear
Initiative

SET Plan = Strategic Energy Technology Plan
The technology pillar of the Energy Union !

The European

CO2 Capture,

Transport and
Storage
Initiative

The European
Electricity Grid
Initiative

The Fuel Cells
and Hydrogen
(FCH) Joint
Technology
Initiative

EU 2030 targets*:

27 % increase in renewables
27 % increase in efficiency
40 % decrease in emissions

Fuel Cells and Hydrogen
Joint Undertaking

FCH JU - EU body
Budget: 1.33 bill.€ (2014-2020)**
FCH JU Programme Office




Continuous Support in the EU Framework Programmes
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FP2 (1986- FP3 (1990- FP4 (1994- FP5 (1998- FP6 (2002-  FP7/FCHJU  H2020/FCH2
1990) 1994) 1998) 2002) 2006) (2006-2013)  JU (2014-2020)

* 470 mill EUR implemented by FCH JU + about 10 mill EUR already spent from EU 2007 budget, before FCH JU in place
** 665 mill EUR only to be implemented by the FCH2 JU + additional budget from EU programmes for low TRL (basic research)
and structural funds/smart specialisation



Strong Public-Private Partnership

with a focused objective

Fuel Cells & Hydrogen Joint Undertaking (FCH JU)
To accelerate the

- Elgggogl?ﬂ 2 ONERG Y development of
w p -p_*-***:_- RESEARCH ON FUEL CELLS & HYDROGEN ’ technology base

Industry Grouping Research Grouping

European

Close to 100 members =l
Commission
~ 50% SME Over 60 members

towards market
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The Joint Undertaking is managed by a Governing Board composed of representatives & amendment 1183/2011 of 14 Nov 2011
of all three partners and lead by Industry. 559/2014 of 6 May 2014 (H2020)




Fuel Cell and Hydrogen community in Europe

+10% +8% +6%

average increase of annual average increase of R&D average increase of
turnover (on a 2012 total expenditures (2012 total market deployment
of €0.5 billion) €1.8 billion) expenditures (2012 total
€0.6 billon)
% +16%
+0/0 (4
growth in jobs per year (~4,000 FTE annual increase in patents granted in
in 2012) while average EU job the EU to European companies (average
market has contracted 1.5% for all European industries)

Source: Trends in investments, jobs and turnover in the Fuel cells and Hydrogen sector, 2012



FCH 2 JU objectives

Increase of the electrical

Reduction of production efficiency and durability of low
costs of long lifetime FC cost FCs used for power
systems to be used in production
transport applications
Transport Industrial applications Residential CHP Feed to electricity grid

Reduce the use of critical raw materials

' al
Existing natural gas, electricity and transport infrastructures

Methanisation feed

to natural gas grid

t By-product from
Chemical Industry

“~—__ Increase the energy efficiency Large scale Jse hydrogen to

Natural gas, biogas, of low cost production of Renewable generation, support integration of
coal, biomass hydrogen from water storage and ‘buffering’  renewable energy sources
electrolysis and renewable into the energy systems

sources



Multi-Annual Work Plan, MAWP (2014-2020)

Estimated budget of €1.33 billion
I Strong industry commitment to contribute inside
M Energy Systems R the programme + through additional investment
M Energy Systems | outside, supporting joint objectives.

[ Cross-cutting activities

@ Transports Systems R&l

Road vehicles Hydrogen production and distribution

Non-road vehicles and machinery Hydrogen storage for renewable energy
integration

Refuelling infrastructure
Fuel cells for power and combined heat &

Maritime, rail and aviation applications )
power generation

Cross-cutting Issues
(e.g. standards, consumer awareness, manufacturing methods, ...)




Strong FCH community in Europe

Projects involving 22 EU Member States (under FP7)

1266 Participations

545 Beneficiaries:
192 Industries (35%)
154 SMEs (28%)
149 Research Organizations (27%)
20 High Education Institutions (4%)
30 Others (6%)

Incl international cooperation outside EU
(Additional non-EU countries: CH, NO, IL, TR, IS, RS, CN, RU & US)

Funding of beneficiaries categories

Higher Education
2%




FCH JU portfolio of projects

FCH JU contribution

169 projects supported for about 520 mill €
(of which FP7: 155 projects for 446 mill €)

B Cross_cutting

50/50 distribution betwen Energy and Transport pillars = Energy

M Transport

. s .

Private funding
(in-kind contribution)

Public funding
FCH JU contribution)

Cross_cutting Energy Transport

120000000

100000000

. " . . . 80000000
Similar leverage of private funding: 532 mill € 00000 = Transport

40000000 H Energy

Continous/constant annual support (through annual calls 20000000 R Cross cuting
for proposals)




TRANSPORT portfolio

90,000,000 €

80,000,000 €

70,000,000 € -

/

60,000,000 € -

AN

50,000,000 € -

40,000,000 € -

N

m Funding

=ll—# projects

30,000,000 € -

20,000,000 € -

10,000,000 € -

0€' T T

-2
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Cars Buses

Gy

* Total of 544 passenger cars in 5
projects
* Of which 125 with FCs as range
extender
* Total of 40 refuelling stations

- nd :
Hamoveseu  (HyTeC

SCANDINAVIA

huFIve

APUs MHVs

* Total of 67 buses from 4 projects
in 12 locations

CHIC

o
Hylransit

S -

HIGHVLOCITY

Total FCH JU support:
242ME€ for 42 projects
183.1M€ for demos

s

* Over 400 MHVs in 4 projects

* MHVs operated for 12,413hrs
= 2200 shifts with overall
availability of 95%

e 4,000 refuellings with 99.5%
HRS availability

mobility with
hydrogen for
postal delivery
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Cars — Member States plans

Scardiradar Hydroge
Highwip Pariscship

Advanced FCEV and HRS programs . ‘ y ..o:
Yy wence 9@ :

* France — a large private consortium has agreed “ oy m e ™ J
a strategy based on a transition from captive R ot
fleets to nationwide infrastructure for FCEVs. i ¢ °

P RO ki
" Germany — A ‘[,mg -
—50 H2 stations by end of 2015 under the ate *’?n:“‘“
Clean Energy Partnership. Government and S \m
industry invest jointly over 40 M€. €--=
—the H2Mobility project has already signed a
“term sheet” linking six industrial players to
deploy 100 stations by 2017 and 400 by : i e
2023 for 350 M. R
.’_, .-m.?;u--.-. /

" Scandinavia — An initial network provides . . .
coverage for FCEVs, which can be purchased at \‘31 ‘-\ £
equivalent ownership cost. i t‘,“;y’-"'

[erA "
= UK - a consortium with significant /’"’.ng;s_‘ \
T e

Government presence has agreed a strategy
based on seeding a national network of 65
stations by 2020. 7.5M£ have been committed Similar initiatives are starting or running in other

by the Government for 15 HRS by 2015. countries: Austria , Belgium, Finland, Netherlands (plan to
be published before the end of 2014), Switzerland.




HRS — Member States plans

Likely implementation of the network by 2020 onward (>80 kg/day stations)

52020 "\/ ( France 11
’ m} * The French network will keep on expanding with

30-40 HRS by 2020 and 100 HRS by 2023

\ Germany ==

* The German network will keep on expanding with
400 HRS in 2023

Netherlands =
‘ . * The Dutch network will keep on expanding with 20
HRS by 2020 and 40-50 HRS by 2023

Scandinaviaz= = = -+

- * The Scandinavian network will keep on expanding
with 35-40 HRS by 2020 and 50 HRS by 2023

UK =i

‘I * The UK network will keep on expanding with 60-70
HRS by 2020 and 100 HRS by 2023

: ﬁ:{% >80 kg/day HRS by 2015 B Nations with H,Mobility initiatives

. ‘r /& ] R _ “ 7= TEN-T Corridors [] Nations with some activity and/or
4 . T o TEN-T Corridors linked by early HRS H2Mobility initiatives starting
' A . ~ [] Follower countries starting to

develop infrastructure 13
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Mobility Europe

Concept description:

« Joint initiative from the most ambitious
European hydrogen mobility initiatives

« The project will see the deployment of 29 new
HRS and 325 FCEVs (200 FCEVs and 125 FC RE-
EVs)

* One ‘working framework’ linking the hydrogen
mobility initiatives of 10 countries, which will
provide the opportunity to:

1) identify optimal commercialisation
strategies and synergies between
countries

2) develop a pan-European strategy for
commercialisation

3) Refine sales and support strategies for the
early FCEV customer across Europe

Endorsers:

_—

Mobilité Hydrogéne France

H, MOBILIT

WASSERSTOFF TANKEMN

Scandinavian Hydrogen . Mobility - :\gjl::i(lji%sn
‘)HighwayPartnership T gm”?‘”g n B oroupingin
Benelux
Austria




Buses - Study

Current study

il % o [

—> Local high-level
cost analyses

-> Mobilisation of
interested
locations

—> Preparation joint
procurement

°)

=> Engineering of
H, refueling
infrastructure

2014-2015

)

—=> Detailed cost
analyses

E_—“ JTI

=> Grant application
for demo project

@(

-> EU roadmap/
discussion on
regulation

2016

)

=R
E;ﬁ;iﬂ;
o]

=> Execution of ﬁ
demo projects
Scale effects o m
Incentives ’
Regulation m m %
=> Local, national ﬁ
and EU funding o TN G
schemes for GNP [+ o
demos GO S o
[+ T

§

=> Regulations
framework to
support roll-out

2017-2020

» VISION -
FC electric buses commercially viable
and rolled-out in Europe

} 2020 onwards



Buses — Study implementation

A broad stakeholder coalition of 82 organisations has been established
- Operators and local governments from 35/45 locations

Participating locations Industry coalition members
Bus W (M&.A 5%25 SKapa
manufacturers

EvoBus mu:) / w A=

i
“ @z Logie @ () Ballast Nedam o&irtte

Aberdeen
Dundee

<L :_'I'fr:f:";‘i’g:‘r’;el g e (OIS —
) VR LIUIDE
SIEMENS  HYDROGENICS 44 -Phy
HYDROGENICS  BALLARD
Technology
providers PM e
SIEMENS ™™ i
() INTW 1 sorumons
Other

0rgan|sat|ons VDV Die Verkehrs- u Energle .NRW “’
s,

unternehmen

Secure commitments for roll-out and large scale demos



84 buses in operation or about to start

Current FCH JU-funded fuel cell
bus projects

O cHic
v

Bolzano — 5 FC buses
v Aargau -5 FC buses
v" London — 8 FC buses
v" Milan =3 FC buses
v" Oslo-5 FC buses

v Cologne* —4 FC buses
v" Hamburg* — 6 FC buses

O High V.LO-City (operation start
planned for 2015)
Liguria =5 FC buses
v" Antwerp — 5 FC buses
v" Aberdeen — 4 FC buses

‘HyTransit
v" Aberdeen — 6 FC buses

?
-«

Current FCH JU-funded fuel cell
bus projects

.3Emotion (operation start
planned for 2016/2017)

Cherbourg — 5 FC buses
Rotterdam — 4 FC buses
South Holland — 2 FC buses
London — 2 FC buses
Flanders — 3 FC buses
Rome — 5 FC buses

@ Current national/regional-
funded fuel cell bus projects:
v'Karlsruhe * — 2 FC buses
v/Stuttgart * — 4 FC buses

Arnhem®* — 1 FC bus (operation

start planned for Oct. 2015)

Legend:

- CHIC countries

v In operation
Planned for operation
*  Co-financed by

regional/national funding sources

Last update: June 2015

CHIC project — Element Energy




ENERGY portfolio

Hydrogen
Production
istribution
12%

96 projects under Energy pillar, for more than 240 mill €
‘ ”’%’ .

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

M Electrolyser
tationary Demo

M Fuel_Cell 20%

B Green H2 production
W DMFC M H2 distribution

uMCFC m H2 safety

Cross g

W PEMFC W H2 storage

W SOFC

Stationary RTD
15%

60,000,000.00 12
28 projects at TRL > 3 for about 100 mill € R " .
(‘Stationary Demo’ type), mainly focusing on 40,000,000.00 " B
system integration and field demonstration 1000000000 R
(e.g. components development, including o ot
control systems; proof-of-concept; field 20,000,000.00 " "
demonstration of CHP and back-up power 10,000,000.00 | 2
units) . :. | | | U

Portable, back-up Improvement of System proof of  Field demonstration
and UPS components concept



SOFT-PACT

Solid Oxide Fuel Cell micro-CHP Field Trials

39 BlueGen Pathfinder Systems + 26 Integrated Fuel Cell Appliances (SIFC)
Total: 65 Fuel Cell Systems

FC system Electrical efficiency (HHV) >40% (from 56% to 42% (HHV) and
from 61.5% to 46.0% (LHV) over lifetime)

The mean overall system efficiency of the SIFC units was 79.0% for UK and 78.3%
for German sites (an integrated Fuel Cell system is more efficient than modular!)

Achieved: 25% BlueGen Cost Reduction via Reengineering components (B
& supply chain enhancements

utpid o BhueGen (MWH]

FC system life time >10,000 h
(at end of project: 12,792 hours & ‘. -
given its degrade rate expected to reach 27,118 hours) i ,' B

\. g w
coecrncus QM A '-|
eon B A | r

ffwﬁﬁﬁﬁ Wﬁf

PP A S I

Thermal Eneray O




Field demonstration of small stationary fuel cell systems for
residential and commercial applications

up to 1,000 residential fuel cell micro-CHP installations, across 11 key Member States

300

250

12%

200 —

150 -~

100

50 -

M Detailed monitoring

m Standard monitoring

Non Flat Others

residential ;4%

Terraced
6%

house)...

Detached
house
54%

ene.field

> 400 units have been installed .
across the 8 active field trials as of

February 2016 in 8 countries: DE,

UK, FR, DK, AU, CH, LUX and IT (the |*"

others 90% contracted) 0 1
» 30-150 identical units from each |®
manufacturer! (first stage 1
demonstration) 1

All

Belgium
wireland
W Slovenia
mLux
= Spain
M Austria
mUK
m Denmark
M France
m Switzerland
mNL
H italy

m Germany

Dachs

Cerapower FC10 PEMmCHP Elcore Galileo Inhouse

7

InnoGen Logapower FC10 G5 2400 1000 N
l" T -_ﬁ
; ! L
LT PEM SOFC LT PEM HT PEM SOFC
700W 700W 2kw 300W 1kw
Natural Gas | Natural Gas, Gas | Natural Gas | Natural | Natural
+ Biogas Gas gas+
Biogas
Floor Floor Floor Wall Floor
SenerTec Bosch Dantherm Elcore Hexis
Thermotechnik Power

5000+

LT PEM
Skw
Natural gas
+ Biogas +
H2
Floor

RBZ

ENGEN BLUEGEN Vaillant Vitovalor

2500

b

SOFC
2.5kw

Natural
Gas

Floor

Solid
power

g

SOFC
2kw

Natural
Gas

Floor

Solid
power

G5+

T

SOFC
1kw

Natural
Gas

Wall
Vaillant

PEM
700W

Natural
Gas

Floor

Viessmann




Power-UpP

Field demonstration of large-scale stationary
power and CHP fuel cell systems
240 kW system (built in UK, installed in Germany)

Commissioning of KORE System and production of power
at Stade, Germany

Conversion efficiency (electr.): 61% per tier
Expected lifetime: 13,500hrs by the end of the project
3 major components:

Electrodes: produce the power

Cartridges: house stacks

Balance of plant: fluid management, superstructure, safety systems,
C&E, integration into customers site

=

s

LT o

—
-

S —
R —

.
-
-0

it

—

: Z
innomech 3

- A
AFC mpl‘g”gé Automation Solutions T
energy




FC based CHP / Decentralised production of energy
- Study

Roland Berger Study: Advancing Europe's energy systems: Stationary fuel cells in distributed generation
- Industry coalition composed of more than 30 stakeholders — Results reflect common understanding

- The most comprehensive assessment of the commercialisation potential of stationary fuel cells in Europe (4 focus
markets, 6 generic fuel cells, 35 years time horizon, 45 different use cases, >30 benchmark technologies, >3 energy

scenarios, >34,000 resulting data points)

Annuzl CO, emisslons [ig] Total annual energy costs [EUR] Fuel cell mCHP
461

I 7330 6911 -

1y
ms'ﬁ "5(557"'6.337'" ] 5)194;

6968

»
>

E MURICH Annual NO, emissions [g] - MUNICH
Fuel cell micro-CHP system

CAPEX [per KW]

Residents 4
R 10,110 997 8629 Electric capacity 1R,
Heated space 103 m? 6496 6333 - Thermal capacit e
YYear of construction 1962 3477 3150 #
e 101 n AM%)  Electric efficioncy  36%
Heat demand 21,438 KWh E . Thermal efficiency  52%
Electricity demand 5,200 kWh o Gas Gassolr Arheat Arhesl Goud ICE  Sting Distil | Today AIS00  ALTOOK
Ceenely demane, SAREE Gas  Gas Arheal Airheat Grownd ICE  String Distict | FC System lifetime 15 years Demd pume pungS hesl  CHP  CHP hestng s i
Central heating solar pump pump heat CHP  CHP heating | mCHP Required stack 2 PV pump

thermal &PV pump replacements O [0 Fuelcost [ Maintenancecost [ Cspitalcost

ing.i.&. ini i refiect higt ngs rom pawer feed-nthan residual 2 campany.

Source. FCH JI) Coslion, Rcland Berger

‘Source: FCH JU Coalfion, Roland Berger

v

Today FC can reduce CO, emissions by more than 30%, while No, emissions can be eliminated
entirely; however, to become economically competitive, capital costs must be reduced

substantially by increasing production volumes

500 units 10 MW 100,000 units  Time as subject to volume’!

= = Residential Commercial ~ weauss Industrial

1) Cumulative production volume per company

Use-case specific environmental benchmarking® Use-case specific economic benchmarking” Source: FCH JU oalifon, Roland Berger
Annual CO, emissions [kg] Total annual energy costs [EUR] Fuel cell CHP
AT L R N l . Industry sees ambitious potential
104312 L f \ i :
. ) l (larger volumes allow for automation
/4 . .
2 s and bundled sourcing strategies,
(B | MLAN | pnnial NO, emisions [ !;Emp;,m . ool standardisation must increase within
Heated space 6000 m? i ) 4 - 1] 70,886 . .
Construction 1970 143810 145173 S 1 111 -1 e :Ler‘malc;ac:ti jz:x: - - . - L _ I and across teChnOIOgy Ilnes)

7% Electric efficiency 53%

Thermal efficiency 32%

Total heat demand 477,000 kWh

— i o Industry is fully committed to
PR - -1, VS yoan Gs Gassolar  ICECHP Distict Today mmi m,o:n . . . .
ol Gas Gassdar  ICECHP  Dishictheating | FCCHP Reauredsack 5 fremel healng i’ s decreaSlng cost with SufflClent
thermal [met i [DFueicost [l [ Gapitaicost . .
g sl s ey o iy sl s o 2 : installation volumes !

Electricity demand 159,000 kwh

¥
Seurce: FCH JU Goakion, Roiond Besger Source: FCH U Goakion, Reland Berger



Fuel cells are the highly efficient and complementary choice to

future energy systems based on more and more renewables

European vision for stationary fuel cells

v4
{

Fuel cell vision

> Highly efficient conversion

of natural gas (and
eventually green gas or
pure hydrogen)

In distributed generation,
i.e. at the site of
consumption

Lowering the carbon
footprint of energy supply

Playing a omplementary
role to renewables?)

Stylised overview of main benefits of stationary fuel cells

Highly efficient distributed
solution (electrical & CHP)

Reduced primary energy
consumption

Enabler for more
renewables
in the power mix?

1) E.g. Stationary fuel cells as operating reserve with good performance at partial loads, complementary cycles of heat-driven CHP with electric heating demand

Substantial CO, emission
savings

Near elimination of
pollutants, particulates
and noise

Driver of distributed
generation reducing
transmission losses

> Fuel cell initially as
bridge technology
with significant
potential to reduce
primary energy
demand and
emissions

> Afterwards,
transformation to
arenewable
technology
through
decarbonisation of
the gas grid

20 members of the fuel cell industry

o e P Sy

:RD e% ‘h‘,unflre

HYDROGENICS

|IE-CHP -
ABENGOA SOFC?

vai"anr @ alcora Torsoe FueL ceLe Ml
VIESMANN [ recucen

climate of innovation

. BAXI ™ INNOTECH
CeresPower faol <l hewriis

% W ‘
J?IIuthnrm' wmflﬂ ACmmc Fuei Ceuts
7 Power

6 players in adjacent industries
e,o GDF swez M RWE
elementeneray ALSTOM

4 key associations
(Hyer @ AW H:

nnnnn

2 research institutes

ENEN

3 public sector bodies

NEXT ENERGY

. GREATERLONDONAUTHORITY @0 ]

. . . wioRose
2~ Scottish Enterprise IMPLEMERTING
= AGREEMENT

A coalition composed of more than
30 stakeholders — Results reflect

common understanding of this group

Potential development stages and pathways of the fuel cell technology

»
>

5 Supported Mass-market 1
@ diffusionto | exploitationand |
£ improve cost | international |

! . ]
-] - ) expansion H
= efficiency i |
o . !
S ! :
T : :
=3 i H
fi . i

i :

H

&)

; o

RO

H

Medium
term

Short term

Source: FCH JU Coalition, Roland Berger

Transformation of
gas supply

(1

Long term Time

n Fuel cell systems reach
competitive cost level to high-
end heating solutions
> Policy support to trigger market

pick-up and thus cost reduction
> Starting point in the residential
segment

E Fuel cell systems reach
competitive cost level to mass-
market solutions
> Continuous support if cost

targets are reached
> Commercial segment to be
supported

H Fuel cell systems become a
renewable technology through
decarbonisation of gas supply
> Further growth and mass-

market solution possible if gas
supply becomes greener and
more domestic




Hydrogen enables us to get the most out of our

Wind and Solar energy

Achievements
On-site installation of hydrogen equipment after receiving exploitation permit,
certification and CE conformity:
- Coupling to solar pannels (800 kWp) and wind turbines (1500kWp)
- 2 Electrolysers (one alkaline and one PEM): 130 kg H,/day
- 2 Compressors: one mechanical and one electrochemical (planned)
- Hydrogen storage capacity 100 kg at 45 MPa
- Hydrogen dispenser for a fleet of 9 fuel cell forklifts and FC cars
- 100 kWe Fuel Cell connected to the grid
Continuous performance monitoring and control software installed for Life
Cycle Assessment and Total Cost of Ownership analysis

Context Challenges

To demonstrate the technological readiness, performance, reliability and | - Installation and continuous operation of a standalone forecourt
total costs of ownership of installations for production and short- water electrolyser (between 100 and 500 kg H,/day)
term storage of hydrogen via water electrolysis from renewable | - Hydrogen production from renewable energy sources
electricity sources, with subsequent supply as a high value fuel and as - High level of availability (95%)
controllable load for grid services. - Electricity consumption below 60 KWh/kg H,

In 2015, the European Parliamentary Research Service published an in- | - Hydrogen purity
depth analysis presenting energy storage via hydrogen production as - Hydrogen production facility turn-key CAPEX: 3.5 M€/(ton/day)

one of the ten technologies which could change our lives.

Next set of Actions
- Increased capacity of the electrochemical compressor (from 2 to 60 kg H,/day) -..{\
- Field testing of the PEM unit (60 kg H,/day) DD NﬂUlCHDTE
- Overview of pricing of renewable electricity green certificates
- Running of test phase 2 (8000 hours in operation monitoring)
24



Energy Storage Study:

CONTEXT: There are 4 main options for integrating renewables,

but all the options have significant limitations

Deficit Surplus
RES integration solution solved? solved? Residual load' Limitations
Deficit €
o Basecase /\
situation
Surplus @ \/
Dispatchable Deficit e . Hyfiro and biomass quantity is
- limited
1 generation (hydro, - I
. . * Fossilfuels generate CO, emissions
bio-mass, fossil) .
Surplus Q * No utilization of excess energy

Transmission and

Deficit €

* |neffectiveif RES production

2 distribution R f,"/ -_—N correlated over Iarg_e area
) N N~ * Hampered by permitting issues and
expansion v i
Surplus Q long construction times
) Deficit € * Limited by amount of demand that
3 Demand side ,z," can be shifted and time for which it
management ‘\t',’ N~ can be delayed
Surplus @
3 3 Deficit @ * Focus of this study
Power-to-power s s —_—N\ - Technf):'ogres considered in the
v, \ study included:
Surplus O — Batteries (Li-ion, Na$S, Lead-
» Deficit e = :;:e’g:‘:g;:e;ztora e (pumped
Energy Conversion to heat 57 57 —_—N\ hvdro. com ressgda?r li puid
SO - and heat storage N N N~ a;}:‘) ’ P » 19
Surplus @ — Hydrogen power-to-power
Conversion to Deficit @ storage
Hydrogen for use /\ — Heat storage
outside power — Hydrogen for use outside of
sector Surplus @ power sector

1 Difference between demand and intermittent RES production

All of these option come at a cost to
society



At realistic values of hydrogen,

large installed electrolyzer capacity would be viable and
able to utilize nearly all excess RES energy in the 2050 horizon

B High connectivi B Low connectivi
Germany archetype g ) Y

( _ \ Economic demand® for electrolyzers assuming
Non-hydrogen P2P and heat storage will only a best case of 2 EUR/Kg of H2

be able to absorb a small part of the excess GW 170

energy generated, resulting in the necessity of

curtailment — from societal point of view, such 115

electricity could be used at close to zero cost

The excess energy can be used to produce 46

hydrogen via water electrolysis for re- 4 -

electrification or use outside of the power

sector . .

2030 High-RES 2050 High-RES

If the value of hydrogen at the point of
production can reach a price in the range of
2-4 €/kg very large installed electrolyzer
capacity would be economically viable and
able to utlize nearly all of the excess
electricity

Such use of the excess electricity would -25
create value for the society and the surplus
-97

could be divided between the electricity and

derogen producer j

1 Installed electrolyzer capacity achieving 60 EUR/installed kW per year of benefits at given hydrogen plant gate cost — this corresponds to 370 EUR/KW capex, 8% WACC, annual
opex at 1.2% of total capex and 10 years lifetime (FCH JU 2014)
Assumes electricity for free, no grid connections fees and no time-shift storage is in place.

Reduction in excess energy
Percent

-99 -100




FCH JU Electrolysers Study:

Water electrolysis can be commercially viable
in transport applications (and some others ) by 2030

. . ital for Alkali
Water electrolysis (WE) can be a commercially (EUR/kW] Capital cost for Alkaline systems

viable element of the future energy system ::gg
* Hydrogen for transport 2,000
e Industrial hydrogen uses 1500
: : : 1,000 7 ——fr - - < - -0
Gigawatt scale cumulative deployment is 500 T
H 1]
pIaUSIble by 2030 2010 2015 2020 2025 2030
* Inline with stakeholder expectations O Alkaline (all data)
Central
* Coherent with emerging hydrogen infrastructure -- R‘;:g:: e
plans Capital cost for PEM systems
.. . . [EUR/KW]
But this is hard to achieve and requires: 3,000
* Continued technology development and cost 2500 13

) 2,000 %@%\
reduction SN o

1,500 <
: | licy f k RCTvN - Rl it
Supportive regulatory and policy framewor 1,000 gy e
iti 500 == ¢
conditions == _8
. ) 0
* Clear requirements for emerging WE energy 2010 2015 2020 2025 2030
applications “ o PEM (all data)
Central case
— = Range
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Green Hydrogen Pathways Study

— Aim: to identify most promising green H, production
pathways based on a number of key parameters

— 11 pathways assessed, 6 selected

— Recently available at
http://www.fch.europa.eu/studies
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http://www.fch.europa.eu/studies

Fuel Cells and Hydrogen Joint Undertaking Achievements

......
,,,,,,

Hydrogen Packard car (1927) - Woikoski

FC in
commercial
planes

Marine & aerospace Forklifts FCEV RE
1995 2000 2005 2010 2015

Backup power
) Large scale stationary
applications

o

Systems . ‘

- The scope of applications is E—
\—/ widening with time applications



FCH2 JU calls under H2020

Next plans
Annual calls
to be published in January each year @
Call 2016 plan ‘ @2
—’ s
From Grid, —»
Publication date: 19 January 2016 G orsma H, Storage P Pt
Electroryser _I_"

Estimated budget: EUR 117.5 million Me‘ha"fzm mal -
lu“ Home Heating

Natural Gas Grid

S D Fuel-cellVehicle
. -~ Tt
: < CO; > S
Deadline: 03 May 2016 Filling Station Sl
H. NaturalGas
2 R Vehicle

k 4

Gas

Studies
to support the multi-annual strategy and industry road-maps for the different

technologies and applications:
- Business models for FC-CHP applications

- Hydrogen storage business cases/models (e.g. to integrate excess RES)

Continous work with Members States Re
to coordinate/complement sources of funding for market penetration/early-commercialisation (H2
mobility initiatives, FC-CHP subsidies etc)




Thank you for your attention !

Further info :
FCH2 JU : http://www.fch.europa.eu/
HYDROGEN EUROPE : www.hydrogeneurope.eu
N.ERGHY : http://www.nerghy.eu
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