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Global Challenges of the 21st Century

» Alarming increase of world energy consumption
due to population growth

 Safe (electrical) energy supply (without nuclear
power ?) - blackout risk

* Global impact of greenhouse gases on climate
change - COP21

* Local air contamination by toxic emissions

 Limited resources and extreme dependence on
fossil fuels:
— EU imports 53% of all energy it consumes

— Its import dependency is particularly high for crude oil
(more than 90%) and natural gas (66%)

— The EU energy import bill is more than 1 € billion €/day
» Geopolitical dependencies
« Competitiveness of industry
» Creation of new jobs with innovative products

‘ Drive for new energy supply concepts



European Climate and Energy Policy Framework

Sustainable development

Hydrogen
From Fuel Cells
Renewable Energy Sources
Security of supply Competitiveness
From To
The 20-20-20 goals by 2020: The EU targets by 2030*

»20% increase in renewables » 27% renewable energy
»20% increase in efficiency » 27% improvement of energy efficiency
»20% decrease in GHG emissions » 40% reduction in GHG emissions

*European Council conclusions of 23/10/2014



Why hydrogen?

Hydrogen (H,) is a new energy vector
is not a new source of energy




How to produce Hydrogen?
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Hydrogen Production Sites in Europe
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Map Reference: HYER

(Hydrogen, fuel cells and Electro-
mobility in European Regions)

World Hydrogen Production:

48% SMR of Natural Gas
30% Petroleum Refining
18% Coal Gasification

| 4% Electrolytic Hydrogen

Hydrogen production generates
annually 500 Mtons of CO,

(Reference IEA 2015)



FUEL

CONVENTIONAL POWER PLANT

COMBUSTION STEAM TURBINE/GENERATOR ELECTRICITY

DFC POWER PLANT

Why Fuel Cells ?

® Simple static electrochemical devices
transforming gases (if based on H,) into
electricity, heat and water

® Efficient use of fossil and renewable energy
—80%*80%*80%*80% = 41%
—80%*80% = 64%
® Emission free (Green House Gases, NO,, SO,,
particulates and noise)

® Modular technology (larger power systems can
be based on humerous subsystems)

® Fuel cells and batteries are considered key
technologies for different applications
(transport, residential, portable ...)



Examples of Fuel Cells

2H, + O, < ===>2H,0

AFC: Alkaline Fuel Cell
PEMFC: Proton Exchange Membrane Fuel Cell
PAFC: Phosphoric Acid Fuel Cell
MCFC: Molten Carbonate Fuel Cell
SOFC: Solid Oxide Fuel Cell
DMFC: Direct Methanol Fuel Cell
Alkaline FC PEM FC PAFC MCFC SOFC
T range (°C) 25 -100 -20 +100 150 - 200 600 — 700 600 — 1,000
P range (bar) 1 -5 bar 1 -5 bar 1 -5 bar 1 -5 bar 1 -5 bar
Fuel H, H, H, CH, (NG, bio) | CH, (NG, bio)
Oxydizer air - O, air - O, air air air
Power range 10 — 100 kwW 1250 kW 50 kW -1 MW 1kW-1MW | 1kW -3 MW
electrolyte / pH 30-45% perfluorosulfonic liquid H3PO, Liquid solution Yttria-
aqueous KOH acid polymer soaked in a of Li,COg, stabilized
soaked in a matrix Na,CO3; and/or zirconia
matrix K,CO; soaked in
a matrix




Hurdles for Commercialization of Fuel Cells

JM Base Prices Platinum o Ju
U3% Monthly Average Ta: Jul 2012
2160

Hydrogen Packard car (1927) - Woikoski

Schonbein 1799-1868

> “Old” high cost technology
> Use of noble metal catalysts
> Reliability and durability are necessary for the market

success; these can be tested ultimately only in the
market

> Low production volumes mean high costs

> Fuel cells are competing with established technologies

Apollo Fuel Cell.
New Mesxico Museum of Space History. Al do, New Mexico.

> Mass production is necessary to achieve cost targets

> Competing energy technologies have political support



Power range of existing fuel cells

. Portable (10 W -1 kW)

Replacement of batteries, e.g. cellular phones, laptop

. Transportation (about 50 — 240 kW)

Passenger cars, fleet applications, e.g. delivery vehicles,

buses, local transportation

. Micro-Cogeneration (1 - 10 kW)

Distributed residential power generation, regions without

Infrastructure for electric power and natural gas

. Medium power plant range (250 kW — 10 MW)

Decentralized power generation: e.g. co-generation,

Industrial processes, malls, hospitals, airports —alle

. Special Applications: space, marine, aeronautics Jil = &
military N ch

Submarines, APUs, Space vehicles, Apollo program,

aircrafts etc.




Strong public-private partnership

with a focused objective

Fuel Cells & Hydrogen 2 Joint Undertaking

ﬂ Hydrogen

Europe
§#» Europ

Industry Grouping
HYDROGEN EUROPE
93 members

RESEARCH ON FUEL CELLS & HYDROGEN

Research Grouping
N.ERGHY
63 members

European Union
represented by the
European Commission
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The Joint Undertaking is managed by a Governing Board composed of
representatives of all three partners and lead by the Industry.

To bring to the point
of market readiness a
portfolio of clean,
efficient and
competitive solutions
based on fuel cells
and hydrogen
technologies in

energy and transport

Joint Undertaking — Public Private

Partnership

Council Regulations:
521/2008 of 30 May 2008 (FP7)
1183/2011 of 14 November 2011
559/2014 of 6 May 2014 (H2020)


http://www.bas.bg/
http://www.bas.bg/
http://www.owi-aachen.de/
http://www.owi-aachen.de/

Projects

Studies

Supported R&D activities since 2008

2008 | 2009 | 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 -

Council Auto- Amend- Council
regulation nomy ment regulation
all2008 16 Projects I
010

all 2009 28 Projects I

26 Projects I

Call 2011 33 Projects I

]

Calls 2013 25 Projects I

Call 2014 15 Projects

all 20 27 Projects

Call 2015 15 Projects

Car powertrains study Distributed generation/stationary study
Bus study Energy storage study
Decarbonising EU study Electrolyser study

FCH sector trends study

12



FCH JU under FP7



Building a strong FCH community in Europe
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Increasing the interest in FCH technologies in the 28 EU Member

States and encouraging private investment

» 22 Member States
represented
» Missing:
Ireland
Latvia
Slovakia
Malta
Cyprus
Luxemburg

Contribution to total costs for 58 finished
projects (15/03/16)

Non EU MS beneficiaries: uic
CH, NO, IL, TR, IS, RS, CN, RU, US 1%
Budget : 2008-2013 : 940 M € (50/50 target)



Czech Republic Beneficiaries

3,00 N
Grantsin  Top 10 smallest beneficiaries / country
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FCH JU: an industry led closed private Club?

The Industry Grouping and the Research
Grouping are established as non-profit
organisations with open membership

Other FP7 projects: type of beneficiary

8%Higher

Education
3%

H2020: type of beneficiary (2014 call)

Higher  Other
Education 5%

12%

Research
15%

IG members RG members

2011 55 o5
2016 93 e
FP7 projects: membership Melnfber
11%
RG
Member

10%

Other
79%

H2020 projects: membership

IG Member
25%

RG Member
12%



Fuel Cells and Hydrogen Joint Undertaking Achievements

’
..........

FCin
commercial
planes

Hybrid FC
Buses

Marine & aerospace Forklifts FCEV RE
1995 2000 2005 2010 2015

Backup power
) Large scale stationary
applications

Systems . ‘

- The scope of applications is m——
LL/ widening with time applications



An integrated business case: Colruyt Group

Achievements

On-site installation of hydrogen equipment after
receiving exploitation permit, certification and CE
conformity:
- Solar pannels (800 kWp) and wind turbines
(1500kWp)
- 2 Electrolysers (one alkaline and one PEM):
130 kg H,/day
- 2 Compressors
- Hydrogen storage capacity 100 kg at 45 MPa
- Hydrogen dispenser for a fleet of 11 fuel cell
forklifts and FC cars
- 100 kWe Fuel Cell connected to the grid (60
kg H,/day)

Next set of Actions

Running of test phase 2 (8000 hours in operation monitoring)
Move from 11 FC forklifts to 200 FC forklifts (65 in 2016 and 135 in 2017)
Green certificates for the hydrogen production and use

/
Hydrogen dispenser at the DATS nearby station D N
ydrogen disp y UNmU|CHDTE

http://www.fch.europa.eu/image/don-quichote-project-hydrogen-production-colruyt-group-belgium 19



http://www.fch.europa.eu/image/don-quichote-project-hydrogen-production-colruyt-group-belgium

Example of stationary fuel cell projects

By 2015, demonstrate at least 1,000 m-CHP units and 5 MW
large CHP

By 2020, decrease the CAPEX to 12,000 €/kWe (micro-CHP),
respectively 3,000-4,000 €/kWe (large CHP)

By 2020, increase durability to 40,000 h (12 years of operation
for micro-CHP or even 20 years for large CHP), at 97%
availability

Electrical efficiencies >45% for power only units (towards 60%
for SOFC systems), while Total efficiency > 80

Improve the technology for fuel cell stack and balance of plant components by bridging the gap
between laboratory prototypes and pre-commercial systems




Accomplishments

Residential Market Segment (< 5 kW)

CAPEX (€IkW) LCOE (¢ gid party) El. Efficiency ene.field project: more than 300 units installed in
i 10 countries of Europe, reliabilities confirmed, very
30,000 50 ﬂ 60% i good customer satisfaction (70% positive feedback),
15,000 ™ 3.0 = L H
10,000 =] 10 - 30% SOFT-PACT project: 65 fuel cell systems, electrical
T | — T 1 efficiency higher than 42 % over lifetime (total
Pre-FCHJU SoA 2023 Pre-FCHJU SoA 2023 Pre-FCHJU SoA 2023

efficency higher than 78%), 25% cost reduction

Commercial Market Segment (5-400 kW) _ _
SOFCOM project: proof-of-concept poly-generation

CAPEX (€/kW LCOE id i El. Effici
(e eondpariy e SOFC systems fed by biogenous primary fuels

10,000 — 3.0 60% i )

i i i H i N (biogas and bio-syngas, locally produced), modular

ld l i concept, cost driver identified - next step:

1,000 7 107 30% upscaling to hundreds kW size (DEMOSOFC project)

i T ] : I I [ I I

Pre-FCH JU SoA 2023 Pre-FCH JU SoA 2023 Pre-FCH JU SoA 2023

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

Industrial Market Segment (0.3-XX MW) (started Oct2015)
CAPEX (€/kW) LCOE (x grid parity) El. Efficiency . .
ClearGenDemo project: 1 MW PEM to be installed
100004 i i 30 H i o0% ﬂ i near Bordeaux, FR on by-product H2 from clori-
alkali plant
1,000 = g 1.0 =~ H 30% = H
1 T | T T | ! | T DEMCOPEM-2MW project: 2 MW PEM (European
Pre-FCH JU SoA 2023 Pre-FCH JU SoA 2023 Pre-FCH JU SoA 2023 technology) to be demonstrated m Chma

Sources: MAWP, Roland Berger Study, IBZ/Callux



Example of transport projects

91 buses in operation or about to start

Ongoing EU-funded fuel cell bus
projects

CHIC @

v" Bolzano, IT- 5 FC buses (2013)
v Aargau, CH =5 FC buses (2011)
v London, UK — 8 FC buses (2011)
v/ Milan, IT =3 FC buses (2013)

v Oslo, NO -5 FC buses (2013)

v' Cologne, DE* — 4 FC buses
(2011/14)

v" Hamburg, DE* — 6 FC buses
(2011/2015)

High V.LO-City ()

Liguria, IT—=5 FC buses (2015)
v Antwerp, BE = 5 FC buses (2015)
v Aberdeen, UK —4 FC buses (2015)

HyTransit @
v" Aberdeen, UK — 6 FC buses (2015)

Legend
B CHIC countries
4 In operation
Planned operation
(2015) Operation start/planned start
* Co-financed by regional/national
funding sources

Ongoing EU-funded fuel cell bus
project
3Emotion.
Cherbourg, FR =5 FC buses
(2016/17)
Rotterdam, NL—4 FC
buses(2016/17)
South Holland, NL— 2 FC buses
London, UK =2 FC buses (2016/17)
Flanders, BE — 3 FC buses (2016/17)
Rome, IT =5 FC buses (2016/17)

Current national/regicaal-funded
fuel cell bus projects

v'Karlsruhe, DE * — 2 FC buses (2013)
v/Stuttgart, DE * — 4 FC buses (2014)
Arnhem, NL* — 3 FC buses

(2016/17)

Groningen, NL* — 2 FC buses
(2016/17)

Brabant, NL* — 2 FC buses
(2016/17)

Last update: October 2015




FC buses: as clean as (battery) electric,

as flexible as diesel buses

High daily ranges [ W Full route
... of 300 km on average 7 flexibility
ETA

without refuelling —

: ) ... hot bound to any
Extension possible

required infrastructure
on the route

Fast refuelling

... down to 7 minutes
possible — Also several

- refuelling cycles per day
possible

Close to technology
= maturity

... with more than ten
years and 5.5 m km of
operational experience in
Europe

Note: For a comparison of different alternative powertrain solutions please refer to the study "Urban buses: Alternative powertrains for Europe"

" 1 High passenger
' comfort

... due to reduced noise
levels and smooth
driving experience




Are Standardization and Social Inclusiveness addressed by the FCH JU?

Cross-cutting activities
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Activities are mainly conducted by supported R&D projects (RIA) and SA (CSA) on...



Cross-Cutting projects - Pre-Normative Research

PNR projects contribute to practically the overall hydrogen chain...

H2 PRODUCTION H2 STORAGE H2 DISTRIBUTION H2 CONSUMPTION

’///////ﬁ HyCOMP .: HyTransfer «Af_mé&, * | N
ﬁre C Q M P ' ) STACK-TEST :soc'r:sQA

Transport

e *j‘

i

mtegratmn ;‘,
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COD+~ |l
=
Cross-cutting Issues
(e.g. standards consumer awareness, manufacturing methods, ...)




FCH 2 JU under H2020



FCH 2 JU

Two key activity pillars

TRANSPORT ENERGY

* Fuel cells for power
Road vehicles and combined heat
Non-road mobile & power generation

vehicles and Hydrogen
machinery production and

Refuelling distribution

infrastructure Hydrogen for
Maritime, rail and renewable energy

aviation applications generation (incl.
blending in natural

gas grid)

CROSS-CUTTING ISSUES

(e.g. standards, consumer awareness,
manufacturing methods, studies)

Implementation mainly through calls for
proposals or procurement studies

More demonstration and market uptake
(60% of FCH JU contribution)

In-kind contributions only from members
(or constituent entities)

At least 3 Member States involved in a
project (except support actions)

Increased Cooperation with National
and Regional Initiatives



Focus on Innovation Projects (Demonstration)

Research and Total

Funding distribution .
Innovation

Transports Systems 94 (+5) 14.5% 213 (x10) 33% 307 47.5%

Energy Systems 94 (15) 14.5% 213 (x10) 33% 307 47.5%
Cross-cutting activities 32 5%
Total (MEURO) 192 29% 426 66% 646 100%
"\ Budget of €1.33 billion in 2014 - 2020
= Transports Systems R& Strong industry commitment to contribute inside
’  Transports Systems | the programme + through additional investment
A Enerey Systems R outside, supporting joint objectives.

W Energy Systems |
1 Cross-cutting activities



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

Methanisation feed
to natural gas grid

al
Existing natural gas, electricity and transport infrastructures !

t By-product from
Chemical Industry

“~—__ Increase the energy efficiency Large scale ‘Jé"e'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



Electricity grid

Connecting the European grids

The H, energy vector

v

Trans-European Transport Network

~~~~~
-~

.......

~
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Natural gas grid
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Energy Union

The EU’s Energy Union Strategy intends
to increase the share of renewable
energy in the energy mix.

These Renewable Energy Sources
(RES) produce electricity that is difficult
to store

Electricity production from RES is highly
variable (Variable Renewable Energy
sources (VRE))

All sectors of human activities will be
affected by the need to reduce the Green
House Gas (GHG) Emissions

Hydrogen as a clean energy vector can
be used in all these sectors but to
contribute to the reduction of GHG
emissions Hydrogen needs to be
GREEN HYDROGEN

load i price

0@O0 0300 0600 03O0 1200 1500 1800 2100 0000

| ——Wind — Electrolysis ——Power price =—=Threshold price \

Figure 12: Energy-related carbon emission reductions by sector In the ETP 2DS

B Transport 2066

W industry 24%

W Builcings 12%

 Diher ransformation 2%

B Power generation 35%




Green Hydrogen Production

Leistungssteigerung der Windenergieanlagen 1
— B Bigger renewable energy sources will
o g[ 19 'Y" J imply development of bigger water
- 180 185 90 15 20 05 2010 eIeCtrOIySiS deViceS

Nennleistung (in kW)

Jahresenergieertrag (in MWh) 35 95 400 1.250 3.500 6.900 €a. 20.000
Bigger amounts of T s
produced hydrogen will <
imply deployment of bigger 8
hydrogen storage facilities 2 y
Technolagy Siting -E
100 I g é @
| - ‘ E Industrie £
100 WW CAES Hy
L _ : Bigger amounts of green
o | | B 3 hydrogen will imply the
0w X deployment of Fuel Cell |
o : devices for buildings,
oot Swid e Tt Dy Wik Semm transport and energy
Discharge duration M
CAES = Compressed Air Energy Storage prOdUCthn
PHS = Pumped Hydro energy Storage




2016 Call for Proposals

Launch: 19 January 2016
Deadline: 3 May 2016

Evaluation (Experts ?)
— Remote: 30 May - 15 June 2016
— Consensus week: 20-24 June 2016
— Hearings (IA): 27 June - 1 July

Indicative budget: 117.5 ME

. . Indicative
RIA 3 28

Transport
A 2 37
RIA 6 16
Ener
&Y A 5 40
Overarching RIA 1 2
Cross-cutting CSA 2 2.5

Totals 24 117.5



Thank you for your attention !

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

