Towards a clean hydrogen infrastructure development

lan Williamson, President of the European Hydrogen Association
Director of Hydrogen and Bio Energy Systems of Air Products

EP INTERGROUP CLIMATE CHANGE, BIODIVERSITY AND
SUSTAINABLE DEVELOPMENT

Subgroup “Energy”
June 29, 2010 Brussels



EHA: What ﬁEHA

EUROPEAN  HYDROGEN ASSOCIATION
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Mission: foster the development of hydrogen
technologies and their use in industrial,
commercial and consumer applications.

Membership includes:

- Industry: Shell, ENI, Statoil, Linde,
Air Liguide, Air Products, Hydrogenics ;

- 17 National Associations

(Belgium, Bulgaria, Czech Republic, France,
Germany, Hungary, Italy, Latvia,
Netherlands, Macedonia, Norway, Poland,
Portugal, Spain, Sweden, Switzerland, United
Kingdom), representing 250 European companies,
30 regions and over a 100 research institutes.
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EHA: Why: answering the FAQ

2008: Where does the energy for
hydrogen production come from?

2009 : Hydrogen and fuel cells as
strong partners of renewable energy
systems.

2010: Energy Infrastructure 21, the
role of hydrogen in addressing the
challenges in the new Global Energy
System.
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Energy Infrastructure 21
Reole of Hydrogen in Addressing the Challenges
in the new Global Energy System

Commizsioned by the European Hydrogen Association [EHAN and

Agthors: A Wurster, M. Zerta, T. Stiller (Ludvig-Bolowr-Systemmbochnik Gmid)
and .1 Walf (Bow-advice)
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Where: in 30 regions in Europe by day fEHA

EUROPEAN [ HYDROGEN ASS0OCIATION
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Just observing......

1.  Fuel cell vehicles will be part of decarbonizing
(not only decarbonized!) Europe: car
companies are ready to commit to putting
100.000 thousands of fuel cell vehicles on the
road by 2015 in Europe (LoU 090909);

2. Fuel cell and battery car development will
COMPLEMENT each other: FC providing
longer range, large spectrum of vehicles:
passenger, light - duty and buses;

3. All green car technologies (hydrogen, battery ,
biofuel ) infrastrucuture development will face
similar issues regarding the sustainable and
efficient use of primary energy sources.
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So....

Large scale deployment of all green car technologies will need LEVERAGING of
EU, national, regional and local funding and acceleration of HARMONISATION of
authorisation and approval processes; EU coordinating platform needed.

COMPLEMENTARY fuel cell and battery car development
touches all three drivers of new EU 2020 strategy :

EU policy support is crucial for fast deployment

of all electric car technologies and

retaining market leadership.

SUSTAINABLE TRANSPORT INFRASTRUCTURE
for electric transport means efficient use of

primary energy sources at global and local level:
links with SET Plan EllI's and new Climate Action
Strateqy are crucial:
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Infrastructure Transition

Provide technologles which have utility today while
positioning for the future

Focus on a regional model with abundant H2 and
population.

Focus on mass transit in other urban areas.
Future Hydrogen Infrastructure will include:
— Pipeline delivered hydrogen similar to NG
— Multiple feed sources of hydrogen from:

* Biomass
e Geothermal
e Wind
e Solar
* Nuclear
e Coal
* Methane reforming
— Delivered or distributed product in the outlying areas
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Wind and Solar to Hydrogen

Power

Conditioning Gnd

Electrolyser FC or ICE
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Wind to Hydrogen

GAS NATURAL.: Sotavento wind farm , renewables grid back up
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Hydrogen Mini Grids

Localised use of wind turbines
Energy stored as hydrogen
Hydrogen used as vehicle fuel or electrical supply back up
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PV to hydrogen

Hércules project (Spain)

Located at the site of a solar collector facility
Transport application

converting a diesel car into a hybrid

8 companies participating, including Air Products

Acknowledgements:

Agencia de Innovacion y Desarrollo
de Andalucia (IDEA), and
Ministerio de Educacién y Ciencia,
both for their financial support
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Hercules
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Waste to Energy Options

AD — Anaerobic Digestion .
Prism ® - Cleanup equipment

SO - Solid Oxide

MC — Molten Carbonate
FC — Fuel Cell

PSA — H2 purifier

NGV — Natural Gas Vehicle
H2V — Hydrogen vehicle
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Waste to Energy Options

Integration

Safety
KnowH,ow

Experience
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Hydrogen Energy Station Vision
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Feedstock Source

Natural Gas

Digester Gas

Landfill Gas

Agricultural Wastes
Pyrolysis Products
Bio-Syngas / Syngas
Vegetable Oils / Oils
Other Methane Sources

CNG

H,/CNG

Renewable hydrogen — for onsite

requirements or regional distribution
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Municipal Waste Gasification

Multiple technology options

Green method of waste destruction which delivers a green
syngas — a CO:H2 gas mix

The key Is cleaning of this syngas

Significant volumes of hydrogen and power can be
generated via this route

Allows for plants to have multiple products
Integration for a full country/Europe
wide supply position
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A Green Hydrogen Vision

Green Hydrogen is more expensive to produce

Carbon costs will allow transition to more sustainable
production methods

Commercial scale green hydrogen production will gradually be
Introduced to the industrial sourcing mix

Molecules will come from a variety of sources and are primarily
likely to be associated with green power production

Centralised plants are likely to be most cost effective

Energy stations will develop based on locally available green
feedstocks

Base load or multi source plants are most attractive for
industry

Larger scale liquefiers associated with these new production
methods will be introduced as required to meet market
demand and to allow easier movement of molecules to that
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The Bottom Line

The use of Hydrogen as a fuel continues to make strides
globally in many markets

Commercial benefits exist today in some geographies
which will drive FC cost reduction

Car company commitment to role out mass produced
vehicles by 2015

Hydrogen is the only fuel that over the long run, has the
ability to meet objectives regarding energy
Independence, greenhouse gas emissions and
sustainability

Methods of large scale green hydrogen production are
just around the corner
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ready to roll out

www.h2euro.orq tel. +32 2 7632561




