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THE HYDROGEN ECONOMY

Opportunities and Challenges

In the light of ever-increasing global energy use, the increasing cost of energy
services, concerns over energy supply security, climate change and local air pollution,
this book centres on the question of how growing energy demand for transport can
be met in the long term. Given the sustained interest in and controversial discussions
on the prospects of hydrogen, this book highlights the opportunities and challenges
of introducing hydrogen as an alternative fuel in the transport sector from an
economic, technical and environmental point of view. Through its multi-disciplinary
approach, the book provides a broad range of researchers, decision makers and
policy makers with a solid and wide-ranging knowledge base concerning the hydro-
gen economy. The geographical scope of the book is global.

The Hydrogen Economy: Opportunities and Challenges is the first book to cover
hydrogen in a holistic manner from a technical, environmental and socioeconomic
perspective. Particular highlights include:

Assessment of the benefits and downsides of hydrogen compared with other alternative fuels;
Strategies and scenarios for a hydrogen infrastructure build-up;

Interactions between hydrogen production and the electricity sector;

Long-term global hydrogen supply scenarios and their impact on resource availability;
The potential of hydrogen for decarbonising the transport sector;

Macroeconomic impacts of introducing hydrogen as alternative fuel.

MicHAEL BALL studied Industrial Engineering at the University of Karlsruhe, where
he also received his Ph.D. in 2006 in the field of energy-system modelling, developing a
model for hydrogen infrastructure analysis, which served as a tool for producing the
European Hydrogen Energy Roadmap. After a stay as a researcher at the Fraunhofer
Institute for Systems and Innovation Research (ISI) in Karlsruhe, he joined Shell in the
Netherlands in 2006 as project CO, advisor.

MARTIN WIETSCHEL is the co-ordinator of the *Energy Economics’ business unit
at the Fraunhofer Institute for Systems and Innovation Research, Karlsruhe. He is
a Professor at the University of Karlsruhe and a Lecturer at the ETH in Zurich.
His work focuses on socioeconomic and technical research, mainly in the field of
energy and the environment.



Reviews of this book

‘The world is facing a severe energy and environmental challenge, a challenge that is particularly
acute for Europe — how to secure competitive and clean energy for its citizens against a backdrop of
climate change. escalating global energy demand and future supply uncertainties. Hydrogen and fuel
cell technologies have the potential to play a significant role in the development of a low-carbon,
high efficiency energy system in Europe. This multidisciplinary book significantly broadens the
perspective on the prospects of hydrogen as a universal energy vector and fuel, and provides a very
important addition to the policy debate over future sources of transportation energy and the role
hydrogen can play herein for the decades to come.’

Herbert Kohler, Chair of the European Hydrogen and Fuel Cell Technology Platform

‘Sustainability of energy is one of the most important subjects in today's world. Our civilisation
still relies almost entirely on fossil fuels to cover its energy needs. Their use has caused harmful
consequences for the environment, from air pollution to global warming and climate change. What's
more, fossil fuels are being depleted fast, with oil ranking first. All this should lead us to a transition
away from today’s petrol-based paradigm towards cleaner and ultimately renewable fuels, In this
context, hydrogen is an ideal energy carrier: clean, efficient and safe, and as a synthetic fuel that can
be produced from any primary energy source, it has the potential to address most energy needs of a
sustainable transport system. In this book, the authors have carefully outlined the possible energy
dilemma that could occur in the near future. and the particular challenges of the transport sector.
The book is an important contribution to the discussion about the role of hydrogen in the future
energy system, and should be of great interest to a broad readership, from policy makers to the
general public.”

Mustafa Hatipoglu, Managing Director of the International Centre for Hydrogen Energy

Technologies of the United Nations Irlusexith Beyelopment Organization (UNIDO-ICHET)

“The price of petroleum is rising continu swoil fesources are being depleted fast. This is
followed by price increases in natural gas Jmthe meantime, the effects of global warming —
such as stronger typhoons, floods and d s arelbecoming more prominent and destructive.
The total cost of environmental damage Hsigycatalone is estimated to be six trillion dollars
worldwide. The hydrogen economy is th went Solution to these intertwined problems.

The Hydrogen Economy: Opportunities an lefiges s a timely book outlining the opportunities

presented by the hydrogen economy, as Wl as thiesehallenges posed. I strongly recommend this
excellent book to energy engineers, envirggmgentalists;and decision makers, as well as those
interested in the future of humankind and the welfare of planet Earth.’

T. Nejat Veziroglu, President of the International Association for Hydrogen Energy (IAHE)

‘Europe has the unique opportunity to lead the world and to create a low carbon energy economy,
by boosting the development and deployment of cleaner and more efficient energy technologies.
Hydrogen and fuel-cell-based energy systems hold great promise for achieving this vision. This book
helps to understand the options around future mobility and stands out by its holistic approach
in critically addressing the prospects of hydrogen in the transport sector from a technical,
environmental and socioeconomic perspective. This book should be read by anyone involved
in shaping the mobility mix of the future.’
Gijs van Breda Vriesman, Chair of the Governing Board of the European Joint Technology
Initiative on Fuel Cells and Hydrogen



On n’hérite pas de la terre de nos parents, on ne fait que I'emprunter @ nos enfants. Sl

! Antoine de Saint-Exupery

There are risks and costs to a programme of action, but they are far less than the long-range risks
and costs of comfortable inaction.
John F. Kennedy
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Preface

The world is facing a severe energy and environmental challenge — how to provide
competitive and clean energy for its citizens in light of an escalating global energy
demand, concerns over energy supply security, climate change and local air pollu-
tion. More specifically, with soaring crude oil prices and with conventional oil
becoming harder to find and produce, and its production eventually declining, there
is a growing imperative to develop alternative fuels. At the same time, governments
are stepping up their efforts to address the challenges of sustainable mobility and to
foster the expansion of low-carbon fuels. Against this backdrop, this book centres
around the question on how the growing energy demand for transport services can be
met in the long term, while adhering to the aforementioned external framework
conditions.

While the road-transport sector is expected to witness a much broader portfolio of
fuels in the future, the context for considering alternative fuels is dynamic and
uncertain. However, there is a growing consensus that electric mobility (i.e., whereby
the vehicle drive is provided by an electric motor) is going to play a significant role in
transforming the transport sector and could experience a substantial uptake in the
future. Under such a scenario, hydrogen-powered vehicles could capture a noticeable
market share. Hydrogen is particularly promising as it has the potential to address
simultaneously all the major energy policy objectives in the transport sector, i.e.,
greenhouse-gas emissions reduction, energy security and reduction of local air
pollution.

We have been involved in various hydrogen-related R&D projects, most notably
aiming at developing strategies and roadmaps for the introduction of hydrogen in the
transport sector. Given the sustained interest and controversial discussion on the
prospects of hydrogen, this book intends to highlight not only the opportunities, but
also the challenges of introducing hydrogen as an alternative fuel in the transport
sector. The possible transition to a largely hydrogen-based transport system is placed
in the context of the development of the global energy scene in the coming decades
and analysed in a holistic manner from a technical, environmental and economic
perspective.

XV



xvi Preface

Avoiding excessive technical jargon and technological details, the book aims to be
of interest to a fairly broad readership (academia, policy makers and industry, as
well as the interested reader) and to provide decision makers — through its multi-
disciplinary approach — with a comprehensive and up-to-date reference and know-
ledge base about hydrogen. We hope that this book will broaden the perspective on
the prospects of hydrogen as a universal energy vector and fuel, and that it will
contribute positively to the policy debate over future sources of transportation
energy and the role hydrogen can play herein for the decades to come. Areas covered
include, among others:

The benefits and downsides of hydrogen compared with other alternative fuels;
Strategies and scenarios for a hydrogen infrastructure build-up:

Interactions between hydrogen production and the electricity sector:

Long-term global hydrogen-supply scenarios and their impact on resource availability;
The potential of hydrogen for decarbonising the transport sector; and
Macroeconomic impacts of introducing hydrogen.

While hydrogen and fuel-cell technologies are progressing, there is also continuing
technical progress in a variety of other alternative fuels and efficient vehicle tech-
nologies, such as hybrid, plug-in hybrid, and pure electric vehicles, and liquid
biofuels. In this respect, hydrogen should be seen as one option available in a broad
move towards a lower-carbon energy system.

This book does not intend to pretend that hydrogen will solve all of our energy and
environmental problems; nor does it intend to make forecasts about how the energy
system in general and the transport sector in particular will evolve in the coming
decades. Rather, this book is about presenting the choices at hand. In this sense, it
strives to reflect critically on the various alternatives and strategies available to
respond to the global energy challenge, in particular how to secure sustainable energy
for transportation, as one of the pillars of our globalised world. Hydrogen and fuel-
cell technologies are certainly very well positioned to become a major part of the
solution.

For a long time, hydrogen has been the fuel of the future. The coming decade will
be critical to prove the commercial viability of hydrogen and fuel-cell technologies.
It will be interesting to look back in 20 or 30 years time to see how the Future of
Hydrogen will have unfolded.

Michael Ball and Martin Wietschel
Stepanakert and Karlsruhe
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Coal-to-liquids
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Direct-injection compression ignition
Direct-injection spark ignition
Dimethylether

Direct methanol fuel cell
Department of Energy (USA)
Dynamic programming

Diesel particulate filter

Enhanced coal-bed methane

Enhanced gas recovery

Energy Information Administration (US DOE)
Enhanced oil recovery

European Pressurised Water Reactor; Evolutionary
Power Reactor

Energy returned on energy invested

Ethyl tertiary butyl ether

Emission trading scheme

European Union

European Council for Automotive Research and Development
Estimated ultimate recovery

Fatty acid methyl ester

Food and Agriculture Organization of the United Nations
Fast-breeder reactor
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Free on board
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FSU Former Soviet Union
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GDP Gross domestic product
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