THE HYDROGEN EcoNOMY

A non-technical review

~ JNAVH908d LNIWNOMIANT SNOILYN A3LINN




Copyright © United Nations Environment Programme, 2006

This publication may be reproduced in whole or in part and in any form for
educational or non-profit purposes without special permission from the copyright
holder, provided acknowledgement of the source is made. UNEP would
appreciate receiving a copy of any publication that uses this publication as a
source.

No use of this publication may be made for resale or for any other commercial
purpose whatsoever without prior permission in writing from the United Nations
Environment Programme.

Disclaimer

The designations employed and the presentation of the material in this publication
do not imply the expression of any opinion whatsoever on the part of the United
Nations Environment Programme concerning the legal status of any country,
territory, city or area or of its authorities, or concerning delimitation of its frontiers
or boundaries. Moreover, the views expressed do not necessarily represent the
decision or the stated policy of the United Nations Environment Programme, nor
does citing of trade names or commercial processes constitute endorsement.

ISBN: 92-807-2657-9

Cover photo © Shmuel M Bowles/iStockphoto.com



THE HYDROGEN EcoNOMY

A non-technical review



The Hydrogen Economy

Contents
Acknowledgements 3
Introduction 4
The Hydrogen Economy and Sustainable Development 6
What is Hydrogen? 6
The Environmental Implications of Hydrogen 7
A Global Hydrogen Energy System 9
Technical and Cost Challenges 11
Hydrogen Production, Distribution and Storage 11
Fuel Cells for Mobile and Stationary Uses 14
Carbon Capture and Storage 17
The Transition to the Hydrogen Economy 20
Investment in Hydrogen Infrastructure 20
Government Support 23
Long-Term Projections of Hydrogen Use 25
Hydrogen and the Developing World 27
Relevance of Hydrogen to Developing Economies 27
Implications for National Energy Policy-making 28
Role of International and Non-Governmental Organisations 30
Key Messages 31
Annex A: Key Players in Hydrogen Research
and Development 33
National and Regional Programmes 33
Private Industry 37
International Cooperation 38
Annex B: References & Information Sources 39




Acknowledgements

This report was commissioned by the Division of Technology, Industry and
Economics of the United Nations Environment Programme. Mark Radka and
Daniel Puig managed the project, with scientific support from Jorge Rogat.
Trevor Morgan of Menecon Consulting was the principal author.

The report benefited from comments and suggestions from Gert Jan Kramer of
Shell Hydrogen, Hans Larsen of Risg National Laboratory (Denmark), Jianxin Ma of
Tongji University (China), Stefan Metz of Linde AG, Wolfgang Scheunemann of
Dokeo GmbH (Germany), Hanns-Joachim Neef of Germany and Thorsteinn 1.
Sigfusson of Iceland (co-chairs of the Implementation and Liaison Committee of
the International Partnership for the Hydrogen Economy) and Giorgio Simbolotti
of the International Energy Agency. Their help is gratefully acknowledged.

Acknowledgements



The Hydrogen Economy

Introduction

There is a growing belief among policy-makers, environmental organisations,
energy analysts and industry leaders that hydrogen is the fuel of the future that
will revolutionise the way we produce and use energy. In the long term, our
reliance on finite fossil energy is clearly unsustainable, both environmentally and
economically. Soaring prices of oil in recent years have drawn attention to the
energy-security risks of relying on oil and gas, and have led to a growing
perception that the world is starting to run out of cheap fuel, hastening the need
to move to more secure and cleaner energy technologies. Hydrogen is widely
held to be the most promising of a number of such technologies that could be
deployed on a large scale in the foreseeable future. Replacing fossil fuels with
hydrogen in final energy uses could bring major environmental benefits — as long
as technical, environmental and cost challenges in the way hydrogen is
produced, transported, stored and used are overcome.

UNEP is following developments in hydrogen-energy technology with great
interest, as it holds out the prospect of providing the basis of a sustainable
energy future — one in which the environmental effects of energy production and
use are greatly reduced or eliminated. Indeed, the hydrogen economy will most
likely never become a reality unless it brings major environmental benefits. But
there are widespread misunderstandings about the role hydrogen could play in
the global energy system, how quickly it could be introduced commercially on a
large scale and its impact on the environment. UNEP believes that it is important
to keep countries, especially those in the developing world, informed about the
true potential, costs and benefits of hydrogen, and to counter popular
misconceptions.

In keeping with its mission to encourage and facilitate the adoption of
environmentally-friendly technologies, UNEP has decided to prepare this
informative document on the hydrogen economy. It sets out in non-technical
language the main issues surrounding the transition to a global energy system
based on hydrogen. It provides a sober assessment of the current state of
technology development, the technical and cost challenges that will need to be
overcome, and the prospects for commercial deployment. It also considers what
the emergence of hydrogen as a viable energy technology would mean for policy-
making — particularly in developing economies.

The first part of this report briefly describes how the hydrogen economy would
work and what it might mean for the environment. The following section reviews
the cost and technical challenges that will need to be overcome for hydrogen to
become commercially viable on a large scale. The next section discusses the
potential barriers to development of a hydrogen system and the need for



government support, and describes long-term projections of hydrogen use. The
report then considers the relevance of hydrogen for developing economies and
what it could mean for national policy-making, and the role of international and
non-governmental organisations. A concluding section summarises the key
messages contained in this report.

Annex A describes the activities of key players in hydrogen energy research and
development. Annex B provides references to selected publications on hydrogen
and the addresses of relevant websites for readers looking to find out more about
hydrogen developments and programmes.
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The Hydrogen Economy and Sustainable
Development

Interest in hydrogen as a way of delivering energy services has been
growing in recent years in response to heightening concerns about the
environmental impact of energy use and worries about the security of
fossil-fuel supplies. Hydrogen, as an energy carrier, can in principle
replace all forms of final energy in use today and provide energy
services to all sectors of the economy. The fundamental attraction of
hydrogen is its potential environmental advantages over fossil fuels.
At the point of use, hydrogen can be burned in such a way as to
produce no harmful emissions. If hydrogen is produced without
emitting any carbon dioxide or other climate-destabilising greenhouse
gases, it could form the basis of a truly sustainable energy system — the
hydrogen economy.

What is Hydrogen?
Hydrogen is the simplest, lightest and most abundant element in the universe,
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