Energizing
Sustainable Cifies

Assessing Urban Energy

caited by Arnulf Grubler
and David Fisk eginscon



ENERGIZING SUSTAINABLE
CITIES

Assessing Urban Energy

Edited by
Arnulf Grubler and David Fisk

earthscan

from Routledge

§ Routledge

Taylor & Francis Group
LONDON AND NEW YORK



First published 2013
by Routledge
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

Simultaneously published in the USA and Canada
by Routledge
711 Third Avenue, New York, NY 10017

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2013 selection and editorial material, Arnulf Grubler and David Fisk;
individual chapters, the contributors

The right of the editors to be identified as the authors of the editorial
material, and of the authors for their individual chapters, has been asserted in
accordance with sections 77 and 78 of the Copyright, Designs and Patents Act

1988.

All rights reserved. No part of this book may be reprinted or reproduced or
utilized in any form or by any electronic, mechanical, or other means, now
known or hereafter invented, including photocopying and recording, or in any
information storage or retrieval system, without permission in writing from the
publishers.

Trademark notice: Product or corporate names may be trademarks or
registered trademarks, and are used only for identification and explanation
without intent to infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging in Publication Data
Energizing sustainable cities : assessing urban energy / edited by Arnulf
Grubler and David Fisk.
p. cm.
Includes bibliographical references and index.
1. Cities and towns--Energy consumption. 2. Energy policy. 3. Energy
conservation--Planning. 4. Sustainable development. I. Gr Arnulf, 1955- II. Fisk,

David (David J.)

HD9502.A2E5355 2012

333.7909173'2--dc23
2012000250

ISBN: 9781849714389 (hbk)
ISBN: 9781849714396 (pbk)
ISBN: 9780203110126 (ebk)

Typeset in 10/12pt Palatino
by Saxon Graphics Ltd, Derby

MIX

Paper from
F responsible sources

Printed and bound in Great Britain by
wieos  FSC® C004839 TJ International Ltd, Padstow, Cornwall




ENERGIZING SUSTAINABLE CITIES

Urban systems now house about half of the world’s population, but
determine some three-quarters of the global economy and its associated
energy use and resulting environmental impacts. The twenty-first
century will be increasingly urban. Sustainable development therefore
needs first to be defined and analyzed, and then realized in urban
settings. Energy is one of the key challenges, but also one of the key
opportunities in the required urban sustainability transition.

The book is the result of a major international effort to conduct the
first comprehensive assessment of energy-related urban sustainability
issues conducted under the auspices of the Global Energy Assessment
(GEA). The assessment is also unique in that it embeds energy issues
into the broader sustainability agenda of cities: including housing for
the poor, functional transport systems, as well as environmental quality,
in addition to the challenges imposed by climate change.

Written by an eminent team of internationally renowned scholars, it
presents new data, new analysis, as well as new policy insights. It
includes the first comprehensive global coverage overview of urban
energy use and of the specifics of urban energy demand and supply.
Major development and sustainability challenges of cities are assessed
in detail and public and private sector opportunities and constraints of
a sustainability transition examined. Technological and policy options
are put in a much-needed context in terms of their respective roles as
drivers of urban energy demand as well as potentials for reductions in
energy use and associated emissions of local pollutants as well as
greenhouse gases. The analysis presents both a comprehensive
literature review as well as novel, spatially explicit models of integrated
urban energy policy analysis. The volume concludes with a summary
assessment of policy options, priorities as well as paradoxes.

Arnulf Grubler is Acting Program Leader of the Transitions to New
Technologies Program at the International Institute for Applied Systems
Analysis, Laxenburg, Austria, and Professor in the Field of Energy and
Technology at the School of Forestry and Environmental Studies, Yale
University.

David Fisk is a co-director of the BP Urban Energy Project, and holds
the Laing O'Rourke Chair in Systems Engineering and Innovation at
Imperial College London.
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1
Introduction and overview

Arnulf Grubler and David Fisk

1.1 Setting the urban stage

The decade 2000-2010 marked an important watershed in human
history: for the first time more than 50 percent of the global population
are urban dwellers. Estimates as reviewed in this book indicate that
already some three-quarters of global energy use takes place in an
urban context.

Given the robust trends toward further urbanization, the energy and
sustainability challenges of equitable access to clean-energy services, of
energy security, and of environmental compatibility at local through
global scales cannot be addressed without explicit consideration of the
specific opportunities and challenges of urban energy systems. The
future development of the demand for energy cannot be described
without understanding changes at the level of urban settlements.
Research shows how the properties of urban areas across the world,
while appearing diverse, are in fact scalable, revealing distinct patterns.
Just as it is possible ‘to fail to see the forest for the trees’, it is possible
‘to fail to see the city for the buildings’. A comprehensive energy
assessment with an explicit urban focus and embracing a systems view
has to date been missing. This book aims towards filling that gap. A
systems perspective on urban energy use remains underdeveloped to
date and paradoxes and conundrums in conventional analysis abound.
A single urban agglomeration, such as greater Tokyo, generates more
gross domestic product (GDP) than the venerable pioneer country of
the Industrial Revolution — the current United Kingdom. And yet, our
statistical reporting systems almost exclusively focus on nation states,
as represented by Systems of National Accounts, Energy Balances, or
similar international reporting standards. In fact, as detailed throughout
this book, the difficulty of finding data at the urban scale starts with the
search for an operational definition of urban areas and thus urban
populations and their energy use.

From the perspectives outlined in this book the traditional territorial-
administrative boundaries that define distinct ‘cities’ is complemented
by an “urban system’ perspective, where the urban phenomenon is seen
from a functional perspective that transcends traditional territorial or
administrative system boundaries. Thus, an wurban energy system
comprises all components related to the use and provision of energy



