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costs. It attempts to answer these questions. The book considers several factors hin-
dering the first-best optimal outcome and highlights two crucial ones. It elaborates 
further with models and the solutions on how to overcome these obstacles.
	 The book covers not only traditional resource economics and waste manage-
ment, but also the recent problem of electronic waste (E-waste) and illustrates, in 
detail, how the environments of developing countries are inevitably polluted 
even with the Basel Ban Amendment in place. The book proposes an alternative 
international trading regulation to address E-waste. This book will certainly 
appeal to industry decision-makers, policy-makers, and legislators.

Takayoshi Shinkuma has been with the Faculty of Economics of Kansai  
University since 2008. He taught at Gifu Shotoku Gakuen University and Tokyo 
University of Foreign Studies. He holds a Ph.D. in human and environmental 
studies from Kyoto University. Professor Shinkuma researches on environmental 
economics, specifically in waste management and recycling.

Shunsuke Managi is from Tohoku University and Institute for Global Environ-
ment Strategies. Previously, he taught at South Carolina State University, USA, 
Tokyo University of Agriculture and Technology, and Yokohama National Uni-
versity, Japan. He holds a Ph.D. in environmental and resource economics from 
University of Rhode Island, USA, and an M.Eng from Kyusyu University, 
Japan.



Routledge studies in ecological economics

1	 Sustainability Networks
	 Cognitive tools for expert collaboration in social-ecological systems
	 Janne Hukkinen

2	 Drivers of Environmental Change in Uplands
	 Aletta Bonn, Tim Allot, Klaus Hubaceck and Jon Stewart

3	 Resilience, Reciprocity and Ecological Economics
	 Northwest coast sustainability
	 Ronald L. Trosper

4	 Environment and Employment
	 A reconciliation
	 Philip Lawn

5	 Philosophical Basics of Ecology and Economy
	 Malte Faber and Reiner Manstetten

6	 Carbon Responsibility and Embodied Emissions
	 Theory and measurement
	 João F.D. Rodrigues, Alexandra P.S. Marques and Tiago M.D. Domingos

7	 Environmental Social Accounting Matrices
	 Theory and applications
	 Pablo Martínez de Anguita and John E. Wagner

8	 Greening the Economy
	 Integrating economics and ecology to make effective change
	 Bob Williams

9	 Sustainable Development
	 Capabilities, needs, and well-being
	 Edited by Felix Rauschmayer, Ines Omann and Johannes Frühmann



10	 The Planet in 2050
	 The Lund discourse of the future
	 Edited by Jill Jäger and Sarah Cornell

11	 Bioeconomics
	 Edited by Mauro Bonaiuti

12	 Socioeconomic and Environmental Impacts on Agriculture in the  
New Europe

	 Post-Communist transition and accession to the European Union
	 S. Serban Scrieciu

13	 Waste and Recycling
	 Theory and empirics
	 Takayoshi Shinkuma and Shunsuke Managi





Waste and Recycling
Theory and empirics

Takayoshi Shinkuma and  
Shunsuke Managi



First published 2011
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

© 2011 Takayoshi Shinkuma and Shunsuke Managi

The right of Takayoshi Shinkuma and Shunsuke Managi to be identified as 
editors of this work has been asserted by them 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
Shinkuma, Takayoshi

Waste and recycling : theory and empirics / Takayoshi Shinkuma and 
Shunsuke Managi.
p. cm. – (Routledge studies in ecological economics ; 13)
Includes bibliographical references and index.
1. Refuse and refuse disposal–Case studies. 2. Recycling (Waste, etc.)–
Case studies. 3. Waste products–Case studies. I. Managi, Shunsuke. 
II. Title. 
HD4482.S547 2011
363.7–dc22
2010041097

ISBN: 978-0-415-58985-7 (hbk)
ISBN: 978-0-203-82801-4 (ebk)

Typeset in Times  
by Wearset Ltd, Boldon, Tyne and Wear



To our parents





Contents

	 List of figures	 x
	 List of tables	 xii
	 Acknowledgments	 xiii

  1	 Introduction	 1

  2	 The industrial waste market	 8

  3	 Creating the market for household waste and extended producer 
responsibility	 19

  4	 First-best economy: comparisons between a disposal fee policy  
and EPR-based policies	 36

  5	 The second-best policy for recycling household waste	 49

  6	 The durability of goods and the right recycling policy for  
household waste	 65

  7	 International trade of waste and environmental pollution	 81

  8	 The effects of introducing EPR policies in developed countries  
on international trade, the environment, and social welfare	 94

  9	 The effectiveness of the Basel Convention	 109

10	 The policies adopted in China and India and the international  
trade policy	 121

11	 Conclusions	 132

	 Notes	 136
	 References	 141
	 Index	 145



Figures

1.1	 The relationship between GDP per capita and municipal waste  
generation	 3

1.2	 Capacity of waste disposal sites in Japan (municipal waste)	 3
1.3	 Capacity of waste disposal sites in Japan (industrial waste)	 4
2.1	 The licensing policy	 10
2.2	 The optimal licensing policy	 11
2.3	 The deposit/refund system	 13
2.4	 Transboundary movement of industrial waste for illegal  

disposal in Japan	 16
2.5	 Illegal disposal of industrial waste in Japan	 16
2.6	 Who dumped industrial waste in Japan?	 17
2.7	 Improper waste treatment for industrial waste	 18
2.8	 Who is guilty of improper waste treatment?	 18
3.1	 Municipal waste generation: EKC semi-parametric results	 23
3.2	 Change in the weight of household waste (per capita and  

per day)	 31
3.3	 Change in the weight of ordinary business waste (per capita  

and per day)	 32
3.4	 Change in the weight of recyclable waste (per capita and  

per day)	 32
3.5	 Change in the weight of total amount of waste (per capita  

and per day)	 33
4.1	 Market equilibrium under four policy options	 37
5.1	 The critical values of the marginal transaction cost; π*  

and π**	 61
5.2	 The second-best policy and the corresponding area in the  

(π – s)-plane	 61
5.3	 An illustration of the second-best policy	 64
6.1	 Relationship between WTPs for new goods w and consumer  

surplus corresponding to four options	 68
6.2	 Comparisons of competitive market equilibriums in ADF  

policy and DF policy	 72
7.1	 GDP per capita in some Asian countries	 86



List of figures    xi

7.2	 World export of metal scraps	 90
8.1	 The effect of adoption of an EPR policy on social welfare	 105
9.1	 Material flow of second-hand EEE around Vietnam	 116
9.2	 The second-hand market in Sharja, UAE	 119



Tables

  2.1	 Penalties in waste control in Japan	 15
  3.1	 Environmental Kuznets Curve: time effect excluded	 21
  3.2	 Environmental Kuznets Curve: time effect included	 22
  3.3	 Descriptive statistics for each type of waste and each group	 33
  3.4	 The difference between low-density and high-density areas	 34
  7.1	 Composition of a personal desktop computer	 84
  7.2	 GDP of developing countries in 2006 and population living  

on less than $2/day	 88
  7.3	 A price list of second-hand PCs in Sharja	 88
  7.4	 A price list of second-hand PCs and monitors in Manila	 89
  7.5	 The export of “other ferrous” (HS: 720449) to China in 2007	 91
  7.6	 The export of “other ferrous” (HS: 720449) to Hong Kong  

in 2007	 91
  7.7	 The export of “other ferrous” (HS: 720449) to India in 2007	 92
  7.8	 The export of “other ferrous” (HS: 720449) to Pakistan in 2007	 92
  7.9	 The amount of second-hand CRT television sets exported  

from Japan in 2005	 93
7.10	 The amount of second-hand personal computer monitors  

exported from Japan in 2005	 93
  9.1	 Regulations on the importation of mixed metal scrap (E-waste  

scrap) in Asia	 111
  9.2	 Regulations on the importation of second-hand items in Asia	 111
  9.3	 Selling price of a second-hand television set and a computer set	 114
  9.4	 Buying prices of PCBs per ton in China and Vietnam	 117
  9.5	 Buying prices of PCBs per ton in China and India	 119
10.1	 The Regulation for Preventing Environmental Pollution Caused  

by WEEE (2007)	 122
10.2	 Recyclers’ decisions, detection, and transition of status	 124



Acknowledgments

In writing this book, we have benefited from the wisdom and generosity of 
many. But we owe by far the greatest debt to Professor Yoshifusa Kitabatake of 
Kyoto University. He was the adviser of one of us (Shinkuma) and has always 
provided useful comments and encouragement to both of us.
	 We are also much obliged to Professor Eiji Hosoda of Keio University, who 
has been a constant source of inspiration. Professor Keisaku Higashida of 
Kwansei Gakuin University, Dr. Terazono of the National Institute for Environ-
mental Studies (NIES), Assistant Professor Shinsuke Murakami of The Univer-
sity of Tokyo, Dr. Aya Yoshida of NIES, Dr. Rie Suzuki of NIES, Dr. Michikazu 
Kojima of the Institute of Developing Economies, Kenji Takeuchi of Kobe  
University, Dr. Yasuhiko Hotta of the Institute of Global Environmental Strate-
gies (IGES), Dr. Satoshi Kojima of IGES, Associate Professor Masashi 
Yamamoto of Toyama University, Assistant Professor Daisuke Ichinose of 
Tohoku University of Community Service and Science, Professor Anthony Chiu 
of De La Salle University, and Dr. Amit Jain of IRG Systems South Asia Pvt. 
Ltd. provided enormous inspiration, encouragement, and full cooperation 
throughout the writing of this book. We are very grateful to them.
	 We thank Dr. N.T.M. Huong, a coauthor with Shinkuma in an earlier work, 
who not only provided insightful comments but also invested her energies in our 
scholarly development. We also wish to thank Yumi Skrzypczak, a professional 
English editor who has checked all the works of Shinkuma. It has been our  
great pleasure to work with the two of them. Appreciation is also due to partici-
pants in various conferences, workshops, and seminars for their comments and 
suggestions.
	 Funding has been received from the Environmental Economics and Policy 
Studies section of the Ministry of Environment, Japan (MOE), and a Grant-in-Aid 
for Scientific Research from the Japanese Ministry of Education, Culture, Sports, 
Science and Technology (MEXT, 21330060). We express our sincere thanks to 
these agencies. The results and conclusions of this research do not necessarily 
represent the views of these funding agencies.
	 We owe a great debt to Lam Yongling, our production editor at Routledge.
	 Finally, our gratitude goes out to our wives, Katsue and Keiko, and to our 
parents, for their encouragement and support.



xiv    Acknowledgments

	 This monograph contains some revised versions of previously published 
papers. Permission to reproduce materials published in the following papers was 
granted by Elsevier: Shinkuma, T. (2007), “Reconsideration of an advance  
disposal fee policy for end-of-life durable goods,” Journal of Environmental 
Economics and Management 53: 110–121; Shinkuma, T. and N.T.M. Huong 
(2009), “The flow of E-waste material in the Asian region and a reconsideration 
of international trade policies on E-waste,” Environmental Impact Assessment 
Review 29: 25–31; and Shinkuma, T. and S. Managi (2010), “On the effective-
ness of a license scheme for E-waste recycling: The challenge of China and 
India,” Environmental Impact Assessment Review 30: 262–267. Permission to 
reproduce materials published in the following papers was also granted by 
Springer: Shinkuma, T. (2003), “On the second-best policy of household’s waste 
recycling,” Environmental and Resource Economics 24: 77–95.



1	 Introduction

1.1  What is waste?
When waste produced by people is not properly managed, serious environmental 
consequences can follow, such as human sickness and injury, pollution of the air 
and water resources, and destruction of amenity values. What exactly, then, is 
this “waste” that people have been talking about? The trading, transporting, 
treatment, and disposal of a thing are subject to the waste-related laws if it is 
identified as waste. Especially in the case of waste that is hazardous, the above 
activities are usually restricted to registered (or licensed) waste management 
firms. Because of these legal ramifications, there has been much controversy in 
OECD countries over the definition of waste.
	 There is no universally accepted definition of waste. In European Union (EU) 
member countries, waste is defined by the Council Directive 91/156/EEC as “any 
substance or object in the categories set out in Annex I which the holder discards 
or intends [to discard] or is required to discard.” The notion of “discarding” 
embraces two types of operations: “disposal operations” listed in Annex IIA of 
the Directive and “recovery operations” listed in Annex IIB of the Directive. 
Recycling activities are, therefore, subject to the law. As the definition of waste 
given in the Basel Convention1 also includes scrap to be recycled, the trading of 
waste for recycling must be controlled under the law.
	 Alternatively, waste can be defined as a thing whose price is negative. On the 
basis of this definition, a good is defined as a thing whose price is positive. This 
is the definition of waste that has been adopted in Japan in the Waste Disposal 
and Public Cleansing Law enacted in 1970. Under this definition of waste, a 
large number of recycling activities are not bound by the restrictions of the law, 
even if an improper method of recycling is adopted. For this reason the defini-
tion of waste adopted in Japan has been criticized as a serious defect in Japan’s 
legislation.
	 Despite the criticisms leveled at this definition, it is the definition of waste 
that we have in mind throughout this book. The major reason is that the essential 
characteristics of the waste market stem from the negative price of waste, as we 
shall see below.



2    Introduction

1.2  Economic development and waste generation
Does greater economic growth always hurt the environment? The Environmental 
Kuznets Curve (EKC) postulates an inverse U-shaped relationship between a spe-
cific measure of environmental pollution and per capita income levels. Income 
elasticity of environmental degradation turns from positive at lower levels of per 
capita income to negative at higher levels. Is the relationship of income and deg-
radation linear or an inverted U-shape empirically? The answer, as so often 
happens, depends on pollutants (see Grossman and Krueger, 1995; Brock and 
Taylor, 2006; Managi, 2006; Managi et al., 2009; and Tsurumi and Managi, 
2010a, 2010b for a summary and discussion of the empirical literature).2 In 
general, the EKC relationships are more likely to hold for short-term and local-
impact pollutants than for pollutants with more global, indirect, and long-term 
impacts. Significant EKCs exist for soil degradation, for deforestation, for local 
air pollutants such as CO, NOx, sulfur dioxide, and suspended particulate matter, 
and for urban air concentrations. They reach a peak at lower income levels than 
the peak for global environmental indicators or some greenhouse gases and the 
depletion of fossil fuels.
	 The volume of per capita household waste has increased substantially due to 
the economic growth around the world. As regards municipal waste, empirical 
literature supporting the EKC is scarce (Kinnaman, 2009). Using macroeco-
nomic data from 30 OECD member countries over 20 years, Johnstone and 
Labonne (2004) reject the hypothesis and show that the relationships between 
income and municipal waste generation are positive and linear. Figure 1.1 shows 
the cross-section data in relation to 21 countries in 2005.
	 The absence or weakness of evidence for EKC in terms of waste generation 
implies that even a mature developed country may continue to suffer from waste 
disposal problems and must keep making an effort to decrease the amount of 
waste generated. Even though the volume of waste has been reduced by  
compressing, incinerating, and recycling it, the depletion of final disposal sites 
continues to be a serious problem due to the resistance to new landfills or incin-
erators in several OECD countries. Figure 1.2 and Figure 1.3 show the capacity 
of municipal and industrial waste disposal sites in Japan, respectively.

1.3  The waste market
Competition in a waste market leads to a different result from competition in a 
conventional goods market. To begin with, let us consider a goods market. 
Because a particular good is valuable for both sides in a market—for supply 
(producers) and for demand (consumers)—competition in the market raises the 
quality of goods and pushes down the production cost. With regard to the goods, 
the market has a driving force toward high quality and low price. To see this, 
suppose that a producer of a good lowers the quality of that good. The purchaser 
of that good is concerned about the quality and will almost certainly become 
aware of the low quality in the course of its consumption. Thus, information 


