


Ecological Economics






Stanislav E. Shmelev

Ecological Economics

Sustainability in Practice

@ Springer



Dr. Stanislav E. Shmelev
University of Oxford

Queen Elizabeth House

Flat 3, Banbury House

1 Staverton Road

Oxfordshire

Oxford OX2 6XH

UK

stanislav.shmelev @ googlemail.com

ISBN 978-94-007-1971-2 e-ISBN 978-94-007-1972-9
DOI 10.1007/978-94-007-1972-9
Springer Dordrecht Heidelberg London New York

Library of Congress Control Number: 2011939209

© Springer Science+Business Media B.V. 2012

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Contents

PartI Theory of Ecological Economics

1 The Economic System and the Environment..................c..cccevvrnnen. 3
D iNTtIONS ....eeitieiieeteeite ettt et 3
Ecological and Environmental ECONOMICS .........cocveviivriienieniienieeieeee, 5
SYSEMIC VISION ..veeriveiiiieiiieeiieniteeitesieeitesteeteesteeteesateebeesareebeesareenneens 8
Non-renewable RESOUICES........cocuierieiiienieeiierieeeesee e 10

Renewable RESOUICES.........coiuiiiiiiriiiiieie ettt 10
ENergy GENeTation ........c.cccevveevieenieeniieniesieesreeiee st eieesieesieesaveeseens 10
Emissions and Waste.........cocveruieriiiiiienieniienieeieeste e 11
Land USE ....eoiiieiieeiieiteeeeie ettt ettt st 11
Early HiStOTY coeviiiieeiieiteeeee ettt et e 11
Key DIMENSIONS ....eevuviiiieeiieiieiieete ettt ettt ettt e sr e et esareesaeesenes 11
KeY MEthOS ....veeniieiiieiieeieee ettt s 12
RETEIENCES ....ieiiieiieeie et 16

2 Industrial Ecology: Material and Energy Flows,

Life Cycle ANaLysis...........cocoviriiriirieniiieiieeeee e 19
Biogeochemical CyCles........oocueviiiinirniiniiniinieenieiceeceeeceeeceeeeae e 19
INAUSrial ECOLOZY ..cuvviiiiiiiieiiiiiieieeitee ettt 20
Life Cycle ANAlySiS....c..cocueriirieririinieieneeienteesie ettt 22
Material FIOWS ANALYSIS .ooveeriiiiiieiieiiieriieeieerte et 24
Environmentally-Extended Input—Output AnalysiS.........cceceevveerveeneeennen. 29
REfEIONCES...c.ueeiieiiiiieiiee e e 31

3 The Big Picture Vision and the Environment:

An International Perspective ................cccoooveviiiiiiniiiniiiiicie e, 35
Vladimir Vernadsky and “Geochemistry”...........cccceevveeriveniennieenieenieennnn. 35
Aldo Leopold and “Land EthiC™ ........ccccooviveviiiniiinieniecieneeeiee e 36
Rachel Carson and “Silent Spring”........c.cceceeviirrieniieinienieeiee e 36



vi

Contents

Donella and Dennis Meadows and “Limits to Growth” ...........ccccceevueenne.. 36
GIODAl MOAEIING ...c.vveeniieeiiieiie ittt ettt ettt 39
James Lovelock and “Gaia Theory” ........ccceveveeviienieenieeniesieenee e 40
Nikita Moiseev and “Ecological-Economic Modelling” .............c.cc.c...... 40
Arne Naess and “Deep Ecology” .......cccvvviieviieniiiiienieciieeeeeiee e 43
Incommensurability of ValUues ..........cccceviieiieniiinieniicieeeecee e 43
Spatial Element of Economy-Environment Interactions .............ccccceu..... 44
REfEIOINCES...c.uveniieiiiiieiieee e e 53

Economic Valuation and Decision Making:

MCDA as a Tool for the Future ..............cccccoeceeviieiinniieiieieeeeeee, 57
History of Multicriteria ANalysiS......cccverveerieeniieniienieeiienieeieesieesiee e 57
MCDA Paradi@im .......oooueeeiieniieiiienieeieeste ettt ettt eieesreebee e esaeeseees 58
Types of MCDA ProblematiC.........cceevveeiienieniiienieeieeie e 61
Selecting the Right Method ..........cccovviiiiiiiiiiiieiiecec e 62
Sustainability Assessment with MCDA...........c.ccoouivviiniiiinienieeeeeeeeee 64
REfEIOINCES...c.vveniieiiiiiiicee e e 72

Macroeconomy: Market Failures

and Externalities: What Can Be Done.......................c.coooiiiiinn. 75
Economic THEOTY ...cccuiiiiiiiieiieie ettt s 75
EXEErNalities ....occoiuiiieiiiiiieiie ettt et e et e e 76
Environmental TaXeS.......cccovieiiiiiieiiiieiiie ettt e 80
RETEIENCES ... vvieiiiieeiie ettt et e s 85

Economic Models and the Environment:

Input—Output AnalySis ..........ccccoeviiiiiiiiiieiieieeee e 87
Three Dimensions of Socio-Ecological Transformation ...............cc......... 87
Environmentally Extended Input-Output AnalysiS.......cccceevveereerveenneennen. 88
Modelling the UK ECONOMY .....ccueevieiiieriiieiieniieeiienie et 92
Environmentally Adjusted Forward and Backward Linkages

in the UK ECONOMY ...ooiviiiiiiiiiiiieiecieeeeitee et 94
Macro Sustainability Assessment with MCDA .........cccoccevviiviiinieenieeen. 98
Application of MCDA Methods for Sustainability Analysis........c.......... 101
CONCIUSIONS ...ttt 104

Nomenclature of Economic Sectors, Input—Output Formulation,

Office for National Statistics, UK, 2002 .........ccooovrviiiiiiiiiiiriiieeeeeeees 108
REfEIOINCES...c.uveniieiieiieieee e e 110
Sustainable Development: Measuring Progress..............c.cccccevvennnnne. 115
Macro Sustainability DiSCUSSION.......cccvierieriiieriieiienie e 116
Existing Approaches to Measuring Sustainability..........cccocceeveerieeneennee. 117

Human Development INAeX ........ccceovuierieriiieniieiieniieieeeie e 118

Adjusted Net SAVINGS ....ocveeiuiieiieiieiieerie ettt eaee et esre e 119
Spatial-Temporal Aspects of Development ...........cccceevceeeneencieenieennrennneen. 121

Application of Multicriteria Methods ..........cccoecvivvieniiinienieciesieeeeee, 122



Contents

Dynamic ANALYSIS.....cooverrueerieiiienieeiierie ettt steeiee e ebeesereesieeseees
SPAtIA] SETHNZ ..evveeiieeiieeie ettt e e
DIASCUSSION ...ttt ettt e et e e et e e e tr e e eeabaeesabeeeenaseeennneas
RETEIENCES ... vvieiiiieeiee ettt et e e e e

Part I Ecological-Economic Applications

8 Climate Change and Renewable Energy:
How to Choose the Optimal Pool of Technologies................................
The ENergy SYSEIM .....eeviiiiieiieiieeieeniie ettt ettt iee e
IMETROMS. ...ttt e
Taxonomy Of CIILETIA ...cueevurieriierieeiiereeeitesee et eieesbe e seaeesaeeseees
Decision SuppOort SYSIEIMS ..cc..eevvierieeiierieeieenteeieesteeiee e eiee e saee e
Renewable Energy in the UK ........cccooviiiiiiiiiniiiiieicceeeeee e
The MARKAL MOdeL.......cocconimiiniiiiniiniiniieieececeeeeeceeee e
REfEIOINCES...c.vveniieiiiiiiicee e e

9 Biodiversity Loss: New Methods for Evaluating Ecosystems .............
ECOSYSIEIMS .niiiiiiiieieiiee ettt ettt e e s e e
Provence Case StUAY .......cocveereeiiienieiiierieeieeree ettt
Integrating Socio-Economic Information in Conservation Planning:

A Multi-Criteria Framework ..........ccoccooeviininiinniiiiniccceeccee e
Trade-Offs Between Economic and Ecological Outcomes

in Biodiversity Offset DeCiSIONS .......cccvevveevieeniieriienie e
Multi-Criteria Decision Aid for Ecological Compensation......................
Stakeholder INterVIBWS.....c.coveriiiiiniiriiiciciecccecce e
ANALY SIS, cotteniieiiiieiieeie ettt ettt ettt e st e et e e sabeeaeenanas
Discussion and Suggestions for Further Research...........ccocccevvevieeinnnn.
REfEIOINCES...c.uveniieiieiieiiie e e

10 Sustainable Cities: Interdisciplinary Perspective ................c.ccccoen...
Sustainable Urban Development: International ContexXt............ccceeveenneen.
Sustainable City: Formulating the Problem.........ccccccevvviinieniiiinienienenn.
Sustainable Development Strategies for a Large City: London................
Sustainable Development of St Petersburg:

Between Past and Present ........o..ooooveiinieniiniincnicicnicicecceeceee e
Sustainable Development Indicators: Two Case Studies.........cc.cceeveenen.
CONCIUSION ..ottt
REfEIOINCES...c.uveiieiieiieiee e e

11 Regional Waste Management: Multicriteria Modelling .....................
Strategic waste management Planning..........cccceevvveerieerveeneeniveenieessveenneens
Description of the Waste Management Problem..........cccccoecveeviverieeninenee.
Approaches to Waste Management Modelling ..........cccoccvevveeveenieenieennen.
A Comparison of Methodological Approaches ...........cccceevcveevieerieenieennen.
Development of the Integrated Methodology ..........cccceeveevieeiiienieenieennen.

vii



viii

12

Contents
Modules within the Integrated Method..........ccccvevviieniiiinienieniienieeeeee, 208
The GIS MOdUIE.......cooiiiiiiiiiiieeeeeeeeeee e 208
The Impact Assessment Module ..........cocevcieriieieeniiinienieeieeeieeieene 208
The LCT MOdULE.......ooiiiiriiiinieniiiieniceeseceeteteseee et 210
Optimisation MOAUIE ........cc.eeriieiiiiriiiieesie e 210
Case Study of GloUCESIETShITe ......cc.eevviieriieeiieriiieiieee e 212
Results of the Simulation EXperiments .........ccccoeveerveeriienieennieenieenieennnn. 213
DISCUSSION ...ttt ettt 218
Appendix 1 The List of Emission Coefficients........c..ccoceecveveeeencenncnne. 219
Appendix 2 Types of Environmentally Sensitive Areas
Taken into Account by the Model..........ccccevieriiiiniiniiiinie e, 220
Appendix 3 Data REqQUITEMENLS ......cc.eevuveeviieriieiienieeiieseeeiee e 221
REfEIOINCES...c.uveiieitiiieiiee e 222
Business and Sustainable Development: CSR in Practice................... 225
Corporate Sustainability.......cccceevuierieriiierieeiierie e 225
Global Reporting INTtiatiVe ........c.eeveeeriierieeiiienie et 226
Corporate Sustainability Indicators..........c.eeveervierieniieinienieeiee e, 229
Cross-Country COMPATISONS .......veerurerurerireesieenireerieeneeeieesseeseesseesseennns 236
REfEIOINCES...c.uveniieiiiiieiiee e 240



List of Boxes

Box 3.1

Box 5.1
Box 5.2

Box 12.1

Global Modelling QUEStIONNAITE........ccvueerrierrerieeriiereeerieeereeaeens 37
Important Theoretical Contributions in Economics.........c..cccccu..... 76
Important Environmental Economics Contributions...................... 77
UN Global Compact. Ten Principles.........cccoeeveveieeniencieeneenieenenn. 227

ix






List of Figures

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

1.1
1.2

1.3
1.4
1.5
1.6
1.7

1.8

1.9

1.10

1.11

2.1
2.2
23
24
2.5
2.6
2.7
2.8

3.1
32
3.3

Neoclassical view of the World .........cc.ccceeveeviniencniennncncncnen.
“Empty” world, nineteenth

and beginning of twentieth CENtUIY ........ccocveevierciienieniieieeieeeee
“Full” world, 19608 ONWAIAS .......covvviiiiiiiiiiieieiieieeeieieiiiivieeeeeeees
Economic and environmental SyStem...........ceecueerieerieenieenveeneennne.
Economic and environmental system: more realism......................
Ecological-economic system: a realistic VIeW .......cccceeveerveenneennee.
Problems addressed with the help of environmentally

extended iINpuUt—OULPUL ANALYSIS ..cevuveeiieriieiienieeiie e
Problems addressed with the help

of systems dynamics approach........cccceecveeveeniieeniieniieeneenreeeeee
Problems addressed with the help

of life cycle analySiS......cccuerveeriieriieniienie ettt
Problems addressed with the help

of multicriteria decision aid .........ccceeveeviireeninieencniiencncneecee
Ecological-economic problems addressed

with the help of optimization toOlS..........c.cceereeriienieniieniieeieeeene

Energy flows in a biological organism..........c.cccccceevvveereerveeneeennne.
Energy flows in an industrial organisSm.............cccceevvveereerveeneeennne.
Biological food chain (Sea)........ccoceevieviienieniiiiiesieeee e
Industrial food chain .........cccceeviiiiiiiniinice e,
Life cycle analysis, the process flow diagram..........cccccceevevvenennee.
Material flows analysis conceptual framework ..........ccccccocveenennee.
Relationships of the global material flows database ......................
Global material flows database,

domestic extraction, blueberries, 2002...........ccvvvvviiiiiiiiiiiiiiiiiiennnns

Distribution of global GDP .........cccceoviiviiiniiniiiieeeeeeeeeee,
European 1and COVET........cuvviiiriiriiiiienieeeeeeeee e
EU GDP per person employed,

NUTS2 1egions, 2005........ceevvieriierieeiienitenieeneeeiee e esieesre e

O O o0 N O

xi



Xii

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

34

3.5
3.6
3.7

3.8
3.9
3.10
3.11

4.1

42

4.3
4.4
4.5
4.6

5.1
52
53
54
5.5
5.6
5.7
5.8
59

5.10

6.1
6.2

6.3

6.4

6.5

6.6

List of Figures
Unemployment rates,
EU NUTS2 1egions, 2000 .......cccceevveerieniienienieeieesieenieesveeneeenenes 47
R&D expenditure as a % of GDP, 2005........ccccevveveieeneenieenieennne. 48
Students in tertiary education, NUTS?2 regions, 2006.................... 49
Important EU sectors in terms
of value added, NUTS2, 2005......ccccoieeviiiiieeieecreeeee e 50
Rural and urban regions in the EU.........ccoooveviiiiiiniiiiciieeeee, 51
Unemployment in the EU, 2008 and 2009............ccccevvvervienneennee. 52
Budget deficit in the EU countries, 2008 and 20009 ....................... 52
Inflation in the EU, 2008 and 2009 ............ccceevveevvieecreeeeeereeveenee. 53
Multicriteria decision making steps:
a Tecursive framework ........ccccocveeeiiiieeiie e 59
Factors to be taken into account when making
decisions: structuring the decision problem...........ccccceeeerveeneenee. 60
First stage of the method selection procedure............cccccevveenneennee. 63
Second stage of the method selection procedure ..............cceveeneee.. 63
Third stage of the method selection procedure ..........cccccevveeneennee. 64
The Application of MCDA to UK strong
sustainability analysis (1995-2005) .......ccccveerierciienieniiieniieeieeeeens 71
Normal economic S00d........cueeruieriierieniieienieeiee e 78
PAZOU taX. 0ottt st 78
Desirable reduction in production qUAntity..........cceeeveerveerveenneennne. 79
Effect of the Pigou taX.......coovvieviiiiieieniieeeeceeeeee e 79
One polluter, ONe reCiPIeNt CASE ......ccveerueerveerverreerieenveesieesveeneeens 79
One polluter and multiple recipients.........ccevvveecvieniencieeneesieeeeen. 80
Environmental tax revenues, EU......cccooovvvvviiiiiiiiiiiiiiiiieeeeeceen, 83
Environmental taxation revenue, EU, 1997-2008 mln euro.......... 84
Municipal solid waste treatment
and landfill tax in Austria (1996-2008) ........cccceeveevveevrieirieereennnn 84
Municipal solid waste treatment
and landfill tax in the Netherlands (1995-2008)...........ccceeeeuveene. 85
Economy-environment interdependence..............ceveveereeerveeneeennne. 91
Economic and physical flows in the
UK economy (123 sectors), 2002.........cccveerveeveeniesnieeneesreeneeenenes 93
Final demand adjusted forward
and backward linkage coefficients,
labelled by sector UK, 2002.......c.cceevveeriiriiienienieeiieeieesiee e 95
CO, adjusted forward and backward
linkage coefficients, labelled by sector, UK, 2002.............cccuenuee. 96
DE adjusted forward and backward
linkage coefficients, labelled by sector, UK, 2002.............cccuenuee. 97

NO_ adjusted forward and backward
linkage coefficients, UK, 2002.........cccoeveeriienierciienienieeniieeieeieens 98



List of Figures xiii

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

6.7

6.8

6.9

6.10

6.11

6.12

7.1

7.2
7.3

7.4

7.5

7.6

8.1
8.2
8.3

9.1
9.2
9.3

10.1

10.2

10.3

Publicly supplied water adjusted public

forward and backward linkage coefficients, UK, 2002.................. 99
Directly abstracted water adjusted

forward and backward linkage coefficients,

labelled by sector, UK, 2002..........coceeriiriiienieniieniienieenieeeveeeenn 100
The web of domination relationships,

UK most sustainable economic sectors

(final demand, domestic extraction, CO,,

NO_, adjusted linkages), 2002...........cccooriiiiiiiiiiiiiiiian, 102
The most sustainable sectors, UK, 2002,

a=0.1 — weak sustainability SEttNG.........ccceervverereenieniieeniierieeeeens 105
The most sustainable sectors, UK, 2002,

00=0.5 — Neutrality SEtNG .....cccceerrerrreerierieerieeieerre e esieeere e 106
The most sustainable sectors, UK, 2002,

0.=0.9 — strong sustainability SEttiNg.........ccocerveerereererieerieneennenne 107
Human development index in Russia, 1985-2007

and its constituent components (United Nations) .........cccceeeveenee. 119
Adjusted net savings, RUSSia.......cocvevieviiiinieniiiiiesieeieeeeeee, 120
Assessment results: 1995-2006, GDP per capita,

CO, emissions, life expectancy; current policy priorities............... 124

Assessment results: 1995-2006, GDP per capita,
CO, emissions, life expectancy; more humanistic

POLICY PIIOTITIES ...veevvreiieeiiieeieeiee sttt sttt e s aeesbe e neees 124
Assessment results: 1995-2006,

10 criteria: current poliCy PrioTities......cccevvveereerveereeriveerieenreennens 125
1995-2006, 10 criteria:

more humanistic poliCy PrioTities.......cceevviervercueeriienieerieesieerieenenes 126
Factors of sustainable energy systems analysiS........ccccoceeveveenueenee. 141
Final energy consumption, UK, 2007 .........cccccoveererienenncnennncnnen. 150
UK energy generated from renewables GWh ........c..ccocceeenenienen. 150
Nature 1eServe Of CTall .......cccveeviieriieniieniieieesie et 158
Classification of €COSYSteM SEIVICES ..eevuvrerurerreeiierreeieerveerieenenes 161
Intersection of the sets of stakeholder interests..........cccceevveeeennee. 169

Sustainable cities literature devoted

to different sustainability dimensions ..........cceceevvereieeneenveeneennne. 179
The key problem areas in the field
of sustainable urban development..........c.cecveveeeriiercieeneenieenieenne. 181

Comparative sustainability analysis
of London and St Petersburg..........ccceeevvereenineencnenenicneeiennene 189



Xiv

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

11.1
11.2
11.3
114

11.5

11.6
11.7

11.8
11.9
11.10
11.11
11.12

11.13
12.1
12.2
12.3

12.4
12.5
12.6

List of Figures
Municipal solid waste generation per capita, EU, 1995............... 196
Municipal solid waste generation per capita, EU, 2000............... 197
Municipal solid waste generation per capita, EU, 2005............... 198
Municipal solid waste treatment
and landfill tax, UK (1995-2008) ......ccecveirereninerinieneneneenn 199
The municipal solid waste management
system: material floWS.......cccverviviiierieiiieeecce e 200
Aspects of sustainable MSW management problem.................... 202
Conceptual diagram of the modules
of the deciSion SUPPOTL SYSTEM ...eevververrireriieerieerreeniresreenieeeeeenee 203
Regional waste management
system in Gloucestershire, UK.........c.ccccoviiriirniiiiiienieniieeeee, 213
Scenario 3, RE=200; W=200; LL=5,000.......ccccceeeermrrrrrrrrrercr. 214
Scenario 4, RE=600; W=200; LL=0.........ceoevvrviiririrrrrrrrrrrerens 214
Scenario 6, RE=600; W =200; L=5,000;
LL=0, illustrating changes in A .......cccccoceevienernenennenieieneeiene 215
Scenario 7, RE=600; W =200; L=5,000;
LL=0, illustrating changes in B........c..ccoccoveninninniiniiiincene 215
Two-dimensional sOIUtion SPACE .........cecveervveerieeriienienieenieeieenne 216
Corporate stakehOIders.......cccuevcieerieriieniieiieeie et 226
Corporate sustainability reports
according to GRI, 1999-2010.......ccccceeviieviinriienienieeie e, 228
Sustainability assessment
chart using multiple Criteria .......cccceoerveerirrienerreneecneeieseciee 235
Concept map for US CSR re€ports .......coceeevveereeriienienieenieeieenne 237
Concept map for UK CSR rePOILS ...c.eevrvirriiierieeiiieienieenieeeieene 238
Concept map for German CSR 1€POTtS .....ccveevveervierieniieniienieene 239



List of Tables

Table 1.1

Table 2.1
Table 2.2

Table 2.3

Table 3.1

Table 3.2

Table 4.1
Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 5.1

Differences between ecological

and environmental €CONOMICS .......ccc.ereerverierienieniinienieeieneeeeaes 7
Biological and industrial organiSms .............cceeceereveeneenveeneennennne 20
Global material flows analysis,

top two levels, Shmelev, 2004 ..........ooceevieiiieniieniieierieeeeeeeee 28
Global material flows analysis, input and output,

levels 2, 3 and 4, Eurostat and Shmelev, 20042010 .................... 28
Modelling paradigms in world models:

X — primary influence; (X) — secondary ........cc.cceeeveeveencreenvennennne 41
Comparison of the global models..........ccceeveeviieniiniieenieniieeeee, 42
TYPES OF SCALES ..ccuviiiiieiieiiiete ettt 60
Evaluation matrix E for multicriteria analysis

for 10ad BUIIAING ...covvvieiieiiieieeeee e 61
Taxonomy of MCDA methods:

Elementary methods .........c.eevveeiienieniiieiie et 65
Taxonomy of MCDA methods:

Single synthesising CIiteTiON. ......cccveerveerieerieeieerieeieeiee e 66
Taxonomy of MCDA methods,

Outranking mMethods ..........cooeerieriiierieeiienieeceee e 67
Taxonomy of MCDA methods,

Elementary methods, G5—G7 ......coovvevviiiniiiiienieiieeiesiceeeeeeee 68
Taxonomy of MCDA methods, Single synthesising

LS u LT 0 (0) 1 T € T RN 69
Taxonomy of MCDA methods,

Outranking methods, G5—G7......ccccvevieviiienieeiienieeieeee e 70
Evaluation matrix E for multicriteria analysis for

sustainability aSSESSIMENL .......cecvierverrieeriieeiienieeiee st eiee e esiee s 72
Environmental taxes applied in the EU countries..........c.ccocceuee... 81

XV



Xvi

Table 6.1
Table 6.2

Table 6.3
Table 6.4

Table 7.1

Table 8.1
Table 8.2

Table 9.1
Table 9.2

Table 11.1

Table 11.2
Table 11.3

Table 11.4

Table 12.1
Table 12.2
Table 12.3

List of Tables

Input-output tables published in world countries .............ccceuenn. 89
Major contributions in environmentally

extended input—output analysis........ceceveevverierierierierierienieieeienes 90
Direct environmental and economic sectoral impacts ................. 94
Top sustainable sectors in the UK economy

under different assumptions, 2002..........cccceevveenierrieeneenieeneennne. 103
Sustainable Development criteria applied

in the analysis of Russian economy.........c.ccceeceeveveeneeniireneennennne 123
MCDA methods in sustainable energy research............cccceeeuennne 138
Sustainable energy assessment SOftware..........c.ceeeveereerveenueennne. 144
Multiple designations in the Crau region.........ccoceeevvevcveereennenne 159
Potential evaluation criteria, revealed

by the stakeholder INtErVIEWS .........cccveerveerieeriienieeiiesie e 167
Analytical tools for municipal

solid waste deciSion MaKing .........ccccveevveerieerieenienieenieesieeeenees 206
Real problem dimensions for Gloucestershire...........c...cccceeeuennne 211
Composition of municipal solid

waste in Gloucestershire, 1998/1999 ..........coovvviviiiiiiiiiiiiieeeeeeees 212
Parameters changed in sensitivity analysiS.......c.cccoecveveveereennennne 216
Factors driving enterprises to release CSR.........cccoocvevevieniennennns 227
GRI reporting dynamics (1999-2006).........cccceveerriereerreeneennne. 228

GRI indicators of sustainable business performance................... 230



Introduction

This book is devoted to the M.Sc. and first year Ph.D. students reading for degrees
in Environmental Change and Management, Sustainability, Ecological Economics,
Environmental Management, Philosophy, Politics and Economics and taking part in
similar programmes. It is aimed to provide an overview of a range of new methodo-
logical tools: environmentally extended input—output analysis, multicriteria decision
aid, optimization, geographical information systems, life cycle assessment, material
flows analysis and modern applications of these tools to the most pressing today’s
problems: assessment of sustainability, climate change and renewable energy, loss
of biodiversity, global resource use and sustainable waste management, corporate
sustainability and other relevant themes.

There have been textbooks published on Environmental and Resource Economics
i.e. Turner, Pearce and Bateman (1994), Hanley and Shorgen (2001), Perman et al.
(2003). All of them as well as this present text have their peculiarities: Perman et al.
devote considerable attention to the environmentally extended input—output analysis
covered in this volume, however do not cover the important field of multicriteria
decision aid. Turner, Pearce and Bateman was a groundbreaking text at the time
but is a little bit out of date at the moment, it also involves a strong emphasis on
monetisation and cost-benefit analysis, which is not shared by the author of the
present volume. Hanley and Shorgen (2001) is more focused on market instruments
and less on the systems perspective.

Several strong textbooks on Ecological Economics have been issued in the past,
i.e. Daly and Farley (2004), which comprises chapters on macroeconomic theory
(IS-LM model) and new ways of assessing sustainability (ISEW) but doesn’t cover
such important applied areas as corporate sustainability, renewable energy or waste
management and is more targeted at the US audience. Common and Stagl is pro-
bably the best available modern text in Ecological Economics however it is a bit
too long for a semester course (592 pp) and although the text covers very relevant
areas of environmental policies, the environmental effects of international trade,
and involves two applied chapters on climate change and biodiversity loss, it does
not discuss such methodological tools as multi-criteria decision aid or explore appli-
cations of principles of sustainability in the urban or corporate context, and is written
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at a more elementary level, than e.g. Perman et al. (2003). Faber and Proops (1998)
is a wonderful theoretical introduction to the field, the book has a distinct philo-
sophical focus but does not have many practical applications and is a little bit out of
date over 10 years after its publication.

The current text is designed to be a concise, crisp, and elegant guide packed with
references for students with some background in economics, environmental science
or mathematics aimed at developing their analytical skills required for redirecting
our development path towards sustainability in government, international organisa-
tions, academia, non-profit sector and business. It builds on the idea that a significant
adjustment of the current economic theories is required, which was recently supported
by the emerged world economic crisis, the climatic and biodiversity crisis the world
is currently facing and the enormously slow progress that has been made in the field of
reorientation of the global economy towards sustainability. We have chosen a positive
approach for problem solving and strategic development, which is aimed at educating
the future decision makers and business leaders.

The content of the book is envisaged to be the following: the first part of the book
is theoretical, it is designed to give the methodological background and the tools for
subsequent analysis; the second part is devoted to the applications.

Chapter 1 presents the subject of ecological economics, the interaction between
the economic system and the environment; Chap. 2 explores the ideas of material
and energy flows from the point of view of industrial ecology; Chap. 3 explores the
ethical and world systems basis for sustainability thinking; Chap. 4 looks at decision
making and the methods that could be used to support such processes, especially
Multicriteria Decision Aid; Chap. 5 studies the concept of externalities and macro-
economic basis for environmental policy; Chap. 6 explores the potential of environ-
mentally extended input—output modelling for sustainability analysis; Chap. 7 looks
at another important aspect of ecological economic analysis: macro assessment of
sustainability, the method invented by the author of this book and essentially the
application of multicriteria decision aid to the dynamic comparison of periods in a
performance of a country or a region.

Part two includes a chapter on the renewable energy, biodiversity assessment,
sustainable cities, regional waste management, and Corporate Sustainability.
The author felt that such a composition of subjects will give the students a holistic
perspective on sustainability issues.

I would like to express my sincere gratitude to Prof. David Orr for giving me the
International Society for Ecological Economics membership as my 21st birthday
present, my Ph.D. advisors Dr. Gerald Shalabin and Dr. John Powell, my parents, as
well as Prof. John Proops, Prof. Beat Biirgenmeier, Prof. Robert Ayres, Prof. Jeroen
van den Bergh, Prof. Peter S6derbaum, Prof. Joan Martinez-Alier and Prof. Bernard
Roy for our discussions with them, their support and encouragement. I am parti-
cularly grateful to Dr. Barbara Cowell for carefully reading the manuscript and
suggesting ways to improve the style. Chapter on sustainable cities is written in
collaboration with Prof. Irina Shmeleva, chapter on sustainable waste management
with Dr. John Powell.
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I sincerely hope that the methods and ideas presented in this book are going to
be taken on by the students and developed further by the next generation of econo-
mists. The students using this textbook will undoubtedly benefit from reading the
original scientific papers quoted in the literature reviews in respected chapters.
I would highly encourage the interested readers to find and explore the original
sources. Each chapter in this book is designed in such a way that it could be read
independently. All chapters taken together will give the reader a “bigger picture”, an
interdisciplinary and holistic perspective on ecological economics and sustainability
analysis as seen by the author.

Oxford
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Theory of Ecological Economics



Chapter 1
The Economic System and the Environment

Abstract The first chapter defines ecological economics as an interdisciplinary field
of research focused on the interactions between the economy and the environment.
Major milestones in the history of ecological economics are identified. Definitions
from the founding fathers of ecological economics are given and key differences
between the methods of environmental and ecological economics are explored.
A conceptual graphical model of the economic system as seen by ecological
economics is constructed. The model includes renewable and non-renewable
resources, the recycling sector as well as major elements of the environmental
system being affected by the economy. The chapter presents an overview of the
applications of major ecological-economic methods to key ecological-economic
problems according to the Scopus academic citation system. Major gaps in the
literature are identified.

Keywords Ecological economics ¢ Sustainability ® Economic system ¢ Problems
* Methods

Definitions

When he (she) starts to study ecological economics, the student embarks on an
exciting interdisciplinary journey, which will bring answers to important ques-
tions, help to understand the ecological-economic system in all its intricacy and
lead to new insights. Ecological economics emerged as a response to the pressing
environmental problems of the twentieth century and the inability of neoclassical
economic theory to solve them or provide adequate explanations for the unprece-
dented decline in biodiversity, the changing climate, increased generation of waste,
all caused by the pursuit of economic growth.

S.E. Shmelev, Ecological Economics: Sustainability in Practice, 3
DOI 10.1007/978-94-007-1972-9_1, © Springer Science+Business Media B.V. 2012
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It is very natural to start such a journey with definitions by the pioneers:
Robert Costanza (Costanza 1989) defines the new interdisciplinary science in the
following way:

* Ecological Economics addresses the relationships between ecosystems and
economic systems in the broadest sense.

This very inclusive definition implies that the works on the Limits to Growth
(Meadows and Club of Rome 1972), the first environmentally focused input—output
studies (Leontief 1970), the first conceptual models where different material
resources were considered as important inputs to industrial processes (Ayres et al.
1970) all belong to the interdisciplinary field of ecological economics.

John Proops (1989) suggested a more detailed and elaborate definition, differen-
tiating (i) the scientific aims and problems and (ii) political and ethical issues:

Scientific Aims and Problems

» Establishing a historical perspective on social-natural interactions

* Finding a common language and a set of concepts for the analysis of economies
and ecosystems

e The area of intersection between natural science and social science

Political and Ethical Issues

e As aforum and structuring for policy analysis
* A framework for the ethical analysis of intertemporal and interspecies choice
* The influencing of decision makers

According to this definition, such works as (Fischer-Kowalski 1998, Fischer-
Kowalski and Hattler 1998) focusing on the historical dimension of the human
appropriation of natural resources, the interdisciplinary works on the ability of systems
to return back to undisturbed states, which is also called “resilience” (Holling 1973)
and the works on means of taking nature into account when making decisions
(Foster 1997) all form the first pillar of ecological economics according to Proops.
Interestingly, Proops emphasises the second, transformative and interactive
dimension of ecological economics, which is designed to be the policy forum for
influencing decision makers.

Jeroen van den Bergh (2000) explicitly mentions all the constituent disciplines
that interact to support ecological economics:

* EE integrates elements of economics, ecology, thermodynamics, ethics, and a
range of other natural and social sciences to provide an integrated and biophysical
perspective on environment-economy interactions, aimed at contributing to
structural solutions to environmental problems.

This definition corresponds to the spirit of interdisciplinary works on the
biosphere (Vernadsky 1929), shallow and deep ecology (Naess 1973), new
ethical economics (Schumacher 1973), and sustainable cities (Shmelev and
Shmeleva 2009).
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Ecological and Environmental Economics

Ecological economics has been critical of the mainstream for failing to educate
future decision makers in the spirit of socially inclusive, environmentally sound and
economically sustainable development. Graduates of neoclassical economic
departments continue to reproduce the logical errors of the theory in the real world,
suggesting that unlimited economic growth will cure all the problems of modern
civilization, that one can simply export waste to less developed countries and that
one only needs to take into account the economic costs and benefits of climate
change and biodiversity to make a decision on what to do and where to invest to
tackle the problem. And although there were significant figures in the neoclassical
era, who brought the pure economic analysis to new heights, such as Alan Marshall,
the twentieth century brought with it new challenges and required new methods to
address them.

If one opens an introductory neoclassical textbook of economics one is most
likely to see a diagram similar to the one depicted in Fig. 1.1. It usually includes
such agents as households, firms, government and foreign agents. In very advanced
textbooks this diagram will have a box called “Nature” or ecosystems, with the
flows of materials and energy emerging from it. The problem with this formulation
is that the role of the environmental system as a support system for all processes
carried out in the national economy (agricultural production, mining, deposition
of waste) is not represented accurately and the environment is considered as a
subsystem of the economy. Hence the attempts to apply economic valuation to
environmental phenomena, which constitute a logical error.

The vision of the world, which we can see in diagrams similar to Fig. 1.1 can be
explained by the historical inheritance. In the nineteenth and even the beginning
of the twentieth century, the world economy was operating in what Herman Daly
(2000) called the “empty world”, depicted in Fig. 1.2.

ECONOMY

Fig. 1.1 Neoclassical view of the world
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Fig. 1.2 “Empty” world, nineteenth and beginning of twentieth century
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Fig. 1.3 “Full” world, 1960s onwards

We can see that the economy is small relative to the environment; the flows of
resources and energy coming from the environmental system and deposited there as
waste are relatively low. At the same time the flow of welfare that humans receive
from the ecosystems in terms of fresh air, forest walks, clean water and beautiful
scenery is considerably more significant than the flow of welfare derived from the
economic system in terms of products and services.

Since the 1960s the world has changed (Fig. 1.3). Fuelled by the idea of economic
growth and increased consumption, the economy grew tremendously to the point
where the assimilative capacity of the biosphere has been reached and humans
use very significant amounts of energy and materials, hindering the tendency for
the environmental system to regenerate itself. Very often it simply has no time to
regenerate, so rapid is the extraction of timber and other resources. At the same time,
the flows of materials and energy from the environment to the economy and back
to the environment become much more pronounced and the humans receive more
welfare from the stream of goods and services (TV sets, mobile phones, cars, etc.)
than from the environment. The overexploitation of the natural world has led to
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Table 1.1 Differences between ecological and environmental economics (Source: van den
Bergh 2000)

Ecological economics Environmental and resource economics
1. Optimal scale 1. Optimal allocation and externalities
2. Priority to sustainability 2. Priority to efficiency
3. Needs fulfilled and equitable distribution 3. Optimal welfare to Pareto efficiency
4. Sustainable development, globally and 4. Sustainable growth in abstract models
North/South
5. Growth pessimism and difficult choices 5. Growth optimism and “win-win” options
6. Unpredictable co-evolution 6. Deterministic optimisation of intertemporal
welfare
7. Long-term focus 7. Short to medium term focus
8. Complete, integrative and descriptive 8. Partial, monodisciplinary and analytical
9. Concrete and specific 9. Abstract and general
10. Physical and biological indicators 10. Monetary indicators
11. Systems analysis 11. External costs and economic valuation
12. Multidimensional evaluation 12. Cost-benefit analysis
13. Integrated models with cause-effect 13. Applied general equilibrium models with
relationships external costs
14. Bounded individual rationality and 14. Maximisation of utility and profit
uncertainty
15. Local communities 15. Global market and isolated individuals
16. Environmental ethics 16. Utilitarianism and functionalism

increased CO, emissions and climatic changes, destruction of ecosystems and bio-
diversity, which stabilise the climatic system as well as the excessive pollution of
the environment with waste, which is ever more apparent in the developing world.

The logic of ecological economics is that the world has changed tremendously and
we need new conceptual tools to understand and manage the economic-environmental
system. Ecological economists work across disciplines, building teams of experts
and integrating knowledge to derive policy mechanisms, which help to prevent
degradation and facilitate improvement.

By offering new methodological grounds, combining the advanced methods of
environmentally extended input—output analysis, multicriteria decision aid, insights
from ecology, biology, psychology and sociology, ecological economics aims to
improve our understanding of sustainability and help to steer our economies in
that direction.

Often there is confusion about the differences between ecological economics and
the popular 1970s and 1980s school of environmental economics. Although the main
focus of the two disciplines is similar, and one understands the value of the concept
of externality and much of the analysis of environmental policy tools such as envi-
ronmental taxes and their applications, which was prominent within environmental
economics community, ecological economics is closer to the heart of the author for
a number of reasons. Table 1.1 highlights the main differences between ecological
and environmental economics as presented by Jeroen van den Bergh (2000).

Even if we focus here only on the most important ones, the differences will still
be considerable. First of all, there is an explicitly long-term focus in ecological



