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ABSTRACT

The textile manufacturing activities have beenaesly criticised for the amount
of pollutants they produce. It is imperative foe ttextile industry to compromise
a balance between achieving the goal of environahg@mbtection and sustaining
economic growth. Environmental performance indicg®Pl), which helps in

regulating the negative impact brought to the emnment, is one effective
measure to assist in pursuing optimal balance. Kewethe existing

environmental performance indicators for the texildustry suffer deficiencies
from inconsistent framework, lack of comprehenswview and a biased
weighting. To fill the present research gap, a Grieelex is developed to cater
for the textile industry in monitoring environmehfzerformance. The present

study is divided into two stages.

Stage One is the introduction of a new model iressiag the environmental
performance. In developing the Green Index, Dateelepment Analysis (DEA),
a methodology which has been widely used to measuee efficiency of

organisations (also called a decision making upi¥U) is employed. With

increasing public attention in the environment,eeeshers have started to
include undesirable output into the study of DEAichhis termed as eco-DEA.
There are numerous aspects in incorporating ural#sioutput in the literature.
However, the economic implication and the suitépifor the DEA research

background of the undesirable output are yet tesdréously investigated and
discussed. By comparing the various existing ecé-@pproaches, the findings

offer several implications for theoretical develagmh When an undesirable



output is accommodated into the calculation of BE®, it gives higher, instead
of lower efficiency scores. This is an anomaly theeds to be ascertained and
the undesirable output needs to be properly adelless that the impact of the
undesirable output is quantified in the overallaggihcy score. Thus, a new eco-
DEA termed as the Ratio Model is developed from firesent study to

incorporate both the desirable and undesirableutsifipom a new perspective.

Stage Two is about the establishment of the Gredaxl which is derived from
the newly developed Ratio Model. There are thrdeisdices which represent
the three undesirable outputs discharged from eéktlé industry: polluted air,
wastewater and solid waste. They are summed upvéctige Green Index in the
end. With four different scenarios, the Green Ind®nitors the environmental
performance of China’s textile industry at natiormadd provincial (Jiangsu)
levels and the textile products studied are ydoth@and chemical fibre. China is
adopted since it plays a significant role as thedi@mexporter of textile products.
It would be of interest to examine how the Chinkesgile industry is performing
from an environmental point of view. To validatee tRatio Model, the Green
Index is also compared with the four existing ed®ADapproaches. The results
from the four case studies further confirm the twain findings and show that
the newly developed Ratio Model is able to chares#aindesirable output better
than other approaches, thus giving a more accpefermance assessment. The
environmental performance of China’s textile indystas been fluctuating since
1991 but has been improving for the last sevensydar Jiangsu textile industry,
the Green Index shows that it has a stable annuegrgssion in its
environmental performance. Suggestions of improvena the least efficient

DMUs are also provided. To conclude, the study shdihe possibility of



applying the Green Index as a new approach in sisgeEnvironmental
performance. The Green Index can be a complementalyto the existing
environmental management systems and provide gusdeio profitably manage

the textile industry, as well as the productioreo¥ironmental friendly products.

vi



LIST OF PUBLICATIONS

Refereed Journal
You, S.W., Cheng, K.P.S. and Yan, H., The impadesfile industry on China’s

environment, International Journal of Fashion Desiggchnology and Education,
2(1),33-43 (2009).

Accepted for publication
You, S.W., and Yan, H., A new approach of modellumgdesirable factors,

Journal of the Operational Research Society.

Under revision
Gujar, G, Yan, H. and You, S., A new approach stingation of undesirable

efficiency outputs of Indian dry ports, Maritimelleyg and Management.

Conference Proceedings
You, S.W.S., and Cheng, K.P.S., Framework of TegtManufacture Index, The

Global Conference on Global Warming 2008, Turke¥0&July, 2008.

Yan, H., Guijar, G., and You, S., DEA-Efficiencydfy Ports and Service Quality,
The Internationl Forum on Shipping Ports and Aitpd2010, Chengdu, China,
15-18 October,2010.

Professional Magazine

Cheng, K.P.S., and You, S.W.S., Can relocation nirikeg Kong green?, Textile
Asia, 38(6), 41-44 (2007).

Vi



ACKNOWLEDGMENTS

The completion of this thesis would not have beessfble without the support
and assistance of many others. | would like to thkeopportunity to express my

gratitude.

First and foremost, | would like to express my snecthanks and profound
gratitude to my supervisors, Dr. Cheng Kwok Portfer supervisor) and Dr. Au
Kin Fan, for their invaluable assistance, contirmiguidance, and constructive

advice during the preparation of this study.

My thanks are given to Prof. Yan Hong and Dr. KwdkLin. With their wise
guidance and substantial support, many difficuliresny research work have

overcome successfully.

| am grateful to Mr. Ben Lee (former General Mamagé the Sun Hing
Industries Holding Limited) for providing many usétuggestions, information

and comments concerning the research study.

| would also like to extend my thanks to Dr. CaMieng, Dr. Choi Ka Fai, Dr.
Wang Yi, Dr. Emily Wang, Kenneth Yeung. During mydy, they provided me

with invaluable opinions, insightful feedback, amthusiastic support.

My sincere appreciation is extended to my pardmtsther, husband and friends

for their support and encouragement throughout tongysperiod.

I would like to acknowledge the financial suppdriMessrs Sun Hing Industries

Holding Limited.

viii



Finally, my thanks are also extended to Jesusifosthength and joy whenever |

prayed throughout this entire period.



TABLE OF CONTENTS

Certificate of Originality il

Abstract \Y
List of Publications vii
Acknowledgments Vil
Table of Contents X
List of Figures XV
List of Tables XVi
CHAPTER 1 Introduction 1

1.1 Research Background 1

1.11 Problems of the existing environmental penfmmce indicators in
the textile industry 2

1.1.2 Problems of the existing eco-DEA

1.1.3 Development of a new approach in monitorireggnvironmental

performance 5
1.2 Research Aim and Objectives 6
1.3 Scope of Study 7
1.4  Research Significance 9
15 Research Originality 9
1.6  Definition of Terms 11

1.7  Thesis Organisation 12



CHAPTER 2 Literature Review

2.1

2.2

2.3

2.4

2.5

2.6

2.7

Introduction
Environmental Impact on Textile Manufacturing
221 Yarn
2.2.2 Cloth
2.2.3 Chemical fibre
2.2.4 Health impact induced from pollution
Environmental Performance Indicator (EPI) Agmto
2.3.1 Description and justification of EPI
2.3.2 Previous studies on the existing EPI
Research Gap with Previous Studies of the iBgi&PI
241 Inconsistency of the EPI framework
2.4.2 Lack of comprehensive view
2.4.3 Weight subjectivity
Data Envelopment Analysis (DEA)
251 Description and justifications of DEA
252 Basic DEA
253 Graphical description of DEA
254 Introduction of Eco-DEA
255 Previous Studies on the existing eco-DEA
Research Gap with Previous Studies of the iBgigico-DEA
2.6.1 Ignorance of undesirable output
2.6.2 Improper description of undesirable output

Chapter Summary

CHAPTER 3 Research Methodology

3.1

Introduction

Xi

15

15
61
16
17
20
20
21
22
25
29
29
30
30
32
33
34
38
39
41
43
43
44

45

a7

47



3.2  Stage One: New Development of the Eco-DEA: Rago Model 50

3.2.1 Comparative study on the four existing ecAADE 51
3.2.2 Development of the new Ratio Model 56
3.2.3 Verification of the new Ratio Model 56
3.3 Stage Two: Environmental Performance Assessofddhina’s Textile
Industry 57
3.3.1 Preliminary Study 58

3.3.2 Development of the Green Index with the nestidcRModel 61
3.3.3 Application of the Green Index by four cakel®es 63

3.4  Chapter Summary 66

CHAPTER 4 New Development of the Eco-DEA: The Ratio Model 67

4.1 Introduction 67

4.2  Comparative Study on the Four Existing Eco-DEA 69
4.2.1 Finding from the comparative study 73
4.2.2 Discussion of the comparative study 75

4.3 Development of the New Ratio Model 76
43.1 Definition of the new Ratio Model 77

4.4  Verification of the New Ratio Model 81

4.5  Chapter Summary 86

CHAPTER 5 Environmental Performance Assessment of China’s Tédike

Industry 88

5.1 Introduction 88

5.2 Preliminary Study 88
5.2.1 Background of the textile mill 89
5.2.2 Polluted air sample collection 91

5.3 Development of the Green Index with the Newidrsttodel 93

Xii



5.4

5.5

5.6

5.7

5.3.1
5.3.2
5.3.3
5.3.4

5.3.5

Subjects of the case studies
Input

Desirable outputs
Undesirable outputs

The Green Index

Case Study 1: China Yarn and Cloth Product@8112007

5.4.1
5.4.2
5.4.3
5.4.4

5.4.5

Polluted air sub-index of Case Study 1
Wastewater sub-index of Case Study 1
Solid waste sub-index of Case Study 1
The Green Index of Case Study 1

Improvement for the inefficient DMUs of Ce&tidy 1

Case Study 2: China’s Chemical Fibre Producti@®l-2007

5.5.1
5.5.2
5.5.3
5.5.4

5.5.5

Polluted air sub-index of Case Study 2
Wastewater sub-index of Case Study 2
Solid waste sub-index of Case Study 2
The Green Index of Case Study 2

Improvement for the inefficient DMU of Casei®y 2

Case Study 3: Jiangsu Yarn and Cloth Produd®®8-2007

5.6.1
5.6.2
5.6.3
5.6.4

5.6.5

Polluted air sub-index of Case Study 3
Wastewater sub-index of Case Study 3
Solid waste sub-index of Case Study 3
The Green Index of Case Study 3

Improvement for the inefficient DMU of Casei®y 3

Case Study 4: Jiangsu Chemical Fibre Produd®@8-2007

5.7.1
5.7.2

5.7.3

Polluted air sub-index of Case Study 4
Wastewater sub-index of Case Study 4

Solid waste sub-index of Case Study 4

Xiii

95
98
99
101
105
107
108
113
119
124
126
127
127
132
138
143
145
146
147
150
153
156
157
158
159
162

165



5.7.4 The Green Index of Case Study 4 168

5.7.5 Improvement for the inefficient DMU of Caswi®y 4 170
5.8 Chapter Summary 171
CHAPTER 6 Conclusions 173
6.1 Introduction 173
6.2 Research Summary 173
6.3 Major Findings of the Study 176
6.4 Implications and Significance of the Presentd$t 182
6.5 Research Limitations and Recommendations farrewWork 184
6.6  Chapter Summary 186
Appendix A 187
Appendix B 190
References 199

Xiv



LIST OF FIGURES

Figure 1-1 Problems of the existing environmen&fgrmance indicators in the

textile industry
Figure 1-2 Problems of the existing eco-DEA
Figure 2-1 Energy consumption in textile processing

Figure 2-2 Components of an environmental perfocaavaluation

Figure 2-3 The framework of the environmental ingaa@luation model

Figure 2-4 The process of indicator development

Figure 2-5 The generic DEA

Figure 3-1 Research approach of the present study

Figure 3-2 Interface of the Command prompt file

Figure 3-3 Interface of the data file

Figure 3-4 Listing of Instruction File “China23.ins

Figure 3-5 Interface of the executable file

Figure 3-6 Interface of the output file

Figure 3-7 Apparatuses for sample collection

Figure 3-8 Apparatuses for air quality assessment

Figure 3-9 The conceptual framework of the Greealein

Figure 5-1 Production process of knitted fabrictha textile mill
Figure 5-2 Components of the Green Index

Figure 5-3 Output of China's major textile produdd98-2008)
Figure 5-4 Components of the desirable outputs

Figure 5-5 Pollutants originated from the textitegessing activities
Figure 5-6 The inputs and outputs of Case Study 1

Figure 5-7 The inputs and outputs of Case Study 2

Figure 5-8 The inputs and outputs of Case Study 3

Figure 5-9 The inputs and outputs of Case Study 4

XV

3

19
24
27
29

39

52
53
54

55
56

59
0O 6
62
90

94
96

100
103
08 1
27 1
46 1

58 1



LIST OF TABLES

Table 2-1 ISO 14000 series 23
Table 2-2 Rating scale for transparency 26
Table 3-1 The four chosen methods for comparison 51
Table 3-2 Polluted air samples parameters 60
Table 4-1 Data of the 30 DMU 71

Table 4-2 Results of the DMU's efficiency scorasnmthod 1 to method 4 72

Table 4-3 Difference between the existing eco-DEBEA tne newly developed

Ratio Model 80
Table 4-4 Ratio of the two desirable outputs anel wmdesirable output 82
Table 4-5 Results of the DMU efficiency score untther five methods 83
Table 5-1 Types of air emission from the two basche 92
Table 5-2 Residual waste from textile manufacturing 105
Table 5-3 Data of the polluted air sub-index (Cagely 1) 109
Table 5-4 Output ratios and results under the padlair sub-index

(Case Study 1) 110
Table 5-5 Efficiency score of the 4 eco-DEA andpbéuted air sub-index

(Case Study 1) 111
Table 5-6 Data of the wastewater sub-index (CaseéySt) 115
Table 5-7 Output ratios and results under the wastr sub-index

(Case Study 1) 116
Table 5-8 Efficiency score of the four eco-DEA dhd wastewater sub-index

(Case Study 1) 117
Table 5-9 Data of the solid waste sub-index (CdadySl) 120

Table 5-10 Output ratios and results under thelseéiste sub-index
(Case Study 1) 121

Table 5-11 Efficiency score of the four eco-DEA dhd solid waste sub-index
(Case Study 1) 122

Table 5-12 Efficiency score of the four eco-DEA dhd Green Index
(Case Study 1) 124

XVi



Table 5-13 Data of the polluted air sub-index (Carely 2) 129

Table 5-14 Output ratios and results under theupedl air sub-index

(Case Study 2) 130
Table 5-15 Efficiency score of the four eco-DEA dhd polluted air sub-index

(Case Study 2) 131
Table 5-16 Data of the wastewater sub-index (Casay) 134
Table 5-17 Output ratios and results under wastvgath-index (Case Study 2)

135

Table 5-18 Efficiency score of the four eco-DEA dhd wastewater sub-index

(Case Study 2) 136
Table 5-19 Data of the solid waste sub-index (Ciady 2) 139
Table 5-20 Output ratios and results under thelseéiste sub-index

(Case Study 2) 140
Table 5-21 Efficiency score of the four eco-DEA dhd solid waste sub-index

(Case Study 2) 141
Table 5-22 Efficiency score of the four eco-DEA dhd Green Index

(Case Study 2) 143
Table 5-23 Data of the polluted air sub-index (Caraly 3) 147
Table 5-24 Output ratios and results under theupedl air sub-index

(Case Study 3) 148
Table 5-25 Efficiency score of the four eco-DEA dhd polluted air sub-index

(Case Study 3) 149
Table 5-26 Data of wastewater sub-index (Case S3jdy 150
Table 5-27 Output ratios and results under theevester sub-index

(Case Study 3) 151
Table 5-28 Efficiency score of the four eco-DEA dhd wastewater sub-index

(Case Study 3) 152
Table 5-29 Data of the solid waste sub-index (Ciady 3) 153

Table 5-30 Output ratios and results of the solas$te sub-index (Case Study 3)
154

Table 5-31 Efficiency score of the four eco-DEA dhd solid waste sub-index
(Case Study 3) 155

Table 5-32 Efficiency score of the four eco-DEA dhd Green Index
(Case Study 3) 156

XVii



Table 5-33 Data of polluted air sub-index (Casal$#) 159

Table 5-34 Output ratios and results under theupedl air sub-index

(Case Study 4) 160
Table 5-35 Efficiency score of the four eco-DEA dhd polluted air sub-index
(Case Study 4) 161
Table 5-36 Data of the wastewater sub-index (CasayS3t) 163
Table 5-37 Output ratios and results of the wastemsub-index (Case Study 4)
163
Table 5-38 Efficiency score of the four eco-DEA dhd wastewater sub-index
(Case Study 4) 164
Table 5-39 Data of the solid waste sub-index (Cisdy 4) 166

Table 5-40 Output ratios and results under solidtevaub-index (Case Study 4)
166

Table 5-41 Efficiency score of the four eco-DEA dhd solid waste sub-index
(Case Study 4) 167

Table 5-42 Efficiency score of the four eco-DEA dhd Green Index
(Case Study 4) 169

Table 5-43 Summary of the results of the four cdsdies under the Green Index
172

Xviii



CHAPTER 1 INTRODUCTION

1.1 Research Background

With an increasing emphasis on the environmentetige no doubt that being
ecologically conscious is a necessary agenda irkiatls of businesses. The
textile industry, which is reported to have a digant impact on the
environment, is no exception to this statement (®adh 1998; Bide, 2001,
Chavan, 2001; Chen & Burns, 2006; Deo & Wasif, 199899; Joshi, 2001;
Nieminen et al., 2007; Shroff, 2001; USA EnvironrnanrProtection Agency,
1997; Visvanathan et al., 2000a; Visvanathan et24l00b; Zu et al., 2005).
Typical textile production processes, regardlessvioéther cotton or manmade
materials are used, inevitably impose an advefsetadn the environment. From
the earliest stage such as yarn formation to tiee $#age namely wet processing,
the negative environmental consequences inducedamyewater and land
pollution. For instance, the chemical auxiliariegd in spinning and weaving or
the wet processing of fabric cause serious watdotmm. Full details of the
environmental impact of the textile industry areypded in Section 2.2 of

Chapter 2.

There is a considerable amount of practices toricesand minimize the
environmental impact induced by the textile indyskor example, the use of
physico-chemical treatment for wastewater (Pathad.e2005), the enhancement
of the bonding between dye and fibre (Hauser, 200@) introduction of eco-
labels (Amstel et al., 2008; Gallastegui Galarrag@)2; International Trade

Centre UNCTAD/GATT, 1994; Kalliala & Nousiainen, 99 McCarthy &
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Burdett, 1998; Nieminen et al., 2007) as well as #doption of life cycle
assessment (LCA) (Curran & James, 2003; Rebitzal.,e2004; Zygouras et al.,
2005). Indeed, these approaches are less effattwveen management systems
are ignored. Appropriate management tools help emas to regulate their eco-
policy effectively (International Organization fo6tandardization, 2004).
Therefore, environmental performance indicatorsIgER developed to review,
monitor and evaluate the environmental performdrara a broader spectrum of
the manufacturing process (Alanya et al., 2006)s lapplied to monitor the
ongoing process by collecting and assessing datandormation for evaluation
process. EPI focuses on the comprehensive perfaenainthe whole company
rather than a single procedure. This is compatiblbe nature of textile industry
as it takes a chain of processes to produce ondugtoDetails of EPI are

covered in Section 2.3, Chapter 2.

1.1.1 Problems of the existing environmental performancéndicators in the
textile industry

Although several studies attempted to develop HBisvarious industries

(Alanya et al., 2006; Cao, 2007; Mirata, 2001; Nieen et al., 2007; Olsthoorn

et al., 2001; Ren, 2000; Tyteca & Carlens, 2002jn¢pet al., 1996), there are

three common problems encountered by the existppyoaches and they are

shown in Figure 1-1.

Firstly, the framework to develop the prior EPIse anot consistent and
standardised (Young et al., 1996). The drawbackhef problem is a less
effective communication between the stakeholdersthey adopt different

approaches of EPIs (Olsthoorn et al., 2001).



Chapter 1 Introduction

Secondly, some EPIs are developed specificallyHertextile industry, but they
focus on the environmental performance of wet msicg only (Alanya et al.,
2006; Mirata, 2001; Ren, 2000). These EPIs haverlasked the whole
production process and do not present a comprelendew of textile

manufacturing.

Thirdly, it is the problem of weight subjectivitf.he previous research is not
based on a scientific approach in determining étative rating of the variables

(Hui et al., 2002; Zhang et al., 2008; Zhao et2006).

As the EPI for the textile industry is underdevedpthere is a need to develop
an industry specific assessment method to manag gesues. A more in-depth

discussion on the research gap of this issue isredvn Section 2.4 of Chapter 2.

Ambiguous
context

Problems of the
existing
environmental
performance
indicators in the
textile industry

Weight

Inconsistent
subjectivity

framework

Figure 1-1 Problems of the existing environmen&afgrmance indicators in the
textile industry
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1.1.2 Problems of the existing eco-DEA

With regard to the mentioned research gap of th& pesearch on EPI, Data
Envelopment Analysis (DEA) is introduced in thisud to measure the
environmental performance of the textile indusbB¥A is a common and well
established method to assess the efficiency ofn@gions, known as decision
making units (DMU), with the same set of inputs amatputs (Zhou et al.,
2008b). One of the strengths of DEA is its abitityadminister multiple output
and input scenarios and convert the large amountwalable data into
information that is useful to both government andnagers (Shimshak et al.,

2009), and corresponds to the complex nature aietktde industry.

However, the conventional DEA does not incorporptdlutants which are
termed as undesirable outputs. The increasing tatteron the environment
motivates researchers to include undesirable csitpid their study of DEA.
There exists a wide choice of DEA which focus onluding environmental
factors into calculation and they are termed aseé (Chung et al., 1997; Fare
et al., 2004; Jahanshahloo et al., 2005; Kuosm&nKwortelainen, 2005, 2007,
Lozano & Gutiérrez, 2008; Yo6ruk & Zaim, 2008; Zhagigal., 2008). Yet, there
are two major problems associated with the presestDEA which are shown in

Figure 1-2.

First, some researchers (Hua & Bian, 2007; Lu &2@07a, 2007b; Nakashima
et al., 2006) ignore the presence of pollutantthefDMU which pollutants are
unavoidable during production. If pollutants areaged in the calculation, the
results fail to indicate the environmental perfonte of the DMU. Therefore,

pollutants should be distinguished and incorporated calculation. Second,
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some researchers (Dyckhoff & Allen, 2001; GolanR&ll, 1989; Seiford & Zhu,
2002) fail to properly describe the characteristtgollutants. They manipulate
the pollutants with approaches that the resulistoded and the presence of the
pollutants solely favours the efficiency score. iEfere, a new DEA is necessary
to incorporate pollutants in an alternative wayt tthee prior knowledge on the
relevant knowledge is questioned. A detailed disicuson the research gap is

discussed in Section 2.6 of Chapter 2.

Ignorance of Problems of the Improp er
. " description of
undesirable existing eco-DEA .
undesirable
output models
output

Figure 1-2 Problems of the existing eco-DEA

1.1.3 Development of a new approach in monitoring the enronmental
performance

In light of the research problems mentioned presiguhe present investigation

focuses on employing the primal eco-DEA as a toadnstruct a “Green Index”

to measure the environmental performance of théldardustry. It is named as

“Green Index” because “Green” refers to the envimmental perspective of

viewing the problem and “Index” stands for a cotgsis and systematic method

in evaluating the issue.

The objective of this research is to develop a Gré®dex to assess the
environmental performance of China’s textile indyusAccording to the World
Trade Organization (WTO) trade statistics, Chinanaav the world’s largest

exporter of textile products. From 1990 to 2008&: (thtest year that data are
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available), the value of Chinese textile exports imereased significantly, from
over USD7.21 billion to USD65.26 billion. This igr@ore than nine-fold increase
in less than two decades (The World Trade OrgapizatEven though China’s
economic development is benefited by the textiustry, it puts the country’s
environment under pressure at the same time (QBAE; Cheng & Shen, 2004,
Cheung, 1998; Duan & Gao, 2008; Fang, 2001; Jak€l7; Kahn & Yardley, 26
August 2007; Murray & Cook, 2002; Smil, 1996; TheN Bank, 2001, 2008;
Visvanathan et al., 2000a). Therefore, with thenificant position of China in
the textile industry, it is of interest to evaluatbether the negative impact of the

environment can be offset by the economy benetihefsector.

Given that the importance of environmental managernee the China’s textile
industry, this study aims to develop a Green Inghean attempt to evaluate the
environmental performance of the sector with a newmientific and structured
approach. The Green Index provides a scientifiipative weighting of variables
and a consistent framework which is constructedter manufacturing process
of various textile products. When an appropriagegrmanagement tool such as
the Green Index gets complement with a green tdobyo not only the
environment is improved, other industries are aisativated to follow this

approach.

1.2 Research Aim and Objectives

The aim of the present research is to provide asistant and structured
framework, defined as a Green Index, that allovestéxtile industry to monitor

the products and their production process in tesfrenvironmental factors. For
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this purpose, Data Envelopment Analysis (DEA) istly introduced in the

textile field to construct an environmental perfamoe index (EPI). The Green
Index explores new perspectives related to eccteffcy, and uses a scientific
approach to measure the environmental performah&@hima’s textile industry

at the national and provincial levels. Based on Giena Statistical Yearbook,
yarn, cloth and chemical fibres are the textiledoiis studied together with the
pollutants which are polluted air, wastewater aoliisvaste in the Green Index.

The following objectives are to be achieved:

(1) To review the impact of the textile industry on #revironment;
(2) To investigate the existing tools in measuring esrvinental performance;
(3) To develop a new eco-DEA for assessing environnheetéformance; and

(4) To apply the newly developed Green Index to evaltiz¢ environmental

performance of China’s textile industry.

1.3 Scope of Study

The proposed Green Index aims to evaluate the amwiental performance of
the textile industry in China and Jiangsu Proviaceoss the period 1991-2007
and 1997-2007 respectively. The setting of theare$eis confined to China for
her representative position in the worldwide textiidustry and Jiangsu for her
significant role in the nationwide textile industryThe World Trade

Organization). Annual comparative study is conddicés this gives a more

comprehensive way to examine the environmental lpnobin China on a
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continuous basis. Detailed discussion on theseestshjs covered in Section

3.3.3.3 of Chapter 3.

In this study, “textile industry” is referred to #ise processes involved in the
manufacturing of textile products: yarn, cloth asttemical fibres. It does not

include the performance of apparel and footweadyton.

Yarn, cloth and chemical fibres are chosen as tsrable outputs studied
because the China Statistical Yearbook, which isféinial database authorized
by the National Bureau of Statistics, indicates thase three textile products are
China’s major industrial products. In addition, fivesent work based on the data
mainly collected from this source to study the matbveloped in the later stage
of the research. The details on these three teutdducts are provided Section

5.3.3 of Chapter 5.

According to the China Statistical Yearbook, “yarabmprises of pure and
blended cotton yarn, and pure chemical fibre yaut, excludes cotton thread,

substitute fibre yarn and hand-made yarn.

“Cloth” includes pure and blended cotton cloth, gpehemical-fibre cloth and

canvas, but excludes substitute fibre cloth, hapntem cloth and cord cloth.

“Chemical fibre” comprehends of synthetic fibre lsuas polyester fibre, acrylic

fibre, polyvinyl fibre and manmade or celluloseréb
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1.4 Research Significance

The current study aims at developing a Green Indexevaluate the
environmental performance of China’s textile indysthe research outcomes
are expected to contribute to knowledge and maragpractice as well as
provide insights to the country environmental pplinakers. With this attempt,

the significance of the study are illustrated doves:

For academia, the newly established eco-DEA previdenew perspective in
incorporating the undesirable output into the e&@ADwith an improved and

comprehensive view;

For managerial practice, the textile mill's repigatis enhanced as a recognized
green plant when the Green Index is applied. Allse,Green Index provides a
consistent framework for the textile industry toaksate the environmental

performance of the manufacturing processes withrdmased approach with the

adoption of DEA; and

For country policy maker, the annual performancetiod country’s textile
industry is assessed so the policy makers can fatemmappropriate regulations

to sustain the development of the environment.

1.5 Research Originality

This research project concentrates on the developaoie framework called the
Green Index to evaluate the environmental perfoomani the textile industry in

China by the methodology of DEA. This study is tethto the textile industry
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and DEA respectively and its originality is illusted in two aspects: the

methodological approach and the study focus.

For the methodological approach, the undesirablpubus incorporated into the
eco-DEA in an entire different way under this nettermpt. Each undesirable
output is proportionately related to the total amtoof the desirable output and
therefore, the impact of the undesirable outpudlitectly associated with the
amount of the desirable output and thus the pediaoa of the DMU. This new
perspective provides a more sensitive approachn@orporating undesirable
output into the eco-DEA and the efficiency score dach DMU gives a more

subjective and reasonable results.

For the study focus, it is for the first time ewbe concept of eco-efficiency is
applied in the textile industry by using DEA on tevironmental related topic.
This new perspective is regarded as an associaéitveen economic output and
pollution of the production activities (Bidoki €lt,a2006) and looks into the eco-
problems encountered by the management level. »saked by the research
background in Section 1.1, pollutants such as tedlair, wastewater and solid
wastes are unavoidable during the manufacturingga® Under the inevitable
presence of the undesirable outputs, the envirotahgrerformance of the
manufacturing processes is evaluated in the liflgco-efficiency. It combines
the monetary value and sustainable developmenthiegas an assessment to
achieve the optimum operation condition. Thereftiie, present study evaluates
the undesirable outputs in an unprecedented waxdier to properly describe the
pollution problems of the textile industry. AlsoEB is also a new approach to
solve the weighting problem in monitoring the eomimental performance of the

textile industry.

10
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1.6 Definition of Terms

To further clarify and strengthen the idea of threspnt study, the following
provides the definition of the important and comiyoased terms which are

shown in alphabetic order.

Data Envelopment Analysis (DEA): It is a methodgl@glopted in this study. It
is a non-parametric method in which multiple inpat&l outputs could be used

to measure firm’s performance (DUzal& Duzakn, 2007).

Decision Making Unit (DMU): It is defined as the tiy responsible for
converting inputs into outputs and whose perforrearare to be evaluated under

DEA (Dizakn & Diuzakn, 2007).

Desirable output: It is referred to as the prefépeoduct of the DMU (Lu & Lo,

2007a).

Eco-DEA: It is referred to as the one DEA approatiich is applied to measure
the environmental performance of a DMU with thespree of undesirable

output(s).

Environmental Performance Evaluation (EPE): It he fprocess to facilitate
management decisions regarding an organisatiorvgogmmental performance
by selecting indicators, collecting and analysirgtad assessing information
against environmental performance criteria, repgriand communication, and
periodically reviewing and improving this procegstérnational Organization

for Standardization, 1999).

11
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Environmental Performance Indicator (EPI): It isfided as the specific
expression that provides information about an dsgion’s environmental

performance (International Organization for Staddaation, 1999).

Green Index: It is the EPI developed from the presgudy to evaluate the
China’s textile industry. A new eco-DEA approaclapplied in the Green Index

for measure the environmental performance.

Textile Industry: It is defined as the processemived in the manufacturing of
textile products yarn, cloth and chemical fibres. does not include the

performance of apparel and footwear production.

Undesirable Output: It indicates the ecologicallyfavoured output produced

along with the desirable output (Scheel, 2001).

1.7 Thesis Organisation

There are six chapters in this thesis. The outbneach chapter is as follows:

Chapter 1 gives an overview of the research orptasent study and covers the
sections that illustrate the research aim and tibgs; scope of study, research

significance, research originality, definition efins and thesis organisation.

Chapter 2 examines the literature relevant to ¢isearch background and model
adopted in the present study. Firstly, it discussesnvironmental impact on the
manufacturing process of yarn, cloth and chemidaief Followed by is the
illustration of the environmental management tooipyed in this study —

environmental performance indicator (EPI). Datagtopment analysis (DEA) is

12
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introduced as it is the adopted tool to evaluate ¢bo-performance of textile
industry. Based on the previous studies of EPI Bifith, research gaps are

identified.

Chapter 3 provides the details of the research edelbgy of the present study.
There are two stages identified in this study. Thapter firstly discusses the
steps involved in Stage One then in Stage Two elptidexamination on the data
source, software, preliminary study, selection oMU input and output

variables are also presented.

Chapter 4 discusses the various existing eco-DEWenliterature and develops
as new eco-DEA that accommodates the undesirablputsuin a proper

perspective. A considerable number of detailed @atpve studies are executed
amongst the various approaches of eco-DEA to ilistthe anomaly in the
efficiency score obtained. Thus, an improved ang approach, as called the

Ratio Model, is developed.

Chapter 5 demonstrates the adoption of the Ratidd{ideveloped as the Green
Index for China’s textile industry. This chapteweos the preliminary study that
is conducted in the very early stage of researtienTit describes the design of
the Green Index in details and shows how it is iagphs an environmental
management tool for decision makers. Four casaestute carried out in order
to analyse the annual environmental performanc€loha’s textile industry at

national and provincial level. The result of thee@r Index is also compared
with the existing four eco-DEA approaches in orderfurther validate the

findings.

13
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Chapter 6 concludes the present study and firBtigtiates the summary of the
whole research. Then, the major findings are pteserlrhe implication and
significance, limitation and recommendation foruigt work of the present study

are also discussed.

14



CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

In the present chapter, the literature examinedelsvant to the research
background presented in Chapter 1. The purposki®féview is to provide an
understanding of the previous research in this,aasawell as providing a
rationale for the choice of research questionshengresent study. This chapter
consists of three main parts. The first part disesghe environmental and health
impact of textile manufacturing which is specifigalelates to the production of
yarn, cloth and chemical fibre (Section 2.2). Thdsee textile products are
examined because they would be the subject of ttaehdeveloped in the later
stage. In addition to the environmental impactha textile product, the health
impact induced from the manufacturing process $s aliscussed. Followed by
the next section is the introduction of managenteot which evaluates the
environmental performance of a product or manufatguprocess (Section 2.3).
The review focuses on the environmental performandeator (EPI) which is
used to assess the environmental performance rafdagt or production process.
Research gaps are pointed out based on the disousiihe prior EPI studies
(Section 2.4). In the next section, details of theory behind DEA and the
measurement of efficiency with DEA are outlined i8&: 2.5). Based on the
previous studies of DEA in the application of eomimental performance,

research gaps are identified for further improveni8ection 2.6).

15
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2.2 Environmental Impact on Textile Manufacturing

All industrial activities unavoidably cause poltuti and the textile industry is of
no exception. Although the textile industry has rbdeurishing and brings
enormous economic advantage to China, the secttammaging the environment
of the historic land at the same time. There isausion of studies illustrating
the environmental problems induced by the textitustry in China (Chai, 2002;
Cheng & Shen, 2004; Cheung, 1998; Duan & Gao, 26@8g, 2001; Jahiel,
2007; Jhala et al., 1981; Kahn & Yardley, 26 AugRB07; Klyszejko, 1980;
Murray & Cook, 2002; Noweir & Jamil, 2003; Smil, 98, Talukdar, 2001; The
World Bank, 2001, 2008; Visvanathan et al., 2000a).further illustrate the
negative impact, the following section discussew l@otypical manufacturing
process of yarn, cloth and chemical fibre can irepas adverse effect on the

environment.

2.2.1 Yarn

As defined in Section 1.3, the “yarn” products dissed in the present study
comprise of yarn made from cotton and chemicakfiiherefore, the following

paragraphs examine the environmental impact optbduction of the two yarn

types.

For chemical fibre yarn, there are three productemhniques for the production
of filament namely dry (solvent) spinning, meltrsping and wet spinning. These
spinning methods would cause various levels ofupiolh. During the production

of synthetic fibre yarn, nitrous oxide which depketthe Earth’s ozone layer is

16
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emitted, causing an undesirable load on the enwiest. Wet spinning is a
common way in regenerated fibre yarn production.weler, the use of
chemicals such as acids and alkali during the pogses a threat to the

environment (Slater, 2003).

For cotton yarn, spinning is the process in yaodpction to assemble the cotton
fibres by inserting twists onto the yarn. Howeuasjse and a large amount of
dust is produced during spinning. The dust gendretea mixture of traces of
fibres as well as organic and inorganic particleshsas leaf, husk fragments and
sand (Kane, 2001). As an air pollutant, cottort euld induce an occupational
lung disease named as byssinosis. Details are shoWection 2.2.4. Another
source of pollution is the use of lubricating alkich are applied to the spinning
machines to prevent fibre loss and allow high speedessing (Walters et al.,
2005). This creates polluted effluent. Energy comstion is also an
environmental issue in the spinning mills. Owingriachinery operation and air
conditioning (a stable indoor condition is critickdr spinning to ensure a
reduction in yarn breakages and an increase inugtivity), more than 90% of

the energy used in a spinning mill is electricioyyer (Cooper, 1978).

2.2.2 Cloth

Knitting and weaving are the two traditional fabpimduction methods. A large
amount of energy is consumed due to machine sidecamplexity. To prevent
the breakage of yarn, sizing is applied to the wgam which makes it more
slippery, supple and stronger (Walters et al., 20Bfwever, the sizing agent,
which is made up of either natural or chemical malg is washed in the

subsequent steps causing water pollution. Theref@% of the COD (chemical

17
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oxygen demand) load of a mill finishing woven fabdomes from desizing

liquor (Walters et al., 2005).

The wet processing stage, which gives the finatlpco some desired properties,
is further divided into 3 phases: pretreatmentpanhg and finishing. Some of
these steps may be optional depending on the tiyfeboc being manufactured
(USA Environmental Protection Agency, 1997). Thensmmuence of each
process could be of “varying severity” (Fang, 20Mirata, 2001; Tobler-Rohr,
2000). Water is a necessary means for the wet psougtreatment. The amount
of water consumption per operation varies withtype of fibre being processed

as well as the chemicals being used (Deo & Wa8B38)

Air pollutants generated from other textile finisgi processes are originated
mainly from the pathways such as singeing, themgdi thermosoling and
impregnating (Lacasse & Baumann, 2004). Figure ghdws that the total
energy consumption in weaving and wet processinguaded for over 50% in
the textile processing. High energy consumptionedgiivalent to a higher
emission of greenhouse gas during the electri@tyegation (Visvanathan et al.,

2000a).

18



Chapter 2 Literature Review

Weaving 16%

Wet Processing 36%

Spinning 48%

Figure 2-1 Energy consumption in textile procesgWigvanathan et al., 2000a)

According to the Environmental Protection AgencyS@J Environmental
Protection Agency, 1996), high-temperature dryimgl &uring ovens are the
most common source of polluted air emissions iexdile operation. All these
high temperature operations are needed to proaedmg of textile materials.
Heat-setting and thermofixation, with typical opgera temperature ranging from
250°F to 400F, emit certain level of air particles and wasteedgent which can
cause air and water pollution (Slater, 2003). Apartn the production stages
mentioned previously, transportation of goods betw@roduction sites also
emits air pollutants such as sulphur dioxide, carlmonoxide and carbon
dioxide. Therefore, the environmental problems tedy transportation should
not be neglected. Moreover, the overall textile dociion produces
miscellaneous solid wastes such as selvedge triganfty ash, aluminium cans
and wooden pallets. This makes textile manufaaguansource of the waste

stream (USA Environmental Protection Agency, 1996).
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2.2.3 Chemical fibre

Chemical fibres are classified into two groups whigclude synthetic fibre and
regenerated fibre. Synthetic fibre is made fromekiaction of petroleum which
is a non-renewable and non-biodegradable reso@iten(& Burns, 2006; Fang,
2001). The environmental cost is high due to the-memewable source to
produce the synthetic fibre (Slater, 2003). Foeregated fibre such as rayon, it
is made from wood pulp which comes from maturedts@nd the processing of
wood pulp would use up a large quantities of chamithat induces both water

and air pollution (Chen & Burns, 2006).

2.2.4 Health impact induced from pollution

The desirable characteristics obtained from fimghiare created with the
consumption of many chemicals and auxillaries whiedt only affect the
environment but also human health (Lacasse & Baoniz004; Mirata, 2001). A
case was reported that excessive formaldehyde wigshfound on some easy-
care garments irritated human skin (Sewekow, 1996grefore, the potential
harm that textile products impart to our healthrmarbe ignored. Some textile
materials emit formaldehyde and amine odours whicliate the human
respiratory system (USA Environmental ProtectioreAgy, 1996). Additionally,
the exposure of industrial wastes such as wasteeaff or dyes may led to
negative health impact. The health impact ranges fheadaches, nausea to
serious illness such as congenital malfunction otagenicity (Mathur et al.,

2005; Walters et al., 2005).
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Cotton dust, which is a form of air pollution, gesied from the cotton yarn
formation would induce respiratory health probleamed as byssinosis. It is a
classic form of occupational lung disease commdalynd among the cotton
mill workers (Khan & Nanchal, 2007; Wang & Christia2003). Byssinosis is
characterised by the symptoms of chest tightnesegathing difficulty (Niven
& Pickering, 1996). As cotton dust is consideredhescore cause of byssinosis
(Hughson, 1999), each stage of the cotton yarn doomn process would
contribute to the exposure of byssinosis. Openifigbales and removing
impurities and short fibres in the blowing room aegarded as the incredibly
dusty processes where higher concentration of caist was found (Levenstein
et al., 2002; Newman Taylor & Pickering, 1994). Wérs are also exposed to
cotton dust during the process of carding, drawoanbing, roving, spinning
and weaving where cotton fibres are turned intmyAdditionally, workers who
are responsible for the cleaning of various machpeats, for example strippers
and grinders for the carding machine, are at aiqoéat high risk for the
development of byssinosis due to the dusty natiitleeomachineries (Levenstein
et al., 2002; Tanoue, 2002). From the researchaoktlet al. (2004), it is evident
that the blowing room measured the most concewltrateount of endotoxin,

which is the causative agent for byssinosis.

2.3 Environmental Performance Indicator (EPI) Approach

From the literature covered in the previous sectiba environmental impact of

textile manufacturing process is acknowledged. Téestion discusses the
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environmental performance indicator (EPI) approatich is applicable to the

textile industry on green management.

Although green consumerism is a perennial issuaermodern world (Butler &
Francis, 1997; Chan, 1999; Clothing Industry TragnAuthority, 2007; Kim &
Damhorst, 1998) and the textile industry endeavdargpromote eco-textile
through the use of environmentally benign materiRlsipps & Park, 2002), the
results will be less effective if green manufagtgrand management systems are
ignored. Indeed, the necessary step for policy msake to put forward
recommendations and encourage companies to be elgctimvolved in
environmental management, and choose the plansibést for their situation
(Crowe & Brennan, 2007). It is believed that in erdo follow both local and
international policies persistently and effectivelyne only solution is to
incorporate environmental issues into a corpor&iaioutine management
practices (Epstein & Roy, 1998). Consequently, eongt environmental
management system is a driving force for compatoesnderstand their roles
and responsibilities in protecting the environmdiaols and guidelines are then
introduced for textile industry to identify theirpportunities for continuous
improvement in their own green policy. The envir@mtal management systems
can help companies incorporate both the globalpeetsre and local view in a
balanced way (Epstein & Roy, 1998). Among the digant number of

approaches, environmental performance indicatonésof them.

2.3.1 Description and justification of EPI

The present study aims to develop a Green Indevatuate the environmental

performance of the textile industry. In fact, thee@n Index is one example of
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EPI. EPI is a form of environmental managementesgsintroduced by the

International Organization for Standardization (J3@der the ISO 14000 series.

ISO has established a number of non- compulsosrnational standards for
industrial activities such as manufacturing, comioaton, trade and
administration (Sonnemann et al., 2004). In 1986,I80 14000 was introduced
as a guideline for implementing “an effective eomimental management system
(EMS) that can be integrated with other managemequirements and help
organisations to achieve environmental and econogaals” (International
Organization for Standardization, 2004). The ISQlscdor an absolute
commitment to the environmental management systénallalevels of an
organisation for continuous improvement (Internadio Organization for
Standardization, 2004; Jasch, 2000). The ISO 14@0i@s helps upgrading a
company’s environmental profile by implementing eren comprehensive
management framework (Tsikos & Mariolakos, 2003bl&é 2-1 outlines the
types of guidelines offered by the ISO 14000 setisler the ISO 14000 series,
several management tools are introduced for efficimplementation of the
environmental management system. Among them, EéHasof the tools that are

popular in the textile industry as well as recomthby the ISO.

Table 2-1 ISO 14000 series

ISO series no. Title

14001-04 Environmental management systems
14010-15 Guidelines for environmental auditing
14020-24 Environmental labelling

14031 Environmental performance evaluation
14040-49 Life-cycle assessment
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The present study focuses on developing an EPpddiormance evaluation. In
fact, under the environmental performance evalnaf{iePE), there are three
components and EPI is one of them (Kolk & Maus@0)2). The branches of

environmental performance evaluation are showngnrg 2-2.

Environmental Performance
Evaluation (EPE)
I1SO 14031

A A

Environmental Management Environmental Condition

Environmental
Performance Indicators

(EPIs) Indicators (ECIs)

Indicators (EMISs)

Figure 2-2 Components of an environmental perfocaavaluation

ISO 14031 defines environmental performance evialnaas a “process to
facilitate management decisions regarding an osgéon’s environmental
performance by selecting indicators, collecting amdhlysing data, assessing
information against environmental performance gate reporting and
communication, and periodically reviewing and impng this process”
(International Organization for Standardization,99P In  other words,
environmental performance evaluation is a tool wnitor the ongoing process
by collecting and assessing data and information dwaluation purposes
(International Organization for Standardization999Jasch, 2000; You & Cheng,

2008).

The advantage of an indicator is able to favourppedor decision making and
understanding the environmental aspects of manufagt (Li & Hui, 2001).

With the simple units of measure, indicators fatdi indecision-making and
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management of complex issues (Olsthoorn et al..1ROMoreover, it is a

comprehensive way to make comparisons betweenrelitfgoroducts (Berkhout

et al., 2000; Hui et al., 2002). Using an indicatan attract the interest of all
stakeholders (internal or external) in the envirental aspects of the
manufacturing processes, as well as the produttsr€gen, 1999). Compare to
other environmental management approaches suchcaaleel, EPI is an

ongoing process of collection and assessment af which aims to provide the
current status of environmental performance. Al&®?| focuses on the
comprehensive performance of the whole company abiaa the single product
or service (Jasch, 2000). The following sectiomsiiates some examples
regarding the development of environmental perforceaevaluation using a

single score system.

2.3.2 Previous studies on the existing EPI

Below are the examples of the various EPIs founthe literature. They use
different criteria in assessing the environmentapact and are discussed are

follows.

2.3.2.1 The environmental impact scoring system

The environmental impact scoring system is develdpe Hui et al (2002) to
assess the product’s greenness by using an envardampact scoring system.
The concept is grounded in the Life Cycle Assessnie@A). It is suggested
there are six stages altogether in a product {itdec The environmental impact
factors within these six stages are identified $3eas the greenness of the

product’'s life cycle. The factors mentioned in theerature are resources
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consumed, residues, product size, durability, neagmce, disposal and recycling.
Each of these factors is further divided into sabtdrs as the basis to establish
the scoring system. For example, the ‘residue’ciact separated into gaseous
residues, liquid residues and solid residues. Thggial residues are then
divided into components, which are ozone depletgregenhouse gases, acidic
gases, pH value, temperature, transparency, hamnastes and scrap. This
creates a hierarchy in the scoring system. The@mviental impact significance
of each sub-factor is expressed by a rating as ageh weighting factor. After
multiplying the rating and weighting factors togaththe numerous sub-factor
scores are summed up. The final environmental ilmpaare is then calculated.

An example of the rating scale for transparenshswn in Table 2-2.

Table 2-2 Rating scale for transparency

Water colour rating Intensity

Class 3: High 3 > Regulatory limit
Class 2: Medium 2 = Regulatory limit
Class 1: Low 1 < Regulatory limit

2.3.2.2 Environmental impact evaluation model

The same group of researchers pointed out that sieze were no standard rules
for the evaluation of environmental performancegthar model is proposed (Li
& Hui, 2001). This model is based on the concepew¥ironmental impact,
which again originated from Life Cycle Assessmdi€A). The model's main
element is based on the ‘unit process’. It referthé input, process and output of

the industrial activity.
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Each of the unit processes is studied in ordengbngduish the potential hazard
in the output inventory. The next step is classaiythe inventories into different
groups and further categorising them into two esnvinental impact divisions:
ecological health and human health. After inserdiffigrent weighing factors for
each group, the environmental impact score isifadl The model framework is
shown in Figure 2-3. This model can provide proddesigners with the

necessary information on environmental aspectsngperations.

Impact Category: Ecological Health

Cco Global Warming Potential (GWP
Ozone Depletion Potential (ODP) Ecological
NHs Photchemical Ozone Creation Health
Potential (POCP) Hazard
NOx . o Acidification Potential (AP) Score
— Airborne Emissions Nutrient Enrichment (NEP)
SQ
H2S
Hal > Waterborne Emissions EPI Score
Impact Category: Human Health
Clz
) Oral Toxicity (O)
E > Solid Waste Inhalation Toxicity (1)
- Human
Eye Irritation (E)
o Health
Dermal Irritation (D) Hazard
Carcinogenicity (C) Score
Pb Reactivity (R)
Flammability (F)
| | | ,
Inventory Classification Characterization Valuation Phase

Figure 2-3 The framework of the environmental intga@luation model

2.3.2.3 EPI for textile industry

There are environmental performance indicators Idpeel specifically for
textile processes and products by identifying thestbavailable values in
production (Mirata, 2001; Ren, 2000). Various folaguare employed to predict

the values of the following parameters:
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(1) Colour discharged;

(2) Biological Oxygen Demand (BOD);

(3) Amount of metal in effluent;

(4) Toxicity of dyes and chemicals in the receiving evat

(5) Specific water consumption; and

(6) Specific thermal energy consumption.

These theoretical formulae are useful when theredifficulty in direct

measurement of environmental factors. Apart frondicating the textile
processes, the study has been further expande@évielogp an environmental
performance indicator for textile products (RenQ@0 However, it is difficult to
determine a product’s actual life cycle, due to tocarally changing fashion
trends and the consumer lifestyle. Therefore, tiRé tr textile products is

underdeveloped.

2.3.2.4 Measuring environmental performance of industry fE

The MEPI project benchmarks the environmental perémce of six industries
which are situated in Germany, Austria, the Netrads, Italy, Belgium and the
U.K. The industries participating in the study atectricity, printing, fertilizers,

textiles, computer manufacturing, and pulp and p&pgeca & Carlens, 2002).
With the use of “quantitative analysis of indudte@vironmental performance
which is obtained from publicly available informati’, the MEPI could

standardise the environmental performance indisatdr these six industries

(Berkhout et al., 2000).The scheme identifies theables within each sector

28



Chapter 2 Literature Review

after consulting industrial experts. The indicatéosused on the MEPI are
physical, business management and environmentadmphe project aimed to
provide a uniform method for benchmarking withie game type of business, as
well as cross-sectorally or even making internaiaomparisons of industrial
environmental performance. The scheme also inwsgthe correlations
between management, business and environmentalpearfice of the six sectors.
The method of assessment is not illustrated iritéy@ture; however, the outline

of the methodology applied is clarified below:

Sectoral Generate Collect a Normalise Generate ol Analyse
review variable set data data indicators data

Figure 2-4 The process of indicator developmentKBeut et al., 2000)

2.4 Research Gap with Previous Studies of the Existing

EPI

The previous sections discuss the literature on dbeeral approaches of
environmental performance indicators. Regardlesghefr popularity in the
textile industry, these EPIs suffer from insuffitdy in their design and

applications. There are three associated problechsheey are discussed as below.

2.4.1 Inconsistency of the EPI framework

There are numerous studies attempted to develapreetvork for environmental
performance indicators (Berkhout et al., 2000; Efual., 2002; Hui et al., 2003;

Li & Hui, 2001; Mirata, 2001; Olsthoorn et al., Z00Ren, 2000; Young et al.,
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1996). However, they have different approachesraluating the environmental
performance For instance, one uses equations tulatd the environmental
impact of the manufacturing process (Ren, 2000) and determines the
environmental performance based on the data al@i(Blerkhout et al., 2000). It
IS necessary to set a consistent framework aretierivhen developing an index.
This can ensure an uniform output for each indicatod favour a better
communication among the plant, local authorities eren international

stakeholders (Olsthoorn et al., 2001; Ren, 2000).

2.4.2 Lack of comprehensive view

Even the EPI is developed for the textile industhgy are mainly used to
evaluate the wet processing (Alanya et al., 200@atsl, 2001; Ren, 2000).
Other textile manufacturing processes such as yarrtloth formation are
ignored. It is acknowledged that each textile psscevould have a negative
impact on the environment. Therefore, there isedrte develop an EPI which

can evaluate the textile industry from a more cahpnsive perspective.

2.4.3 Weight subijectivity

Another common problem in constructing an environtake performance

indicator is the issue of weight subjectivity irtiegting the relative importance
of the variables being evaluated. During the desiggm EPI, there are numerous
environmental issues to be evaluated such as pdllair, wastewater and solid
waste. These pollutants have different impact te é@mvironment therefore
weights are used to differentiate their impact lev&reater the weight of the

environmental variable, greater the environmentgdact. Most of the previous
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research is not based on a scientific approacketerchining the relative rating of
the variables. For instance, the EPI developed hy &t al. (2002), the

guestionnaire approach was used to determine thghtiey system and eight
recipients responded. The authors then decidedviéights of the factors and
sub-factors based on the results of the respondestiqnnaire. Another example
is the EPI designed by (Li & Hui, 2001). The anahtierarch process (AHP)
approach is adopted to identify the importance h&f factors determined by
experts on the related field. These preceding atdrs or scoring systems rely
on the subjective judgment of management to dettideelative importance of

the numerous variables.

Based on the above research gaps, a Green Indveétoped from this study.
The Green Index introduces a simple and consistieatnework for
environmental performance evaluation. Relevant dataollected and followed
by the calculation of performance by data envelaptna@alysis (DEA), which is
a tool applied in this present study. The detdil®BA are covered in the next
section. Additionally, the Green Index investigateso the manufacturing
process of yarn, cloth and chemical fibre. This repph provides a more
inclusive view to look into the environmental perfance of the textile industry
than the previous EPIs. Furthermore, DEA is a toatalculate the performance
of organisations according to their inputs and otgpAs the weights for various
inputs and outputs are determined by the DEA itsle#frefore, it is not necessary
to rely on the subjective opinion to decide thatiek importance of the variable.
In fact, DEA is also recommended by a profusionlitefrature that it can be
applied to solve the weighing problem (Epstein &nderson, 1989; Kortelainen,

2008; Kuosmanen & Kortelainen, 2005; Lam & Shiup20Shimshak et al.,
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2009). Therefore, DEA is an appropriate tool tocgkdte the environmental
performance of the textile industry in the Greeden Details of DEA are

discussed in the next section.

2.5 Data Envelopment Analysis (DEA)

Apart from the ISO 14000 series, there are indeadiraber of environmental
management tools which encourage companies to rateegsustainable
development into corporate business strategy &rdiit levels. For instance,
one way to gain insight into the environmental gbad of a production process
or product, is to analyse its eco-efficiency. Datevelopment Analysis (DEA) is
a new approach of applying eco-efficiency for eonmental assessment (Hua et
al., 2007; Korhonen & Luptacik, 2004; KortelaineRQ08; Kuosmanen &

Kortelainen, 2005; Park & Tahara, 2008; Sarkis, 2200

Eco-efficiency can be a simple ratio or indicatoreixamine the environmental
impact resulting from a production process or indals activity. It joins

monetary value and sustainable development as sessawent to achieve
optimum operating conditions. According to Kuosnraaad Kortelainen (2005),
two reasons explain the increasing popularity ob-efficiency. Firstly, the

authors believed that eco-efficiency is the “massteeffective way of reducing
environmental pressures”. It is possible that atioapmight be slightly inferior

in terms of pollution reduction when compared vather alternatives, but it is of
the lowest cost. From an eco-efficiency point adwii this option might not be
the worst. Hence, this increases the availabilitydifferent eco-management

alternatives. Secondly, it is less demanding to leément policy which is
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“targeted at efficiency improvements” rather tharestricting the level of

economic activity”.

2.5.1 Description and justifications of DEA

DEA was introduced by Charnes, Cooper and Rhod@g8jlin 1978. It is a

nonparametric linear programming-based techniqguemaasure the relative
efficiency of decision units (Zhou et al., 2008@)he word “relative” is

employed because different sets of units are sutjemomparison based on their
multi-inputs and multi-outputs (Diizak & Dizakn, 2007). These sets of units
are referred to as decision making units (DMU). E&IMMU being evaluated

must have a homogeneous role that converts the gaoap of resources (inputs)
into the same type of products or services (oujgdsou et al., 2008b). It is of
significance to delineate both the unit of assessraed its related input and
output. This helps the assessment to be more decuad less biased
(Thanassoulis, 2001). Subsequently, the DMUs aen ttlassified as either
efficient or inefficient. The efficient DMUs are ayped together and form a
border line, called the efficient frontier. Thisnd acts like an envelope that
encloses the inefficient units. This characteristexplains the term

“envelopment” (Duzalh & Dizakin, 2007) (with detailed graphical description
in Section 2.3.2). The aim of DEA is to increase #fficiency of each DMU in

the sense that it can yield more outputs for argimeut or use fewer inputs for a

given output. Ultimately, the DMU can emulate tpnove its performance.

Hence, DEA has been applied to a wide range ofsimigis such as education
(schools and universities), health care (hospitdisics), railroads, coal mining,

the military, financial services, agricultural pradion, regulation, power plants,
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the police service and operations and managemaeanicsec(Cooper et al., 2004,
Forsund & Sarafoglou, 2002, 2005; Ramanathan, 20B@nassoulis, 2001).
DEA has also been applied in the textile indusgryvall to tackle various kind of
issues (Chandra et al., 1998; Cooper et al., 1.2anshahloo & Khodabakhshi,

2004; Zhu, 1996).
According to Thanassoulis (2001), DEA offers thkofwing advantages:

(1) To decompose efficiency into components attrib@abldifferent layers of

management or agents involved in the operationiseofinits being assessed;
(2) To assess the impact of policy initiatives on piiolity; and

(3) To measure the change over time in the productofitye industry as

distinct from that of the units operating within it

2.5.2 Basic DEA

Assume that there aRDMUs that converM inputs toN outputs. DMU is one
of the R DMUs being evaluated. Further assume that REMNSumMesn input

X (i=12,...m) to producen outputhk(j:1,2,...,n] and each DMU has at

least one positive and one positive output. Thesomeaof efficiency of DMis

then obtained by:
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> ik Xik
ZV (2-1)

where ujk,vik are the optimal weights for thgh output andith input when

maximisation of DMV is obtained. The objective of DEA is to maximibe t

efficiency Exof DMUy, and compute a most favourable weighted combinaifo

inputs V,\%,...,V to a most favourable weighted combination of otspu
u, us,...,y while keeping the ratios for all the DMUs not ménan 1. All these

conditions give the following model (2-2):

Doury! (2-2)
st A2 <1 r =12,R,

where DMU = any of the decision making units being evaluated

DMUy = the particular decision making unit being evétda

XY = the inputs and outputs of every DMEnd
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uf,\¢ = the unknown weights.

Therefore, the weights for each input and outpetrext assigned in advance. The
weights are determined by obtaining the maximunuevadf efficiencyE, of
DMUy. The weights present the most favourable perfoomasf the evaluated

DMU (Kuosmanen & Kortelainen, 2005)f E, =1, that means DMWY is

efficient. If E, <1, that means DM}Jis inefficient. The preceding model (2-2) is

regarded as an output-oriented DEA model, whichsa@imnmaximise the DMU
output with the same input. Model (2-2) can beHerttransformed into an input-
oriented model (2-3) which aims to minimise theunpy keeping the output
amount unchanged. Both approaches have the saiwiereff result and provide

the same value.

The dual of the output maximising program is thpuiroriented envelopment
programme. In a similar way, the dual of the inpaénted model is the output
maximising envelopment programme (Ramanathan, 2003 input-oriented

reciprocal linear programming problem is shown helo

min  h, =6
R

st Y AX -0X‘+s=0 i= 1,2,.m
=1

R (2-3)
SAY-§=Y  j=12.n
r=1

A s ,q*z 0, r= 1,.R
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where 0 =represents the efficiency of DMU,

A = the dual variable corresponding to the other uraity
constraint of the primal,

s,§ =the slack variables which turn the inequality stoaint into an
equal form; and

A.s,§  =the optimal solutions when the relative efficigrat DMUy is
¢ =lands =g =0.

If the relative efficiency is <1 and one wants tgprove it to reach the efficient

frontier, the constraints in model (2-3)

R R
DAX =G X =5 > 4 Y =¥+ 5can be utilised for further adjustment:
r=1 r=1

AXE = XE=3 A X7 = X = (6 X §)
. (2-4)
AV =D AN =Y =(+ )Y

When the relative efficiency of DMUs & =1, the slack variables” = §" =0
and AX/ :Aij =0, the amount of inputs and outputs do not havestadjusted.

However, if the relative efficiency of DMUs <1, it is necessary to decrease the

input AX and increase the outplm(jk in order to reach the efficient frontier.

The foregoing DEA was introduced by Charnes, CoaperRhodes (1978), thus
it is referred to as the CCR DEA Model. In thertteire, the CCR DEA Model is
typically considered as constant return to scalRS); therefore the CCR DEA
Model is also called CRS DEA Model. CRS assumegBrails are operating at an

optimal scale. This is the appropriate assumptorrsingle output only (Banker
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et al., 2004). However, this situation would notthe same for multiple outputs.
The proportional increase in all inputs would be thecessary result of the
proportional increase in output. In addition, adog to Coelli et al (2005),
conditions such as imperfect competition, governmeagulations and
constraints on finance would cause a firm to nobperating at optimal scale.
Thus, Banker, Charnes and Cooper (1984) suggeseB@C DEA Model with
the assumption of variable returns to scale (VREADModel. Hence, the BCC

DEA Model is also known as VRS DEA Model. The CCEMAModel can be

R
modified to BCC DEA Model by adding a convexity smaintZ)lr =1 to give:
r=1

min &
R
st Y AX -X+s=0 i= 12.m
=1
R . _
DAY ==Y j=l2.n (2-5)
r=1
R
> A=1
r=1
A s ,q*z 0, r= 1,.R

This approach enables the data points to be ers@lopore tightly by the
convex hull of the intersecting planes and prowidiee technical efficiency
scores which are greater than or equal to thoaeatt by the CRS DEA Model

(Coelli et al., 2005).

2.5.3 Graphical description of DEA

Figure 2-5 shows a generic DEA which consists oktiicient frontier that set
benchmarks for the DMU, i.e. A, B, D, F, G.. Thexee two outputs and a

common input value for all DMU. DMU B, F and G aficient because they

38



Chapter 2 Literature Review

have the most output with the same input, thushtgkest ratio. They form the
efficient frontier. DMU A and D, which are not ohet frontier, are regarded as
inefficient and can be improved by increasing thépat/input ratio distance to
reach Q and P respectively. On the other hand,dPacan be referred to as the

benchmark for DMU A and D respectively.

Effic ent
Frontiers
- Q
E /
7 -
6
T
e~ o4 - P
5 4
o
5 3 -
@]
2 G
1
0 ]
o0 1 2 3 4 5 6 7

Output1/Input

Figure 2-5 The generic DEA (Cooper et al., 2007)

2.5.4 Introduction of Eco-DEA

As mentioned in the previous section, with the éasing attention on the
environment, researchers have started to includiesirable outputs into their
study of DEA (Allen, 1999; Chung et al., 1997; Diioikf & Allen, 2001; Faere
et al., 1989; Fare & Grosskopf, 2004; Fare et26l04; Fare et al., 1996; Golany
& Roll, 1989; Gomes & Lins, 2008; Hailu & VeemarQ®; Hua et al., 2007,

Jahanshahloo et al., 2005; Korhonen & Luptacik, 420RQortelainen, 2008;
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Kuosmanen & Kortelainen, 2005, 2007; Liang et2008; Lozano & Gutiérrez,
2008; Lu & Lo, 2007a; Lu & Lo, 2007b; Park & Taha2008; Sarkis, 2004,
Scheel, 2001; Seiford & Zhu, 2002; Yang et al.,&00Yo6rik & Zaim, 2008;

Zhang et al., 2008; Zhou et al., 2008a; Zhou et28I07; Zofio & Prieto, 2001).

In the context of environmental assessment, theutsitin DEA are treated
differently in order to differentiate their desitaband undesirable nature.
Therefore, pollutants are characterised as undésirautputs or factors. The
DEA with the presence of undesirable output, theAldpproach is termed as

eco-DEA.

Dyckhoff and Allen (2001) argued that when applyiDgEA in eco-related

studies, it was not appropriate to embrace thanagBon used by traditional

DEA: maximising output quantities while minimisingnput quantities.

Conceivably, not all outputs are “good” and notigtluts are “bad”. For example,
ecologically undesirable outputs (waste emissiarg] ecologically desirable
inputs (waste in a waste-burning power plant aa necycling plant). Zhou et al.
(2007) and Lu and Lo (2007b) took the same poini@iv. They emphasised the
DMU should be considered as inefficient when unddé$e outputs are produced
along with the desirable outputs in a productioocpss. Therefore, it is only the
desirable outputs, not the undesirable outputs #rat preferred. The term
‘undesirable outputs’ can also be applied in heedite (complications of medical

operations) and business applications (tax paym@nyskhoff & Allen, 2001).

The concept of undesirable outputs was supported gseat deal of literature,
and their numbers are increasing. Zhou et al. §8pdivided the period from

1983-2006 into a time frame of three eight-yeaiquoisr (1983-1990, 1991-1998
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and 1999-2006). They found that the publicationsindesirable outputs within
these three periods are 7, 21 and 72 respectived/widely applied in various
fields such as electric utility industry (Burnett &ansen, 2008), logistic
(Quariguasi Frota Neto et al.,, 2008) and energykihduee, 2008). However,
there are many approaches in calculating the sffecpollutants to a decision
making unit (DMU). In the same way, there existgiods ways to treat

undesirable outputs with the model chosen.

2.5.5 Previous Studies on the existing eco-DEA

As there are numerous approaches on incorporatidgsirable outputs in DEA,
the following section divides them into four maitteanatives, followed by
examples of their application. It would be of ir&lrto show the range of DEA

application in the ecological extension.

2.5.5.1 Ignoring undesirable outputs

This refers to the traditional DEA, which neglectsdesirable output (Hua &
Bian, 2007; Lu & Lo, 2007a, 2007b; Nakashima et daD06). Undesirable
outputs are not included in the calculation andamgput variables are not further

divided into desirable and undesirable outputs.

2.5.5.2 Treating undesirable outputs as inputs

Dyckhoff and Allen (2001) considered DEA as a maitteria approach in which
the undesirable output is modelled as input. Tipplieation of the model

measures the environmental efficiency of Dutch ydé&rms (Reinhard et al.,
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2000) and also evaluates their carbon dioxide eomsguota in light of the

Kyoto Protocol (Gomes & Lins, 2008).

2.5.5.3 Non-linear monotonic decreasing transformation azwh (data

transformation)

This data transformation approach is suggested digrg and Roll (1989). It
converts an undesirable output as “normal” outputabmonotonic decreasing
function f (since after retransformation, increasing theseuesl means
decreasing the undesirable outputs) (Scheel, 20019. undesirable output is
modelled as being desirablgu*) =1/y* whereu®is one of the elements of the
matrix u of the undesirable outpuif the decision-making unit DMUGomes
& Lins, 2008). Lovell et al (1995) compared theameeconomic performance of
19 OECD countries using the same approach. Thesuab& outputs (carbon
and nitrogen emissions) are treated as normal ttpafier taking their

reciprocals.
2.5.5.4 Linear monotonic decreasing transformation approach

This is a method suggested by Seiford and Zhu (ROA2sufficiently large
positive scalarS is added to the reciprocal additive transformatafnthe
undesirable output so that the final values are positive for each QMO the
environmental DEA technology becomisl) =-y“+ 4. Lu and Lo (2007b)
utilised the above model to examine the overaliguerance for different regions
in China, based on economics and environmentabr&ctn this analysis, the

desirable output being considered was GDP and tigesirable outputs were

emissions such as soot, dust and sulphur dioxide, Bian and Liang (2007)
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used the same approach to assess the ecologicatreffy of paper mills along

China’s Huai River.

Despite the popularity of this approach the datestrbe transformed back when
interpreting the results and are valid for the B@@6del only (Gomes & Lins,

2008). This model is criticised for its invariartcedata transformation within the
DEA (Lu & Lo, 2007a, 2007b) and the possibilityltdving a biased efficiency

score (Yang et al., 2008a).

2.6 Research Gap with Previous Studies of the Existing

Eco-DEA

After conducting the comprehensive review as thevipus eco-DEA studies, it
is found that there are two problems concerningdhbe approaches and they are

discussed in the following.

2.6.1 Ignorance of undesirable output

It is wrong to ignore the presence of undesirahigput. During production, as
undesirable outputs and desirable outputs are gtkat the same time during
production. Undesirable output is of a differentune, therefore it should be
distinguished when computed with the desirable ofact For textile

manufacturing, pollutants are produced along whi ¢énd products. Therefore,
under the umbrella of environmental concern, taditional DEA is not suitable

to assess the situation in the textile industrgoAventional DEA regards input

and output as positive and desirable. Pollutanésdscharged in any textile

43



Chapter 2 Literature Review

manufacturing process. Thus, undesirable outputsildhbe considered and

included in the DEA.

Based on the above research gap, the new eco-D&#vedoped. In the context
of environmental concern, the new eco-DEA accomnesddahe undesirable
output. The details on the manipulation of the wiable output is covered in

Chapter 4.

2.6.2 Improper description of undesirable output

The present of approaches fail to describe the sirad#e output. For example,
treating undesirable outputs as inputs (DyckhofAlken, 2001) fails to reflect
the true production process. Conceivably, input andput have a direct
relationship, and all outputs are interconnecteal.tli other hand, the potential
reduction in pollutants (outputs) as expressedimnaut-oriented measure does
not have a natural interpretation. Moreover, animitéd decrease in
undesirables (holding other inputs constant) istaohnically possible (Yang et
al., 2008a). Also, when using the linear and naedr monotonic decreasing
transformation approach, the efficiency scores tenthcrease. These existing
approaches fail to take into account the logic hehihe efficiency score
obtained. Consequently, a new eco-DEA is neededotee the mentioned

research problems.

To further illustrate and discuss how these prippraaches incorporating
undesirable output inappropriately, a more in-depthdy is conducted in
Chapter 4. Based on the literature review in thigpter together with the results

of the comparative study in Chapter 4, a new eE#\i3 therefore developed to
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provide a new attempt to describe the nature oltidesirable output in a more

proper and advanced way.

2.7 Chapter Summary

This chapter reviews the relevant literature arghlghted the research gaps of
the present study. It is widely acknowledged thatustrial activities causes
pollution in the aspects of air, water and landefBfore, the production of textile
products evaluated such as yarn, cloth and cherfilizas are review to indicate
the environmental impact induced from these indaistrctivities. Besides, the
potential health impact resulted from the textilenuafacturing processes are also
examined. Environmental protection becomes orteefndispensable elements
in regulating the textile manufacturing procesdesvironmental performance
indicator (EPI) which has an increasing populatitlybe a common way in
resolving the subject of green management in tkeldeindustry is discussed.
With the examples of the prior studies on EPIs, thsearch gaps on the
development of EPIs are identified. In turn, DEAngoduced as a new method
to measure environmental performance. The theolyEA is outlined and it is
acknowledged that the wide application of DEA makea common tool to
measure performance efficiency. Although there isoasiderable research
published on the undesirable aspects of productidputs, the suitability of the
DEA for incorporating the undesirable outputs aee lyeing properly discussed
and examined. Based on the literature reviewedighahapter, the research gaps
calls for further extensive research work on envmental performance indicator

of the textile industry. Therefore, the presentdgt@ims to develop a Green
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Index, with DEA as tool, for the Textile Industrg strengthen the practice of
environmental management. The following chapteregidetails on how the

study is performed.
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3.1 Introduction

With the knowledge gained from the previous chapters believed that an
effective and consistent environment managemeritisomdispensable for the
textile industry. Also to achieve the mentionedesesh gap, the objective of the
present study is to develop an environmental pevdoice index (EPI), which is
termed as the Green Index. In particular, the Greelex aims to assess the

environmental impact textile production in China.

Figure 3-1 shows the research approach of the mresedy which is divided
into two stages. Stage One is further divided ititicee steps which aim to
address the development of the new eco-DEA namettheafkatio Model. A
comparative study is conducted to indicate therpem-DEA, as discussed in
Section 2.6, is insufficient to characterise th@aat of the undesirable output in
a DEA. Thus, a new approach, the Ratio Model imduced. Verification of the
Ratio Model is then conducted to further confirnd atow it is a better way to
measure the impact of the undesirable output. Stageis also further divided
into three steps which illustrate the environmem@tformance assessment of
China’s textile industry. The newly developed edeAis adopted to construct
the Green Index. The Green Index is then appliddun case studies which are
designated for the environmental performance etialuaf the textile industry

in China and Jiangsu respectively.
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Based on the above research approach, this chaptews the research
methodology applied in the present study. Corregmonto Stage One, Section
3.2 outlines the method on the development of #ve @co-DEA, which is called
the Ratio Model. Section 3.3 corresponds to Stagewhich provides details on
how the environmental performance of China’s textidustry is assessed by the

Green Index.
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Step 1: Comparative Study on the Existing Four
Eco-DEA Models (Section 4.2)

STAGE 1 Step 2: Developrréen’;‘of T?, New Ratio Model
New Development (Section 4.3)
of the ‘ ‘
Eco-DEA :
The Ratio Model
(Chapter 4) Step 3: Verification of the New Ratio Model (Section 4.4)
Step 4 : Preliminary Study (Section 5.2)
Step 5 : Development of the Green Index with
S_TAGE 2 the New Ratio Model (Section 5.3)
Environmental
Performance ‘ ‘
Assessment of
China’s Textile
Industry Step 6 : Application of the Green Index (Section 5.4)
(Chapter 5) |
Case Study 1 Case Study 2 Case Study 3 Case Study 4

Figure 3-1 Research approach of the present study
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3.2 Stage One: New Development of the Eco-DEA: The

Ratio Model

As concluded in Chapter 2, there is an urge toldeven EPI which is consistent
and objective to evaluate the environmental peréoree of the textile industry.
To achieve this aim, a Green Index is developenh fiite present study and data
envelopment analysis (DEA) is adopted as a metloggoto measure the

environmental impact from the perspective of edaiehcy.

Data envelopment analysis is a methodology adofiiedonstruct the Green
Index. The primary application of DEA is to meastire performance of similar
units from the aspect of efficiency. By comparifgeit common outputs and
inputs, a score is assigned to each examined With this score, one can
compare and tell how efficient each unit is perfimgn The conventional DEA
regards the input and output variables as poséna desirable. However, from
the literature review in Section 2.2, it is knowrat pollutants are commonly
produced along with the end products in any textiBnufacturing process. The
output variables should, therefore, be furtheredéhtiated into desirable and

undesirable outputs (Dyckhoff & Allen, 2001).

There are many approaches to incorporate undesicalputs into the DEA and
they are illustrated in Section 2.5.5. Nevertheldss research gap in Section 2.6
concludes that these approaches are defectivarte satent. In turn, a new eco-
DEA is needed. The objective of Stage One is teldgva new eco-DEA which
is called the Ratio Model. Stage One is furtherid#id into three steps. The

following sections describe these three steps daugly.
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3.2.1 Comparative study on the four existing eco-DEA

The first step of Stage One is to conduct a conparatudy in order to explore

the discrepancy of the efficiency scores undeekfiit approaches of eco-DEA.

The common problems of the existing measures ageefibre observed and

examined in depth. There are three componentbuitrg to the achievement of

this step.

3.2.1.1 Existing eco-DEA

As a comparative study is conducted at the fisgestto examine the prior eco-

DEA, four different approaches of eco-DEA are cimoSéhey are summarised in

Table 3-1. These are the four common methods iorpacating undesirable

outputs. Details of these four approaches aretiitexd in Sections 2.5.5.1 to

2.5.5.4 respectively.

Table 3-1 The four chosen methods for comparison

Definition References
Method 1 Ignoring undesirable outputs in DEA Hua & Bian, Z200Qu & Lo,
2007a; Lu & Lo, 2007b
Method 2 Treating undesirable outputs as inputs Dyckhofil&n, 2001
Method 3 Applying a nonlinear monotonic Golany & Roll, 1989
decreasing transformation,
e.g., 1/b, to the undesirable outputs
Method 4 Using a linear monotonic decreasing  Seiford & Zhu, 2002

transformation to deal with undesirable
outputs

3.2.1.2 Data source

The data of input, desirable output and undesirabtput are needed to study the

difference between the existing eco-DEA. As thepst conducted to compare

the results of the various approaches of eco-DE#y @econdary data are
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therefore adopted. Hua and Bian (2007) has domeikasstudy before therefore
the data used by the researchers are employede Tdrer two inputs, two
desirable outputs, one undesirable output and 30U&MThe translation

parameter for method 4 is setvas 1500.

3.2.1.3 Software

A computer program was employed to run the DEAs Italled DEAP and the
version used is DEAP 2.1. DEAP 2.1 is used becays®vides a user-friendly
program for users to conduct a DEA study. The sarftwis a DOS programme
and was created by Coelli (1996). To execute thé&BHt generally involves
five files: the command prompt file, executablee iDEAP.EXE, data file,

instruction file, and output file.

The command prompt file
The following figure is the interface of the comrdaprompt file, in which
commands are typed in to execute the DEAP prograasneell as to open the

data, instruction and output file.

e+ Command Prompt

Microsoft Windows XP [Uerszion 5.1.26881
(C)» Copyright 1985-2001 Microszoft Corp.

:\Documents and Settings>hkpu>cd my documents

NDocuments and Settings:hkpusMy Documents>cd phd

:xDocuments and SettingsshkpusMy Documents“FPhD>cd production dea software
:“Documents and SettingsshkpusHy Documents“PFhD“FRODUCTION DEA softwareXcd deap

NDocuments and Settings>hkpusMy Documents“PhINPRODUCTION DEA software~DEAP}edi
China23.dat

:S\DOCUME™1shkpusM¥DOCU™1~PhD~FRODUC™1~DEAP>

Figure 3-2 Interface of the Command prompt file

52



Chapter 3 Research Methodology

The data file

All the data is stored in the data file and the [PE&xpects the data to be listed
according to a specific order. If there are five D8being assessed, then there
will be five rows of data in the data file. Fronftléo right across the file, the
column of output is listed followed by the inpuwmn. For example, Figure 3-3
shows the data file “China23.dat”. The 17 rows m#sre are 17 DMUs for
assessment. The four columns state the first tiiorows are output data, and the

other two columns are input data.

~ Command Prompt - edit China23. dat

File Edit Search Uiew Options Help
(SRR, | Ducuments\PhD\PRODUCTION DEA software~DEAP~China23_dat
.8 181.%7 632.47 3113.3
.7 1987 618 .21 3325
.5 283 983.58 3382_16
.5 211.3 894 3439 .32
.2 26A.18 877.73 3531.3
.21 289 _1 8168.46 3332_.29
.83 248_.7% 730.24 3A79 .72
241 578.681 2842 .17
258 51@.87 2582.79
277 451 .25 2497
.68 298 465.26 2679.32
322_3% 476.8% 2984 .43
.58 353.52 496.34 3468.96
1291 .34 482 .1 51%.16 45568._25
1450.54 484_3% 580.86 4978.35
1742 .96 598.55 6684.84 5756 .49
2068 .17 675.26 631.54 6287.57

Fi=Help Line:1 Col:1
Figure 3-3 Interface of the data file

The instruction file

The instruction file contains all the necessaryoiinfation required for the
programme to give the results. Using Figure 3-draglustration, the instruction
file holds information on the data file name, outfile name, number of firms
(i.e. the number of DMUs), number of time periodsmber of outputs, number

of inputs, choice of input or output orientatiossamption of constant returns-
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to-scale (CRS) or variable returns-to-scale VRSimgtion and the selection of

various approaches of DEA.

The constant returns to scale (CCR) assumes al$ fare operating at an optimal
scale. However, according to Coelli et al (200®nditions such as imperfect
competition, government regulations, and constsaimt finance would result in
a firm operating at a sub-optimal scale. Thusvémable returns to scale (BCC)
DEA model is utilised in this study to treat thedesirable outputs. The model
has an assumption of variant return to scale. Algho the previous
environmental DEA studies followed the CCR DEA mipdehich assumed a
constant return to scale, Zhou et al (2008a) betlehe case of variant returns
to scale (VRS) (Hu et al., 2005) is observed in dowual situation. “Variable
return” means that different output levels are pamti due to reduced
performance or economies of scale (Park & Tah2e#8). Therefore, one
cannot follow the traditional DEA, as this may mathstand the basis of eco-

DEA.

o+ Command Prompt - edit China23.ins

File Edit Search Uiew Options Help
..My Documents~PhDSPRODUCTION DEA sof twaresDEAPNChina23.INS
DATH FILE NAME

China23,out QUTPUT FILE NAME

1? NUMBER OF FIRME
NUMBER OF TIME PERIODS
NUMBER OF OUTPUTS
NUMBER OF INPUTE
@=INPUT AND 1=0UTPUT ORIENTATED
@=CR& AND 1=URE
B=DEA<MULTI-STAGE>., 1=COST-DEA. 2=MALMQUIST-DEA. 3=DEA<1-STAGE

Fi=Help
Figure 3-4 Listing of Instruction File “China23.ihs
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The executable file DEAP.EXE

The main function of the executable file is to typghe name of the instruction
file when it is created. When an instruction filanme is typed, which is
“China23.dat” in this example, the programme talielew seconds to run the
required linear programme and then sends the sedoltthe output file

“China23.out”.

= C:\Documents and Settings\hkpuiMy Documents\PhDAPRODUCTION DEA software\DEAPD

DEAP Uersion 2.1

-InE—Jof-aE e o af oo -JafJof-af oo -ef-To- -
A Data Envelopment Analysis (DEA> Program

hy Tim Coelli
Centre for Efficiency and Productivity Analysis
University of Mew England
Armidale. MSW. 2351, Australia
Email: tcoellifmetz.une.edu.au
leb: http:/7vvwuw._une_.edu.auwseconometricss/cepa.htm

The licence for thiz copy of DEAFP iz a:
SITE LIGENCE
for staff and students at

% THE UNIVERSITY OF NEUW ENGLAND xex

Enter instruction file name: China23_dat

Figure 3-5 Interface of the executable file

The output file
The following figure shows the interface of the muit file “China23.out”. The
output file gives the efficiency score of each DMidd other results such as

slack and weight.
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=+ Command Prompl - edit China23.out

File Edit Search Uiew Options Help :
C:ine . SMy DocumentsSPhDSPRODUCTION DEA sof twaresDEAPSChina23.0UT
Results from DEAP Uersion 2.1

Instruction file = chinaZB.ins
Data file = china2@._dat

Input orientated DER

Scale assumption: URS

Single—stage DEA — residual slacks presented

EFFICIENCY SUMMARY:
firm crste vpste =cale

-529 .88z 659 ip
521 -751 694 ip
-543 .738 .?235 i
2554 - 726 763 i
.664 .77 -239 4
.567 . 749 .57 ip

F1=Hglp
Figure 3-6 Interface of the output file

Line:1 Col:1l

3.2.2 Development of the new Ratio Model

Based on the findings in step one, there is a neatbvelop a new eco-DEA.
Therefore the objective of this step is to introeliube new eco-DEA which is
named as the Ratio Model and the theory behind. névely developed Ratio
Model is illustrated and the differences betweesn ibw and old approaches of

eco-DEA are identified as well.

3.2.3 Verification of the new Ratio Model

This is the third step in Stage One which aims ¢oify the two findings
concluded from step one. Also, the newly develoRatio Model is compared to
the prior eco-DEA to verify that the new approashmore comprehensive in

describing the undesirable output than the previmes.

The data source and choice of eco-DEA to verify riegvly developed Ratio
Model is identical to step one which are illustchtn Section 3.2.1.1 and 3.2.1.2.

As mentioned in Section 3.2.1.3, DEAP 2.1 is adbpte the software to perform
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the DEA. For the calculation of the Ratio Model,the undesirable output is
modelled with a new aspect, the data of the ddsiratd undesirable outputs has
to be treated before entering into the DEAP 2.1usTlt is necessary to yield the
ratio value between the desirable and undesiraliputs before proceeding to
the calculation of the Ratio Model by DEAP 2.1. Tia¢io values obtained is
then entered into the DEAP 2.1 as output variabteshis study, the software

employed to calculate the ratio values is MicroSaffice Excel 2003.

3.3 Stage Two: Environmental Performance Assessment of

China’s Textile Industry

The previous section outlines the research metloggadf Stage One which aims
to develop the new eco-DEA. This section describesestablishment of the

Green Index in Stage Two.

The ultimate objective of the present study is $seas the textile industry
environmental performance by the newly developede@rindex, which is a
form of environmental performance indicator (ERA$. mentioned in Section 2.4,
one of the main problems in the present EPIs isttt@EPIs rely on subjective
judgement to prioritise the importance of the feststudied. Different parties
have different perspectives concerning the impagast environmental impacts
(Dyckhoff & Allen, 2001; Zhao et al., 2006). Theabiin the weight assignment
is a significant hurdle for the common applicatathe indicator. Hence, DEA
is an appropriate approach to construct the Gnegexl by enhancing the overall

efficiency and at the same time, reducing the neganvironmental impact. A
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weight is assigned to each factor programmed by#A. This approach makes

it suitable for performance measurement.

Concerning other research gaps on the EPIs studi&gction 2.4, the Green
Index provides a consistent approach with an obcjudgement on the
weighting, as well as design specifically for treure of the textile industry. The
objective of Stage Two is to construct the Greeteinwith the new eco-DEA
developed in Stage One and employ the Green Iralagdess the environmental
performance of China’s textile industry. Stage Twdurther divided into three

steps. The following sections describe these thirges accordingly.

3.3.1 Preliminary Study

Before the development of the Green Index, a preny study is conducted to
ratify the possibility of applying the Green Indexa textile mill. Therefore, a
factory visit is arranged and the textile mill ecated in Shenzhen, China. The
main purpose of this preliminary study is to cdilde polluted air samples and

examine the mill’s practice in producing environrarfriendly products.

The data on wastewater and solid waste are noeated in the present
preliminary study because the senior manager ofekie mill does not allow
the disclosure of their records on wastewater hag tlo not have any records on

the solid waste.

3.3.1.1 Sample collection

The collection of air samples is conducted to eslihe air quality of textile

dyeing and familiarize with the necessary assessteehnique. The study was
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endorsed by the indoor air quality experts from Department of Civil and

Structural Engineering, the Hong Kong Polytechniavarsity.

Due to limited time, only two spots of the dyeirmgpm are assessed. Both of the
sample collection spots are next to a dyeing machior each spot, two air
samples are collected by stainless canister andithag, with the help of air
pump -airchek sampler (Model 224-44XR). The appeseg used for sample air
collection are shown in Figure 3-7. It takes 45numés and 15 minutes
respectively for the stainless canister and aitbdue filled up. After the samples

are collected, they are analysed within 24 houraéourate results.

Stainless canister

Airchek sampler
Figure 3-7 Apparatuses for sample collection

3.3.1.2 Sample Analysis

As the samples have to be analysed by differentaames within 24 hours, they

are sent to the air laboratory of the DepartmentCofil and Structural
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Engineering, The Hong Kong Polytechnic Universiiize various polluted air
samples parameters detected are shown in TablefBe2samples are analysed
by different apparatuses which detect specificytet air species and they are

shown in Table 3-2.

Table 3-2 Polluted air samples parameters

Types of air emission

SO Toluene

CO 1,2-Dibromoethane

NO, Ethylbenzene

HCHO m,p-Xylene

TVOC o-Xylene

Methylene chloride 4-Ethyltoluene
Benzene 1,3,5-Trimethylbenzene

Carbon monoxide and
sulphur dioxide detector

Volatile organic compounds | Gas chromatograhy/mass spectrometry
detector (GCMS)
Figure 3-8 Apparatuses for air quality assessment
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3.3.2 Development of the Green Index with the new Ratio Mdel

In light of the findings from the previous chapteise generic framework of the
Green Index is developed as shown in Figure 3-@ ffamework provides a
general outline of how to carry out the Green Indexarious circumstances. It

consists of three main phases: data collectioripRé&bdel and the Green Index.

The first phase is about data collection, fromvégous production processes of
China’s textile industry. Data include the input&lautputs of the relevant DMU.
Obviously, the number of inputs and outputs as agllhe DMU must follow the
rule of thumb indicated in Section 3.3.3.4 to easigasonable results. As this
present study attempts to incorporate environmexsjagécts into the Green Index,
therefore, the output variables are further divided desirable and undesirable
outputs. The sub-index is then derived from thedRsiodel which incorporates
undesirable outputs into the evaluation of perfaroeaand the Green Index is
accomplished by the sum of the three sub-indigefadt, the number of the sub-
index depends on the research situation or apitaEor the present study,
there are three sub-indices which represent thee tbtommon pollutants found in
the textile manufacturing process. The details ledsé three pollutants are
discussed in Chapter 5. The dotted line that lithles first and third phases

presents the repetitive need for data collectioritfe sub-indices.

Thus, the general framework presented in this @ectionstitutes the core
objective of the study. Details on the developmainthe Green Index and its

application to China’s textile industry are covenehapter 5.
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DATA COLLECTION

Input

U

Decision Making Unit (DMU)

z

Output

- -——--

— =

THE DEA RATIO MODEL

— =

Sub- Sub-
index 1 index 2

Sub-
index 3

THE GREEN INDEX

Figure 3-9 The conceptual framework of the Greelein
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3.3.3 Application of the Green Index by four case studies

After establishing the framework, the Green Indexhen applied to four case
studies which represent four different scenario€loha’s textile industry. There

are four components attributing to the achieveroétite present step.

3.3.3.1 Case study

The present study uses case study as an approagipliothe newly developed
Green Index at various scenarios of the China’siléeindustry. Case study is
considered as a qualitative research method tcsiigage the real-life context
and can link real-life interventions with the comwplphenomenon (Yin, 1994).
Therefore, it is an common and acceptable formtadysin the environmental

research (Jiang, 2009; Song et al., 2009; Zhaal,e2007).

The objective of the four case studies is to veltily Green Index as well as to
evaluate the environmental performance of Chinaxgile industry in the past
decade. To further illustrate the mentioned resegreestion, the perspective of
China’s textile industry is further divided into aievels: national and provincial
level. The national level examines the environmep&formance of China’s
textile industry as a whole while the provinciavédé studies the impact of
Jiangsu textile industry on the environment. Thenales behind the choice of

these two subjects and the details of the caséestade covered in Chapter 5.

3.3.3.2 Data Source

The data source of the present study mainly comma the China Statistical

Yearbook (The People's Republic of China StateisHitl Bureau, Various
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issues). If necessary, the China Textile Industeyddopment Report (Zhongguo

fang zhi gong ye xie hui, various issues) is ref@ms a backup reference.

The China Statistical Yearbook is an annual ste#ispublication which is a
widely used reference. It covers a wide range ¢& da reflect the social and
economic development of the country. There are twenty chapters in each of
the statistical year that records the necessarg datvarious aspects of the
country such as population, agricultural and camsion. The data for the
present study is collected under the category Strgti and “resources and

environment”.

3.3.3.3 Selection of DMU

There are certain requirements in DMU selectiore MU should be similar
for comparison purpose, yet easily differentiateddompetition. In computing a
DEA study, the homogeneity of the DMU chosen i® @significant factor in its
selection (Ramanathan, 2003). The units shoulc reamilar objectives for
sensible comparison. With these constraints in piimel Green Index is applied

to the textile manufacturing sector from both tlagional and provincial levels.

As the study concentrates in the comprehensiveesob@mssessing the annual
performance of Chinese textile industry, henceahalysis undertaken is across
the period which data is available. Each yearaated as a separate DMU and
this DMU choice has also been accepted in theatiiee (Cooper et al., 2001,
Cooper et al., 1995; Jahanshahloo & Khodabakh$§lGi42Sueyoshi, 1992). For
Case Studies 1 and 2, the period under evaluatidmm 1991-2007, while for

Case Studies 3 and 4, it is from 1998-2007. Thigogds chosen because there
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IS no environmental data on industrial activitiesarded before 1991 and 1998.
Therefore, the data is chosen based on data aM&lalvhich starts from 1991
and 1998. The details of the DMU cover the presgatly are discussed in

Chapter 5.

3.3.3.4 Selection of input and output variables

In the context of designing a DEA study, input andput factors should have a
direct relationship. That means an input is anguese that is used by the DMU
to produce the outputs. Moreover, in the selectbrmnputs and outputs, it is
necessary to ensure that data is available forchwsen inputs and outputs
(Zhou et al., 2008b). Although input and outputesgbn is relatively subjective,

it is suggested that the choice and the numbenmfts and outputs is restricted
by regulations. Cooper et al. (2007) provided tbkowing rule of thumb for

guidance in determining the number of inputs angputs:

n= max{mx s3(m+ 3} (3-1)
wheren = number of DMUs;
m = number of inputs; and
s = number of outputs.

In the present study, the input variables are lalod total energy consumption;
while the desirable output are the amount of yatoth and chemical fibre
produced and the total industrial output valueh& individual textile product.
The undesirable outputs studied are polluted aastewater and solid waste.
Details on the selection of these variables andr#tienale are explained in

Chapter 5.
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3.4 Chapter Summary

With the research gap identified in the previouapthr, this chapter describes
the research methodology adopted to answer tharasgquestions. In this study,
there are two stages which aim to develop a Grewlexl to assess the
environmental performance of China’s textile indystage One which is about
the development of the new eco-DEA is discussede Three steps that
contribute to the achievement of Stage One areasgered. Sequentially, Stage
Two which is the environmental performance assessmé China’s textile

industry is reviewed. Correspondingly, Stage Twdiisded into three steps and
they are described with details in this chaptesdBlaon the research framework
indicated, the next chapter starts the establishroktthe Green Index by the

development of the new eco-DEA which is the Stage 6f the present study.
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CHAPTER 4 NEW DEVELOPMENT OF
THE ECO-DEA: THE RATIO M ODEL

4.1 Introduction

The previous chapter illustrates the research agpr@adopted in the present
study. Considering the objective is to develop &d@rIndex for the textile
industry, the present study is divided into twogsta Stage One is about the
development of a new eco-DEA and Stage Two dextibe establishment of
the Green Index by the new eco-DEA. This chaptacdlees with details the

steps involved in Stage One.

Recalling the literature viewed in Chapter 2, duehte unavoidable emission of
pollutants as part of the production process of ialflustrial activities,
environmental management is particularly desiredttie manufacturing sector.
Under current production conditions, the presentenagative outputs, also
described as undesirable outputs, cannot be igné@dinstance, in the textile
industry, a company that produces a high amourdesirable output (cloth or
yarn) is associated with a certain amount of umdbk output as well (water
pollutants from the dyeing process). One way tongaisight into the
environmental condition of a production proceswigsnalyse its eco-efficiency.
Eco-efficiency examines the environmental impactaof industrial activity.
Among the extant literature, data envelopment a@ml(DEA) is a new

perspective in measuring eco-efficiency.
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DEA is an established methodology to measure ti@ezfcy of organisations by
comparing the relative productivity with the samput and output set, expressed
as a non-linear problem. As more attention is bgagl to the environment,
researchers have extended the conventional DEAntsgrating undesirable
outputs to measure eco-efficiency. With the presarfaundesirable outputs, it is
not appropriate to use the assumption of the toadit DEA: maximising output
quantities of output while minimising the quanttief input to achieve higher
efficiency (Dyckhoff & Allen, 2001). Thus, new amaches are proposed to

incorporate undesirable outputs in a DEA framework.

Measuring the impact of undesirable variables ispartant from an
environmental management perspective. Nonethelassmentioned in the
research gaps in Section 2.6, the existing studiégo properly describe the
characteristics of undesirable outputs. To fill theearch gaps, this chapter aims
to develop a new eco-DEA (Stage One) which incates both desirable and
undesirable outputs in an alternative way, so phiat knowledge of eco-DEA is

guestioned.

There are three steps involved in Stage One anydaifeedescribed in this chapter
accordingly. Firstly, Section 4.2 describes a stwdyich is performed by
comparing existing eco-DEA so as to explore therdgancy of the efficiency
scores under the various approaches of eco-DEAs Phovides a further
validation for the research gaps mentioned in 8ec#.6. Thus, the common
problems of the existing measures are be obsermddeaamined. With the
findings concluded from the comparative study, ®eact.3 introduces a new

eco-DEA which is developed to address the disciatmg power of the
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undesirable output, contrary to the traditional -B&A. Lastly, Section 4.4
verifies the newly developed model with the prico@®EA to confirm the new

approach is able to manipulate the undesirableubwifth a preferred method.

4.2 Comparative Study on the Four Existing Eco-DEA

With increasing public attention on the natural iemvment, one of the major
research thrusts in Data Envelopment Analysis (DEAYo manipulate the
undesirable output in the conventional DEA. Thelitranal output variable in a
DEA computation is further divided into desirabledaundesirable outputs. With
the dissimilar nature of both outputs, it is impottto define the two outputs in
such a way that the undesirable output can beidis@ative. There are numerous
aspects to incorporating undesirable outputs dsszlisn the literature and they
are covered in Section 2.5.5.1-2.5.5.4 respectivelgwever, the economic
implications and the suitability to the DEA resdarbackground of the
undesirable outputs have yet to be seriously imyatstd and discussed.
Therefore, it is necessary to conduct a comparativey to explore how existing
approaches that measure environmental performafiee fdom one another. By
comparing the efficiency scores computed from theous measures, the effect

of undesirable output on the results can be distsiged.

Using data from Hua and Bian (2007), this sectiemiews the models as
discussed in the previous text with undesirablepaist The four identified
methods as discussed in Section 2.5.5, represethtingifferent approaches of

treating undesirable outputs in DEA, are as follows
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Method 1. Ignoring undesirable outputs in DEA,

Method 2: Treating undesirable outputs as inputs;

Method 3. Applying a nonlinear monotonic decreasing transftion, 1/b, to

the undesirable outputs; and

Method 4: Using linear monotonic decreasing transformationdeal with

undesirable outputs.

As reported in Table 4-1, the first column idewtgfithe 30 DMUs, while the
second and third columns list the two inputs. Calam and 5 provide the two
desirable outputs, and the last column indicates wuhdesirable output. The
translation parameter for method 4 is setwass 1500. DEAP 2.1 used the
computer programme (Hu et al., 2005; Lam & ShiuQD0to run the various
DEA approaches, and the study is based on the asisumof variable return-to-
scale. Table 4-2 records the results of the comiparatudy under methods 1 to

4.
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Table 4-1 Data of the 30 DMU

DMU Desirable Desirable Desirable Desirable Undesirable

Input 1 Input 2 Output 1 Output 2 Output 1
1 437 1438 2015 14667 665
2 884 1061 3452 2822 491
3 1160 9171 2276 2484 417
4 626 10151 953 16434 302
5 374 8416 2578 19715 229
6 597 3038 3003 20743 1083
7 870 3342 1860 20494 1053
3 685 9984 3338 17126 740
9 582 8877 2859 9548 845
10 763 2829 1889 18683 517
11 689 6057 2583 15732 664
12 355 1609 1096 13104 313
13 851 2352 3924 3723 1206
14 926 1222 1107 13095 377
15 203 9698 2440 15588 792
16 1109 7141 4366 10550 524
17 861 4391 2601 5258 307
18 249 7856 1788 15869 1449
19 652 3173 793 12383 1131
20 364 3314 3456 18010 826
21 670 5422 3336 17568 1357
22 1023 4338 3791 20560 1089
23 1049 3665 4797 16524 652
24 1164 8549 2161 3907 999
25 1012 5162 812 10985 526
26 464 10504 4403 21532 218
27 406 9365 1825 21378 1339
28 1132 9958 2990 14905 231
29 593 3552 4019 3854 1431
30 262 6211 815 17440 965

Source: Hua and Bian (2007)
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Table 4-2 Results of the DMU's efficiency scor@smethod 1 to method 4

DMU Method 1 Method 2 Method 3 Method 4
1 1.000 1.000 1.000 1.000

2 1.000 1.000 1.000 1.000

3 0.304 0.633 0.312 0.359

4 0.472 0.779 0.545 0.566

5 0.988 1.000 1.000 1.000

6 1.000 1.000 1.000 1.000

7 0.889 0.944 0.890 0.892

8 0.499 0.601 0.499 0.510

9 0.547 0.622 0.547 0.547
10 0.882 1.000 1.000 1.000
11 0.510 0.644 0.510 0.510
12 1.000 1.000 1.000 1.000
13 0.995 0.995 0.995 0.995
14 1.000 1.000 1.000 1.000
15 1.000 1.000 1.000 1.000
16 0.665 0.839 0.677 0.721
17 0.488 1.000 0.876 1.000
18 0.967 0.967 0.967 0.967
19 0.541 0.541 0.541 0.541
20 1.000 1.000 1.000 1.000
21 0.576 0.583 0.576 0.576
22 1.000 1.000 1.000 1.000
23 1.000 1.000 1.000 1.000
24 0.304 0.373 0.304 0.304
25 0.347 0.564 0.347 0.347
26 1.000 1.000 1.000 1.000
27 1.000 1.000 1.000 1.000
28 0.317 0.964 0.847 0.862
29 1.000 1.000 1.000 1.000
30 1.000 1.000 1.000 1.000
Mean 0.776 0.868 0.814 0.823

No. of 13 16 15 16
efficient DMU
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4.2.1 Finding from the comparative study

When an undesirable output is incorporated intcett®e DEA, it gives efficiency
scores that are either increased or remain unchafige various approaches in
dealing with undesirable output tend to give advetfficiency score and greater
number of efficient DMUs when compared with the noget that ignores the

undesirable output.

According to Table 4-2, when comparing method lother approaches, the
efficiency scores show either no difference orease. In general, the number of
efficient DMUs and the mean efficiency score undeethod 2 to method 4
increase. For example, DMU 17 sees a significaetin its efficiency score after
adding undesirable output into computation. Withthrod 1, the value is 0.488
which is one of the least inefficient DMUs. It bewes efficient under method 2
and method 4. DMU 28 is another obvious examplaevsigthe discrepancy in
the results between the calculation of various @gghes. Its efficiency score is
0.317 under method 1 but abruptly increases upbtovea 0.84 under other

methods.

Unlike the obvious ascent of DMUs 17 and 28, anrowpment in their
performance is commonly observed for other DMUS. Rethod 2, the increase
in the efficiency score is considerately more ohbsgidhan in methods 3 and 4.
For those DMUs with no increase in the efficiencpre, their results remain
constant under all the approaches. For examplesftioeency scores of DMU 18
and 19 are the same under methods 1 to 4. The DMtbsa 1.000 efficiency
score, such as DMUs 1, 2, 6, 12, 14, 15, 20, 22,2B3 27, 29 and 30, are

efficient despite the methods used in incorporathgundesirable outputs. The
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observation above illustrates a common finding entered from existing
approaches in dealing with undesirable outputs IBAD In fact, these
observations are also found in the research ob&kdnd Zhu (2002) and Hua

and Bian (2007).

Under methods 2 to 4, when the input remains urgdgzhrand the number of
output increases or vice versa, the efficiency esoofr the inefficient DMU

increases. The traditional DEA is restricted by twndition that the ratio

between weighted sum of inputs and weighted suwutguts must be positive.
Besides, when the nature of the outputs variey, taanot be subtracted from
each other. Thus, when considering an undesiraltfeug it must be treated as
an individual and positive number in the DEA. lpaprs that any extra positive
output tends to improve the DMU efficiency. The geece of the undesirable
output implies that with the same amount of inploé DMU can produce extra
outputs. Therefore, the DEA perceives the DMU asremefficient when

compared with the previous combination set of irgnd output.

Based on this comparative study, a research gapaised. In modelling
undesirable output, there is a strong possibihiggt twvhenever an extra positive
output or input is included in the DEA, the effisey of the DMU tends to

increase. The finding of the present study is amted as:

The existing approaches of eco-DEA tend to increase efficiency scores.
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4.2.2 Discussion of the comparative study

Based on the observations found in Table 4-2, itsuggested that after
incorporating the undesirable output, the resulils either improve or remain
constant. This change could not reflect a reasenalgic behind the presence of
undesirable output. When one more factor is consdjethe competition
condition between the DMU has altered and the iefiicDMU could become
less efficient after considering the undesirabligou In fact, the efficiency score
should change in such a way that it might increasdecrease. For example, the
desirable output of plant A is greater than plant Bowever, when
accommodating the pollutants produced by both plaplant B produces less
pollutant than plant A. Putting these 2 consideratitogether for comparison,
plant B behaves better in the environmental aspectuse it produces less
pollutant per desirable product. Therefore, plantd be regarded as more

environmentally efficient compared with plant A.

The assessment of efficiency is based on the catibm of the inputs and
outputs of the DMU. Therefore, each variable shdaddoroperly defined in the
eco-DEA so as to give an accurate result to thkebtader for reference. All
these variables should be favourable or unfavoartabithe performance of the
DMU which depends on the amount of input, and tesirdble and undesirable
outputs it produces. Therefore, when an extra kbajavhich is environmentally
related in this study, is incorporated into an assent, it should not be restricted

to simply as a neutral or favourable impact toDhU.

75



Chapter 4 New Development of the Eco-DEA: The Ristamlel

In this study, it can be deduced that after comsidehe undesirable outputs, the
mean efficiency score increases as well as the auwibefficient DMU. In this
context, it can only be explained the differencemMeen the results is due to the
various techniques used in modelling the undesrabkputs. It is important to
characterise the undesirable output correctly. Uiha@esirable output should be
discriminative enough so that its presence woulecathe efficiency score that
would not only increase or remain constant, butauld also worsen the
efficiency score. Moreover, the difference in thiceency scores calculated is
simply based on the different calculation methaddealing with the undesirable
outputs. In principle, the results are the samee @kisting literature failed to
explain the deeper issue concerning undesirablguauthe undesirable output’s
effect to the efficiency score should not be diripbsitive. The discussion of the
impact of undesirable output on the whole DEA ahe éfficiency score has
received little attention. In order to address finigblem, one model is proposed

in the following section.

4.3 Development of the New Ratio Model

The various existing approaches of eco-DEA failctamracterise undesirable
outputs in a proper manner. With the four methasiserded from the literature,
the efficiency score and the number of efficient D8tend to either increase or
remain unchanged when undesirable output is coregldén fact, the undesirable
output in the eco-DEA should have either a favolgrab an unfavourable impact
on the DMU. The existing approaches fail to sattbig significant nature of an

undesirable output. Under the current limitatiod a@search gap, there is a need
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to develop a new model which treats undesirablpuduh a way that its impact
can be accurately described and interpreted. Is #Haction, a new DEA
efficiency measure called the “Ratio Model” is pospd. It is believed able to
characterise the undesirable output in a more axvhand effective way than

previous approaches. This alternative avoids tinencon problems mentioned.

4.3.1 Definition of the new Ratio Model

In recalling the convention BCC DEA model and asssittinat there afe DMUs

that convertM inputs toN outputs, DMU is one of thdk DMUs being evaluated.

It is further assumed that DM@onsumesn input X*(i =1,2,...m)to producen
outputhk(j:1,2,...,n] and each DMU has at least one positive output. The
measure of efficiency of DMUs then obtained by:

min &

R
st YAX -6X+5=0 i=12.n
=1

R

;Aryjr _ St+ :Y( j: 1,2,.n (4_1)
R

YA=1

r=1

/]r '3_ ’§+ > 0, r=,.1R

where DMU = any of the decision making units being evaluated
DMUy = the particular decision making unit being evaddat
X", Y" =the inputs and outputs of every DMU
6  =the efficiency of DMU,;

A =the dual variable corresponding to the other uradity
constraint of the primal,

.5 = the slack variables which turn the inequality toaint into an
equal form; and
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A58 = the optimal solutions when the relative efficigiwd DMUy is
g=lands =g =0

The traditional DEA does not consider undesirahlguwot. In the Ratio Model,

the undesirable output and desirable output arieetttisO, and O respectively.

The undesirable outpQy is treated as a new variable, which is called the

penalty parametet/ is written as:

W, = POy +...+ PO, q= 1,2,.4, (4-2)

where W, = penalty parameter for DMU
Py = the penalty for individual undesirable outputgdan

o, = the undesirable output.

Sincepis the penalty charged for producing the outputsgtobtained from

problem (4-2) gives a measure of the total monetahye of undesirable outputs.

From the definition ofy, the greater the amount of undesirable output, the
greater is the value of the penalty parameterhieurthe respective value gfis
associated with the individual undesirable outth#refore p has the same value
for every DMU. With this model, desirable and uricidse outputs can relate to
one another, regardless of disagreement in the.unitaddition, the government
levy on industrial pollutant emissions can be ipcvated aso into the eco-DEA.
Thus, stakeholders can be reminded of both theatipeal and environmental
costs in producing dirty industrial output. Withetmew approach of treating

undesirable output in (4-2), the output of the &Miodel is defined as:
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Y, =[//io; P=12,...4 -
p

where O = the desirable output; and

Y, = the penalty factor.

The new Ratio Model computes desirable output amdkesirable output as a

fraction that the undesirable outp@f is the denominator and the desirable

outputO, is the numerator. In this case, the output vaduiaterpreted as a ratio

of desirable output to undesirable output. The akeatio provides a more
straightforward and sensitive way to expose theaigchpf undesirable outputs in
a DEA. As the undesirable output is the denominatoe greater amount of
pollutant produced, the less will be the value le¢ bverall outpuly'. On the
other hand, with a smaller amount of undesirablgwuproduced, the output
amount Y' increases. By using this transformative approaatsirdble and
undesirable outputs are directly proportionaterte another. The ratio form can
satisfy the restrictions of the conventional DEAjieh the output variable states
must be a positive value. Furthermore, the rationfgives both desirable and
undesirable outputs a more distinguished way tccrdes the effect of the
presence of the pollutant on the DMU efficiencyeTéxisting eco-DEA simply
incorporates the undesirable outputs into the cotmeal DEA, which the
efficiency score would either increase or remaim shme. This new linkage, a
ratio form, between the two outputs gives the egality a more discriminative
power in the eco-DEA, thus is a more appropriatey wa characterise
undesirable output. With the new expression of @iu¥J, the Ratio Model can

be written as :
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min

S.t

6'
R

PAX X +s =0 i= 1,2,.m

=1

R

DAY - =Y j=12..n 4-4)
r=1

R

YAa=1

r=1
AS S20, r= 1.R

By comparing models (4-1) and (4-4), it can be sban the form of the Ratio

Model and the original DEA are similar. Howeveiisthas also introduced a new

way to treat both desirable and undesirable outfute difference between the

outputYandY'is thatY"' includes undesirable outputs which assess the DMU

based on all of the good and bad outputs generdtesl outputY'in the Ratio

Model formulates the desirable and undesirableudstps a ratio, and associates

the undesirable outputs with a monetary value. ghiss a new definition and

computation approach to the DEA ecological modehe Tollowing table

summarises the difference between the traditioA\Bco-DEA and the Ratio

Model.

Table 4-3 Difference between the existing eco-DE4 the newly developed

Ratio Model
Existing eco-DEA Newly developed Ratio
Model
Presence of the Method 1 ignores undesirable Undesirable output is
undesirable output output; method 2 to method 4 incorporated

Form of the
undesirable output

Effect of the
undesirable output
on the efficiency
score

incorporates undesirable output
Undesirable output is modelled as

a positive value in the eco-DEA

The efficiency score either
increases or remains the same

Desirable and undesirable
outputs are formulated as a
ratio form

The efficiency score would
decrease, increase or
remain the same according
to the DMU performance
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4.4 \erification of the New Ratio Model

Based on the new eco-DEA developed in the preseasion, the present section
aims to verify the new approach. A comparative wtisgdconducted between the
prior approaches of eco-DEA and the newly develdpatio Model, conducted

in a similar fashion as in Section 4.2. As the &adlodel formulates the

desirable and undesirable outputs in a ratio fdimarefore the ratio values of
these two outputs have to be calculated. Tableshedvs the ratio between the
two desirable outputs and one undesirable out@lileT4-5 compares the results

of all the methods discussed in the precedingaestas well as the Ratio Model.

81



Chapter 4 New Development of the Eco-DEA: The Ristamlel

Table 4-4 Ratio of the two desirable outputs anel wmdesirable output

DMU Output ratio 1 Output ratio 2
1 3.03 22.06
2 7.03 5.75
3 5.46 5.96
4 3.16 54.42
5 11.26 86.09
6 2.77 19.15
7 1.77 19.46
8 4.51 23.14
9 3.38 11.30
10 3.65 36.14
11 3.89 23.69
12 3.50 41.87
13 3.25 3.09
14 2.94 34.73
15 3.08 19.68
16 8.33 20.13
17 8.47 17.13
18 1.23 10.95
19 0.70 10.95
20 4.18 21.80
21 2.46 12.95

22 3.48 18.88
23 7.36 25.34
24 2.16 3.91

25 1.54 20.88
26 20.20 98.77
27 1.36 15.97
28 12.94 64.52
29 2.81 2.69

30 0.84 18.07
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Table 4-5 Results of the DMU efficiency score unither five methods

DMU Method 1 Method 2 Method 3 Method 4 Ratio Model
1 1.000 1.000 1.000 1.000 1.000
2 1.000 1.000 1.000 1.000 1.000
3 0.304 0.633 0.312 0.359 0.314
4 0.472 0.779 0.545 0.566 0.538
5 0.988 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 0.589
7 0.889 0.944 0.890 0.892 0.456
8 0.499 0.601 0.499 0.510 0.463
9 0.547 0.622 0.547 0.547 0.515
10 0.882 1.000 1.000 1.000 0.543
11 0.510 0.644 0.510 0.510 0.489
12 1.000 1.000 1.000 1.000 1.000
13 0.995 0.995 0.995 0.995 0.589
14 1.000 1.000 1.000 1.000 1.000
15 1.000 1.000 1.000 1.000 1.000
16 0.665 0.839 0.677 0.721 0.484
17 0.488 1.000 0.876 1.000 0.718
18 0.967 0.967 0.967 0.967 0.961
19 0.541 0.541 0.541 0.541 0.541
20 1.000 1.000 1.000 1.000 0.932
21 0.576 0.583 0.576 0.576 0.497
22 1.000 1.000 1.000 1.000 0.364
23 1.000 1.000 1.000 1.000 0.631
24 0.304 0.373 0.304 0.304 0.290
25 0.347 0.564 0.347 0.347 0.347
26 1.000 1.000 1.000 1.000 1.000
27 1.000 1.000 1.000 1.000 0.653
28 0.317 0.964 0.847 0.862 0.618
29 1.000 1.000 1.000 1.000 0.583
30 1.000 1.000 1.000 1.000 1.000

Mean 0.776 0.868 0.814 0.823 0.670

No. of 12 16 15 16 8

efficient
DMU
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Concerning the finding in Section 4.2.1, the Ratlodel gives three different
results when compared to the efficiency scores unugthod 1 to method 4.
From the results shown in Table 4-5, the dispdréiween the efficiency scores
under method 1 and other eco-DEA states that theepce of undesirable output
has an impact on DMU performance. Similar to thevymus findings, the
performance under method 2 to method 4 is improwbeén an undesirable
output is incorporated into the assessment. Thenra#fciency score under the
newly developed Ratio Model decreases when compartd other methods.
The difference in the results is attributed to iultaneous incorporation of
undesirable and desirable factors as single outpMken one extra variable is
considered, it could exert a potential favourablemavourable impact on DMU
performance. Therefore, it is believed that the enenprovement in the
efficiency score after pollutants are accounte@ ifalse idea. The new Ratio
Model developed in this study provides a new peantspe which formulates the
desirable and undesirable outputs as a ratio faynthat the two outputs are
directly related. This gives a strong discriminatpower in distinguishing the

impact of the undesirable output on the DMU perfance.

For example, DMUs 6, 20, 22, 23, 27 and 29 weresidaned efficient
beforehand, but under the Ratio Model, their efficty scores drop. The
discrepancy is due to the perspective in viewirggdbsirable outputs. Although
these DMUs produce a relative higher amount ofrdbk output, at the same
time they also produce a higher amount of undesrabtput. As the newly
developed Ratio Model accommodates the desiralifguband the undesirable

output as a ratio form, this exposes the impacthefundesirable output in a
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more discriminative approach. Thus, as observedainle 4-4, the mentioned
DMUs have a lower output ratio when compared witireo DMUs that produce

less desirable outputs. These findings prove tmatprevious approaches failed
to appropriately characterise the undesirable dstpGonversely, they gave

credit to the polluted DMUs.

DMUs 3, 4, 5, 17 and 28 are less efficient undethoe 1 than other eco-DEA
and also the newly developed Ratio Model. Thisasanse method 1 does not
consider the undesirable output in the calculateomd solely shows the
performance evaluation concluded from the amouninptits and desirable
outputs. As method 1 does not include the unddsim@ltputs into computation,
thus, simply judging the amount of desirable oufgistorts the environmental

performance of the DMUs.

There is a sharp decrease in the number of effid@iUs under the newly
developed Ratio Model because this comparativeysidicates the impact of
the undesirable output is discriminative enough mwhmmpared to other
approaches of eco-DEA. Based on the Ratio Model,uthdesirable output is
taken into consideration as a ratio form with thesichble output. When the
undesirable output is accommodated in this appro#oh presence of the
undesirable output directly affects the outputosbf the DMU, thus changes the
performance of the DMU. For example, even thoughlDM8 has the greatest
amount of undesirable output, it also has a redgtilarge amount of desirable
output produced. Thus, its efficiency score is 0.98he performance is assessed
in such a way that all the variables consideretthénstudy should have a positive

or negative impact on DMU performance.
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To conclude, the newly developed Ratio Model is enadvanced in
characterising the presence of the undesirableubutphe content of eco-DEA.
The findings in this comparative study provide evide that the presence of
undesirable outputs can be either a favourable néavourable factor in the
efficiency score. The Ratio Model manages to carsitlis condition in the

assessment of environmental performance.

4.5 Chapter Summary

This chapter illustrates Stage One of the presemtys Firstly, a comparative
study is conducted between various existing eco-DdEAxamine the impact of
an undesirable output. It is found that the exgs#roo-DEA fails in incorporating
the undesirable outputs in an appropriate way.olotlg is the introduction of
the development of the new Ratio Model which siemgously incorporates
undesirable and desirable outputs. They are defased ratio from which the
desirable output is directly proportionate to thelesirable output. Thus, this
increases the discriminative power of the undekrajutput on the DMU

performance. The impact of pollutants is well clotgased under the newly
developed Ratio Model. From the verification studySection 4.4, the results
further show that the prior approaches of eco-D&iAtb credit the undesirable
output. Thus, the DMU efficiency score is excepaihyn high. With the

application of the new Ratio Model, the efficiensgore and the number of
efficient DMUs are adjusted. Under the new Ratiodelp some of the efficient

DMUs are no longer regarded as efficient from amirenmental perspective,
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while some of the DMUs have an improved efficiescpre after undesirable

output is incorporated.
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CHAPTER 5 ENVIRONMENTAL
PERFORMANCE ASSESSMENT OF CHINA'S
TEXTILE INDUSTRY

5.1 Introduction

Recalling the objective is to develop a Green Inflexthe textile industry, the
present study constitutes two stages which are shovwChapter 3. Stage One,
which is covered in Chapter 4, illustrates the tlgwment of a new eco-DEA. In
this chapter, Stage Two is examined. Stage Two dsetrates how the Green
Index is applied to evaluate the environmentalgreriince of the textile industry
in China. Adopting the framework as revealed in fi2ea 3, this chapter firstly
discuss the preliminary study in Section 5.2. Redd by is Section 5.3, the
components of the four case studies are addresgktha rationale behind the
selection of these factors are verified. Lastlyti®a 5.4 discusses the four case

studies accordingly.

5.2 Preliminary Study

The aim of this assessment was to identify the momimprovement regarding
the environmental management tool. From this piakny study, some of the
data was collected and it could help a better wgtdeding in the daily operation
of the company. Additionally, from the process aflgring data, the company’s

principles and daily monitoring system on environtaé management, if
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necessary, could be identified. This study examthedore-treatment stage of the
textile wet finishing processes. This could provalenew perspective for the
future development and application of the Greereintbr the manufacturing

processes.

5.2.1 Background of the textile mill

The textile mill (also referred as the company)oeated in Shenzhen, China
which owns six highly integrated subsidiaries. Treducts ranges from yarn,
elastic, embroidery, lace to knitted fabric anddrdbsheries. The company has
been devoted to provide an “one-stop” service toital customers since its
establishment in 1974. Its market-driven and custeoniented approaches have
propelled since then and led to the substantiaivtjran the manufacture of
diversified products. The company is currently pih@neer in the manufacture of
lingerie fabrics and accessories. Its high quadihd innovated products are
internationally renowned. The textile plant hasuad ISO 9001 and 14001 for
its customer and environmentally satisfactory potsluFigure 5-1 outlines the

knitted fabrics production process at the company.
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Receiving Sales Knitting Grey First Assessing Sample
Order Fabrics Heatsetting Fabrics

Examining Extracting Excess
Half-Processed Water/ Dyeing Fabric Lots
Fabrics Drying Fabrics

Loosening Fabric
Lots

Second
Heatsetting

Quality Inspection Packaging Delivering/Storage

Figure 5-1 Production process of knitted fabrictha textile mill

At the company, an in-depth conversation with twanagers from the top
management level was conducted. From the convensdtiis known that one of
the company’s future targets is to develop its dramage as an environmental
friendly manufacturer. Hence, the company’s stratesyto be a pioneer in

developing environmental friendly production. Witk own existing procedures
in environmental management, the company also vislllmumerous eco-

standards which are required by the European aneéridan buyers. These
countries are more environmental conscious whegearaing the manufacturing
processes. The company is qualified for the Oekdstandard in using harmless
substance as the raw material. Moreover, the guaklel of the mill's products

has met the Marks and Spencer standard and hasweterecognized by the
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latter. Besides from complying with different compes’ standards, the company

establishes its own eco-standard to regulate theuct quality.

Apart from complying with the rules and regulatiook the customers, it is
recommended that the company is able to play a npooactive role in
developing a monitoring system to oversee each faatwring stage. It is
feasible for the company to regulate its environi@ermperformance by
comparing its previous record with the present.réfuge, the Green Index is

suitable for this type of eco-conscious textilenpla

5.2.2 Polluted air sample collection

In this preliminary study, only polluted air is tmited but not wastewater and
solid waste. This is because the senior managgredkxtile mill does not allow
the disclosure of their records on wastewater hag tlo not have any records on

the solid waste.

As covered in Section 3.3, after the polluted amples are collected, they are
immediately sent to the air laboratory for furtharalysis. The results of the

analysis are shown in Table 5-1.

91



Chapter 5 Environmental Performance Assessmenhiofa@ Textile industry

Table 5-1 Types of air emission from the two basche

Types of air emission Quantities

First batch Second batch
SO, 3.4 ppb 12.4 ppb
CO 1.715 ppm 1.558 ppm
NO, 30.8 ppb 28.1 ppb
HCHO 0.12 ppm 0.1 ppm
TVOC 508 ppb 423 ppb
Methylene chloride Nil 0.80 ppb
Benzene 0.89 ppb 0.89 ppb
Toluene 2.83 ppb 2.38 ppb
1,2-Dibromoethane 1.51 ppb 1.07 ppb
Ethylbenzene 0.92 ppb 0.45 ppb
m,p-Xylene 0.46 ppb 0.18 ppb
o-Xylene 0.20 ppb Nil
4-Ethyltoluene 0.62 ppb 0.51 ppb
1,3,5-Trimethylbenzene 0.65 ppb 0.46 ppb

From the table above, there are thirteen typesaség which contribute to the air
quality of the textile mill. When reaching certdewvel of concentration, these
gases would become toxic and poisonous which greapact the human health
environment (Lacasse & Baumann, 2004). Howevergeurle restricted time
and location, only two batches of air samples avbected. They are not

representative enough to examine the conditiohisftextile mill.

Even though the Green Index has been intended tappked in one or two
actual production mills in the very early stagelhsf study, the data collected was
not sufficient to run the new model. During the g@betion of this study, there is
a change in the senior management of the compahthamew manager forbade
the disclosure of the relevant data and considédreddata as confidential. In
addition, as this is a Teaching Company Schemeegirai is restricted to work
with the sponsoring company only but not other canigs. Therefore, only one
textile mill is visited for the preliminary studWith these obstacles, the Green

Index to be developed is thus applied with the datitected from the China
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Statistical Yearbook to evaluate the environmepéaformance of China’s textile

industry in the past seventeen years.

5.3 Development of the Green Index with the New Ratio

Model

The previous section addressed the notion of applyhe developed Green
Index with the database from the China Statistfealrbook instead of the textile
mill in China. Determining the source of the dalas section illustrates how the
Green Index is accounted and the rationale of #lcéofs involved in the case

studies is verified.

In Section 3.3.2, the general framework of the @rawsdex is outlined. It is

known that there are three phases involved in Xeewgion of the Green Index,
which included data collection, Ratio Model and Geen Index. Based on the
same framework, Figure 5-2 illustrates the factdrhe Green Index specifically

designed for the four cases which are discuss&aation 5.4 accordingly.
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Figure 5-2 Components of the Green Index
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To enhance the comprehensiveness of the applicafiaghe Green Index, the
subject of the study, China’s textile industryfusther divided into two levels,
the national level and the provincial level. Theio@al level describes the
environmental performance of textile productionGfina as a whole; while the
provincial level focuses on the evaluation of JmandProvince. The textile
products to be assessed are yarn, cloth and cHefittcas and the three
undesirable outputs are polluted air, wastewatdrsafid waste. The rationale on

the selection of these factors is verified in tbiofving subsections.

5.3.1 Subjects of the case studies

The national level: China

Since the introduction of China’s open door policylate 1979, the world has
been amazed by its surging economy, whose grovi¢ghisaunmatched by any
other country’s (Cheung, 1998). China has graduadigsformed itself from an
agricultural economy to a fully modern industriabaomy. World Bank statistics
indicates that China’s average income was USD2j822006, compared to
USD293 in 1985 (Kahn & Yardley, 26 August 2007). &my the myriad

commodities produced in China, textiles are on&ofmain income-generating

sources.

For years, as one of the largest and highly diverdestries in China, the textile
industry has boosted China’s economy and emplogepk Inumbers of workers.
The industry employed about seven million peopl2008, which accounted for
over 7.8% of the country’s total labour force. Ases from Figure 5-3, the

production of yarn, cloth and chemical fibre hasréased noticeably over the
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past decade. Based on the factors described albaa be concluded that the

textile industry has made a remarkable contribut@rthe growth of China’s

economy.
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Figure 5-3 Output of China's major textile produydd98-2008)

However, the expanding scale of the textile indudateriorates the environment.
In terms of existing textile enterprises, most aredium to small sized firms.
This occurs because the textile sector providesitively easy start-up
opportunities compared to other sectors, since néih and technical
requirements are low (Jahiel, 2007). However, thasall firms have a great
impact on the environment due to limited investmiemd superior machinery

and technology. Moreover, because of China’s latKraral environmental
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protection personnel...the development of these sratis is difficult to
regulate” (Jahiel, 2007). Cheng et al. (2004) hdwee in-depth research on the
impact of China’s admission to the World Trade Q@igation (WTO) and the
environment. After China became a WTO member inl2@freign investment in
these small plants increased. The advantage, tidhisaincreases the capital of
these small plants, which allows improvements ® itidustry’s technological
level. Foreign investment also positively affectib@ industry, by regulating
environmental policy (Cheng & Shen, 2004). Howevhese benefits cannot
compensate for the losses brought to the envirahmag a result of industry

activities (Jahiel, 2007).

The provincial level: Jiangsu

Besides the perspective from the whole nationgdarProvince is adopted as an
example to discuss the impact of textile manufaotuion the environment.
Situated along China’s east coast with the famolian@jiang (Yangtze) River
running through its southern half, Jiangsu Provisoane of the major provinces
which is recognized for its economic and industdelelopment (Hong Kong
Trade Development Council Research Department, )19G®P in Jiangsu
Province rose sharply from CNY668 billion in 199/GNY2574 billion in 2007.
Jiangsu enjoys a rich number of water resourceserellare lakes and rivers
throughout the province, such as Changjiang (Ya)gRiver, Huaihe River,
Yihe River, Taihu Lake, Hongzehu Lake, Gaobaohue .akrand Canal and
Chuanchanghe River. With Jiangsu’s superior geducap location, many
foreign investors are attracted to start up thasiiesses there. Among the vast
varieties of commodities produced in Jiangsu, kextiare one of the most

prosperous industries. In 2008, the respective amsowf yarn, cloth and
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chemical fibre produced in Jiangsu stood at appnaiely 33%, 17% and 11%
of total national output. However, the textile istly’s rapid development has
unfavourably impacted Jiangsu’s environment. F@angxe, the ongoing use of
DDT in cotton field has seriously polluted the Chgang (Yangtze) River (Yang
et al., 2008b), water quality of in Taihu Lake Heesen deteriorating since the
economic development of the 1980s (Shen et al.120Gfhd abnormally high

concentrations of nitrogen have been found in tbdh& River (Wu et al., 2007).

5.3.2 Input

Following the guidance covered in Section 3.3.3ke inputs are labour
(Chandra et al., 1998; Cooper, 1978; Jahanshahl&bh@labakhshi, 2004; Zhu

& Shen, 1993) and the total energy consumptionu &Itshen, 1993).

The textile industry is relatively labour intensiYCooper et al., 1995; Duan &
Gao, 2008; Ormerod, 1999; Tian et al., 2007), floeee it is understandable to

use labour as an input of textile production.

As textile production is heavily reliant on the uskemachinery, total energy
consumption therefore has a direct relationshighvahd product output. In
addition, there is an explicit affiliation betwe@mergy consumption and air
pollutants (Tian et al., 2007).The total energy stonption includes raw coal,
crude petroleum and their products, natural gasedextricity, but excludes fuel

of low calorific value, bio-energy and solar energy
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5.3.3 Desirable outputs

As discussed in Section 3.3.3.4, the outputs shbelthe common measures of
the achievement of the DMU. Therefore, the deserabitputs are yarn, cloth and
chemical fibre produced, as well as the total imlaisoutput value of the

respective textile products.

From Figure 5-4, it is observed that yarn, clotd ahemical fibre are chosen to
be the textile products studied in the four caselies. As stated in Section
3.3.3.2, China Statistical Yearbook is the offic@dtabase of the Chinese
Government, indicates that yarn, cloth and chenfibed are the major industrial
products of China. It is believed they are popudad welcomed by most
consumers. As seen in Figure 5-4, the respectix#eeroducts include the

following items:

(1) Yarn includes pure and blended cotton yarn, and phemical fibre yarn,
but excludes cotton thread, substitute fibre yauch l@and-made yarn;

(2) Cloth includes pure and blended cotton cloth, minemical-fibre cloth and
canvas, but excludes substitute fibre cloth, hangem cloth and cord cloth;
and

(3) Chemical fibre includes synthetic fibre such agester fibre, acrylic fibre,

polyvinyl fibre and manmade/ cellulose fibre.

Yarn and cloth are grouped under the category nafteedile” and chemical
fibre belongs to a separate category. This clasgifin is responding to the
principle of the United Nations which yarn and blatre classified as SITC 65

while chemical fibre is classified as SITC 26 (itNations Statistics Division,
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2010). Therefore, from the Statistical YearboolCbina (The People's Republic
of China State Statistical Bureau, Various issu#®), relevant data on yarn,
cloth and chemical fibre are collected under th@dpct categories “textile” and

“chemical fibre” respectively.

Textile products

Textile

Yarn Cloth Chemical fibre
Pure cotton yarn Pure cotton fabric Polyester fibre
Blended :
Acrylic fibi
Blended cotton yarn cotton fabric crylic fibre

Pure chemical
fibre yarn

Pure chemical-
fibre fabric

Polyvinyl fibre

Canvas

Manmade/
cellulose fibre

Figure 5-4 Components of the desirable outputs

Other than yarn, cloth and chemical fibre, cottidmef and silk are not studied
because the relevant environmental data on the fmetnung of cotton fibre and
silk is not available in the database. In additipnadue to the prosperous
development of China’s textile industry, China laagreat demand in the supply
of cotton fibre. Therefore, a great amount of aotfdore is imported from
countries such as USA and India (China Customs3R®yom the statistics (The

People's Republic of China State Statistical Bur&anious issues), the amount
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of imported cotton fibre has significantly incredsieom 0.03 million tons in
1991 to 2.5 million tons in 2007. Thus, China isrs¢o rely more on imported

cotton fibres.

Apart from the three textile products, the totadlustrial output value of the
textile products are also considered as one ofddserable outputs. The total
industrial output value indicates the monetary gabf the respective textile
product and it provides another source of evidea@xamine the growth and the
performance of textile industry. The total outpatue is measured in RMB and
adjusted to 1978 prices, based on the official cores index of prices. The

details of the price adjustment are recorded inefpolix A.

5.3.4 Undesirable outputs

The index is further divided into three sub-indieasich reflect three types of
undesirable outputs discharged during the prodoobibtextile products. This
project focuses on quantifying the textile industrgnvironmental impact.
Before collecting the relative data, it is cructal understand the different

undesirable outputs that are affecting the manufagg system.

From Figure 5-5, the three undesirable outputsedcstodied are polluted air,
wastewater and solid waste. They form the threeirsgibes in the Green Index
respectively. For each production process, therenmental impact is caused by
a number of polluting factors. In developing an iemwmental performance
indicator, these factors should be representatidesegnificant enough to reflect
the significance and conditions of production perfance. As acknowledged in

Chapter 2, the mentioned undesirable outputs reptabhe common pollutants
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discharged during the production of textile producThe figure overleaf

illustrates the pollution problem induced from tbgtile manufacturing process.
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Manmade
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processing
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—

l

—
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Figure 5-5 Pollutants originated from the textitegessing activities
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As seen from Figure 5-5, air particulates are corBt emitted in the textile
production because industrial activities largelly ren machine manufacturing.
These airborne particulates are harmful to humaittneAir pollutants generated
from textile finishing processes originate maifgm textile processes such as
singeing, functional finishing or bleaching (Buamie, 2000; Lacasse &
Baumann, 2004). According to the Environmental &tbon Agency (USA
Environmental Protection Agency, 1996), high-terapee drying and curing
ovens are the most common source of air emissioastéxtile operation. All of
these high temperature operations are needed tegwdextile material coatings.
Heat-setting and thermofixation, with a typical m®n temperature ranging
from 250F to 400F, emit certain levels of air particles and wasétethent,

which can cause air and water pollution (Slate®30

Water is a necessity means for wet processingnesas. This is especially true
for the dyeing process, in which water acts asheesbto fix the dyes onto the
fabrics. Water is also a medium for the finishingpgess. Water consumption
varies between processes and the machines usedexaonple, there are
numerous dyeing techniques under the two main ipie in dyeing:

discontinuous and continuous/ semi-continuous dyelBach dyeing method has
a different liquor ratio which determines the watensumption used per kg of
fabric (Lacasse & Baumann, 2004). Common factans ifdicating water

pollution are pH, total alkalinity, total dissolvesblids, suspended solids,
biochemical oxygen demand (BOD), chemical oxygemaied (DOB), chlorides,
sulphates, calcium, magnesium, sodium and potasglbaia et al., 1981). The
characteristics of each sample of wastewater aterrdaed by the range of

chemicals, dyes and auxiliaries.

104



Chapter 5 Environmental Performance Assessmenhiofa@ Textile industry

Solid waste is produced continuously during the uf@cturing process. As the
unit of textile products is non-biogradable fibtiee disposal of textile products
can pollute the environment. Industrial waste cauide cut selvage ends, roll-
ends, reject lots, set-up yardage, and other waaterials generated during the
manufacturing process (USA Environmental Protectidigency, 1996).
Reprocessing of industrial fabric scrap is impdssiiecause it is often a mixture
of chemicals and substrates. Examples are faboaged with lamination and
coloured with dyes. These properties make themcdiffto be recycled and
reprocessed. The following table (Table 5-2) sunisearthe possible source of

solid wastes generated from some of the textileufzanuring processes.

Table 5-2 Residual waste from textile manufactu(id§A Environmental
Protection Agency, 1997)

Process Residual wastes
Fibre preparation Fibre waste, packaging waste and hard waste
Yarn spinning Packaging wastes, sized yarn, fibre waste, cleaning and

processing waste

Slashing/sizing Fibre lint, yarn waste, packaging waste, unused starch-based sizes
Weaving Packaging waste, yarn and fabric scarps, off-spec fabric, used oil
Khnitting Packaging waste, yarn and fabric scarps, off -spec fabric
Tufting Packaging waste, yarn and fabric scarps, off -spec fabric

5.3.5 The Green Index

With the above factors, there will be four caselss which respectively assess
the environmental performance of China’s yarn aladhcproduction, China’s
chemical fibre production, Jiangsu yarn and clotiedpction and Jiangsu
chemical fibre production. As the subject for eattidy is different, therefore the
data adopted for each case varies. After collediirgrelevant data, the three

sub-indices, which represent the three common fawita in the textile industry,
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are calculated by the new eco-DEA, the Ratio Mao#ldtling the sub-indices, the
Green Index of that particular case study is thétaioed. The following

equation illustrates the general idea on how tree@index is attained:

I+11+1lI=the Green Index (5-1)

where | is the sub-index of wastewater;

Il is the sub-index of solid waste; and

[l is the sub-index of polluted air.

The efficiency score obtained from the three repeassessments are summed
up to be the Green Index of the respective casehdsnaximum score for each
sub-index is 1.000, the pollution indices are adttedrrive at a value ranging
from 0.000 to 3.000, i.e. the highest value of @reen Index is 3.000 and the
lowest is 0.000. For the DMU which obtains a sclmwer than 3.000, it is
regarded as inefficient. Conversely, the DMU isarelgd as efficient with the

Green Index equals to 3.000.

To ensure any merit in any of the sub-indices du#snake up for the deficiency
in another sub-index, the three sub-indices haudvabgnt weight. In other
words, if the sub-indices have different weightspple tend to obtain a higher
Green Index by lowering the pollutants in the hbaweighted sub-indices.
Additionally, due to constraints such as cost amt the pollutants of the less
weighted sub-indices are ignored. This in turn eases the emissions of that
particular less weighted pollutant. Thus, thistshtfie pollution from one form to

another instead of reducing the total amount olutioh.
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As a new Ratio Model has been developed in thidysti is used as a tool to
evaluate the environmental performance of China Hadgsu textile industry.

Similar to Section 4.4, comparison is made betwéendifferent approaches in
modelling undesirable output in each case studys T to demonstrate the
superiority of the newly developed Ratio Model winempared to other existing
eco-DEA in characterising undesirable outputs. »sialis given to describe the
impact of both the desirable and undesirable ostput the efficiency score.

Finally, suggestion is given to the less efficiBMUs so as to increase the ratio

between desirable output and undesirable outpigiaich the benchmark.

5.4 Case Study 1: China Yarn and Cloth Production 1991-

2007

The first scenario considers the environmentalgoerdnce of yarn and cloth
production in the whole country from 1991-2007.drder to give the Green

Index for each DMU, it is necessary to computertiative efficiency score for

each sub-index. The DMU selected in this studhésannual performance of the
yarn and cloth manufacturing factory in China fr@@91-2007. Therefore, there
are altogether 17 DMUs being evaluated. The detdildl the chosen variables
for the case studies are described in Chapter 3amanarised in Table 5-6. The
following sections analyse the data and the ratiothe outputs computed for

each sub-index.
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DMU

e
Yarn and cloth
production in China
1991-2007
e

DESIRABLE
OUTPUTS

Yarn

Cloth +

Total industrial
output value of
yarn and cloth

Figure 5-6 The inputs and outputs of Case Study 1

5.4.1 Polluted air sub-index of Case Study 1

Table 5-3 shows the textile industry data and theumt of polluted air produced.
The first column identifies the 17 years as DMU#ijlevthe second and third
column list the two inputs for the study. Columns54and 6 provide the three
desirable outputs and the seventh column indigatesindesirable output which
is the environmental quality to be assessed insthissindex. Columns 2, 3 and 4
in Table 5-4 show the ratios of the three desirabigputs to the total volume of

polluted air emission, and the last column illussathe results of the polluted air

UNDESIRABLE
OUTPUTS

Polluted air discharged
Wastewater discharged

Solid waste discharged

sub-index of the 17 DMUs computed by the new ec@Batio Model.
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Table 5-3 Data of the polluted air sub-index (Cagsely 1)

DMU Inputs Desirable output Undesirable output
1 2 1 2 3 1
Total ener Total industrial Total volume of
Year Labour consum tiﬁi Yarn output Cloth output output value industrial polluted
(10 000 persons) (10 000 tnpS CE) (10 000 tons) (100 million m) (100 million RMB) air emission
(at 1978 price) (100 million cu.m)
1991 032.47 3113.30 460.80 181.70 729.27 2139.00
1992 618.21 3325.00 501.70 190.70 731.88 1814.00
1993 903.58 3382.16 501.50 203.00 1289.18 1800.00
1994 894.00 3439.32 489.50 211.30 1460.16 1815.00
1995 877.73 3531.30 542.20 260.18 1159.99 1633.00
1996 810.46 3332.29 512.21 209.10 1098.46 1373.00
1997 730.24 3079.72 559.83 248.79 1077.23 1650.00
1998 578.01 2842.17 542.00 241.00 998.24 1500.00
1999 510.87 2502.79 567.00 250.00 1048.08 1447.00
2000 451.25 2497.00 657.00 277.00 1072.85 1577.00
2001 465.26 2679.32 760.68 290.00 1226.21 1817.00
2002 476.09 2984.43 850.00 322.39 1423.69 2022.00
2003 496.34 3468.96 983.58 353.52 1762.23 2428.00
2004 519.16 4550.25 1291.34 482.10 2126.55 2629.00
2005 580.86 4978.35 1450.54 484.39 2697.79 3020.00
2006 604.84 5756.49 1742.96 598.55 3247.02 3492.00
2007 631.54 6207.57 2068.17 675.26 3424.00 3990.00

Source: Statistical Yearbook of China, variouséssu
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Table 5-4 Output ratios and results under the padlair sub-index
(Case Study 1)

Total industrial

Year Yarn r_s;tio Cloth 1::1tio e Pollufed air
(x107) (x107) (10 sub-index
1991 21.54 8.49 3409.38 0.802
1992 27.66 10.51 4034.61 0.751
1993 27.86 11.28 7162.09 0.740
1994 26.97 11.64 8044.94 0.992
1995 33.20 15.93 7103.43 0.708
1996 37.31 15.23 8000.45 1.000
1997 33.93 15.08 6528.67 0.811
1998 36.13 16.07 665491 0.879
1999 39.18 17.28 7243.15 1.000
2000 41.66 17.56 6803.12 1.000
2001 41.86 15.96 6748.56 0.974
2002 42.04 15.94 7041.00 0.974
2003 40.51 14.56 7257.97 0.958
2004 49.12 18.34 8088.81 1.000
2005 48.03 16.04 8933.08 1.000
2006 4991 17.14. 9298.45 1.000
2007 51.83 16.92 8581.45 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the polluted air suexn Therefore, the results
titled polluted air sub-index in Table 5-4 and -5 are calculated by the

Ratio Model.

There are seven efficient DMUs identified by thdlyged air sub-index which
obtain a relative efficiency score of 1.000. They year 1996, 1999, 2000, 2001,
2005, 2006 and 2007. The remaining DMUs are consitléo be inefficient,
because the efficiency score is less than 1.00@. aerage performance of
1991-1998 is noticeably worse than the performaaitas 1998. However, there
is a consecutive drop in the efficiency score betw2001 and 2003. There is an
increasing trend for the yarn, cloth and total stdal output value ratio. This
suggests the amount of desirable output producéttisasing for each unit of

polluted air generated. It is important that thenpatation of the parameters is
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significantly discriminative, so that the diversiip the data can be well
characterised by DEA. To show the difference betwtbe numerous approaches

in incorporating undesirable output, the resulessdrown in Table 5-5.

Table 5-5 Efficiency score of the 4 eco-DEA ane plolluted air sub-index
(Case Study 1)

Polluted air

Year Method 1 Method 2 Method 3 Method 4 .
sub-index

1991 0.802 0.802 0.802 0.802 0.802
1992 0.751 0.810 0.751 0.751 0.751
1993 0.820 0.909 0.824 0.829 0.740
1994 0.879 0.984 0.890 0.933 0.992
1995 0.736 0.938 0.742 0.746 0.708
1996 0.758 1.000 1.000 1.000 1.000
1997 0.812 0.885 0.812 0.812 0.811
1998 0.879 0.958 0.880 0.880 0.879
1999 0.998 1.000 1.000 1.000 1.000
2000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 1.000 1.000 0.974
2002 1.000 1.000 1.000 1.000 0.974
2003 1.000 1.000 1.000 1.000 0.958
2004 1.000 1.000 1.000 1.000 1.000
2005 0.986 0.992 0.986 0.990 1.000
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 1.000

Table 5-5 shows a discrepancy between the effigisnore under method 1 and
the polluted air sub-index. For example, the edficiy score in 1996 of method 1
is unexceptionally low, when compared to 1.000 unide polluted air sub-index.
This is because method 1 does not consider theasmeental quality in the

calculation and solely shows the manufacturingcigfficy of the yarn and cloth
production in China from 1991-2007. However, tha&ti® Model incorporates

undesirable output into computation, thus the patams are viewed from a
different perspective. Under the polluted air sobex, the unit of desirable

output produced per unit of polluted air is relatywhigh in 1996. Therefore, the
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polluted air sub-index for that year is 1.000. Asthod 1 does not include the
polluted air parameter into computation, thus, $ympdging the amount of

desirable output distorts the environmental peréoroe of the textile industry.

The efficiency scores for method 2 are generalghér when compared to the
results of the polluted air sub-index. This resgjtees with Hua and Bian (2007)
that treating undesirable outputs as inputs camefbdéct the true production
process and easily distorts the DMU’s eco-efficienglso, the results also
confirm the finding in Chapter 4 which states ttiat existing eco-DEA tends to
increase the efficiency scores. The eco-relatednpeter has been a factor that

simply favours the efficiency of the DMU.

When comparing method 3, method 4 with the polla@iedub-index, the results
agree with the finding in Section 4.2.1. The ergteco-DEA methods fail to
characterise the undesirable output in an accunatg that leading s to a
distortion in the DMU performance of the DMU. Foxample, the efficiency
scores of 2001-2003 achieve 1.000 under methodd3naethod 4, while the
polluted air sub-index are 0.974 and 0.958 respelgtiThe discrepancy between
the efficiency scores and the sub-index score éstduhe perspective in viewing
the desirable outputs. Although the three desirablputs have seen a general
increase over the years, the total volume of incalstmissions is increasing at
the same time. Therefore, from table 5-2, the yaloth ratio does not show a
parallel increasing trend in general. The outpub@m, which originates from
the ratio between the desirable output and the sirad#e output is adjusted
accordingly. The ratio approach regards the ddsiraotput as per unit of

polluted air emitted. Therefore, the increasing amaf undesirable output in
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that period does not favour the performance ofDMYJ. Another example is to
confirm the discussion in Section 4.2.2. The efircly score under method 3 and
method 4 is 0.89 and 0.933, while it is 0.992 fo& polluted air sub-index for
DMU 1994. Due to the comparatively small amounpofiuted air in that year,
the cloth ratio and the industrial output ratiorgase from 11.28 to 11.64 and
7162.09 to 8044.94. Thus, 1994 has a relativelydgawironmental performance
and the newly developed Ratio Model is able to gikexlit for the presence of
pollutants. Thus, as a newly developed eco-DEA,Ra#o Model provides a

more sensitive way to characterise the pollutants.

5.4.2 Wastewater sub-index of Case Study 1

Table 5-6 shows the textile industry data of Texiiidustry and the amount of
wastewater discharged. The first column identifies 17 years as DMUs, while
the second and third column list the two inputstfa study. Columns 4, 5 and 6
provide the three desirable outputs, and the sbveontumn indicates the
undesirable output which is the environmental quat be assessed in this sub-
index. Columns 2, 3 and 4 in Table 5-7 show thesabf the three desirable
outputs to the total volume of wastewater generatedl the last column
illustrates the results of the wastewater sub-inofethe 17 DMUs computed by

the new eco-DEA Ratio Model.

The table below shows the textile industry data #redamount of wastewater
produced. There is an increasing trend for the gaitput and cloth output since
1991. The total volume of industrial wastewateckhaged fluctuates slightly in
the beginning but starts to rise from 1999 onwdige amount of labour and

energy consumed shows a steady increase in thestagle, and fluctuates in the
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middle stage. The drop might be attributed to ttenemic crisis of the late $0
century, which led to the closure of many textilenps. However, both the input

variables start to increase from 2000 onward.
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Table 5-6 Data of the wastewater sub-index (CasdySt)

DMU Inputs Desirable output Undesirable output
1 2 1 2 3 1
Total energy Total industrial Total volume of

Year Labour consumption Yarn output Cloth output output value industrial wastewater

(10 000 persons) (10 000 tn SCE) (10 000 tons) (100 million m) (100 million RMB) discharge

(at 1978 price) (10 000tons)

1991 032.47 3113.30 460.80 181.70 729.27 140353.00
1992 618.21 3325.00 501.70 190.70 731.88 138483.00
1993 903.58 3382.16 501.50 203.00 1289.18 129410.00
1994 894.00 3439.32 489.50 211.30 1460.16 121964.00
1995 877.73 3531.30 542.20 260.18 1159.99 116425.00
1996 810.46 3332.29 512.21 209.10 1098.46 87100.00
1997 730.24 3079.72 559.83 248.79 1077.23 102767.00
1998 578.01 2842.17 542.00 241.00 998.24 110128.00
1999 510.87 2502.79 567.00 250.00 1048.08 121240.00
2000 451.25 2497.00 657.00 277.00 1072.85 125649.00
2001 465.26 2679.32 760.68 290.00 1226.21 128974.00
2002 476.09 2984.43 850.00 322.39 1423.69 132208.00
2003 496.34 3468.96 983.58 353.52 1762.23 141264.00
2004 519.16 4550.25 1291.34 482.10 2126.55 153875.00
2005 580.86 4978.35 1450.54 484.39 2697.79 172232.00
2006 604.84 5756.49 1742.96 598.55 3247.02 197934.00
2007 631.54 6207.57 2068.17 675.26 3424.00 225169.00

Source: Statistical Yearbook of China, variouséssu
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Table 5-7 Output ratios and results under the wastr sub-index (Case Study 1)

Total industrial

Year Yarn r_z:tio Cloth 1_'?tio Al Wast?water
(x10™) (x107) (x10*) sub-index
1991 32.83 12.95 51.96 0.802
1992 36.23 13.77 52.85 0.751
1993 38.75 15.69 99.62 0.82
1994 40.13 17.32 119.72 0.93
1995 46.57 22.35 99.63 0.786
1996 58.81 24.01 126.12 1.000
1997 54.48 24.21 104.82 0.957
1998 49.22 21.88 90.64 0.912
1999 46.77 20.62 86.45 1.000
2000 52.29 22.05 85.38 1.000
2001 58.98 22.49 95.07 1.000
2002 64.29 24.39 107.69 1.000
2003 69.63 25.03 124.75 1.000
2004 83.92 31.33 138.20 1.000
2005 84.22 28.12 156.64 1.000
2006 88.06 30.24 164.05 1.000
2007 91.85 29.99 152.06 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the wastewater subxin@ieerefore, the results
titted wastewater sub-index in Table 5-7 and Tab@ are calculated by the

Ratio Model.

There are 10 efficient DMUs identified by the wasiter sub-index which

obtain a relative efficiency score of 1.000. Tlaeg year 1996, 1999-2007. The
remaining DMUs are considered to be inefficientéhese the efficiency score is
less than 1.000. The efficiency scores attainel®Bil-1995 are noticeably lower
than the DMUs after 1996. The wastewater sub-irttexremained to be 1.000
since 1999. It is important that the computatiothef parameters is significantly

discriminative so that the diversity in the data ¢ee well characterised by the
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DEA. To show the difference between the numeroysagehes in incorporating

undesirable output, the results are shown in Tatde

Table 5-8 Efficiency score of the four eco-DEA dhd wastewater sub-index

(Case Study 1)

Year  Method 1 Method 2 Method 3 Method 4\ astewater
Sub-index
1991 0.802 0.839 0.802 0.802 0.802
1992 0.751 0.845 0.751 0.751 0.751
1993 0.820 0.904 0.823 0.825 0.820
1994 0.879 0.975 0.930 0.956 0.930
1995 0.736 0.903 0.783 0.799 0.786
1996 0.758 1.000 1.000 1.000 1.000
1997 0.812 1.000 0.973 1.000 0.957
1998 0.879 1.000 0.979 1.000 0.912
1999 0.998 1.000 1.000 1.000 1.000
2000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 1.000 1.000 1.000
2002 1,000 1.000 1.000 1.000 1.000
2003 1.000 1.000 1.000 1.000 1.000
2004 1.000 1.000 1.000 1.000 1.000
2005 0.986 1.000 0.987 1.000 1.000
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-8, the efficiency score of 1991-1988ar method 1 is remarkably

low, because the model does not consider envirotahguality in its calculation.

The inclusion of undesirable outputs into assessimgronmental performance is

necessary. Therefore, method 1 distorts the pedocam of yarn and cloth

manufacturing in that period.

The efficiency scores under method 2 are genehngilyer than other approaches.

This result agrees with Hua and Bian (2007) thedittng undesirable outputs as

inputs cannot reflect the true production procesd easily distorts the eco-
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efficiency of the DMU. For example, under methodta undesirable output is
treated as input. Therefore, when compared thepeance of 1991 and 1992,
the drop in the wastewater (which is the “input’dan method 2), and the

increase in the desirable output computes a beffierency in 1992.

The wastewater sub-index has similar results wigthod 3 and method 4,
except in 1997 and 1998. Although the amount oh yard cloth produced and
the total industrial output value in 1997 and 1888 greater than in 1996, at the
same time the amount of wastewater generated ih b®97 and 1998 had
increased. As the Ratio Model incorporates undelgrautputs and desirable
output as a form of ratio, the efficiency score Wdoe sensitive to the change in
the amount of undesirable output. Therefore, thsteveater sub-index decreases
spontaneously in 1997 and 1998. This phenomenomlsarbe illustrated by the
2007 performance. According to Table 5-6, 2007 r@sdhe largest amount of
wastewater. On the other hand, an enormous amduwdro and cloth output
was also produced in that period. Therefore, tdssidered an efficient DMU

with an efficiency score equal to 1.000.
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5.4.3 Solid waste sub-index of Case Study 1

Table 5-9 shows the textile industry data and theunt of solid waste produced.
The first column identifies the 17 years as DMU#siilevthe second and third

column list the two inputs for the study. Columnsb4and 6 provide the three
desirable outputs, and the seventh column indicttesundesirable output,

which is the environmental quality to be assessdtis sub-index. Columns 2, 3
and 4 in Table 5-10 show the ratios of the thregirdble outputs to the total
volume of solid waste generated, and the last colilionstrates the results of the
solid waste sub-index of the 17 DMUs, computed iy mew eco-DEA Ratio

Model. Table 5-9 shows the textile industry datd #me amount of solid waste
produced. In terms of the volume of solid industwaste, there is a fluctuation

over this period.
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Table 5-9 Data of the solid waste sub-index (Cdadysl)

DMU Inputs Desirable output Undesirable output
1 2 1 2 3 3
Total industrial Volume of industrial
Labour Total energy Yarn output Cloth output output value solid waste
Year (10 000 consumption P WP Py
(10 000 tons) (100 million m) (100 million RMB) generated
persons) (10 000 tn SCE) (at 1978 price) (10 000 tons)
1991 632.47 3113.30 460.80 181.70 729.27 605.00
1992 618.21 3325.00 501.70 190.70 731.88 638.00
1993 903.58 3382.16 501.50 203.00 1289.18 548.00
1994 894.00 3439.32 489.50 211.30 1460.16 534.00
1995 877.73 3531.30 542.20 260.18 1159.99 511.00
1996 810.46 3332.29 512.21 209.10 1098.46 411.00
1997 730.24 3079.72 559.83 248.79 1077.23 507.00
1998 578.01 2842.17 542.00 241.00 998.24 435.00
1999 510.87 2502.79 567.00 250.00 1048.08 425.69
2000 451.25 2497.00 657.00 277.00 1072.85 437.04
2001 4065.26 2679.32 760.68 290.00 1226.21 513.00
2002 476.09 2984.43 850.00 322.39 1423.69 511.00
2003 496.34 3468.96 983.58 353.52 1762.23 33.00
2004 519.16 4550.25 1291.34 482.10 2126.55 870.00
2005 580.86 4978.35 1450.54 484.39 2697.79 690.00
2006 604.84 5756.49 1742.96 598.55 3247.02 679.00
2007 631.54 6207.57 2068.17 675.26 3424.00 660.40

Source: Statistical Yearbook of China, variouséssu
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Table 5-10 Output ratios and results under thelsediste sub-index (Case Study

1)
Vear Yarn ratio Cloth ratio ol ‘V’;‘:;‘:t:;‘ilo"“‘l’“t Solid waste
(x107) (x107) (10" sub-index
1991 76.17 30.03 12054.00 0.802
1992 78.64 29.89 11471.43 0.751
1993 91.51 37.04 2352511 0.738
1994 91.67 39.57 2734375 0.728
1995 106.11 50.92 22700.39 0.707
1996 124.63 50.88 26726.58 0.751
1997 110.42 49.07 2124714 0.811
1998 124.60 55.40 22947.97 0.879
1999 133.20 58.73 24620.83 0.998
2000 150.33 63.38 24548.15 1.000
2001 148.28 56.53 23902.78 0.970
2002 166.34 63.09 27860.85 0.948
2003 2980.55 1071.27 534010.29 1.000
2004 148.43 55.41 24443.07 0.869
2005 210.22 70.20 39098.40 0.779
2006 256.70 88.15 47820.60 0.749
2007 313.17 102.25 51847.42 0.719

Based on Figure 5-2, the results calculated byR&#o Model under the Green

Index framework is named as the solid waste subxindherefore, the results

titled solid waste sub-index in Table 5-10 and &abi11 are calculated by the

Ratio Model.

There are two efficient DMUs identified by the sblivaste sub-index which

obtain a relative efficiency score of 1.000. Theg gear 2000 and 2002. The

remaining DMU is considered to be inefficient bessadhe efficiency score is

less than 1.000. The sub-index for solid wastettdlates from time to time. In

general, in terms of yarn and cloth production, itheustry performed better

from 1998 to 2003. In 2003, only 33,000 tons of twasere generated. With no
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means to clarify the data validity, it is assumieel data are accurate (Cooper et
al., 1995). One possible explanation is the breakdUSARS in 2003, which
marks the discrepancy, with an exceptionally lowuwee of industrial solid
wastes generated when compared to other DMUs (Ya@l.,e2009). The yarn
and cloth ratios, and the total industrial outpatue ratio score the highest in
that year, which favours the efficiency score. Bfere, the solid waste sub-
index of 2003 is 1.000. It is important that thergmaeter computation is
significantly discriminative, so that diversity ihe data can be well characterised
by the DEA. To show the difference between the mooee approaches in

incorporating undesirable outputs, the resultsshoavn in Table 5-11.

Table 5-11 Efficiency score of the four eco-DEA dhd solid waste sub-index
(Case Study 1)

Year  Method 1 Method 2 Method 3 Method 4 Solid waste
Sub-index
1991 0.802 0.802 0.802 0.802 0.802
1992 0.751 0.751 0.751 0.751 0.751
1993 0.820 0.820 0.820 0.820 0.738
1994 0.879 0.879 0.879 0.879 0.728
1995 0.736 0.744 0.736 0.736 0.707
1996 0.758 0.817 0.759 0.765 0.751
1997 0.812 0.822 0.812 0.812 0.811
1998 0.879 0.908 0.879 0.879 0.879
1999 0.998 1.000 0.999 1.000 0.998
2000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 1.000 1.000 0.970
2002 1.000 1.000 1.000 1.000 0.948
2003 1.000 1.000 1.000 1.000 1.000
2004 1.000 1.000 1.000 1.000 0.869
2005 0.986 0.986 0.986 0.986 0.779
2006 1.000 1.000 1.000 1.000 0.749
2007 1.000 1.000 1.000 1.000 0.719

From Table 5-11, most of the DMU has a lower efindy score under method 1

than under the solid waste sub-index. This is b&zanethod 1 does not include
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solid waste parameters in its calculation, theeetbe efficiency score resulting

from method 1 could not reflect the DMU environnamqterformance.

With method 2, the efficiency scores are genetaigjrer when compared to the
solid waste sub-index results. This result agregs twua and Bian’s findings
(2007) that treating undesirable outputs as inpeasnot reflect the true
production process and easily distorts the DMU®-efficiency. The results also
confirm the finding in Section 4.2.1 which statkattthe existing eco-DEA tends
to increase efficiency scores. The eco-relatedmpai@ has been a factor that

favours the efficiency of the DMU.

For DMU 1993 - 1994, 2001 and 2003 and 2004-20b&tet is a significant
discrepancy between the solid waste sub-index lameéfticiency scores obtained
by method 3 and method 4. The solid waste sub-imglgenerally lower in these
eight DMUs. For method 3 and method 4, the undelgrautput is considered a
positive extra output for the DEA. Therefore, th#iceency score would

accordingly be higher for these DEA approachesh\ie support of the finding
in Section 4.2.1, it is believed that the Ratio Mbdan reflect the environmental
performance in the most appropriate way, so theuamof desirable and
undesirable outputs are proportionate to each otf@malising the desirable
output by the undesirable output. An increase ia timdesirable output can

directly affect the amount of desirable output.
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5.4.4 The Green Index of Case Study 1

The overall Green Index is obtained as the sunheftliree environmental sub-
indices, as discussed in the previous sectiondeTali2 describes the grading

results of the 17 DMUSs, based on the Green Index.

Table 5-12 Efficiency score of the four eco-DEA d@hd Green Index (Case

Study 1)
Year Method 1 Method 2 Method 3 Method 4 Sz
Index
1991 2.406 2.443 2.406 2.406 2.406
1992 2.253 2.406 2.253 2.253 2.253
1993 2.460 2.633 2.467 2.474 2.298
1994 2.637 2.838 2.699 2.768 2.650
1995 2.208 2.585 2.261 2.281 2.201
1996 2.274 2.817 2.759 2.765 2.751
1997 2.436 2707 2.597 2.624 2.579
1998 2.637 2.866 2.738 2.759 2.670
1999 2.994 3.000 2.999 3.000 2.998
2000 3.000 3.000 3.000 3.000 3.000
2001 3.000 3.000 3.000 3.000 2.944
2002 3.000 3.000 3.000 3.000 2.922
2003 3.000 3.000 3.000 3.000 2.958
2004 3.000 3.000 3.000 3.000 2.869
2005 2.958 2.978 2.959 2.976 2.779
2006 3.000 3.000 3.000 3.000 2.749
2007 3.000 3.000 3.000 3.000 2.719

From the comparative studies conducted in the pusvsections, it is concluded
that method 2-4 tend to yield higher efficiency resothan method 1 and the
Ratio Model. In the computation in method 2-4, thial volume of polluted air,
wastewater and solid waste generated from yarncoith manufacturing in
China is regarded as either input or output. Howeweh the repetitive studies
completed in Chapters 4 and 5, it is commonly olekithat the existing eco-
DEA would tend to give a higher efficiency scor@&his observation further

proves that these methods fail to characteriseutigesirable outputs in an
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appropriate manner. They are not sensitive enoaighdracterise the changes in
the amount of desirable and undesirable outputeeasame time. Whereas for
method 1, as environmental quality is not includethe computation, the results
from method 1 cannot be a reference for stakehsldenen looking into
environmental problems or carrying out related ngen@ent procedures. As a
result, the efficiency score can be easily distbri@thout considering the
appropriate factors. There are chances that tiggnatiDEA will give false credit
to the DMU which does not perform that well fromemvironmental perspective.
Therefore, the Green Index is able to evaluategiteen performance of the
DMU. To further validate the Ratio Model, the ermvimental performance of the
yarn and cloth manufacturing in the past sevenyeams is assessed by policies

implemented in related areas.

Although the Chinese government has been encowrdba textile industry to
control pollution, there are indeed some limitasidn the textile industry that
induce fluctuations in the environmental performeanitcom time to time.
According to the China Textile Industry Developm&eport (Zhongguo fang
zhi gong ye xie hui, various issues), cost is ohée factors that discourages
textile plants from executing environmental pol&cidhey may find the cost too
high to set up wastewater treatment facilities.réduce expenses, instead of
using the latest model, textile plants use theno#thinery that consumes more
energy. Also, there are numerous textile plantsteyeml around the country,
which some of them do not possess the conceptwifommental protection. In
addition, a plant may find it hard to keep up wiitie latest technology, simply

because it does not have enough space or itsrexisitilities are not compatible.
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All these factors increase the difficulty in the plementation of laws and
regulations. Another limitation is textile prodwpiality. China produces mainly
middle to low quality textile goods. In order to im@ain production costs as low
as possible, the raw materials used may be ofianfeuality, requiring extra

energy and resources to process. For instanceqoadity dyes are less efficient

and remain in the water after the dyeing process.

5.4.5 Improvement for the inefficient DMUs of Case Studyl

In DEA, the DMUs with less than 1.000 efficiencyoee are considered as
inefficient. For the DMUs with 1.000, they are regdgd as benchmark for the
inefficient DMUs. Therefore, in order to achieve afficient performance, the
inefficient DMUs can improve in both their inputdanutput to reach the frontier
which is formed by the efficient DMUs. The effic@nfrontier acts as a standard
performance for the inefficient DMUs as referenBg. simple calculation, the

output ratios can be converted to the target ougmnbunt suggested by the
programme. The targets for the inputs and outpfitthe inefficient DMUs

computed by the Ratio Model for the respective isalices can be found in

Appendix B.
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5.5 Case Study 2: China’s Chemical Fibre Production

1991-2007

The second scenario focuses on the environmentairpgnce of chemical fibre
production in the entire country from 1991-2007.drder to give the Green
Index for each DMU, it is necessary to computerthative efficiency score for
each sub-index. The DMU selected in this studhésannual performance of the
chemical fibre manufacturing factory in China fra®91-2007. Therefore, there
are altogether 17 DMUs being evaluated. The detdildl the chosen variables
for the case studies are described in Chapter 3samimarised in Figure 5-7.
The following sections analyse the data and ratfothe outputs computed for

each sub-index.

DESIRABLE UNDESIRABLE
INPUTS DMU OUTPUTS OUTPUTS
Polluted air discharged
Energy e — Chemical fibre g
Chemical fibre + Wast ter disch d
L . astewater discharge
prodijgg(inzlgo(;hma — Total industrial
) ————,  output value of
Labour O chgmical fibre Solid waste discharged

Figure 5-7 The inputs and outputs of Case Study 2

5.5.1 Polluted air sub-index of Case Study 2

Table 5-13 shows the textile industry data and aheount of polluted air
produced. The first column identifies the 17 yeassDMUs, while the second

and third columns list the two inputs for the stu@plumns 4, 5 and 6 provide
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the three desirable outputs, and the seventh columcicates the undesirable
output which is the environmental quality to beessed in this sub-index.
Columns 2, 3 and 4 in Table 5-14 show the ratiothef three desirable outputs
to the total volume of polluted air emissions, dhe last column illustrates the
results of the polluted air sub-index of the 17 D8/ldomputed by the new eco-

DEA Ratio Model.
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Table 5-13 Data of the polluted air sub-index (Caaely 2)

DMU Inputs Desirable output Undesirable output
1 2 1 2 1
Total ener Total industrial Total volume of
Year Labour consum: ti%fl Chemical fibre output output value industrial polluted
(10 000 persons) (10 000 tnpS CE) (10 000 tons) (100 million RMB) air emission
(at 1978 price) (100 million cu.m)
1991 30.75 855.60 191.03 102.32 1857
1992 32.42 932.00 213.04 102.98 2327
1993 50.28 962.57 237.37 166.17 2269
1994 52.36 993.13 280.33 187.98 2219
1995 56.61 1278.00 341.17 204.07 2543
1996 57.37 1079.82 375.45 186.66 2541
1997 00.11 1434.52 471.62 195.06 2909
1998 48.13 1600.07 510.00 190.81 2893
1999 46.24 1538.20 600.00 225.65 2961
2000 44.33 1677.96 694.00 284.92 2750
2001 43.57 1705.02 841.38 281.99 2811
2002 38.88 1942.76 991.20 254.93 3090
2003 34.85 2199.87 1181.15 317.23 2724
2004 38.67 1303.03 1699.80 422.82 2557
2005 40.76 1342.00 1664.79 551.04 2886
2006 41.12 1423.97 2073.18 668.57 2617
2007 44.58 1553.97 2413.78 752.40 2504

Source: Statistical Yearbook of China, variouséssu
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Table 5-14 Output ratios and results under theupsdl air sub-index
(Case Study 2)

Total industrial

Chemical fibre ratio . Polluted air
Year (x10%) output val_t;e ratio sub-index
(x107)
1991 102.87 55.10 1.000
1992 91.55 44.26 0.948
1993 104.61 73.23 0.956
1994 126.33 84.71 0.968
1995 134.16 80.25 0.740
1996 147.76 73.46 0.853
1997 162.12 67.05 0.630
1998 176.29 65.96 0.659
1999 202.63 76.21 0.696
2000 252.36 103.61 0.767
2001 299.32 100.32 0.776
2002 320.78 82.50 0.861
2003 433,61 116.46 1.000
2004 664.76 165.36 1.000
2005 576.85 191.14 1.000
2006 792.20 255.47 1.000
2007 963.97 300.48 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the polluted air suexn Therefore, the results
titled polluted air sub-index in Table 5-14 and [€ab-15 are calculated by the

Ratio Model.

There are six efficient DMUs identified by the paéd air sub-index which
obtain a relative efficiency score of 1.000. Theg gears 1991, 2003, 2004,
2005, 2006 and 2007. The remaining DMUs are consitléo be inefficient,
because the efficiency score is less than 1.008.eRvironmental performance
of China’s chemical fibre production fluctuateste period 1995-2002, and has
achieved 100% efficiency since 2003. It is importdhat the parameter

computation is significantly discriminative, so thhe diversity in the data can
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be well characterised by the DEA. To show the diffiee between the numerous
approaches in incorporating undesirable output,rédselts are shown in Table

5-15.

Table 5-15 Efficiency score of the four eco-DEA dhe polluted air sub-index

(Case Study 2)

Polluted air

Year Method 1 Method 2 Method 3 Method 4 .
Sub-index

1991 1.000 1.000 1.000 1.000 1.000
1992 0.951 0.951 0.951 0.951 0.948
1993 0.955 0.955 0.955 0.955 0.942
1994 0.948 0.948 0.948 0.948 0.946
1995 0.749 0.770 0.749 0.749 0.725
1996 0.871 0.871 0.871 0.871 0.841
1997 0.661 0.670 0.661 0.661 0.629
1998 0.673 0.678 0.673 0.673 0.659
1999 0.714 0.714 0.714 0.714 0.694
2000 0.769 0.769 0.769 0.769 0.750
2001 0.782 0.783 0.782 0.782 0.768
2002 0.882 0.882 0.882 0.882 0.861
2003 1.000 1.000 1.000 1.000 1.000
2004 1.000 1.000 1.000 1.000 1.000
2005 0.974 0.974 0.974 0.974 0.929
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-15, the efficiency score in 1995-18®8method 1 is remarkably
low because the model does not consider the emagatal quality in the
calculation. The inclusion of the undesirable ouitpm assessing the
environmental performance is necessary. Thereforethod 1 deforms the

performance of yarn and cloth manufacturing in trexiod.

The efficiency score for method 2 is generally leigtihan other approaches, such
as DMU 1995, 1997, 1998, 2000 and 2001. This respkes with Hua and Bian
(2007) that treating undesirable outputs as inpeasnot reflect the true

production process and easily distorts the ecaieffty of the DMU. Also, the
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results confirm the finding in Chapter 4 which esthat the existing eco-DEA
tends to increase the efficiency scores. The eabeck parameter has been a

factor that simply favours the efficiency of the DM

According to the Ratio Model, the increase in thermical fibre ratio and the
total industrial output value ratio is due to thmwlindustrial polluted air
emissions in that particular year. This benefitsramnease in the polluted air sub-
index and magnifies the change in the total volwmi@dustrial polluted air. The
examples are 2002 and 2003. The polluted air sdéxitas fairly similar results
when compared with method 1, method 3 and methétbwever, for 1996 and
1999, the polluted air sub-index is lower than dffeciency score of method 3
and method 4. This is because method 3 and 4ofaharacterise the undesirable
output and they treat the undesirable output witkimailar approach as the
desirable output. Therefore, the Ratio Model masagegive a lower result,
which gives that data more discriminative poweassess the performance of the

DMU.

5.5.2 Wastewater sub-index of Case Study 2

Table 5-16 shows the textile industry data and #éneount of wastewater
discharged. The first column identifies the 17 geas DMUs, while the second
and third columns list the two inputs for the stu@plumns 4, 5 and 6 provide
the three desirable outputs, and the seventh colmdicates the undesirable
output, which is the environmental quality to besessed in this sub-index.
Columns 2, 3 and 4 in Table 5-17 show the ratiahethree desirable outputs to

the total volume of wastewater generated, and &sé dolumn illustrates the
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results of the wastewater sub-index of the 17 DMbsputed by the new eco-

DEA Ratio Model.
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Table 5-16 Data of the wastewater sub-index (Casdy)

DMU Input Desirable output Undesirable output
1 2 1 2 1
Total ener Total industrial Total volume of
Year Labour consumbtion 1(;g3(7)00 o Chemical fibre output output value industrial wastewater
(10 000 persons) v pS CE)( (10 000 tons) (100 million RMB) discharge
(at 1978 price) (10 000 tons)
1991 30.75 855.60 191.03 102.32 51883
1992 32.42 932.00 213.04 102.98 59677
1993 50.28 962.57 237.37 166.17 57622
1994 52.36 993.13 280.33 187.98 52040
1995 56.61 1278.00 341.17 204.07 55945
1996 57.37 1079.82 375.45 186.66 52302
1997 60.11 1434.52 471.62 195.06 54344
1998 48.13 1600.07 510.00 190.81 54538
1999 46.24 1538.20 600.00 225.65 50037
2000 44.33 1677.96 694.00 284.92 53134
2001 43.57 1705.02 841.38 281.99 59695
2002 38.88 1942.76 991.20 254.93 53954
2003 34.85 2199.87 1181.15 317.23 48847
2004 38.67 1303.03 1699.80 422.82 47467
2005 40.76 1342.00 1664.79 551.64 48516
2006 41.12 1423.97 2073.18 668.57 49543
2007 44.58 1553.97 2413.78 752.40 48957

Source: Statistical Yearbook of China, variouséssu
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Table 5-17 Output ratios and results under wasevgatb-index (Case Study 2)

Total industrial output

Chemical fibre ratio Wastewater

icat (x10%) Vat‘;‘ior_?)“" sub-index
1991 36.82 19.72 1.000
1992 35.70 17.26 0.948
1993 41.19 28.84 0.936
1994 53.87 36.12 0.943
1995 60.98 36.48 0.734
1996 71.79 35.69 0.865
1997 86.78 35.89 0.652
1998 93.51 34.99 0.668
1999 119.91 45.10 0.714
2000 130.61 53.62 0.762
2001 140.95 47.24 0.763
2002 183.71 4725 0.869
2003 241.81 64.94 1.000
2004 358.10 89.08 1.000
2005 343.14 113.70 0.983
2006 418.46 134.95 1.000
2007 493.04 153.69 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the wastewater subxin@ieerefore, the results
titled wastewater sub-index in Table 5-17 and TdblB are calculated by the

Ratio Model.

There are five efficient DMUs identified by the wawsater sub-index which
obtain a relative efficiency score of 1.000. Theg the year 1991, 2003, 2004,
2006 and 2007. The remaining DMUs are considereoetinefficient because
the efficiency score is less than 1.000. The aweddficiency scores from 1995-
2002 are noticeably lower when compared to theieficy scores before 1995

and after 2002. The efficiency score fluctuatesvben 1995 and 2002. It is
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important that the computation of the parametersigsaificantly discriminative
so that the diversity in the data can be well ctterésed by the DEA. To show
the difference between the numerous approachescwrgorating undesirable

output, the results are shown in Table 5-18.

Table 5-18 Efficiency score of the four eco-DEA dhd wastewater sub-index
(Case Study 2)

Year Method1  Method2  Method3  Method4  \astewater
Sub-index
1991 1.000 1.000 1.000 1.000 1.000
1992 0.951 0.951 0.951 0.951 0.948
1993 0.955 0.955 0.955 0.955 0.936
1994 0.948 0.976 0.948 0.948 0.943
1995 0.749 0.880 0.749 0.749 0.734
1996 0.871 0.958 0.871 0.871 0.865
1997 0.661 0.881 0.661 0.661 0.652
1998 0.673 0.870 0.673 0.673 0.668
1999 0.714 0.949 0.731 0.734 0.714
2000 0.769 0.893 0.769 0.769 0.762
2001 0.782 0.820 0.782 0.782 0.763
2002 0.882 0.907 0.882 0.882 0.869
2003 1.000 1.000 1.000 1.000 1.000
2004 1.000 1.000 1.000 1.000 1.000
2005 0.974 1.000 1.000 1.000 0.983
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-18, although the efficiency score undesthod 1 and the
wastewater sub-index has a moderately similar trevedhod 1 does not consider
the environmental quality in the calculation. Methd solely shows the
manufacturing efficiency of chemical fibre productiin China from 1991-2007.
However, the Ratio Model incorporates undesirahlguats into computation,

thus the variables are viewed from a different pecsve.
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The efficiency scores for method 2 are generalghér than other approaches.
This result agrees with Hua and Bian (2007) thedittng undesirable outputs as
inputs cannot reflect the true production procesd aasily distorts the eco-
efficiency of the DMU. Also, the results also confithe finding in Section 4.2.1,
which states that the existing eco-DEA tends toease the efficiency scores.
The eco-related parameter has been a factor thatysfavours the efficiency of

the DMU.

There are some differences in the wastewater sigxinvhen compared with
method 3 and method 4. Generally, the environmeptaformance under
method 3 and method 4 perform better than the wasée sub-index for the
same DMU from 1993-2002. 2005 has a significaralydr sub-index, because
when environmental quality is incorporated with ttemputation, the chemical
fibre ratio has dropped from 358.10 to 343.14 i@20This shows there was less
chemical fibre produced per unit of wastewater liasged. Although there is a
decrease in the chemical fibre output in 2005 wt@mpared to 2004, the ratio
approach magnifies the decrease. Therefore, théymmwveloped Ratio Model is
more sensitive to change in both desirable outpdt @ndesirable output. This
example could verify the findings from Chapter 4wasdl. The way the existing
eco-DEA incorporate the undesirable output woultbtat the efficiency score.
The computation of the undesirable output shoulgtoperly characterised so
that it can have a positive or a negative effectimnoverall performance of the
DMU. Therefore, it can show that the Ratio Modelm®re advanced when

compared to other approaches.
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5.5.3 Solid waste sub-index of Case Study 2

Table 5-19 shows the textile industry data and an@ount of solid waste
produced. The first column identifies the 17 yeassDMUs, while the second
and third columns list the two inputs for the stu@plumns 4, 5 and 6 provide
the three desirable outputs and the seventh colndgicates the undesirable
output which is the environmental quality to beessed in this sub-index.
Columns 2, 3 and 4 show the ratios of the threéralde outputs to the total
volume of solid waste generated, and the last colilonstrates the results of the
solid waste sub-index of the 17 DMUs computed by tlew eco-DEA Ratio

Model.
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Table 5-19 Data of the solid waste sub-index (Cisey 2)

DMU Inputs Desirable output Undesirable output
1 2 1 2 1
Total industrial . ;
Labour Total energy Chemical fibre output output value Vo'lume of industrial
Year consumption P P solid waste generated
(10 000 persons) (10 000 tons) (100 million RMB)
(10 000 tn SCE) (at 1978 price) (10 000 tons)

1991 30.75 855.60 191.03 102.32 176
1992 32.42 932.00 213.04 102.98 245
1993 50.28 962.57 237.37 166.17 247
1994 52.36 993.13 280.33 187.98 256
1995 56.61 1278.00 341.17 204.07 262
1996 57.37 1079.82 375.45 186.66 291
1997 60.11 1434.52 471.62 195.06 322
1998 48.13 1600.07 510.00 190.81 255
1999 46.24 1538.20 600.00 225.65 286
2000 44.33 1677.96 694.00 284.92 329
2001 43.57 1705.02 841.38 281.99 355
2002 38.88 1942.76 991.20 254.93 352
2003 34.85 2199.87 1181.15 317.23 81

2004 38.67 1303.03 1699.80 422.82 322
2005 40.76 1342.00 1664.79 551.64 342
2006 41.12 1423.97 2073.18 0668.57 376
2007 44.58 1553.97 2413.78 752.40 355

Source: Statistical Yearbook of China, variouséssu
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Table 5-20 Output ratios and results under thelsedéiste sub-index (Case Study

2)
Chemical fibre Total industrial .
Year ratio output value ratio Sohd-waste
(x10'1) & 0_1) sub-index
1991 10.85 5.81 1.000
1992 8.70 4.20 0.948
1993 9.01 6.73 0.927
1994 10.95 7.34 0.924
1995 13.02 7.79 0.732
1996 12.90 6.41 0.815
1997 14.65 0.06 0.623
1998 20.00 7.48 0.645
1999 20.98 7.89 0.672
2000 21.09 8.66 0.702
2001 23.70 7.94 0.715
2002 28.16 7.24 0.804
2003 145.82 39.16 1.000
2004 52.79 13.13 0.977
2005 48.68 16.13 0.948
2006 55.14 17.78 0.940
2007 68.05 21.21 0.950

Based on Figure 5-2, the results calculated byR&&o Model under the Green
Index framework is named as the solid waste subxin@herefore, the results
titled solid waste sub-index in Table 5-20 and €abl21 are calculated by the

Ratio Model.

There are two efficient DMUs identified by the sblivaste sub-index which
obtain a relative efficiency score of 1.000. Theg gear 1991 and 2003. The
remaining DMUs are considered to be inefficientsaese the efficiency score is
less than 1.000. The average efficiency score99%-2002 are noticeably lower
when compared to the efficiency score before 19fMadter 2002. However, the

efficiency score fluctuates between 1995 and 20@PRhas continued to perform
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above 0.95 since 2003. It is important that the patation of the parameters is
significantly discriminative, so that the diversiip the data can be well
characterised by the DEA. To show the differencéwben the numerous
approaches in incorporating undesirable output,réiselts are shown in Table

5-21.

Table 5-21 Efficiency score of the four eco-DEA dhe solid waste sub-index
(Case Study 2)

Solid waste

Year Method 1 Method 2 Method 3 Method 4 .
Sub-index

1991 1.000 1.000 1.000 1.000 1.000
1992 0.951 0.951 0.951 0.951 0.948
1993 0.955 0.955 0.955 0.955 0.927
1994 0.948 0.948 0.948 0.948 0.924
1995 0.749 0.769 0.749 0.749 0.732
1996 0.871 0.871 0.871 0.871 0.815
1997 0.661 0.661 0.661 0.661 0.623
1998 0.673 0.697 0.673 0.673 0.645
1999 0.714 0.714 0.714 0.714 0.672
2000 0.769 0.769 0.769 0.769 0.702
2001 0.782 0.782 0.782 0.782 0.715
2002 0.882 0.882 0.882 0.882 0.804
2003 1.000 1.000 1.000 1.000 1.000
2004 1.000 1.000 1.000 1.000 0.977
2005 0.974 0.975 0.974 0.974 0.948
2006 1.000 1.000 1.000 1.000 0.940
2007 1.000 1.000 1.000 1.000 0.950

From Table 5-21, the efficiency score in 2003 300. for all methods because
the solid waste generated was low that year, therdhe unit of desirable output

produced per unit of solid waste is high.

The efficiency scores for method 2 are generalghéi than other approaches.
This result agrees with Hua and Bian’s findingsO@0that treating undesirable

outputs as inputs cannot reflect the true prodagtimcess and easily distorts the
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eco-efficiency of the DMU. The results also confitine finding in Section 4.2.1
which states the existing eco-DEA tends to increhseefficiency scores. The

eco-related parameter has been a factor that fatbarDMU'’s efficiency.

The efficiency scores under method 3 and methode4ganerally higher than
under the solid waste sub-index. For example, thigency score for 2005 and
2006 are 0.974 and 1.000 respectively. Howeverstiid waste sub-index gives
the two DMUs an efficiency score of 0.940 and 0.98fis confirms the finding
in Section 4.2.1 that states the various environatdDEA technologies tend to
give a better efficiency score. Method 3 and methodre different from the
newly developed Ratio Model because method 3 anthode4 view the
undesirable output as a “positive” output in theA)Evhich would favour the
efficiency score. For the Ratio Model, the desieablitput and the undesirable
output are aggregated in a ratio form, which presid more discriminative way
to expose the impact of the undesirable outpuhénmodel. As the Ratio Model
is sensitive to change in the variables, the sebdte sub-index for both years

decreases, while the other approaches increase.
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5.5.4 The Green Index of Case Study 2

The overall Green Index can be obtained as the cfutme three environmental
sub-indices as discussed in the previous sectiohable 5-22 describes the

grading results of the 17 DMU based on the Gredexn

Table 5-22 Efficiency score of the four eco-DEA dhe Green Index (Case

Study 2)
Year  Method1 Method2  Method3  Method 4 Sizzen
Index
1991 3.000 3.000 3.000 3.000 3.000
1992 2.853 2.853 2.853 2.853 2.844
1993 2.865 2.865 2.865 2.865 2.805
1994 2.844 2.872 2.844 2.844 2.813
1995 2.247 2.416 2.247 2.247 2.191
1996 2.613 2.700 2.613 2.613 2.521
1997 1.983 2.212 1.983 1.983 1.904
1998 2.019 2.245 2.019 2.019 1.972
1999 2.142 2.377 2.159 2.162 2.080
2000 2.307 2.431 2.307 2.307 2214
2001 2.346 2.385 2.346 2.346 2.246
2002 2.646 2.671 2.646 2.646 2.534
2003 3.000 3.000 3.000 3.000 3.000
2004 3.000 3.000 3.000 3.000 2.977
2005 2.922 2.949 2.948 2.948 2.860
2006 3.000 3.000 3.000 3.000 2.940
2007 3.000 3.000 3.000 3.000 2.950

As evident from the three sub-indices of Case StRdyt is concluded that
methods 1-4 fail to characterise the environmgmediormance of the DMU. The
Ratio Model aggregates the desirable output andilesirable output in a ratio
form so that the undesirable output is discrimw@tnough as a parameter to
assess the DMU’s environmental performance. Thheret is dissimilarity

between the overall performance indication undeffitre approaches.
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The Green Index in Table 5-22 is the sum of thedhpollutant sub-indices.
Therefore, the result of the respective sub-indexild/ directly affect the final

Green Index. As observed from the data, the inereathe chemical fibre output
has a larger magnitude than the undesirable ouffhdrefore, environmental
performance has been increasing since 1997. UhddRatio Model, as the solid
waste sub-index drops in 2005-2007, it affectsrédseilts of the Green Index in

the same period.

From Table 5-22, it can be observed that the enmiental performance of
chemical fibre production in China has fluctuatedhie past 17 years, regardless
of the approaches used in evaluation. This indscatiee instability of
environmental performance in textile manufacturi8gnilar to yarn and cloth
production, the green performance of chemical fipreduction has been
decreasing in recent years. With a tremendous outpulesirable products
produced, the economic benefits are offset by ther@nmental consequences.
As there are many variables that affect the efficye score, it is therefore
difficult to identify which particular reason affiscthe results. The production of
chemical fibre may be due to the rise in the patéhe raw material, which is
petroleum (Zhongguo fang zhi gong ye xie hui, wasiaossues). There is an
increase after 1997 with the Green Index risingfta000 to 3.000 in 2003. The
increase is due to the efforts of the Chinese gowent to protect the production
of chemical fibres by implementing trade policiesdacracking down on

smuggling (Zhongguo fang zhi gong ye xie hui, vasigssues).
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5.5.5 Improvement for the inefficient DMU of Case Study 2

In the DEA, the DMUs with less than a 1.000 effiig score are considered
inefficient. DMUs with a 1.000 score are regarded aa benchmark for the
inefficient DMUs. Therefore, in order to achieve aifficient performance, the
inefficient DMUs can improve both their input andtput to reach the frontier
formed by the efficient DMUs. The efficiency froeti acts as a standard
performance for the inefficient DMUs as refereniee targets for the inputs and
outputs of the inefficient DMUs computed by the iRd¥odel, are shown in

Appendix B.
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5.6 Case Study 3: Jiangsu Yarn and Cloth Production

1998-2007

The third scenario examines the environmental pedoce of yarn and cloth
production in Jiangsu province from 1998-2007. ritken to give the Green Index
for each DMU, it is necessary to compute the redagéfficiency score for each
sub-index. The DMU selected in this study is theuah performance of the yarn
and cloth manufacturing factory in Jiangsu from 82907. Therefore, there are
altogether 10 DMUs being evaluated. The detailaliofhe chosen variables for
the case studies are described in Chapter 3 ancharsed in Figure 5-8. The
following sections analyse the data and the ratiothe outputs computed for

each sub-index.

DESIRABLE UNDESIRABLE
INPUT DMU
OuUTPUT OUTPUTS
— Polluted air discharged

Yamn anq CI?th Total industrial .
Labour — production in :‘> Output value of yarn + Wastewater discharged

1;';;%?)%7 and cloth
Y Solid waste discharged

Figure 5-8 The inputs and outputs of Case Study 3
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5.6.1 Polluted air sub-index of Case Study 3

Table 5-23 shows the textile industry data and d@ngount of polluted air
produced. The first column identifies the 10 yeassDMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outphich is the environmental
quality to be assessed in this sub-index. ColurimTable 5-24 shows the ratios
of the desirable output to the total volume of pi@tl air emissions, and the last
column illustrates the results of the polluted sub-index of the 10 DMUs

computed by the new eco-DEA Ratio Model.

Table 5-23 Data of the polluted air sub-index (Caraly 3)

DMU Input Desirable output Undesirable output
1 1 3
Total industrial Total volume of industrial
Year Labour output value polluted
(10 000 persons) (100 million RMB) air emission
(at 1978 price) (100 million cu.m)
1998 50.04 237.18 299.00
1999 45.81 255.49 293.00
2000 42.40 285.24 293.00
2001 38.34 309.03 402.00
2002 34.19 355.19 461.00
2003 30.60 416.97 398.59
2004 29.41 500.25 419.89
2005 29.71 652.45 400.50
2006 34.46 778.25 427.75
2007 32.05 873.97 379.19

Source: Jiangsu Statistical Yearbook, various ssue
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Table 5-24 Output ratios and results under theupedl air sub-index (Case Study

3)
Year Total textile \lralue ratio Polluted air
(x107) sub-index

1998 7.93 0.588
1999 8.72 0.642
2000 9.74 0.694
2001 7.69 0.767
2002 7.70 0.860
2003 10.46 0.961
2004 11.91 1.000
2005 16.29 1.000
2006 18.19 0.881
2007 23.05 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the polluted air swexn Therefore, the results
titled polluted air sub-index in Table 5-24 and [€ab-25 are calculated by the

Ratio Model.

There are three efficient DMUs identified by thdlpied air sub-index which
obtain a relative efficiency score of 1.000. Theg gear 2004, 2005 and 2007.
The remaining DMUs are considered to be inefficibatause the efficiency
score is less than 1.000. From the polluted airisdbx, the environmental
performance of Jiangsu yarn and cloth productios len improving for the
past 10 years. However, in 2006, the polluted @lir-isdex drops from 1.000 to
0.881. It is important that the computation of {herameters is significantly
discriminative so that the diversity in the data ¢ well characterised by the
DEA. To show the difference between the numerogsagehes in incorporating

undesirable output, the results are shown in Taile.
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Table 5-25 Efficiency score of the four eco-DEA dhe polluted air sub-index
(Case Study 3)

Polluted air

Year Method 1 Method 2 Method 3 Method 4 .
Sub-index

1998 0.588 0.980 0.828 0.833 0.588
1999 0.642 1.000 0.926 0.926 0.642
2000 0.694 1.000 1.000 1.000 0.694
2001 0.767 0.896 0.774 0.774 0.767
2002 0.860 0.869 0.860 0.860 0.860
2003 0.961 0.991 0.975 0.978 0.961
2004 1.000 1.000 1.000 1.000 1.000
2005 1.000 1.000 1.000 1.000 1.000
2006 0.901 0.905 0.901 0.901 0.881
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-25, the polluted air sub-index hasilamresults with the
efficiency score of method 1 except DMU 2006. Desghe similarity, the sub-
index of 2006 indicates the computation of the databoth methods has a
discrepancy. As the ratio model includes the emwitental quality, the data

would show some differences that affect the resnl®th models.

The efficiency score of method 2 to method 4 areegaly higher than method 1
and polluted air sub-index. This is because methdd method 4 incorporates
one more positive output into computation. With gilenomenon as discussed in
Chapter 4, an increase in the number of outputs leey to an increase in the
efficiency score as well. Therefore, under methpth@hod 3 and method 4, the
presence of the environmental parameter would kethef performance of the

DMU.
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5.6.2 Wastewater sub-index of Case Study 3

Table 5-26 shows the textile industry data and dneount of wastewater
discharged. The first column identifies the 10 geas DMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outpdiich is the environmental
quality to be assessed in this sub-index. ColurnmTable 5-27 shows the ratios
of the desirable output to the total volume of wastter discharged, and the last
column illustrates the results of the wastewatdr-isdex of the 10 DMUs

computed by the new eco-DEA Ratio Model.

Table 5-26 Data of wastewater sub-index (Case S3\dy

DMU Input Desirable output Undesirable output
1 1 3
After normalising the price Total volume of industrial
Year Labour (10 000 effect with 1978 ags theli)ase wastewater discharge
persons) S (10 000 tons)

1998 50.04 237.18 21905.00

1999 45.81 255.49 21486.00

2000 42.40 285.24 24583.00

2001 38.34 309.03 33239.00

2002 34.19 355.19 34274.00

2003 30.60 416.97 33827.16

2004 29.41 500.25 42189.19

2005 29.71 652.45 47929.86

2006 34.46 778.25 48436.23

2007 32.05 873.97 53390.55

Source: Jiangsu Statistical Yearbook, various ssue
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Table 5-27 Output ratios and results under theeveater sub-index (Case Study
3)

Year Total textile \;alue ratio Wastewater
(x107) sub-index
1998 10.83 0.588
1999 11.89 0.642
2000 11.60 0.694
2001 9.30 0.767
2002 10.36 0.860
2003 12.33 0.964
2004 11.86 1.000
2005 13.61 1.000
2006 16.07 0.923
2007 16.37 1.000

Based on Figure 5-2, the results calculated byR#o Model under the Green
Index framework is named as the wastewater subxinteerefore, the results
titled wastewater sub-index in Table 5-27 and TabR8 are calculated by the

Ratio Model.

There are three efficient DMUs identified by thesteavater sub-index which
obtain a relative efficiency score of 1.000. Theg gear 2004, 2005 and 2007.
The remaining DMUs are considered to be inefficibatause the efficiency
score is less than 1.000. From the wastewater reldxj the environmental
performance of Jiangsu yarn and cloth productios been improving for the
past 10 years. However, in 2006, the polluted @i-isdex drops from 1.000 to
0.923. It is important that the parameter compaotatibe significantly
discriminative so that diversity in the data canAs# characterised by the DEA.
To show the difference between the numerous appesadn incorporating

undesirable output, the results are shown in Tal#8
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Table 5-28 Efficiency score of the four eco-DEA dhd wastewater sub-index
(Case Study 3)

Year Method1  Method2  Method3  Method4  yastewater
Sub-index
1998 0.588 0.981 0.901 0.905 0.588
1999 0.642 1.000 1.000 1.000 0.642
2000 0.694 0.994 0.957 0.990 0.694
2001 0.767 0.912 0.810 0.817 0.767
2002 0.860 0.946 0.893 0.893 0.860
2003 0.961 1.000 1.000 1.000 0.964
2004 1.000 1.000 1.000 1.000 1.000
2005 1.000 1.000 1.000 1.000 1.000
2006 0.901 1.000 0.915 1.000 0.923
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-28, the wastewater sub-index has aimglsults with the efficiency
score of method 1, except DMU 2003 and 2006. Degpi similarity, the sub-
index of 2006 indicates the computation of the databoth methods has a
discrepancy. As the Ratio Model includes environtalequality, the data would

show some differences that affect the results th haodels.

The efficiency scores of method 2 to method 4 amegally higher than method
1 and wastewater sub-index. This is because me&thodnethod 4 incorporates
one more positive output into computation. This r@raenon is thoroughly
discussed and confirms the finding in Section 4 ®Hich states that an increase
in the number of outputs may also lead to an irs@aa the efficiency score.
Therefore, under method 2, method 3 and methodhd, presence of the
environmental parameter would benefit DMU perforocean The newly

developed Ratio Model is more advanced in desaithe undesirable output.
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5.6.3 Solid waste sub-index of Case Study 3

Table 5-29 shows the textile industry data and @ngount of solid waste
generated. The first column identifies the 10 yesr<DMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outpiiich is the environmental
quality to be assessed in this sub-index. ColurimTable 5-30 shows the ratios
of the desirable output to the total volume of doeliaste produced, and the last
column illustrates the results of the solid wastbd-mdex of the 10 DMUs

computed by the new eco-DEA Ratio Model.

Table 5-29 Data of the solid waste sub-index (CGigdy 3)

DMU Input Desirable output Undesirable output
1 1 3

After normalising the price Total V(?lume .Of

Year Labour (10 000 effect with 1978 as the base industrial solid

persons) waste produced

year (10,000 tons)

1998 50.04 237.18 87.00
1999 45.81 255.49 80.00
2000 42.40 285.24 87.00
2001 38.34 309.03 105.23
2002 34.19 355.19 127.70
2003 30.60 416.97 138.04
2004 29.41 500.25 156.21
2005 29.71 652.45 142.46
2006 34.46 778.25 156.01
2007 32.05 873.97 139.48

Source: Jiangsu Statistical Yearbook, various ssue
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Table 5-30 Output ratios and results of the sokdte sub-index (Case Study 3)

Solid waste

Year Total textile value ratio .
sub-index

1998 2.73 0.588
1999 3.19 0.642
2000 3.28 0.694
2001 2.94 0.767
2002 2.78 0.860
2003 3.02 0.964
2004 3.20 1.000
2005 4.58 1.000
2006 4.99 0.923
2007 6.27 1.000

Based on Figure 5-2, the results calculated byR&#o Model under the Green
Index framework is named as the solid waste subxin@herefore, the results
titled solid waste sub-index in Table 5-30 and &abi31 are calculated by the

Ratio Model.

There are three efficient DMUs identified by thdidavaste sub-index which
obtain a relative efficiency score of 1.000. They years 2004, 2005 and 2007.
The remaining DMUs are considered to be inefficibatause the efficiency
score is less than 1.000. From the solid wasteirsidx, the environmental
performance of Jiangsu yarn and cloth productios len improving for the
past 10 years. However, in 2006, the solid waskeistdex drops from 1.000 to
0.923. It is important that the computation of therameters be significantly
discriminative, so that the diversity in the data de well characterised by the
DEA. To show the difference between the numerogsagehes in incorporating

undesirable output, the results are shown in Taidé.
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Table 5-31 Efficiency score of the four eco-DEA dhe solid waste sub-index
(Case Study 3)

Year Method 1 Method 2 Method 3 Method 4 Solid waste

Sub-index
1998 0.588 0.920 0.847 0.847 0.588
1999 0.642 1.000 1.000 1.000 0.642
2000 0.694 1.000 1.000 1.000 0.694
2001 0.767 0.998 0.959 0.996 0.767
2002 0.860 0.981 0.936 0.965 0.860
2003 0.961 1.000 0.991 1.000 0.964
2004 1.000 1.000 1.000 1.000 1.000
2005 1.000 1.000 1.000 1.000 1.000
2006 0.901 0.902 0.901 0.901 0.923
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-31, the solid waste sub-index haslaimesults with an efficiency
score of method 1, except DMU 2003 and 2006. Degpi similarity, the sub-
index of 2006 indicates the data computation fothbmethods contains a
discrepancy. As the Ratio Model includes environtalequality, the data would

show some differences that affect the results th budels.

The efficiency scores of method 2 to method 4 areegally higher than method
1 and the solid waste sub-index. This is becausthade2 to method 4
incorporates one more positive output into compartafl he results also confirm
the finding in Section 4.2.1, which states that éxésting eco-DEA tends to
increase the efficiency scores. The eco-relatednpeier has been a factor that

simply favours the efficiency of the DMU.
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5.6.4 The Green Index of Case Study 3

The overall Green Index can be obtained as theafuiime three environmental
sub-indices as discussed in the previous sectidable 5-32 describes the

grading results of the 17 DMU based on the Gredexn

Table 5-32 Efficiency score of the four eco-DEA dhe Green Index (Case

Study 3)
Year  Method1 Method2  Method3  Method 4 SHES
Index
1998 1.764 2.881 2.576 2.585 1.764
1999 1.926 3.000 2.926 2.926 1.926
2000 2.082 2.994 2.957 2.990 2.082
2001 2.301 2.806 2.543 2.587 2.301
2002 2.580 2.796 2.689 2718 2.580
2003 2.883 2.991 2.966 2.978 2.889
2004 3.000 3.000 3.000 3.000 3.000
2005 3.000 3.000 3.000 3.000 3.000
2006 2.703 2.807 2.717 2.802 2.727
2007 3.000 3.000 3.000 3.000 3.000

As evident from the three sub-indices of Case StBdyt is concluded that
methods 1-4 fail to characterise the DMU’s enviremtal performance. The
Ratio Model aggregates the desirable output ancksirable output in a ratio
form so that the undesirable output is discrimweattnough as a parameter to
assess the DMU’s environmental performance. Thhsretis a significant
difference between the overall performance indicatinder the five approaches.
The sum of efficiency scores under method 2 to otkth is obviously higher
than method 1 and the Green Index. For the resulteer method 1 and the
Green Index, the difference in 2006 shows the digpdetween the two

approaches.
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The Green Index in Table 5-32 is the sum of thedhpollutant sub-indices.
Therefore, the result of the respective sub-indexild/ directly affect the final
Green Index. For example, the drop in 2006 fron@@.® 2.727 under the Green

Index is due to the three low sub-indices in theegear.

The environmental impact of Jiangsu yarn and cletbduction has seen a
steadily improving trend in the past 10 years. lbictf the improving

environmental performance in the Jiangsu textiteigtry indicates that the laws
and regulations implemented have had a positiveaainpn the environment.
Jiangsu has been pioneering and developing itsngmnufacturing industry
since the mid-1970s, therefore it is seen as dleeomore mature provinces in
carrying out environmental management in industetvities (Jiangsu Huan

Bao Chan Ye Zong Shu).

5.6.5 Improvement for the inefficient DMU of Case Study 3

In the DEA, DMUs with less than a 1.000 efficiensgore are considered
inefficient. DMUs with a 1.000 efficiency score aegarded as a benchmark for
the inefficient DMUs. Therefore, in order to acleean efficient performance,
the inefficient DMUs can improve both their inputdaoutput to reach the
frontier which is formed by the efficient DMUs. Tleficiency frontier acts as a
standard performance for the inefficient DMUs aenmence. The targets for the
inputs and outputs of the inefficient DMUs computedthe Ratio Model are

found in Appendix B.
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5.7 Case Study 4: Jiangsu Chemical Fibre Production

1998-2007

The last scenario examines the environmental pegoce of chemical fibre
production in Jiangsu province from 1998-2007. ritken to give the Green Index
for each DMU, it is necessary to compute the redagéfficiency score for each
sub-index. The DMU selected in this study is theuah performance of the
chemical fibre manufacturing factory in Jiangsunird998-2007. Therefore,
altogether 10 DMUs are being evaluated. The detdildl the chosen variables
for the case studies are described in Chapter 3samanarised in Figure 5-9.
The following sections analyse the data and thegaif the outputs computed

for each sub-index.

DMU DESIRABLE UNDESIRABLE
OuTPUT OUTPUTS
o — Polluted air discharged
Chemical fibre

o Total industrial '
——— producionin outputvalue of ¥ Wastewater discharged

1;;?%3%7 chemical fibre
:‘> Solid waste discharged

Figure 5-9 The inputs and outputs of Case Study 4
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5.7.1 Polluted air sub-index of Case Study 4

Table 5-33 shows the textile industry data and d@neount of polluted air
produced. The first column identifies the 10 yeassDMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outphich is the environmental
quality to be assessed in this sub-index. ColurimTable 5-34 shows the ratios
of the desirable output to the total volume of piatl air emission, and the last
column illustrates the results of the polluted sub-index of the 10 DMUs

computed by the new eco-DEA Ratio Model.

Table 5-33 Data of polluted air sub-index (Caseal$i)

DMU Input Desirable output Undesirable output
1 1 1
Total industrial Total volume of industrial
Year Labour output value polluted
(10 000 persons) (100 million RMB) air emission
(at 1978 price) (100 million cu.m)

1998 4.48 44.78 270.00

1999 3.95 53.11 252.00

2000 4.07 66.85 316.00

2001 3.64 66.27 367.00

2002 3.56 76.73 341.00

2003 3.23 100.76 263.57

2004 2.94 134.01 433.58

2005 2.67 169.58 515.72

2006 2.83 212.20 474.60

2007 3.88 261.98 610.88

Source: Jiangsu Statistical Yearbook, various ssue
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Table 5-34 Output ratios and results under theupedl air sub-index (Case Study

)
Year Total textile \zfalue ratio Polluted air
(x10™) Sub-index

1998 16.58 0.596
1999 21.08 0.676
2000 21.15 0.656
2001 18.06 0.734
2002 22.50 0.750
2003 38.23 0.849
2004 30.91 0.908
2005 32.88 1.000
2006 44.71 1.000
2007 42.89 0.723

Based on Figure 5-2, the results calculated byR&&o Model under the Green
Index framework is named as the polluted air swein Therefore, the results
titled polluted air sub-index in Table 5-34 and [€ab-35 are calculated by the

Ratio Model.

There are two efficient DMUs identified by the pa#éd air sub-index which
obtain a relative efficiency score of 1.000. They the year 2005 and 2006. The
remaining DMUs are considered to be inefficientsaese the efficiency score is
less than 1.000. From the polluted air sub-inde&,anvironmental performance
of Jiangsu chemical fibre production has been impgfor the past 10 years.
However, in 2007, the polluted air sub-index drépsn 1.000 to 0.723. This is
because the total volume of industrial pollutedesmitted that year is so serious
that it affects the total textile value ratio. Tiadio decreases from 44.71 in 2006
to 42.89 in 2007. A drop in the output leads tduarpnet in the polluted air sub-
index. From this example, it can be seen that thportance of the data

computation should be significantly discriminatise that the diversity in the
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data of all variables can be well characterisedtiy DEA. To show the
difference between the numerous approaches inpocating undesirable output,

the results are shown in Table 5-35.

Table 5-35 Efficiency score of the four eco-DEA dhe polluted air sub-index
(Case Study 4)

Year Method 1 Method 2 Method 3 Method 4 Polluted air

Sub-index
1998 0.596 0.933 0.715 0.718 0.596
1999 0.676 1.000 1.000 1.000 0.676
2000 0.656 0.827 0.747 0.765 0.656
2001 0.734 0.856 0.798 0.824 0.734
2002 0.750 0.884 0.834 0.859 0.750
2003 0.827 1.000 1.000 1.000 0.849
2004 0.908 0.978 0.946 0.970 0.908
2005 1.000 1.000 1.000 1.000 1.000
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 0.723

From Table 5-35, the polluted air sub-index hasilamresults with the

efficiency score of method 1, except DMU 2003 a@72 Despite the similarity,
the sub-index of 2003 and 2007 indicates the dat@patation for both methods
contains a discrepancy. The discrepancy betweerffltiency scores and the
sub-index in 2003 and 2007 is due to the perspedtiwiewing the desirable
outputs. The ratio approach regards the desiraltigud as per unit of polluted
air emitted. With this aggregated approach, arease in the volume of polluted

air would cause a change in the amount of desi@itieut.

The result also agrees with the finding in Chagtahat undesirable outputs can
exert a negative or positive impact on the DMU’sf@enance. Therefore, under

the polluted air sub-index with the undesirable pautincorporated in the
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computation, the efficiency score of 2003 incredsesy 0.827 to 0.849 while

2007 decreases from 1.000 to 0.723.

The efficiency scores of method 2 to method 4 areecally higher than method
1 and polluted air sub-index. This is because nmiethto method 4 incorporates
one more positive output into computation. With tipdhenomenon in

confirmation with the finding in Section 4.2.1, amcrease in the number of

outputs may lead to an increase to the efficiemoyesas well.

5.7.2 Wastewater sub-index of Case Study 4

Table 5-36 shows the textile industry data and &neount of wastewater
discharged. The first column identifies the 10 geas DMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outpdiich is the environmental
guality to be assessed in this sub-index. ColurnmTable 5-37 shows the ratios
of the desirable output to the total volume of wastter discharged, and the last
column illustrates the results of the wastewatdr-isdex of the 10 DMUs,

computed by the new eco-DEA Ratio Model.
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Table 5-36 Data of the wastewater sub-index (CasgySl)

DMU Input Desirable output Undesirable output
1 1 1
Total industrial Total volume of industrial
Year Labour output value wastewater discharge
(10 000 persons) (100 million RMB) (10 000 tons)
(at 1978 price)

1998 4.48 44.78 4124.00

1999 3.95 53.11 4298.00

2000 4.07 066.85 4395.00

2001 3.64 06.27 5560.00

2002 3.56 76.73 4749.00

2003 3.23 100.76 4003.38

2004 2.94 134.01 5294.20

2005 2.67 169.58 5484.60

2006 2.83 212.20 6437.94

2007 3.88 261.98 5362.52

Source: Jiangsu Statistical Yearbook, various ssue

Table 5-37 Output ratios and results of the wastemsub-index (Case Study 4)

Year Total textile _\Sfalue ratio Wast?water
(x107) sub-index
1998 10.86 0.596
1999 12.36 0.676
2000 15.21 0.656
2001 11.92 0.734
2002 16.16 0.750
2003 25.17 0.827
2004 25.31 0.908
2005 30.92 1.000
2006 32.96 0.992
2007 48.85 1.000

Based on Figure 5-2, the results calculated byR&o Model under the Green
Index framework is named as the wastewater subcintieerefore, the results
titted wastewater sub-index in Table 5-37 and TdbR&8 are calculated by the

Ratio Model.
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There are two efficient DMUs identified by the wesater sub-index which
obtain a relative efficiency score of 1.000. Thes the year 2005 and 2007. The
remaining DMUs are considered to be inefficientdwese the efficiency score is
less than 1.000. From the wastewater sub-indexekeonmental performance
of Jiangsu chemical fibre production has been impgfor the past 10 years.
However, in 2006, the wastewater sub-index drojghtsy, from 1.000 to 0.992.
It is important that the computation of the parametis significantly
discriminative, so that the diversity in the data de well characterised by the
DEA. To show the difference between the numeroysagezhes in incorporating

undesirable output, the results are shown in Tat38.

Table 5-38 Efficiency score of the four eco-DEA d@he wastewater sub-index
(Case Study 4)

Year  Method1l Method2 Method3 Methodd4 'y astewater
Sub-index
1998 0.596 0.971 0.706 0.711 0.596
1999 0.676 0.931 0.782 0.790 0.676
2000 0.656 0.911 0.749 0.757 0.656
2001 0.734 0.826 0.734 0.734 0.734
2002 0.750 0.886 0.817 0.828 0.750
2003 0.827 1.000 1.000 1.000 0.827
2004 0.908 0.960 0.928 0.933 0.908
2005 1.000 1.000 1.000 1.000 1.000
2006 1.000 1.000 1.000 1.000 0.992
2007 1.000 1.000 1.000 1.000 1.000

From Table 5-38, the wastewater sub-index has aimaisults with an efficiency
score of method 1, except for DMU 2006. Despitestihalarity, the sub-index of
2006 indicates the computation of the data for boththods contains a
discrepancy. As the Ratio Model includes environtalequality, the data would

show some differences that affect the results th haodels.
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The efficiency score of method 2 to method 4 areegaly higher than method 1
and wastewater sub-index. This is because methimdn2ethod 4 incorporates
one more positive output into the computation. Witle phenomenon as
discussed in the finding in Section 4.2.1, an iaseein the number of outputs

may lead to an increase in the efficiency sconwelb

5.7.3 Solid waste sub-index of Case Study 4

Table 5-39 shows the data of the textile industrg the amount of solid waste
generated. The first column identifies the 10 yesr<DMUs, while the second
column lists the input for the study. Column 3 pdas the desirable output and
the fourth column indicates the undesirable outphich is the environmental
quality to be assessed in this sub-index. ColurimTable 5-40 shows the ratios
of the desirable output to the total volume of doeliaste produced, and the last
column illustrates the results of the solid wastd-smdex of the 10 DMUs

computed by the new eco-DEA Ratio Model.
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Table 5-39 Data of the solid waste sub-index (CGGiady 4)

DMU Input Desirable output Undesirable output
1 1 1
Total industrial Total volume of
Year Labour output value industrial solid waste
(10 000 persons) (100 million RMB) produced
(at 1978 price) (10,000 tons)

1998 4.48 44.78 41.00

1999 3.95 53.11 47.00

2000 4.07 66.85 36.00

2001 3.64 066.27 34.05

2002 3.56 76.73 40.30

2003 3.23 100.76 42.42

2004 2.94 134.01 53.77

2005 2.67 169.58 67.96

2006 2.83 212.20 67.13

2007 3.88 261.98 79.83

Source: Jiangsu Statistical Yearbook, various ssue

Table 5-40 Output ratios and results under soligtevaub-index (Case Study 4)

Year Total textile Zalue ratio Solid.waste
(x107) sub-index
1998 10.92 0.596
1999 11.30 0.676
2000 18.57 0.656
2001 19.46 0.734
2002 19.04 0.75
2003 23.75 0.827
2004 24.92 0.908
2005 24.95 1.000
2006 31.61 1.000
2007 32.82 1.000

166



Chapter 5 Development of Green Index for Textilduistry

Based on Figure 5-2, the results calculated byR#o Model under the Green
Index framework is named as the solid waste subxin@herefore, the results
titled solid waste sub-index in Table 5-40 and &abl41 are calculated by the

Ratio Model.

There are three efficient DMUs identified by thdidavaste sub-index which
obtain a relative efficiency score of 1.000. Theg the year 2005, 2006 and
2007. The remaining DMUs are considered to be iciefit because the
efficiency score is less than 1.000. Accordinghe solid waste sub-index, the
environmental performance of Jiangsu chemical fipreduction has been
improving for the past 10 years. It is importanéattithe computation of the
parameters is significantly discriminative, so thiatersity in the data can be
well characterised by the DEA. To show the diffeeretween the numerous
approaches in incorporating undesirable output,réselts are shown in Table

5-41.

Table 5-41 Efficiency score of the four eco-DEA dhe solid waste sub-index
(Case Study 4)

Year Method 1 Method 2 Method 3 Method 4 Solid waste

Sub-index
1998 0.596 0.830 0.734 0.737 0.596
1999 0.676 0.849 0.781 0.788 0.676
2000 0.656 0.949 0.867 0.871 0.656
2001 0.734 1.000 1.000 1.000 0.734
2002 0.750 0.959 0.931 0.936 0.750
2003 0.827 1.000 1.000 1.000 0.827
2004 0.908 1.000 0.992 1.000 0.908
2005 1.000 1.000 1.000 1.000 1.000
2006 1.000 1.000 1.000 1.000 1.000
2007 1.000 1.000 1.000 1.000 1.000
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From Table 5-41, the solid waste sub-index hastixdte same results, with an
efficiency score of method 1. Despite the similarithe discrepancy under
method 1 and the solid waste sub-index in the ptesvisections and examples
indicate the data computation of the data for bo#thods is different. As the
Ratio Model includes environmental quality, the adawould show some

differences that affect the results in both models.

The efficiency scores of method 2 to method 4 areecally higher than method
1 and the polluted air sub-index. This is becaussthod 2 to method 4
incorporate 1 more positive output into computati@fith the phenomenon as
discussed in the finding in Section 4.2.1, an iaseein the number of outputs

may lead to an increase in the efficiency scoreelk

5.7.4 The Green Index of Case Study 4

The overall Green Index can be obtained as the cfutime three environmental
sub-indices as discussed in the previous sectidable 5-42 describes the

grading results of the 17 DMUs based on the Gredax.
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Table 5-42 Efficiency score of the four eco-DEA d@hd Green Index (Case

Study 4)

Year  Method1 Method2 Method3  Method 4 ExES

Index
1998 1.788 2.734 2.155 2.166 1.788
1999 2.028 2780 2.563 2.578 2.028
2000 1.968 2.687 2.363 2.393 1.968
2001 2.202 2.682 2.532 2.558 2.202
2002 2.250 2.729 2.582 2.623 2.250
2003 2.481 3.000 3.000 3.000 2.503
2004 2.724 2.938 2.866 2.903 2.724
2005 3.000 3.000 3.000 3.000 3.000
2006 3.000 3.000 3.000 3.000 2.992
2007 3.000 3.000 3.000 3.000 2.723

As evident from the three sub-indices of Case Stdidyt is concluded that
methods 1-4 fail to characterise the environmep&formance of the DMU.
The Ratio Model aggregates the desirable and uradidsioutputs in a ratio form
so that the undesirable output is discriminativeugin as a parameter to assess
the DMU’s environmental performance. Thus, thera isignificant difference
between the overall performance indicators underfitre approaches. The sum
of efficiency scores under method 2 to method 4 abreiously higher than
method 1 and the Green Index. For the results undghod 1 and the Green
Index, the difference in 2003 and 2007 shows tlspatity between the two

approaches.

The Green Index in Table 5-42 is the sum of thedhpollutant sub-indices.
Therefore, the result of the respective sub-indexild/ directly affect the final
Green Index. For example, the quick drop in 200deurthe Green Index is due

to the low polluted air sub-index in the same year.
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For the past 10 years, the environmental performaficliangsu chemical fibre
production has been improving. In fact, the progires environmental

performance in the Jiangsu textile industry stdéited the laws and regulations
implemented have had positive feedback. Jiangsu bess pioneering and
developing its green manufacturing industry sifeemmid 1970s , therefore it is
one of the more mature provinces in carrying owirenmental management in

its industrial activities (Jiangsu Huan Bao Charzéag Shu).

5.7.5 Improvement for the inefficient DMU of Case Study 4

In the DEA, the DMUs with less than 1.000 efficigngcore are considered
inefficient. DMUs with 1.000 are regarded as adbenark for the inefficient
DMUs. Therefore, in order to achieve an efficiestfprmance, the inefficient
DMUs can improve both their input and output tocreghe frontier which is
formed by the efficient DMUs. The efficiency froeti acts as a standard
performance for the inefficient DMUs as refereriee targets for the inputs and
outputs of the inefficient DMUs computed by the iBa#lodel can be found in

Appendix B.
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5.8 Chapter Summary

This chapter illustrates Stage Two of the preserttys As discussed in Chapter 2,
the environmental performance indicator (EPI) foextile industry is
underdeveloped. Therefore, the Green Index, whsch new EPI developed in
this study, is introduced to evaluate the enviromi@eperformance of textile
industry. In this chapter, the Green Index is aapln the China’s textile industry.
As China has a significant position in the worlgstile industry, it is chosen to
be the country to apply the Green Index in. Thdiegion of the Green Index is
presented as four case studies which assess Chmsdite industry from
different perspective i.e. the national level (G)irand the provincial level
(Jiangsu). The background and the rationale ov#m®us factors studied in the
case studies are verified and examined firsthyhia thapter. Then, the four case
studies are discussed thoroughly and accordindlg Ratio Model, which is
developed in Chapter 4 is employed to assess wWieoamental performance of

each case study.

From the results of four case studies, it can loegqu that the newly developed
Ratio Model is more advanced in characterising simdble output than other
existing approaches. Table 5-43 summarises thdtses the four case studies.
With the Green Index, it is observed there is aera improvement in the
environmental performance of the Chinese textigugtry. By comparing the
four scenarios, Jiangsu has set a good exampldlusirate a healthy and

sustainable balance between industrial activities the environment. Jiangsu'’s
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significant role in the production of textile prads can exert a positive effect on

the concept of environmental protection in the nfacturing sector.

Table 5-43 Summary of the results of the four cdsdies under the Green Index

Year Case Study1 Case Study 2 Case Study 3 Case Study 4
1991 2.406 3.000 - -
1992 2.253 2.844 - -
1993 2.298 2.805 - -
1994 2.650 2.813 - -
1995 2.201 2.191 - -
1996 2.751 2.521 - -
1997 2.579 1.904 - -
1998 2.670 1.972 1.764 1.764
1999 2.998 2.080 1.926 1.926
2000 3.000 2.214 2.082 2.082
2001 2.944 2.246 2.301 2.301
2002 2.922 2.534 2.580 2.580
2003 2.958 3.000 2.889 2.889
2004 2.869 2977 3.000 3.000
2005 2.779 2.860 3.000 3.000
2006 2.749 2.940 2.727 2.727
2007 2.719 2.950 3.000 3.000
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CHAPTER 6 CONCLUSIONS

6.1 Introduction

The present study aims to develop a Green Indexhirtextile industry. This

chapter outlines the research outcomes of the s&mltion 6.2 summarises the
research process and the major findings are preg@mtSection 6.3. The major
findings are discussed in line with the objectigésted in Chapter 1. Followed
by is the implication and significance of the praseesearch as discussed in
Section 6.4. Section 6.5 illustrates the researuitation and recommends the

aspect for further research. Lastly, Section 6tGesconclusion of the chapter.

6.2 Research Summary

Environmental protection is vital to the sustaimagtowth of an industry. Green
production is capable of helping the company ndy am gaining credibility

from the society but also recognition from the oustrs. Therefore, the textile
industry, which has been criticised for pollutifge tenvironment, is striving to
reduce the pollutants from its manufacturing atiégi Among the countless
approaches, management tools are popular in impgothe environmental
aspect of production in the textile industry. Eowimental performance indicator
(EP1) which is introduced by the International Qrgation for Standardization

(ISO) is one of the commonly used environmental agament tools.

However, these prior studies have encountered #search limitations as

discussed in Section 2.4. The existing EPI fram&s@re not consistent and
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standardised, they lack of a comprehensive view anffer from weight

subjectivity. In light of the research gap, thegem study aims to develop a
general framework to assess its environmental paedoce. With the increasing
emphasis on creating an environmental friendly rfesturing process, there is a
need for the textile industry to develop an EPljaohs labelled as the Green
Index in the present study, to assist the stakenslédnd policy makers in

evaluating a plant’s or an industry’s environmepiiformance.

Data envelopment analysis (DEA) is introduced aseghodology to construct
the Green Index because DEA is able to assessnthem@emental performance
without prior knowledge of weights of the variabl@e primary application of
DEA is to measure the performance of similar uniisich are named as decision
making units (DMU), from the aspect of efficiency bomparing their inputs
and outputs. With the results calculated by the D&#e is able to compare and
identify the relative efficiency of the DMUs. Thacreasing attention on the
environment motivates the researchers to includdesimble outputs into the
area of DEA and thus eco-DEA is developed. As thairdble and undesirable
outputs are of different nature, they are incorfgmtan the eco-DEA with a

dissimilar fashion.

The previous approaches of eco-DEA either ignoeepitesence of undesirable
outputs or they are unable to properly charactéhisaindesirable outputs. To fill
the research gap as discussed in Section 2.6, &o@®EA which is named as
the Ratio Model, is therefore introduced in thesprd study. It is a more
preferred method to acknowledge the green perfocemai the DMU. With the

Ratio Model, the Green Index is applied to meashesenvironmental impact
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induced by the textile industry in China. This e tfirst attempt to apply eco-

DEA in the textile field.

China is the world’s largest manufacturer of texploducts, therefore the textile
industry has always been the country’s main incosoerce. Despite the
economic advantage, the textile industry’s rapidettspment puts considerable
pressure on China’s environment. It is importantntaintain the sustainable
development of the country without hampering itsremmic growth. Therefore,
the Green Index developed in the present study tisohto evaluate China’s

textile industry, which accounts for both econowrme environmental aspects.

From Figure 3.1 in Section 3.1, the study is didideto two stages. Stage One
addresses the development of a new eco-DEA. Thexetveo comparative
studies conducted in Stage One. The first comparatiudy discusses the four
existing approaches in modelling undesirable outpatcarry out a DEA study,
relevant data is collected in advance. The datkeaed is then processed by
Microsoft Excel is executed by the software DEAP . calculate the efficiency
score for each DMU. From the comparative studys itoncluded that these
approaches are insufficient to characterise theaanpf undesirable output in the
existing eco-DEA. Thus, a new approach, the Ratd®l, is introduced to
deviate the computation of the undesirable outplgain, the second
comparative study is conducted to verify and prolve new approach is a
preferred method to model the undesirable outpuith ihe Ratio Model
developed, Stage Two applies the developed GreelexInto assess the
environmental performance of the Chinese textildustry. To give a more

comprehensive picture, various perspectives ataded in the four case studies
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which examined the environmental problems induced the textile

manufacturing industry at the national and proahdéevel. The inputs studied
are labour and total energy consumption. The dasirautputs are yarn, cloth,
chemical fibres and the total industrial outputuealof the respective textile

products. The undesirable outputs are pollutedrastewater and solid waste.

6.3 Major Findings of the Study

In order to achieve the research objectives, thdysis divided into two stages.
Firstly, a new eco-DEA is proposed. Next, a Graatek is developed to provide
a framework to evaluate the textile industry’s eonmental performance. This
section summarises the whole study according tddheobjectives as outlined

in Chapter 1. Each of the objective is examinedrder.

Objective 1: To review the impact of the textilgustry on the environment

Regardless of the type of industry, the emissiompaifutants is unavoidable
during the manufacturing process. The textile ifgus no exception to this
statement. To achieve the first objective, a thghoditerature review is
conducted to examine the environmental impact drbbyg the textile industry.
As yarn, cloth and chemical fibre are studied ire thresent study, the
environmental performance of producing these texiloducts is explored and

they are summarised as below.

For yarn, the spinning process causes a consid@eraflount of dusts and
wastewater. In addition, the use of heavy machigensumes a huge amount of

energy. For cloth, the most serious source of gioluis the wet processing of
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cloth to acquire desirable properties. Water is tleeessary mean for wet
processing therefore the intensive use of chemidsiss and auxiliaries leads to
severe water pollution problems. Apart of the negatnvironmental impact, the
manufacturing of textile products also results anious health problems such as
irritated skin, byssinosis or even mutagenicityr [Ebemical fibres, they are
originated from the petroleum which is a non-ren@e&and non-biodegradable
source. Thus, this causes environmental problemmh a8 solid waste. Also,
during the manufacturing of the chemical fibrestevand air pollution are also

induced.

Objective 2: To investigate the tools in measugngironmental performance
After viewing the negative consequences that xifldustry has on the
environment, green management tools are introdtcealleviate, or possibly
control the pollution problems. The concept of eommental management
drives companies to re-evaluate and re-think th@as and responsibilities in
protecting the nature. From the literature, envimental performance indicator
(EPI) is one of the approaches that is able totifyethe opportunities for
sustainable growth. As defined by the Internatiom@rganization for
Standardization (ISO), EPI is defined as the speexkpression that provides
information about an organisation’s environmenta@rf@mance. With the
guidelines given by the ISO, four examples of E&s found in the literature
and they are discussed accordingly in Chapter 2veier, the present EPIs for
the textile industry have not only failed to comsidthe importance of
inconsistency and flexibility, their objectivity ianade them difficult to apply in
the field. In order to strengthen the practice mfimnmental management, it is

imperative for the textile industry to develop a&n approach which is suitable
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for its own practices and technologies. A newly EBimework, which is called
the Green Index, is thus developed.
Objective 3: To develop a new eco-DEA for assessmvgonmental
performance
DEA is introduced to construct the Green Index $seas the environmental
performance of the textile industry. DEA has beeadely adopted in various
fields such as hospitals, schools and some finhogyanisations. By comparing
the same set of inputs and outputs, the relatifieiegicy scores of the decision
making units (DMUs) are then obtained. DEA accodatsthe performance of
DMU under different criteria, with its independenaed subjective weightings
included in the computation. As environmental issaee gaining momentum,
the traditional DEA is not suitable to calculatee tBMU eco-efficiency. It is
because the principle of DEA tends to utilize aimum amount of input to
produce maximum output. However, the pollutants #ra also referred to as
undesirable outputs should not be maximised in dbese of environmental
protection. Therefore, according to the literatubhere are many new approaches
developed in recent decades to incorporate undésiutputs into the DEA.
The problems realized from the literature on therpstudies of the four
approaches of eco-DEA are divided into two categgolignorance of undesirable
output and improper description of undesirable outprhe four identified
methods, representing the different approacheeeafihg undesirable outputs in

DEA, are as follows:

Method 1: Ignoring undesirable outputs in DEA;

Method 2: Treating undesirable outputs as inputs;
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Method 3: Applying a nonlinear monotonic decreasing transfion, 1/b, to

the undesirable outputs; and

Method 4. Using linear monotonic decreasing transformationdeal with

undesirable outputs.

With 30 sets of input data, desirable output andlesirable output, a
comparative study is conducted with four differemo-DEA to compare the
efficiency scores obtained. Regardless of the uari@pproaches of eco-DEA,
each gives a similar result: efficiency scores teméhcrease when undesirable
outputs are accommodated. This observation addr@seew insight in the area
of eco-efficiency. The reasoning behind the ecaalgiextension of DEA is
explored. The output variable, as restricted byititrénsic nature of DEA linear
programming, is assumed to be a positive value.aRibess of the form of
transformation seen in the literature, as longhasfinal value of undesirable
output incorporated in the DEA calculation remanusitive, it would increase
DMU efficiency accordingly. It is believed that wsirable outputs should bring
about either positive or negative impacts to thelDdvperformance. Therefore,
it is not appropriate for the undesirable outputstiely favour the efficiency
score. These findings offer several implications tfeeoretical development. A
new eco-DEA, which is called the Ratio Model, isgldeveloped from the study.
The Ratio Model considers the desirable and unal@siroutputs simultaneously
and incorporates them as a ratio. To verify thedRdbdel, another comparative
study is conducted to confirm the advancement & ®atio Model in

characterising the undesirable outputs when condpaith the four eco-DEA.
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Objective 4: To apply the newly developed Greeertd evaluate the
environmental performance of China’s textile indyst

As stated in Chapter 1, the present study aimsawaige the textile industry with
a Green Index to monitor its production progresd gnoducts in terms of
undesirable outputs. With the newly developed Ritaxel, it is employed to
form the Green Index which is applied to evaluake tenvironmental
performance of China’s textile industry. China esen to be the subject of the
application of the Green Index because the tekidistry’s significant impact
on China’s economy and environmental issues is Ilwideknowledged. As both
economy and environment are of equal importanceatcountry’s stable
development, this has left China in a dilemma. Thenese Government must
opt for a method to promote sustainable developrresll types of industrial
activities which would not impede the country’s quatitiveness and income at
the same time. With the prominent role of the texindustry in China’s
economy, closing textile plants is not a viableisanmental protection strategy
as this would seriously affect the internationatite trade. Therefore, the Green
Index developed in this study is a helpful toolassess the textile industry’s

performance which accounts for both economic antr@mmental aspects.

The Green Index assesses the textile industry’s@mmental performance based
on three aspects of pollution - air, water anddselaste. The data was collected
from the China Statistical Yearbook (The People&public of China State
Statistical Bureau, Various issues) as well as @f@na Textile Industry
Development Report (Zhongguo fang zhi gong ye xie Yarious issues) . The
input variables are labour and energy consumptibime desirable output

variables are the amount of yarn, cloth and chenfilwe produced and the total
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industrial output values of the respective texpiteducts; while the undesirable
output variables are quantity of wastewater, petutair and solid waste
discharged from textile industry activities. Withtd availability limitation on the

environmental variables, the DMU chosen in thisdgtuis the annual

environmental performance of China’s textile indygtom 1991-2007 and the
Jiangsu textile industry from 1998-2007. The Grématex is made up of three
sub-indices, which examine environmental probleesulting from the three

aspects of pollution previously mentioned.

With the four distinctive scenarios, the Green describes the environmental
performance of the textile industry in China andndisu on an annual basis.
After comparing the diverging approaches of eco-D&A&valuating these four
cases, it is concluded that the newly developeiRabddel can characterise the
presence of undesirable outputs in the most apjtepivay. The environmental
performance of China’s textile industry, regardle$sthe production of yarn,
cloth or chemical fibre has been fluctuating foe first 10 years and has been
stable and improving for the last seven years. Thange could be due to
stringent government regulations implemented in plast decade. Jiangsu’s
environmental performance has been improving fer ghst 10 years. Jiangsu
has set a good example in allowing economic dewedrp to flourish through

manufacturing activities, while protecting the eoniment at the same time.

In addition from the results of the four case &sdthe finding in Chapter 4 has
been further confirmed. The existing eco-DEA faildescribe the undesirable
output in an appropriate way. With method 1 igngrihe undesirable output in

computation, methods 2, 3 and 4 incorporate thesirable output as a positive
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output/ input which in turn favour the efficiencgame. As it is found that the
undesirable output could have a positive or negatiyact on the performance
of the DMU, therefore, the newly developed Ratioddbis able to characterise

the pollutants in an accurate and discriminativg.wa

6.4 Implications and Significance of the Present Study

Having developed a Green Index which provides acsired and scientific
method to evaluate the environmental performanc€loha’s textile industry,
the present study contributes to the three aspeictacademia, managerial

practice and country policy making.

From the view of contribution to academia, the nésveloped Ratio Model

provides an unprecedented approach in manipula#siyyable and undesirable
outputs into calculation. By the comparative studhych is conducted in Chapter
4, it is beneficial to show the common problemsoemtered in incorporating the
undesirable output in the models as well as to ggepthe relevant findings
which illustrate the characteristics of the undssie output appropriately. The
comparative study points out that the existing apphes of eco-DEA tend to
increase efficiency scores and also the undesirabtput has a positive or
negative effect on the efficiency score. This n@nspective diverges the method
in incorporating the undesirable output into the-B&EA with an improved and

comprehensive view. With the establishment of tlsv rRatio Model, the

research gaps mentioned in Section 2.6 are ans\asreell.
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From the view point of contribution to manageriahgiice, the Green Index is
applied to individual textile plant as a complenaent tool to achieve an
environmental management system. In turn, thisemses brand recognition
from the marketplace and win widespread public epglr In addition, the
empirical results also shed light on the undestrabutputs that affect
performance efficiency, which can provide useféibimation for stakeholders or
policy makers. Additionally, the Green Index assigmeights to the various
factors studied, the prior weighting which distirgiies the relative importance
of the inputs and outputs is not required. The &dopof the new method can
give an unbiased evaluation to the environmentafopeance of the textile
industry. Based on this new eco-DEA, the Green xndethus developed to
accommodate the unique aspects of the textile tngws well as to improve the
inadequacies of previous research. Also, it pravideconsistent framework for
the textile industry to evaluate the environmenfarformance of the
manufacturing processes. Thus, the developmenhefGreen Index fills the

research gaps discussed in Section 2.4.

From the view point of contribution to policy makethe Green Index provides a
consistent and scientific approach for the Chinéswernment to assess the
annual performance of the country’s textile indysin order to formulate
appropriate policy to regulate the sustainable libgweent of the environment.
Thus, China’s pollution problems can be improvethaut sacrificing economic
development. A further advantage is that the hepttiblems induced by the
pollutants as discussed in Section 2.2.4 can beedar minimised. The Green
Index gives useful information as achievable guegafor government planners

to evaluate the overall environmental performantethe industry. Another
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significance of the Green Index is in the verdgtilf its wide application.
Although this study applies the index to Chinalgtite industry, the entire study
can be a reference or framework for other devefpmountries in regulating

their textile industry.

6.5 Research Limitations and Recommendations for

Future Work

The Green Index established in this study provites textile industry a

scientific, objective weighting of variables an@@nsistent framework which is
constructed for the manufacturing process of vari@xtile products. However,
the present study has some limitations that leddrther research in the relevant
area. This section explains the limitations andmnemends the aspect for future

study.

The Green Index is intended to be applied in amahgbroduction mill and
preliminary study is illustrated in Chapter 2. lacf, the purpose of the
preliminary study is to familiarize with the techpoe necessary for sample
collection as well as to understand the environalenaanagement practice of the
plant. However, there was a change in the mandgenal of the visited
company and the new manager considers the colleetizdas confidential. This
limits the application of the Green Index in a rplant situation. Additionally, as
this is a Teaching Company Scheme project, itstricted to cooperate with the
sponsoring company only but not other companiegrdfbre, only one textile

mill is visited for the preliminary study. It iseemmended to apply the Green
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Index at a factory level as the results of the Greelex can be associated with
various variables such as raw materials and maghii@is can show whether
the variable studied has an impact on the envirotah@erformance of the plant.
The Green Index can also evaluate the performahdtkeotextile plants on a
regular basis such as weekly, monthly, quarterlyapnually for continuous
assessment. The overall investigation into theswifg helps the plants to strive

for better solutions in green production.

The Green Index developed in the present studyadenup of three sub-indices
which are polluted air sub-index, wastewater sw®inand solid waste sub-
index. The attainment of a score of 3.00 undeGheen Index is an indication of
an efficiently green DMU. To further distinguishetfactors which contribute to
the green performance of the DMU, a wider rangeswlb-indices can be
considered to provide a comprehensive view on $sessment. The Green Index
can evaluate the green performance of the DMU nlgt foom the amount of the
pollutants generated, it can also evaluate the DiMl@ach production process so
as to identify which process is the most pollutii¢hen the Green Index gives a
more inclusive picture of the green performanca @MU, the problem behind
can be easily identified and the stakeholders ef MiMU are able to seek for

continuous improvement.

Due to time limitation, only one country is assessethis study. To further the
research, comparisons can be made between thée texdustries of different
countries by using the same assessment frameworkould be appealing to
assess the environmental performance of diversaoetes which are labour

intensive as well as capital intensive. Also, thedh Index can be applied to
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compare the environmental performance of the wxiildustry of other
developing countries, such as India and Banglad@sieir regulations on
governing the textile industry and the environmentgact can be used as a

reference and guidelines for further investigation.

Another limitation of the present study is the eoyphent of the professional
DEA software such as DEAP 2.1. It might not be asitde to outsiders to use
the instrument. Therefore, in order to facilitatec@npatible form and user-
friendly way to apply the Green Index, it is recoemded that this entire
indexing system is developed as a computer progeniime significance of this
system is that government or private corporatioren cevaluate their
environmental performance according to their pcasti and needs. The

calculation time of the Green Index would also bertened.

6.6 Chapter Summary

This chapter firstly presents the research summwaigh illustrates the outline of
the whole study. Then, according to the four olbjest indicated in Chapter 1,
the major findings of the present study are adeéxdksghen, the implication and
significance of the study is discussed, followedthy research limitations and

recommendations for future work.
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APPENDIX A

Table Al Data on the adjustment of total industiatiput value of Case Study 1

Total industrial

output value Consumer After normalisation of
Year 100 1111111);]110:1 ;MB Price Index the price effect with
( (curtent price) ) (1978=100) 1978 as the base year
1991 1632.10 223.80 729.27
1992 1742.60 238.10 731.88
1993 3520.74 273.10 1289.18
1994 4949.93 339.00 1460.16
1995 4604.00 396.90 1159.99
1996 4722.29 429.90 1098.46
1997 4760.28 441.90 1077.23
1998 4376.27 438.40 998.24
1999 4529.82 432.20 1048.08
2000 4656.18 434.00 1072.85
2001 5358.55 437.00 1226.21
2002 6171.69 433.50 1423.69
2003 7730.92 438.70 1762.23
2004 9692.80 455.80 2126.55
2005 12517.74 464.00 2697.79
2006 15293.46 471.00 3247.02
2007 16900.88 493.60 3424.00
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Table A2 Data on the adjustment of total industwiatiput value of Case Study 2

Total industrial

outout val Consumer After normalisation of
Year utput vaue Price Index the price effect with
100 million RMB p
( (Citrentprice) ) (1978=100) 1978 as the base year
1991 229.00 223.80 102.32
1992 245.20 238.10 102.98
1993 453.80 273.10 166.17
1994 637.25 339.00 187.98
1995 809.94 396.90 204.07
1996 802.47 429.90 186.66
1997 861.98 441.90 195.06
1998 836.52 438.40 190.81
1999 975.28 432.20 225.65
2000 1236.57 434.00 284.92
2001 1232.29 437.00 281.99
2002 1105.12 433,50 25493
2003 1391.67 438.70 317.23
2004 1927.24 455.80 422.82
2005 2559.62 464.00 551.64
2006 3148.97 471.00 668.57
2007 3713.85 493.60 752.40
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Table A3 Data on the adjustment of total indusiiatiput value of Case Study 3

Total industrial

output value Consumer After normalisation of
ear e rice Index the price effect wit
Y (100 l:nl:lllllo:l I;JMB) s he price effect with
(curtent price) (1978=100) 1978 as the base year
1998 1039.79 438.40 237.18
1999 1104.23 432.20 255.49
2000 1237.96 434.00 285.24
2001 1350.47 437.00 309.03
2002 1539.75 433.50 355.19
2003 1829.26 438.70 416.97
2004 2280.14 455.80 500.25
2005 3027.39 464.00 652.45
2006 3665.57 471.00 778.25
2007 4313.94 493.60 873.97

Table A4 Data on the adjustment of total industiatiput value of Case Study 4

Total industrial

output value Consumer After normalization of
Year 100 lrlnll)lllllo‘rfl I:MB Price Index the price effect with
( (curtent price) ) (1978=100) 1978 as the base year
1998 196.30 438.40 44.78
1999 229.56 432.20 53.11
2000 290.12 434.00 66.85
2001 289.62 437.00 066.27
2002 332.62 433.50 76.73
2003 442.03 438.70 100.76
2004 610.83 455.80 134.01
2005 786.84 464.00 169.58
2006 999.44 471.00 212.20
2007 1293.12 493.60 261.98
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APPENDIX B

Table B1 Performance target of polluted air suleiioh Case Study 1

Target input value Target output ratio Target output value
DMU 1 .bour (10000  Energy Van  Clog, Totalindustrial  Yarmn Cloth Total industtial output value
petsons) (10 000 tn SCE) output value (10 000 tons) (100 million m) (100 million RMB)(at 1978 price)

1991 451.25 2497.00 41.66 17.56 6803.12 891.11 375.61 1455.19

1992 451.25 2497.00 41.66 17.56 6803.12 755.71 318.54 1455.19

1993 499.89 2501.72 39.64 17.33 7162.09 713.47 311.98 1531.97

1994 799.51 3410.81 37.82 15.27 8044.94 686.45 277.13 1720.81

1995 491.94 2500.95 39.97 17.37 7103.43 652.66 283.64 1519.42

1996 810.46 3332.29 37.31 15.23 8000.45 512.27 209.11 1711.30

1997 451.25 2497.00 41.66 17.56 6803.12 687.39 289.74 1455.19

1998 451.25 2497.00 41.66 17.56 6803.12 624.90 263.40 1455.19

1999 510.87 2502.79 39.18 17.28 7243.15 566.93 250.04 1549.31

2000 451.25 2497.00 41.66 17.56 6803.12 656.98 276.92 1455.19

2001 453.07 2552.05 41.86 17.58 6837.59 760.60 319.45 1462.56

2002 463.82 2876.90 43.04 17.70 7041.00 870.27 357.97 1506.07

2003 475.28 3223.40 44.30 17.84 7257.97 1075.58 433.06 1552.48

2004 519.16 4550.25 49.12 18.34 8088.81 1291.36 482.16 1730.20

2005 580.86 4978.35 48.03 16.04 8933.08 1450.51 484.41 1910.79

2006 604.84 5756.49 49.91 17.14 9298.45 1767.81 607.10 1988.94
2007 631.54 6207.57 51.83 16.92 8581.45 1926.00 628.75 1835.57

190



Table B2 Performance target of wastewater sub-imi€ase Study 1

Target input value Target output ratio Target output value
Total industrial
DMU Labour Energy Yarn Cloth Total industrial Yarn Cloth output value
(10 000 persons) (10 000 tn SCE) output value (10 000 tons) (100 million m) (100 million RMB)
(at 1978 price)

1991 451.25 2497.00 52.29 22.05 85.38 733.91 309.48 1198.33
1992 451.25 2497.00 52.29 22.05 85.38 724.13 305.36 1182.37
1993 515.85 2775.01 58.96 22.71 99.62 762.94 293.93 1289.18
1994 739.31 3197.70 58.85 23.70 119.72 717.70 289.02 1460.15
1995 515.96 2775.22 58.96 22.71 99.63 686.38 264.44 1159.94
1996 810.46 3332.29 58.81 24.01 126.12 512.24 209.13 1098.51
1997 474.18 2946.94 63.37 24.21 105.97 651.20 248.80 1089.06
1998 47491 2592.00 54.19 21.88 90.64 596.79 240.96 998.20

1999 510.87 2502.79 46.77 20.62 86.45 567.04 250.00 1048.12
2000 451.25 2497.00 52.29 22.05 85.38 657.02 277.06 1072.79
2001 465.26 2679.32 58.98 22.49 95.07 760.69 290.06 1226.16
2002 476.09 2984.43 64.29 24.39 107.69 849.97 322.46 1423.75
2003 496.34 3468.96 09.63 25.03 124.75 983.62 353.58 1762.27
2004 519.16 4550.25 83.92 31.33 138.20 1291.32 482.09 2126.55
2005 580.86 4978.35 84.22 28.12 156.64 1450.54 484.32 2697.84
2006 604.84 5756.49 88.06 30.24 164.05 1743.01 598.55 3247.11
2007 631.54 6207.57 91.85 29.99 152.06 2068.18 675.28 3423.92
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Table B3 Performance target of solid waste subxndé€ase Study 1

Target input value Target output ratio Target output value
Total industrial
DMU Labour Energy Yarmn Cloth Total industrial Yarn Cloth output value
(10 000 persons) (10 000 tn SCE) output value (10 000 tons) (100 million m) (100 million RMB)
(at 1978 price)
1991 451.25 2497.00 150.33 63.38 24548.15 909.50 383.45 1485.16
1992 451.25 2497.00 150.33  63.38 24548.15 959.11 404.36 1566.17
1993 451.25 2497.00 150.33  63.38 24548.15 823.81 347.32 1345.24
1994 451.50 2502.33 165.86 68.91 27343.75 885.69 367.98 1460.16
1995 451.25 2497.00 150.33 63.38 24548.15 768.19 323.87 1254.41
1996 451.44 2501.16 162.43  67.69 26726.58 667.60 278.21 1098.46
1997 451.25 2497.00 150.33 63.38 24548.15 762.17 321.34 1244.59
1998 451.25 2497.00 150.33  63.38 24548.15 653.94 275.70 1067.84
1999 451.26 2497.14 150.73  63.52 24620.83 641.66 270.42 1048.08
2000 451.25 2497.00 150.33  63.38 24548.15 657.00 277.00 1072.85
2001 451.25 2497.00 150.33  63.38 24548.15 771.19 325.14 1259.32
2002 451.54 2503.32 168.73  69.93 27860.85 862.23 357.36 1423.69
2003 496.34 3468.96 2980.55 1071.27  534010.29 983.58 353.52 1762.23
2004 451.25 2497.00 150.33 63.38 24548.15 1307.87 551.41 2135.69
2005 452.54 2524.76 231.16  92.17 39098.40 1595.01 635.94 2697.79
2006 453.31 2541.40 279.62 109.42 47820.60 1898.59 742.97 3247.02
2007 453.84 2552.92 313.17 121.37 53860.65 2068.17 801.53 3556.96
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Table B4 Performance target of polluted air suleiioh Case Study 2

Target input value

Target output ratio

Target output value

Total industrial

DMU - ;
(10 Of)‘gliazlzons) (10 OEOEingCE) Chemical fibre Tﬁ;ﬁiﬁ:ﬁl Chemical fibre (10(()) lrlrtlli)llllitoza;fm)
(at 1978 price)
1991 30.75 855.60 102.87 55.10 191.03 102.32
1992 30.75 855.60 102.87 55.10 239.38 128.22
1993 32.08 920.42 166.04 73.23 376.74 166.16
1994 32.93 961.47 206.04 84.71 457.19 187.97
1995 32.60 945.52 190.50 80.25 484.43 204.08
1996 32.10 921.25 166.84 73.46 423.94 186.66
1997 31.61 903.60 162.12 67.05 471.61 195.05
1998 31.71 1054.26 176.29 69.05 510.01 199.76
1999 32.20 1071.03 202.63 76.21 599.99 225.66
2000 33.99 1033.01 27451 103.61 754.91 284.93
2001 33.79 1322.25 299.32 100.32 841.39 282.00
2002 33.49 1673.27 320.78 95.75 991.21 295.87
2003 34.85 2199.87 433.61 116.46 1181.15 317.24
2004 38.67 1303.03 664.76 165.36 1699.79 422.83
2005 40.76 1342.00 576.85 191.14 1664.79 551.63
2006 41.12 1423.97 792.20 255.47 2516.03 811.37
2007 44.58 1553.97 963.97 300.48 3366.18 1049.28
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Table B5 Performance target of wastewater sub-imi&ase Study 2

DMU

Target input value

Target output ratio

Target output value

Total industrial

(10 OES‘ZZEMS) (10 OEOEingCE) Chemical fibre Tﬁ;ﬁiﬁ:ﬁl Chemical fibre (10(()) lrlrtlli)l?ito‘r,laglslB)
(at 1978 price)
1991 30.75 855.60 36.82 19.72 191.03 102.31
1992 30.75 855.60 36.82 19.72 219.73 117.68
1993 31.57 900.58 67.03 28.84 386.21 166.18
1994 32.23 936.49 91.14 36.12 474.28 187.97
1995 32.26 938.27 92.33 36.48 516.53 204.09
1996 32.19 934.37 89.71 35.69 469.21 186.67
1997 32.21 935.36 90.38 35.89 491.13 195.04
1998 32.13 1055.10 93.51 34.99 509.98 190.83
1999 33.03 980.79 120.88 45.10 604.84 225.67
2000 33.80 1022.81 149.10 53.62 792.21 284.90
2001 33.23 1254.97 140.95 47.24 841.40 282.00
2002 33.81 1689.16 183.71 52.01 991.19 280.59
2003 34.85 2199.87 241.81 64.94 1181.17 317.21
2004 38.67 1303.03 358.10 89.08 1699.79 422.84
2005 39.21 1319.16 348.08 113.70 1688.74 551.63
2006 41.12 1423.97 418.46 134.95 2073.18 668.58
2007 44.58 1553.97 493.04 153.69 2413.78 752.42
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Table B6 Performance target of solid waste subxndé€ase Study 2

Target input value

Target output ratio

Target output value

Total industrial

DMU - ;
(10 Of)‘gliazlzons) (10 OEOEingCE) Chemical fibre Tﬁ;ﬁiﬁ:ﬁl Chemical fibre (10(()) lrlrtlli)llllitoza;fm)
(at 1978 price)
1991 30.75 855.60 10.85 5.81 190.96 102.26
1992 30.75 855.60 10.85 5.81 265.83 142.35
1993 30.86 892.68 14.57 6.73 359.95 166.23
1994 30.94 917.27 17.04 7.34 436.28 187.90
1995 30.99 935.41 18.86 7.79 494.21 204.10
1996 30.82 879.79 13.28 6.41 386.39 186.53
1997 30.87 893.45 14.65 6.75 471.73 217.32
1998 31.03 946.73 20.00 8.07 510.00 205.81
1999 31.06 956.49 20.98 8.31 600.03 237.75
2000 31.10 970.48 22.38 8.66 736.43 284.91
2001 31.14 983.58 23.70 8.99 841.35 318.97
2002 31.28 1028.00 28.16 10.09 991.23 355.06
2003 34.85 2199.87 145.82 39.16 1181.14 317.20
2004 32.02 1273.31 52.79 16.17 1699.84 520.77
2005 32.02 1271.58 52.62 16.13 1799.47 551.65
2006 32.22 1338.09 59.29 17.78 2229.45 668.53
2007 32.64 1476.34 73.18 21.21 2595.52 752.32
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Table B7 Performance target of polluted air suleiioh Case Study 3

Target input value Target output ratio  Target output value
Total industrial
DMU Labour Total industrial output value
(10 000 persons) output value (100 million RMB)
(at 1978 price)
1998 29.41 11.91 356.23
1999 29.41 11.91 349.08
2000 29.41 11.91 349.08
2001 29.41 11.91 478.94
2002 29.41 11.91 549.24
2003 29.41 11.91 474.88
2004 29.41 11.91 500.26
2005 29.71 16.29 652.45
2006 30.37 18.19 778.25
2007 32.05 23.05 873.96

Table B8 Performance target of wastewater sub-imi&ase Study 3

Target input value Target output ratio  Target output value
Total industrial
DMU Labour Total industrial output output value
(10 000 persons) value (100 million RMB)
(at 1978 price)
1998 29.41 11.86 259.73
1999 29.42 11.89 255.49
2000 29.41 11.86 291.48
2001 29.41 11.86 394.11
2002 29.41 11.86 406.39
2003 29.49 12.33 416.99
2004 29.41 11.86 500.24
2005 29.71 13.61 652.47
2006 31.79 16.07 778.27
2007 32.05 16.37 873.95
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Table B9 Performance target of solid waste subxndé€ase Study 3

Target input value Target output ratio Target output value

Total industrial

DMU Labour Total industrial output value
(10 000 persons) output value (100 million RMB)
(at 1978 price)
1998 29.41 3.20 278.57
1999 29.41 3.20 256.16
2000 29.43 3.28 285.27
2001 29.41 3.20 336.95
2002 29.41 3.20 408.90
2003 29.41 3.20 442.00
2004 29.41 3.20 500.18
2005 29.71 4.58 652.47
2006 30.28 4.99 778.18
2007 32.05 6.27 873.98

Table B10 Performance target of polluted air suteiin Case Study 4

Target output

Target input value .
ratio

Target output value

DMU Total industrial
Labour Total industrial output value
(10 000 persons) output value (100 million RMB)
(at 1978 price)

1998 2.67 32.88 88.78
1999 2.67 32.88 82.86
2000 2.67 32.88 103.90
2001 2.67 32.88 120.67
2002 2.67 32.88 112.12
2003 2.742 38.23 100.76
2004 2.67 32.88 142.56
2005 2.67 32.88 169.57
2006 2.83 44.71 212.19
2007 2.805 42.89 262.01
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Table B11 Performance target of wastewater subximd€ase Study 4

Target input value

Target output ratio Target output value

Total industrial

DMU
Labour Total industrial output value
(10 000 persons) output value (100 million RMB)
(at 1978 price)

1998 2.67 30.92 127.51
1999 2.67 30.92 132.89
2000 2.67 30.92 135.89
2001 2.67 30.92 171.92
2002 2.67 30.92 146.84
2003 2.67 30.92 123.78
2004 2.67 30.92 163.70
2005 2.67 30.92 169.58
2006 2.808 32.96 212.19
2007 3.88 48.85 261.96

Table B12 Performance target of solid waste sulexnd Case Study 4

Target input value

Target output ratio Target output value

Total industrial

DMU
Labour Total industrial output value
(10 000 persons) output value (100 million RMB)
(at 1978 price)

1998 2.67 24.95 102.30
1999 2.67 24.95 117.27
2000 2.67 24.95 89.82
2001 2.67 24.95 84.95
2002 2.67 24.95 100.55
2003 2.67 24.95 105.84
2004 2.67 24.95 134.16
2005 2.67 24.95 169.56
2006 2.83 31.61 212.20
2007 3.88 32.82 262.00
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