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ABSTRACT 
 
 
 
 
In response to the growing sustainability concerns, manufacturing companies 

have to formulate a set of measures to evaluate sustainable manufacturing 
performance, aimed at integration of sustainability aspects. Sustainability is generally 
evaluated by dimensions of environment, economic, and social, known as the triple 
bottom line (TBL) of sustainability. However, while the literature on sustainability is 
rapidly growing, only few studies have attempted to integrate sustainability into 
manufacturing performance evaluation. There is also no consensus yet on a standard 
set of sustainable manufacturing performance measures. This study aims to integrate 
sustainability into manufacturing performance by incorporating manufacturing 
performance measures with sustainable manufacturing measures. As a result, a set of 
initial measures for sustainable manufacturing performance evaluation believed to be 
suitable for automotive companies have been proposed, consisting of three factors 
divided into nine dimensions and a total of 41 subdimensions. In order to validate the 
initial measures with industry practices, a survey was conducted on the automotive 
companies in Malaysia. It was found that all the initial measures are highly important 
and thus proposed as the key measures of sustainable manufacturing performance 
evaluation for automotive companies. A sustainable manufacturing performance 
evaluation tool for automotive companies was then developed using a hybrid Multi 
Criteria Decision Making (MCDM) technique. Interpretive Structural Modeling 
(ISM) methodology was applied to determine the structural relationships and inter-
relationships amongst all the performance measures and Analytic Network Process 
(ANP) methodology was employed to determine the important weights of each of the 
performance measures by summarizing the opinions of the experts. While the tool 
provides a systematic approach for quantitative assessment of sustainable 
manufacturing performance, it is not entirely automated. Thus, for that purpose, a 
software-based tool named SUSMAP was subsequently developed using PHP and 
MySQL. Two case studies have been conducted to validate the tool. Results from the 
case studies suggested that the SUSMAP is easy to use and applicable to evaluate 
sustainable manufacturing performance in automotive companies. The tool can be 
used by companies for self-assessment as well as benchmarking. It shows the 
existing performance level on strengths and weaknesses, and where improvements 
need to be made. It is hoped that the proposed sustainable manufacturing 
performance measures and the associated SUSMAP tool can aid the automotive 
companies to achieve successful implementation of sustainable manufacturing so as 
to compete in a much more sustainable manner. 

 

 

 

 



 vi

ABSTRAK 
 
 
 
 
Dalam tindak balas kepada keperihatinan kelestarian yang semakin 

meningkat, syarikat perkilangan perlu membentuk satu set ukuran untuk menilai 
prestasi kelestarian perkilangan, yang bertujuan untuk mengintegrasikan aspek 
kelestarian. Kelestarian umumnya dinilai oleh dimensi alam sekitar, ekonomi, dan 
sosial, yang dikenali sebagai garis bawah berganda tiga (TBL) daripada kelestarian. 
Walau bagaimanapun, sementara literatur tentang kelestarian berkembang pesat, 
hanya sedikit kajian yang berusaha untuk mengintegrasikan kelestarian ke dalam 
penilaian prestasi perkilangan. Masih tidak terdapat persetujuan kepada satu set 
ukuran prestasi kelestarian perkilangan yang standard. Kajian ini bertujuan untuk 
mengintegrasikan kelestarian ke dalam prestasi perkilangan dengan menggabungkan 
ukuran prestasi perkilangan dengan ukuran kelestarian perkilangan. Hasilnya, satu 
set ukuran awal untuk penilaian prestasi kelestarian perkilangan yang dipercayai 
sesuai untuk syarikat automotif telah dicadangkan, yang terdiri daripada tiga faktor 
yang dibahagi menjadi sembilan dimensi dan sejumlah 41 subdimensi. Untuk 
mengesahkan ukuran awal tersebut dengan amalan industri, satu kajian soal selidik 
dijalankan di syarikat automotif di Malaysia. Didapati semua ukuran awal adalah 
sangat penting dan oleh kerana itu dicadangkan sebagai ukuran utama untuk 
penilaian prestasi kelestarian perkilangan bagi syarikat automotif. Satu alat bagi 
penilaian prestasi kelestarian perkilangan untuk syarikat automotif telah dibangunkan 
dengan menggunakan satu teknik hibrid pengambilan keputusan multi kriteria 
(MCDM). Kaedah permodelan struktur berinterpretif (ISM) telah diaplikasikan untuk 
menentukan hubungan struktur dan hubungan timbal balik diantara semua ukuran 
prestasi dan kaedah proses rangkaian analitik (ANP) telah digunakan untuk 
menentukan pemberat kepentingan untuk setiap ukuran prestasi dengan merumuskan 
pendapat dari pakar. Walaupun alat ini menyediakan suatu pendekatan sistematik 
untuk penentuan kuantitatif prestasi kelestarian perkilangan, namun ia tidak 
sepenuhnya automatik. Oleh itu, satu perisian berdasarkan alat ini yang dinamakan 
SUSMAP telah dibangunkan dengan menggunakan PHP dan MySQL. Dua kajian 
kes telah dijalankan untuk mengesahkan alat ini. Keputusan daripada kajian kes ini 
mencadangkan SUSMAP adalah mudah digunakan dan terpakai untuk menilai 
prestasi kelestarian perkilangan dalam syarikat automotif. Alat ini boleh digunakan 
oleh syarikat untuk penilaian diri serta ukur rujuk. Alat ini menunjukkan tahap 
prestasi yang ada atas kekuatan dan kelemahan, dan dimana pembaharuan perlu 
dilakukan. Diharapkan ukuran prestasi kelestarian perkilangan yang dicadangkan dan 
kaitannya dengan alat SUSMAP dapat membantu syarikat automotif untuk mencapai 
kejayaan dalam pelaksanaan kelestarian perkilangan sehingga mampu bersaing 
dalam keadaan yang lebih lestari.   

  
 

 



 vii

TABLE OF CONTENTS 

 

 

 

CHAPTER 

 

TITLE PAGE 

 DECLARATION 

DEDICATION 

ACKNOWLEDGEMENTS 

ABSTRACT 

ABSTRAK 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

LIST OF APPENDICES 

 

ii 

iii 

iv 

v 

vi 

vii 

xii 

xiv 

xvi 

xvii 

 

1 INTRODUCTION 

1.1 Background of the Research 

1.2 Problem Statement 

1.3 Research Questions 

1.4 Research Objectives 

1.5 Research Hypotheses  

1.6 Research Scopes  

1.7 Significant of the Research 

1.8 Layout of the Thesis 

 

1 

1 

4 

4 

5 

5 

5 

6 

7 

2 LITERATURE REVIEW 

2.1 Introduction 

2.2 Manufacturing Performance 

9 

9 

9 



 viii

2.2.1. Importance of Manufacturing Performance 

2.2.2. Manufacturing Performance Measurement 

Evolution 

2.2.3. Review on Previous Manufacturing 

Performance Measures 

2.3 Sustainability 

2.4 Sustainable Manufacturing 

2.5 Review on Previous Sustainable Manufacturing 

Performance Measures 

2.6 Overview of Automotive Industry 

2.7 Overview of Malaysian Automotive Industry 

2.8 Automotive Industry and Sustainability 

2.9 Integrating Sustainability into Manufacturing 

Performance 

2.10 Initial Sustainable Manufacturing Performance 

Measures 

2.11 Interpretive Structural Modeling (ISM) Methodology 

2.12 Analytic Hierarchy Process (AHP) Methodology 

2.13 Analytic Network Process (ANP) Methodology 

2.14 Summary 

 

10 

11 

 

13 

 

22 

23 

25 

 

33 

34 

36 

38 

 

40 

 

42 

45 

49 

52 

3 RESEARCH METHODOLOGY 

3.1 Introduction 

3.2 Overall Structure of Research Methodology 

3.3 Survey Methodology 

3.3.1 Population and Sampling 

3.3.2 Questionnaire Development 

3.3.3 Expert Validation 

3.3.4 Data Collection 

3.3.5 Test of Response Bias  

3.3.6 Reliability and Validity 

3.3.7 Statistical Analysis 

 

53 

53 

53 

55 

56 

57 

57 

58 

59 

60 

61 

 



 ix

3.4 Developing Sustainable Manufacturing Performance 

Evaluation Tool 

3.4.1 Selection of Experts 

3.4.2 Developing ISM Questionnaire 

3.4.3 Conducting ISM Survey 

3.4.4 Developing AHP/ANP Questionnaire 

3.4.5 Conducting AHP/ANP Survey 

3.5 Developing Software-based Tool 

3.6 Summary 

 

62 

 

62 

63 

64 

65 

66 

66 

67 

4 SURVEY RESULTS AND ANALYSIS 

4.1 Introduction 

4.2 General Descriptive Statistics of Respondents 

4.3 Results of Sustainable Manufacturing Initiatives 

4.3.1 Perception on Drivers of Sustainable 

Manufacturing Initiatives 

4.3.2 Perception on Barriers of Sustainable 

Manufacturing Initiatives 

4.3.3 Perception on Benefits of Sustainable 

Manufacturing Initiatives 

4.4 Reliability and Validity Test 

4.4.1 Reliability Test 

4.4.2 Validity Test 

4.5 Results of Sustainable Manufacturing Performance 

(SMP) Measures 

4.5.1 Importance Level of SMP Subdimensions 

4.5.2 Importance Level of SMP Dimensions 

4.5.3 Importance Level of SMP Factors 

4.6 Hypothesis Tests 

4.6.1 Difference of SMP Measures based on the 

Company Size 

4.6.2 Difference of the Drivers of SM Initiatives 

based on the Company Size 

68 

68 

68 

73 

73 

 

74 

 

76 

 

77 

77 

78 

79 

 

80 

81 

82 

84 

84 

 

86 

 



 x

4.6.3 Difference of Barriers of SM Initiatives based 

on the Company Size 

4.6.4 Difference of Benefits of SM Initiatives based 

on the Company Size 

4.7 Summary 

 

87 

 

88 

 

89 

5 SUSTAINABLE MANUFACTURING 

PERFORMANCE EVALUATION TOOL FOR 

AUTOMOTIVE COMPANIES 

5.1 Introduction 

5.2 Structure Determination 

5.2.1 Defining the Decision Goal and the Criteria 

5.2.2 Establishing the Analytical Structure 

5.3 Network Model Construction 

5.3.1 Development of Network Relationship Model 

for the Factors 

5.3.2 Development of Network Relationship Model 

for the Dimensions 

5.4 Importance Weight Calculation 

5.4.1 Conducting the Pairwise Comparison of the 

Criteria 

5.4.2 Constructing the Pairwise Comparisons Matrix 

5.4.3 Computing the Consistency Ratio (CR) 

5.4.4 Constructing the Supermatrix 

5.4.5 Calculating the Importance Weight 

5.4.6 Comparisons between ANP and AHP Results 

5.5 Sustainable Manufacturing Performance Evaluation 

5.5.1 Rating the Sustainable Manufacturing 

Performance Measures 

5.5.2 Computing the Companies Score 

5.5.3 Ranking the Companies Based on the Score 

5.6 Summary  

 

90 

 

 

90 

92 

92 

93 

93 

95 

 

99 

 

105 

106 

 

108 

109 

112 

119 

121 

123 

123 

 

124 

129 

131 

 



 xi

6 SOFTWARE FOR SUSTAINABLE 

MANUFACTURING PERFORMANCE EVALUATION 

IN AUTOMOTIVE COMPANIES   

6.1 Introduction 

6.2 Software Design 

6.2.1 Input Design 

6.2.2 Process Design 

6.2.3 Output Design 

6.2.4 Database Design 

6.3 Software Coding 

6.4 Software Testing 

6.5 Software Validation 

6.5.1 Background of the Case Companies 

6.5.2 Results of the Validation on SUSMAP 

6.6 Summary 

133 

 

 

133 

134 

134 

135 

138 

139 

142 

143 

149 

149 

151 

153 

 

7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions of Research 

7.2 Limitations of Study 

7.3 Recommendations for Future Research 

 

154 

154 

156 

157 

REFERENCES 158 

Appendices A - G 173 

    

 

 

 

 

 

 

 

 

 

 



 xii

LIST OF TABLES 
 
 
 
 
TABLE NO.

 

TITLE PAGE 

2.1 

 

2.2 

2.3 

 

2.4 

 

2.5 

 

2.6 

 

2.7 

3.1 

4.1 

4.2 

4.3 

4.4 

4.5 

 

4.6 

4.7 

4.8 

4.9 

4.10 

5.1 

Summary of manufacturing performance measures used 

by authors 

Indicator for sustainable manufacturing (Fan et al., 2010) 

Sustainable production indicators of firm’s evaluation 

(Tseng et al., 2009) 

Summary of sustainable manufacturing measures used by 

authors 

Environmental aspects and impacts of the automotive 

industry 

Scale of measurement in pair-wise comparisons (Saaty, 

2008) 

Random consistency index (Saaty, 2008) 

The background of experts 

Drivers of sustainable manufacturing initiatives 

Barriers of sustainable manufacturing initiatives 

Benefits of sustainable manufacturing initiatives 

Results of internal consistency analysis 

Internal consistency test result of sustainable 

manufacturing measures 

Mean importance of the subdimensions 

One-way ANOVA results on SMP measures 

One-way ANOVA results on drivers 

One-way ANOVA results on barriers 

One-way ANOVA results on benefits 

Structural self-interaction matrix of the factors 

21 

 

27 

30 

 

32 

 

36 

 

47 

 

49 

64 

74 

75 

76 

78 

79 

 

80 

85 

86 

87 

88 

95 



 xiii

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

5.11 

5.12 

5.13 

5.14 

5.15 

5.16 

5.17 

5.18 

5.19 

5.20 

5.21 

5.22 

5.23 

5.24 

5.25 

5.26 

5.27 

5.28 

5.29 

5.30 

5.31 

6.1 

6.2 

6.3 

Initial reachability matrix of the factors 

Final reachability matrix of the factors 

Level partition for the factors - Iteration 1 

Level partition for the factors - Iteration 2 

Level partition of the factors 

Canonical matrix of the factors 

Structural self-interaction matrix of the dimensions 

Initial reachability matrix of the dimensions 

Final reachability matrix of the dimensions 

Level partition for the dimensions - Iteration 1 

Level partition for the dimensions - Iteration 2 

Level partition for the dimensions - Iteration 3 

Level partition of the dimensions 

Canonical matrix of the dimensions 

The pairwise comparison of the factors 

The pairwise comparison of the dimensions 

The preliminary importance weights of measures 

The unweighted supermatrix of the dimensions 

The limit supermatrix of dimensions 

The unweighted supermatrix of subdimensions 

The limit supermatrix of subdimensions 

The importance weights of dimensions 

The importance weights of subdimensions 

Comparison between AHP and ANP results 

Results of performance rating for company-1 

The individual factor and dimension scores of companies 

The overall scores of companies 

The ranking overall score of companies 

Ranking of individual factor score of companies 

Ranking of individual dimension score of companies 

Background of the managers 

Feedback on SUSMAP 

Opinions on SUSMAP 

96 

96 

97 

97 

97 

97 

100 

100 

101 

102 

102 

102 

102 

103 

106 

107 

111 

113 

114 

115 

117 

119 

120 

122 

124 

127 

128 

129 

130 

131 

151 

152 

152 

    



 xiv

LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE 

 

PAGE 

2.1 

 

2.2 

 

2.3 

 

2.4 

 

2.5 

2.6 

 

2.7 

2.8 

3.1 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

 

4.8 

 

4.9 

Framework for performance measurement system 

measures (Toni and Tonchia, 2001) 

Diagram illustrating framework structure (Medori and 

Steeple, 2000) 

The evolution of sustainable manufacturing (Jawahir and 

Dillon, 2007) 

The operational sustainability framework (Labuschagne 

et al., 2005) 

Product sustainability elements (Jawahir et al., 2005) 

The initial sustainable manufacturing performance 

measures 

Hierarchical structure of a decision problem 

Comparisons between a hierarchy and a network 

The outline of research methodology 

The number of employees 

The annual financial turnover 

The years involved in automotive industry 

The ownership status 

The product type 

The certification 

The number of years implementing sustainable 

manufacturing 

The importance of sustainability to company’s 

performance 

The mean importance values for dimensions 

14 

 

16 

 

24 

 

26 

 

31 

41 

 

46 

50 

54 

69 

69 

70 

70 

71 

71 

72 

 

73 

 

82 



 xv

4.10 

5.1 

 

5.2 

 

5.3 

5.4 

5.5 

5.6 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

6.10 

6.11 

6.12 

6.13 

6.14 

 

 

The mean importance values for factors 

The development of sustainable manufacturing 

performance evaluation tool for automotive companies 

The analytic structure of sustainable manufacturing 

performance evaluation for automotive companies 

Driver-dependence power diagram of the factors 

The network relationship model of the factors 

Driver-dependence power diagram of the dimensions 

The network model of the dimensions 

Flow chart of user input design 

Flow chart of process design 

Flow chart of output design 

Database structure of data input 

Database structure of pairwise comparison 

The main page 

User register page 

Input rating value of measures page 

Input pairwise comparison page 

Importance weights of the measures 

The company score 

The scores of companies 

Graph of the companies scores 

The rank of companies 

 

83 

91 

 

94 

 

98 

99 

104 

105 

135 

136 

138 

140 

141 

143 

144 

145 

145 

146 

147 

147 

148 

148 

 

 

 

 

 

 

 

 

 

 



 xvi

LIST OF ABBREVIATIONS 
 
 
 
 
AHP 

ANP 

CI 

CR 

FMM 

HTML 

ISM 

MCDM 

MICMAC 

MVF 

PHP 

PMS 

PVA 

RDBMS 

RI 

SM 

SMP 

SPSS 

SQL 

SSIM 

TBL 

 

Analytic hierarchy process 

Analytic network process 

Consistency index 

Consistency ratio 

Federation of Malaysian Manufacturers 

Hyper text markup language 

Interpretive structural modeling 

Multi criteria decision making 

Matrice d’impacts croises-multiplication appliqué a un classemen 

Multi vehicle factory 

PHP hypertext preprocessor 

Performance measurement system 

Proton vendor association 

Relational database management system 

Random consistency index 

Sustainable manufacturing 

Sustainable manufacturing performance 

Statistical package for the social sciences 

Structured query language 

Structural self interaction matrix 

Triple bottom line 

    

 

 
 

 

 



 xvii

LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE 

 

 PAGE 

A 

A1 

A2 

A3 

A4 

A5 

 

A6 

A7 

 

B 

B-1 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 

 

B-8 

B-9 

 

B-10 

 

 

Survey Questionnaire and Letters 

List of experts 

Example letter to experts  

Evaluation form of experts 

Survey questionnaire 

Definition of sustainable manufacturing 

performance measures 

Example letter for mail survey 

Example letter for online survey 

 

Statistical of Survey Results 

Background of respondents 

Number of the companies product types 

Number of the companies certified 

Results of sustainable manufacturing initiatives 

Reliability test 

Factor analysis 

Results of sustainable manufacturing performance 

measures 

Test of response bias 

Difference of SMP measures based on the 

company size 

Difference of drivers of SM initiatives based on 

the company size 

 

  

173 

175 

176 

177 

181 

 

183 

184 

 

 

185 

187 

188 

189 

191 

197 

206 

 

207 

223 

 

231 

 

 



 xviii

B-11 

 

B-12 

 

 

C 

C1 

C2 

 

D 

D-1 

D-2 

 

E 

E1 

E2 

 

F 

F1 

F2 

 

G 

Difference of barriers of SM initiatives based on 

the company size 

Difference of benefits of SM initiatives based on 

the company size 

 

ISM Questionnaire and Letter 

Example letter of ISM survey sent to experts 

ISM survey questionnaire 

 

ANP Questionnaire and Letter 

Example letter of ANP survey sent to experts 

ANP survey questionnaire 

 

Case Study Questionnaire and Letter 

Example letter of case study 

Case study questionnaire 

 

Software Guidelines 

User guideline 

Admin guideline 

 

Publications and Award 

233 

 

235 

 

 

 

238 

239 

 

 

244 

245 

 

 

256 

257 

 

 

258 

263 

 

268 

 

    

 

 
 
 

 



CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 
 

1.1 Background of the Research 
 
 
Sustainability has become an increasingly important issue amongst industries 

worldwide. Many companies are directing their resources to minimize the 

environmental impact of their products and operations. There is a growing awareness 

among manufacturing companies of the need to consider the triple bottom line of 

sustainability consisting of economic, social, and environmental performance. 

Developing sustainable approaches to manufacturing companies has been regarded 

as a critical global concern (Ijomah et al., 2007).  

 

Companies today are facing the challenges not only to manufacture of quality 

products but also of environmental-friendly products. Manufacturing companies are 

striving to achieve sustainability through changes in their products, processes, and 

systems (Sutherland et al., 2008). The implementation of sustainable manufacturing 

offers a cost effective route in improving the economic, environmental, and social 

performance as the three pillars of sustainability (Pusavec et al., 2010). It has been 

reported that those companies adopting sustainable practices are able to achieve 

better product quality, higher market share, and increased profits (Nambiar, 2010). 

Sustainable manufacturing practices have also been seen to be positively associated 

with competitive outcomes (Rusinko, 2007).  

 

In recent years, manufacturing companies have adopted various strategies to 

minimize the impact of their operations and products on the natural environment 

(Vachon and Klassen, 2008). They should control the environmental impacts of their 
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manufacturing activities globally in order to achieve sustainable global 

manufacturing (Kumazawa and Kobayashi, 2003). Therefore, in the last few years a 

growing range of manufacturing companies have included the environmental 

principles into their operations. 

 

For manufacturing companies, sustainability has emerged as a new 

competitive requirement and a means to achieve differentiation in the market 

(Shahbazpour and Seidel, 2006). In addition, sustainability concern is regarded as an 

important order winning factor (Menguc and Ozanne, 2005). Increasing concerns to 

sustainability driven by legislation, public interest, and competitive opportunity 

(Linton et al., 2007) have forced manufacturing companies to inevitably consider 

sustainability into their strategies and activities. 

 

In response to the growing sustainability concerns, manufacturing companies 

have to formulate measures to evaluate sustainable manufacturing performance, 

aiming at integration of sustainability aspects. Generally, sustainability is evaluated 

on the dimensions of environment, social, and economic, while manufacturing 

performance is evaluated on the dimensions of quality, cost, delivery, and flexibility. 

It has been suggested that environmental requirements must be considered as equal 

partners to the traditional requirements of cost and quality (Kaebernick et al., 2003). 

In sustainability context, manufacturing costs, energy consumption, waste 

management, environmental impact, operational safety, and personal health should 

be considered in the same equal level (Kopac, 2009). Thus, it is necessary to 

incorporate the sustainability dimensions into the manufacturing performance 

dimensions, resulting sustainable manufacturing performance measures.  

 

Although literature on sustainability is abundant and growing, very few 

studies have actually integrated sustainability into manufacturing performance. 

Sustainability has been integrated into manufacturing management areas such as 

product development (Kara et al., 2005; Mien et al., 2005), supply chain 

management (Koplin et al., 2007; Vachon and Klassen, 2008; Morali and Searcy, 

2010), lean manufacturing (Herrmann et al., 2008), green design and manufacturing 

(Ranky, 2010), and supplier evaluation and selection (Ladd and Badurdeen, 2010). In 

addition, recent studies have also attempted in developing the criteria for sustainable 
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manufacturing performance. Vachon and Klassen (2008) combined four traditional 

dimensions of manufacturing performance namely quality, cost, delivery and 

flexibility with environmental performance, resulting in a total of 16 dimensions of 

sustainable manufacturing performance. Rusinko (2007) proposed a total of 24 

measures of environmentally sustainable manufacturing practices. Fan et al. (2010) 

investigated sustainable manufacturing indicators in both industry and academic and 

then proposed a total of six factors with divide into 32 dimensions to measure 

sustainable manufacturing. However, there is no single set of standard measures to 

evaluate the sustainable manufacturing performance. 

 

The automotive industry is one of the most important and strategic industry in 

manufacturing sector for major economies including Japan, United States, Europe, 

China, Korea, India, and also Malaysia is not left behind. Automotive industry has 

been regarded as an important industrial driver of industrial development, design, 

marketing, the provider of technological capability and generator of inter-industry 

linkages, since it brings together various components, which are manufactured by 

suppliers in other industries (Chin and Saman, 2004). 

 

Sustainability has certainly become one of the critical issues for the 

automotive industry. The automotive industry has made remarkable positive 

contributions to the world economy and people’s mobility, but its products and 

processes are a significant source of environmental impact (Nunes and Bennett, 

2010). The automotive industry constitutes a product system that directly and 

indirectly relates to economic wealth creation as well as impacts on the natural and 

human environment along all phases of the product life cycle (Warren et al., 2001). It 

can be concluded that automotive industry plays an important role for the economic, 

environmental and social development in the context of sustainability. Thus, there is 

a need to evaluate sustainable manufacturing performance in this industry. 
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1.2 Problem Statement 
 
 
The automotive companies are under intense pressure to reduce 

environmental impacts of their products and operations. For sustainability, it should 

be achieved a balance amongst the triple bottom line involving the economic 

development, environmental protection, and social equity. It is a big challenge for the 

automotive companies to give serious attention on sustainability. 

 

Although sustainability issues have been widely growing for many years, 

only few studies have been conducted on incorporating sustainability into 

manufacturing performance. There is yet to be a standard set of sustainable 

manufacturing performance measures. Although some studies have investigated 

measures for sustainable manufacturing performance, only few have integrated the 

triple bottom line of sustainability consisting of environmental, social, and economic 

performance. Most studies only focused on the environmental dimension alone. But 

for sustainability, there must be a balance among those three dimensions.  

 

Hence, it is believed that there is a need to evaluate sustainable 

manufacturing performance for automotive companies, considering the triple bottom 

line of sustainability on an equal level. The focus of this research is to develop an 

evaluation tool to assess sustainable manufacturing performance in the automotive 

companies, which hopefully would help them to improve their sustainable 

manufacturing performance so as to become more competitive.  

 
 
 
 

1.3 Research Questions 
 
 

The research questions are as follows: 

(i) What are the sustainable manufacturing performance measures that can 

be applied for automotive companies? 

(ii) How are the automotive companies evaluating the sustainable 

manufacturing performance?  
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1.4 Research Objectives 
 
 
The research objectives are as follows: 

(i) To develop a set of sustainable manufacturing performance measures 

for the automotive companies. 

(ii) To develop an evaluation tool of sustainable manufacturing 

performance for the automotive companies. 

 
 
 
 
1.5 Research Hypotheses 
 
 

The research hypotheses are as follows: 

(i) The sustainable manufacturing performance measures differ between 

small, medium, and large companies.  

(ii) The drivers of sustainable manufacturing initiatives differ between 

small, medium, and large companies. 

(iii) The barriers of sustainable manufacturing initiatives differ between 

small, medium, and large companies. 

(iv) The benefits of sustainable manufacturing initiatives differ between 

small, medium, and large companies. 

 
 
 
 
1.6 Research Scopes 

 
 
The research scopes of this study are as follows: 

(i) This research focused only on the manufacturing processes of 

sustainability. 

(ii) The population and sample of this research is the automotive 

companies, limited to automotive related manufacturing in Malaysia.  

(iii) The sustainable manufacturing performance evaluation measures used 

in this research were derived and modified from the literature study 
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focused on the triple bottom line of sustainability consisting of 

environmental, economic, and social performance. 

(iv) The sustainable manufacturing performance evaluation tool was 

developed using Interpretive Structural Modeling (ISM) and Analytic 

Network Process (ANP) methodology. 

(v) A software-based tool was developed using PHP and MySQL 

programming languages. 

 
 
 
 

1.7 Significance of the Research 
 
 

This research developed an evaluation tool in assessing sustainable 

manufacturing performance for automotive companies. A set of sustainable 

manufacturing performance measures is proposed and believed to be suitable to the 

characteristics of automotive companies. The measures are then used in developing 

an evaluation tool to sustainable manufacturing performance for automotive 

companies. Subsequently, a software-based tool named SUSMAP is developed for 

the automation purpose.  

 

The integration of Interpretive Structural Modeling (ISM) and Analytic 

Network Process (ANP) methodology can provide a better understanding of the 

interrelationship amongst the measures and help to solve a complex evaluation 

problem, so that it can enhance the quality of decision making.  The evaluation tool 

enables and assists companies to know and understand their existing performance 

level on strengths and weaknesses. It provides suggestions and directions for the 

companies to take appropriate actions in improving their sustainable manufacturing 

performance level.  

 

The SUSMAP evaluation tool enables automated quantification assessment 

and visual representation of the sustainable manufacturing performance for 

automotive companies. The tool aids the automotive managers to make decisions in 

an easier, faster, and accurate manner. SUSMAP can be used for self-assessment and 

benchmarking. It is hoped that SUSMAP would be of benefit to automotive 
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companies in their efforts to become more effective, competitive, and sustainable. 

Finally, this research is expected to be of beneficial for both researchers and 

practitioners. 

 
 
 
 

1.8 Outline of the Thesis 
 
 
This thesis is organized into seven chapters. The first chapter provides an 

introduction to the research. It describes the background of the research, problem 

statement, research questions, objectives, scopes, and significance of the research. 

Chapter 2 presents the literature study to understand the issues of the research. It 

included a review on manufacturing performance, previous manufacturing 

performance measures, sustainability, sustainable manufacturing, and a review on 

previous sustainable manufacturing performance measures, overview of automotive 

industry, automotive industry and sustainability, preliminary sustainable 

manufacturing performance measures for automotive companies, Interpretive 

Structural Modeling (ISM) methodology, Analytic Hierarchy Process (AHP) 

methodology, and Analytic Network Process (ANP) methodology. 

 

The research methodology employed in conducting the study is described in 

Chapter 3. The research begins with a discussion on the overall structure of the 

research methodologies, survey methodology, developing a sustainable 

manufacturing performance evaluation tool for automotive companies, and finally, 

developing a software based-tool for sustainable manufacturing performance 

evaluation in automotive companies.  

 

Chapter 4 presents the survey results and analysis. It discusses the general 

descriptive statistics of the respondents, results of sustainable manufacturing 

initiatives, reliability and validity test, and results of sustainable manufacturing 

performance measures. It also presents hypothesis test to examine the differences of 

results between small, medium, and large companies. 
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The development of a sustainable manufacturing performance evaluation tool 

for automotive companies is described in Chapter 5. The tool was developed using a 

hybrid Multi Criteria Decision Making (MCDM) technique which integrated the 

Interpretive Structural Modeling (ISM) and the Analytic Network Process (ANP) 

methodology. It involves determining the analytical structure, constructing the 

network relationship model using ISM methodology, calculating the importance 

weight using ANP methodology, and finally, evaluating the sustainable 

manufacturing performance. 

 

Chapter 6 presents the development of a software-based tool named 

“SUSMAP” for automated assessment of sustainable manufacturing performance 

evaluation. It is a web based-software developed using PHP and MySQL. The 

software development process consists of software design, software coding, software 

testing, and finally, software validation. Finally, Chapter 7 presents the conclusions 

of the research, limitations of the study, and recommendations for further research. 



REFERENCES 
 
 
 
 
Abdel-Maksoud, A. B. (2004). Manufacturing in the UK: contemporary 

characteristics and performance indicators. Journal of Manufacturing 

Technology Management. 15(2), 155-171. 

Abdullah, R., Lall, M. K., and Tatsuo, Kimbara. (2008). Supplier development 

framework in the Malaysian automotive industry: Proton’s experience. 

International Journal of Economics and Management. 2(1), 29-58. 

Agarwal, A., and Shankar, R. (2002). Analyzing alternatives for improvement in 

supply chain performance. Work Study. 51(1), 32-37. 

Ahuja, I. P. S., and Khamba, J. S. (2008). An evaluation of TPM initiatives in Indian 

industry for enhanced manufacturing performance. International Journal of 

Quality & Reliability Management. 25(2), 147-172. 

Atkinson, L. (2002). Core MySQL. Prentice Hall. Upper Saddle River, NJ. 

Bakshi, B. R., and Fiksel, J. (2003). The quest for sustainability: challenges for 

process systems engineering. AIChE Journal. 49(6), 1350-1358. 

Bayazit, O. (2006). Use of analytic network process in vendor selection decisions. 

Benchmarking: An International Journal. 13(5), 566-579. 

Bevilacqua, M., Ciarapica, F. E., and Giacchetta, G. (2007). Development of a 

sustainable product lifecycle in manufacturing firms: a case study. 

International Journal of Production Research. 45(18-19), 4073– 4098. 

Bottero, M., and Mondini, G. (2008). An appraisal of analytic network process and 

its role in sustainability assessment in Northern Italy. Management of 

Environmental Quality: An International Journal. 19(6), 642-660. 

Carlucci, D. (2010). Evaluating and selecting key performance indicators: an ANP-

based model. Measuring Business Excellence. 14(2), 66-76. 



 159

Chan, F. T. S., Chan, H. K., Lau, H. C. W., and Ip, R. W. L. (2006). An AHP 

approach in benchmarking logistics performance of the postal industry. 

Benchmarking: An International Journal. 13(6), 636-661. 

Chen, H. (2002). Benchmarking and quality improvement: a quality benchmarking 

deployment approach. International Journal of Quality & Reliability 

Management. 19(6), 757-773. 

Chen, S. P., and Wu, W. Y. (2010). A systematic procedure to evaluate an 

automobile manufacturer-distributor partnership. European Journal of 

Operational Research. 205, 687-698. 

Cheng, E. W. L., and Li, H. (2001). Analytic Hierarchy Process: an approach to 

determine measures for business performance. Measuring Business 

Excellence. 5(3), 30-36. 

Cheng, E. W .L., Li, H., and Ho, D. C. K. (2002). Analytic Hierarchy Process: A 

defective tool when used improperly. Measuring Business Excellence. 6(4), 

33-37. 

Chenhall, R. H. (1996). Strategies of manufacturing flexibility, manufacturing 

performance measures and organizational performance: an empirical 

investigation. Integrated Manufacturing Systems. 7(5), 25-32. 

Chin, H. G., and Saman, M. Z. M. (2004). Proposed analysis of performance 

measurement for a production system. Business Process Management 

Journal. 10(5), 570-583. 

Christiansen, T., Berry, W. L., Bruun, P., and Ward, P. (2003). A mapping of 

competitive priorities, manufacturing practices, and operational performance 

in groups of Danish manufacturing companies. International Journal of 

Operations & Production Management. 23(10), 1163-1183. 

Cooper, D. R., and Schindler, P. S. (2001). Business Research Methods. New York. 

McGraw-Hill. 

Cua, K. O., McKone-Sweet, K. E., and Schroeder, R. G. (2006). Improving 

performance through an integrated manufacturing program. The Quality 

Management Journal. 13(3), 45-60. 

Diaz, M. S., Gil, M. J. A., and Machuca, J. A. D. (2005). Performance measurement 

systems, competitive priorities, and advanced manufacturing technology: 



 160

some evidence from the aeronautical sector. International Journal of 

Operations & Production Management. 25(8), 781-799. 

Dixon, J. R., Nanni, A. Jr., and Vollmann, T. E. (1990). The new performance 

challenge. Irwin. Burr. Ridge. IL. 

Docherty, P., Kira, M., and Shani, A. B. (2009). Creating sustainable work systems, 

developing social sustainability. London: Routledge. 

Fan, C., Carrell, J. D., and Zhang, H. C. (2010). An investigation of indicators for 

measuring sustainable manufacturing. Proceedings of IEEE International 

Symposium on Sustainable Systems and Technology. May 17-19. Arlington, 

Virginia. 1-5. 

Feng, S. C., Joung, C. B., and Li, G. (2010). Development overview of sustainable 

manufacturing metrics. Proceedings of the 17th CIRP International 

Conference on Life Cycle Engineering. May 19-21. Hefei, China. 1-5. 

Flynn, B. B., Sakakibara, S., Schroeder, R. G., Bates, K. A., and Flynn, J. B. (1990). 

Empirical research methods in operations management. Journal of 

Operations Management. 9(2), 250-284.  

Gasparatos, A., El-Haram, M., and Horner, M. (2008). A critical review of 

reductionist approaches for assessing the progress towards sustainability. 

Environmental Impact Assessment Review. 28, 286–311. 

Gencer, C., and Gurpinar, D. (2007). Analytic network process in supplier selection: 

a case study in an electronic firm. Applied Mathematical Modelling. 31, 

2475–2486. 

Golec, A., and Taskın, H. (2007). Novel methodologies and a comparative study for 

manufacturing systems performance evaluations. Information Sciences. 

177(23),  5253–5274. 

Gomes, C. F., Yasin, M. M., and Lisboa, J. V. (2006). Performance measurement 

practices in manufacturing firms: an empirical investigation. Journal of 

Manufacturing Technology Management. 17(2), 144-167. 

Gomes, C. F., Yasin, M. M., and Lisboa, J. V. (2007). An empirical investigation of 

manufacturing performance measures utilization: the perspective of 

executives and financial analysts. International Journal of Productivity and 

Performance Management. 56(3), 187-204. 



 161

Gosselin, M. (2005). An empirical study of performance measurement in 

manufacturing firms. International Journal of Productivity and Performance 

Management. 54(5/6), 419-437. 

Grunberg, T. (2004). Performance improvement: towards a method for finding and 

prioritising potential performance improvement areas in manufacturing 

operations. International Journal of Productivity and Performance 

Management. 53(1), 52-71. 

Haq, A. N., and Kannan, G. (2006). Fuzzy analytical hierarchy process for evaluating 

and selecting a vendor in a supply chain model. International Journal of 

Advanced Manufacturing Technology. 29(8), 826-835. 

Hemdi, A. R., Saman, M. Z. M., and Sharif, S. (2010). Sustainability evaluation for 

decision making. Proceedings of the 11th Asia Pacific Industrial Engineering 

and Management Systems Conference. December 7 - 10. Melaka, Malaysia. 

1-6. 

Herrmann, C., Zein, A., Thiede, S., Bergmann, L., and Bock, R. (2008). Bringing 

sustainable manufacturing into practice – the machine tool case. Proceedings 

of the Global Conference on Sustainable Product Development and Life 

Cycle Engineering: Sustainability and Remanufacturing VI. September 29-

October 1. Busan, Korea. 8-16. 

Hicks, B. J., and Matthews, J. (2010). The barriers to realising sustainable process 

improvement: a root cause analysis of paradigms for manufacturing systems 

improvement. International Journal of Computer Integrated Manufacturing. 

23(7), 585-602. 

Hon, K. K. B. (2005). Performance and evaluation of manufacturing systems. CIRP 

Annals - Manufacturing Technology. 54(2), 139-154. 

Huang, R. H., Yang, C. L., and Shih, H. L. (2009). A manufacturing performance 

evaluation model for notebook computer manufacturers. Proceedings of IEEE 

International Conference on Industrial Engineering and Engineering 

Management. December 8-11. Hongkong. 2324-2328. 

Hudson, M., Smart, A., and Bourne, M. (2001). Theory and practice in SME 

performance measurement systems. International Journal of Operations & 

Production Management. 21(8), 1096-1115. 

http://www.sciencedirect.com/science/journal/00078506
http://www.sciencedirect.com/science/journal/00078506
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2340087%232005%23999459997%23692512%23FLP%23&_cdi=40087&_pubType=J&view=c&_auth=y&_acct=C000013278&_version=1&_urlVersion=0&_userid=167669&md5=369bcb83bea20827152732eca787bda9


 162

Humphreys, P. K., Shiu, W. K., and Chan, F. T .S. (2001). Collaborative buyer-

supplier relationships in Hong Kong manufacturing firms. Supply Chain 

Management: An International Journal. 6(4), 152-162. 

Hutchins, M. J., and Sutherland, J. W. (2008). An exploration of measures of social 

sustainability and their application to supply chain decisions. Journal of 

Cleaner Production. 16(15), 1688–1698. 

Ijomah, W. L., McMahon, C. A., Hammond, G. P., and Newman, S. T. (2007). 

Development of design for remanufacturing guidelines to support sustainable 

manufacturing. Robotics and Computer-Integrated Manufacturing. 23, 712–

719. 

Ittner, C. D., and Larcker, D. F. (2003). Coming up short on nonfinancial 

performance measurement. Harvard Business Review.  81(11), 85-95. 

Jagdev, H. S., Brennan, A., and Browne, J. (2004). Strategic decision making in 

modern manufacturing. USA. Kluwer Academic Publishers. 

Jawahir, I. S., Rouch, K. E., Dillon, Jr. O. W., Holloway, L., Hall, A., and Knuf, J. 

(2005). Design for sustainability (DFS): new challenges in developing and 

implementing a curriculum for next generation design and manufacturing 

engineers. Proceedings of 3rd SME International Conference on 

Manufacturing Education. June 22-25. San Luis Obispo, California. 1-13. 

Jawahir, I. S., and Dillon, Jr., O. W. (2007). Sustainable manufacturing processes: 

new challenges for developing predictive models and optimization 

techniques. Proceedings of the 1st International Conference on Sustainable 

Manufacturing. October 18-19. Montreal, Canada. 1–19. 

Jayal, A. D., Badurdeen, F., Dillon Jr. O.W., and Jawahir, I. S. (2010). Sustainable 

manufacturing: modeling and optimization challenges at the product, process 

and system levels. CIRP Journal of Manufacturing Science and Technology. 

2(3), 144–152. 

Jharkharia, S., and Shankar, R. (2007). Selection of logistics service provider: An 

analytic network process (ANP) approach. Omega: The International Journal 

of Management Science. 35, 274-289. 



 163

Jørgensen, A., Finkbeiner, M., Jørgensen, M. S., and Hauschild, M. Z. (2010). 

Defining the baseline in social life cycle assessment. International Journal of 

Life Cycle Assessment. 15(4), 376-384. 

Jovane, F., Yoshikawa, H., Alting, L., Boer, C. R., Westkamper, E., Williams, D., 

Tseng, M., Seliger, G., and Paci, A. M. (2008). The incoming global 

technological and industrial revolution towards competitive sustainable 

manufacturing. CIRP Annals - Manufacturing Technology. 57(2), 641–659. 

Jung, U., and Seo, D. W. (2010). An ANP approach for R&D project evaluation 

based on interdependencies between research objectives and evaluation 

criteria. Decision Support Systems. 49, 335–342. 

Jusoh, R., Ibrahim, D. N., and Zainuddin, Y. (2008). The performance consequence 

of multiple performance measures usage: evidence from the Malaysian 

manufacturers. International Journal of Productivity and Performance 

Management. 57(2), 119-136. 

Kaebernick, H., Kara, S., and Sun, M. (2003). Sustainable product development and 

manufacturing by considering environmental requirements. Robotics and 

Computer-Integrated Manufacturing Journal. 19(6), 461-468. 

Kannan, G., Pokharel, S., and Kumar, P. S. (2009). A hybrid approach using ISM 

and fuzzy TOPSIS for the selection of reverse logistics provider. Resources, 

Conservation and Recycling. 54, 28-36. 

Kaplan, R. S., and Norton, D. P. (1992). The balanced scorecard - measures that 

drive performance. Harvard Business Review. 70(1), 71-79. 

Kara, S., Honke, I., and Kaebernick, H. (2005). An integrated framework for 

implementing sustainable product development. Proceedings of 4th 

International Symposium on Eco Design - Environmentally Conscious Design 

and Inverse Manufacturing. December 12-14. Tokyo, Japan. 684- 691. 

Kaynak, H. (2003). The relationship between total quality management practices and 

their effects on firm performance. Journal of Operations Management. 21(4), 

405-435. 

Kirytopoulos, K., Leopoulos, V., and Voulgaridou, D. (2008). Supplier selection in 

pharmaceutical industry: an analytic network process approach. 

Benchmarking: An International Journal. 15(4), 494-516. 



 164

Kopac, J. (2009). Achievements of sustainable manufacturing by machining. Journal 

of Achievements in Materials and Manufacturing Engineering. 34(2), 180-

187. 

Koplin, J., Seuring, S., and Mesterharm, M. (2007). Incorporating sustainability into 

supply management in the automotive industry - the case of the Volkswagen 

AG. Journal of Cleaner Production. 15(11-12), 1053-1062. 

Krajnc, D., and Glavic, P. (2005). A model for integrated assessment of sustainable 

development. Resources, Conservation and Recycling. 43, 189–208. 

Kumazawa, T., and Kobayashi, H. (2003). Feasibility study on sustainable 

manufacturing. Proceedings of Eco Design 2003: 3rd International 

Symposium on Environmentally Conscious Design and Inverse 

Manufacturing. December 8-11. Tokyo, Japan. 517-520. 

Labuschagne C., and Brent A. C. (2006). Social indicators for sustainable project and 

technology life cycle management in the process industry. International 

Journal of Life Cycle Assessment. 11(1), 3-15. 

Labuschagne, C., Brent, A. C., and Erck, R. P. G. V. (2005). Assessing the 

sustainability performances of industries. Journal of Cleaner Production. 

13(4), 373-385. 

Ladd, S., and Badurdeen, F. (2010). Supplier sustainability evaluation and selection. 

Proceedings of the 2010 Industrial Engineering Research Conference. June 

5-9. Cancun, Mexico. A. Johnson and J. Miller, eds. 1-6. 

LCSP (Lowell Center for Sustainable Production). (2010). What is sustainable 

production.  http://www.sustainableproduction.org/abou.what.php 

Li, S., Rao, S. S., Ragu-Nathan, T. S., and Ragu-Nathan, B. (2005). Development 

and validation of a measurement instrument for studying supply chain 

management practices. Journal of Operations Management. 23(6), 618-641. 

Liang, C., and Li, Q. (2008). Enterprise information system project selection with 

regard to BOCR. International Journal of Project Management. 26, 810–820. 

Liao, K., and Tu, Q. (2008). Leveraging automation and integration to improve 

manufacturing performance under uncertainty: an empirical study. Journal of 

Manufacturing Technology Management. 19(1), 38-51. 

http://www.sustainableproduction.org/abou.what.php


 165

Lin, Y. T., Lin, C. L., Yu, H. C., and Tzeng, G. H. (2010). A novel hybrid MCDM 

approach for outsourcing vendor selection: a case study for a semiconductor 

company in Taiwan. Expert Systems with Applications. 37, 4796-4804. 

Liyanage, J. P. (2007). Operations and maintenance performance in production and 

manufacturing assets: the sustainability perspective. Journal of 

Manufacturing Technology Management. 18(3), 304-314. 

Linton, J. D., Klassen, R., and Jayaraman, V. (2007). Sustainable supply chains: an 

introduction. Journal of Operations Management. 25(6), 1075–1082. 

MAA (Malaysian Automotive Association). (2011). Summary of sales and 

production data. http://www.maa.org.my/info_summary.htm. 

Mandal, A., and Desmukh, S. G. (1994). Vendor selection using interpretive 

structural modeling (ISM). International Journal of Operations and 

Production Management. 214(6), 52–50. 

Mapes, J., Szwejczewski, M., and New, C. (2000). Process variability and its effect 

on plant performance. International Journal of Operations & Production 

Management. 20(7), 792-808. 

Medori, D., and Steeple, D. (2000). A framework for auditing and enhancing 

performance measurement systems. International Journal of Operations & 

Production Management. 20(5), 520-533. 

Menguc, B., and Ozanne, L. K. (2005). Challenges of the "green imperative": a 

natural resource-based approach to the environmental orientation-business 

performance relationship. Journal of Business Research. 58, 430-438. 

Meybodi, M. (2006). Internal manufacturing strategy audit: the first step in 

integrated strategic benchmarking. Benchmarking: An International Journal. 

13(5), 580-595. 

Mien, L. H., Feng, L. W., Gay, R., and Leng, K. (2005). An integrated 

manufacturing and product services system (IMPSS) concept for sustainable 

product development. Proceedings of 4th International Symposium on Eco 

Design - Environmentally Conscious Design and Inverse Manufacturing. 

December 12-14. Tokyo, Japan. 656-662. 

Mildenberger, U., and Khare, A. (2000). Planning for an environment-friendly car. 

Technovation. 20, 205-214. 



 166

Millar, H. H., and Russell, S. N. (2011). The adoption of sustainable manufacturing 

practices in the Caribbean. Business Strategy and the Environment. 20, 512-

526. 

Mittal, V. K., and Sangwan, K. S. (2011). Development of an interpretive structural 

model of obstacles to environmentally conscious technology adoption in 

Indian industry. In Hessebach, J., and Hermann, C. (Eds.). Glocalized 

solutions for sustainability in manufacturing (pp. 383-388). London: 

Springer-Verlag Berlin Heidelberg. 

Mola, K. M. G. (2004). A methodology to measure the performance of 

manufacturing systems. University of Houston: Ph.D Dissertation. 

Mola, K. G. E., and Parsaei, H. (2010). Dimensions and measures of manufacturing 

performance measurement. Proceedings of 40th IEEE International 

Conference on Computers and Industrial Engineering. July 25-28. Hyogo-

Japan. 1-6. 

Morali, O., and Searcy, C. (2010). Building sustainability into supply chain 

management: a research agenda. Proceedings of the First Annual Kent State 

International Symposium on Green Supply Chains. July 29-30. Canton, Ohio. 

58-65. 

Najmi, M., and Kehoe, D. F. (2001). The role of measurement systems in promoting 

quality development beyond ISO 9000. International Journal of Operations 

& Production Management. 21(1/2), 159-172. 

Nambiar, A. N. (2010). Challenges in sustainable manufacturing. Proceedings of the 

2010 International Conference on Industrial Engineering and Operations 

Management. January 9-10. Dhaka, Bangladesh. 1-6. 

Neely, A., Gregory, M., and Platts, K. (2005). Performance measurement system 

design. International Journal of Operations & Production Management. 

25(12), 1228-1263. 

Nieuwenhuis, P, and Wells, P. E. (2003). The automotive industry and the 

environment: a technical, business and social future. Cambridge, England: 

Woodhead Publishing. 

http://www.google.com/search?tbo=p&tbm=bks&q=+inauthor:%22Paul+Nieuwenhuis%22
http://www.google.com/search?tbo=p&tbm=bks&q=+inauthor:%22Peter+E.+Wells%22


 167

Niskala, M., and Schadewitz, H. (2009). Financial value measurement of corporate 

responsibility. Proceedings of the Corporate Responsibility Research 

Conference. September 7-9. University of Vaasa, Finland. 349-373. 

NSDC (National SME Development Council). (2005). SME Annual Report- 

Optimising Strategic Values. Malaysia. 

Nunnally, J. C. (1978). Psychometric Theory. McGraw-Hill. New York. 

Nunes, B., and Bennett, D. (2010). Green operations initiatives in the automotive 

industry: an environmental reports analysis and benchmarking study. 

Benchmarking: An International Journal. 17(3), 396 – 420. 

OECD (Organization for Economic Co-operation and Development). (2009). 

Sustainable manufacturing and eco-innovation: towards a green economy. 

http://www.oecd.org. 

OICA (Organisation Internationale des Constructeurs d'Automobiles). (2010a). 

World Motor Vehicle Production. International Organization of Motor 

Vehicle Manufacturers.   http://oica.net/category/production-statistics/ 

OICA (Organisation Internationale des Constructeurs d'Automobiles). (2010b). 

World motor vehicle production by manufacturer: world ranking of 

manufacturers 2009. International Organization of Motor Vehicle 

Manufacturers. http://oica.net/wp-content/uploads/ranking-2009.pdf. 

Olivia, R., Rockart, S., and Sterman, J. (1998). Managing multiple improvement 

efforts: lesson from a semiconductor manufacturing site. In Fedor D., and 

Gosh S. (Ed.). Advances in management of organisational quality. (pp. 1-55). 

CT: JAI press. Greenwich. 

Orsato, R.J., and Wells, P. (2007). U-turn: the rise and demise of the automobile 

industry. Journal of Cleaner Production. 15, 994-1006. 

Pascual, O., and Boks, C. (2004). An overview of environmental product 

performance measurement in the Asian electronics industry. Proceedings of 

the IEEE International Symposium on Electronics and the Environment. May 

10-13. Scottsdale, USA. 138-143. 

Piotrowicz, W., and Cuthbertson, R. (2009).  Sustainability – a new dimension in 

information systems evaluation. Journal of Enterprise Information 

Management. 22(5), 492-503. 

http://en.wikipedia.org/wiki/Organisation_Internationale_des_Constructeurs_d%27Automobiles
http://oica.net/wp-content/uploads/ranking-2009.pdf


 168

Pourebrahim, S., Hadipour, M., Mokhtar, M. B., and Mohamed, M. I. Hj. (2010). 

Analytic network process for criteria selection in sustainable coastal land use 

planning. Ocean & Coastal Management. 53, 544-551. 

Pusavec, F., Krajnik, P., and Kopac, J. (2010). Transitioning to sustainable 

production – part I: application on machining technologies. Journal of 

Cleaner Production. 18, 174–184. 

Pusavec, F., Kramar, D., Krajnik, P., and Kopac, J. (2010). Transitioning to 

sustainable production – part II: evaluation of sustainable machining 

technologies. Journal of Cleaner Production. 18, 1211–1221. 

Putnam D. (2002). ISO 14031: Environmental performance evaluation. 

Confederation of Indian Industry Journal. 1-9.  

Qi, Y., Sum, C., and Zhao, X. (2009). Simultaneous effects of functional 

involvement and improvement programs on manufacturing and financial 

performance in Chinese firms. International Journal of Operations & 

Production Management. 29 (6), 636-662. 

Rachuri, S., Sriram, R. D., and Sarkar, P. (2009). Metrics, standards and industry 

best practices for sustainable manufacturing systems. Proceedings of 5th 

Annual IEEE Conference on Automation Science and Engineering. August 

22-25. Bangalore, India. 472-477. 

Ramaa, A., Rangaswamy, T. M., and Subramanya, K. N. (2009). A review of 

literature on performance measurement of supply chain network. Proceedings 

of 2nd International Conference on Emerging Trends in Engineering and 

Technology. December 16-18. Nagpur, India. 802-807. 

Rangone, A. (1996). An analytical hierarchy process framework for comparing the 

overall performance of manufacturing departments. International Journal of 

Operations & Production Management. 16(8), 104-119. 

Ranky, P. G. (2010). An integrated architecture, methods and some tools for creating 

more sustainable and greener enterprises. Proceedings of IEEE International 

Symposium on Sustainable Systems and Technology. May 17-19. Washington 

DC, USA. 1-6. 

 

http://dx.doi.org/10.1108/09544789710165608
http://dx.doi.org/10.1108/09544789710165608
http://dx.doi.org/10.1108/09544789710165608


 169

Reich-Weiser, C., Vijayaraghavan, A., and Dornfeld, D. A. (2008). Metrics for 

sustainable manufacturing. Proceedings of the 2008 International 

Manufacturing Science and Engineering Conference. October 7-10. Illinois, 

USA. 1-9. 

Robson, C. (2002). Real world research: a resource for social scientists and 

practitioner researchers. (2nd ed.). Oxford: Blackwell.  

Rusinko, C. A. (2007). Green manufacturing: an evaluation of environmentally 

sustainable manufacturing practices and their impact on competitive 

outcomes. IEEE Transactions on Engineering Management. 54(3), 445-454. 

Saaty, T. L. (2001). The Analytic network process. Ellsworth Avenue, Pittsburgh. 

RWS Publications. 

Saaty, T. L. (2008). The analytic hierarchy and analytic network measurement 

processes: application to decisions under risk. European Journal of Pure and 

Applied Mathematics. 1(1), 122-196. 

Sarkis, J. (2003). Quantitative models for performance measurement systems-

alternate considerations. International Journal of Production Economics. 86, 

81–90. 

Sebhatu, S. P. (2008). Sustainability performance measurement for sustainable 

organizations: beyond compliance and reporting. Proceedings of the 11th 

Quality Management and Organizational Development Conference. August 

20-22. Helsinborg, Sweden. 1-13. 

Seidel, R., Shahbazpour, M., and Oudshoorn, M. (2006). Implementation of 

sustainable manufacturing practices in SMEs – case study of a New Zealand 

furniture manufacturer. Proceedings of 13th CIRP International Conference 

on Life Cycle Engineering. May 31 – June 2. Leuven, Belgium. 249-254. 

Seliger, G., Kim, H-J., Kernbaum, S., and Zettl, M. (2008). Approaches to 

sustainable manufacturing. International Journal of Sustainable 

Manufacturing. 1(1/2), 58-77. 

Shahbazpour, M., and Seidel, R. H. (2006).  Using sustainability for competitive 

advantage. Proceedings of 13th CIRP International Conference on Life Cycle 

Engineering. May 31 – June 2. Leuven, Belgium. 287-292. 

http://dx.doi.org/10.1108/09544789710165608
http://dx.doi.org/10.1108/09544789710165608
http://dx.doi.org/10.1108/09544789710165608


 170

Silva, N. D., Jawahir, I. S., Dillon, O., and Russell, M. (2009). A new comprehensive 

methodology for the evaluation of product sustainability at the design and 

development stage of consumer electronic products. International Journal of 

Sustainable Manufacturing. 1(3), 251 - 264. 

Singh, R. K., Murty, H. R., Gupta, S. K., and Dikshit, A. K. (2007). Development of 

composite sustainability performance index for steel industry. Ecological 

Indicators. 7(3), 565–588. 

Small, M. H. (1999). Assessing manufacturing performance: an advanced 

manufacturing technology portfolio perspective. Industrial Management & 

Data Systems. 99(6), 266-277. 

Sohail, M. S., and Hoong, T. B. (2003). TQM practices and organizational 

performances of SMEs in Malaysia: Some empirical observations. 

Benchmarking: An International Journal. 10(1), 37-53. 

Sturgeon, T. J., Memedovic, O., Biesebroeck, J. V., and Gereffi, G. (2009). 

Globalisation of the automotive industry: main features and trends. 

International Journal of Technological Learning, Innovation and 

Development. 2(1/2), 7-24. 

Sutherland,  J. W., Riviera, J. L., Brown, K. L., Law, M., Hutchins, M. J., Jenkins, T. 

L., and Haapala, K. R. (2008). Challenges for the manufacturing enterprise to 

achieve sustainable development. Proceedings of 41st CIRP conference on 

manufacturing systems. May 26-28. Tokyo, Japan. 15–18. 

Szikora, P. (2009). Measured performance of an information system. Proceedings of 

the 7th International Conference on Management, Enterprise and 

Benchmarking. June 5-6. Budapest, Hungary. 267-272.  

Tarigan, R. (2005). An evaluation of the relationship between alignment of strategic 

priorities and manufacturing performance. International Journal of 

Management. 22(4), 586-597. 

Thakkar, J., Kanda, A., and Desmukh, S. G. (2008). Interpretive structural modeling 

(ISM) of IT-enabler for Indian manufacturing SMEs. Information 

Management & Computer Security. 16(2), 113-136. 

http://www.inderscience.com/browse/index.php?journalID=127&year=2009&vol=1&issue=3
http://www.inderscience.com/browse/index.php?journalID=127&year=2009&vol=1&issue=3


 171

Toni, A., and Tonchia, S. (2001). Performance measurement systems: Models, 

characteristics and measures. International Journal of Operations & 

Production Management. 21(1/2), 46-70. 

Tseng, M. L., Divinagracia, L., and Divinagracia, R. (2009). Evaluating firm’s 

sustainable production indicators in uncertainty. Computers & Industrial 

Engineering. 57(4), 1393–1403. 

US Department of Commerce. (2009). Sustainable manufacturing initiative. 

Proceedings of the 2nd Annual Sustainable Manufacturing Summit. April 29. 

Chicago, USA. 

US National Research Council. (1999). Our common journey: a transition toward 

sustainability. National Academy Press. Washington, D.C. 

Vachon, S., and Klassen, R. D. (2008). Environmental management and 

manufacturing performance: the role of collaboration in the supply chain. 

International Journal of Production Economics. 111(2), 299–315. 

Veleva, V., and Ellenbecker, M. (2001). Indicators of sustainable production: 

framework and methodology. Journal of Cleaner Production. 9(6), 519–549. 

Wang, Ge, Huang, S. H., and Dismukes, J. P. (2005). Manufacturing supply chain 

design and evaluation. International Journal of Advanced Manufacturing 

Technology. 25(1-2), 93-100. 

Warfield, J. N. (1974). Developing interconnection of complex structural modeling. 

IEEE Transactions on Systems, Man, and Cybernetics. 4(1), 81–87. 

Warren, J. P., Rohdes E., and Carter, R. (2001). A total product system concept - a 

case study of the smart (tm) automobile. Greener Management International. 

35, 89-104. 

Wasson, C. S. (2006). System analysis, design, and development: concepts, 

principles, and practices. Hoboken, NJ: John Wiley. 

WCED (World Commission on Environment and Development). (1987). Our 

common future. Oxford University Press. Oxford, UK. 

White, G. P. (1996). A survey and taxonomy of strategy-related performance 

measures for manufacturing. International Journal of Operations & 

Production  Management. 16(3), 42-61. 

http://www.greenpowerconferences.com/corporateclimateresponse/sustainable_manufacturing_summit_US09.html


 172

Yang, C., Chuang, S., and Huang, R. (2009). Manufacturing evaluation system based 

on AHP/ANP approach for wafer fabricating industry. Expert Systems with 

Applications. 36(8), 11369–11377. 

Yang, J. L., and Tzeng, G. H. (2011). An integrated MCDM technique combined 

with DEMATEL for a novel cluster-weighted with ANP method. Expert 

Systems with Applications. 38, 1417–1424. 

Yu, V. F., and Hu, K. (2010). An integrated fuzzy multi-criteria approach for the 

performance evaluation of multiple manufacturing plants. Computers & 

Industrial Engineering. 58(2), 269–277. 

Yurdakul, M. (2002). Measuring a manufacturing system’s performance using 

Saaty’s system with feedback approach. Integrated Manufacturing Systems. 

13(1), 25-34. 

Zeng, S. X., Meng, X. H., Yin, H. T., Tam, C. M., and Sun, L. (2010). Impact of 

cleaner production on business performance. Journal of Cleaner Production. 

18, 975-983. 

Zhang, X., Lu, T., Shuaib, M., Rotella, G., Huang, A., Feng, S. C., Rouch, K., 

Badurdeen, F., and Jawahir, I. S. (2012). A metrics-based methodology for 

establishing product sustainability index (ProdSI) for manufactured products. 

Proceedings of the 19th International Conference on Life Cycle Engineering. 

May 23-25. Berkeley, California.   

Zhu, Q., Sarkis, J., and Lai, K. H. (2007). Green supply chain management: 

pressures, practices and performance within the Chinese automobile industry. 

Journal of Cleaner Production. 15(11/12), 1041-1052. 

 

 

 

 

 

 

 

 

 




