
   

 

   

   
 

   

   

 

   

       
 

       
   

 
   

   

 

   

       
 

A Structural Analysis of Green Supply Chain 
Management Enablers in the UAE Construction Sector 

Sreejith Balasubramanian 
University of Wollongong in Dubai 
Abstract 
The aim of the research is to develop a structural analysis of the enablers of green supply 
chain management (GSCM) in the UAE construction sector. An Interpretive structural 
modeling (ISM) approach is used to identify the contextual relationship of the enablers 
and to develop their hierarchical structure. Further the enablers are classified into visual 
quadrants on a graph using dependence-driving power analysis (DDPA). The hierarchical 
structure and graph will provide useful insights to corporates, government bodies and 
supply chain managers to understand and prioritize the key enablers of GSCM and the 
organizational strategies adopted by firms in the UAE. The study will contribute 
significantly to the first wave of empirical investigation in the region and will provide 
useful insights into GSCM in the UAE. A structural analysis of GSCM enablers as well as 
industry specific research of GSCM in construction sector is not previously developed in 
the UAE 
Keywords: green supply chain management; interpretive structural modeling; 
dependence and driving power analysis; construction sector 
 
1    Introduction 
Construction industry accounts for 30% of the world’s total greenhouse gas (GHG) 
emissions according to UNEP (2007). In UAE, the construction sector is growing at a 
rapid pace and resulted in environmentally unfriendly projects (Ben Brik et al., 2013). 
Further UAE leads the other countries in per capita CO2 emissions according to World 
Bank report (2009) and is estimated to be 22.6 metric tons per capita. Rettab and Ben 
(2008) conducted a study on GSCM in Dubai and identified more than 60% of firms in 
Dubai didn’t consider GSCM in their corporate strategy. Also 2008, with the start of the 
economic recession, companies focused on survival and have forgotten their 
environmental responsibility. Since 2010, UAE have started number of initiatives to 
reduce its environmental footprints due to growing international pressure from world 
bodies and environmental groups. Abu Dhabi Urban planning Council in 2010 introduced 
‘Pearl Rating System’ which is a framework for sustainable design and construction. 
Consideration and documentation of sustainability aspects of new buildings is now a 
mandatory requirement. Dubai Electricity and Water Authority (DEWA, 2011) 
announced the green building guidelines and specifications to complement the Dubai 
Municipality codes which covers site selection, usage of construction materials, waste 
management and indoor environment quality. The World Energy Forum, 2012 and World 
Future Energy Summit, 2013 were hosted by UAE in a bid to create awareness and 
promote sustainable living in the UAE.  
The increasing scale of carbon emission throughout the building life cycle has prompted 
researchers to initiate studies to reduce the environmental footprint of construction sector. 
The construction sector has amble opportunities to reduce emissions throughout the 
supply chain. Thomas et al. (2012) explored the options of carbon reduction for each 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

phase of building life cycle. This covers planning, design, material manufacturing, 
distribution, construction activities, maintenance, renovation, end of life disposal, 
recycling and reuse. Sustainability is construction is gaining significance recently. 
Studies by Marta et al. (2009), Gonzalo and Fernando (2010), Annika et al. (2009), Jung 
et al. (2012), Sourani and Sohail (2011), Thomas et al. (2012), Zhou et al. (2013) have 
focused on sustainable construction process. 
Similarly GSCM has emerged as one of the best strategies to reduce environmental 
footprints. GSCM is a management science which integrates environmental concerns into 
supply chain management. It has gained increasing attention within academia and 
industry. GSCM not only improves environmental performance but also in reducing cost, 
improving efficiency and in speeding up innovation. But the main challenges 
organizations face while going through the green supply chain transition is increasing 
costs and efficiency of the supply chain. However forward thinking companies use 
GSCM to their advantage. Innovative sustainable ideas can help organizations become 
profitable while helping the environment. GSCM integrates green practices such as green 
design, green purchasing, green manufacturing, green transportation, recycling and 
reverse logistics (Srivastava, 2007). These practices are merged with the three dimensions 
of GSCM, which are environmental performance, economic performance and operational 
performance.  
The present research is significant considering GSCM is still at the early stages in the 
UAE and considerable knowledge gap exist about the enablers of GSCM in the UAE 
construction industry. Integration of construction sustainability and GSCM is not 
developed in the region. The aim of the research is to identify the various enablers of 
GSCM and model the enablers in a hierarchical structure using ISM approach and to 
classify according to their driving and dependence powers. ISM is a well-known 
approach for understanding inter-relationship among variables which define a problem or 
issue (Sage, 1977; Warfield, 1974). The DDPA by (Martilla and James, 1977) is used to 
plot the enablers of GSCM in a two-dimensional graph which is divided into four 
quadrants. The hierarchical structure and the quadrant classification will give a crisp 
understanding of the enablers of GSCM in the UAE.  
 
2    Literature Review 
A systematic review of articles from 1998-2013 were carried out. The search used 
predominantly but not limited to Elsevier, Science Direct, Emerald, Wiley and Taylor & 
Francis databases. Keywords used for the search include: green supply chain 
management; sustainable supply chain management; environmental supply chain 
management, supply chain environmental management. A brief content study is carried 
out to delimit articles which do not report empirical findings or developed theoretical 
models. The articles were again delimited to construction industry and ISM methodology. 
The objective of the review was to identify the enablers of GSCM, applicability of ISM 
in GSCM and implication of the enablers to the construction sector.  
2.1    Review on GSCM enablers 
In GSCM, the role of government and legislation plays a vital role. This is considered as 
the mother of all drivers and leaves no option for a firm but to comply with it or exit the 
market. (Hall, 2001; Min and Galle, 2001; Zhu and Sarkis, 2006; Walker et al., 2008, Hsu 
et al., 2013), have all identified in their research, government regulation and legislation as 
the main enabler of GSCM. Government commitment to sustainability can promote a 
sustainable culture and can drive clients and contractors serving the government to 



   

 

   

   
 

   

   

 

   

    Title    
 

    
 
 

   

   
 

   

   

 

   

       
 

comply with sustainability aspects such as ISO 14001 certifications, green building 
guidelines etc. Similarly clients can influence the contractors which in turn can influence 
sub-contractors, suppliers to comply with green specifications. Hence the pressure is 
exerted from top to bottom of the supply chain. (Hall, 2001) identified this top to bottom 
compliance pressure in the supply chain. Lee (2008) has identified compliance as a major 
driver for small and medium enterprise. 
Alan (2012) identified the triple bottom approach to sustainability in green manufacturing 
covering environmental, social and economic aspects. Commitment to improve 
environmental performance is an internal organizational driver in which environmental 
performance is considered as a major agenda in the company policy (Simpson et al., 
2007). Similar to corporate social responsibility, corporate environmental responsibility is 
taken up by leading firms to reduce their environmental impacts. However commitment 
to GSCM may not be driven by environmental responsibility or regulatory compliance. 
Instead many firms have identified GSCM as a strategic imperative to achieve economic 
benefits. Eltayeb and Zailani (2011) identified economic benefits as one of the four 
drivers of reverse logistics in the Malaysian manufacturing sector.  
The desire to reduce costs represents a common driving force for environmental supply 
projects (Carter and Dresner, 2001). This view is supported by a number of researchers 
who find sustainability can lead to cost reduction, savings, benefits and effectiveness 
(Dhanda and Hill, 2005; Fassoula, 2005; Richey et al., 2005). In addition adopting 
GSCM can improve the corporate brand image and can lead to better market performance 
and publicity. Wycherley (1999) identified the first mover benefits in the case of Body 
Shop International, one of the early adopters of GSCM. This market strategy was also 
identified by Francesco and Fabio (2010). On the other hand due to increasing 
competition at national and global level, firms are looking for new strategies like GSCM 
to achieve competitive advantage through differentiation (Arimura et al., 2008). Hsu et al. 
(2013) identified competition as a significant driver of GSCM. A proactive GSCM 
strategic planning can help a firm to gain competitive advantage (Ferguson and Toktay, 
2006; Sarkis, 2003; Sharma and Vredenburg, 1998). Similarly, desire to achieve 
competitive advantage can act as a driver for GSCM (González-Benito and González-
Benito, 2005; Rao and Holt 2005). This is important for firms in the region where GSCM 
is still at infancy stage (Francesco and Fabio, 2010). In addition to environmental and 
economic performance, adoption and implementation of GSCM can improve the 
operational performance of firms and thus improve its supply chain efficiency. GSCM 
management can reduce material waste, promote recycling and reuse (Holt and 
Ghobadian, 2009; Paulraj, 2009; Vachon, 2007), sale of scrap or used materials, decrease 
in energy consumption, decrease in material consumption (Zhu et al., 2008). It is 
important that GSCM implementation should not compromise the supply chain efficiency 
of the firm. Traditional supply chain efficiency is measured by cycle time, cost and 
quality. Lippman (2001) and Lee (2009) have identified the adoption of GSCM practices 
leads to reduction in cycle time and cost, improved quality. GSCM also lead to decreased 
inventory level, increased product line and improved capacity utilization (Zhu et al., 
2008) 
Organizations also adopt GSCM because of the strategies adopted by its competitors. 
Chan and Makino (2007) have identified mimetic isomorphism; a strategy to imitate 
other firms in the sector especially competitors.  
The involvement of top management (Min and Galle, 2001).Vachon and Klassen (2006) 
identified leadership capabilities of individuals with commitment to environmental issues 
will determine the adoption of GSCM. Anis et al. (2013) identified leadership have a 
positive influence on the adoption of GSCM. 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

Jung et al. (2012) identified government incentives as the major motivator of green 
construction in China. (Rahman and Sadeghpure, 2010) identified government incentives 
have led firms to pursue sustainability. Studies by (Hosseini, 2007; Hsu et al., 2008; Yu 
Lin et al., 2008; Mudgal et al., 2009; 2010; Srivastava, 2007) have all identified the role 
of government support in GSCM adoption. 
Berns et al. (2009) identified consumer concern about sustainability as a significant 
driver for firms to adopt GSCM. Unlike regulatory pressure which is top to bottom, 
consumer pressure is bottom to top in the supply chain. Chan and Lau (2001) compared 
green purchasing behaviour of developed and developing countries using the purchasing 
behaviour of US and Chinese customers. The study identified green purchasing behaviour 
of customers is more in developed countries than in developing countries. Lo and Leung 
(2000) identified the increasing environmental awareness of young customers. Eltayeb 
and Zailani (2010) identified consumer pressure as an important driver in reverse 
logistics. Hsu et al. (2013) identified consumer pressure as an important driver of GSCM. 
Alan (2012) identified the consumer sensitivity to GSCM in the German and Chinese 
automotive sector. 
Internal environmental management (IEM) is a prerequisite for all GSCM practices. 
Internal environmental management is the practice of developing green supply chain 
management as a strategic organizational imperative through commitment and support 
from senior and mid-level managers (Zhu et al., 2008). He validated the importance of 
IEM in GSCM through various case studies The IEM consist of, but not limited to 
cooperation, commitment and communication between top management, senior and 
middle managers, implementation of EMS and ISO14001 certification, environmental 
compliance auditing programs, cross-functional integration for environmental 
improvement, advanced information technology, training for staff and proper allocation 
of human resources, health and safety compliance, tracking sustainability and measuring 
key performance indicators (KPI). Balan et al. (2012) identified the importance of 
Information Technology in improving the supply chain performance in the UAE.  
GSCM requires skilled professionals both inside the organization as well as throughout 
the supply chain. Skilled professionals can adapt to the changes quickly, learn new 
technologies, share ideas and solve environmental problems (Yu Lin and Hui Ho, 2008). 
So having skilled professionals is essential for the adoption of GSCM. Since adoption of 
GSCM will not deliver immediate financial benefits, many companies are reluctant to 
invest on GSCM (Nidumolu et al., 2009). There are a variety of other related expenses 
when considering green changes, specifically to manufacturing processes. Green 
materials tend to be more expensive and raise the product’s overall cost (Hoffman, 2008). 
Hence having sound financial resources at the beginning is important of the adoption of 
GSCM. Husted (2003) identified availability of funds as an important enabler of GSCM. 
2.2    Review of ISM in GSCM 
Application of ISM in GSCM is growing in terms of publications and is now widely 
recognized. Ravi and Shankar (2005) identified the barriers of reverse logistics using 
ISM. Faisal (2010) identified the interaction of enablers using ISM. Mudgal et al. (2010) 
analysed the barriers of GSCM using ISM. Balasubramanian (2012) developed a 
hierarchical framework of barriers of GSCM in the construction supply chain. Ali and 
Kannan (2011) identified the drivers affecting the implementation of GSCM using ISM. 
Kaliyan et al. (2013) used ISM to identify the barriers of GSCM implementation in the 
automotive sector. Katarzyna (2012) identified the contextual relation among the enablers 
using ISM in India. Luthra et al. (2011) analyzed the barriers of GSCM in the automobile 
sector in India. Mathiyazhagan (2013) used ISM to analyzed 26 barriers to GSCM 
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implementation in the small and medium manufacturing enterprises in India. Wang et al. 
(2008) identified the interaction among the barriers of energy savings in China. Tseng 
(2013) used ISM and fuzzy set theory to model sustainable production indicators. Gorane 
and Kant (2012) used ISM-fuzzy integrated approach for modelling the supply chain 
management enablers. Pfohl et al. (2011) used ISM to study supply chain risks.  
 2.3    Review of GSCM in the construction industry 
Recent literature indicates sustainability in the construction process is gaining 
importance. Marta et al. (2009) identified 20 environmental performance indicators and 
developed an environmental performance assessment tool for environmental 
benchmarking among construction companies. Gonzalo and Fernando (2010) developed a 
methodology to identify, classify and prioritize sustainability indicators based on risk 
management standards. Annika et al. (2009) identified the importance of green 
procurement in the construction sector. Jung et al. (2012) identified the green practices, 
drivers and impediments in the Chinese building industry. Sourani and Sohail (2011) 
identified the barriers to sustainable construction in the United Kingdom. Thomas et al. 
(2012) identified the opportunities for carbon dioxide reduction in the building life cycle. 
Zhou et al. (2013) developed a mathematical operational modeling for construction green 
supply chain management. Section 2.1 identified the enablers of GSCM in general. The 
review of articles in the construction sector has helped to align the enablers from section 
2.1 to be specific to the construction industry. Further a detailed content study of articles 
by (Adetunji et al., 2008; Balasubramanian, 2012; Carris et al., 2012; Jonatan and Marcel 
2009; Jung et al., 2012; Sourani and Sohail, 2011) with respect to sustainability in 
construction is carried to understand the implication of GSCM enablers for the 
construction sector.  
3    ISM methodology and model development 
In the literature we have identified the enablers of GSCM in the UAE construction sector. 
However it doesn’t provide clarity on the important enablers and all the enablers seem 
equally important and independent. ISM provides clarity on the contextual relationship 
among enablers and develops a hierarchical structure, providing decision makers a clear 
understanding of the enablers. The ISM approach involves the following steps:  
3.1   Identification of enablers 
A total of 14 enablers were identified from the extensive literature review. The identified 
enablers of GSCM from the literature are presented in Table 1. The set of enablers ‘E’ is 
denoted as 
                                    E= {e (i)| (i=1, 2… n)}                                                                (1) 

Where ‘n’ is the number of enablers. 
 

 

 

 

 

 

 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

Table 1    Summary of identified enablers of GSCM from the literature 

Enablers of GSCM Implications  in the construction 
industry Sources 

1. Government 
regulation and 
legislation 

Compliance to green design 
guidelines, green construction and 
safety practices in the construction 
industry. 

Hall (2001), Min and Galle (2001), 
Walker et al. (2008), Zhu and Sarkis 
(2006) 

2. Compliance to client 
specifications 

Top to bottom compliance pressure 
from regulatory bodies to clients, 
consultants, contactors, sub-
contractors, suppliers etc. 

Hall (2001), Lee (2008) 

3. Proactive GSCM 
strategic planning 

Differentiation  from the 
competitor, new market 
opportunities, long term vision etc. 

Ferguson and Toktay (2006), 
González-Benito and González-Benito 
(2005), Rao and Holt (2005), Sarkis 
(2003), Sharma and Vredenburg 
(1998) 

4. Leadership 

Sustainable leaders in the 
construction sector such as owners, 
top management, senior managers 
etc. 

Hall (2001), Min and Galle (2001), 
Anis et al. (2013)  

5. Availability of 
resources 

Availability of skilled professionals 
and availability of funds 

Hoffman (2008), Husted (2003), 
Nidumolu et al. (2009), Yu Lin and 
Hui Ho (2008) 

6. Internal 
environmental 
management 

IT infrastructure, ISO 14001, EMS 
implementation, cross functional 
integration of departments, 
environmental auditing, training, 
safety etc. 

Zhu et al. (2008 ) 

7. Achieve economic 
benefits  

Substantial opportunities in 
reduction of construction costs 
through reduction in energy, water, 
materials  and through waste 
management and recycling 

Carter and Dresner (2001), Dhanda 
and Hill (2005), Fassoula (2005), 
Richey et al. (2005) 
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8. Commitment to 
improve environmental 
performance 

Incorporating sustainability 
strategy as a part of organizational 
strategy 

Simpson et al. (2007) 

9. Improving 
operational efficiency 
of the supply chain  

Improving construction 
productivity, reduce project time, 
improve quality etc. 

Holt and Ghobadian (2009), Lee 
(2009), Lippman (2001), Paulraj 
(2009), Vachon (2007), Zhu et al. 
(2005;2008) 

10. Competition 
Closely monitor the GSCM 
practices of the competitors and 
imitate them if required. 

Arimura et al. (2008), Chan and  
Makino (2007) 

11. Stakeholder 
pressure 

Stakeholder desire for 
environmental friendly buildings 

Berns et al. (2009), Chan and Lau 
(2001), Lo and Leung (2000) 

12. Achieve 
preferential treatment 
and government 
incentives 

Government subsidies, award of 
government projects and award and 
recognition for GSCM practices 

Hsu et al. (2008), Hosseini (2007), 
Mudgal et al. (2009; 2010), Srivastava 
(2007), Yu Lin and Hui Ho (2008) 

13. Achieve first mover 
benefits 

Improve corporate brand image of 
the company and hence winning 
construction projects. 

Francesco and Fabio (2010), 
Wycherley (1999) 

14. GSCM practices 

Green design, green purchasing, 
green manufacturing, green 
transportation, recycling and 
reverse logistics 

Srivastava (2007) 

 

3.2    Focus group and development of Structural Self Interaction Matrix (Sij) 
After identifying the 14 enablers, a 3 hour focus group session was conducted involving 
academics and industry practitioners from supply chain and construction industry. 
Attendance of the focus group session was 12, including middle to senior level managers, 
consultants, assistant and associate professors in the related field. The 14 enablers 
identified from the literature were given well in advance to the participants to familiarize 
with the definitions and its implication to the construction industry supply chain. In the 
brainstorming session, experts were asked to identify the mutual relationship among the 
enablers. Consensus was reached on the direction of the relation between any 
combination of enablers i and j. Total number of pair-wise combination addressed in the 
focus group session for developing Sij is (N*(N-1)/2). In the present study, number of 
pair-wise combination addressed is 91, since the number of enablers N=14. Direction of 
the relationship between the enabler i and j is denoted using four symbols V, A, X and O. 
The representation is as follows:  



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

 
V – enabler i lead to enabler j 
A - enabler j lead to enabler i 
X - enabler i and j will lead to each other 
O - enabler i and j are unrelated 
The Sij matrix developed is given in Table 2 
 
Table 2    Structural Self Interaction Matrix 

Enablers of GSCM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. Government regulation and 
legislation X O O O O V O V O O V O O V 

2. Compliance to client 
specifications   X O O O V O V O O O O O V 

3. Proactive GSCM strategic 
planning     X A A V V V V O O V V V 

4. Leadership       X A V V V V O O V V V 

5. Availability of resources         X O O O O O O O O V 
6. Internal environmental 
management           X A A A O A A A V 

7. Achieve economic benefits              X O A O O A A V 

8. Commitment to improve 
environmental performance               X A A A O O V 

9. Improving operational 
efficiency of the supply chain                  X O O O O V 

10. Competition                   X V O O V 

11. Stakeholder pressure                     X O O V 

12. Achieve preferential treatment 
and government incentives                     X V V 

13. Achieve first mover 
benefits                         X V 

14. GSCM practices                           X 

 
3.3    Development of Reachability Matrix (Rij) 
To develop the reachability matrix Rij, first Sij is altered into a binary matrix called initial 
reachability matrix (IRij) by substituting V, A, X, O by 1 or 0 using the following 
conditions: 
If the value (i, j) in Sij is V, then (i, j) value in Rij becomes 1 and (j, i) becomes 0. 
If the value (i, j) in Sij is A, then (i, j) value in Rij becomes 0 and (j, i) becomes 1. 
If the value (i, j) in Sij is X, then (i, j) element in Rij becomes 1 and (j, i) becomes 1. 
If the value (i, j) in Sij is O, then (i, j) element in Rij becomes 0 and (j, i) becomes 0. 
The IRij matrix is given in Table 3. The final reachability matrix (FRij) is attained by 
applying the transitivity rule, an assumption made in ISM, which states if the enabler ‘a’ 
is related to ‘b’ and if ‘b’ is related to ‘c’, then ‘a’ is necessarily related to ‘c’. The FRij 
thus obtained is given in Table 4. 
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Table 3    Initial Reachability Matrix 

Enablers of GSCM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. Government regulation and 
legislation 1 0 0 0 0 1 0 1 0 0 1 0 0 1 
2. Compliance to client specifications 0 1 0 0 0 1 0 1 0 0 0 0 0 1 
3. Proactive GSCM strategic planning 0 0 1 0 0 1 1 1 1 0 0 1 1 1 
4. Leadership 0 0 1 1 0 1 1 1 1 0 0 1 1 1 
5. Availability of resources 0 0 1 1 1 0 0 0 0 0 0 0 0 1 
6. Internal environmental 
management 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
7. Achieve economic benefits  0 0 0 0 0 1 1 0 0 0 0 0 0 1 
8. Commitment to improve 
environmental performance 0 0 0 0 0 1 0 1 0 0 0 0 0 1 
9. Improving operational efficiency of 
the supply chain  0 0 0 0 0 1 1 1 1 0 0 0 0 1 
10. Competition 0 0 0 0 0 0 0 1 0 1 1 0 0 1 
11. Stakeholder pressure 0 0 0 0 0 1 0 1 0 0 1 0 0 1 
12. Achieve preferential treatment 
and government incentives 0 0 0 0 0 1 1 0 0 0 0 1 1 1 
13. Achieve first mover benefits 0 0 0 0 0 1 1 0 0 0 0 0 1 1 
14. GSCM practices 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

 

Table 4     Final Reachability Matrix 

Enablers of 
GSCM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Driving 

Power 

1. Government 
regulation and 
legislation 

1 0 0 0 0 1 0 1 0 0 1 0 0 1 5 

2. Compliance to 
client 
specifications 

0 1 0 0 0 1 0 1 0 0 0 0 0 1 4 

3. Proactive 
GSCM strategic 
planning 

0 0 1 0 0 1 1 1 1 0 0 1 1 1 8 

4. Leadership 0 0 1 1 0 1 1 1 1 0 0 1 1 1 9 

5. Availability of 
resources 0 0 1 1 1 1* 0 1* 1* 0 0 1* 1* 1 9 

6. Internal 
environmental 
management 

0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 

7. Achieve 
economic benefits  0 0 0 0 0 1 1 0 0 0 0 0 0 1 3 

8. Commitment to 
improve 
environmental 
performance 

0 0 0 0 0 1 0 1 0 0 0 0 0 1 3 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

9. Improving 
operational 
efficiency of the 
supply chain  

0 0 0 0 0 1 1 1 1 0 0 0 0 1 5 

10. Competition 0 0 0 0 0 1* 0 1 0 1 1 0 0 1 5 

11. Stakeholder 
pressure 0 0 0 0 0 1 0 1 0 0 1 0 0 1 4 

12. Achieve 
preferential 
treatment and 
government 
incentives 

0 0 0 0 0 1 1 0 0 0 0 1 1 1 5 

13. Achieve first 
mover benefits 0 0 0 0 0 1 1 0 0 0 0 0 1 1 4 

14. GSCM 
practices 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Dependence 
Power 1 1 3 2 1 # 6 9 4 1 3 4 5 14 67/67 

The transitivity links are denoted by * 
 
3.4    Level Partitioning of Final Reachability Matrix 
This step is extracting the hierarchical order of the enablers from FRij (Warfield, 1974). 
First the reachability set R (Si) and antecedent set A (Si) is extracted from FRij. R (Si) 
consist of the enabler itself and the others enablers it may help achieve, while A (Si) 
consists of the enabler itself and other enablers which help in achieving it. The 
intersection of A (Si) and R (Si) is identified for all enablers. The enabler for which the 
condition R (Si) ∩ A (Si) = R (Si) is ranked 1st and placed in the top level of the ISM 
hierarchy and there would not be any other enabler placed above it. After identifying the 
top level enabler, it is removed and the iteration is continued to find the level of each 
enabler. In this case, the levels of all the 14 enablers are identified in 7 iterations. The 1st 
iteration and the final level partitioning of the enablers are given in Table 5 and Table 6 
respectively.  
 
Table 5     First iteration of enablers 

Enablers of GSCM Reachability Set   
R (Si) 

Antecedent Set 
A (Si) Intersection Level 

1. Government 
regulation and 
legislation 1, 6, 7, 8, 11,14 1 1   

2. Compliance to 
client specifications 2, 6, 7, 8, 14 2 2  

 3. Proactive GSCM 
strategic planning 3, 6, 7, 8, 9, 12, 13, 14 3, 4, 5 3   

4. Leadership 3, 4, 6, 7, 8, 9, 12, 13, 14 4, 5 4   
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5. Availability of 
resources 

3, 4, 5, 6, 7, 8, 9, 12, 13, 
14 5 5   

6. Internal 
environmental 
management 6, 14 

1, 2, 3 ,4, 5, 6, 7, 8, 9,10, 11, 
12, 13 6   

7. Achieve 
economic benefits  6, 7, 14 

1, 2 ,3, 4, 5, 7, 8, 9, 10, 11, 
12, 13 7   

8. Commitment to 
improve 
environmental 
performance 6, 7, 8, 14 1 ,2, 3, 4, 5, 8, 9, 10, 11 8   

9. Improving 
operational 
efficiency of the 
supply chain  6, 7, 8, 9, 14 3, 4 ,5 ,9 9   

10. Competition 6, 7, 8, 10, 11, 14 10 10   

 11. Stakeholder 
pressure 6, 7, 8, 11, 14 1, 10, 11 11   

12. Achieve 
preferential 
treatment and 
incentives 6, 7, 12, 13, 14 3, 4, 5, 12 12   
13. Achieve first 
mover benefits 6, 7, 13, 14 3, 4, 5, 12, 13 13   

14. GSCM 
practices 14 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12,  13, 14 14 I 

 
Table 6     Final level partitioning of enablers 

Enablers of GSCM Level 
1. Government regulation and legislation                             VII 
2. Compliance to client specifications VII 
 3. Proactive GSCM strategic planning V 
4. Leadership VI 
5. Availability of resources VII 
6. Internal environmental management II 
7. Achieve economic benefits  III 
8. Commitment to improve environmental performance III 
9. Improving operational efficiency of the supply chain  IV 
10. Competition VII 
 11. Stakeholder pressure VII 
12. Achieve preferential treatment and incentives IV 
13. Achieve first mover benefits IV 
14. GSCM practices I 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

3.5   Development of Diagraph 
The enabler ranked 1st is placed at the top level and succeeding ranks are positioned 
below it, till the lowest level is placed in the diagraph. Then the direct relationship 
between enablers i and j is shown by an arrow directing from i to j. Indirect transitivity 
links are neglected and the final digraph is obtained and is given in figure 1.  
 
Figure 1    Diagraph of enablers 

 
 
3.6    Development of ISM model from the Diagraph 
The digraph in figure 1 is transformed to ISM model by replacing enabler nodes with 
statements. The ISM model is checked for conceptual inconsistency and necessary 
modifications are made if necessary to obtain the final ISM model presented in figure 2. 
Figure 2    Final ISM model of enablers 
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4    Dependence and Diving Power Analysis (DDPA) 
The DDPA is imperative in providing managerial implication about the enablers. The 
objective of the DDPA is to analyze the driving and dependence power of enablers.  
The driving power of an enabler is the total number of enablers (including itself) it may 
help achieve, whereas dependence power of the enabler is the total number of enablers 
(including itself) which may help achieve it. Driving power is obtained by tallying the 
number of ones in the columns of the final reachability matrix (FRij), while dependence 
power is obtained by tallying the number of ones in the rows of FRij. Table 4 provides 
the DDPA of all the 14 enablers. Based on the driving and dependence power, the 
enablers of GSCM are classified into four categories as follows: 

• Autonomous enablers: They have weak driving and dependence power. They 
stay disconnected from other enablers.  

• Dependent enablers: They have weak driving power and high dependence 
power. 

• Linkage enablers: They have relatively strong driving power and strong 
dependence power. The behaviors of the linkage enablers are dynamic as any 
action on them will have an effect on others and vice versa. 

• Independent enablers: They have strong driving power and weak dependence 
power. 

The results are then plotted graphically on a two dimensional graph with dependence 
power on the X axis and driving power on the Y axis. The graph is divided into four 
visual quadrants. Quadrant I represents autonomous enablers, Quadrant II represents 
dependent enablers, Quadrant III represents linkage enablers and Quadrant IV represents 
independent enablers. 
 
4.1   Classification of GSCM enablers into quadrants 
The classification of 14 enablers into four quadrants is given in Figure 3. There is no 
autonomous enabler in our study that falls in the first quadrant of the graph. The absence 
of any autonomous barrier indicates that all the enablers considered in the study have 
significance in the model. There are four dependent enablers that fall in the second 
quadrant, namely commitment to improve environmental performance, achieve economic 
benefits, internal environmental management and GSCM practices. These enablers are 
dependent on the other enablers in the system and appear at the top of the ISM hierarchy. 
Third quadrant consists of two linkage enablers. First mover benefits and improving 
operational efficiency of the supply chain fall in this category. They will appear in the 
middle of the ISM hierarchy. The independent enablers government regulation and 
legislation, compliance to client specifications, proactive GSCM strategic planning, 
leadership, and availability of resources, competition and stakeholder pressure falls in the 
fourth quadrant of the graph. They are also called key enablers because of its importance 
and form the base of the ISM model. Priority should be given to these enablers, since it 
possess high capability to influence others.  
 
 
 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

 
Figure 3    Classification of enablers by quadrants 

 
 
5   Discussion and conclusion 
In this paper, ISM methodology is applied to understand the nature of the enablers of 
GSCM in the UAE construction sector. The hierarchical model developed will assist 
policy makers to better understand the nature of the enablers and their mutual influence 
and hence prioritize actions to improve GSCM in the UAE. In the study several 
managerial implications can be drawn about the nature of the enablers of GSCM in the 
UAE. The final ISM model indicates two distinct path ways in the hierarchical model. 
From the diagraph (Fig. 1) the path 5-4-3-(9, 12, 13)-7-6-14 shows a proactive 
organizational strategy while path (1, 2, 11, 10)-8-6-14 shows a more reactive 
organizational strategy. 
5.1    Proactive Vs. Reactive Strategy 
In a proactive organizational strategy, availability of resources is the key driver of GSCM 
practices in the UAE. This includes both financial and human resources. So organizations 
having skilled professional and financial back up are more likely to implement GSCM. 
These organizations will act proactively, with leadership having the confidence to adopt 
GSCM. So proactive firms try to achieve first mover benefits, preferential treatment and 
government incentives and also try to improve the operational efficiency of the supply 
chain. Hence these companies have long term vision to improve their economic and 
environmental performance. They will incorporate necessary internal environmental 
management changes to implement GSCM practices. On the other hand in a reactive 
organizational strategy, government rules and regulations, compliance to client 
specifications, stakeholder pressure and competition will force organizations to improve 
their environmental performance. So firms have no option but to comply with the 
external forces. From a government perspective for implementing sustainable 
development, a balance should be kept to promote proactive GSCM practices and at the 
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same time tighten the rules and regulations to ensure organizations consider GSCM in 
their organizational strategy. However a research gap exists to understand the actual 
benefits of a proactive strategy as opposed to a reactive strategy or vice versa. 
5.2    Limitations of the study 
The ISM approach has its fair share of limitations. In ISM, inherent subjectivity in the 
selection of the panel, the subjective judgment of the group in deciding the direction of 
the relationship between the enablers can be biased or may not reflect the real world 
scenario. Further ISM considers the mere relationship among the enablers and doesn’t 
provide the strength of association of the enablers. In the current paper only 14 enablers 
were identified from the literature. There can be more enablers influencing the GSCM 
practices in the UAE, and the process of identifying the enablers should not be limited to 
the literature. 
5.3    Future extensions of the study 
In the future study, the model can be further developed by incorporating higher number 
of enablers of GSCM. This can be achieved through focus groups and interviews with 
wider audience. The subjective nature of the judgment panel can be minimized by 
applying fuzzy set theory; an integrated fuzzy ISM approach will significantly improve 
the model. In addition the ISM model can be tested and validated using structural 
equation model (SEM) which can provide more reliable quantitative measure of the 
strength of association of the enablers. Case studies can be conducted in the future for 
select organizations to test the practical application of ISM. Further the model can be 
extended to other countries in the GCC having similar characteristics as UAE in terms of 
per capita emissions, GDP, human development index etc. In the way forward ISM 
methodology has significant piratical implications as a decision support tool in the future 
were sustainable development and carbon reduction is no longer an option but a must for 
all countries 
 
6. References 
Adetunji, I., Price, A. D. F. and Fleming, P. (2008) ‘Achieving sustainability in the construction 

supply chain’, Proceedings of the Institution of Civil Engineers Engineering Sustainability, 
Vol. 161, No. 3, pp.161 –172 

Alan, D, S. (2012) ‘Green manufacturing in the packaging and materials industry: case study of 
small-to-medium sized corporate eco-friendly initiatives’, Int. J. of Logistics Systems and 
Management, Vol.11, No.4, pp.429 – 449 

Alan, D, S. (2012) ‘Green Supply Chain Management and consumer sensitivity to greener and 
leaner options in the automotive industry’, Int. J. of Logistics Systems and Management, 
Vol.12, No.1, pp.1 - 31 

Ali, D. and Kannan, G. (2011) ‘An analysis of the drivers affecting the implementation of green 
supply chain management’, Resources, Conservation and Recycling, Vol. 55, No. 6, pp.659-
667  

Annika, V., Berit, B. and Charlotta, F. (2009) ‘Environmental consideration in procurement of 
construction contracts: current practice, problems and opportunities in green procurement in 
the Swedish construction industry’, Journal of Cleaner Production, Vol. 17, No.13, pp.1214–
1222 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

Arimura, T. H., Akira, H. and Hajime, K. (2008). ‘Is a voluntary approach an effective 
environmental policy instrument? : A case for environmental management systems’, Journal 
of Environmental Economics and Management, Vol. 55, No. 6, pp.281-295 

Balasubramanian, S. (2012). ‘A Hierarchical Framework of Barriers to Green Supply Chain 
Management in the Construction Sector’, Journal of sustainable development, Vol. 5, No. 10, 
pp.1913-9063. 

Ben Brik, A., Mellahi, K. and Rettab, B. (2013) ‘Drivers of Green Supply Chain in Emerging 
Economies’, Thunderbird Int'l Bus Rev, Vol. 55, No. 2, pp.123–136 

Berns, M., Townend, A., Khayat, Z., Balagopal, B., Reeves, M., Hopkins, M. and Kruschwitz, N. 
(2009) ‘The business of sustainability’, MIT Sloan Management Review, pp.1–82.  

Carris, J., Epstein, D., Thornback, J., Storer, S. and Bonfield, P. (2012) The role of the construction 
supply chain in delivering sustainable solutions on the Olympic Park. [Online] Learning 
legacy, Lessons learned from the London 2012 Games construction project. 
http://www.constructionproducts.org.uk/publications/technical/display/view/olympics-legacy-
at-ecobuild-2/ (Accessed 10 March 2013)  

Carter, C. R. and Dresner, M. (2001) ‘Purchasing’s Role in Environmental Management:    Cross-
Functional Development of Grounded Theory’, Journal of Supply Chain Management, Vol. 
37, No. 2, pp.12-27               

Chan, R.Y. K. and Lau, L.B.Y. (2001) ‘Explaining green purchasing behaviour: a cross-cultural 
study on American and Chinese consumers’, Journal of International Consumer Marketing, 
Vol. 14, Nos. 2/3, pp.9-41 

Chan, C. M. and Makino, S. (2007). ‘Legitimacy and multi-level institutional environments: 
Implications for foreign subsidiary ownership structure’, Journal of International Business 
Studies, Vol. 38, No. 4, pp.621-638    

Chen, Z., Li, H. and Wong, C. (2005) ‘Environal Planning: Analytic Network Process Model for 
Environmentally Conscious Construction Planning’, J. Constr. Eng. Manage, Vol. 131, No. 1, 
pp.92-101  

Dhanda, K.K. and Hill, R.P. (2005) ‘The role of information technology and systems in reverse 
logistics: a case study’, International Journal of Technology Management, Vol.31, Nos. 1-2, 
pp.140-151 

Digalwar, A. K. and Metri, B. A. (2004) ‘Performance Measurement Framework for World Class 
Manufacturing’, International Journal of Applied Management and Technology, Vol. 3, No. 2, 
pp.83-101 

Dubai Electricity and Water Authority (2011). Green Buildings Regulations and Specifications 
[online]. http:// www.dewa.gov.ae/images/greenbuilding_eng.pdf  

Eltayeb, T.K. and Zailani, S.H.M. (2011) ‘Drivers on the reverse logistics: evidence from 
Malaysian certified companies’, Int. J. of Logistics Systems and Management, Vol.10, No.4, 
pp.375 - 397 

Faisal, M. N. (2010) ‘Sustainable supply chains: a study of interaction among the enablers’ 
Business Process Management Journal, Vol. 16, No. 3, pp.508–529 

Fassoula, E. (2005) ‘Reverse logistics as a means of reducing the cost of quality’, Total Quality 
Management and Business Excellence, Vol. 16, pp.631-643 



   

 

   

   
 

   

   

 

   

    Title    
 

    
 
 

   

   
 

   

   

 

   

       
 

Ferguson, M. E. and Toktay, L. B. (2006) ‘The Effect of Competition on Recovery Strategies’, 
Production and Operations Management, Vol. 15, pp.351–368 

Francesco, T. and Fabio, I. (2010) ‘Shadows and lights of GSCM (Green Supply Chain 
Management): determinants and effects of these practices based on a multi-national study’, 
Journal of Cleaner Production, Vol. 18, pp.953-962 

Gorane, S. J. and Ravi, K. (2013) ‘Modelling the SCM enablers: an integrated ISM-fuzzy 
MICMAC approach’, Asia Pacific Journal of Marketing and Logistics, Vol. 25, No. 2, pp.263 
- 286 

González-Benito, J. and González-Benito, O. (2005) ‘A study of the motivations for the 
environmental transformation of companies’, Industrial Marketing Management, Vol. 34, 
pp.462 – 475 

Gonzalo, F. and Fernando, R. (2010) ‘A methodology to identify sustainability indicators in 
construction project management—Application to infrastructure projects in Spain’, Ecological 
Indicators, Vol. 10, No. 6, pp.1193–1201 

Helen, W. and Neil, J. (2012) ‘Sustainable supply chain management across the UK private sector’, 
Supply Chain Management: An International Journal, Vol. 17, No. 1, pp.15 - 28 

Hoffman, A. J. (2008) From Heresy to Dogma: An Institutional History of Corporate 
Environmentalism. Expanded ed., Stanford Business Books, Stanford. 

Holt, D. and Ghobadian, A. (2009) ‘An empirical study of green supply chain management 
practices amongst UK manufacturers’, Journal of Manufacturing Technology Management, 
Vol. 20, No.7, pp.933 – 956 

Hosseini, A. (2007) ‘Identification of Green Management of system’s factors: - A Conceptualized 
Model’, International Journal of Management Science and Engineering Management, Vol. 2, 
No.3, pp.221-228 

Hsu, C. W. and Hu, A. H. (2008) ‘Green Supply Chain Management in the Electronic Industry’, 
International Journal of Science and Technology, Vol. 5, No.2, pp.205-216 

Hsu, C., Tan, K. C., Zailani, S.H.M. and Jayaraman, V. (2013) ‘Supply chain drivers that foster the 
development of green initiatives in an emerging economy’, International Journal of 
Operations & Production Management, Vol. 33, No. 6, pp. 656-688 

Husted, B. W. (2003) ‘Governance choices for corporate social responsibility: to contribute, 
collaborate or internalize?’, Long Range Planning, Vol. 36, No. 5, pp.481-498 

Johnny, C. H., Maurice, K. S., Tzu-Liang, T., and David, S. A. (2009) ‘Opportunities in Green 
Supply Chain Management’, The Coastal Business Journal, Vol. 8, No. 1, pp.18-31 

Jonatan, P. and Marcel, D. (2009) ‘Overcoming Barriers to Sustainability: an Explanation of 
Residential Builders Reluctance to Adopt Clean Technologies’, Business Strategy and the 
Environment, Vol. 18, No. 8,  pp.515–527  

Jung, Y. L., Sui P. L and Xi, H. (2012), ‘Green practices in the Chinese building industry: drivers 
and impediments’, Journal of Technology Management in China, Vol. 7, No.  1, pp.50 – 63 

Katarzyna, G. (2012) ‘Sustainability in the Supply Chain: Analysing the Enablers’, Environmental 
Issues in Supply Chain Management, EcoProduction, pp.25-40 



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

Mathiyazhagan, K., Govindan, K., NoorulHaq, A and Geng, Y. (2013) ‘An ISM approach for the 
barrier analysis in implementing green supply chain management’, Journal of Cleaner 
Production, Vol.47, pp. 283–297 

Lee, S. (2008) ‘Drivers for the participation of small and medium-sized suppliers in green supply 
chain initiatives’, Supply Chain Management: An International Journal, Vol. 13, No. 3, pp.185 
– 198 

Lee, S. and Klassen, R.D. (2008) ‘Drivers and enablers that foster environmental management 
capabilities in small- and medium-sized suppliers in supply chains’, Production and 
Operations Management, Vol. 17, No. 6, pp. 573-86 

Lippman, S. (2001) ‘Supply Chain Environmental Management’, Environmental Quality 
Management, Vol. 11, No. 2, pp.11–14 

Lo, C.W. and Leung, S.W. (2000) ‘Environmental agency and public opinion in Guangzhou: the 
limits of a popular approach to environmental governance’, The China Quarterly, No. 163, pp. 
677-704 

Luthra, S., Kumar, V., Kumar, S., and Haleem, A. (2011) ‘Barriers to implement green supply chain 
management in automobile industry using interpretive structural modeling technique: An 
Indian perspective. Journal of Industrial Engineering and Management, Vol. 4, No. 2, pp.231-
257 

Marta, G., Miquel, C., Santiago, G., Nu´ria, F., Xavier, R. and Alba, F. (2009) ‘A methodology for 
predicting the severity of environmental impacts related to the construction process of 
residential buildings’, Building and Environment,  Vol. 44, No. 3, pp.558–571 

Martilla, J. A. and James, J. C. (1977) ‘Importance- Performance Analysis’, Journal of marketing, 
Vol. 41, No. 1, pp.77-79 

Maxwell, D. and Van der Vorst, R. (2003) ‘Developing sustainable products and services’, Journal 
of Cleaner Production, Vol. 11, No. 8, pp.883-895 

Min, H. and Galle, W. P. (2001) ‘Green purchasing practices of US firms’, International Journal of 
Operations and Production Management, Vol. 21, No. 9, pp.1222 - 1238  

Mudgal, R. K., Shankar, R., Talib, P. and Raj, T. (2009) ‘Greening the supply chain practices: an 
Indian perspective of enablers' relationships’, International Journal of Advanced Operations 
Management, Vol. 1, Nos. 2/3, pp.151 – 176 

Mudgal, R. K., Shankar, R., Talib, P., and Raj, T. (2010) ‘Modelling the barriers of green supply 
chain practices: an Indian perspective’, Int. Journal of Logistics Systems and Management, 
Vol. 7, No. 1, pp. 81-107 

Nidumolu R., Prahalad C. K., Rangaswami M. R. (2009) ‘Why Sustainability is now the key driver 
of innovation’ Harvard Business Review, Vol. 87, No. 9, pp.56-64 

Paulraj A. (2009) ‘Environmental motivations: a classification scheme and its impact on 
environmental strategies and practices’, Business Strategy and the Environment Vol. 18, No. 7, 
pp.453–468. 

Pfohl, H. C., Gallus, P. and Thomas, D. (2011) ‘Interpretive structural modelling of supply chain 
risks’ International Journal of Physical Distribution and Logistics Management, Vol. 41, 
No.9, pp.839 – 859 



   

 

   

   
 

   

   

 

   

    Title    
 

    
 
 

   

   
 

   

   

 

   

       
 

Rahman, F. and Sadeghpour, F. (2010), ‘Canadian Industry Practitioners Perception on LEED 
Credits’, Proceedings of the Construction Research Congress, Construction Institute of ASCE, 
Alberta, Canada, pp.1547-1556 

Rao, P. (2002) ‘Greening the supply chain: a new initiative in South East Asia’, International 
Journal of Operations & Production Management, Vol. 22 No. 6, pp.632 - 655 

Rao, P. and Holt, D. (2005) ‘Do green supply chains lead to competitiveness and economic 
performance?’, International Journal of Operations and Production Management, Vol. 25, 
No. 9, pp.898 – 916 

Ravi, V. and Shankar R. (2005) ‘Analysis of interactions among the barriers of reverse logistics’, 
International Journal of Technological Forecasting and Social change Vol. 72, No. 8, 
pp.1011-1029 

Rettab, B. and Ben Brik, A. (2008) Green Supply Chain in Dubai. [Online] Dubai Chamber Centre 
for Responsible Business, Dubai. UAE, http://www.dubaichamber.com/wp.../GREEN-
SUPPLY-CHAIN-IN-DUBAI.pdf 

Richey, R. G., Stefan, E. G., and Patricia, J. D. (2005) ‘The role of resource commitment and 
innovation in reverse logistics performance’, International Journal of Physical Distribution 
and Logistics Management, Vol. 35, No. 4, pp.233 - 257 

Sage, A. (1977). Interpretive Structural Modelling: Methodology for large scale Systems, McGraw-
Hill, New York, pp.91-164 

Sarkis, J. (2003) ‘A strategic decision framework for green supply chain management’, Journal of 
Cleaner Production, Vol. 11, No. 4, pp.397–409 

Sharma, S. and Vredenburg, H. (1998) ‘Proactive corporate environmental strategy and the 
development of competitively valuable organizational capabilities’, Strategic Management 
Journal, Vol 19, No. 8, pp.729–753.  

Simpson, D., Power, D. and Samson, D. (2007) ‘Greening the automotive supply chain: A 
relationship perspective’, International Journal of Operations and Production Management, 
Vol. 27, No. 1, pp.28-48 

Srivastava, S. K. (2007) ‘Green supply chain management: a state-of-the-art literature review’, 
International Journal of Management Reviews Vol. 9, No. 1, pp.53–80. 

Sourani, A. Sohail, M. (2011) ‘Barriers to addressing sustainable construction in public 
procurement strategies’, Engineering Sustainability, Vol. 164, No. 4, pp.229-237 

Sundarakani, B., Tan, A.W.K. and David, V.O. (2012) ‘Enhancing the Supply Chain Management 
performance using Information Technology: some evidence from UAE companies’, Int. J. of 
Logistics Systems and Management, 2012 Vol.11, No.3, pp.306 - 324 

Thomas, S., James, W., Steven, S. and  Alin. V. (2012) ‘Carbon dioxide reduction in the building 
life cycle: a critical review’, Proceedings of the Institution of Civil Engineers. Engineering 
Sustainability, Vol.165, No. 4, pp.281–292  

Tseng, M. (2013) ‘Modeling sustainable production indicators with linguistic preferences’, Journal 
of Cleaner Production, Vol. 40, pp.46-56 

United Nations Environmental Program. (2007). Building Standards and Climate Change: Status, 
Challenges and Opportunities [online]. www.unep.fr/shared/publications/.../DTIx0916xPA-
BuildingsClimate.pdf  



   

 

   

   
 

   

   

 

   

       
 

    
 
 

   

   
 

   

   

 

   

       
 

Vachon, S. (2007) ‘Green supply chain practices and the selection of environmental technologies’, 
International Journal of production Research Vol. 45, No.18–19, pp. 4357–4379. 

Wang, G., Wang, Y. and Zhao, T. (2008) ‘Analysis of interactions among the barriers to energy 
saving in China’, Energy Policy, Vol. 36, pp.1879–1889. 

Warfield, J. N. (1974). ‘Developing Interconnection Matrices in Structural Modeling’, Systems, 
Man and Cybernetics, IEEE Transactions, Vol. 4, No. 1, pp.81-87 

Walker, H., Di Sisto, L. and McBain, D. (2008) ‘Drivers and barriers to environmental supply chain 
management practices: Lessons from the public and private sectors’, Journal of Purchasing 
and Supply Management, Vol. 14, pp.69–85 

World Bank Report of UAE. (2009). [online]   http://data.worldbank.org/country/united-arab-
emirates (Accessed 12 November 2012) 

Wycherley, I. (1999) ‘Greening supply chains: the case of the Body Shop International’, Business 
Strategy and the Environment, Vol. 8, No. 2, pp.120-127  

Yu Lin, C. and Hui Ho, Y. (2008) ‘An Empirical Study on Logistics services provider, intention to 
adopt Green Innovations’, Journal of Technology, Management and Innovation, Vol. 3, No. 1, 
pp.17-26 

Zhou, P., Chen, D. and Wang, Q. (2013) ‘Network design and operational modelling for 
construction green supply chain management’, International Journal of Industrial Engineering 
Computations, Vol. 4, No.1, pp. 13-28 

Zhu, Q. and Sarkis, J. (2006) ‘An inter-sectoral comparison of green supply chain management in 
China: Drivers and practices’, Journal of Cleaner Production, Vol 14, pp.472-486 

Zhu Q., Sarkis, J. Kee-hung, L. (2007) ‘Green supply chain management: pressures, practices and 
performance within the Chinese automobile industry’, Journal of Cleaner Production, Vol. 15, 
pp.1041-1052 

Zhu, Q., Sarkis, J. and Lai, K. (2008) ‘Confirmation of a measurement model for green supply 
chain management practices implementation’, International Journal of Production Economics, 
Vol. 111, No. 2, pp.261-73. 

 


