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Abstract
Construction companies’ supply chains, their efficiency and effectiveness, and 
leanness and sustainability performance can influence competitiveness, cost and 
time effectiveness and sustainability performance of the construction companies. 
This paper aims to provide a preliminary list of lean and sustainability based 
supplier selection criteria to be considered in the supplier selection phase to 
support establishment of lean and sustainable construction supply chain. With 
this aim, following the literature review covering 16 standards, indices and 
certificates, the Delphi Method and Best-Worst Method (BWM) were applied. 
The literature review revealed 649 criteria which have been refined to eliminate 
the overlapped criteria.  In total 222 criteria were remained and grouped under 
4 main categories. Based on these 4 main categories of criteria, four main groups 
of four round Delphi Surveys were performed. Delphi survey outputs provided 
input to the BWM to further assess and organize the criteria for supplier selection. 
In BWM, all main groups’ optimal weights and their related criteria optimal and 
global weights were calculated. The identified criteria list can be considered as an 
input to the decision-making about supplier selection so that lean and sustainable 
construction supply chain establishment can be supported. This research is 
expected to be useful for construction industry professionals and academics in 
the relevant field.
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1. Introduction 
As construction industry (CI) has 
significant environmental footprint 
compared to other industries, 
complying with the Pareto principle, 
CI’s enhanced sustainability 
performance can be effective in the 
fight against climate change, and in 
supporting sustainable development. 
Competitive business world has 
inspired the suppliers to outperform 
their competitors by adopting novel 
and effective approaches for higher 
productivity and revenue (Shukla et al., 
2021). Significance of the supply chain 
(SC) development in this competitive 
environment is evident from studies 
in the literature (Narasimhan & Das, 
2000) as the SC has become a factor 
that distinguishes performance and 
competitiveness of a firm (Vickery et 
al., 1999; Morgan & Monczka, 1996). 
Egan (1998) asserted that the vital 
part is played by the SC in bringing 
about innovation and maintaining 
incremental and sustained performance 
improvements. Latham (1994) and 
Egan (1998) suggested that supply 
chain management (SCM) techniques 
should be implemented by the CI. 
Firms can improve their performance 
by evaluating the SC performance and 
eliminating the ineffective processes 
in pre-construction and construction 
phases. Involvement of numerous 
entities in the SC in the CI leads to 
complexity of the SC structure.

CI is significant from the develop-
ment and ecological point-of-views 
(Tatlici & Sertyesilisik, 2019). Re-
searchers have emphasized that SCM 
must include the sustainability di-
mensions of social, economic and en-
vironmental performance since 2000s 
(Rajeev et al., 2017). Researchers and 
scholars consider SCM as helpful for 
enhancing global environmental sus-
tainability and increasing business 
productivity at the same time (Acquaye 
et al., 2017). SC provides remarkable 
contribution to the formation of circu-
lar economy that ensures sustainable 
economic development. SCM calls for 
comprehensive information about rel-
evant processes, entities and individ-
uals, logistics, products and services, 
as well as breakdown of resources and 
traceability of resources at all phases 

of production from acquisition of 
raw materials to completion of ful-
ly-functional building or project (Tat-
lici & Sertyesilisik, 2019). CI requires 
a strategy that organizes SC processes 
to support the project planning and to 
improve SCM (Tatlici & Sertyesilisik, 
2019). As sustainable SCs necessitate 
efficient suppliers, suppliers must be 
selected carefully as they serve as the 
basis of SC systems (Rezaei et al., 2016; 
Suhi et al., 2019). 

Latham (1994) and Egan (1998) em-
phasized that there is a quality prob-
lem in the CI and low level of client 
satisfaction. Furthermore, CI is well-
known due to its environmental foot-
print. These problems are related with 
SC. Latham (1994) and Egan (1998) 
emphasized importance of SCM in 
CI. Construction organizations show 
interest in working alongside quali-
fied suppliers to ensure the projects’ 
success, attaining organizational ob-
jectives and rapidly recovering from 
interruptions in SC (Mahmoudi et 
al., 2022). Integration of lean and sus-
tainable approaches to SC process can 
support solution of CI’s problems. The 
main research problem of this research 
is related with how to establish lean and 
sustainable construction supply chain 
(LSCSC). The main research question 
of this paper is: “What are the supplier 
selection criteria for the establishment 
of LSCSCM?”

Sustainable and lean approaches’ in-
tegration into the construction process 
plays important role in minimization 
of the environmental footprint of the 
CI and SC. Lean construction (LC) re-
fers to the construction processes that 
deliver maximum value with lowest 
possible waste and minimum possible 
harm to environment and society (Le & 
Nguyen, 2021). Construction compa-
nies have been using the LC approach 
effectively for 20 years to render better 
performance (Le and Nguyen, 2021). 
Intensified competition can motivate 
companies to comply with sustainable 
and lean construction management 
principles. 

CI is seeking of the practice needs 
of implementation of lean and sus-
tainable management knowledge for 
competitiveness. LSCSCM orientation 
is a literature and industry gap (Bon-
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Gang Hwang & Wei Jian Ng, 2013; 
Martínez-Jurado & Moyano-Fuentes, 
2014; Wai Peng Wong & Kuan Yew 
Wong, 2014) to get competitive ad-
vantage in industry. Most construction 
companies have made it a practice to 
consider SC during the formulation 
of differentiation strategy due to sig-
nificance of SC in achieving compet-
itiveness (Waters & Waters, 2007). 
Effectiveness of SC can be established 
by implementing lean management 
approach and sustainable practices si-
multaneously. For example, the choice 
of a contractor is a complementary part 
of construction projects as the suitable 
contractor needs to be chosen that the 
construction projects and structures 
meet the quality standards (Erdogan 
et al., 2017). Efficiency in and compe-
tence of the contractor employed de-
termines the quality of the constructed 
structure or building (Zavadskas et al., 
2015). Establishment of an efficient SC 
can support customer value and com-
petitiveness of the firm (Rahman et al., 
2015).

Previous studies (e.g., Sevkli et al., 
2008; Patil & Adavi, 2012; Eshtehard-
ian et al., 2013; Cengiz et al., 2017; Po-
lat et al., 2017; Karabayir et al., 2020; 
Sabri et al., 2022) have mainly focused 
on and examined the supplier selection 
criteria. This current paper differs from 
the previous studies and contributes to 
the literature as it analyses sustainabil-
ity and lean approaches’ integration to 
the supplier selection process. Further-
more, this paper contributes to the lit-
erature as it employs the Delphi survey 
and BWM together in determination 
of the supplier selection criteria.

This paper aims to provide a pre-
liminary list of lean and sustainabili-
ty-based supplier selection criteria to 
be considered in the supplier selec-
tion phase to support establishment of 
LSCSC.

2. Literature review
Enhancing sustainability performance 
of its supply chains (SCs) can contribute 
to the sustainable production in 
CI and to reduce its environmental 
footprint. Organizations can 
enhance their performance through 
improved management of their SCs 
and establishment of long-standing 

associations with SC entities (Egan, 
1998). Hence, organizations must keep 
their SC under control and manage 
the processes (Maestrini et al., 2017: 
299). It is essential to ensure the timely 
involvement of the supplier (Vrijhoef, 
2011). The supplier selection decision 
at the project start plays significant 
role in minimization of cost, wastes 
and time losses. Furthermore, lean 
and sustainable SC is possible through 
effective supplier selection as supplier 
selected for the project based on the 
working standards, efficiency and 
material/method choices can affect the 
construction process. For this reason, 
achievement of the construction 
supply chain management (CSCM) is 
directly related to the success of the 
decisions made. Effective management 
of the project and its success depends 
on LSCSCM criteria. 

Researchers and experts held the 
view that sustainable SCs allow orga-
nizations and firms to be more pro-
ductive and to have greater reputation 
among clients (Chin et al., 2015). SCM 
entails practices that cover all phases 
of production and hence, it has be-
come an integral part of manufactur-
ing (Ferreira et al., 2016). Furthermore, 
sustainable SCs can reduce adverse im-
pacts of processes on the society and 
environment (Chin et al., 2015). Main 
activities of sustainable supply chain 
management (SSCM) include man-
agement and planning of SC processes, 
review of customer demands and em-
ployee requirements (Badri Ahmadi et 
al., 2017). SSCM efforts to ensure max-
imum profit and to control ecological 
and social impact of the SC processes 
(Badri Ahmadi et al., 2017). Specifi-
cally, organizations need to resort to 
SSCM including employees, suppliers 
and customers (Suhi et al., 2019).

LC practices and approaches gradu-
ally made their way to the SC and dis-
tribution in the decade of 1990 (Tor-
torella et al., 2018). Implementing lean 
practices in SCs leads to lower amounts 
of waste and consequently yields bet-
ter performance (Takeda-Berger et al., 
2018, Saudi et al., 2019; Tortorella et 
al., 2019). CI has benefitted from the 
implementation of lean practices (En-
shassi et al., 2019). LC approach has 
facilitated CI in better management 
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of SC by improving the integration 
and efficiency of the SC (Meng, 2019; 
Koskela et al., 2020). The workflow or 
plan of processes in the CSC is stream-
lined with the integration of lean prac-
tices into the SCM (Le & Nguyen, 
2021). There is still a need for more 
research on the emerging trend of in-
tegrating LC practices into CSCM (Lee 
& Nguyen, 2021). The concept of lean 
SCM emerged when lean principles 
and practices were incorporated into 
the SC (Khorasani et al., 2020). This 
concept further improved SCs perfor-
mance. Lean SCM enables construc-
tion companies to overcome many 
challenges by enhancing the awareness 
of relevant concepts, motivating the 
senior management to accept change 
and focus on social factors essential 
for effective SCM (Abu et al., 2019). 
Garcia-Buendia et al. (2021) indicated 
the possibility of better performance 
in case of implementing the lean ap-
proaches in SCM.

The basis of competition in many 
industries is related with SC develop-
ment (Narasimhan & Das, 2000). Prob-
lems in the SC need to be solved as fast 
and as effective as possible mainly due 
to the pressure on manufacturers and 
contractors to accomplish the work on 
time complying with quality require-
ments. Financial performance is exhib-
ited by those organizations that have 
acquired coordination and responsive-
ness skills, which are elements of SCM 
abilities performance (Yu et al., 2018; 
Liao & Kuo, 2014). Competitive edge 
is generated in SC performance due 
to SCM abilities that generate tangible 
and intangible assets (Asamoah et al., 
2021). Furthermore, they bring about 
SCM skills’ development (Asamoah et 
al., 2021). Failure in SCM can damage 
company’s reputation and risk compa-
ny’s survival. It is important for com-
panies to look for innovative ways to 
manage the rising competition in the 
global market. At such point, adopt-
ing a performance improving system 
to SC at relatively early stages of proj-
ects could minimize the breakdown 
between suppliers while supporting 
smooth continuity of work. This could 
lead to LSCSCM collaboration between 
designers and contractors to the advan-
tage of all parties to take a competitive 

advantage. As a result, the supplier se-
lection decision at the beginning of the 
project plays significant role in mini-
mization of loss and preventing poten-
tial problems. Moreover, LSCSC can 
be supported by cooperation with the 
most suitable supplier. Thus, suppliers 
can contribute to the improvement in 
communication by contractors.

The collaboration of the project and 
company features, human resources, 
and organizations have an impact on 
the SC and its process. SC’s effective-
ness depends on work motivation, 
adaptability, employee engagement, 
leadership, empowerment and shared 
norms (Othman & Ghani, 2008; Shub 
& Stonebraker, 2009). Effective SCs 
are typically found in organizations 
that offer employees continuous train-
ing (Smith-Doerflein et al., 2011). The 
human resource practices of an orga-
nization should be consistent with its 
SCM to support the SC members’ in-
volvement, encourage SC integration 
and ultimately, ensure that improved 
business outcomes are attained (Gó-
mez-Cedeño et al., 2015). A vital part 
is played by human resource manage-
ment (HRM) as it functions as a means 
of assigning relationships and respon-
sibilities within the SC (Lengnick-Hall, 
2013). There is a significant relation-
ship between certain HRM practices 
(Menon, 2012). Gómez-Cedeño et al. 
(2015) were of the view that there were 
substantial direct effects of HRM on 
SCM outcomes and SCM implementa-
tion, and indirect effects on improving 
organizational performance and cus-
tomer satisfaction. Alshurideh et al. 
(2022) emphasized the affirmative out-
comes of integrating HRM and SCM 
in organizational sustainable SCs for 
managers, practitioners and academ-
ics.

Trio of environmental factors, ma-
terial, and design is in interrelated in-
teraction. This trio can facilitate SC, if 
these are brought together in a project. 
Based on the project, the decision of 
the material planned to be used in the 
design phase and its environmental 
impact, affect in a closed loop. Making 
a clear decision on the material to be 
used in the design phase can reduce 
the disruptions that may occur in the 
SC and construction process. In fact, 
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the design team’s contact with poten-
tial suppliers during the design phase 
can facilitate the SC flow in the future. 
An increasingly significant perception 
in SCM is collaboration as it has been 
identified by enterprises that working 
together offers benefits that are signifi-
cantly greater than the risks (Kuo et 
al., 2021). When there is a smart SC, 
collaborative relationships between 
the stakeholders within the SC is en-
hanced (Kuo et al., 2021). SC network 
of the construction materials had and 
still has an environmental impact due 
to the requirements of industrializa-
tion and urbanization, particularly 
within the developing countries (Xu 
et al., 2020). Hence, it is vital to accu-
rately evaluate construction materials 
SC network environmental protection 
efficiency so that targeted and correct 
optimization measures can be formu-
lated and an economically and envi-
ronment-friendly construction materi-
als SC network can be ensured (Xu et 
al., 2020). Through these resource-ef-
ficient contributions, low-energy con-
sumption direction can be created and 
ecological damage and environmental 
pollution can be decreased. 

Performance and reporting can 
contribute to continuous monitoring 
of the SC and supplier performance. 
Strategy that can be used by companies 
as part of SSCM to cater to report on 
and enhance the degree of sustainable 
practices among suppliers as well as 
in their own operations is developing 
a sustainability report (Doorey, 2011). 
Researchers need to give increasing 
attention to the field of integrating 
SSCM with sustainability reporting 
(Wan et al., 2016). Strategy-making 

and long-term planning on the basis 
of sustainable development can be im-
proved by sustainability accountability 
and reporting (Niehaus et al., 2018). 
Furthermore, there is effect of sustain-
ability reporting on SSCM practices in 
leading companies as it causes the risks 
and operational efficiencies to be rec-
ognized and decreased, and supports 
the integration of sustainability issues 
within management procedures (Bun-
clark & Barcellos-Paula, 2021). The fo-
cus of earlier studies on construction 
SCs was on the way their construction 
projects performed, and not on their 
SCs, by measuring components like 
developer satisfaction and waste levels 
(Thunberg, 2016). Thunberg (2016) re-
sponded to this by proposing that CSC 
performance measurement should 
be carried out with respect to SC re-
sponsiveness, SC reliability and costs. 
A positive effect of SC agility, infor-
mation technology and SC resilience 
is determined by Cherian and Arun 
(2022) on SC performance. It is neces-
sary to improve the scientific rational-
ity and operability of green construc-
tion SC performance evaluation (Liu et 
al., 2018).

3. Methods
This paper aims to identify the 
criteria to be considered in the 
supplier selection phase to support 
establishment of LSCSC. With this 
aim, three step research process has 
been performed (Figure 1). 

Step 1: It is important to understand 
the role of environmental performance 
indicators (EPIs) in allowing experts to 
study environmental issues (e.g., pol-
lution, climate, energy, biodiversity, 

Figure 1. Three main steps of the research.



ITU A|Z • Vol 20 No 3 • November 2023 • G. Tatlici Kupeli, B. Sertyesilisik

622

erosion, environmental education and 
ecosystem services) and help them to 
assess efficiency of the methods that 
determine environmental impacts and 
exhaustion of natural resources (Ruez, 
2019). The EPIs allow experts to deter-
mine the impact of various actions af-
fecting the environment in either posi-
tive or negative ways with the different 
applications of EPIs for different situ-
ations (e.g., scales and topics) (Ruez, 
2019). Considering the literature, in-
ternationally used standards, indices 

and certificates covering sustainability, 
lean and environmental factors that 
can contribute to this study have been 
researched (Table 1). The standards 
have been selected according to the 
prevalence and scope of their world-
wide usage. Indices have been selected 
considering their contribution to the 
certifications for their inadequacies in 
accordance of lean and sustainabili-
ty approaches. For instance, as Passos 
Neto et al. (2022) mentioned, the crite-
ria from the Global Reporting Initiative 

Table 1. Brief definition of standards, indices and certificates.
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(GRI) were selected as it is a globally 
known and widespread organization. 
Furthermore, regarding to the certifi-
cations, 4 widely used certificates (i.e., 
Breeam, DGNB, Greenstar and Cas-
bee) were examined. In this context, 16 
standards, indices and certificates were 
examined in depth to determine the 
criteria for supplier selection to obtain 
LSCSCM (Table 1).

A total of 649 criteria were deter-
mined from 16 standards, indices and 
certificates that contribute to the aim 
of the study, which include sustainabil-
ity and lean approaches. The identi-
fied 649 criteria have been refined for 
four times as overlapped criteria were 
combined and repetitive criteria were 
removed in each refining phase until 
further iteration could not be possi-
ble (Figure 1). As a result, 222 crite-
ria were remained as input to the four 
group Delphi surveys (Figure 1). The 
identified 222 criteria were grouped 
into the four main categories [i.e., 
Project & Company features, Human 
Resources, Organizations (PHO), En-
vironmental Factors, Material, Design 
(EMD), Performance, Reporting (PR) 
and SC] based on their contents (Fig-
ure 1). The first group, PHO, focuses 
on the current capacity of the supplier, 
the training of its employees, and the 
performance of its human resources 
when selecting a supplier. The EMD 
group evaluates the construction sup-
ply chain (CSC) process by prioritizing 
its environmental impact. Meanwhile, 
the technical characteristics of the ma-
terials to be used are important, and 
also take attention on choosing the en-
vironmentally friendly material at the 
design stage. The PR group takes into 
account the potential supplier’s past 
performances when constructing the 
SC. Furthermore, it includes regular 
reporting by examining the perfor-
mance of selected suppliers in the SC 
process. The SC group focuses on the 
process itself, with the start of the pro-
cess.

Step 2: Four groups of Delphi sur-
veys were applied simultaneously to 
identify the criteria to be used in the 
weight analysis in Best-Worst Meth-
od (BWM). Complying with Chan 
et al. (2001), Yeung et al. (2007), and 
Sourani and Sohail (2015), the Delphi 

method of this research consisted of 
four rounds. Delphi Rounds 1 and 3 of 
all four main groups of Delphi meth-
od were conducted through online 
research tool (veti.itu.edu.tr). Delphi 
Rounds 2 and 4 of all four main Del-
phi groups were conducted through 
e-mails sent to the participants of the 
four group. According to Chan et al. 
(2001), proper selection of experts for 
the panel is essential for effectiveness 
of the methods. Sample of each Delphi 
group was identified specially for each 
Delphi group based on their exper-
tise and research areas. Identified lists 
of experts consist of academics and 
professionals in the relevant field. For 
PHO group 36 academics and 22 pro-
fessionals, for EMD group 27 academ-
ics and 5 professionals, for PR group 
32 academics and 28 professionals, 
and for SC group 44 academics and 23 
professionals were invited to research. 
Some participants were included in 
more than one group. For all 4 main 
Delphi survey groups, in total 159 ex-
perts (105 academics and 54 profes-
sionals) were asked to take part in the 
Delphi surveys. 

For the first round of the Delphi 
method, respondents in each group 
were inquired to choose minimum 5 
maximum 10 criteria that are the most 
supporting criteria for achievement 
of LSCSCM from their related Group 
point of view. The consolidated find-
ings from Round 1 were provided to 
respondents for Round 2 Delphi sur-
vey, and they were asked to evaluate 
their selections to determine if they 
wanted to change their initial choice. 
In the third round of the survey, par-
ticipants assigned scores to the crite-
ria using 5-point Likert scale ranging 
from 1 to 5 where 1 indicated ‘the least 
important’ and 5 indicated ‘the most 
important’. Only the criteria with 50% 
or more of expert approval in round 2 
were included in this round. The round 
4 required the participants to review 
the scores they had assigned earlier 
to their group criteria considered the 
compiled results obtained from the 
previous round. E-mails were sent to 
remind all participants who had not yet 
completed their forms for each round. 
The data obtained from the Rounds 3 
and 4 were transferred to the Statisti-
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cal Packages for Social Sciences (SPSS) 
program and the reliability statistics 
(Cronbach’s Alpha Coefficient), test 
of normality and correlation analysis 
were made for each group of criteria. 

 Step 3: Delphi survey outputs pro-
vided the input data for and the basis 
for the BWM to assess and organize 
the criteria for supplier–selection. Re-
zaei (2015) put forward a multi-crite-
ria decision making (MCDM) method 
namely the BWM to employ structured 
approach for comparisons to deal with 
the complexity. Unlike other MCDM 
methods involving pairwise compar-
isons, the BWM involves comparison 
of each criterion individually with the 
best and the worst criteria (Labella et 
al., 2021). Literature indicates better 
performance of BWM compared to 
the analytic hierarchy process (AHP) 
(Rezaei, 2015; Malek & Desai, 2019; 
Gupta et al., 2020). Numerous research 
has been conducted on BWM due to its 
greater effectiveness in comparison to 
AHP approach (Liu et al., 2021). More-
over, BWM renders more consistent 
results than other MCDM methods 
(Ajrina et al., 2018). BWM also out-
performed AHP in terms of statistical 
validation (Gupta et al., 2020; Moslem 
et al., 2020; Mostafaeipour et al., 2021). 
The main feature that makes BWM 
better than other methods is that this 
approach does not require many pair-
wise comparisons (Wankhede & Vi-
nodh, 2021). Additionally, limited data 
requirement and lesser time-consump-
tion are some of the pros of using BWM 
compared to traditional MCDM meth-
ods (Salimi & Rezaei, 2018). BWM has 
recently been used in the CI and has 
relatively limited resources in the lit-
erature (e.g., Norouzi & Namin, 2019; 
Scherz & Vafadarnikjoo, 2019; Mah-
moudi et al., 2020; Celik & Gul, 2021; 
Ghasemi et al., 2021). The BWM meth-
od was employed in this current study 
as it allows the experts to effectively ap-
ply the concept of LSSC in SCM in the 
CI. The BWM method entails 5 steps 
for assigning optimal and global weight 
to decision criteria (Rezaei, 2015): The 
initial step includes identification of 
decision criteria (determined via Del-
phi results) {c1; c2; ...cn} (Rezaei, 2015). 
The second step involves identification 
of the best and the worst criterion (Re-

zaei, 2015). The third step involves best 
criterion comparison over the other by 
the weightage valued between 1 and 9 
(where 1: equally important, 5: strong-
ly more important, and 9: extremely 
more important) (Rezaei, 2015). The 
assigned number indicates the signif-
icance of the best criterion over the 
other. This results in Best-to-Other’s 
vector, which is: AB = (aB1; aB2; ...; aBn), 
where aBj denotes the preference of best 
criterion over other (Rezaei, 2015). The 
fourth step involves comparison of the 
worst criterion over the other by the 
weightage valued between 1 and 9 (Re-
zaei, 2015). Similar to step 3, the ex-
perts assign weightage valued between 
1 and 9 to the criteria being compared 
against the worst one (Rezaei, 2015). 
The assigned number indicates the 
significance of the other criterion over 
the worst one (Rezaei, 2015). This re-
sults in Others-to-Worst vector, which 
is: Aw = (a1w, a2w, ..., anw), where ajw de-
notes the preference of criterion over 
worst criterion (Rezaei, 2015). The 
fifth and the last step involves deter-
mination of the optimal weights (w*

1, 
w*

2, ..., w
*
n) (Rezaei, 2015). To compute 

factors’ optimal weights, the maxi-

mum absolute differences    

and   for j should be mini-
mized (Rezaei, 2015). This can be for-
mulated as (Rezaei, 2015): Minmaxj 

,  subject to

     
, for all j (Rezaei, 2015).

This equation is converted into linear 
programming program to obtain the 
required solution as: Min ξ subject to

, for all j

, for all j

    
, for all j (Rezaei, 2015).

These steps were monitored for an-
alyzing the optimal weights between 
criteria of the four main groups (i.e., 
PHO, EMD, PR and SC). BWM study 
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was created via the SurveyMonkey 
form. This form was created complying 
with the 5 stages of BWM in compli-
ance with Rezaei (2015): comparison 
of all main groups (PHO, EMD, PR, 
SC) with each other, comparison of 
PHO sub-criteria (11 criteria), com-
parison of EMD criteria (8 criteria), 
comparison of PR criteria (8 criteria), 
and comparison of SC criteria (7 crite-
ria). After data were gathered, the opti-
mal weights were analyzed and calcu-
lated for all four main groups. Criteria 
optimal weights were found separately 
for all 4 main groups. Finally, all crite-
ria global weights were calculated and 
overall performance ranking was ob-
tained. Global weights calculated by 

multiplication of the criteria optimal 
weight and criteria’s related group op-
timal weight.

As the Delphi process (Step 2) in-
cluded reduction of the criteria set. 
Delphi participants consisted of ex-
perts from the CI and academics for 
the PHO, EMD, PR and SC groups. 
Furthermore, in BWM, it was aimed to 
create a new sample who could objec-
tively evaluate the remaining criteria 
in Delphi as a whole process without 
being bound by the 4 groups. To iden-
tify the sample for BWM, academics 
that have research papers on SCM, and 
CSCM experts have been searched. As 
a result, the new participants consisted 
of 27 SC related academics and pro-

Table 2. Summary of results of the 1st and 2nd rounds of the Delphi Surveys.

Table 3. List of the groups selected criteria and their abbreviations selected from the 2nd round 
Delphi.
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fessionals. Lastly, the survey link was 
emailed to the sample.

4. Results
4.1. Data obtained through  
Delphi surveys 
4.1.1. Results of the 1st and 2nd 

Rounds of the Delphi Surveys for the 
4 main groups
In the first round, all data gathered 
form participants have been evaluated. 
The criteria which were rated at low 
level were eliminated. Consequently, 
the criteria with at least 20% of expert 
votes were kept for all 4 main groups 
(Table 2). As a result, 33 criteria out of 
42 were remained for the PHO group, 
19 criteria out of 87 were identified 
for the EMD Group, 23 criteria out of 
49 were remained for the PR group, 
and 24 criteria out of 44 for identified 
for the SC group for the 2nd round of 
Delphi surveys. For the second round 
of Delphi, all remained criteria in each 
group listed in an Excel file including 
the rate of criteria. Similar to Chan et 
al. (2001) and Yeung et al. (2007), the 
criteria that ensured minimum 50% 
rate in the second round were chosen 
for the Delphi round three. Summary 
of the data gathered from the second 
round from all groups is provided in 
Table 2. 

The list of the criteria selected from 
all four groups at the end of the 2nd 
round of Delphi surveys and criteria 
related references are provided in Table 
3. 

4.1.2. Results of the 3rd and 4th 
Rounds of the Delphi Surveys for the 
4 main groups
Data obtained through the 3rd and 4th 

rounds of the Delphi Surveys for the 
4 main groups were transferred to the 
SPSS computer software for computing 
analyzes to obtain correlation analysis. 
The following steps were monitored 
for analyzing the relationship between 
criteria of the four main groups (i.e., 
PHO, EMD, PR and SC). For the first 
step, the reliability test was computed 
for Rounds 3 and 4. At the second 
step, the normality test, skewness and 
kurtosis were performed for Rounds 
3 and 4. Results of the normality test, 
skewness and kurtosis values have 
been provided in the Appendix A. At 

the third step, correlation analysis was 
made for the Round 4 results. 

For the first step, all 4 main groups’ 
reliability statistics were computed and 
evaluated (Table 4). For the PHO group 
the Cronbach’s Alpha was calculated 
to be .852 in the 3rd round and 0.862 
in the 4th round. For the EMD group, 
the Cronbach’s Alpha was identified 
to be.741 for the 3rd round and 0.641 
for the 4th round as one participant 
failed to respond in the 4th round. For 
the PR group, Cronbach’s Alpha was 
calculated to be .602 for the 3rd round 
and 0.819 for the 4th round. For the SC 
group, Cronbach’s Alpha was calculat-
ed as .698 for the 3rd round and 0.780 
for the 4th round.

As the second step analysis for all 
groups criteria (i.e., PHO, EMD, PR 
and SC), the skewness and kurtosis 
values obtained through SPSS showed 
normal distribution according to Ta-
bachnick standard range (± 1.5) for 

Table 4. The Alpha Cronbach Value results of Rounds 3 and 4.

Table 5. Matrix of correlation between the PHO, EMD, PR and SC 
criteria.
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all four main groups. In accordance 
with the normal distribution results 
of groups, the Pearson correlation test 
was performed as the third and the last 
step of the Delphi study to assess the 
relationship between normally distrib-
uted data.

In the Table 5, the Pearson correla-
tion matrix of each group was ana-
lyzed in the SPSS program as a result 
of the 4-rounds of the 4 group Delphi 
surveys, and criteria directly related to 
each other were determined. The cri-

teria having 1% significance level cor-
relation for each group are indicated in 
black and bold character in the Table 
5. The criteria having 5% significance 
level correlation for each group shown 
are indicated in red and bold charac-
ter (Table 5). At the end of the Delphi 
Round 4 of each 4 main Delphi group, 
all remaining criteria were used as in-
puts to the BWM study to analyze their 
optimal and global weights and rank 
them according to their importance.

4.2. BWM results
The survey was conducted from 
practitioners’ perspectives to identify 
the criteria level of importance. In total, 
15 responses were obtained from 27 SC 
related academics and professionals. 
The results from SC professional 
participants (SCPP) were monitored 
for analyzing the optimal and global 
weights between criteria of the 4 main 
groups (i.e., PHO, EMD, PR and SC).

Optimal weight of the SC main 
group (0.372196) ranked higher fol-
lowed by the EMD group (0.328268), 
the PR group (0.181770) and the PHO 
group (0.117766) (Table 6). The result 
depicts SC as the most effective perfor-
mance group for achieving LSCSCM. 
It is found that the EMD group is the 
second important group whereas the 
PHO group has the least importance 
level. 

Following the groups optimal 
weights calculation, analyzes were 
made within the criteria of each group 
and their optimal weights were found. 
From the Table 7, in the SC group, SC6 
(0.201153) was found to be the most 
effective criteria. SC7 (0.158627) oc-
cupies second position in the group. 
These criteria were followed by SC2 
(0.145890), SC1 (0.135770), SC5 
(0.125810), SC4 (0.122110), and SC3 
(0.110640). 

In the EMD group, EMD7 (0.137098) 
was found to be the most effective cri-
teria. EMD6 (0.128283) was ranked 
second in the LSCSCM adaptation 
performance in CI. These criteria were 
followed by EMD2 (0.128255), EMD4 
(0.127970), EMD1 (0.127432), EMD5 
(0.123907), EMD8 (0.121144), and 
EMD3 (0.105910).

In the PR group, PR5 (0.141497) 
was found to be the most effective 

Table 6. Optimal weights of four groups for 
supporting establishment of LSCSCM.

Table 7. Global weights of all four groups’ 
criteria that have impact on lean and 
sustainable SC.
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criteria followed by PR6 (0.140036), 
PR7 (0.133770), PR3 (0.130234), PR2 
(0.127107), PR1 (0.117317), PR4 
(0.106771) and PR8 (0.103269).

In the PHO group, ‘Integrating sus-
tainability into the firm’s brand strate-
gy (PHO8)’ (0.125880) is found to be 
the most significant criterion in group 
followed by PHO2 (0.104568), PHO6 
(0.104368), PHO4 (0.093743), PHO7 
(0.091617), PHO5 (0.086062), PHO1 
(0.084365), PHO10 (0.083730), PHO3 
(0.076483), PH11 (0.075671), and 
PHO9 (0.073514).

The criteria are ranked and com-
pared with global weight values to 
present a clear picture of significant 
criteria. SC6 (0.074868) criteria from 
SC group ranked first as global weight 
and the following second and third 
ranked criteria are SC7 (0.059040) and 
SC2 (0.054300) (Table 7). Further-
more, the global last ranked three cri-
teria are from PHO group which also 
ranked last in group optimal weighting. 
These globally last ranked criteria from 
highest to lowest weight are as follows; 
PHO3 (0.009007), PHO11 (0.008911) 
and PHO9 (0.008657).

5. Discussion
According to the Delphi results, 11 
out of 42 criteria for PHO, 8 out of 87 
criteria for EMD, 8 out of 49 criteria 
for PR, and 7 out of 44 criteria for SC 
have been elected. Criteria obtained 
through Delphi surveys were used 
as input to the BWM. Global weights 
show that the decision makers in the 
BWM focus on the SC group criteria as 
a priority. Although the group rankings 
from the highest to the lowest are as 
SC, EMD, PR and PHO, the related 
criteria ranking order shows variety 
in order. Global weights ranking can 
be used for the supplier selection. 
SCPPs’ top global weighted criteria in 
the descending order can be briefly 
explained and discussed as follows 
(Table 8):

SC6 (0.074868) can contribute to 
SC performance. It is vital to actively 
accomplish monitoring of the specifi-
cations and guidelines throughout the 
project life cycle. Controlling can make 
it easier to determine the variance and 
adopt the required precautions on time 
(Sertyesilisik, 2016).

SC7 (0.059040) conforms to the 
principles of leanness as well as sus-
tainability. Hence, it is possible to 
identify supply related environmental 
and social risks early on (Koplin et al., 
2007). Precautions need to be adopted 
to ensure that the operations are car-
ried out smoothly (Sertyesilisik, 2016). 
The steps that are critical in choosing 
the strategy and ensuring objectives 
include identifying environmental 
factors, and assessing and prioritizing 
them (Alfaro-Saiz et al., 2020). These 
steps can help in identifying the ef-
forts that should be made and hence, 
allocating resources that would be used 
within the SC. Each member of the SC 
should possess green knowledge and 
have the financial expertise to deter-
mine the SCM practices that are most 
appropriate for the organizations (Jing 
et al., 2019).

SC2 (0.054300) was found to be the 
third important criterion. Another fac-
tor that plays an essential part in the 
selection of supplier is geographical 
location because it has an impact on 
the lead time, logistics costs, and trans-
portation (Wawasan Open University, 
2012). There are certain organizations 
that need their suppliers to be situated 
within a given distance from their fa-
cilities. Furthermore, SC1 (0.050533) 
evolved to be a critical strategy for SC 
resilience. Prashara (2021) states that 
collaborating with local suppliers and 
service providers supports local com-
munities with respect to generating 
trust, achieving market sustainability, 
and benefits at the societal level. Local 
presence is vital from the industrial 
point of view for fulfilling market re-
quirements so that rapid, reliable, flexi-
ble, and more cost-efficient product and 
service delivery can be attained (Chris-
topher, 2021). Suppliers can be protect-
ed from SC disruptions and external 
risk factors through localization as this 
strategic solution can decrease prob-
lems related to distance, variations in 
international currency, transportation 
costs, geopolitical risks, and worldwide 
market fluctuations (Andersson & Seg-
erdahl, 2012). Furthermore, manufac-
ture of building materials may provide 
important employment benefits to the 
local region (Rousseau, 2009). This can 
contribute to the social sustainabili-
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ty, and economic development of that 
region. Additionally, in recent times, 
there are a greater number of suppliers, 
retailers and SC members that are keen 
on using localization strategies in their 
specific areas to deal with SC risks and 
disruptions in the post-COVID-19 pe-
riod (Sakthivel et al., 2021). 

SC5 (0.046826) can help the prod-
ucts to keep a specified level of per-
formance. The materials to be used in 
construction vary widely. As different 
storage conditions may be required for 
each material, it should be ensured that 
the necessary conditions are provided 
at site as well as in the manufacturer 
company so that materials do not get 
wasted.

SC4 can help suppliers to have more 
product information than their com-
petitors. There is an inherent link be-
tween the sustainability concept and 
digital transformation, which increas-
ingly becomes involved in all business 
domains, ranging from governance 
to operations (Bigliardi & Filippelli, 
2022). Hermundsdottir and Aspelund 
(2021) asserted that consistent with the 
results of majority of the studies, firm 
competitiveness was affected positively 
from sustainability innovations. Fur-
thermore, Yalabik and Fairchild (2011) 
stated that when there is competitive 
pressure from the market, environ-
mental innovation is driven to a higher 
degree than regulations.

EMD7 (0.045005) can provide sev-
eral advantages. For example, reducing 
CO2 emissions and global warming 
(Suhamad & Martana, 2020). From 
the sustainable development view-
point, construction materials refer to 
the way resources are used effectively 
to fulfil the needs for and requirements 
of the current and future generations, 
while decreasing the damage caused to 
the environment (Rostami et al., 2015; 
Weißenberger et al., 2014).

EMD6 (0.042111) necessitates selec-
tion of appropriate suppliers. Taking 
precautions require improvement in 
the way technological and organiza-
tional solutions are developed for con-
structing urban environments with rel-
atively few resources (Chebanova et al., 
2019). Furthermore, the vital econom-
ic and technical indicators of buildings 
construction may be improved by en-

suring the quality of construction ob-
jectives (Chebanova et al., 2019).

EMD2 (0.042102) can support 
achievement of sustainability. It is vi-
tal to use more recycled materials 
(Shooshtarian et al., 2020a). When re-
cycled materials are used at any stage, 
the need to obtain new materials is 
decreased (Treloar et al., 2003). A reli-
able technique that is used for manag-
ing construction and demolition waste 
is waste recovery (Shooshtarian et al., 
2020b). Using recycled materials in the 
CI can reduce the need for raw materi-
als so that material depletion and other 
environmental issues can be reduced 
(Oyedele et al., 2014).

EMD4 (0.042008) can be a bene-
ficial factor in the SC. When the sup-
plier’s location is close to the company, 
lower transport and delivery expenses 
can be incurred. Similarly, in case easi-
ly deformed product is supplied, a bet-
ter option would be to source a suppli-
er near the business so that the goods 
could be rapidly delivered (Factors In-
fluencing Choice of Supplier, 2022). 

6. Conclusion
This paper identified a preliminary list 
of lean and sustainability based supplier 
selection criteria to be considered in 
the supplier selection phase to support 
establishment of LSCSC. With this 
aim, following an in-depth literature 
review, four groups of four-stage 
Delphi surveys and the BWM have 
been applied. One of the most critical 
aspects of a successful construction 
project is the CSCM. Integration of 
lean and sustainable approaches to 
the construction SC can act as a key 
for the construction companies to get 
competitive advantage as it can support 
reduction in waste, elimination of waste 
of time, reduction in loss of money and 
lack of coordination and enhancement 
in effective use of resources and 
logistics. LSCSCM can support setting 
up an effective organization chart in the 
beginning of the construction project 
as it can support selection of suppliers. 

SCPPs’ top ten global weighted crite-
ria in the descending order were deter-
mined as (Table 8): SC6; SC7; SC2; SC1; 
SC5; SC4; EMD7; EMD6; EMD2; and 
EMD4. Recommendations for applica-
tion of these identified top ten global 
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weighted criteria in CI are described in 
Table 9. All criteria are important for 
supplier selection to enhance LSCSCM 
performance (Table 8). Considering 
these criteria and using them in sup-
plier selection as input to the decision 
process can support CI professional’s 
decision-making process. With this 
roadmap, the selection process can be 
able to progress faster and result-ori-
ented and support achievement of lean 
and sustainable chain establishment 
considering cost, time, performance, 
environment, and quality aspects. In 
addition to supplier selection, moni-
toring the performance of SC5, EMD7, 
EMD2 and EMD4 criteria throughout 
the SC process can contribute to the 
LSCSCM. Furthermore, criteria can be 
included in the contract to ensure that 
SC members comply with LSCSCM 
requirements. Similarly, SC4, EMD7, 
EMD2 and EMD4 can be qualified as 
criteria to be included in the contract.

Regarding SC6, the budget and tim-
ing of the project targets can be kept 
through deterrent sanctions on the 
stakeholders. Furthermore, in addition 
to budget, quality and time factors, 
environmental effects should be taken 
into account while creating the SC for 
SC7. Application of lean approaches 
in the production process can ensure 
that the environmental footprint is 
minimized. According to the SC2, the 
suppliers should be selected by deter-
mining the optimum distance based 
on the ease of transportation of the 
project location. For example, it can be 
possible to minimize disruption in the 
materials supply and labor due to the 
adverse weather conditions. Thus, time 
and financial losses can be avoided/re-
duced. SC1 mentioned that local sup-
pliers should be given priority to take 
quick action in possible design changes 
during the construction process. It can 
have a positive effect in terms of com-

Table 8. Recommendations for application of top ten weighted criteria obtained from BWM 
results in CI.
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munication and ease of control of the 
production process. Moreover, regard-
ing SC5, construction site is a com-
plex area where material circulation is 
intense. Materials delivered too early 
may be damaged, causing time and fi-
nancial loss. Material and quality per-
formance can be increased through JIT 
application. For SC4 criterion, selecting 
suppliers open to innovative practices 
(e.g., sustainability and lean) can con-
tribute to the project. In each process 
where the supplier takes conscious ac-
tion, the workload of the construction 
manager may decrease. Looking at the 
project profile, it can gain competitive 
advantage in CI. Selecting materials 
that comply with the Sustainable and 
Green Material Certification as men-
tioned in EMD7 can contribute to the 
competitive advantage. Furthermore, 
for EMD6, experienced suppliers who 
have done business in the same envi-
ronment as the project location should 
be selected for the construction process 
and material procurement to progress 
in harmony. Thus, solution-oriented 
and fast material selection, applica-
tion and supply can be supported. For 
EMD2, selecting a supplier that can 
make applications with partially re-
cyclable materials in the project can 
support sustainability and competitive 
advantage. Finally, supplier location is 
an important EMD4 criterion for re-
ducing logistics’ carbon footprint. Ma-

terials’ transport system selection can 
further contribute to this. Suppliers 
with environment-friendly packaging 
and planned delivery can minimize 
waste, unnecessary cost increases and 
environmental impacts. 

Difficulties were encountered in this 
research. For example, difficulties en-
countered in BWM study were mainly 
due to participants’ unfamiliarity with 
the method. Furthermore, the main 
limitation of this research is its focus 
on the supplier selection phase. 

Project managers and construction 
executives may use this research re-
sults as an initial step to assess, track, 
and improve their SCs performance. 
This study has the significance of pio-
neering use BWM in the CI. Further-
more, it used Delphi survey and BWM 
successively. This study can provide 
a new perspective to academics and 
practitioners for understanding of how 
to further support LSCSCM. The im-
plications of this paper can be used for 
future research. Furthermore, future 
researches are recommended to focus 
on the effects of adapting Industry 5.0 
to the SC for lean and sustainable ben-
efits on suppliers.
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Appendix A. Normality test, skewness and kurtosis results for Delphi Round 
3 and 4.
Table A1. Shapiro-Wilk test results for the Group PHO’s Delphi Round 3.
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Table A2. Shapiro-Wilk test results for the Group PHO’s Delphi round 4.

Table A3. Skewness and kurtosis normality results comparison of the Group PHO’s rounds 3 
and 4.
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Table A4. Shapiro-Wilk test results for the Group EMD’s Delphi round 3.

Table A5. Shapiro-Wilk test results for the EMD’s Delphi round 4.

Table A6. Skewness and kurtosis normality results comparison of the Group EMD’s Delphi 
rounds 3 and 4.
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Table A7. Shapiro-Wilk test results for the Group PR’s Delphi Round 3.

Table A8. Shapiro-Wilk test results for the Group PR’s Delphi Round 4.

Table A9. Skewness and kurtosis normality results comparison of the Group PR’s Delphi 
Rounds 3 and 4.
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