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Abstract

In the construction industry, social, environmental and economic concerns are increasing in recent years. Sustainability
approach is gaining wide interest to solve these concerns. Sustainable supply chain management ensures environmentally
and socially pleasant practices, and provides economic gains. We propose a sustainable supply chain management model
for the construction industry in Turkey context, which considers all levels of construction process. The proposed model is
based on the life cycle assessment of buildings and employs triple bottom line sustainability dimensions—environmental,
social and economical. We utilize the analytic network process methodology to evaluate the sustainability level of construc-
tion sustainable supply chain management in Turkey by employing the principles of the green buildings performance rating
system (LEED). The contribution that lies in this paper provides the importance of sustainable supply chain management
elements in construction, reasons for insufficient sustainability and a framework to improve sustainability integration.
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Introduction

The extensive growth in the global economy and population
created a large demand of natural resources. Thus, organi-
zations search for cheaper and easier methods to procure
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natural resources. However, these actions often may cause
adverse effects on both environment and society in the long
term. For example, asbestos is widely used in isolation of
buildings, since it is easily mined, inexpensive, durable to
heat, electricity and chemical corrosion (Feric et al. 1997).
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However, asbestos is a highly pathologic material that may
cause cancer (Craighead et al. 1982). Another arising prob-
lem followed by increased demand for products is excessive
usage of natural resources. Due to the increase in population
and utilization of natural resources per individual, human-
ity is in danger of facing a lack of natural resources prob-
lems in the near future. Also, pollution and waste problems
occur because of the shortened usage time of goods, which
increases waste management and waste storage problems.
Therefore, handling the waste of products is another problem
that needs to be carefully considered.

Fortunately, there has been a noticeable increase in
awareness of sustainability concerns since the late 1990s
(Rajeev et al. 2017). This awareness leads to a change in
production methods and consumption behaviors. People are
more sensitive to use products that are manufactured with
environmentally friendly materials and processes. Environ-
mental considerations also affect the manufacturers’ busi-
ness model. They need to take into account environmental
concerns in design, production, delivery of the final product
and end-of-life management of the product after its useful
life (Srivastava 2007).

The construction industry also has a significant impact on
the environment. It is a major consumer of natural resources
and energy (Badi and Murtagh, 2019). The construction
industry is also accountable for 30-40% of the world’s total
carbon emission (Huovila, 2007) and 30% of solid waste
in the European Union (2015). Thus, governments intro-
duce strict regulations to reduce the negative environmental
impacts of the construction industry.

This study proposes a sustainable supply chain manage-
ment (SSCM) for the construction industry in a key emerg-
ing country, Turkey. The proposed model is based on the
life cycle assessment of buildings. All three sustainability
dimensions defined as the triple bottom line (TBL) by Elk-
ington (1998) are included in the model. The extant litera-
ture shows that most of the studies on SSCM employ multi-
criteria decision-making (MCDM) methods on the firm level
(Khan et al. 2021). We evaluate sector-level sustainability of
the Turkish construction industry using the analytic network
process (ANP) methodology, which is one of the conven-
tional MCDM methods. The principles of green buildings
performance rating system (LEED) are considered in the
evaluation to find the best alternatives. Also, an extensive
analysis of ANP results presents which alternatives need
improvement to increase the sustainability level of the Turk-
ish construction industry.

Section 2 of this paper presents an extensive literature
review on the sustainable supply chain management, Dimen-
sions of SSCM and SSCM in the Construction Industry.
Then, Sect. 3 discusses the methodology of ANP. Section 4
presents the application of the ANP method to the Turk-
ish construction industry. Section 5 presents computational

results and analysis. Finally, the last section discusses the
conclusions from our work and presents some directions for
future research.

Literature review

In this section, we first review the relevant literature to pro-
vide a concise definition of SSCM and explain its role in
the construction industry. We then present a brief coverage
of the underlying dimensions of SSCM used in this study.

Sustainable supply chain management

Sustainability has gained much more attention and actuated
policymakers and enterprise managers after the Rio Con-
ference on Environment and Development in 1992 (Seur-
ing and Miiller, 2007). It becomes a point of interest for
all parties globally, such as the governments, non-govern-
mental organizations (NGOs), academic communities and
businesses in recent years due to global warming, climate
change, environmental pollution and diminishing natural
resources. Sustainability’s primary goal is to protect natural
resources to provide livable conditions for future generations
using eco-friendly materials in production, manufacturing
recyclable products and providing efficient waste manage-
ment. Since sustainability involves stages of raw materials
acquisition, production, manufacturing, packaging, distribu-
tion, reuse, operation, maintenance and disposal of products
and services, the supply chains within a sustainable perspec-
tive have crucial importance in achieving this goal.

Sustainability is expressed as TBL consisting of envi-
ronmental, social and economic dimensions. The TBL
states that a system must reach at least minimum economic,
environmental and social requirements to be sustainable
(Jeurissen, 2000). In order to achieve a sustainable supply
chain, each part of it should have environmentally friendly
procedures, including product design, manufacturing, usage,
recycling and transporting among suppliers, manufacturers
and customers (Linton et al. 2007).

SSCM is defined by (Seuring et al. 2008) as "the manage-
ment of material and information flows as well as coopera-
tion among companies along the supply chain while taking
goals from all three dimensions of sustainable development,
i.e., economic, environmental and social, and stakeholder
requirements into account.”

Companies and organizations are required to contribute
to social welfare and decrease their environmental impact
while being profitable (McWilliams et al. 2016). SSCM
deals with issues like environmental-friendly production
and fair labor conditions, beyond reaching economic objec-
tives (Seuring, 2013). Dubey et al. (2017) classify the criti-
cal drivers of SSCM from the result of literature review, and
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they found twelve themes: strategic supplier collaboration,
green warehousing, continuous improvement, logistics opti-
mization, environment conservation, enabling information
technologies, internal pressures, institutional pressures, eth-
ics and social values, economic stability, commitment and
corporate strategy and green product design. Sharma et al.
(2020) introduced a hybrid multi-criteria decision-making
method to identify key factors effecting sustainability of sup-
ply chain networks of manufacturing companies. Their find-
ings show that external barriers such as lack of regulations
have more influence than internal barriers. Carter and Rog-
ers (2008) present a comprehensive literature review of the
SSCM. They frame a starting point to develop SSCM prac-
tices in organizations and listed some sustainability activities
such as decreased packaging use and disposal, shorter lead
times and better working conditions.

Assessment of SSCM policies according to a TBL,
including social responsibility, environmental performance
and economic aspects, also has been extensively studied
(Eskandarpour et al. 2015). TBL requires integrating health,
safety and environmental concerns with green product
design, green and lean operations, and closed-loop supply
chains (Kleindorfer et al. 2005). Zsidisin and Siferd (2001)
present a study that is one of the first literature reviews
and theoretical studies in this field, and they discussed the
environmental purchasing concept. Narimissa et al. (2020)
introduce a work that identifies the important aspects of sus-
tainability aspects which are crucial for assessing and the
supply chain.

Zailani et al. (2012) study the magnitude of SSCM imple-
mentation (such that sustainable packaging and environ-
mental purchasing) and investigate through the outcomes
of these SSCM practices on the performance of sustainable
supply chain with a questionnaire. According to the survey
results applied among manufacturing firms in Malaysia,
environmental purchasing has a positive effect on the eco-
nomic, social and operational outcomes, whereas sustain-
able packaging has a positive effect on economic, environ-
mental and social outcomes. Egilmez et al. (2014) study on
SSCM assessment in the US food manufacturing industry
by using economic input—output life cycle assessment and
data envelopment analysis. They indicate that supply chains
in food manufacturing sectors are heavily responsible for the
impacts, with 80% for water, energy and carbon footprint,
fishery and grazing categories.

Marshall et al. (2015) investigate the factors that drive the
adoption of different social sustainability supply chain prac-
tices in Ireland from different industries. The social sustain-
ability practices that they use are: basic (social monitoring
and social management systems) and advanced (social new
product and process development, social supply chain redefi-
nition). According to their findings, sustainability culture is
positively related to all the practices they addressed. Seuring
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et al. (2019) present a study using content and contingency
analysis on the base-of-the-pyramid (BoP) projects. They
interview with professionals from an export-oriented pineap-
ple supply chain (SC) in Uganda (34 interviewers) and the
local dairy SC Kenya (11 interviewers). Their findings show
that customer demands and pressure are the main drives for
sustainability developments when 3rd parties (NGOs, mid-
dlemen or certification agents) are involved in monitoring
and auditing suppliers. Paulraj et al. (2017) research the rela-
tionships among the SSCM practices, corporate motives and
firm performance on using survey method to 259 supply
chain firms in Germany. They find that relational and moral
motives are key drivers, and that firms exhibit moral obli-
gations in high levels of tend to outperform those primarily
driven by amoral considerations. Goni et al. (2020) present
important aspects of sustainable implementations. In par-
ticular, their findings indicate that sustainability is one of
the key drivers in sustainable business model.

Gardas et al. (2019) identify and analyze the influence
of determinants of SSCM on the operational and business
performance (OPR) of the case supply chain in the Indian
oil and gas industry. They use interpretive structural mod-
eling (ISM) and structural equation modeling (SEM) to
analyze the research data and find that the "Regulatory
Pressure (RP)" has the highest driving power and "Collabo-
rative Green Logistics" has a significant influence on the
OPR. Saumyaranjan & Lokesh (2020) explore the impact of
dimensions of green supply chain management to organiza-
tional performance.

Dimensions of SSCM

A sustainable supply chain can be achieved if three sustain-
ability dimensions are combined with supply chain manage-
ment (Linton et al. 2007). The first dimension, combined
with the supply chain, is the economic dimension. In apply-
ing the economic dimension to the supply chain, some key
points must be handled carefully. First of all, sustainability
implementation should not be conflicted with the company’s
interests (most of the time net profit) (Krajnc and Glavic,
2005). Secondly, cost and expenditure need to be decreased
in regards to the sustainability principles. In order to accom-
plish this, first, all elements of the supply chain need to be
observed, and then, the steps that result in waste are handled
with special care. An organization needs to observe all sup-
ply chain steps from raw material procurement to production
and delivery to customers.

The environment is the second dimension combined
with supply chain management. The objective is to manage
natural resources and their by-products throughout the sup-
ply chain. A resource enters supply chain leave as the final
product, by-products and/or waste at some point. Sustainable
supply chain management handles this flow by respecting
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environmental concerns. Management takes actions such
that recycling, solid waste management, energy conserva-
tion, water and air purification, and usage of electric vehi-
cles, renewable energy and resources, solar and wind power
(Shi et al. 2012).

The social dimension takes care of working conditions,
worker rights, social projects, the effect of layoffs, work-
ing hours, training and education, child labor, diversity
and equal opportunity, health and safety, etc. (Massaroni
et al. 2015). The most crucial element of the supply chain
is humans (workers and society). The social dimension of
sustainable supply chain conventionally focuses on work-
ing conditions to improve employees’ satisfaction and life
standards by providing a safe working environment, low rate
of accidents (or no accident), well-defined workers’ rights
and privileges (Seuring and Miiller, 2008). Recently, some
new subjects such as social equity, diversity, social quality
of life and integrated governance are included to the social
dimension of sustainability (Talan et al. 2020).

The social dimension of the sustainable supply chain is
also interested in the effects of companies’ activities on soci-
ety. For example, noise, dust, waste, etc. decrease the quality
of society’s life conditions (Seuring and Miiller, 2008). In
order to decrease the harmful effects of the supply chain on
society, a suitable grievance mechanism should be created,
and complaints must be handled properly, such that provid-
ing prompt answers and feedback and solving problems as
soon as possible. Although many companies still have some
shortcomings in implementation of SSCM practices, adapta-
tion of clear environmental management policies is growing
(Alves et al. 2020).

Dimensions of the supply chain have crucial importance
in the designation of sustainable supply chain management
objectives. Figure 1 presents a supply chain model that takes
into account all dimensions of sustainability. Particularly,
we demonstrate the interaction among all dimensions of a
sustainable supply chain.

SSCM in the construction industry

Construction supply chain management (CSCM) is an
emerging area of practice. CSCM involves the whole pro-
cess of construction, including plan, design, construction
and acceptance. The partners in CSCM are owners, general
contractors, subcontractors, designers and suppliers Li et al.
(2010). Due to the construction industry’s different charac-
teristics, it is characterized by complex supply chain net-
works delivering unique end products over short time scales
(Russell et al. 2018). Also, the structure of the construction
supply chain is long and intertwined. Thus, it is difficult to
evaluate the effects of different procedures, components and
materials (Bon and Hutchinson, 2000).

CSCM is inspired by manufacturing supply chain man-
agement, where the emphasis is on modeling quantity of
production, while differs considerably from it (O’Brien et al.
2008). The first difference is the type of production pro-
cess. In particular, in conventional manufacturing, the most
common type of production process is mass production. On
the other hand, the construction sector works based on the
projects. In the construction industry, workers, contractors,
products and even customer types might change one pro-
ject to another. Therefore, production in the construction
industry is specific to a single product (Serbetgioglu 2007).
Also, a product in the manufacturing industry is produced
at a permanent place (such that a factory), but in the con-
struction industry, the construction site and product changes
with respect to time and the projects. The other difference
in the construction industry is that many firms, known as
contractors, may need to work together unlike conventional
manufacturing. Most of the time, the final product is manu-
factured by a single firm (Segerstedt and Olofsson 2010).
The length of the time to finish a project is another dis-
tinctive aspect of the construction industry. Particularly, the
production of any commercial goods takes much less time
than any construction project. Therefore, resource planning
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(e.g., money, labor) of construction projects requires spe-
cial attention to plan long-term necessities (Segerstedt and
Olofsson, 2010). The supply of raw material routine in the
construction industry is also different than conventional
manufacturing. In conventional manufacturing, most of the
raw materials and intermediate products can be procured
and stored in advance. However, in the construction indus-
try, raw materials and intermediate products are procured
as needed. The last difference between the construction and
production industries is the lifetime of products. Products
of the construction industry may have much longer lifetime
than conventional manufacturing.

CSCM is studied in the literature with different perspec-
tives. Vrijhoef and Koskela (2000) present a study that iden-
tifies the four roles of the supply chain in the construction
industry. These roles are focusing on the interface between
the supply chain and the construction site, the supply chain,
transferring activities from the construction site to the supply
chain, and finally the integrated supply chain management
and the construction site. Li et al. (2010) propose a simula-
tion model for the CSCM, based on the multi-agent method
under the analysis of the special characters in CSCM. Shi
et al. (2016) study a mobile Internet-based CSCM with a
thematic and descriptive analysis of publications in this
area. They develop an integrated framework containing five
aspects of CSCM: material flow and supply management,
real-time information sharing and communication, coor-
dination and integration in CSC, technology support for
M-Internet and associated safety issues.

We discussed the construction and production indus-
try’s differences to point out that the construction industry
requires a special form of the supply chain. As we discussed
above, the conventional supply chain is not suitable for the
construction industry. Therefore, as a special form of the
supply chain, a construction supply chain is introduced. A
construction supply chain consists of phases of raw material
extraction, construction area selection, construction mate-
rial supply to the construction area, construction, operation
and maintenance, and finally, destruction and cleaning of
debris at the end of the building’s lifetime. The construction
phase consists of stages of designing the building, selecting
the contractors and constructing. A circular version of the

construction supply chain should include all stages of the
construction process from the extraction of raw materials to
the very end operations such as destruction and debris clean-
ing (Serbet¢ioglu 2007). Figure 2 depicts the construction
supply chain process.

Sustainable supply chain in the construction industry
involves utilizing best practices, clean and resource-efficient
techniques for construction from the extraction of the raw
materials to the demolition and disposal of all parts (Savage
and Lye 2011). In order to realize sustainable construction,
the industry should adopt and implement practices such as
green purchasing, government policies to promote sustain-
ability, cleaner production, which green the supply chain
(Ofori, 1999). Sustainable supply chain in construction
should take into account local and global goals (Presley and
Meade 2010).

Ofori (2000) states that the SSCM is not well known in
the construction industry based on a study for the Singapore
construction industry. Chun et al. (2015) present a work of
green supply chain management in the Korean construction
industry. They classify the SSCM activities in four factors,
i.e., green purchase, green production, green logistics and
reuse based on the results of factor analysis. Dadhich et al.
(2015) use a hybrid life cycle assessment method to analyze
the supply chain of plasterboard which is one of the most
commonly used products in the UK construction industry.
Their study shows how emission hotspots across the prod-
uct life cycle can be analyzed and identified using different
intervention options in the supply chain to decrease green-
house gas emissions.

Kim et al. (2016) examine the shared understanding of
suppliers’ environmental management capabilities between
the contractor and suppliers in Korea through a case study
investigating a supply chain comprising a major construction
company and 106 suppliers. Their study points out that the
suppliers’ self-evaluation scores of environmental capabili-
ties are higher than the contractor. Balasubramanian (2020)
study supply chain stakeholders’ responsibilities in deliver-
ing sustainable supply chain in the construction industry.
Alwan et al. (2017) present a case study in the UK construc-
tion industry on housing construction with zero carbon and
zero waste. They present a bottom-up strategy as a way of

Fig.2 Construction supply chain model
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coordinating the stakeholders within the industry. Balasu-
bramanian and Shukla (2017) present a multi-dimensional
green supply chain management (GSCM) framework and
validate by data collected through a structured question-
naire. Their findings show that the implementation of green
practices positively impacts the environmental, economic
and organizational performance for all stakeholders. Zeng
et al. (2018) study a model to reveal the relationship between
construction supply chain (CSM) integration and sustainable
use of construction materials with an empirical investigation
by partial least squares-based structural equation modeling
(PLS-SEM). They find that CSM integration positively cor-
relates with the sustainable use of construction materials and
emphasized that it is worth investing in construction supply
chain integration for sustainability.

The literature review above reveals that sustainability
has come into prominence, yet it is considered difficult to
implement in the construction industry. A well-structured,
unifying framework for sustainability in the construction
industry has been missing (Alwan et al. 2017). Therefore,
new practices and approaches are needed (Russell et al.
2018). Moreover, building design and material choices
must be evaluated according to their long-term economic,
social and environmental impacts (Hassan, 2006). Supply
chain management considerations are mostly about econom-
ics. However, environmental and social considerations also
need to be considered in supply chain management. Thus,
to perform a sustainable supply chain for the construction
industry, we combine the construction supply chain with
the principles of three dimensions of sustainability. In order
to take care of environmental and social aspects, here, we
change one of the supply chain elements from cleaning to
recycling. This transformation dramatically influences the
diminishing negative effects of the construction industry on
the environment and society (US EPA, 2016). We utilize the
life cycle assessments of construction to form the construc-
tion supply chain, including extraction, manufacturing, area
selection, construction, operation, maintenance, demolition
and cleaning.

Research methodology

In this study, an ANP model is developed to explore the
importance of sustainable supply chain elements in the con-
struction industry. We exploit qualitative and quantitative
techniques to structure an ANP model since both can be
beneficial in different characteristics of a decision situation.
In particular, while quantitative techniques are used to pre-
sent interrelationships among criteria, utilizing qualitative
techniques are more convenient to capture intangible char-
acteristics of a decision problem.

ANP is a well-known decision-making tool developed by
(Saaty, 1999) that provides a structure that simultaneously
takes into account both the relationships of feedback and
dependence. Indeed, ANP is the general form of the analytic
hierarchy process (AHP). The main difference between them
is that AHP uses hierarchies, while ANP uses networks to
make decisions. By using networks, ANP shows the rela-
tionship and dependencies between criteria and alternatives,
while AHP does not take into account the relationships
between criteria. Precisely, ANP allows developing more
generalized decision-making models with interdependency
(dependency between network elements) and outer depend-
ency (dependency between clusters of elements). Interde-
pendencies among different levels of criteria are graphically
presented with two-way arcs. Due to its nonlinear structure
resulting network, ANP can be used in situations where
cycles occurred. ANP does not emphasize elements; it
focuses on a cluster of elements (Saaty, 1999).

We discuss the generic steps for AHP and ANP (some
of them specific to ANP). The first step of ANP models is
similar to the AHP models, yet there are some differences.
Instead of hierarchy, in ANP, the problem is modeled as a
network that can represent relationships and dependencies.
As in AHP, the elements among the same cluster and other
clusters and the clusters are compared each other by using
pairwise comparisons with respect to their relations using
a scale of absolute numbers ranging from 1 and 9 where 1
shows the equal importance between two criteria and the
importance level increasing as the rank increases. The scale
of these absolute numbers is given Table 1.

When activity i is compared to activity j, the importance
value will be one of the numbers from Table 1. To find the
importance value of the activity j compared to activity i, the
reciprocal of the importance value is taken. For example,
if the importance value between is activity i compared to
activity j is 5, then the importance value of the activity j
compared to activity i is its reciprocal, 1/5 (Saaty 2008).
Then the matrices are formed the same as AHP and nor-
malized to find the weights. Finally, the consistency of the
matrices is checked.

The difference between AHP and ANP method reveals in
the second step. A supermatrix consisting of all the clusters
with their elements is formed. Inside this supermatrix, the
weights of the elements are written with respect to the cor-
responding elements. This matrix is called the unweighted
supermatrix (Saaty and Vargas, 2006). In the third step,
the unweighted supermatrix and weighted supermatrix are
obtained. The fourth step of the ANP is the calculation of
the limit matrix. By taking the k£ + 1 power of the weighted
supermatrix, the limit matrix is calculated where k is an arbi-
trary number which makes the weighted matrix stable. The
ranking of the alternatives is derived from the limit matrix,
(Saaty and Vargas, 2006). There are many articles about
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Table 1 Fundamental scale of

Definition
absolute numbers (Saaty, 2008)

Intensity of

Explanation

importance

1 Equal Importance

2 Weak or slight

3 Moderate importance

4 Moderate plus

5 Strong importance

6 Strong plus

7 Very strong or demon-
strated importance

8 Very, very strong

9 Extreme importance

Two activities contribute equally to the objective

Experience and judgment slightly favor one activity over another

Experience and judgment strongly favor one activity over another

An activity is favored very strongly over another: its dominance
demonstrated in practice

The evidence favoring one activity over another is of the highest
possible order of affirmation

ANP application in the literature such as (Tavana et al. 2017;
Leksono et al. 2019). We depict the steps of the research
methodology implemented in this study in Fig. 3.

Application of the ANP model

The proposed ANP model explores the importance of sus-
tainable supply chain elements in the construction industry.
In this study, using the sustainability dimensions as a refer-
ence, decision criteria clusters are defined under three cat-
egories: economic, environmental and social. The possible
elements under each cluster are determined from the exist-
ing literature. After that, by consulting with experts from
the Turkish construction industry, the elements under each
cluster are selected. To make the model more robust and
lean, some elements are combined and some are eliminated.
In order to determine the inner and interdependence rela-
tionship among those critical elements, we conduct in-depth
interviews and focus group sessions.

We first present elements of SSCM and discuss SSCM
clusters in detail, and later, we present inner and interde-
pendence relationships.

Development of the ANP model

We present the development process of the ANP model as
having eight steps as follows:

Step1 Figure 4 shows the sustainable supply chain man-
agement model for construction, which includes extraction,
manufacturing, transportation, area selection, construction,
operation, maintenance, demolition and recycling. The main
dimensions of the SSCM factors were determined by review-
ing the literature review and confirmed with experts from the
construction industry. Each element in the model is briefly
defined below.

@ Springer

Construction sustainable supply chain management
elements:

e Extraction This element represents the extraction of raw
materials and delivering the resources to the manufactur-
ers.

® Manufacturing This element represents the manufactur-
ing of construction materials. Manufacturing consists of
two stages: product design and production.

e Transportation This element represents the transporta-
tion of construction materials to the construction site.

e Area selection This element resents the selection criteria
of the construction site.

e Construction This element represents all operations per-
formed during the construction stage.

e Marketing This element focuses on selling the products.

e Operation This element includes all activities necessary
for an operational building.

e Maintenance This element represents the maintenance
activities to keep the building functional in its life cycle.

e Demolition This element deals with the demolition of the
buildings at the end of their life cycles.

e Recycling This element deals with the recycling of the
debris after the demolition

Table 2 presents essential activities for each sustainable
supply chain management element to achieve a success-
ful sustainable construction supply chain system. We also
express the connection between those activities and the
dimensions of sustainability.

Main clusters of the ANP models
Economic cluster

We define four criteria of the economic cluster, which are
related to mainly economic factors. These are: total cost of
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Content Analysis performed with
the provided from depth interviews,
focus groups, and literature review
in order to determine Clusters and
Alternatives

Inner and Inter-Relationship among
Elements of ANP Model

y

ANP analysis with SuperDecisions
software are conducted

Model Development — Pre ANP Stage

Fig.3 Research methodology

ownership, investment rate, quality and efficiency. Although
those four elements are standard economic performance
indicators, they must follow some rules that are formed to
achieve economic sustainability (Elliott, 2005). We consider
the following rules in defining economic criteria:

The first rule suggests that economic structures must
be planned and formed for long terms so that the present

Clusters and their nodes were
formed in the Superdecisions
software

v

Pairwise comparisons are
performed

Y

Normalized decision matrix is
obtained

Y

Weighted supermatrix is obtained

Y

Limit supermatrix is obtained

Y

Global weights of all criteria are
computed

Y

The results are interpreted and
managerial implications are
assessed

Analysis - ANP STAGE

generation and also the future generations can benefit from
them. This rule is related to the first element, "Total Cost of
Ownership."

The second rule is the total capital of a company should
always be at the same levels. This rule suggests that the
investments’ returns should not reduce the total capital, at
least keep at the same level. So, in the future, the company

@ Springer
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can seize new opportunities. This rule is related to the first
element, "Total Cost of Ownership" and the second element,
"Investment Rate."

The next rule indicates that the price of materials and
services or loans must be paid by the generation that uses
them and must not leave to the future generations. This rule
aims to avoid being a burden to future generations. In other
words, each generation must be self-sufficient. This rule is
also related to the first element, "Total Cost of Ownership,"
and the second element, "Investment Rate."

Another important rule for Economic sustainability is to
ensure that the current resources at hand must be used most
efficiently, so that the wastage, while using the resources,
can be minimized without a decrease in quality. This rule
is related to the third rule, "Quality" and the fourth rule,
"Efficiency."

The other rule states that the government should keep
the monetary value stable so that a more stable economic
environment can be formed. The last rule states that the gov-
ernment should designate reasonable tax levels such that tax-
payers’ operations or productivity cannot be affected. These
last two rules affect all the elements in the Economic cluster.

Environmental cluster

In general, the elements of the environmental cluster can be
categorized into two subjects as the usage of green technolo-
gies and protecting nature (Mahler, 2007). In this subsection,
we define five criteria of the environmental cluster which are
related to environmental factors. These are: usage of green

@ Springer

techs, effects on the environment, usage of natural resources,
energy usage and waste management.

The usage of green technologies is designed to protect
the environment, making it more viable and sustainable. The
main green technologies are recycling technologies, sewer
and wastewater treatment systems, waste management sys-
tems, renewable energy and energy preservation systems.
The main goal of green technologies is to use technological
advancement so that the resources can be renewed and pol-
lution can be controlled.

The second element deals with the construction industry’s
"effects on the environment." Once a resource enters the
supply chain, at some point it will leave the supply chain
in the form of products and by-products. The environmen-
tal effects of those resources and their by-products are a
responsibility on the companies’ shoulder that uses them.
These responsibilities are generally satisfied with the usage
of green technologies, and the main goal is to limit the harm-
ful effects of products and by-products on nature. The main
technologies used in the supply chain include recycling,
solid waste management, energy conservation, water and
air purification, electrical vehicles, renewable energy and
resources, and solar and wind power (Oren, 2010).

The third and fourth elements ("usage of natural
resources" and "energy usage") should be considered
together since both of them are interconnected to each
other since the energy needs of constructions are provided
by consuming natural resources. In particular, environ-
mental sustainability aims to reduce and limit the usage
of non-renewable resources (e.g., coal, oil, gas, etc.) and
find alternative renewable resources (Linton et al. 2007).
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Table 2 Elements of sustainable supply chain model for construction

Economic

Environmental

Social

Extraction

Manufacturing

Transportation

Area selection

Construction

Marketing

Operation

Maintenance

Low cost method with high yield

Sufficient production rate to satisfy the
market demand

Minimum raw material usage without
compromising the quality

Transportation of construction materials
to the construction site with lowest cost

For high demand, should be close to
population centers

Being closer to the population centers
increases the costs

In order to increase the demand for far
places, extra cost occurs

Cheaper construction materials and labor
without lowering the quality

Level of quality must be determined with
respect to customer type and should be
achieved with the minimum cost

Using sustainability as a competitive tool

Green buildings certificates

No positive output; there is a continuous
consumption of resources, even little
savings have big impact

Can be a costly so should be done in
most efficient way

Not harmful to environment

Extraction rate lower than the renew-
ability rate

Raw materials must be non-hazardous,
renewable and recyclable materials

Longer product life cycle to minimize
the waste

Energy usage

Reduce the waste of both time and mate-
rials for production process

Waste management

Alternative mode of transportation which
has less effects on environment

Should not be close to farms and water
reservoirs

Light pollution and urban heat islands

Closeness of the dump sites of the dig-
gings and the wastes

Keeping the effects of construction on
environment under control

Construction should be designed with
respect to green buildings standards

Type of construction materials should be
recyclable and non-hazardous materials

Water and other natural resources usage
Renewable energy usage

Green technologies usage and innova-
tions

In landscaping, indigenous plants of that
area should be used

Excavated soil should be stored so that it
can be used again in the landscaping

Plants should be selected from durable
plants which use less water

Management of the construction waste

Self-sufficient green techs
Energy and resource saving technologies

Waste management

An opportunity to implement new or
lacking green techs to the building
nature-friendly, renewable and recycla-
ble materials should be used

Waste management

After extraction, extraction site must be
reformed

Improved working conditions

Noise and odor

Noise and odor of transportation vehicles

Closeness to various transportation
utilities
Complaint management

Obeying the regulation of the selected
area

Worker safety

The social security and worker’s rights

Constructions effects on nearby popula-
tion centers

Complaint management

Apartment life’s effects on the neighbor
relations

Neighborhood concept

Complaint management laws and regula-
tion for operation of the building

Social events

Should be arranged in a manner which
should not disturb the society
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Table 2 (continued)

Social

Effects of the demolition

Demolition effects on society

Cleaning the debris

Restoring the surrounding area’s environ-
g g

Economic Environmental
Demolition Cost of demolition
ment
Recycling A very effective way to make saving

Can be very disturbing for society

Reduces the usage of natural resources

However, the usage of renewable resources must not
exceed their renewability rate. For example, if the cutting
rate of trees exceeds the growth rate, in the near future
most parts of the forests might be gone (Linton et al.
2007).

The last element of the environmental cluster deals with
"waste management." The most important factors for this
element are the type of waste, quantity and its effect on
the environment. The construction industry worldwide is a
prominent consumer of many types of raw materials. Also,
it produces a large amount of waste, both during construc-
tion and the demolition of buildings. These wastes need to
be classified as recyclable and non-recyclable. Recyclable
parts can be used again after the proper process, but non-
recyclable parts may create some problems (Linton et al.
2007).

Social cluster

Social cluster mainly focuses on two subjects: living con-
ditions of society and the working environment (Mahler,
2007). However, each subject has effects on the supply chain
both during and after construction. In this subsection, we
define five criteria for the social cluster. These are: effects
on society, safer working conditions, grievance management,
compliance to laws and regulations, and social activities.

As indicated above, social cluster handle issues for both
people in the society and also workers. The second element,
"safer working condition" and the fourth element, "com-
pliance to laws and regulations" are mainly interested in
improving working conditions (Seuring and Miiller, 2008).
The first element, "Effects on Society," third element "Com-
plaint Management," fourth element "Compliance to Laws
and Regulations" and the fifth element, "Social Activities"
mainly deal with people’s living conditions.

The supply chain of the construction industry has both
positive and negative effects on society. The positive effects
are basically social events, projects, fundraisers and aware-
ness-raising that the companies in supply chain performs.
For the adverse effects on society, companies’ disturbance
(e.g., noise, odor, dust and waste) must be investigated
(Seuring and Miiller, 2008).
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Alternative cluster

As discussed in the literature review, the main elements of
sustainable supply chain management in the construction
industry are extraction, manufacturing, transportation, land
selection, construction, marketing, operation, maintenance,
demolition and recycling.

Step 2: inner and interrelationship among elements
of ANP model

The ANP model consists of clusters of elements connected
by their dependence on each other. We define a whole set
of network clusters and their nodes in which CSCM can be
measured using the ANP method. We then connect all the
nodes in each cluster with respect to their outer and inner
dependencies that are determined by the analysis of con-
ducted in-depth interviews and focus group session results.
The connections indicate the impact between the nodes
where arrows between clusters show impacts or influences.
The loops above the cluster denote inner dependency among
the nodes in the same cluster (Saaty 2005). We present inter-
dependencies among nodes and clusters in Table 3.

Step 3: ANP-based proposed CSCM model

In this step, we construct an ANP-based CSCM model based
on literature review and expert opinion. The constructed
model is depicted in Fig. 5. This model has three main clus-
ters and one alternative cluster with their elements.

Step 4: Pairwise comparison of clusters

In this step, a pairwise comparisons matrix is formed to
show the relative importance of dimensions in achieving
the SSCM in the construction industry. Experts are asked
to respond to the relative weighting of each dimension.
The fundamental comparison scale values (1-9) are used
to show relative importance where a score of 1 represents
equal importance between two nodes (dimensions), and a
score of 9 denotes the extreme importance of one node to
another node. This comparison matrix demonstrates the
relative importance status of node i on the node j. The
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Land Selection
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| Operation
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Maintenance |

|\Demolition
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Fig.5 Network model

Table 4 Pairwise comparison of dimensions

DMU Economic Social Environment Weight
Economic 1 1 1 0.3333
Social 1 1 1 0.3333
Environment 1 1 1 0.3333

Inconsistency ratio: 0

relative importance value a; is calculated by a; = =
”
J

where w; is the weight of node i (Saaty 1999).

Once the comparison matrices are developed, local
priority vectors (aka eigenvectors) is computed using the
Super Decision software. The priority values are simply
obtained by solving Eq. (1).

Aw = 4,,,.w

ey

where w is the corresponding eigenvector and 4,,,, is the
largest eigenvalue of the comparison matrix. The pairwise
comparison of nodes (dimensions) and corresponding eigen-
values are presented in Table 4. Our analysis based on expert
opinions shows that three dimensions of sustainability have
equal importance. This is consistent with sustainability
literature.
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Step 5: Pairwise comparisons between dimensions/
element

In this step, experts are asked to respond to the relative
weighs of each element (for each dimension). Each expert
provides comparison values by comparing two elements
at a time. The relative importance of each element for a
dimension is calculated through a pairwise comparison
matrix. In this study, we have three such matrices, one for
each dimension. The pairwise comparisons matrix for the
environmental dimension is given in Table 5. Similarly,
the same procedure is applied for all the remaining ele-
ments of all clusters.

Step 6: Evaluation of alternatives

The final set of pairwise comparisons is conducted for the
relative impact of each alternatives on the elements in influ-
encing the dimensions. The number of such pairwise com-
parison matrices depends on the number of elements in each
dimension. In this study, we have a total of 14 elements
belongs to 3 dimensions. Thus, in this step, 14 such pairwise
comparison matrices were constructed. Table 6 shows one
example of such a matrix. Table 6 presents the impacts of
alternatives that are calculated based on the element’ Usage
of Green Tech’ in the environmental dimension.
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Table 5. Pa%rwise.comparison DMU S, S, S, S, Ss Weight

for social dimension
S, 1 1 1 1 1 0.1920
S, 1 1 0.5 0.25 0.25 0.1098
S5 1 2 1 0.5 1 0.1796
Sy 1 4 2 1 3 0.3499
Ss 1 2 1 0.333 1 0.1688
Inconsistency ratio: 0.007

Table 6 . Pairwise corr}parison of DMU A, A, A, A, As A, A A A, Ay Weight

alternatives based on *Usage of

Green Tech’ element A, 1 033 1 05 02 4 025 1 5 5 0.0689
A, 3 1 4 0.5 1 5 3 4 5 6 0.1834
A, 1 0.25 1 0.33 0.2 4 0.33 1 4 5 0.0634
Ay 2 2 3 1 2 5 3 4 6 6 0.2145
Ag 5 1 5 0.5 1 7 1 2 6 7 0.1674
A 0.25 0.2 0.25 0.2 0.14 1 0.14 0.14 0.25 0.25 0.0177
A, 4 0.33 3 0.33 1 7 1 4 6 7 0.1508
Ag 1 0.25 1 0.25 0.5 7 0.25 1 7 8 0.0833
A, 0.2 0.2 0.25 0.17 0.17 4 0.17 0.14 1 0.5 0.0244
Ay 0.2 0.17 0.2 0.17 0.14 4 0.14 0.13 2 1 0.0261

Inconsistency ratio: 0.09

Step 7: Supermatrix formation

A supermatrix is a data structure that contains priori-
ties from the comparison groups. It provides the relative
importance of all components. The unweighted super-
matrix contains all pairwise comparison results where a
weighted supermatrix rated by the importance of clusters
is important for network models. The limit supermatrix is
the final version of the supermatrix, obtained by raising
the weighted supermatrix to its odd powers as in Eq. 2.

where A is weighted supermatrix.

At this step, weighted, unweighted and limit superma-
trices are constructed (see Table 7, 8, 9). Priority vec-
tors are derived in the supermatrix, a "0" appearing in the
matrix means that the element in its row has no effect on
the element in its column. The unweighted supermatrix
includes the local priorities resulting from the pairwise
comparisons of the model (see Table 7). The superma-
trix is required to be stochastic to derive reasonable limit-
ing priorities. A matrix is a stochastic matrix when all of
its columns add up to one. The weighted supermatrix is

obtained using the cluster matrix (formed after the cluster
comparisons) to normalize the supermatrix.

Step 8: Selection of the best alternative (ranking
of the alternatives)

The rank of each alternative is determined based on the
value of the normalized values. The desirability indices, Di
for alternative i are defined as Idealized values are found
by dividing the biggest normalized value by all normalized
values. Ideal, normal and raw values for "Alternatives" are
given in Table 10. The importance of the "Alternatives"
ranking given in Fig. 6 based on ideal values.

Results and discussion

In this study, the construction industry elements are ranked
in a sustainability perspective based on ANP methodology.
Table 11 shows the ranking of the 14 criteria based on the
values of limiting priorities. At the cluster level, the eco-
nomic cluster has the highest level of importance (0.365) fol-
lowed by environmental (0.324) and social (0.311) clusters.
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- - - o o o In the Economic cluster, "Total Cost of Ownership" is
g 1@ 2 S S S 3 the most essential criterion followed by "Efficiency" and
LL] < < < e < e n nn 3 " 1
s o - - e o Investment Rate." "Quality" has the lowest importance level
£ g 8 S 8 8 8 in the Economic cluster. This result arises because elements
e o - - - o involving to cost are main concern in Turkish Construction
s 18 8 S s s 8 Industry, which leads to decreased weight of quality in our
|83 (=] (=) (=] (=) [« o
model.
(e (= (e (= [ (=
& S Q S Q Q Q Within the environmental cluster, the "Usage of Green
m = = S = S S . . . .
Technologies" criterion has the highest level of impor-
(e (= (e =3 (= =
S 8 8 =3 =4 8 8 tance, followed by "Energy Usage" and "Usage of Natural
S e e . ° Resources." "Waste Management" and "Effects on Environ-
. 18 8 S S S 8 ment" have relatively small importance in the environmental
%! S S S S S S
cluster.
g g =4 =4 S 2 Finally, within the social cluster, the "Compliance to
<t g g g g g g
« e < i < ° < Laws and Regulations" criterion has the highest level of
.18 s 8 S 8 8 importance, followed by "Safer Working Conditions" and
n SEE e < SR "Complaint Management." "Social Activities" and "Effects
g 8 g g g 8 on Society" have the lowest two importance levels in the
o g - g Q g Q . . . . .
©» SHE e S © © social cluster. Our results imply that criteria of social cluster
8 8 g g g § involving safety and regulations are main concerns, while
n s S S S SHS the other elements are unnoticed in the SCM process.
- § § § § § § Our analysis indicates that the "Compliance to Laws and
/0 S S S S Regulations" criterion has the highest level in the overall
8 8 = S 8 8 ranking. It is followed by "Total Cost of Ownership" and
s (=] (=] (=] (=) (=] S . .
fa == S S SIS "Efficiency." On the other hand, "Complaint Management,"
L 18 8 = = g8 g "Social Activities" and "Effects on Society" have the low-
(=] (=] (=] (=) (=] (=] . .
@ s o S S == est importance levels, respectively. Remarkably, the most
s g = = s s important criterion (Compliance to Laws and Regulations)
5 (=] (=] [« (=) (=] (=] . . . .
) s 3 S = s 3 and three criteria with the lowest importance level belong to
S 9 S = QA 9 Social Cluster. The overall ranking of all criteria is presented
= — .
< |2 2 < < Sz in Table 11.
S 3 S = S s We present the ranking of alternatives in Table 10. Our
£ |2 S e S s 2 findings show that "Construction" is the most important ele-
g w0 = = g 2 ment of SSCM in Construction alternatives (stages). The
B D= P p Sz second and third important elements are "Operation" and
U — e v a o "Manufacturing," respectively. They followed by "Land
@ - - . . . .
& S g S = SER selection," "Extraction," "Maintenance," "Transportation,"
s o o o 0 o "Demolition," "Marketing" and "Recycling," respectively.
(e el (e =3 el (= . .
& g = g g a g As stated above, "Construction," "Operation" and "Manu-
4 o « « o o facturing” are the most crucial alternatives to the construc-
L g g S = Q Z tion industry. This is expected because these alternatives
- - - o o - affect all three dimensions of sustainability. Also, since
= S S S S S . .
s |12 g 7z " S 2 "Construction" and "Manufacturing" are the most resource-
S S . . L
o - - - e o consuming alternatives, firms focus on sustainability prac-
& g & “ «“ s 8 tices at these alternatives to the cost and resource usage.
o o - - - o Similarly, "Operation" alternatives are also very important
& s S = S Q= due to the high energy and natural resources usage. The most
S e o - - o o significant part of the social dimension is directly related to
Q .
g & s 8 a & 3 8 the "Operation" as well.
= S = = S = S . . Ly
g | o x . 7 o= 2 B u In the course of selecting a construction material, its repa-
o S8E |- @ D . = < &0 2 aye . . :
= ﬁ)‘é F 3 85 2253558 8 L 2% rability, maintenance cost and difficulty should be consid-
~ |2 = & g s B8 S = . . .
2|z g 3 % :l;’jfg ”i ot % if 2 ”i g B § é ered. Concrete’s maintenance might be extremely difficult.
= .. o & o) e = 0 . oy s .
cSz|4” 8 E°F85° 878 In particular, it is hard to repair, heavy, and does not allow
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us a partial replacement. On the other hand, timber and steel
provide easier maintenance and reparability capabilities.
Furthermore, timber is light, easy to carry; its application is
relatively easier and allows us a partial replacement. How-
ever, short useful life might be a negative factor for timber.
Also, Timber has a relatively low recyclability rate of nearly
13%. However, timber waste can be used in other industries
without losing its value instead of construction (King et al.
2015). Also, its effect on nature is minor, and it is a more
environmentally friendly material than concrete.

Steel has a very high recyclability rate of nearly 94%.
Steel preserves its high value over time. Steel’s effect on the
environment is also minimal due to the high recyclability
rate. Although heavyweight is a negative factor for steel,
maintenance of steel is easier than concrete. Maintenance of
steel is possible with repair techniques and processes such as
welding (plasma, laser, electron beam) and metal stitching.
Therefore, in order to increase the sustainability of recycling
alternatives, the usage of steel as the primary construction
material is recommended.

"Marketing" has the second-lowest score among alterna-
tives. The sustainability factors are used as a marketing and
advertisement tool for some sectors in recent years. Espe-
cially for home appliances, it is widely used as a marketing
strategy. Many home appliance producers highlight the per-
formance of their products in water and energy efficiency.
Indeed, energy efficiency is emphasized in many sectors,
from mobile devices to automotive. However, the usage of
sustainability in marketing is very new for the construction
industry in Turkey. Although it is a new concept, increased
environmental consciousness in the population leads con-
struction companies to consider sustainability dimensions
in the buildings. The number of buildings that implemented

Fig. 6 Ideal ranking of alterna-
tives

o

A5 - Construction
A7 - Operation

A2 - Manufacturing
A4 - Land Selection
Al - Extraction

A8 - Maintenance
A3 - Transportation
A9 - Demolition

A6 - Marketing

A10 - Recycling
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sustainable technologies are increasing. Thus, sustainability
factors may have a more important role in the marketing of
the Turkish construction industry in the near future.

Conclusion

Sustainability is one of the most crucial topics of today’s
business and academic world. Nowadays, global warming
and environmental pollution have become one of the main
problems. In particular, climate change threatens not only
humanity but also the environment. Therefore, the ways of
being sustainable are widely criticized by academics, writ-
ers and politicians. There are many different sustainability
perspectives, but one important concept is the triple bot-
tom line approach (Seuring and Miiller 2008). It implies the
"integration and achievement of an organization’s social,
environmental and economic goals in the systemic coordi-
nation" (Carter and Rogers 2008). Therefore, sustainability
can be satisfied by considering environmental, social and
economic performance together (Elkington 1998).

In this study, a sustainable supply chain management
model in construction is developed, and the sustainability
level of Turkey’s construction industry is evaluated via this
model. According to the triple bottom line approach, deci-
sion criteria clusters are determined under three catego-
ries: economic, environmental and social. Our analysis for
clusters, show that social cluster has the lowest weight, but
contains the highest weight element “Compliance to Laws
and Regulations.” The rest of the elements in social cluster
have relatively lower weights, which implies social aspect
of SSCM should be improved. We also observe that in
the economical cluster, quality has the lowest importance,

o
N
o
i
o
o)}
o
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Table 11 Normalized clusters and priorities

Cluster Name Normalized by ~ Limiting Overall ranking Ranking inside  Total Normalized
cluster cluster cluster
Economical Ec,—Total Cost 0.353 0.068 2 1 0.192 0.365
of Ownership
Ec,—Invest- 0.224 0.043 6 3
ment Rate
Ec;—Quality 0.121 0.023 4
Ec,—Efficiency 0.302 0.058 3 2
Social S,—Effectson  0.065 0.011 14 5 0.163 0.311
Society
S,—Safer 0.221 0.036 7 2
Working
Conditions
S;—Complaint  0.101 0.017 12 3
Management
S,—Compli- 0.546 0.089 1
ance to Laws
and Regula-
tions
Ss—Social 0.067 0.011 13 4
Activities
Environmental En,—Usage of 0.271 0.046 4 1 0.171 0.324
Green Tech
En,—Effects on 0.146 0.025 9 4
Environment
En;—Usage 0.178 0.030 8 3
of Natural
Resources
En,—Energy 0.262 0.045 5 2
Usage
Ens—Waste 0.143 0.024 10 5
Management
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