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Abstract

The environmental and construction legislations are not modernized to control the adverse impacts of construction activities
in Bangladesh. A large volume of Construction and Demolition (C&D) waste and carbon are annually released from this
sector. This research was undertaken to investigate the Green Supply Chain Management (GSCM) practices and its impli-
cations during the implementation in constructions. Three construction industries and three related material manufacturers
were selected for case study, and thirty industries combing both categories were investigated through questionnaire survey
to unravel current GSCM practices, and its challenges and effect on constructions. Results revealed that market (76.67%)
and supplier (91.03%) pressures promoted GSCM practices in construction industries, additionally internal factors played
significant role (74.44%), whereas 60% regulations as external pressure. As GSCM elements, green manufacturing (90.83%),
green purchasing (85.83%), internal environmental management (82.5%), investment recovery (86.66), and eco-design
(93.33%) respondents agreed to improve the construction industry to reduce C&D waste and carbon emission. About 89%
and 79% respondents acknowledged the environmental and economic performances, respectively improved by GSCM prac-
tices. Furthermore, 70-90% respondents opined financial/technical/human application as key barriers in GSCM practices.
Finally, the GSCM practices reduced C&D waste and carbon emissions; however, it was not maintained regularly and strictly.
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Introduction

Globalization has manifold positive effects, especially eco-
nomic development. However, it has some inconveniences
in environmental and ecological perspectives. Therefore,
organizations or industries should immediately react with
the rapid-changing aggressive environment. Such alteration
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of the natural environment is caused by the fast and contin-
ued globalization [1-3]. Simply, globalization minimizes the
cost to manufacture goods. Besides, worldwide locations can
open new markets for selling goods and shorten the supply
chain. As a result, the globalization led to rapid industrial
expansion [4—6]. However, the unscientific Supply Chain
Management (SCM) practices in industrial practices are
responsible for environmental damage through wastes and
pollutants discharge. A SCM is the process of managing the
flow of goods to and from an industry, including every step
involved in turning raw materials into final products and
reaching them to the customers [7, 8].

An eco-friendly concept Green Supply Chain (GSC)
emerged to mitigate adverse environmental impacts by
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adopting green practices in industries [9, 10]. GSC can be
defined as the operational management system and maximi-
zation technique to reduce the adverse environmental effects
along the life cycle of the product, from the raw material
acquisition to the final product. The key GSC elements
include green manufacturing, green purchasing, coopera-
tion with customers, eco-design, and green information sys-
tems [11, 12]. However, Green Supply Chain Management
(GSCM) can be obtained by counting environmental issues
at the purchasing, product design and development, produc-
tion, transportation, packaging, storage, disposal, and end of
product life cycle management stages [13, 14]. According
to Hervani et al. [15] and Srivastava [16], the practices of
GSCM include resource management, green procurement,
green production and assembly, green reverse logistics, and
combination of SCM along with product life cycle manage-
ment. GSCM mainly involved in practicing 3Rs (reducing
wastage, reusing and recycling of resources). Green design,
environmental management, green packaging, investment
return, and green transport are also counted as element of
GSCM [15, 17-19].

The current environmental challenges are major concerns
of the associated authorities in building a sustainable envi-
ronment. The GSCM processes emphasize on how green
practices may ensure the sustainability of industrial environ-
ment and development through avoiding economic loss and
environmental problems [20, 21]. Presently, the construc-
tion sector is rapidly boosting and contributing to environ-
mental degradation as well. However, GSCM is still little
acknowledged and less practiced in this sector, especially
to reduce Construction and Demolition (C&D) debris and
carbon emission [22-24]. The achievement of environmental
sustainability through GSCM practices is a major concern in
developing countries, especially in Bangladesh. The adop-
tion of GSCM practices plays a crucial role in building a
sustainable environment by minimizing C&D wastes and
carbon emission [25-27].

Several research activities were globally conducted on
implementation of GSCM practices in construction sector
to observe their effects [13, 28—-30]. Some of these studies
developed framework for implementing GSCM practices in
construction industries [23, 31]. Wibowo et al. [14] inves-
tigated the influential factors in implementing GSCM prac-
tices in construction sectors. Most of the related research
focused on conceptual model of reverse supply chain prac-
tices for C&D waste [19, 32—-35]. The EU published a waste
management directive in 2008 to reach a 70% of C&D waste
reduction by reusing, recycling, or recovering in 2020 [12].
Therefore, several studies investigated the application of
GSCM practices in reduction of C&D wastes. They showed
C&D waste generation rates 5.4 kg and 81% of them were
landfilled in Tehran while about 44% landfilled in the United
Kingdom. Thus, they demonstrated the demand of GSCM
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in construction sector [7, 11, 36]. Nguyen et al. [8] stud-
ied the influential factors in C&D waste minimization by
GSCM practices. Wibowo et al. [37] showed the demand
of GSCM strategy for the recycled materials in achieving
sustainable construction. Huang et al. [34] showed 0.0259
tons CO, emission reduction by reducing transportation dis-
tance. Furthermore, some research demonstrated the need of
purchasing waste-efficient materials in construction sector
for sustainable development [38, 39].

The construction sector is booming in Bangladesh and
contributing to the national economy. The generation of
C&D waste and carbon emission from the construction
activities is deteriorating the environment and ecosystem
[20, 40, 41]. The environmental legislations are very poorly
practiced or defectively implemented in the industrial sec-
tors of Bangladesh, especially in construction industries.
Currently, green practices, eco-friendly products, and green
technologies are the vital concerns in the construction opera-
tions. The traditional construction practices may contribute
to the environmental pollution by C&D wastes discharge
and carbon emission [4, 42, 43]. However, the conventional
pollution control approaches are adopted in construction
firms instead of proactive solutions. Therefore, the current
practices of SCM in construction sectors are liable for envi-
ronmental degradation and economic loss. Therefore, it is
urgent to adopt green practices in SCM to resolve the associ-
ated problems [27, 44, 45].

Most of the existing research on GSCM practices are con-
ducted in developed countries. Therefore, there is still lack
of relevant studies in developing countries like Bangladesh.
The construction sectors of Bangladesh contribute about
10% to the national GDP [44, 46]. Similarly, the dearth of
Environmental Management Practices (EMPs) contributes
to environmental hazards, damage of natural ecosystem, cli-
mate change, less energy efficiency, insufficient waste man-
agement, and more carbon emission in Bangladesh. EMPs
indicate a set of skills and strategies adopted by industries
with the purpose of monitoring and managing the effect of
their operations on the natural environment. These EMPs
include actions, such as reducing, reusing, recycling, pol-
lution prevention, and adopting advanced manufacturing
technology [47—49]. Due to globalization and environmen-
tal concerns of the world, GSCM is the best tool to balance
environmental and economic sustainability. It can improve
the supply chain with respect to industrial and environmental
sustainability through minimization of environmental foot-
prints [22, 50].

Generally, the purpose of GSCM practices is to eliminate
or minimize waste generation, energy consumption, carbon
emissions, materials wastage, and use of chemical/hazardous
materials along with the supply chain [15, 51, 52]. Recently,
GSCM has emerged as a new approach for industries to
achieve better profit, efficiency and market share objectives
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by reducing the negative consequences [53]. It assists to
break down the potential barriers and offers higher levels of
services and reduced costs [34, 54]. Indirectly, it supports
in the conservation of natural environment by increasing the
efficiency of materials and energy used in the construction
industry [47]. Therefore, GSCM practices in the construc-
tion industry are economically profitable, sustainable, and
socially acceptable [55, 56].

Since the revolution of construction industry, they
adopted some green practices in their supply chain. The
conventional green initiatives are associated with many
weaknesses, limitations, and problems [7, 40, 57]. Some of
those initiatives are environmental consciousness, climate
change, natural calamities, and ecological imbalance. Hence,
the general supply chain is upgraded to GSC to diminish the
adverse impacts and improve the environment with sustain-
able practices of construction industries [15, 31]. However,
the contemporary literature of GSC practices in the con-
struction industry is insufficient in Bangladesh. Therefore,
the impact of construction activities on the environment is
one of the major concerning issues. The construction indus-
try produces a large amount of C&D waste and emits carbon
per year. About 1.28 million tons C&D waste was generated
during 2016-17 fiscal year [4, 58].

The construction industry is one of the largest and fastest
growing industry in Bangladesh. However, there are several
obstacles that are stopping it to flourish. According to Ofori
[59], construction industry could benefit from the applica-
tion of quality, waste and safety management. There are
very few GSCM practices in construction industry due to
poor implementation of legislation, insufficient knowledge
on environmental sustainability, poor management, lack of
coordination and cooperation, and lack of awareness among
customer, manufacturer and supplier [4, 40, 44]. Hence, the
challenges faced by this industry remained unresolved in
Bangladesh. There is still no sufficient published informa-
tion regarding GSCM practices, especially focusing C&D
wastes and carbon emission. This research concentrated on
the practices of GSCM in the construction sector to build
sustainable construction with respect to the environment,
emphasizing on minimizing C&D waste generation and car-
bon emission. This research identified the critical control
points in the construction industry that underlie waste and
carbon in the traditional supply chain in Bangladesh.

Methodology
Study area selection and research hypothesis
This study was mainly conducted in Chattogram City, Bang-

ladesh that is located within 22°-14" and 22°-24'-30" N Lat-
itude and between 91°—46' and 91°-53' E Longitude and on

the bank of the Karnafully River [60]. Most of the surveyed
construction companies are in Chattogram City. However,
some industries are from other cities that would facilitate in
presenting overview of the whole country.

The research hypothesis of this study is as follows:

H. Adoption of GSCM practices minimizes C&D waste
generation and carbon emission in the construction indus-
tries of Bangladesh (see in Supporting Information).

Secondary data collection

Secondary data support to get a comprehensive overview,
and in some instances. It assists to interpret the data collected
in the semi-structured questionnaires with the respondents.
Besides, it supports in detailed content analysis. Such data
are beneficial to give supplementary disputes or proofs in a
broader perspective [61, 62]. Secondary data for this study
include work process documents, sustainability docs, waste
management record, supply chain records, handouts, report
of the randomly selected construction companies, as well
public documents, notification from Real Estate and Hous-
ing Association of Bangladesh (REHAB), Waste Concerns
(NGO), and construction regulated bodies. However, for lit-
erature review, secondary data were collected from journals,
university web portal, books, and Google Scholar.

Sampling and primary data collection

This research was conducted using case study and survey
methods of observations and semi-structured questionnaires
to collect qualitative and quantitative data. For in-depth
study, six case studies were conducted in the construction
industries that were randomly selected. The primary data
collection was done at ISO 14001-certified and non-certi-
fied construction companies. ISO 14001-certified compa-
nies were included because such companies took initiatives
for green practices. Fifty (50) construction companies were
selected using simple random sampling method in Chat-
togram City that are registered with REHAB, to collect
wide varieties of data. The sample was collected from real
estate developer and construction material manufacturer that
included (i) 0—10 small companies, (ii) 0-30 medium com-
panies, and (iii) 0-50 + large companies.

Semi-structured questionnaires were distributed to the
Senior Manager/Manager/Civil engineer/Project manager/
Site manager and Environmentalist of each company for data
collection. Environmental data were collected from the pub-
lished annual reports of the selected companies. The data
was collected through (i) case study—semi-structure ques-
tionnaire, web-based documentary and observation; and (ii)
survey—semi-structured questionnaire. Thirty (30) out of
fifty (50) companies were responded. Six (6) case studies
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from the construction firms and materials manufacturing
industries used semi-structured interview questionnaire.

Questionnaire design and survey

Semi-structured survey questionnaires and case study
questions were used to collect primary data from the con-
struction industry. The initial questionnaire was written in
English; however, it was translated into Bengali to make
understanding of the questions then distributed to 50 con-
struction companies. The instruction was given to fill up the
questionnaires by the respondents. The target respondents
were briefed for this research, questionnaire, and ethics. The
survey questionnaire has seven (7) sections—(a) Participant
general information, (b) GSCM pressure, (¢) GSCM prac-
tices elements, (d) GSCM performance, () GSCM applica-
tion barriers, (f) C&D waste and reduction, and (g) Carbon
emission. Here, the carbon emission data of the construc-
tions industries were estimated based on the respondents’
opinions. For quantitative data analysis, universal method of
Likert five-point scale (e.g., 1 =Strongly disagree, 2 =Disa-
gree, 3=Neutral, 4 = Agree, 5 = Strongly agree), and Likert
five-scale point (1 =not at all, 2 =a little bit, 3 =to some
degree, 4 =relatively significant, and 5 =significant) meas-
urement was adopted. Based on literature reviews [9, 15,
63-68], observation and interview with industrial experts’
questionnaires were developed [see Supporting Information
(Table S1)].

After selection of the construction builders (30 nos) and
relevant material manufacturing industries (20 nos) from the
REHAB members list, the authors communicated with them
through email and phone called and then shortly briefed
about the research. Based on availability, the date was final-
ized, and questionnaires were sent to the respective respond-
ent of the companies by post and physically. After filling up
the questionnaires, they were collected physically. Before
distribution and collection of questionnaires, the authors
confirmed with participants on the interviews, observation,
and site visit, and they had clear understanding.

Data analysis

Primary data were recorded in MS Excel sheets from ques-
tionnaires, and then interpreted and prepared for statistical
analysis (percentage and significance difference) through
excel and SPSS software. Likert five (5)-point scale was
used to categorize data into: strongly agree, agree, neutral,
disagree and strongly disagree; and not at all, a little bit,
to some degree, relatively significant and significant. The
data were evaluated independent variables—GSCM ele-
ments: Green Manufacturing (GM), Internal Environmen-
tal Management (IEM), Green Purchase (GP), Investment
Recovery (IR), and Eco-design (ED), and for dependent

@ Springer

variables—GSCM pressure, GSCM performance, C&D
waste and carbon emission to identify the relationship of
the variables.

Research ethics

Ethical considerations have been followed with regard to the
university’s ethical guidelines to mitigate any risks associ-
ated with this research. The proposed research was involved
socio-economic and environmental factors. Permission
was obtained from Bangladeshi construction companies,
REHAB, and other related organizations to perform this
research. Quantitative data were handled with care, and only
original data from the published reports were collected to
avoid the misuse of data. The publicly sensitive issues like
cultural beliefs, social norms, etc. were carefully handled.
The following ethical considerations were included:

All the participants were treated with care and respect.
All kinds of biases were avoided. For secondary data collec-
tion, appropriate references were acknowledged. Confidenti-
ality was strictly maintained with honesty and integrity. All
the participants were informed early about the research title
and usage of data, and participation was voluntary.

Risk assessment

Some primary risks were identified including—there might
be a challenge regarding the disclosure of information from
companies about their practices. In managing this potential
risk, the researcher was ensured that all verbal written infor-
mation about the research indicates a possible researcher
response to the disclosure. There was also the potential risk
of not being able to meet the senior management of compa-
nies for a face-to-face data collection using questionnaires,
as it was often very busy. To mitigate this risk, the researcher
booked appointments with the identified senior manage-
ment 2 months before the data collection and reconfirmed
it through emails, and 1 month before the set date. If the
researcher was unable to collect the expected data during the
field visit, then more questionnaires were sent through post
and email. Among the contracted construction companies,
thirty (30) of them responded and assured the researcher that
they would participate. A risk assessment was undertaken at
each stage of the research and adequate risk control mecha-
nisms were implemented where the need arose.

Results and discussion
Case studies of construction industry

Survey research covers many industries, so it cannot obtain
details information where case study can conduct in-depth
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study of individual industry. Therefore, six case studies were
conducted to gain comprehensive insights into the causal
relationship among factors obtained from the empirical
studies. Three cases were real estate developers, namely
Development Design Consultants Limited (DDCL), Building
Technology and Ideas Limited (bti), and Toma Construction
and Company Limited (TCCL); and three building materials
manufacturers, Bangladesh Steel Re-Rolling Mills Limited
(BSRM), Shah Cement Industries Limited (Shah Cement)
and Abdul Monem Auto Bricks Limited (AM Auto Bricks).
Here, real estate developers and construction materials
manufacturers are investigated because both contribute to
construction sector.

GSCM practices in construction industries

Development Design Consultants Limited (DDCL) is an
international engineering company. DDCL is one of the
pioneer constructions companies that launched its journey
in 1972. It has obtained several ISO certifications including
ISO/IEC2000-1:2011, ISO27001:2013, and ISO 9001:2015.
It provides the best engineering services with minimum
environmental impacts. DDCL was graded as the 88th larg-
est consulting firm by the Swedish Federation of Architects
and Consulting Engineers. As one of the leading firms, it is
highly diversified in expertise and sectoral specialization. It
maintains highly committed and experienced professionals
specialized in diverse disciplines. It has a well-structured
environmental team along with other professional teams
that can offer the best team for any development project.
It has employed about 1300 professional staffs. DDCL is
committed to conserve and protect natural environment, and
ensure sustainable infra-structural development. Therefore,
it is highly practicing GSCM to increase energy, materials
and water efficiency including reduction of C&D wastes and
carbon emission.

Building Technology and Ideas Limited (bti) is a leading
and pioneer real estate firm in Bangladesh. It launched its
journey in the real estate sector in 1984 by developing resi-
dential apartments and subsequently expanded to commer-
cial projects. It is the first and founding member of REHAB,
formed on 12 December 1991. Currently, bti is working on
developing international standard communities and commer-
cial spaces, as well spreading its activities in international
market. It has provided services to both government and
private sectors. It has an organized professional team which
consists of about 500—1200 employees. The annual turnover
is USD150 million. bti has achieved ISO certification due to
the recognition of its quality and continuous improvement.
As the recognition of excellent works, it was awarded as
‘AA3 and AA2 Credit Rating Enterprise.

Toma Construction and Company Limited (TCCL)
is one of the leading construction conglomerates in

Bangladesh. TCCL has 25 years of experience and devel-
oped into a professional construction team. The company
has a diverse disciplines professional team who supported
to reach TCCL present stage. It has around 6000 employees
and an annual turnover of more than 117.34 million USD.
To ensure a sustainable corporation, TCCL set out a code
of ethics and all employees have pledged to adhere to it.
It has own team to monitor and prevent any environmen-
tal and health accidents during operation of construction
activities. It is an ISO9001:2015 quality management-cer-
tified company. The environment is the core element in its
management strategy. It adopted several strategies to ensure
sustainable construction and development including (i) com-
ply with environmental laws and regulations, (ii) minimize
pollutants discharge by introducing clean production pro-
cesses and technologies, (iii) establish a resource recycling
society and thus improve ecological sustainability, and (iv)
take the lead in low-carbon green growth by reducing carbon
emissions.

C&D waste generation and carbon emission from the
studied constructions industries from the operational activi-
ties are shown in Fig. 1.

The GSCM practices are increased in construction sectors
of Bangladesh. For example, Green Manufacturing Practice
(GMP) includes all industrial practices utilizing raw materi-
als with reasonably minimum adverse impact on the environ-
ment; however, with the efficient use of energy and water.
It has several benefits, such as cost reduction, meets envi-
ronmental requirements, and ameliorates corporate image.
Green Purchasing Practice (GPP) and Internal Environmen-
tal Management Practice (IEMP) are not well-established
in construction sectors. Investment Recovery Practice (IRP)
enables an industry strategically to apply reverse logistics to
derive greater value and sustainability from materials and
products. IRP supports to recycle and resell additional raw
materials, out of service equipment, demolished products
and waste including process by-products [19, 28, 33]. Eco-
design (Green) Practice (EDP) can effectively reduce most
of the environmental impacts from the construction indus-
try. The eco-design of construction materials minimizes the
materials and energy consumption in infrastructure develop-
ment. The main goal of EDP is to anticipate and minimize
adverse impacts. It makes equipment and products more
sustainable and competitive.

The comparative GSCM practices of DDCL, bti and
TCCL is shown in Table 1.

GSCM practices in construction materials manufacturers
Modern construction cannot be imagined without steel.
Bangladesh Steel Re-rolling Mills Limited (BSRM) solely

contributes about 45% of the national steel supply. BSRM is
the largest construction steel manufacturer in Bangladesh. It
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Fig.1 Overview of the major construction activities and their environmental emissions

started its journey with four manual rolling mills in 1952 that
subsequently replaced with the state-of-the-art Italian built
rolling mill in 1970. It has a subsidiary in Hong Kong named
BSRM (Hong Kong) Limited. The main raw materials sup-
ply of BSRM is shipbreaking industries. It was the first
Grade 500 steel and gradually promoted to BSRM Xtreme
B500DWR. It produces steel for the construction conform-
ing to ISO 6935-2:2015 and ISO 630-3:2007 that are the
legal standards in Bangladesh. It was awarded as Number 1
(one) Steel Brand for 9 times in Bangladesh and achieved
several awards from government and business associations.
BSRM produced 1.6 million MT of steel in 2019 and earned
US$1.56 billion revenue. It has more than 2800 employees
including highly skilled professionals, technicians, workers
and environmental experts. As leading steel industry, it is
concerned about environmental problems associated with
manufacturing activities. It has implemented GSCM prac-
tices to minimize waste and carbon emission.

Cement is one of the most essential construction mate-
rials. The local demand of cement is fulfilled by national
private companies. Shah Cement Industries Limited (Shah
Cement) is a leading Bangladeshi cement manufacturing
industry. Shah Cement is one of the top-selling cement
brands in Bangladesh and contributed to 14% of the cement
market in 2019. Abul Khair Group founded it in 2002 with
an initial capacity of 5.2 million MT per year. It has its own
power plant of 17-megawatt capacity to ensure uninterrupted
power supply 24 h. The current capacity of Shah Cement is
10 million MT per year. It leads the state-of-the-art quality
management system. The company received "Best Brand
Award" from Kantar Millward Brown and Bangladesh Brand
Forum in 2010, 2016, 2017, 2018 and 2020 in the building
materials category. It is an internationally certified brand,
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and the customers can be assured about the cement quality
of it.

Abdul Monem Auto Bricks Limited (AM Auto Bricks)
was established in 2011. AM Auto Bricks is producing and
delivering only bricks. It uses Automatic Machines that was
made by China. Such machines are eco-friendly and cost-
effective with high efficiency. A professional and experi-
enced team is being engaged for the production and delivery
of the bricks. Bricks are manufactured from the ancient time
and still used hugely in modern construction in everywhere.
However, the quality and structure/design of the bricks have
improved from the ancient time. The modern bricks are eco-
friendly and cost-effective because advanced technologies
are used in manufacturing them. AM Auto Bricks use mod-
ern kilns to fire the molded bricks. Modern technologies and
machines can refine bricks with minimum time and cost. It
has expertise in the production of modern structural clay
products. Eco-friendly processes are being maintained in
AM Auto Bricks. So, it uses 30% less energy than tradi-
tional brick fields. In addition, it recycles heat generated in
the kiln to dry green bricks and eliminates the emission of
black smoke laden with CO, gas. Raw bricks are dried in a
drying chamber with strictly controls temperature, airflow,
and proper time. The best quality coal is used as fuel from
Boropukuria and firing kiln ensures the uniform firing, pre-
venting color variations, deformity, and shrinkage etc.

Waste and carbon emission from the studied construction
materials manufacturers are presented in Fig. 2.

The construction sector demands many materials which
are purchased from suppliers and construction materials
manufacturers. Manufacturing industries implement GSCM
practices. Amidst, GMP has several benefits, such as manu-
facturing cost reduction, fulfils environmental requirements
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mation and skilled human resources, and short-term

planning over long time planning

tal impacts, poor commitment by top management,

commitment of top management and knowledge about
the environmental impacts, lack of internal communi-

GSCM imple-
mentation

lack of skilled professionals and information sharing

cation and human resources, and tailor-made guidance

External barriers—Increasing construction materials costs,

External barriers—Lack of public awareness, weak legal

External barriers—Pressure of lower prices, lack of gov-

pressure of lower prices, lack of government support

and regulation

government enforcement, and lack of regulatory bod-

ies support

ernment support, and weak legal structure

and customers’ demands, and improves industrial market
value. Globally environmental concern is growing up and
hence GPP is getting popularity among them. Such indus-
tries highly contribute to environmental pollution and so
have adopted IEMP. Environmental professionals are
employed to ensure the environmental compliance (envi-
ronmental laws, regulations, standards, and site permits to
operate). Manufacturing industries are more responsible for
air pollution and destruction of natural environment. So, the
government regulatory bodies are enforcing such industries
to comply with related legislations. IRP supports to recycle
and resell additional/unused raw materials, out of service
equipment, demolished products, and waste [32, 34, 35].
The adoption of EDP is increasing greatly in the manufactur-
ing industries. The integration of environmental considera-
tions into the equipment/product design and development
that aims to improve performance throughout a product life
cycle. In the competitive market, all manufacturing indus-
tries are emphasising on environmental conservation to
upgrade their market value.

The comparative GSCM practices of BSRM, Shah
Cement and AM Auto Bricks is shown in Table 2.

Quantitative survey in construction industries

Survey research provides detailed data directly from the
individual industries. This study surveyed different types of
30 construction industries (real estate developers and con-
struction materials manufacturers) in Bangladesh. These
industries are run by different authorities. The ownership
type of the surveyed industries includes: 10% joint venture,
76.67% private, 6.67% state owned and 6.67% international.
According to the size of industry and providing services,
the employee size differed including: 16.67% micro (< 10),
26.67% small (11-50), 40% medium (51-250) and 16.67%
large (> 250); similarly, 50% house building, 16.67% com-
mercial building, 20% civil engineering, and 13.33% refur-
bishment and maintenance service providing industries. As
construction materials, the surveyed industries purchased
16.67% virgin material, 36.67% recycled materials, and
46.67% mix materials from the suppliers (manufacturers).
The quantitative findings of the study are presented and dis-
cussed below.

Influential factors (pressures) in GSCM practices

The implementation of any policy or strategy faces chal-
lenges (pressures) in everywhere, especially in developing
countries due to high illiteracy rate/lack of awareness and
defective implementation of the relevant legislations [6,
69]. Bangladesh is one of the developing countries, so
GSCM practices in the construction industries is derived
by several external (market, supplier, regulations) and
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Fig.2 Operational activities of construction materials manufacturers and their environmental emissions

internal factors (environmental mission, multinational
policies, disposal of hazardous materials, cost-effective
eco-friendly goods and packages). The details of the stud-
ied influential factors are shown in Fig. 3 and Table S2
(Supporting Information). The consumer’s environmental
awareness and green image affected 90% and 63%, respec-
tively as market pressure on GSCM practices. Statistical
analysis showed p value less than 0.05, denoting statisti-
cally significant. The consumer’s environmental awareness
and green image reduced C&D waste and carbon emission
that agreed by Zhu et al. [70] and Nguyen et al. [8]. Con-
sumer awareness encourages use of recycled C&D debris
in construction activities that ultimately reduces waste
generation. Besides, the reduction of new raw materials
acquisition from natural sources declines carbon emission
[14, 25, 37]. Similarly, eco-friendly goods pressure, sup-
plier pressure introduces environmental partnership and
eco-friendly package affected 93%, 90% and 90%, respec-
tively as supplier pressure on GSCM practices. Analysis
showed p value <0.05, so it was statistically significant.
The eco-friendly goods, suppliers introduce environmen-
tal partnership and eco-friendly package pressured signifi-
cantly reduced construction wastes and carbon emission
that proved by previous studies [5, 41, 71]. According to
respondents, regulations influence on GSCM practices was
agreed 60% by central government, 53% by regional envi-
ronmental, and 57% by international environmental regu-
lations pressures. Analysis showed central government
force on GSCM practices statistically significant; however,
regional and international environmental regulations were
not statistically significant. Hence, these two pressures
cannot affect construction waste and carbon emission that
is opposed by Chen and Sheu [72] and Jiang et al. [25].

The difference might be for the poor practice of related
legislations in Bangladesh and other developing countries.

According to the findings of this study, the internal fac-
tors influenced more on GSCM practices than the external
factors in construction industries. The surveyed respond-
ents agreed that the internal factors influenced by 73% com-
pany environmental mission, 70% internal multinational
policies, 80% potential liability for disposal of hazardous
materials, 83% costly disposal of hazardous materials, 73%
eco-friendly goods are cost-effective, and 67% eco-friendly
packages on GSCM practices in construction industries.
According to statistical analysis, p value less than 0.05 that
indicated statistically significant. All the studied internal
factors in GSCM practices reduced C&D waste and carbon
emission which supported by Hu and Hsu [53] and Guerra
et al. [81]; however, the influence of external factors cannot
be neglected at all.

GSCM practices

The studied GSCM components include GM, GP, IEM,
cooperation with customers, IR and ED (see Fig. 4). In
case of GM, eight factors were investigated in this study.
About 90.83% respondents agreed those factors affected on
GSCM practices in construction industry. Statistical analy-
sis showed p value <0.05, indicating statistically significant.
Therefore, the studied GM factors contributed to C&D waste
and carbon emission reduction by replacing traditional con-
struction materials with organic-based materials. Similarly,
85.83% respondents agreed with the studied GP factors
influenced on GSCM practices. Analysis showed p value
was less than 0.05 that meant statistically significant. The
investigated GP factors minimized C&D waste and carbon

@ Springer
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emission by purchasing energy saving and waste-efficient
materials and equipment [38, 39]. About 82.5% respond-
ents positively answered the studied IEM factors affected
on GSCM practices, whereas 17.5% respondents disagreed
about the impact of the support of environmental regula-
tions. Statistical analysis showed significant differences
between agreed and disagreed respondents about the effect
of IEM on GSCM practices. Similarly, 73-90% respondents
agreed that cooperation with customers for including envi-
ronmental requirements influenced on GSCM practices in
construction industry. Analysis showed statistically signifi-
cant in terms of IEM and customer’s cooperation’s effect on
GSCM practices that supported by previous studies [47, 73,
74]. In case of IR, 86.66% respondents agreed that the inves-
tigated factors affected GSCM practices. Statistical analysis
showed p value <0.05 which indicated statistically signifi-
cant. So, the investigated IR factors reduced C&D waste and
carbon emission. Similarly, previous research demonstrated
reduction in waste and carbon emission from construction
activities by recycling (saving energy and reducing carbon
release) and reusing (diverting new raw materials acquisi-
tion) C&D debris [19, 28, 32-35]. About 93.33% respond-
ents opined the studied ED factors impacted on GSCM
practices. Analysis showed statistical significance and so
alternate hypothesis was accepted. The studied ED factors
significantly reduced C&D waste and carbon emission. The
ED practice also reduced C&D waste and carbon emission
in both developed and developing countries according to
previous studies [46, 75, 76].

GSCM performances

The GSCM performance is studied in environmental, eco-
nomic, and operational perspective in construction indus-
tries of Bangladesh [Fig. 5 and Table S3 (Supporting Infor-
mation)]. In case of environmental performances, 88.66%
respondents acknowledged that GSCM practices promoted
the studied environmental performance factors. Statisti-
cal analysis showed that there was significant difference
between respondents agreed and disagreed about the effect
of the investigated environmental performance factors on
GSCM practices. The improvement of environmental per-
formance significantly reduced C&D waste and carbon
emission by adopting 3R’s practices. In case of economic
performance analysis, 78.66% respondents agreed GSCM
practices improved positives economic factors while only
23.35% respondents agreed about negative economic factors
increased. It was statistically significant that the investigated
positive economic factors greatly influenced GSCM prac-
tices and minimized C&D wastes and carbon emission by
reusing recycled wastes. About 74.89% respondents agreed
GSCM practices in construction industries promoted opera-
tional performances according to the studied factors. The

@ Springer
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Fig.3 Overview of GSCM 100
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influence of studied factors on GSCM practices, as well
C&D waste and carbon emission was statistically signifi-
cant, agreed by Vachon and Klassen [10] and Zhu et al. [66].
Several reports showed that the improvement of GSCM per-
formances in construction industries eliminated C&D waste
generation and carbon emission using recycled wastes and
minimizing the retrieving rates of virgin raw materials [9,
15,29, 31, 34].

GSCM application barriers
This research investigated more than 18 barriers that influ-
enced on GSCM practices in construction industries (see

Fig. 6). All these barriers directly or indirectly influenced
on GSCM practices and subsequently in C&D wastes

@ Springer

and carbon emission. The findings showed that 70-90%
respondents agreed about the studied factors affected on
GSCM practices, whereas the highest affected barrier
was found as financial/technical/human application bar-
rier and the lowest affected barriers were inappropriate
organization structure and knowledge about the environ-
mental impacts of the company. The statistical analysis
showed p value < 0.05 that meant statistically significant.
The investigated GSCM application barriers significantly
affected C&D waste reduction and carbon emission agreed
by previous studies [49, 76, 77]. Several researches dem-
onstrated that the main barriers in implementing GSCM
practices were lack of sufficient knowledge, skilled techni-
cal persons, and financial support in developing countries
[2, 8, 13, 14].
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Fig.5 Overview of GSCM 100
performance in the construction
industry

88.66

80

70

60

50

Percentage

40

30

20

10

Environmental

Fig.6 Percentage of different
barriers impact on GSCM prac-
tices in construction industries

Short-time planning over long time planning 4§
Markets for reyclable materials

Government legal enforcement I;‘;v;;;,f.
knowledge about the environmental impacts of the..l} 0

No information sharing between Customers/Suppliers %%

Factors

Lack of Mid level mgd Commitment £

Lack of top level mgd Commitment

Support or Tailor made guidance :

Inappropriate organization structure

®Agree(%)  BDisagree (%)

78.66

74.89

Negative Economic

Positive Economic Operational Performance

GSCM performance

M Strongly disagree B Disagree BNeutral M Agree E1Strongly agree

oters - ERFESMIIIITIIE
[T
b =TT
[T
R
TR
ITTIIIIE
[T
(T

Internal Communication

Financial /Technical/Human application barrier

Construction waste reduction

The C&D waste generated in Bangladesh mainly classified
as solid waste, liquid waste, and volatile waste. In further
classification, solid waste included concrete, bricks, timber,
plastic, glass, metals, cardboard/papers, and other wastes
(see Table 3). According to the respondents, statistically sig-
nificant (p value <0.05) amount of C&D waste was gener-
ated including concrete, bricks, timber, plastic, metals, and
cardboard/papers that supported by previous studies [36, 37,
78-80]. However, the generation of glass and other wastes as
C&D waste was statistically insignificant that was disagreed
by previous studies, which might pose problems in investi-
gation methodologies or differences in economic status of

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage

the studied area. The liquid and volatile waste generation
was not statistically important in construction industries that
agreed with previous studies [23, 34, 81, 82].

Recently, the volume of C&D waste is considerably
declining in Bangladesh due to the adopted strategies by
the construction industries. These strategies included imple-
mentation of 3R’s technique (enforced by government regu-
lating authorities), modern eco-friendly design (i.e., demand
less materials) and diversion of C&D wastes from being
landfilled through resources recovery. Thus, the reduction
of C&D waste contributed to the overall waste management.
Most of the wastes generated from different sources are gen-
erally mixed up with municipal solid wastes and then dis-
posed. Therefore, the diversion of C&D wastes from disposal

@ Springer
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Table 3 Types of wastes

eenerated in the studied Category Type of waste Agreed respondents
construction industries Notatall  Alittlebit Tosome Relatively Significant
degree significant
Solid waste Concrete 0 2 5 9 14
Bricks 0 3 4 8 15
Timber 0 2 7 9 12
Plastic 0 3 4 9 14
Glass 1 4 9 10 6
Metals 2 6 11 4
Cardboard/Papers 0 3 7 11
Others waste 3 4 8 6 9
Liquid waste 1 7 8 10 4
Volatile waste - 6 9 8 7

minimizes waste disposal cost. Furthermore, it reduces air
and water pollution by avoiding the release of pollutants
along with reduced waste deposit to land [see Fig. 7 and
Table S4 (Supporting Information)]. Among the four stud-
ied waste management factors (reduction or modification
of waste management plan, increase recycling to reduce
waste, life cycle assessment and reduction or modification
of solid waste), only three factors statistically significantly
influenced in waste reduction. However, increase recycling
to reduce waste was not statistically significant in case of
C&D waste reduction. Almost similar results were shown
by previous studies [28, 83, 84]. In contrast, some previous
studies opposed with the findings of this study [36, 49, 85]
which might be for experimental design or unwillingness
to share accurate data by the respondents. Additionally, in
case of air pollution 66.67%, water pollution 53.33%, waste
deposit land 55.17% and through waste management 62.5%

Fig.7 GSCM practices help to 100
waste reduction in the construc-

tion industry 90

80
70 66.67
60

50

Percentage

40

30

20

10

Air pollution

@ Springer

agreed by the respondents to minimize waste in construction
industry through GSCM practices.

Sustainability and economic

Sustainability and economic growth are very important in
any industrial sector. These help construction industries
towards net zero carbon and waste emission which subse-
quently, improve the environmental quality and market value
of the industry. About 79.33% respondents agreed while
20% respondents disagreed that the sustainability factors
(i.e., contribute to environmental protection, reduction of
solid waste, reduction of environmental risks, reduction of
carbon and conserve natural resources) improved after the
implementation of GSCM practices in construction indus-
tries (see Fig. 8). The highest sustainability effect was on
conserving natural resources. The investigated sustainability

mAgree(%)  BDisagree (%)

53.33

55.17

water pollution waste deposit to land

waste management

Contribution of waste reduction
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Fig. 8 Sustainability and eco-
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factors significantly reduced C&D waste and carbon emis-
sion including environmental risks.

Similarly, 84.97% respondents agreed while 15.02%
respondents disagreed that the economic factors (cost bene-
fits, avoiding fines, improve image value and meeting market
expectations) improved according to the respondents after
GSCM practices in construction industry (see Fig. 8). The
main economic benefits were avoiding fines for mismanage-
ment or violating environmental legislations. These factors
progress benefited economically as well improved brand
image and fulfilled the customer’s requirements.

Conclusion

Construction industries are continuously polluting envi-
ronment through waste release and carbon emission.
However, such impacts can be minimized through the
effective implementation of GSCM practices. The GSCM
practices are still partially implemented due to the absence
of required supports in Bangladesh. Therefore, they cannot
fulfil the environmental objectives in construction indus-
tries. The executive team is committed to support environ-
mental compliance and auditing programs; in reality, it is
not properly noticed. Furthermore, the suppliers ISO14000
certification is not always mandatory. The available IR
practices cannot bring significant benefits in terms of 3R’s
implementation. The eco-design is growing up to reduce
C&D waste and carbon emission; however, still it is not
perfectly practicing. The main barriers in GSCM practices
include lack of government support and alternative tech-
nology, slow rate of return, high cost, and lack of killed
human resources. Environmental performance—reduced
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waste, water consumption, hazardous waste, and envi-
ronmental accidents—subsequently brought positive
economic benefits. However, the negative economic ben-
efits were not significant. The operational performance
decreased inventory cost and increased products quality.

The application of GSCM practices minimized consid-
erable amount of C&D waste and carbon emission from
construction sectors according to the respondents experi-
ences and authors opinions that subsequently eliminated
air and water pollution, and landfill demand. According to
survey findings, GSCM practices demonstrated positive
environmental effects in construction industries. There-
fore, the concerning authorities should adopt the required
strategies to compel such industries to implement GSCM
practices fully in their construction operations. In addi-
tion, they can provide technical and financial support to
those industries which are attempting to include GSCM
practices in their industrial policy and vision. However,
there is limitation in sample size and data accuracy in this
study due to the limited access to industries and unwill-
ingness to share the actual data (it might be for hiding
their own faults that violating government regulations and
considering sharing data is wastage of time). Therefore,
it is recommended to conduct such research in future that
may explore the real challenges in implementing GSCM
practices along with forward solutions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10163-024-01987-7.

Acknowledgements This research financially supported by the Car-
bon Peak and Carbon Neutrality Technology Innovation Foundation
of Jiangsu Province (BK20220030), the Scientific Research Founda-
tion for Senior Talent of Jiangsu University, China (20JDG067), and

@ Springer


https://doi.org/10.1007/s10163-024-01987-7

2506

Journal of Material Cycles and Waste Management (2024) 26:2491-2508

the Jiangsu Province “Double Innovation PhD” Grant. In addition, we
would like to express sincere gratitude to all industrial staffs who pro-
vided the required data.

Data availability The data that support the findings of this study are
available on request from the corresponding author. The data are not
publicly available due to their containing information that could com-
promise the privacy of research participants.

References

10.

11.

12.

13.

14.

15.

16.

Conti T (2013) How should quality-related concepts evolve to face
the challenges of world globalization? TQM J 25(6):641-658
Han Y, Feng Z, Zhang J, Jin R, Aboagye-Nimo E (2019) Employ-
ees’ safety perceptions of site hazard and accident scenes. J Constr
Eng Manag 45(1):04018117

Li B, Chen W, Xu C, Hou P (2018) Impacts of government subsi-
dies for environmental-friendly products in a dual-channel supply
chain. J Clean Prod 171:1558-1576

Ahmed S, Sobuz MHR (2020) Challenges of implementing lean
construction in the construction industry in Bangladesh. J Smart
Sustain Built Environ 9(2):174-207

Luthra S, Garg D, Haleem A (2016) The impacts of critical suc-
cess factors for implementing green supply chain management
towards sustainability: an empirical investigation of Indian auto-
mobile industry. J Clean Prod 121:142-158

Zhu Q, Sarkis J, Lai K (2007) Green supply chain management:
pressures, practices performance within the Chinese automobile
industry. J Clean Prod 15(11-12):1041-1052

Dainty ARJ, Brooke RJ (2004) Towards improved construction
waste minimisation: A need for improved supply chain integra-
tion? Struct Surv 22(1):20-29

Nguyen PT, Vo KD, Phan PT, To Nguyen QLH, Huynh VDB
(2019) Optimization of main factors affecting construction waste
by the supply chain management. Int J Supply Chain Manag
8(5):275-278

Rao P, Holt D (2005) Do green supply chains lead to com-
petitiveness economic performance? Int J Oper Prod Manag
25(9):898-916

Vachon S, Klassen RD (2008) Environmental management and
manufacturing performance: the role of collaboration in the sup-
ply chain. Int J Prod Econ 111(2):299-315

Baranikumar D, Bikila ML, Chala G (2021) Sustainable green
supply chain management and waste management in construction
industry. J Contemp Issues Bus Gov 27(3):123-127

Beldek T, Camgoz-Akdag H, Hoskara E (2016) Green supply
chain management for construction waste: case study for Turkey.
Int J Sustain Dev Plan 11(5):771-780

Benachio GLF, Freitas MCD, Tavares SF (2019) Green supply
chain management in the construction industry—a literature
review. IOP Conf Series Earth Environ Sci 225:012011

Wibowo MA, Handayani NU, Mustikasari A, Nurdiana A, Soleh
MN (2018) Determining factors for implementing green sup-
ply chain management in the construction industry: a literature
review. MATEC Web of Conf 159:01022

Hervani A, Helms M, Sarkis J (2005) Performance measure-
ment for green supply chain management. Benchmark Int J
12(4):293-297

Srivastava S (2007) Green supply-chain management: a state-of-
the-art literature review. Int J Manag Rev 9(1):53-80

. Al-Sari M, Al-Khatib IA, Avraamides M, Fatta-Kassinos D (2012)

A study on the attitudes and behavioural influence of construction
waste management in occupied palestinian territory. Waste Man-
age Res 30(2):122-136

Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Sarkis J (2020) Supply chain sustainability: learning from the
COVID-19 pandemic. Int J Oper Prod Manag 41(1):63-73
Vargas M, Alfaro M, Karstegl N, Fuertes G, Gracia MD, Mar-
Ortiz J, Sabattin J, Duran C, Leal N (2021) Reverse logistics for
solid waste from the construction industry. Advances in Civil
Engineering 2021: Article ID 6654718, 11 pages

Alam O, Qiao X (2020) An in-depth review on municipal solid
waste management, treatment and disposal in Bangladesh. Sus-
tain Cities Soc 52:1-18

ElTayeb TK, Zailani S, Jayaraman K (2010) The examina-
tion on the drivers for green purchasing adoption among EMS
14001 certified companies in Malaysia. ] Manuf Technol Manag
21(2):206-225

Alam O, Hossain MM, Mamun AA (2015) An investigation
into the green business opportunity for the new entrepreneurs
in the municipal wastes recycling sector of Bangladesh. In: Pro-
ceedings of the Waste Safe 2015—4th International conference
on solid waste management in developing countries, Khulna,
Bangladesh

Jaiswal A, Roy P, Bugalia N, Varghese K, Ha QP (2024) Frame-
work to identify directions for future construction and demoli-
tion waste management technologies. E3S Web Conf 496:04005
Zhu Q, Sarkis J, Lai K (2008) Confirmation of a measurement
model for green supply chain management practices implemen-
tation. Int J Prod Econ 111(2):261-273

Jiang Y, Zhao Y, Dong M, Han S (2019) Sustainable supply
chain network design with carbon footprint consideration: a case
study in China. Math Probl Eng 2019:1-20

Teo MMM, Loosemore M (2001) A theory of waste behaviour
in the construction industry. Constr Manag Econ 19(7):741-751
Zhu Q, Sarkis J, Lai K (2012) Green supply chain management
innovation diffusion its relationship to organizational improve-
ment: an ecological modernization perspective. J] Eng Technol
Manag 29(1):168-185

Brandao R, Edwards DJ, Melo ACS, Macedo AN (2023)
Reverse supply chain practices for construction and demoli-
tion waste in the Brazilian Amazon: a multi-stakeholder view.
J Mater Cycles Waste Manage 25:2245-2261

Cataldo I, Banaitis A, Samadhiya A, Banaitiene N, Kumar A,
Luthra S (2022) Sustainable supply chain management in con-
struction—an exploratory review for future research. J Civ Eng
Manag 28(7):536-553

Oyefusi ON, Enegbuma WI, Brown A (2024) From systematic
literature review to performance criteria evaluation-advancing
green supply chain management in construction. Int J Constr
Manag 25:1-16

Noor RNHRM, Endut IR, Redzuan ARM, Dahalan NH, Yunus
JN, Tammy NJ (2020) Supply chain framework in enhancing
construction waste management: a case study in Klang Valley.
In: Proceedings of AICCE'19 (AICCE 2019):1345-1376
Brandao R, Edwards DJ, Hosseini MR, Melo ACS, Macedo AN
(2021) Reverse supply chain conceptual model for construction
and demolition waste. Waste Manage Res 39(11):1341-1355
Hosseini MR, Rameezdeen R, Chileshe N, Lehmann S (2015)
Reverse logistics in the construction industry. Waste Manage
Res 33(6):499-514

Huang Y, Pan L, He Y, Xie Z, Zheng X (2022) A BIM-WMS
management tool for the reverse logistics supply chain of demo-
lition waste. Sustainability 14:16053

Sobotka A, Sagan J, Baranowska M, Mazur E (2017) Manage-
ment of reverse logistics supply chains in construction projects.
Proced Eng 208:151-159

Kumar MK, Rajan D (2020) Construction waste minimization:
using green supply chain management. Int J Innov Eng Technol
17(3):21-30



Journal of Material Cycles and Waste Management (2024) 26:2491-2508

2507

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Wibowo MA, Elizar SMN, Adji HS (2017) Supply chain man-
agement strategy for recycled materials to support sustainable
construction. Proced Eng 171:185-190

Ajayi SO, Oyedele LO, Akinade OO, Bilal M, Alaka HA, Owolabi
HA (2017) Optimising material procurement for construction
waste minimization: an exploration of success factors. Sustain
Mater Technol 11:38-46

Ajayi SO, Oyedele LO (2018) Waste-efficient materials procure-
ment for construction projects—a structural equation modelling
of critical success factors. Waste Manage 75:60—-69

Shah MGH, Muraduzaman M (2013) An overview of green sup-
ply chain management in Bangladesh. Int ] Adv Res Technol
2(5):320-325

Wang W, Li Y, Lu N, Wang D, Jiang H, Zhang C (2020) Does
increasing carbon emissions lead to accelerated eco-innovation?
Empirical evidence from China. J Clean Prod 251:119690
Vachon S, Klassen RD (2006) Extending green practices across
the supply chain: the impact of upstream-downstream integration.
Int J Oper Prod Manag 26(7):795-821

Xie F, Gu B, Qian H (2021) Experimental study on the dynamic
behavior of steel frames during progressive collapse. J Constr
Steel Res 177:106459

Ahmed S, Islam H, Hoque I, Hossain M (2020) Reality check
against skilled worker parameters and parameters failure effect
on the construction industry for Bangladesh. Int J Constr Manag
20(5):480-489

Alam O, Qiao X (2020) Influences of chemically controlled Ca-
bearing minerals in chitosan on Pb** removal efficiency. J Environ
Health Sci Eng 18(2):993-1005

Hasan MA (2012) Evaluation of building construction manage-
ment in Sylhet City, Bangladesh. KICEM J Constr Eng Proj
Manag 2(2):40-47

Gao X, Gu Y, Xie T, Zhen G, Huang S, Zhao Y (2015) Characteri-
zation environmental risk assessment of heavy metals in construc-
tion demolition wastes from five sources (chemical, metallurgical
light industries, residential recycled aggregates). Environ Sci Pol-
lut Res 22(12):9332-9344

Hossain MM, Alam O (2013) A deeper look into the inner fac-
tors associated to healthcare waste management in Chittagong—the
commercial capital of Bangladesh. In: Proceedings Sardinia 2013,
Fourteenth International Waste Management and Landfill Sym-
posium S. Margherita di Pula, Cagliari

Saadi N, Ismail Z, Alias Z (2016) A review of construction waste
management and initiatives in Malaysia. J Sustain Sci Manag
11(2):101-114

Kumar R, Chandrakar R (2012) Overview of green supply chain
management: operation environmental impact at different stages
of the supply chain. Int J Eng Adv Technol 1(3):1-6

Al-Sari M, Al-Khatib IA (2012) Workers’ safety in the construc-
tion industry in the southern west bank of Palestine. East Mediterr
Health J 18(10):1028-1033

Rentizelas A, de Sousa Jabbers ABL, Al Balushi AD, Tuni A
(2020) Social sustainability in the oil and gas industry: institu-
tional pressure and the management of sustainable supply chains.
Ann Oper Res 290(1):279-300

Hu AH, Hsu CW (2010) Critical factors for implementing
green supply chain management practice: an empirical study
of electrical electronics industries in Taiwan. Manag Res Rev
33(6):586-608

Sarkis J, Zhu Q, Lai K (2011) An organizational theoretic review
of green supply chain management literature. Int J Prod Econ
130(1):1-15

Datta RK, Alam O, Hossain MM (2017) Current status of urban
drainage system and its problem in Netrokona Municipal, Dhaka.
J Inst Sci Technol 22(1):165-178

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Muzaffar A, Khurshid A, Malik MN, Azhar A (2019) Sustainable
development across the supply chain: the missing link of socio-
environmental effect. Sustain Dev 27(5):976-981

Sarkis J (2006) The adoption of environmental risk management
practices: Relationships to environmental performance. J Oper
Res 145(1):367-381

Alam O, Billah M, Yajie D (2018) Characteristic of plastic bags
and their potential environmental hazards. Resour Conserv Recycl
132:121-129

Ofori G (2000) Greening the construction supply chain in Singa-
pore. Eur J Purch Supply Manag 6(3):195-206

Alam O, Hossain MM, Hossain AKhME (2015) Current scenar-
ios of healthcare waste management in Chittagong Metropolitan
City—Bangladesh. ARPN J Sci Technol (JST) 5(9):444-456

Gill J, Johnson P (2010) Research methods for managers, 4th edn.
Sage Publications Ltd., London

Marshall C, Rossman G (2006) Designing qualitative research,
4th edn. Sage Publication, London

Liu L, Zhang M, Hendry LC, Bu M, Wang S (2018) Supplier
development practices for sustainability: a multi- stakeholder per-
spective. Bus Strateg Environ 27(1):100-116

Yuan H (2012) A model for evaluating the social performance of
construction waste management. Waste Manage 32(6):1218-1228
Zhu Q, Geng Y (2002) Study on the effect of enterprises green
purchasing. China Soft Sci 11:71-74

Zhu Q, Sarkis J, Geng Y (2005) Green supply chain management
in China: pressures, practices, and performance. Int J Oper Prod
Manag 25(5):449-468

Zhu Q, Sarkis J (2004) Relationships between operational prac-
tices performance among early adopters of green supply chain
management practices in Chinese manufacturing enterprises. J
Oper Manag 22(3):265-289

Zhu Q, Qu Y, Geng Y, Fujita T (2017) A comparison of regulatory
awareness green supply chain management practices among Chi-
nese Japanese manufacturers. Bus Strateg Environ 26(1):18-30
Holt DL (2005) The development and empirical testing of a pres-
sure/response model of green supply chain management amongst
a cross-sectoral sample of members of the chartered institute of
purchasing and supply. PhD thesis, Middlesex University, London
Zhu Q, Sarkis J, Lai K (2013) Institutional-based antecedents and
performance outcomes of internal and external green supply chain
management practices. J Purch Supply Manag 19(2):106-117
Laosirihongthong T, Adebanjo D, Tan KC (2013) Green supply
chain management practices performance. Industr Manag Data
Syst 113(8):1088-1109

Chen YJ, Sheu JB (2009) Environmental-regulation pricing strate-
gies for green supply chain management. Transp Res Part E Logist
Transp Rev 45(5):667-677

Darnall N (2006) Why firms mate ISO 14001 certification. Bus
Soc 45(3):354-438

Govindan K, Kaliyan M, Kannan D, Haq AN (2014) Barrier’s
analysis for green supply chain management implementation in
Indian industries using analytic hierarchy process. Int J Prod Econ
147:555-568

Pappu A, Saxena M, Asolekar SR (2007) Solid wastes genera-
tion in India their recycling potential in building materials. Build
Environ 42(6):2311-2320

Peitz M, Shin D (2013) Innovation waste in the supply chain man-
agement. J Econ Behav Organ 86:191-199

Rao A, Jha KN, Misra S (2007) Use of aggregates from recycled
construction and demolition waste in concrete. Resour Conserv
Recycl 50(1):71-81

Alam O, Yang L, Yanchun X (2019) Determination of the selected
heavy metal and metalloid contents in various types of plastic
bags. J Environ Health Sci Eng 17(1):161-170

@ Springer



2508

Journal of Material Cycles and Waste Management (2024) 26:2491-2508

79.

80.

81.

82.

83.

84.

Solis-Guzman J, Marrero M, Montes-Delgado MV, Ramrez-de-
Arellano A (2009) A Spanish model for quantification manage-
ment of construction waste. J Int Waste Manag 29(9):2542-2548
Yuan H, Shen L (2011) Trend of the research on construction
demolition waste management. Waste Manag 31(4):670-679
Guerra BC, Leite F, Faust KM (2020) 4D-BIM to enhance con-
struction waste reuse and recycle planning: case studies on con-
crete and drywall waste streams. Waste Manag 116:79-90
Kozlovska M, Spisdkova M (2013) Construction waste genera-
tion across construction project life cycle. Organ Technol Manag
Constru Int J 5(1):687-695

Esin T, Cosgun N (2007) A study conducted to reduce construc-
tion waste generation in Turkey. Build Environ 42(4):1667-1674
Williams ID, Turner D (2011) Waste management practices in
the small-scale construction industry. In: Proceedings of the Thir-
teenth International Waste Management and Landfill Symposium.
S. Margherita di Pula, Cagliari, Sardinia

@ Springer

85.

Nagapan S, Rahman IS, Asmi A (2012) Construction waste man-
agement: Malaysian perspective. In: Proceedings of the interna-
tional conference on civil environmental engineering sustainabil-
ity, IConCEES 2012

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	The effect of green supply chain management practices in reduction of construction wastes and carbon emission in Bangladesh
	Abstract
	Introduction
	Methodology
	Study area selection and research hypothesis
	Secondary data collection
	Sampling and primary data collection
	Questionnaire design and survey
	Data analysis
	Research ethics
	Risk assessment

	Results and discussion
	Case studies of construction industry
	GSCM practices in construction industries
	GSCM practices in construction materials manufacturers

	Quantitative survey in construction industries
	Influential factors (pressures) in GSCM practices
	GSCM practices
	GSCM performances
	GSCM application barriers
	Construction waste reduction
	Sustainability and economic


	Conclusion
	Acknowledgements 
	References




