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Preface

I am very pleased to bring you Green Practices and Strategies in Supply Chain 
Management. Distinguished researchers from prestigious universities have con-
tributed chapters and cases from real-world events that challenge the brightest 
minds. Undeniably, the concept of green supply chain management is not very new; 
however, the focus on green practices and strategies in the supply chain is on the 
rise from areas such as corporate sector and governmental bodies, protecting the 
environment, managing scarce resources, employee preservation, and maximizing 
the value for stakeholders.

This book is concerned with green supply chain management from the vantage 
point of the triple bottom line: environmental, economic, and social. There are 
many sustainability decisions that can be made on which we have an incredible 
impact. Usually, managers have the opportunity to make decisions in five areas 
of the supply chain: plan, source, make, deliver, and return. The decisions of 
sustainability are made regarding the design of products, packaging and materials 
selection, supplier selection, production methods to eliminate waste, what trans-
portation modes to use, and what to do with the products once they reach the end of 
their lifecycle.

Finally, I would like to thank the contributors/authors of the book for their extraor-
dinary hard work in submitting their valuable and innovative work in the form 
of chapters. I would also like to thank the Author Service Manager, Ms. Rozmari 
Marijan for all her assistance. We also extend our thanks to the IntechOpen team for 
all of their support.

Thank you,

Syed Abdul Rehman Khan, PhD
Tsinghua University,

Beijing, China
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Chapter 1

Introductory Chapter: 
Introduction of Green Supply 
Chain Management
Syed Abdul Rehman Khan

1. Introduction

Since last couple of decades, environmental issues have been increasing and 
traveling faster than forest fire, country to region, region to world level terri-
tory, which is a serious cause of climate change and global warming. In addition, 
scarcity of natural resources and air and water pollution badly affect the fauna 
and flora, human life with different diseases they cause definitely, such like isch-
aemic heart disease, lung cancer, chronic obstruction pulmonary disease, stroke, 
Dracunculiasis, Cholera, Hepatitis, Typhoid fever, and Norovirus [2]. While, the 
green supply chain concept occurs to mitigate environmental degradations and 
control air, water and waste pollution through the adoption of green practices in 
business operations. Undeniably, the basic ideology behind green concept is to 
enhanced environmental sustainability, but firms adopt green concept as “kill two 
enemies with one bullet”. Because green supply chain can reduce the environmen-
tal pollution and production costs and it also can spur economic growth, create 
competitive advantage in terms of greater customer satisfaction, positive image 
and reputation and provide better opportunity to export their products in pro-
environmental countries [1]. The definition of green idea is expanding with new 
innovations and techniques to protect environmental sustainability, which can be 
recognized by corporate social responsibility, green manufacturing, waste reduc-
tion, recycling and remanufacturing sustainable/environmental friendly supply 
chain, green supply chain, etc.

The term sustainable or green supply chain refers to the idea of integrating sus-
tainable environmental processes into the traditional supply chain. This can include 
processes such as supplier selection and purchasing material, product design, 
product manufacturing and assembling, distribution and end-of-life management. 
Instead of mitigating harmful impact of business and supply chain operations, 
green supply chain involves value addition and/or value creation through the 
operations of whole chain. Undeniably, reducing air, water and waste pollution is 
the main goal of green supply chain, while green operations also enhance firms’ 
performance in terms of less waste manufacturing, reuse and recycling of products, 
reduction in manufacturing costs, greater efficiency of assets, positive image build-
ing, and greater customer satisfaction. Figure 1 displays a green supply chain of 
child’s crib manufacturer as an example.

Green supply chain makes the applications of the key sustainable development 
strategy outstand. It emphasizes how green practices can be adopted in firms to mit-
igate the environmental degradations and increase the economic and operational 
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performance of firms, while Figure 2 illustrates a simple model of green supply 
chain. Khan et al. [2] have explained the concepts of sustainable and green supply 
chain management:

Application of environmental management principles to the entire set of activities 
across the whole customer order cycle, including, design, procurement, manufactur-
ing and assembly, packaging, logistics and distribution [3].

Integrating environmental thinking into supply chain management, including eco-
logical design of products, purchasing green materials and components, reengineer-
ing of manufacturing steps towards ecofriendly, reverse logistics management of the 
product after its useful life [4].

Figure 1. 
Green supply chain of child’s crib manufacturer.

Figure 2. 
Simple model of GSCM.
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Integrating environmental consideration onto firms’ supply chain including reverse 
logistics [5].

Reducing and controlling the harmful impacts of supply chain on the environment [6].

Adoption of ecological design, sourcing green materials and chemicals, and provide 
green trainings to employees under ethical leadership [7].

Green supply chain are integrating ecofriendly concept into supply chain manage-
ment to improve environmental sustainability with different green practices 
including, green purchasing, green distribution and warehousing, green trans-
portation with usage of biofuels, green manufacturing processes and the products’ 
end-of-life management [2, 7].

In the World, as the environmental awareness is increasing, firms are facing 
heavy pressure from different stakeholders including government and customers 
to mitigate their harmful effect on the environment [8]. Indeed, corporate sector 
needs to consider integrating their business practices in service and manufactur-
ing industry with sustainability and reducing end-to-end supply chain costs to 
achieve competitive advantage [1, 9]. Since last couple of decades, growing impacts 
of global warming, climate change, waste and air pollution issues have involved 
increasing world-wide attention of experts to think more ecofriendly and find opti-
mum possible solution towards “Green” [10, 11]. Rath [12] identified GSCM (green 
supply chain management) plays a part in motivating organizational sustainability. 
With the environmental concerns rising continuously, GSCM deserves a persistent 
community concern in developed nations. Further, it has recently woken up the 
developing nations to the green movement [13].

2. The role of critical success factors in GSCM

There is no doubt that green supply chain is a relatively new idea, which is gain-
ing popularity so as to improve environmental performance in the whole chain [5, 
14]. We have identified the following six key critical success factors for putting green 
supply chain management into practice to attain better environmental sustainability

• Ethical leadership/internal management

• Customer management

• Supplier management

• Competitiveness

• Societal

• Regulatory

2.1 Ethical leadership/internal management

Internal environment management contains support and encouragement from 
senior managers. Internal management is a key critical success factor for enterprises 
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to adopt green practices. Pressure employees bring about, encouragement and sup-
port from environmental-protection motivate senior management. Meanwhile, the 
perception of environmental risks involved could bring positive change in adoption 
of green practices [8, 15, 16].

2.2 Customer management

In green supply chains, customers play an important and effective part [13]. 
Indeed, developing nations’ firms are facing heavy pressure to adopt green prac-
tices in their business operations of supply chain to meet their customers’ demand 
so that they can be competitive in the market [17]. Cooperation with customers 
becomes very useful to attain fruitful advantages from green supply chain manage-
ment [7, 18].

2.3 Supplier management

Green supply chain practices are unable to be adopted without active partici-
pation of customers and suppliers [19, 20]. Strong collaboration with suppliers 
enhances incentive systems, boosts the adoption and development of innovative 
ecofriendly ideas. Technologies, green partnership agreements and openness 
in implementation of innovative green practices may generate enhancement in 
operational and environmental performance so as to achieve economic goals of 
firms [21].

2.4 Competitiveness

A number of published researches showed that competence and relevant ele-
ments could play a part in green practices implementation in their supply chain [22, 
23]. Competitiveness has been perceived as a significant factor to implement green 
practices rather than organizations’ wish to protect environmental sustainability. 
Implementing green practices in firms’ business operations may also be dated back 
to additional voluntary for competitive factors [8].

2.5 Social

A number of researchers found the significance of societal factors for attaining 
environmental friendly practices objectives [15, 22, 24]. With growing attention 
of regulatory bodies and awareness of customers on environment, firms have to 
exchange end-to-end information regarding their supply chain operations’ effect 
on local community and people lives [25]. In addition, NGOs (nongovernment 
organizations), electronic and social media are more effective in exerting pressure 
on firms to adopt green practices.

2.6 Regulatory

Increasing prominence of environmental concerns has forced regulatory 
authorities to strict their environmental laws and policies [8, 26]. Governmental 
bodies have been farming strict environmental laws to control climate change, 
global warming and pollution; and firms are required to reduce their supply chain’s 
negative effect on environmental sustainability [27]. Hence, it becomes more and 
more important for firms in supply chain to have conformity with regulations so as 
to conducting ecofriendly strategies.

7
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3. Green practices in supply chain management

With numerous green practices adopted, companies in their business and supply 
chain operations improve their productivity with better environmental growth. 
While, some well-known green practices are as follows;

3.1 Green material sourcing

Green sourcing means sourcing or purchasing materials and components which 
have such enviable ecofriendly characteristics as reusability, recyclability and 
nonuse of hazardous/dangerous chemicals [28]. With more and more concerns 
on environmental protection, procurement professionals have been motivated to 
reconsider their existing sourcing, purchasing strategy and their impact on environ-
mental sustainability [29, 30]. The role of ecofriendly purchasing is the involvement 
of recycling and remanufacturing. Min and Galle [31] further emphasized green 
sourcing supporting waste reduction enhances recycling and remanufacturing and 
other activities in supply chain. Carter and Rogers [32] did a research to explore the 
impact of green sourcing on firms’ environmental and financial performance. They 
concluded that owing to the successful adoption of green purchasing strategy, prod-
ucts’ cost is reduced and environmental performance and financial performance 
of firms is increased with positive reputation obtained in the market. Zailani et al. 
[33] highlighted that ecofriendly purchasing has positive relationship with firms’ 
operational and environmental performance. Yang et al. [34] green purchasing was 
categorized into five main facets: design operation management, supply chain man-
agement, environmental authentication, ecological, and external environmental 
management. They confirmed that green purchasing improved to the overall firms’ 
performance [35]. The adoption of green purchasing in supply chain and business 
operations is a reliable tool in mitigating waste, air and water pollution.

3.2 Green marketing

The actions directed to all incorporates and consumers comprise green market-
ing, a broad range of marketing activities (e.g., planning, production,, process, price, 
promotion and after-sale service) designed to illustrate the goal of organization to 
mitigate the harmful effects of their products [36]. Green marketing practice promotes 
the products with environmental friendly properties [8, 37]. It contains the activities 
that can satisfy human desires of minimum negative effects on the environmental 
beauty. In addition, green marketing enhances firms’ competitiveness and financial 
and environmental performance with positive corporate reputation and image [35, 38].

3.3 Green management

Green management practices (GMP) provide a firm with supplementary sources 
of information that can enhance their business and environmental objectives [39]. 
Adoption of green management practices help with improved firm image, increased 
efficiency, environmental compliance improvement, cost savings, achievement of 
societal commitment and reduction of carbon emissions etc. [40, 41].

3.4 Green distribution and warehousing

Green distribution and warehousing can reduce the waste and play an important 
role in energy reduction and value addition of green products in warehousing 
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significantly improve overall performance of organization with better corporate 
image [7]. Green distribution helps enterprises to obtain superior financial and 
environmental performance [42, 43].

3.5 Green manufacturing

Green manufacturing practices are to implement socially and environmentally 
accountable practices to mitigate harmful effects of manufacturing and increased 
profitability of firms [8, 29]. Green practices in production improve efficiency of 
processes [33]. This practice involves the application of the green resources, which 
may lead towards competitive advantage through reduction in products’ cost and 
improvement in products’ quality. Lean and green manufacturing industry both 
are working for eliminating waste and improving the efficiency of manufacturing 
processes [43]. Baines et al. [42] highlighted the benefits of green manufacturing: 
green practices in production processes mitigate the bad effects of manufacturing 
processes on environmental sustainability, while green manufacturing improve 
operational, environmental and financial performance of firms.

3.6 Ecological design

Luthra et al. [8] highlighted that 80% impacts on environment from product 
and process related could be controlled with the adoption of ecological design in 
supply chain management. Ecological design incorporates many ideas such like 
using cleaner technology processes, green raw material and components [28, 44]. 
Green design of products reduces ecological impacts of products during their life 
[8, 45]. In addition, green design of products also supports reusing, recycling and 
remanufacturing of products, which not only helps firms to improve their environ-
mental performance but also provide opportunity to reduce their costs [1].

3.7 Green transportation and reverse logistics

Green transportation and reverser logistics practices provide opportunity 
to organizations, to improve their image and reduce their costs [46]. Logistics 
overheads can be saved through promoting transportation system’s efficiency and 
enhancement of customer association also can be obtained to create more profit-
ability [8]. The logistics activities integrated with rehabilitation comprise the 
practice of reverse logistics (reusing, recycling, and remanufacturing), which can 
produce the products that can be used again for customers [29]. Green logistics 
practice helps firms to reduce their environmental impacts with improved quality 
and cost reductions [47].

3.8 Renewable energy and biofuels

Undeniably, global logistical and supply chain operations mainly depend on 
energy as well as fossil fuel, which are the main cause of climate change, global 
warming and pollution with greater carbon and greenhouse gas emissions [46]. 
Renewable energy and biofuels are required in supply chain operations so as to 
obtain sustainable environmental and economic growth [48]. Anable et al. [49] 
highlight that logistics related activities consume greater energy to accomplish 
their task. Renewable energy and biofuels improve economic performance of firms 
and also reduce carbon emissions. In addition, fossil fuel is more expensive than 
biofuels and green energy sources [50]. The strict governmental policies together 
with customer awareness build pressure on corporate sector to use biofuels and 
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environmental friendly energy in their supply chain operations. The bioenergy 
mitigates the carbon emissions and also improves profitability of enterprises with 
better image and reputation building [7, 46].

The cost minimization is considered as the most important factor for firms to 
implement green practices in their supply chain operations. The implementation of 
green supply chain initiatives would help to cut down the costs of packaging, com-
ponents and materials due to use of reused, recycled and remanufactured products. 
Khan et al. [2, 46] highlighted that green practices provide opportunity to capture new 
markets and export to pro-environmental countries, while polluted firms are unable 
to export their products in pro-environmental countries such as USA, Germany, UK 
and Poland. Undeniably, green supply chain management practices have been a tool for 
firms to decrease their products’ cost, enhance profitability and increase market share 
[51]. On the other hand, to improve social performance, firms also adopt green prac-
tices in their business activities. Social performance indicates improvement of people’s 
quality life standard without compromising on environmental beauty. In addition, 
social performance includes the enhancement of firm image and the improvement of 
environmental sustainability, as well as reduction in environmental risks [29].

By adopting GSCM practices, firms may enhance their operational performance 
through improving products quality and improving delivery service [15]. Green supply 
chain management initiatives also help organizations to improve their environmental 
performance such as reduction in carbon emissions, elimination of waste from end-
to-end supply chain, effective and strong collaboration with suppliers would decrease 
their communication costs and easily promote reuse, recycling and remanufacturing 
[52]. Environment management system (EMS) integrated into firms’ manufacturing 
strategy will assist the firms to enhance its ecological performance [53].
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Chapter 2

Efficiency Improvement of a 
Reverse Logistics System
Kuninori Suzuki and Nobunori Aiura

Abstract

This chapter discusses the efficiency of a series of processes from discarded tire 
recovery to thermal recycling. A simulation model was developed for improving the 
efficiency of fuel chip transportation in the Kansai region of Japan, and a simula-
tion analysis was carried out based on actual data. Discarded tires form automobiles 
are recovered through gas stations, tire shops, etc. The discarded tires are crushed 
into fuel chips at a recycling factory and are used for thermal recycling. Fuel chips 
are transported to steelworks, paper mills, etc., and are used as a substitute for coal 
in boilers at those plants. Fuel chips, made from discarded tires, have about the 
same fuel efficiency, in terms of calorie performance, as coal. However, it has been 
directly transported from a recycling factory to steelworks by truck, without any 
consideration for the environment. Therefore, in this research, this study investi-
gated measures to transport fuel chips efficiently and environmentally, by introduc-
ing a modal shift, which combines trucks with marine transport, rather than truck 
alone. As a result of numerical experiments, it was clarified that adequate results 
can be obtained if the distance of sea transport is sufficiently far apart for the 
introduction of a modal shift.

Keywords: reverse logistics, collection and transport, recycle, intermediate treatment

1. Introduction

The present study focuses on discarded tire-derived fuel chips for thermal 
recycling and examines the effective introduction of modal-shift transportation.

The present study proposes a delivery system using a “milk-run method through 
a transshipment depot, into which marine transportation is introduced,” instead of 
using the truck as an effective measure. In the delivery system, discarded tires are 
treated at an intermediate treatment factory and turned into fuel chips. The fuel 
chips are then transported and distributed to cement factories and steel and paper 
mills as valuable materials.

Materials are recycled in such a way that used goods are collected and trans-
ported to an intermediate treatment factory, and the used goods are treated to 
create new products.

Recycled materials used for thermal recycling, such as fuel chips, are not 
transported and distributed to end users through delivery centers, which handle 
recycled materials, but in many cases are directly transported and distributed to the 
warehouses of end users’ factories from the warehouses of intermediate treatment 
factories.
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To review the current system of transporting discarded tire-derived fuel chips, 
the present study examined the logistics and product features of the fuel chips, 
simulated the arrangement of transportation complexes for the fuel chips in order 
to optimize the transportation efficiency, and calculated the driving situation of 
trucks and the transportation cost of the fuel chips.

2. Definition of discarded tires and its basic flow

Concerning the definition of discarded tires, Japan Automobile Tire 
Manufacturers Association (JATMA) decided to unify the names of used tires into 
“discarded tires.”

Fuel chips derived from discarded tires recycled after intermediate treatment 
are valuable; therefore, they are transported rather than collected and trans-
ported. This chapter will analyze and consider the flow as reverse logistics, which 
is a series of steps from the collection of discarded tires to the delivery of recycled 
fuel chips.

Discarded tires collected and transported by the collection network are recycled 
into discarded tire-derived thermal recycling fuel chips, which combine licenses for 
both collection and transportation businesses and intermediate processing busi-
nesses. After recycling, the fuel chips stored in the warehouse of the intermediate 
processing factory are shipped according to the orders received from paper mills, 
steelworks, cement factories, and the like.

Since fuel chips are transported as valuable material in principle, the licenses for 
transportation businesses are required, but they are not required for collection and 
transportation projects. However, the fuel chips are not always valuable. Whether 
they are valuable or not depends on the market.

The Ministry of the Environment in Japan has issued a notice that “the delivery 
side will bear the shipping costs, and, if the transportation costs exceed the sale 
price, it will be considered waste.”

In the case of reverse payment, it will be treated as waste and transported. 
Therefore, in view of the possibility that it becomes waste due to market demand, it 
is desirable that a business owner, who has licenses for both collection and transpor-
tation businesses, work with the transportation industry to haul the fuel chips.

Also, if industrial waste is discharged from the supplier and it becomes a return 
shipment, it is possible to reduce transportation and transportation costs. In other 
words, delivery from discarded tires to intermediate processing and delivery to 
discarded tire-derived fuel chips that are recycled and produced can correspond to 
thermal recycling.

Trucks transport fuel chips for short distances, but, for long distances, a 
modal shift will be introduced combining marine transportation with truck 
transportation.

In theory, it is possible to combine sea transportation, but currently it is not 
done. In many cases, fuel chips are delivered by truck from a nearby waste disposer. 
The risk of illegal dumping increases when the area is broadened as described above 
and when the processing company is small in scale. It is difficult to develop large 
lots in many cases.

However, considering the efficiency of reverse logistics for discarded tires, it is 
necessary to expand the area of fuel chip transportation as well as widen the collec-
tion and transportation networks. Although the amount of waste tires generated is 
larger in metropolitan areas, the location of paper mills, ironworks, cement facto-
ries, and the like will be industrial parks in the suburbs of local cities.
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However, such a local waste tire recovery network alone will not generate the 
necessary supply of fuel chips. Also, in large metropolitan areas, the number of 
discarded tires is large, but the number of factories using them is small.

Therefore, if the delivery areas are limited, the destinations for fuel chips that 
have been recycled will be insufficient. Thus, by increasing the destinations for fuel 
chips widely, it is possible to effectively supply surplus fuel chips in large cities to 
regional cities.

However, in order to efficiently supply discarded tires generated in metropolitan 
areas to rural areas, it will be necessary to construct a system that establishes new 
transportation depots at local bases to circulate and optimize the route.

As shown in Figure 1 rather than directly transporting large quantities of trucks 
from the intermediate processing plant in a metropolitan area to a local paper mill, 
etc., the introduction of a modal shift can carry large lots to local sea ports.

Regarding depots, a system should be established in which a plurality of facto-
ries in the area is visited by the milk run system. The newly established depot will 
have the function of storing exports and acts as a base for temporarily storing fuel 
chips transported over a long distance from metropolitan areas and the like.

3. Fuel delivery system: case study

The fuel chips are packed and transferred to the specific warehouse, where they 
are stored until shipment by truck [1]. However, Company A can ship big lots, such 

Figure 1. 
Material flow of discarded tires.
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as 1000 t, by sea transportation to its specialized customers, which include large 
paper factories and steel mills that are located further away.

Recycled fuel chips are purchased by companies such as steel mills. Therefore, 
the supply system needs of those types of companies are different from needs of 
companies that collect and transport waste tires. For companies such as steel mills, 
general cargo carriers typically deal with the shipment of materials.

How the waste is determined depends on the market price. In the case of fuel 
chip recycling, some of the waste materials produced will be assigned a market 
price that is not valuable. Additionally, potential waste treatment affects the values 
even if the transportation cost is changed.

Therefore, the treatment or handling of these products is slightly different from 
the treatment and handling of genuine products, which is why the transportation of 
the fuel chip is often included in the framework of reverse logistics. Recycled fuel 
chips are produced by a simple process that cuts the size stipulated by the tire circle 
cutting machine.

4. Building a simulation model

This issue can be explained as a simple multi-stage location model, which 
consists of production facilities and Transfer Centers, markets.

In Figure 2, the locations of the Transfer Centers and handling products at each 
Transfer Center are determined to minimize the total cost. This multi-stage location 
model is comprised of basic operating cost and transportation cost. The site inte-
gration is also included in the determination of the location of the Transfer Centers.

In Figure 2, as for the item (1 through i), which are produced in Plant (1 through k), the 
item (1) and item (2) in the Logistics Site (1), and the item (i-1) and item (i) in the Logistics 
Site (2) are treated; these items are distributed from both Logistics Sites to Market (1 
through 3). All items handled in the Logistics Site m are being supplied to the market (n-1) 
and market (n). Furthermore, Logistics Site (m-1) is not located because no handling of the 
items is required.

Figure 2 shows an example of the supply to the market in which delivery is being 
made only through the Logistics Sites. However, in this study, it is also possible 
that items could be sent directly to the customer from the intermediate treatment 
factory.

Figure 2. 
Example of multi-stage location [2].
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The similar model has been used for a forward logistics system, but as for the 
reverse logistics network simulation, this simple multi-stage location model has not 
been regarded as the effective one.

5. Data for simulation

To simulate the arrangement of transportation complexes for discarded tire-
derived fuel chips, the present study used the actual data of Company A, a waste-
disposal operator located in Chigasaki-shi, Kanagawa Prefecture.

Company A collects discarded tires from gas stations, auto repair shops, and 
tire dealers. In the company’s intermediate treatment factory, a recycling process is 
performed for the collected discarded tires to be turned into fuel chips used in the 
boilers of cement factories and steel and paper mills.

The fuel chips are then regularly delivered to customers’ factories. Before 
performing the simulation, actual data and estimated values were obtained from 
factories of the company’s present and potential customers by conducting an in-
person interview survey. The latitude and longitude of a factory to which fuel chips 
were assumed to be delivered in the simulation were derived from the address of the 
factory.

The site for a transshipment depot was set in each delivery area, and an area for 
transportation and distribution was also set based on the results obtained by per-
forming a hearing survey for the company. Table 1 shows the conditions examined 
for the simulation of the delivery system based on the actual data.

Regarding potential customers, fuel chips are assumed to be used in many pro-
duction facilities, which possess boilers, such as food-processing plants, in addition 
to cement factories and steel and paper mills.

Since the number of discarded tires collected in a local area is limited, it is 
important to transport and distribute discarded tire-derived fuel chips from the 
metropolitan area in which a large number of discarded tires can be collected to 
Tohoku, West Japan, and Kyushu areas in order to satisfy the supply-demand 
balance.

In the future, a system may be constructed in which discarded tires are 
imported from foreign countries, including China, and a recycling process is 
performed to turn the imported discarded tires into fuel chips at intermediate 
treatment factories in Japan. The fuel chips would then be delivered to each area 
in Japan.

Item Contents

Delivery point West Japan:15 factories(customers)

Candidate Sea Port West Japan: Mizushima, Hiroshima, Kobe, Osaka North

Delivery lot 5–55 t/week

Frequency 1–2 times/week

Transport mode 20 t-truck, 1000 t-ship

Vehicle Nonlimited

Standard working hour 8 hour/day

Period 4 weeks

Table 1. 
Delivery system conditions.
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Company A is a typical collection and transport company, which can enlarge its 
collection area. Therefore, the data can be used as in a general and typical case for 
reverse logistics simulation.

To calculate the total transportation cost of discarded tire-derived fuel chips, 
direct delivery to customers’ factories by truck and a combination of marine and 
land transportations using ship and truck were examined. The location of the port 
in which a transshipment depot was to be set was examined.

Each candidate sea port can be accepted a 1000 t-bulker-ship, 1–2 times a week, 
which is dealt with a crane material handling.

6. Increase in transportation efficiency

Fuel chips are primarily delivered from company A (the head office and inter-
mediate treatment factory are located in Chigasaki-shi, Kanagawa Prefecture) to 
factories in each area by truck.

This is because a reverse logistics network for fuel chips was not constructed on 
the assumption that the delivery area would be expanded; it was constructed from 
the perspective that even if fuel chips were delivered by truck, no problem would 
arise when the transport volume was small.

However, when the reverse logistics network is expanded, fuel chips treated in 
the company A’s intermediate treatment factory in Kanagawa Prefecture are deliv-
ered to factories in the Kanto area and to all parts of Japan.

Previously, fuel chips produced from discarded tires in an intermediate treat-
ment factory were mainly delivered to cement factories and steel and paper mills in 
each area. If fuel chips are delivered from the Kanto area, in which a large number 
of tires are discarded, fuel chips can be consistently supplied.

However, if large amounts of fuel chips are transported by truck as one lot, 
various problems, such as traffic congestion, noise problems, and environmental 
deterioration, will arise in prefectures through which the truck passes.

Therefore, a combination of trucking and shipping is a useful option because the 
truck is suitable for door-to-door delivery of small amounts of fuel chips and the 
ship is suitable for transporting and distributing large amounts of fuel chips.

Moreover, the environmental load of a ship is small. In other words, fuel chips 
are transported from the company A’s intermediate treatment factory in Kanagawa 
Prefecture to the Port of Kawasaki by truck, and then large amounts of fuel chips 
are transported as one lot from the Port of Kawasaki to each area by ship.

A transshipment depot is set in the main port of each area, and fuel chips are 
delivered from the transshipment depot to destinations one after another by truck 
(the milk-run method).

7. Delivery to the Kansai area in Japan

At present, direct delivery of fuel chips by truck as one lot from the company 
A’s intermediate treatment factory in Chigasaki-shi, Kanagawa Prefecture to West 
Japan (Shiga, Kyoto, Osaka, Hyogo, Okayama, Hiroshima, Tottori, and Yamaguchi 
Prefectures) is not performed. However, there are many potential customers in that 
area.

Large amounts of fuel chips are transported as one lot from the Port of Kawasaki 
to West Japan by ship. In the present study, Company A established its own trans-
shipment depot in West Japan and delivers fuel chips from the depot to 15 paper 
mills one after another (the milk-run method). It was assumed to establish its 
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own transshipment depots in Osaka North Port, the Port of Kobe, the Port of 
Mizushima, and Hiroshima Port.

Regarding the weekly cost for direct delivery of fuel chips by truck from the com-
pany A’s intermediate treatment factory to West Japan, the simulation results revealed 
that the variable cost, including the fuel cost, was 275,194 yen; the labor cost for truck 
drivers was 359,000 yen; and the fixed cost, including the insurance cost and vehicle 
expenses, was 1,400,000 yen, that is, the total transportation cost per week was 
2,034,194 yen. The travel distance was 13,209.68 km. The transit time was 165.12 h. 
The loading was 225 t. The number of trucks used for the transportation was 14.

In the case where Hiroshima Port as in Figure 3 was used for the transshipment 
depot, the variable cost was 133,752 yen, the labor cost for truck drivers was 115,200 
yen, and the fixed cost was 459,000 yen, that is, the total transportation cost per 
week was 707,952 yen. The travel distance was 6420.28 km. The transit time was 
80.25 h. The loading was 225 t.

The number of trucks used for the transportation was nine. The total cost of 
transporting fuel chips was 10,643,328 yen. Thus, the total transportation cost per 
week was much lower when Hiroshima Port was used for the transshipment depot 
than when fuel chips were directly delivered from company A’s intermediate treat-
ment factory to West Japan. However, after setting the transshipment depot, the 
running costs for the depot were required.

Consequently, the total cost of transporting fuel chips was higher in the case, 
where Hiroshima Port was used for the transshipment depot than in the case, where 
fuel chips were directly delivered.

The variable, labor, and fixed costs were revealed to be significantly lower in the 
case, where the Port of Mizushima was used than in the case where Hiroshima Port 
was used for the transshipment depot. The total transportation cost per week was 
707,952 yen when using Hiroshima Port and that was 402,354 yen when using the 
Port of Mizushima.

Loading at Hiroshima Port as in Figure 4 was the same as at the Port of 
Mizushima (225 t). The travel distance was 6420 km when using Hiroshima Port 
and 4001 km when using the Port of Mizushima. The transit time was 80 h when 
using Hiroshima Port and 50 h when using the Port of Mizushima.

Figure 3. 
Use of Hiroshima Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, 
Yamaguchi.
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Company A is a typical collection and transport company, which can enlarge its 
collection area. Therefore, the data can be used as in a general and typical case for 
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Large amounts of fuel chips are transported as one lot from the Port of Kawasaki 
to West Japan by ship. In the present study, Company A established its own trans-
shipment depot in West Japan and delivers fuel chips from the depot to 15 paper 
mills one after another (the milk-run method). It was assumed to establish its 
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week was much lower when Hiroshima Port was used for the transshipment depot 
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Consequently, the total cost of transporting fuel chips was higher in the case, 
where Hiroshima Port was used for the transshipment depot than in the case, where 
fuel chips were directly delivered.

The variable, labor, and fixed costs were revealed to be significantly lower in the 
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The number of trucks used for the transportation was nine when using 
Hiroshima Port and five when using the Port of Mizushima. Thus, the Port of 
Mizushima was superior to Hiroshima Port in terms of the transportation and dis-
tribution of fuel chips. However, the total cost of transporting fuel chips per month 
was slightly higher when the Port of Mizushima was used for the transshipment 
depot than when fuel chips were directly delivered.

When Osaka North Port as in Figure 5 was used for the transshipment depot, 
the variable cost was 59,582 yen, the labor cost for truck drivers was 51,200 yen, and 
the fixed cost was 204,000 yen, that is, the total transportation cost per week was 
314,782 yen. The loading was assumed to be 225 t. The travel distance was 2860 km.

The transit time was 35 h. The number of trucks used for the transportation 
was four. Therefore, the total transportation cost per week, the travel distance, the 

Figure 4. 
Use of Mizushima Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, 
Yamaguchi.

Figure 5. 
Use of Osaka North Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, 
Yamaguchi.
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transit time, and the number of trucks were lower when using Osaka North Port 
than the Port of Mizushima.

However, the running costs for the transshipment depot were 7,578,096 yen, and 
the total cost of transporting fuel chips was 8,837,224 yen when using Osaka North 
Port, which was higher than using the Port of Mizushima (8,565,312 yen).

Although Osaka North Port was superior to the Port of Mizushima in terms of 
the total transportation cost per week, the travel distance, the transit time, and the 
number of trucks, the total cost of transporting fuel chips was higher when using 
Osaka North Port than for the Port of Mizushima because the land rent for the 
transshipment depot was higher in Osaka North Port than in the Port of Mizushima.

Consequently, the total cost of transporting fuel chips was higher when Osaka 
North Port was used for the transshipment depot than when fuel chips were directly 
delivered by truck from Chigasaki-shi, Kanagawa prefecture.

As shown in Figure 6 and Table 2, the total transportation cost per week, the 
travel distance, the transit time, and the number of trucks when using the Port 
of Kobe were the same as those when using Osaka North Port, that is, the total 
transportation cost per week was 314,782 yen. The travel distance was 2860 km. The 
transit time was 35 h.

The number of trucks used for the transportation was four. However, the run-
ning costs for the transshipment depot were lower when using the Port of Kobe.

Consequently, the total cost of transporting fuel chips was lower when 
the Port of Kobe was used for the transshipment depot than when the Port of 

Figure 6. 
Use of Kobe Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, Yamaguchi.

Table 2. 
Numerical result.



Green Practices and Strategies in Supply Chain Management

24

The number of trucks used for the transportation was nine when using 
Hiroshima Port and five when using the Port of Mizushima. Thus, the Port of 
Mizushima was superior to Hiroshima Port in terms of the transportation and dis-
tribution of fuel chips. However, the total cost of transporting fuel chips per month 
was slightly higher when the Port of Mizushima was used for the transshipment 
depot than when fuel chips were directly delivered.

When Osaka North Port as in Figure 5 was used for the transshipment depot, 
the variable cost was 59,582 yen, the labor cost for truck drivers was 51,200 yen, and 
the fixed cost was 204,000 yen, that is, the total transportation cost per week was 
314,782 yen. The loading was assumed to be 225 t. The travel distance was 2860 km.

The transit time was 35 h. The number of trucks used for the transportation 
was four. Therefore, the total transportation cost per week, the travel distance, the 

Figure 4. 
Use of Mizushima Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, 
Yamaguchi.

Figure 5. 
Use of Osaka North Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, 
Yamaguchi.

25

Efficiency Improvement of a Reverse Logistics System
DOI: http://dx.doi.org/10.5772/intechopen.82715

transit time, and the number of trucks were lower when using Osaka North Port 
than the Port of Mizushima.

However, the running costs for the transshipment depot were 7,578,096 yen, and 
the total cost of transporting fuel chips was 8,837,224 yen when using Osaka North 
Port, which was higher than using the Port of Mizushima (8,565,312 yen).

Although Osaka North Port was superior to the Port of Mizushima in terms of 
the total transportation cost per week, the travel distance, the transit time, and the 
number of trucks, the total cost of transporting fuel chips was higher when using 
Osaka North Port than for the Port of Mizushima because the land rent for the 
transshipment depot was higher in Osaka North Port than in the Port of Mizushima.

Consequently, the total cost of transporting fuel chips was higher when Osaka 
North Port was used for the transshipment depot than when fuel chips were directly 
delivered by truck from Chigasaki-shi, Kanagawa prefecture.

As shown in Figure 6 and Table 2, the total transportation cost per week, the 
travel distance, the transit time, and the number of trucks when using the Port 
of Kobe were the same as those when using Osaka North Port, that is, the total 
transportation cost per week was 314,782 yen. The travel distance was 2860 km. The 
transit time was 35 h.

The number of trucks used for the transportation was four. However, the run-
ning costs for the transshipment depot were lower when using the Port of Kobe.

Consequently, the total cost of transporting fuel chips was lower when 
the Port of Kobe was used for the transshipment depot than when the Port of 

Figure 6. 
Use of Kobe Sea Port. Delivery point: Shiga, Kyoto, Osaka, Hyogo, Okayama, Tottori, Hiroshima, Yamaguchi.

Table 2. 
Numerical result.



Green Practices and Strategies in Supply Chain Management

26

Mizushima was used for the transshipment depot (8,565,312 yen) and when fuel 
chips were directly delivered by truck from Chigasaki-shi, Kanagawa prefecture 
(8,136,776 yen).

The results obtained by performing the simulation can be summarized as 
follows:

1. The total transportation cost per week, the travel distance, the transit time, 
and the number of trucks when using the Port of Kobe were the same as those 
when using Osaka North Port.

2. The Port of Kobe and Osaka North Port were superior to the Port of Mizushima 
and Hiroshima Port in terms of the total transportation cost per week, the 
travel distance, the transit time, and the number of trucks.

3. When the running costs for the transshipment depot were taken into account, 
the total cost of transporting fuel chips was higher when using Osaka North 
Port than when using the Port of Mizushima because the land rent for the 
transshipment depot was higher.

4. The total cost of transporting fuel chips was lower when using the Port of Kobe 
than when using the Port of Mizushima because the land rent for the trans-
shipment depot was lower.

5. The total cost of transporting fuel chips was lower when a transshipment 
depot was set in the Port of Kobe than when fuel chips were directly delivered 
by truck from the intermediate treatment factory in Kanagawa prefecture.

8. Future tasks and direction

The results obtained by performing the simulation revealed that the transporta-
tion efficiency of fuel chips from the Port of Kawasaki to the Kansai area using the 
milk-run method was higher when a transshipment depot was set in Kobe Port than 
when a transshipment depot was set in the Port of Mizushima, Hiroshima Port, or 
Osaka North Port.

The model used in the present study was considered to be useful for examin-
ing modal-shift transportation. However, the total cost of transporting fuel chips 
was not significantly lower when a depot was set in a port than when fuel chips 
were directly delivered by truck. Therefore, the delivery system using the milk-run 
method proposed in the present study must be amended.

There is a reform measure, in which discarded tires are collected from a wide 
area in Kansai and transported together with those collected in Kanto to reduce the 
transportation cost. This is a business model in which an industrial park adjacent to 
the Port of Kobe is utilized.

All discarded tires collected in the Kansai area are treated and turned into fuel 
chips in an intermediate treatment factory adjacent to a berth in the Port of Kobe, 
and large amounts of the fuel chips are transported from the berth as one lot by ship.

A collection complex for discarded tires, an intermediate treatment factory to 
produce fuel chips, and a facility for modal-shift transportation of fuel chips are 
built in the Port of Kobe. Fuel chips produced at the intermediate treatment factory 
in the Port of Kobe are transported with those produced in the Kanto and Kansai 
areas to increase the transportation efficiency as in Figure 7.
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Furthermore, to improve collection efficiency, wood chips and waste plastics 
should be collected along with discarded tires. By establishing multiple collection 
complexes for different types of waste in the Port of Kobe, which has excellent 
access to Kobe and Osaka cities, marine transportation can happen smoothly.

When the characteristics of the Kansai aria are taken into consideration, that 
is, since the Osaka and Kobe Cities are geographically close, the establishment of 
multiple collection complexes for different types of waste in the Port of Kobe can be 
an effective remedy.

In this study, however, the collection and transport network and the delivery 
system of thermal products recycled from tires are systematically covered, viewing 
the total solution. Finally, this study suggests a direction for the effective improve-
ment for the reverse logistics system for discarded tires.

In the future, the delivery system for fuel chips should also be analyzed to deter-
mine the possible reduction in environmental load, and should include a number of 
factors including collection complexes in overseas regions such as China and South 
Korea in addition to Japan, and consumption areas for the recycled goods.

Moreover, road development and improved living standards in recent years in 
Asian markets are remarkable. There is also a high possibility of expanding the deploy-
ment of discarded tire collection and thermal recycling by fuel chips derived from it to 
Southeast Asia. Therefore, further studies will consider what types of reverse logistics 
schemes can be organized when starting from Japan or the final destination.

In addition, a cooperative reverse logistics network will require the establish-
ment of a new scheme while utilizing accumulated knowledge in forward logistics.

Figure 7. 
Image of further improvement.
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Chapter 3

Sustainable Supply Chain through 
Greater Customer Engagement
Amrinder Kaur and Rinku Bhardwaj

Abstract

Climate change has a worldwide impact, and organisations have the greatest 
responsibility to make a difference through sustainable development as they have 
the resources, knowledge and reach. Sustainable supply chain in organisations 
is the need of the hour for holistic development as supply chain involves host of 
activities including resource conversion and information sharing to add value to 
end customer. Sustainable supply chain as a concept has evolved due to customer 
needs/demands as one of the driving forces. Customer engagement needs inclusion 
in organisations and is relatively undervalued as a tool to drive continuous improve-
ment in supply chains. This chapter will work to build a case of greater customer 
engagement in supply chain management through organisational communication, 
interactions, opinions and feedback of customers. The study develops a case of 
customer engagement for sustainable supply chain through a research using a semi-
structured questionnaire involving in-depth interviews with founders and decision 
makers in two mid-tier Indian organisations in health care and in chemical sector 
in India. Sustainable supply chain through customer engagement aids improved 
customer/stakeholder retention or loyalty resulting to economic development, posi-
tive image building, innovation and better resource utilisation.

Keywords: sustainability, supply chain management, customer engagement, 
customer experience, sustainable practices

1. Introduction

Efforts to combat climate change, sinking resources and increasing populations 
are making countries and organisations work together through series of initiatives 
at various levels towards a development that can be sustained [1, 2]. A decade 
back, Brundtland Commission report [3] highlighted the need for sustainable 
development for a positive impact to countries, nations and humanity as continu-
ous development is degrading the environmental resources and essential ecological 
functions. Sustainable development is to develop in a way that it does not compro-
mise with the needs and livelihoods of future generations.

World Economic Forum (WEF) report further stressed on the need for sus-
tainable development, as the effects of climate change are visible throughout the 
globe. And without any concrete plan or proactive steps to combat those, the world 
economy is at risk [4]. And gradually, the effect of climate change is visible at all 
levels globally with rising sea levels, more hurricanes, flooding, droughts, extreme 
weather conditions that is disrupting agriculture and affecting the global industrial 
supply chains as well [5].
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Investors and scientists are sprucing up their efforts to create a sustainable future 
and mitigating the effects of climate change to achieve the goals of Paris agreement 
through forward looking approaches which includes demanding accountability from 
organisations, governments and engaging to embrace sustainable practices [5].

Organisations play a wider role for a greater positive/negative impact of the 
initiatives as they have the knowledge and capability to create products/services that 
add value to various stakeholders. There is an absolute speeding up of the conscious 
efforts with the increasing demand from various stakeholders especially investors, 
customers to consider sustainable changes with limited environmental and social 
implication during operations and production of the product/services [5–8]. The 
efforts are evident as two major food and beverage organisations committed to pro-
tect and preserve fresh water resources throughout their global supply chains [5].

Also as it is reported in 2018 automotive sustainability report of UK automotive 
industry, organisations are embracing sustainable practices in manufacturing, reman-
ufacturing and recycling of vehicles along with usage of components with a goal to 
reduce the environmental impact. The automotive organisations in UK particularly 
are enhancing their efforts through involvement of local communities, re-skilling and 
training of employees, as part of their operations and global supply chains. With more 
inclusive growth, these organisations are enhancing customer satisfaction as well 
with clarity on their core values and practices that are sustainable [8].

Sustainable development is particularly more relevant to organisations and its 
managers as its customers also including government, employees, etc. are demand-
ing the need for a conscious and a sustainable way of operations and production. 
Thus increased efforts and solutions for healthy nutrition, green buildings, renew-
able energy, low carbon transportation and consumption for sustainable develop-
ment go on [5].

Author like Peter Drucker noted that “If you have no customer it means you 
don’t have any business” [9, 10]. Globalisation, increased market players, newer 
business models, demanding and connected customers are making it imperative for 
organisations to find effective means and responsible measures for greater customer 
engagement and advocacy.

This chapter thus works to build a case of greater customer engagement in 
supply chain management through organisational communication, interactions, 
opinions and feedback of customers. The greater customer engagement to

• Build sustainable supply chain management for a development which is 
sustainable.

Section 2 in the chapter is the literature review followed by research methodol-
ogy in Section 3. Section 4 is the conclusion followed by limitations of research 
and future research directions in Section 5. The last section in the chapter is the 
references.

2. Literature review

In an organisation, supply chain management plays a pivotal role in adoption 
of sustainability-based practices as throughout its lifecycle designing, producing, 
packaging or transporting by connecting to various vendors account for bulk of 
activities before the product/services reaches the end customer. Supply chain man-
agement involves coordination and collaboration for the flow of information and 
resources between various channel partners, suppliers and customers themselves 
[7, 8, 11, 12]. Further, regulatory and stakeholder perception especially customer's 
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viewpoint has increasingly influenced the issues related to sustainable supply 
chain management. As is the case with beverage organisations and many retailers 
particularly wherein the demand for healthy variants, CSR and risk assessment 
and management of unforeseen activities make a case for adoption of sustainable 
practices across the supply chain [5, 13].

Sustainable supply chain management is essentially a combination of three 
dimensions viz. the environment, economic and social aspects or the triple bot-
tom line involving environmental, economic and social development [14, 15]. 
Sustainable supply chain management is thus achieved by being responsible for 
environment through economic prosperity with the social upliftment and involve-
ment of the communities and stakeholders involved. It is a collaborated effort 
involving all the stakeholders [16, 17].

Sustainable supply chain management is a complex concept, and as compared 
to earlier times when one or either two factors were focussed by the organisations, 
in today’s time, it is increasingly defined by the three pillars of sustainability—the 
environment, economic and social aspects. It can work through integration of 
economic aspects with complete attention and integrated effort to focus on social 
equity and ecological conservation [7, 16]. Sustainability is also a risk manage-
ment strategy to remain locally identifiable and relevant while expanding globally 
through continuous improvement, effective stakeholder management with greater 
employee, customer engagement and retention [17–20].

Also in practice, sustainable supply chain management is a combination of 
green, lean and resilient ways for sustainable development. Green, lean and resilient 
sustainable practices include “waste elimination”, “supply chain risk manage-
ment” and “cleaner production” with improved productivity. It is achieved by 
incorporating all the three aspects of sustainability viz. the social, economic and 
environmental for channel partners which could be upstream, downstream or for 
the organisation itself [7].

Elkington [14] exemplifies triple bottom line with activities in supply chain 
including effective design for reuse and recycle of resources, warehousing and 
inventory management. Cost savings can also be accrued through reduced 
packaging, health and safety cost. Sustainable supply chain management due to 
stakeholder engagement will also lead to improved employee, customer retention 
through reduced attrition costs and higher motivation, engagement levels for all 
stakeholders including employees, suppliers and customers.

Further, the facilitators for sustainable supply chain management in an organisa-
tion are strategy, risk management, organisational culture and transparency through 
greater communication and engagement with all the stakeholders especially employ-
ees or internal customers, channel partners and external customers [14].

2.1 Customer engagement in supply chain

Technologies, innovation, growth and various external factors are bringing 
tremendous revolution and understanding for stakeholders including customer. The 
literature identifies that customers are seeking an efficient use of available resources 
[2] and also may demand products from organisations which are produced on the 
principles of sustainability [7, 21–23].

Customer engagement through responsible business practices including 
sustainability is becoming critical for a positive growth in an organisation due to 
increased consumerism, competition and globalisation. Researchers and practitio-
ners demonstrate that customer experience and enhanced satisfaction also lead to 
higher revenues for organisations and economic development of the communities 
and country in general. It is attributed to customer retention, less price sensitivity, 
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viewpoint has increasingly influenced the issues related to sustainable supply 
chain management. As is the case with beverage organisations and many retailers 
particularly wherein the demand for healthy variants, CSR and risk assessment 
and management of unforeseen activities make a case for adoption of sustainable 
practices across the supply chain [5, 13].

Sustainable supply chain management is essentially a combination of three 
dimensions viz. the environment, economic and social aspects or the triple bot-
tom line involving environmental, economic and social development [14, 15]. 
Sustainable supply chain management is thus achieved by being responsible for 
environment through economic prosperity with the social upliftment and involve-
ment of the communities and stakeholders involved. It is a collaborated effort 
involving all the stakeholders [16, 17].

Sustainable supply chain management is a complex concept, and as compared 
to earlier times when one or either two factors were focussed by the organisations, 
in today’s time, it is increasingly defined by the three pillars of sustainability—the 
environment, economic and social aspects. It can work through integration of 
economic aspects with complete attention and integrated effort to focus on social 
equity and ecological conservation [7, 16]. Sustainability is also a risk manage-
ment strategy to remain locally identifiable and relevant while expanding globally 
through continuous improvement, effective stakeholder management with greater 
employee, customer engagement and retention [17–20].

Also in practice, sustainable supply chain management is a combination of 
green, lean and resilient ways for sustainable development. Green, lean and resilient 
sustainable practices include “waste elimination”, “supply chain risk manage-
ment” and “cleaner production” with improved productivity. It is achieved by 
incorporating all the three aspects of sustainability viz. the social, economic and 
environmental for channel partners which could be upstream, downstream or for 
the organisation itself [7].

Elkington [14] exemplifies triple bottom line with activities in supply chain 
including effective design for reuse and recycle of resources, warehousing and 
inventory management. Cost savings can also be accrued through reduced 
packaging, health and safety cost. Sustainable supply chain management due to 
stakeholder engagement will also lead to improved employee, customer retention 
through reduced attrition costs and higher motivation, engagement levels for all 
stakeholders including employees, suppliers and customers.

Further, the facilitators for sustainable supply chain management in an organisa-
tion are strategy, risk management, organisational culture and transparency through 
greater communication and engagement with all the stakeholders especially employ-
ees or internal customers, channel partners and external customers [14].

2.1 Customer engagement in supply chain

Technologies, innovation, growth and various external factors are bringing 
tremendous revolution and understanding for stakeholders including customer. The 
literature identifies that customers are seeking an efficient use of available resources 
[2] and also may demand products from organisations which are produced on the 
principles of sustainability [7, 21–23].

Customer engagement through responsible business practices including 
sustainability is becoming critical for a positive growth in an organisation due to 
increased consumerism, competition and globalisation. Researchers and practitio-
ners demonstrate that customer experience and enhanced satisfaction also lead to 
higher revenues for organisations and economic development of the communities 
and country in general. It is attributed to customer retention, less price sensitivity, 
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greater wallet share and positive word of mouth. Customer satisfaction and experi-
ence are also drivers of stock performance as customers stay with responsible and 
engaged organisations [24–26].

Customer loyalty and retention get enhanced with greater customer engage-
ment and thus are important for business success. As when the customers stay 
with organisations, they lead to revenues or economic development. Ahi et al. 
[25] further highlight that “if business managers can cultivate better returns from 
investing in the satisfaction of their customers, investors should be able to reap 
similar returns”.

Leading organisations as well are acknowledging that there is direct correlation 
between the success of its customers and the profits, revenue and future growth. It 
makes an absolute case for profitability and sustainability to become synonymous 
with each other and to further involve practices incorporating sustainability or 
sustainable practices [27].

The literature identifies that global organisations are moving towards product 
service systems wherein the products are bundled with service for a greater cus-
tomer life time value and engagement [28]. Bundling services with products are 
getting prioritisation and helping organisations to further improve revenues and 
profitability.

Customer experience management involves a strategy of customer centricity 
[28], wherein the organisational focus on customer completely aligns its processes, 
people, product, place and policies on the basis of the customer feedback. This is 
done by engaging the different organisational concepts, structure to customer needs 
and disseminating the information across all hierarchies to influence the decision-
making for greater customer satisfaction [29]. In all, customer centric organisation 
draws customer perspective at different interaction points with the organisation to 
create an engaged and everlasting experience.

Customer engagement through customer feedback has also been the driving 
force for adoption of sustainability as a business practice for risk management and 
for a continuing relationship with customers. Organisations too are working to 
consider the impact on overall life cycle of their product and work on to build rela-
tionships which are creating advantages both for the customer and the respective 
organisations [24]. Supply chain leaders especially in retail increasingly understand 
the importance of customer experience through customer engagement in their 
supply chain and have been working through various measures to integrate, assimi-
late and gather real time data for effective supply chain deliveries. Recent research 
suggests that supply chain managers are working to integrate customer experience 
in their operations [30].

Customer engagement for greater customer experience management is 
becoming more and increasingly important particularly in sectors where 
products are commodities and the provider has little involvement with the end 
consumer or missing emotional connects with its customer. Customer engage-
ment drives the customer satisfaction which is dependent on overall perception 
and value in use. Customer experience management begins before customers’ 
starts using service/product or start interacting with a brand and continues long 
after the engagement.

Customer engagement is important but with ever changing dynamics of cus-
tomer behaviour and their demands to receive their product/service instantly with 
quality and efficiency, developing a good customer experience strategy is becoming 
tedious task [26, 31].

Research at Forrester identifies that 84% brands got good scoring or worse from 
the customers for their product and services [26]. Customer engagement for inter-
nal and external customer can help to enhance loyalty through value to the price 
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given and quality identified for the product/service across the supply chain [29]. 
Customer engagement for sustainable supply chain management practices will also 
support to build trust and brand connection for the customer leading to willingness 
to pay a price premium for the product and services utilised [32, 33].

Sustainable supply chain management practices will support organisations 
through growth, profit and innovation. Engaging with the customer helps an organ-
isation to understand the customer’s demands, perceptions, and expectations to 
tune in the products and services, deliveries, product design, product cycles as per 
demand and customer preferences for increased profits [31–36, 44].

3. Research methodology

Qualitative research is used to further understand and build a case for sustain-
able supply chain management through customer engagement in two mid-tier 
Indian organisations in health care and in chemical sector in India.

Qualitative research in social sciences involves the process of inquiry and 
understanding of phenomenon within their naturalistic setting. In the qualitative 
research, the focus is on individuals, societies, communities and their behaviours, 
perceptions and communication. Qualitative research is based on the assumption 
of understanding phenomena through subjective process of inquiry rather than the 
objective ones [13, 37, 38].Qualitative research particularly focuses on “why” of a 
phenomenon through the process of inquiry with individuals to understand their 
preferences and behaviours.

This qualitative research uses case study method. Case study methodology 
can be used for both quantitative and qualitative researches and is done through a 
detailed study of the subject in their natural setting. Case study aims to understand 
an individual, event or phenomena and details it through its natural setting. Case 
study methodology utilises inductive method of inquiry by starting with questions 
and collecting data related to the case in context of research. The literature further 
identifies that case study supports in-depth exploration of an event, a problem, an 
institution, an individual, policy, process and so forth to understand the underlying 
context and perceptions of the case in focus [13, 37–39].

Case study method through interviews is an effective social science research 
method to provide in-depth explanations and outcomes through observations and 
reconstruction utilising both quantitative and qualitative data [39]. Researchers 
also elaborate that interviews are an effective methodology in qualitative research to 
provide holistic view on facts and issues in question [39].

In this qualitative research, a semi-structured questionnaire had been pre-
pared to keep the focus on conversations and to effectively utilise the time of 
respondents.

For preparing the questions to gauge/understand the sustainable supply chain 
management practices of organisations, GRI [40, 41] factors or variables were used 
along with some questions on customer engagement. GRI or the global reporting 
initiative [40, 41] is a multi-stakeholder process, through which organisations com-
municate their progress and initiatives for sustainability [41–43].

GRI is an independent institution started in 1997 by the Coalition for 
Environmentally Responsible Economies (CERES). It became independent in 2002 
and is collaborating centre of the United Nations Environment Programme (UNEP) 
and Global Compact [40–43]. GRI works and disseminates sustainability reporting 
guidelines, which are utilised by organisations to report their practices and other 
impacts on product/services and processes for the triple bottom line that is eco-
nomic, environment and social factors/variables.
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done by engaging the different organisational concepts, structure to customer needs 
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draws customer perspective at different interaction points with the organisation to 
create an engaged and everlasting experience.
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for a continuing relationship with customers. Organisations too are working to 
consider the impact on overall life cycle of their product and work on to build rela-
tionships which are creating advantages both for the customer and the respective 
organisations [24]. Supply chain leaders especially in retail increasingly understand 
the importance of customer experience through customer engagement in their 
supply chain and have been working through various measures to integrate, assimi-
late and gather real time data for effective supply chain deliveries. Recent research 
suggests that supply chain managers are working to integrate customer experience 
in their operations [30].

Customer engagement for greater customer experience management is 
becoming more and increasingly important particularly in sectors where 
products are commodities and the provider has little involvement with the end 
consumer or missing emotional connects with its customer. Customer engage-
ment drives the customer satisfaction which is dependent on overall perception 
and value in use. Customer experience management begins before customers’ 
starts using service/product or start interacting with a brand and continues long 
after the engagement.

Customer engagement is important but with ever changing dynamics of cus-
tomer behaviour and their demands to receive their product/service instantly with 
quality and efficiency, developing a good customer experience strategy is becoming 
tedious task [26, 31].

Research at Forrester identifies that 84% brands got good scoring or worse from 
the customers for their product and services [26]. Customer engagement for inter-
nal and external customer can help to enhance loyalty through value to the price 
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given and quality identified for the product/service across the supply chain [29]. 
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support to build trust and brand connection for the customer leading to willingness 
to pay a price premium for the product and services utilised [32, 33].

Sustainable supply chain management practices will support organisations 
through growth, profit and innovation. Engaging with the customer helps an organ-
isation to understand the customer’s demands, perceptions, and expectations to 
tune in the products and services, deliveries, product design, product cycles as per 
demand and customer preferences for increased profits [31–36, 44].

3. Research methodology

Qualitative research is used to further understand and build a case for sustain-
able supply chain management through customer engagement in two mid-tier 
Indian organisations in health care and in chemical sector in India.

Qualitative research in social sciences involves the process of inquiry and 
understanding of phenomenon within their naturalistic setting. In the qualitative 
research, the focus is on individuals, societies, communities and their behaviours, 
perceptions and communication. Qualitative research is based on the assumption 
of understanding phenomena through subjective process of inquiry rather than the 
objective ones [13, 37, 38].Qualitative research particularly focuses on “why” of a 
phenomenon through the process of inquiry with individuals to understand their 
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can be used for both quantitative and qualitative researches and is done through a 
detailed study of the subject in their natural setting. Case study aims to understand 
an individual, event or phenomena and details it through its natural setting. Case 
study methodology utilises inductive method of inquiry by starting with questions 
and collecting data related to the case in context of research. The literature further 
identifies that case study supports in-depth exploration of an event, a problem, an 
institution, an individual, policy, process and so forth to understand the underlying 
context and perceptions of the case in focus [13, 37–39].

Case study method through interviews is an effective social science research 
method to provide in-depth explanations and outcomes through observations and 
reconstruction utilising both quantitative and qualitative data [39]. Researchers 
also elaborate that interviews are an effective methodology in qualitative research to 
provide holistic view on facts and issues in question [39].

In this qualitative research, a semi-structured questionnaire had been pre-
pared to keep the focus on conversations and to effectively utilise the time of 
respondents.

For preparing the questions to gauge/understand the sustainable supply chain 
management practices of organisations, GRI [40, 41] factors or variables were used 
along with some questions on customer engagement. GRI or the global reporting 
initiative [40, 41] is a multi-stakeholder process, through which organisations com-
municate their progress and initiatives for sustainability [41–43].

GRI is an independent institution started in 1997 by the Coalition for 
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guidelines, which are utilised by organisations to report their practices and other 
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nomic, environment and social factors/variables.
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Executives of two mid-tier organisations in India were contacted and inter-
viewed. The mode of interviews with executives and decision makers in two 
organisations was either through face to face or telephone. Questions had been 
shared in advance with majority of respondents as per their request. And then as 
per the preset schedule, the respondents had been contacted either through face to 
face or telephonic interview mode.

The revenue for two mid-tier organisations is around 10 crore (INR) for the 
healthcare organisation and more than 10 crore (INR) for the chemical industry. 
The executives were founders and decision makers involved in health care and 
chemical industry in India. The semi-structured questionnaire prepared was used 
along with the collection of verbatim of executives for making the interview ses-
sions to be more effective.

In the healthcare industry, all the four interviews were done face to face, and 
in the chemical industry, 50% interviews were face to face and rest was through 
telephone as per the convenience of the respondents.

The data collected from the face to face and telephonic interview sessions were 
insights from in-depth discussion on customer engagement used for sustainable 
supply chain management. The demographic profiling of the respondents is shown 
in Table 1.

Every interview lasted for around 40–50 min and the key points have been sum-
marised (Table 2).

In both the organisations, 80% of respondents agreed that customer experience 
and sustainability are the one of the most important arenas for them to work on. 
They are focussed for sustainability-based practices and would like to include cus-
tomer engagement through organisational communication, interactions, opinions 
and feedback of customers in their operation and supply chain. Agility, innovation, 
flexibility and responsible practices are the key differentiators to compete in the 
market place today.

Majority of respondents (70%) also agreed that in spite of the focus there are 
numerous challenges that need newer approaches and innovative practices for 
greater inclusion. As per the respondents,

• Mapping of customer engagement with expectations and deliverables across 
the entire supply chain will need time and some innovative practices.

• Traditional metrics to measure sustainable supply chain performance are not 
sufficient.

• 60% of respondents believed that current technologies do not support much to 
inculcate customer engagement with sustainable supply chain management.

• Sustainable supply chain management will definitely need top management 
commitment along with processes with the customer engagement as the input.

• Aligning the teams and various partners still need work.

Industry Job title Number of responses (n)

Healthcare Founder, Managers 4

Chemical Director, Managers 8

Table 1. 
Demographic profiling for the respondents.
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Variable/question Summary of responses

What is customer engagement for you? • Managing and maintaining a relationship with 
customer

• Interacting and having a feedback from customer to 
keep working on

• A positive interaction to understand and improve

• Interacting and having a mutually beneficial 
relationship

How do you engage with your customers? 
A little elaboration on may be the kind of 
channels, etc.?

Direct conversations, digital channels, and distributors

Is sustainable supply chain management an 
important criterion in your organisation?

Yes, it is an important criteria for both the organisations 
as per all the respondents

Is customer engagement an active part of your 
sustainable supply chain management?

Yes, it is an important criterion for both the 
organisations as per all the respondents but the mode of 
engaging with customer is still evolving.
Both the organisations agreed that they are 
experimenting and learning to understand what it 
means for their organisation.

Where do you think, you are with respect to 
customer engagement for your sustainable 
SCM?

All respondents from both the organisations believed 
that they just started out and are evolving and learning, 
working to integrate a greater customer engagement in 
their organisation.

How do you ensure that strategic discussions 
about the supply chain include the implications 
of changing customer and consumer 
demands—both today and into the future?

Engaging with customers at regular interval to 
understand their needs and concerns.
The engagement is through distributors and surveys 
which they roll out periodically. But they need to put some 
system in place for actively engaging to seek feedback.

How do you understand and enable the 
requirements regarding greater customer 
engagement in your supply chain?

• Creating agility and flexibility in the entire supply 
chain of products

• Communicating the quality and other documenta-
tion needs with the partners, suppliers and vendors

• Planning for contingencies

• Regulatory and compliance mechanism across the 
entire lifecycle of product

How do you think is the vendor community 
contributing about customer experience as a 
core element of the future supply chain?

• By working to comply with the regulatory and other 
compliance needs of the organisations.

• Working diligently to create/product and services to 
cater to wider needs of the respective organisations.

• Innovating to cater and for the ease of the respective 
client organisation

Can you please help us understand how customer engagement particularly is affecting three (economic, 
environment and social factors) of supply chain management for your organisation

Economic factors
Do the decisions get impacted by customer 
engagement for sustainable supply chain, for 
economic factors related to economic decisions, 
market presence and indirect economic impacts

• The respondents of chemical organisation give lot of 
diligence to understand and evaluate if their vendors 
are economically sustainable, have healthy balance 
sheets and have good market presence. It is a part of 
their risk assessment.

• The respondents from healthcare organisation 
elaborated that they do not focus much on economic 
viability and sustainability of their vendors.

Majority of respondents in both the organisations 
believe that cost and margins are important in their 
business and decisions are driven by it.
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and feedback of customers in their operation and supply chain. Agility, innovation, 
flexibility and responsible practices are the key differentiators to compete in the 
market place today.

Majority of respondents (70%) also agreed that in spite of the focus there are 
numerous challenges that need newer approaches and innovative practices for 
greater inclusion. As per the respondents,

• Mapping of customer engagement with expectations and deliverables across 
the entire supply chain will need time and some innovative practices.

• Traditional metrics to measure sustainable supply chain performance are not 
sufficient.

• 60% of respondents believed that current technologies do not support much to 
inculcate customer engagement with sustainable supply chain management.

• Sustainable supply chain management will definitely need top management 
commitment along with processes with the customer engagement as the input.

• Aligning the teams and various partners still need work.

Industry Job title Number of responses (n)

Healthcare Founder, Managers 4

Chemical Director, Managers 8

Table 1. 
Demographic profiling for the respondents.
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Variable/question Summary of responses

What is customer engagement for you? • Managing and maintaining a relationship with 
customer

• Interacting and having a feedback from customer to 
keep working on

• A positive interaction to understand and improve

• Interacting and having a mutually beneficial 
relationship

How do you engage with your customers? 
A little elaboration on may be the kind of 
channels, etc.?

Direct conversations, digital channels, and distributors

Is sustainable supply chain management an 
important criterion in your organisation?

Yes, it is an important criteria for both the organisations 
as per all the respondents

Is customer engagement an active part of your 
sustainable supply chain management?

Yes, it is an important criterion for both the 
organisations as per all the respondents but the mode of 
engaging with customer is still evolving.
Both the organisations agreed that they are 
experimenting and learning to understand what it 
means for their organisation.

Where do you think, you are with respect to 
customer engagement for your sustainable 
SCM?

All respondents from both the organisations believed 
that they just started out and are evolving and learning, 
working to integrate a greater customer engagement in 
their organisation.

How do you ensure that strategic discussions 
about the supply chain include the implications 
of changing customer and consumer 
demands—both today and into the future?

Engaging with customers at regular interval to 
understand their needs and concerns.
The engagement is through distributors and surveys 
which they roll out periodically. But they need to put some 
system in place for actively engaging to seek feedback.

How do you understand and enable the 
requirements regarding greater customer 
engagement in your supply chain?

• Creating agility and flexibility in the entire supply 
chain of products

• Communicating the quality and other documenta-
tion needs with the partners, suppliers and vendors

• Planning for contingencies

• Regulatory and compliance mechanism across the 
entire lifecycle of product

How do you think is the vendor community 
contributing about customer experience as a 
core element of the future supply chain?

• By working to comply with the regulatory and other 
compliance needs of the organisations.

• Working diligently to create/product and services to 
cater to wider needs of the respective organisations.

• Innovating to cater and for the ease of the respective 
client organisation

Can you please help us understand how customer engagement particularly is affecting three (economic, 
environment and social factors) of supply chain management for your organisation

Economic factors
Do the decisions get impacted by customer 
engagement for sustainable supply chain, for 
economic factors related to economic decisions, 
market presence and indirect economic impacts

• The respondents of chemical organisation give lot of 
diligence to understand and evaluate if their vendors 
are economically sustainable, have healthy balance 
sheets and have good market presence. It is a part of 
their risk assessment.

• The respondents from healthcare organisation 
elaborated that they do not focus much on economic 
viability and sustainability of their vendors.

Majority of respondents in both the organisations 
believe that cost and margins are important in their 
business and decisions are driven by it.
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4. Conclusion

Sustainable development is getting more prominence in today’s time with chang-
ing dynamics in businesses, and it is further amplified by shrinking resources, 
increasing population, global risk management and greater stakeholder interest 

Variable/question Summary of responses

Environment factors
Do the decisions get impacted by customer 
engagement for sustainable supply chain, for 
environment factors related to
Materials
Energy
Water
Biodiversity
Emissions
Effluents and waste
Products and services
Compliance
Transport
Overall
Supplier environmental assessment
Environmental grievance mechanisms

• The respondents of chemical organisation give 
importance to environmental factors and compli-
ance. Though they believe they still need little more 
compliance and work together with their vendors, 
partners on reducing the impact on environment. 
But they started the journey utilising ISO compli-
ance including for logistics, transport and emission 
standards.

• The healthcare organisation had been focussing on 
compliance information from their vendors and 
suppliers through ISO and will need more active 
engagement to assess the environmental impact.

Social-fair labour practices
Do the decisions get impacted by customer 
engagement for sustainable supply chain, for 
social-fair labour practices related to
Employment in supply chain,
Labour/management relations in supply chain,
Occupational health and safety in supply chain,
Training and education in supply chain,
Diversity and equal opportunity in supply chain.

• Respondents of both the organisation agreed that 
that fair social labour practice of their suppliers and 
other channel partners is not much on their agenda.

Social-human right practices
Do the decisions get impacted by customer 
engagement for sustainable supply chain, 
for social-human right practices related 
to investment in supply chain, non-
discrimination in supply chain, freedom of 
association and collective bargaining in supply 
chain, child labour in supply chain, forced/
compulsory labour in supply chain, security 
practices in supply chain.

Both the organisation respondents agreed that they are 
not working much on the same.

Social-Society
Do the society decisions get impacted by 
customer engagement for sustainable supply 
chain, for society related to local communities, 
anti-corruption practices, public policy, 
anti-competitive behaviour, compliance of laws, 
supplier assessment for impacts on society, and 
grievance mechanisms for impacts on society

Both the organisation respondents are not working 
much on the same. But they do take anti-corruption 
practices, public policy, anti-competitive behaviour, 
compliance of laws, etc. seriously. And if anything 
undue catches their attention, they take suitable action.

Social-product responsibility
Do the decisions get impacted by customer 
engagement for sustainable supply chain, for 
product responsibility related to customer’s 
health and safety, product and service labelling, 
marketing communication and customer privacy

For both the organisations, compliance to quality and 
other regulatory norms is important.

Table 2. 
Data collected through the questionnaire.
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and activism. Government, customers, investors, partners and so forth seek more 
responsible organisations that are transparent with their policies and practices.

Globally, organisations particularly are working on long-term strategies, prac-
tices to inculcate sustainable practices in their processes, product/services through-
out the complete product life cycle including supply chain as well. Stakeholder 
particularly customer engagement can lead to amplification of practices, method-
ologies and innovation for more responsible practices for an inclusive growth. More 
so sustainable supply chain management practices will lead to more responsible 
behaviour and greater stakeholder engagement for the businesses as well.

The research involving two mid-tier organisations works to understand how cus-
tomer engagement is contributing to sustainable supply chain management. Qualitative 
research through interviews with decision makers in two case organisations maps the 
challenges they face and the current focus of the management and decision makers.

In both the organisations, inclusion of customer engagement and sustainable 
supply chain management practices is at a nascent stage. Decision makers under-
stand the relevance of sustainable supply chain practices and customer experience/
engagement but are struggling with legacies of cost and margins, as these are still 
important parameters to drive success. The two case organisations are evolving 
processes, systems and culture for sustainable development through greater cus-
tomer engagement.

• Innovation and work towards methodologies and inclusive practices can help 
to capture customer feedback, opinions about products and services to further 
inculcate sustainable practices across the entire supply chain/customer life cycle

• Review and identification of metrics and measures can support to track and 
monitor the performance around sustainable supply chain management 
practices through customer engagement.

• Investment and innovative solutions through technology as per current needs 
and requirements will aid sustainable supply chain management. The processes 
and practices can support to provide holistic view of supply chain.

• Commitment across the board is to be driven through cultural shift initiatives. 
Leadership commitment will ensure that there is right context provided to 
entire organisation.

• Reengineering of existing processes with alignment of all stakeholders/teams 
can enhance the efforts to adapt sustainability-based practices.

Sustainable supply chain management practices are important for the continu-
ous success of business, communities and countries. Customer engagement can play 
an important part to enhance the sustainable supply chain management practices. 
Sustainability cannot be handled in segregated manner and has to be part of opera-
tions and decision-making throughout the entire lifecycle with integrated supply 
chain, and customer engagement can be a driver to create the change needed which 
will be success for the business and customers all along.

5. Limitations of research and future research directions

This chapter is a qualitative exploratory research to create a case for sustainable 
supply chain management practices through customer engagement. Researchers can 
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and activism. Government, customers, investors, partners and so forth seek more 
responsible organisations that are transparent with their policies and practices.

Globally, organisations particularly are working on long-term strategies, prac-
tices to inculcate sustainable practices in their processes, product/services through-
out the complete product life cycle including supply chain as well. Stakeholder 
particularly customer engagement can lead to amplification of practices, method-
ologies and innovation for more responsible practices for an inclusive growth. More 
so sustainable supply chain management practices will lead to more responsible 
behaviour and greater stakeholder engagement for the businesses as well.

The research involving two mid-tier organisations works to understand how cus-
tomer engagement is contributing to sustainable supply chain management. Qualitative 
research through interviews with decision makers in two case organisations maps the 
challenges they face and the current focus of the management and decision makers.

In both the organisations, inclusion of customer engagement and sustainable 
supply chain management practices is at a nascent stage. Decision makers under-
stand the relevance of sustainable supply chain practices and customer experience/
engagement but are struggling with legacies of cost and margins, as these are still 
important parameters to drive success. The two case organisations are evolving 
processes, systems and culture for sustainable development through greater cus-
tomer engagement.

• Innovation and work towards methodologies and inclusive practices can help 
to capture customer feedback, opinions about products and services to further 
inculcate sustainable practices across the entire supply chain/customer life cycle

• Review and identification of metrics and measures can support to track and 
monitor the performance around sustainable supply chain management 
practices through customer engagement.

• Investment and innovative solutions through technology as per current needs 
and requirements will aid sustainable supply chain management. The processes 
and practices can support to provide holistic view of supply chain.

• Commitment across the board is to be driven through cultural shift initiatives. 
Leadership commitment will ensure that there is right context provided to 
entire organisation.

• Reengineering of existing processes with alignment of all stakeholders/teams 
can enhance the efforts to adapt sustainability-based practices.

Sustainable supply chain management practices are important for the continu-
ous success of business, communities and countries. Customer engagement can play 
an important part to enhance the sustainable supply chain management practices. 
Sustainability cannot be handled in segregated manner and has to be part of opera-
tions and decision-making throughout the entire lifecycle with integrated supply 
chain, and customer engagement can be a driver to create the change needed which 
will be success for the business and customers all along.

5. Limitations of research and future research directions

This chapter is a qualitative exploratory research to create a case for sustainable 
supply chain management practices through customer engagement. Researchers can 
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further develop the work wherein quantitatively the effect of customer engagement 
on supply chain management practices could be measured for greater inclusion.

Researchers can also identify the causes through appropriate hypothesis to 
support/understand sustainable supply chain management practices for the aid of 
practitioners through customer engagement.
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Chapter 4

Green Supply Chain Management: 
A Precursor to Green Purchasing
Kenneth Mathu

Abstract

The chapter’s focus is on an enterprise collaboration with the members of 
the value chain and the use of technology to enhance integration. These factors 
are attributes of supply chain management (SCM). When emphasis is placed on 
lean and agile supply chains, closed-loop supply chains, reverse logistics, and the 
practice of just in time (JIT), the operation is transformed to green supply chain 
management (GSCM). JIT reduces outsourcing of resources, has controlled produc-
tion and transportation, and uses distribution centers to expedite the distribution 
process. The utilization of the returned products in reverse logistics for reuse, 
recycle, and remanufacturing reduces dumping and environmental degradation. 
The returned materials become additional resource which is value-added to the 
enterprise. Ultimately, this is a cost saving and a contribution to the enterprise’s 
bottom line and sustainability.

Keywords: collaboration and integration, environment, green supply chain 
management, lean and agile, reverse logistics

1. Introduction

The green supply chain management (GSCM) emerged from the conventional 
supply chain management (SCM) in the last two decades or so, and supply chain 
itself is just over a generation old. Supply chain evolved from discussions initiated 
by a group of professional consultants in the early 1980s [1]. The deliberations 
reached a peak with the publication of Michael Porter’s book, The Competitive 
Advantage: Creating and Sustaining Superior Performance [2]. In the book, Porter 
emphasized that industries could perform various primary and support activi-
ties that could add value to the products/services that in turn could add value for 
customers. The linkages of these activities that added value to the products/services 
that an organization produces was Porter’s description of “value chain.” Porter 
described the support services as inbound logistics, operations, outbound logistics, 
marketing, sales, and services. Inbound logistics is the supply chain process of sup-
plying raw materials to the focal manufacturer. The transformation of raw materials 
by the focal manufacturer into finished products or work in progress is referred to 
as operations. The distribution of the manufactured goods to fulfill customer orders 
is outbound logistics. The marketing process establishes the demand of products/
services by customers. On understanding the customer needs, the sales process 
is pursued to take the customer orders. Subsequently, service provisions ensue in 
fulfilling customer’s product/service orders.
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The global supply chain forum of 1999 defined supply chain as “an integra-
tion of procedures from suppliers to consumers to provide products/services and 
information in order to add the values of the customers and the related roles” ([3], 
pp. 194-205).

Supply chain management covers industry planning and control of activity that 
relate to trade, exchange and logistics management, and collaboration among sup-
pliers, agents, and new customers. With increased customer awareness and more 
stringent regulations, industries have started to integrate environmental factors in 
all sectors of the organization. The industries have started integrating green tech-
nologies in product designs, production, and distribution which is a gradual trend 
of shifting toward environmentally friendly supply chain (SC). These efforts and 
the desire to incorporate “extended production responsibility” (EPR) as pertains to 
environmental impacts are the precursors to the evolution of “green supply chain 
management” (GSCM) ([4], p. 4).

The theory of GSCM was developed in the 1990s, but emphasis on green 
production by most industries commenced from around 2000. With the grow-
ing consciousness about the environment, SC complexity and the scale of GSCM 
technologies also increased. GSCM is defined as “a supply chain that considers 
environmental impacts on its operations and takes action along the supply chain to 
comply with environmental safety regulations and communicates this to customers 
and partners” ([5], p. 73). GSCM integrates all the aspects of environmental man-
agement which includes reverse logistics. Reverse logistics entails “a supply chain 
dedicated to reverse flow of products and materials for the purpose of returns, 
repair, remanufacture, and/or recycling.” The organizations that proactively man-
age reverse logistics have added financial benefits to their bottom line ([6], p. 619).

2. Green supply chain management (GSCM)

Green supply chain management extends across the organization, its trading 
partners, and processes involved in purchasing, manufacturing, materials manage-
ment, distribution, and reverse logistics. The GSCM ensures that there is sharing of 
environmental responsibility in supply chain at every stage and process to ensure 
that the adverse impact on the environment is minimized ([7], p. 508).

The American leading global retailer Walmart, provide green materials. Its goals 
among others include being supplied 100% by renewable energy, to produce zero 
waste and to sell products that sustain people’s health and environment. The retailer 
has integrated a supplier sustainability index into its business to measure the vendor 
product offerings [8].

3. Impact of GSCM on industry

Industry evaluation is done through product/service analysis called “life cycle 
assessment” (LCA). LCA helps designers at the beginning of product design to 
identify techniques that ensure that the product components and designs are to the 
environmental standards. Standards are the set of the amount of energy and natural 
resources utilized, the amount of emissions caused by air and water pollution, and the 
waste products resulting from the consumption of the product output ([5], p. 93).

Industries strive through GSCM system to evaluate the green performance of 
suppliers, assess the quality of green product, and direct overall management of 
suppliers. Information technology (IT) is used to sort out the green supply chain 
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(GSC) issues between the organization and the value chain partners. The process 
involves gathering all existing material systems, information management systems, 
and process operation systems and integrating all the green requirements into 
tasks and procedures to achieve greening. The last step is to ensure that the overall 
SC conforms to the standard of GSCM through management systems, produc-
tion processes, technique standards, verification of work, and analysis of product 
components [9].

A 2017 empirical study in the developing countries focusing on Pakistan’s 
manufacturing firms using exploratory factor and simultaneous analysis on five 
independent variables of GSCM practices established that four of them were 
statistically significant in predicting the organizational performance. The four 
predictable variables were ecological product designs, green manufacturing, green 
information systems, and cooperation with customers, and the variable that failed 
the test was green purchasing [10]. Another research in Pakistan’s manufacturing 
firms investigated their economic and environmental performance and established 
that green practices such as ecological design of products, green transport, and 
distribution positively impacted on the environmental performance [11]. These 
distinctive examples illustrate how GSCM implementation would drive sustain-
ability in enterprises and become a conduit for the unfolding Fourth Industrial 
Revolution (4IR).

4. Benefits of GSCM

The benefits of GSCM encompass green initiatives such as green materials, green 
production, reverse logistics, closed-loop supply chains, sustainability and green 
initiatives, and green procurement to ensure sustainability for the present and 
future generation. Wang and Gupta ([4] p. 8) described six benefits of GSCM in 
client/supplier relationship as follows:

1. Increased interaction between client and supplier: the process of understanding 
the client’s needs and wants, providing opportunity for future product devel-
opment and encouraging suppliers to continuously improve on their products/
services.

2. Collaboration between the company (client) and the supplier to create innovative 
product design: innovation through identifying substitute materials, creating 
energy-saving design, and upgrading infrastructure to increase efficiency.

3. Requirement for supplier to provide environmental information: to ensure 
product conformance with environmental standards, identification of hazard-
ous component in the product, mode of transportation, and weight of prod-
ucts, among others.

4. Client and supplier collaboration in creating green product design: collaboration 
development of product design and the client to provide the supplier with 
product requirements that would meet environmental standards.

5. Auditing the supplier’s green performance: the client prepares a checklist of 
green management requirements or environmental audit management system 
to ensure the supplier satisfies the product requirements that help the client 
achieve the corporate social responsibility (CSR) goals.
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(GSC) issues between the organization and the value chain partners. The process 
involves gathering all existing material systems, information management systems, 
and process operation systems and integrating all the green requirements into 
tasks and procedures to achieve greening. The last step is to ensure that the overall 
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A 2017 empirical study in the developing countries focusing on Pakistan’s 
manufacturing firms using exploratory factor and simultaneous analysis on five 
independent variables of GSCM practices established that four of them were 
statistically significant in predicting the organizational performance. The four 
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that green practices such as ecological design of products, green transport, and 
distribution positively impacted on the environmental performance [11]. These 
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Revolution (4IR).
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production, reverse logistics, closed-loop supply chains, sustainability and green 
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future generation. Wang and Gupta ([4] p. 8) described six benefits of GSCM in 
client/supplier relationship as follows:

1. Increased interaction between client and supplier: the process of understanding 
the client’s needs and wants, providing opportunity for future product devel-
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ous component in the product, mode of transportation, and weight of prod-
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product requirements that would meet environmental standards.

5. Auditing the supplier’s green performance: the client prepares a checklist of 
green management requirements or environmental audit management system 
to ensure the supplier satisfies the product requirements that help the client 
achieve the corporate social responsibility (CSR) goals.
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6. Supplier initiative in standardization process: taking initiative to install own 
testing equipment to ensure meeting the standard of green purchasing.

5. Environmental design

Environmental design involves designing a product in a way that the environ-
mental impact is minimized throughout the product life cycle. Such product is 
a “green product,” and it is produced through a “green manufacturing” process. 
Green product is a good or service that minimizes external costs and pollution, 
and green manufacturing is a process of producing a good or service that mini-
mizes external cost and pollution. The process includes design for reuse, disas-
sembly, and remanufacture [5].

In pursuit of green manufacturing, governments, corporations, and societies 
must commit to rethink, reduce, reuse, recycle, and redesign products to achieve 
reduction of waste and pollution and sustainable quality of life. Hence, environ-
mental concern is about taking cognizance of green products related to environ-
ment protection.

Presently, two techniques are used to analyze and improve the design of products 
for making them environmentally friendly. The first involves analyzing the effects 
of design efficiency of a product on the environment through its end of life (EOL), 
disassembly, and disposal. The second involves inserting sensors into products dur-
ing their production phase to provide information on the condition and version of 
the main components before disassembling them at the end of life ([4], p. 37).

Environmental protection has continued to grow as a major global concern with 
more organizations paying more attention in ensuring that green standards are 
adhered to at all levels of the value chain. This entails involvement of suppliers of raw 
materials, manufacturers, distribution process, and social welfare that is referred 
to as “green value chain.” The green value chain framework is built based on future 
trends and environmental requirements for sustainable design ([12], p. 431).

6. Green materials

Green materials are used in green engineering, whereby products are 
designed and produced using minimum amount of resources, and the process 
that is used to produce them has a minimum impact on the environment. 
Thus, green materials refer to the minimum resources used to make a product/
service. They comprise utilization of minimum raw materials and renewable 
energy that has minimal carbon emissions. The green materials emanate from 
the minimization of material’s content and types, energy consumption during 
usage, scraps during production, disposal at products’ end of life, packaging 
materials, and energy consumption during product development and produc-
tion stages ([12], p. 301).

The planet earth has different types of materials used for various applica-
tions. They comprise metals (steel, aluminum, titanium), ceramics (porcelain, 
mineral glass, and metallic oxides), polymer thermoplastics (acrylic and 
polypropylene), polymer thermosets (epoxy and polyurethane), elastomers 
(isoprene, neoprene, and styrene butadiene rubber), natural organic materials 
(wood, bamboo, and cotton), and composites (graphite epoxy, polyester, and 
fiberglass) [13].
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7. Green production

Green production is a method of producing a good or service that minimizes 
external costs and pollution. The process involves design for reuse, design for 
disassembly, and design for remanufacture. Green productivity focuses on enhanc-
ing productivity and environmental performance for sustainable development in 
the industry to achieve competitive advantage. The industry has not only increase 
product value; it also needs to use the value chain. Thus, the critical point is to 
decrease the environmental impact throughout the value chain, from raw material 
supply to the final product. The environmental impact emanates from energy use, 
consumption of natural resources, and pollution-related problems [14].

The environment is damaged by the exploitation of the global natural resources 
for economic development. The process causes pollution that spread to the entire 
world via wind and water. As a result, many countries under the auspices of the 
United Nations Framework Convention on Climate Change (UNFCCC) have sought 
to combat carbon emissions which have been proven by scientists as a contributor to 
the global phenomenon of climate change or global warming [15].

Since the advent of green manufacturing, manufacturers are required to 
be responsible for the logistics process from production planning to product 
recovery and greenhouse gas emissions, that is, being responsible for the entire 
life cycle of products/services. That includes responsibility over the returned 
products’ repair, refurbishing, remanufacturing, cannibalization, recycling, and 
disposal ([16], p. 130).

8. Sustainable development

Sustainable development is defined as “development that meets the needs of the 
present without compromising the ability of the future generations to meet their 
own needs” [17]. This definition was initiated during the United Nations “World 
Commission on Environmental and Development” (WCED) summit in 1987.

Sustainable development is characterized by energy consumption and produc-
tion, greenhouse gas (GHG) emissions, and climate change. As these issues are 
interrelated, they are better considered in an integrated manner and linked to 
economic, social, and environmental implications. Scientists have proven that 
the increased consumption of fossil fuels (oil, coal, and gas) as energy source for 
development adversely affects the global climate. The ensuing severe climatic 
conditions lead to global warming and heavy rain with devastating floods and 
melting of ice in the polar region raising the seal level. As the price of oil rises with 
increasing demand, the cost of production of goods and services increases, affect-
ing the supply chain costs. In view of these increasing costs, solutions in the form of 
resource efficiency and technology innovation emerge as opportunities for reducing 
costs and increasing competitiveness and employment which are critical factors to 
managing an effective supply chain ([7], p. 402).

9. Sustainability and green initiatives

Sustainability and green initiatives focus on dematerialization, detoxification, 
and decarbonization processes that culminate into 4Rs (reduction, redesign, reuse, 
and remanufacture) ([16], pp. 83-84).
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7. Green production
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present without compromising the ability of the future generations to meet their 
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Commission on Environmental and Development” (WCED) summit in 1987.
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melting of ice in the polar region raising the seal level. As the price of oil rises with 
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9. Sustainability and green initiatives

Sustainability and green initiatives focus on dematerialization, detoxification, 
and decarbonization processes that culminate into 4Rs (reduction, redesign, reuse, 
and remanufacture) ([16], pp. 83-84).
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Dematerialization: it refers to industries’ attempt to reduce materials or time 
needed to produce and deliver products/services required by the customers.

Detoxification: it is the reduction of poisonous and hazardous materials con-
tained in industrial waste during processing of natural raw materials in industries 
to produce products/services. The poisonous materials which are in the form of 
industrial waste and pollution contaminate in the environment. The degradation of 
the environment threatens the living condition of the organisms in the ecosystem.

Decarbonization (de-energization): it is the reduction of greenhouse gas (GHG) 
emissions in the atmosphere that occur when burning fossil fuels for electricity 
generation. The most abundant GHG is carbon dioxide that has been proven by 
environmental scientists to be a contributor to the global phenomenon of climate or 
global warming.

To achieve sustainable goals or greening the environment, redesigning of 
products is crucial, reducing energy consumption (use of renewable energy), 
reusing the returned products, and remanufacturing the damaged products ([18], 
pp. 64-66).

10. Supply chain operations reference (SCOR) model

Supply chain operations reference (SCOR) model is a diagnostic benchmarking 
and improvement process for supply chain operations. The SCOR model was estab-
lished in 1996 as a tool for manufacturing and service organizations. It is managed 
by Supply Chain Council (SCC) that among other roles educates the supply council 
members on its application ([19], pp. 322-344).

The SCOR model integrates the supply chain members by linking the delivery 
operations of the seller to the sourcing operations of the buyer. This is done in six 
categories: plan, source, make, deliver, return, and enable:

Plan: this involves planning all the activities involved in demand and supply of 
products/services (resources, communication, performance, inventory, capital/
assets, transportation, and others).

Source: this comprises sourcing of stocks, make to order, engineer to order, 
scheduling deliveries, selecting suppliers, and managing incoming inventories.

Make: the production process: make to stock, make to order, engineer to order, 
and other production networks.

Deliver: it involves order preparation, warehouse, transportation, and distribu-
tion of products.

Return: return of purchased materials to suppliers and finished goods from 
customers and managing the return process.

Enable: the process of establishing, maintaining, and monitoring information, 
relationships, resources, assets, design, planning, and execution of supply chain.

The SCOR model is for all types of supply chains, but its application identifies 
more with the characteristics of GSCM.

11. Supply chain collaboration (SCC)

Advancing GSCM requires a high level of supplier-customer information-
sharing relationship in a form of collaboration and integration. “Collaboration in 
supply chain is a process through which trading partners can jointly plan key supply 
chain activities from the delivery of raw materials, through production and deliv-
ery of finished products to the end customers. The process encompasses business 
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planning, sales forecasting and all operations required to replenish raw materials 
and finished products” ([5], p. 28).

Supply chain collaboration (SCC) is a relationship between supply chain 
partners developed over some time. Collaboration commences with open-market 
negotiations, whereby fewer suppliers cooperate to supply a common customer. 
Cooperation entails organizations working jointly toward the same goal as in ensur-
ing customer satisfaction. The relationship moves to the next level of coordination 
through information linkages as in the use of electronic data interchange (EDI). 
Coordination entails the ability of different organizations sorting out their com-
plexities in a working-together relationship, as supply chain partners do to deliver 
value to customer. Subsequently, collaboration is achieved when organizations start 
joint planning and technology sharing (supply chain integration). This indicates 
that supply chain integration is an enabler of collaboration ([19], pp. 322–344).

Supply chain collaboration is experienced in two types: vertical collaboration 
and horizontal collaboration ([20], p. 50).

Vertical collaboration is the relationship between suppliers (external), focal 
organization (internal), and customers (external).

Horizontal collaboration is experienced when the focal organization (internal) 
collaborates with other organizations and the third-party logistics (3PL) companies 
(external) for joint transportation.

12. Supply chain integration (SCI)

Supply chain integration (SCI) is the alignment and interlinking of business 
processes. The alignment and interlinkage of the focal organization with the first-
tier suppliers and first-tier customers allow the organization to focus its time and 
resources on managing important process links with other trading partners. These 
are partners’ upstream (suppliers) and downstream (customers) that allow larger 
and complex supply chain to perform better ([20], p. 48).

13. Lean and agile supply chain

The conventional way for the focal organizations or manufacturers is to hold a 
high level of inbound, internal, and outbound inventories to cover for incidental 
or unplanned orders. The inbound inventory comprises raw materials from the 
first-tier suppliers to the manufacturer, internal inventories are the manufactured 
products and work-in-progress products (unfinished products) at the manufac-
turer’s warehouse, and when the finished products are being shipped to end users 
(customers), they are inbound inventories ([21], p. 150). These are non-value-
added activities which are avoided in GSCM.

Lean supply chain requires the suppliers to deliver smaller quantities of raw 
materials more frequently to the manufacturer. As frequent smaller inbound trans-
portation and outbound transportation of finished products add costs, suppliers 
usually locate warehouses near the manufacturing facilities. In this era of shopping 
malls, the leading retail chain stores of fast-moving consumer goods (FMCGs) own 
distribution centers (DCs) at convenient locations to receive supplies from different 
suppliers to ease distribution to their retail outlets. The DCs are built on national 
and regional formations depending on the retail outlets’ distribution network. 
Usually, third-party logistics (3PL) companies provide the transportation, although 
in some isolated situations, retailers substitute 3PL with their own transport. This 
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value to customer. Subsequently, collaboration is achieved when organizations start 
joint planning and technology sharing (supply chain integration). This indicates 
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and regional formations depending on the retail outlets’ distribution network. 
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in some isolated situations, retailers substitute 3PL with their own transport. This 
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type of logistics arrangement focuses on timeous delivery, to the right location, 
in right quantities and qualities. Ultimately, this lowers the inventory levels and 
reduces holding costs ([7], p. 330).

In GSCM, the manufacturers focus on a limited number of suppliers and 
customers to collaborate in identifying customer requirements. The collaboration 
process aims to remove waste, reduce costs, and improve quality and customer 
service. The process renders supply chain “lean” by utilizing limited materials to 
produce limited inventories and “agile” by responding quickly to unpredictable 
changes in customer needs. The two terms are coined together to make an emerging 
word “leagile,” a characteristic that distinguishes GSCM with the conventional SCM 
([21], p. 329).

14. Just in time (JIT)

Just in time (JIT) originated from the Toyota company, Japan, in the 1940s. The 
Toyota managers such as Taiichi Ohno pursued “Kanban” that involved continuous 
problem-solving aimed at eliminating waste. However, lean management is more 
practiced outside Japan as both have similar objectives. JIT enhances supply chain 
process when suppliers and manufacturers work together or collaborate to enable 
them to respond more quickly to customer needs. This is done through informa-
tion-sharing via Internet connectivity, resulting in improved customer service, 
less inventory holding, and reduced waste. As the supply chain becomes more 
streamlined and focused in speedy turnaround of smaller quantities, it assumes 
the characteristics of GSCM. Hence, JIT is crucial for a supply chain to achieve its 
primary objectives of low cost, high quality, and fast response ([7], p. 249).

15. Reverse logistics

Reverse logistics is the process of moving or transporting goods from their final 
forward destination back to the manufacturer and suppliers for the purpose of 
creating value or for proper disposal. It involves the processes of sending new or 
used products “back upstream” for repair, reuse, refurbishing, resale, recycling, 
scrap, or salvage. In reverse logistics system, items are usually returned to a central 
location for processing. The processing involves transporting, receiving, testing, 
inspecting, and sorting for appropriate actions such as repair, refurbish, or resale. 
Where the product has no value, it is disposed in landfill or other environmentally 
acceptable processes. The facility and related processes are provided either by the 
original manufacturer or a third-party logistics (3PL) company. The characteristics 
of reverse logistics that involves preparing returned products for reuse, recycling, 
remanufacturing, and proper disposal are identified with GSCM ([6], p. 614).

In reverse logistics, items may be collected from diverse geographical locations, 
and some of them could be hazardous materials. The hazardous materials would 
require special handling and disposal. Usually, items collected in reverse logistics 
go through a tedious process of testing, sorting, grading, and inspecting. Other 
complexities and challenges experienced are in remanufacturing, reconditioning, 
and reselling that could be problematic depending on the type of items involved. 
Thus, green logistics is executed through five stages comprising of suppliers, 
manufacturers, distribution centers (DCs), customers, and dismantlers or recyclers 
([21], p. 47).

However, despite of all these challenges, reverse logistics add value to the 
triple bottom line of the organization involved. That entails adding value to an 
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organization’s economic, social, and environmental attributes. This summarizes the 
three major drivers of reverse logistics as customer service, environmental issues, 
and economic benefits. The effective role of reverse logistics is demonstrated by the 
collaboration of the leading retailers of fast-moving consumer goods (FMCGs) and 
their suppliers as they proactively pursue reverse flows to capture value [22].

16. Closed-loop supply chains

The closed-loop supply chains are designed and managed to explicitly consider 
both forward and reverse flow activities in a supply chain. The combined roles of 
forward and backward flow of goods in closed-loop supply chains essentially aim at 
reducing cost and capturing value. Consequently, closed-loop logistics is a crucial 
component to supply-demand chain management in closed-loop supply chains. The 
focal organization or manufacturer proactively utilizes them as they add value to 
the organization ([6], p. 614).

17. Green purchasing

The increasing consciousness in recent times about environmental protection 
has triggered more interest in green supply chain, sustainability, and green initia-
tives as they are interrelated. Green purchasing is concerned with the purchase of 
products that emanate from energy efficiency, bio-based and recycled content, 
non-ozone-depleting substances, green power, and other environmentally friendly 
products. Green power refers to electricity generated from sources that have limited 
greenhouse gas emissions such as renewable sources comprising of hydro, solar, and 
wind, among others ([16], pp. 35–36).

The Institute of Supply Management defined green purchasing as “making 
environmentally conscious decisions throughout the purchasing process, beginning 
with product and process design and through product disposal” ([5], p. 74). Green 
purchasing in supply chain is supposed to address some of the pressing environ-
mental issues such as ozone layer depletion, global warming, and hazardous waste 
([12], p. 324).

The selection of green suppliers is guided by global regulations for environmen-
tal protection. The rules and regulations address pertinent issues for environmental 
management from production of products/services to consumption. Wang and 
Gupta [4] summarized some of the crucial laws and regulations observed by several 
countries as follows:

1. Waste Electrical and Electronic Equipment (WEEE) Directive of 2003

2. Restriction of Hazardous Substances (ROHS) Directive of 2010

3. Energy-Using Products (EuP) Directive of 2010

4. End-of-Life Vehicle (ELV) Directive

5. Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH)

The conventional SCM focuses on information flows from vendors to the cus-
tomers, whereas GSCM must, in addition to this, fulfill the four Rs (4Rs) of green 
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forward and backward flow of goods in closed-loop supply chains essentially aim at 
reducing cost and capturing value. Consequently, closed-loop logistics is a crucial 
component to supply-demand chain management in closed-loop supply chains. The 
focal organization or manufacturer proactively utilizes them as they add value to 
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factor regulations: reduction, redesign, remanufacturing, and reuse. Industries are 
increasingly creating environmentally friendly products (green products) to satisfy 
the customer demand. The green products are made with reduced raw materials, 
using renewable energy and recycling of old products. The reduction of primary 
resource use, pollution prevention, waste management, and policies governing 
sustainable products have become the focus of modern industrial societies and 
environmental guidance. This distinguishes green supply chain management from 
the traditional supply chain management as it encompasses environmental impacts 
and material utilization factors in the selection of suppliers ([6], p. 619).

In pursuit of environmental sustainability in logistics, organizations strive to 
change the transportation modes of their products to overcome the growing pres-
sure and to improve environmental performance. The rail mode of transportation 
where feasible is preferred over road use, especially in the haulage of heavy loads as 
organizations strive to reduce carbon footprint of their products.

18. Conclusion

The history of supply chain and the crucial role played by Michael Porter in 
coining in the application of value chain from his book on competitive advantage in 
1985 provided the initial building blocks of supply chain management. The GSCM 
was defined and elaborated to distinguish it from the conventional SCM. Its impacts 
and implications to environmental management and benefits to organizations and 
to product/service end users were exhausted. The global concerns of the greenhouse 
gas emissions leading to the phenomenon of climate change or global warming and 
that GSCM drives sustainability goal were discussed in detail. The United Nations 
watchdog body for global climate change and emissions, the UNFCCC, was also 
expressed. The narrative included the definition and elaboration of sustainable 
development.

The pursuance of GSCM by the industry utilizing green materials and green 
production processes and applying green purchasing which are environmentally 
friendly was stipulated. The drivers of GSCM such as closed-loop supply chains; 
lean and agile supply chains; functions such as SCC, SCI, and JIT; and SCOR 
application were examined.

Subsequently, successful implementation of GSCM was found in Pakistan from 
an empirical study on GSC practices conducted in the manufacturing firms where 
four variables of GSCM, namely, ecological design of products, green manufactur-
ing, green information systems, and cooperation with customers, were found to 
significantly improve organizational performance. Another research in the same 
country on the impact of GSC on manufacturing firms’ economic and environmen-
tal performance established that green practices impacted on the environmental 
performance. These examples demonstrate the role of GSCM as an infrastructure 
that would drive the unfolding 4IR and business sustainability.
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In pursuit of environmental sustainability in logistics, organizations strive to 
change the transportation modes of their products to overcome the growing pres-
sure and to improve environmental performance. The rail mode of transportation 
where feasible is preferred over road use, especially in the haulage of heavy loads as 
organizations strive to reduce carbon footprint of their products.

18. Conclusion

The history of supply chain and the crucial role played by Michael Porter in 
coining in the application of value chain from his book on competitive advantage in 
1985 provided the initial building blocks of supply chain management. The GSCM 
was defined and elaborated to distinguish it from the conventional SCM. Its impacts 
and implications to environmental management and benefits to organizations and 
to product/service end users were exhausted. The global concerns of the greenhouse 
gas emissions leading to the phenomenon of climate change or global warming and 
that GSCM drives sustainability goal were discussed in detail. The United Nations 
watchdog body for global climate change and emissions, the UNFCCC, was also 
expressed. The narrative included the definition and elaboration of sustainable 
development.

The pursuance of GSCM by the industry utilizing green materials and green 
production processes and applying green purchasing which are environmentally 
friendly was stipulated. The drivers of GSCM such as closed-loop supply chains; 
lean and agile supply chains; functions such as SCC, SCI, and JIT; and SCOR 
application were examined.

Subsequently, successful implementation of GSCM was found in Pakistan from 
an empirical study on GSC practices conducted in the manufacturing firms where 
four variables of GSCM, namely, ecological design of products, green manufactur-
ing, green information systems, and cooperation with customers, were found to 
significantly improve organizational performance. Another research in the same 
country on the impact of GSC on manufacturing firms’ economic and environmen-
tal performance established that green practices impacted on the environmental 
performance. These examples demonstrate the role of GSCM as an infrastructure 
that would drive the unfolding 4IR and business sustainability.
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