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Introduction

“The environment and the economy are really both two sides of the same coin. If we cannot
sustain the environment, we cannot sustain ourselves.”
— Wangari Maathai
In this 21st century, the rapid development of the world economy has brought relief
to human life, but environmental degradation like earthquakes, heavy rains, floods,
ozone layer depletion, etc. are causing great anxiety. These are a matter of grave
importance to the manufacturing companies as they ended up becoming the major
pollutants of the environment. These problems are even more acute in developing
countries, which are in the throes of fast financial development. The production
process consumes lots of natural resources and energy. Some of these resources are
scarce and should be used wisely. These resources should only be used to the extent
that they do not adversely affect the combination of natural resources, and therefore
require conservation, protection, renewal, and management. It’s time to ponder how
to manage these catastrophes and present a cleaner world to future generations.
Now companies are realizing that financial progress and good environmental
management are correlative to one another like two sides of the same coin. So, a
manageable and fair utilization of resources must be guaranteed to meet the essential
requirements of present and future generations without harming the environment.
How much a country or government will be able to cope with environmental
problems relies on its financial capacities. Without well-organized financial progress,
environmental management will be flattened, at the same time, progress will be
hampered in the absence of proper environmental management. Consequently,

traditional business planning needs to incorporate environmental management. The
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goal of this thesis is to maximize the financial and environmental benefits of business
organizations by incorporating environmental initiatives like green innovation and

remanufacturing in their supply chains.

1.1 Green supply chain management

Managing supply chain practices appeared in the engineering and management
literature in the early 1990s with a focus on cost reduction, improving operational
performance, and waste minimization. The motivation behind waste reduction at
that time was not actually for the environment, but rather for monetary motives
as waste means significant financial losses. Also, in those days, environmental
pollution was not a significant area of exploration. = But now-a-days, the
environmental impacts of industrial pollutions are key challenges faced by majority
in a consistent way. It is expanding and spreading quicker than wildfires from region
to country, country to global domain, which is a critical reason of global warming
and climate change. Similarly, natural resources scarcity, pollution in air and water
adversely affect human life as well as the flora and fauna. The present situation and
the tendency of environmental deterioration underscore a need for an adjustment in
the supply chain philosophy. Green supply chain management (GSCM) which is the
management of green supply chain (GSC) or the green management of supply chain,
has arisen as a paradigm for businesses to lessen the ecological effects and achieve
monetary advantages.

Although there has been extensive research on supply chain management (SCM)
over the past couple of decades, the thinking about GSCM escalated in the early 21st
century. In general, GSCM is described as “integrating environmental (green) thinking
into supply-chain management, including product design, material sourcing and selection,
manufacturing processes, delivery of the final product to the consumers as well as end-of-life
management of the product after its useful life”. Here the term “green’ infers to whatever
that is environmentally grasped and regarded as a way to incorporate ecological
standards into the supply chain. Undoubtedly, the fundamental philosophy behind
the concept of green is to improve environmental sustainability. However, due
to the fact that GSC can create a competitive advantage in terms of customer
satisfaction, positive brand image and reputation, financial development with lesser
manufacturing costs and minimal natural contamination, companies undertake it as

“killing two enemies with a single bullet”.



1.2. Conventional vs green supply chain

GSCM first manifests itself as an essential contribution to create a win-
win situation, accomplish benefits and market proportion goals with reduced
environmental impacts and risks, then elevates their environmental efficiency. It’s
mile the technique of using eco-friendly measures and converting these measures
into reusable outcomes at the end of their life cycles to create a sustainable supply
chain. From the perspective of sustainability, it can preserve more natural resources
for future generations while protecting natural environment, bringing about a
superior and more secure world. The immensity of GSCM has been realized to be
extended from green procurement to final delivery of the product to customers, and
even to reverse logistics. In the packaging process, for example, plastic containers
are usually used. Organizations ought to limit the utilization of plastic and move to
packaging made from durable materials. This will help in reducing plastic as well as
encouraging eco-friendly substances.

Companies around the globe including Xerox, Dell, HP, Canon, Kodak, Apple,
Ford, BMW, Walmart, Target, etc. are demonstrating their responsibilities toward
green issues. Xerox has designated to diminish its emission and energy utilization
by approximately 25% in 2025 from the 2016 baseline. In March, 2022, the US
Securities and Exchange Commission proposed a new environmental regulations for
US organizations to list their emissions which may have adverse consequences for
the so-called reputed organizations. Consequently, organizations cannot overlook
ecological guidelines. As per the 2019 release of the European Commission’s
Consumer Conditions Scoreboard, 56.8% of European customers want to spend

more for green products and less for contaminated products (Wang et al., 2022b).

1.2 Conventional vs green supply chain

Conventional supply chains (CSCs) begin with raw material suppliers and end with
customers. The flow of products and services (in forward direction), information and
tinances (in backward direction) is unidirectional and irreversible. Each and every
activities within CSC can be a source of waste, pollution, and other environmental
hazards. In terms of raw materials, firms may use substances like ‘lead” that are
harmful to the environment. Here, cooperation, perceivability, and information
sharing are limited. CSCs frequently focus on financial targets and values. They plan

to reduce costs and work on the effectiveness of supply chain endeavor to leverage
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financial advantages. Sometimes the focus is on end-to-end supply chain costs, but
costs are often not optimized due to limited information exchange. In addition,
CSCs consumption patterns are voluntary initiatives driven by business activities
and customer interests.

Green supply chains, on the other hand, provide important contemplations for
environmental effectiveness in the internal and external management of firms in
all processes, from raw material extraction to end product disposal. They integrate
execution estimation and environmental goals with operational and financial goals.
Through this initiative, they endeavor to accomplish that key issue which is difficult
for an individual enterprise. This results in improved customer satisfaction and
better benefits with reduced waste and environmental effects. Every member of
GSCs persuade others to participate in ecological safety, share knowledge and
information. They attempt to diminish energy, utilization of resources and to lessen
pollutant emissions. Here, flow of products and services are bidirectional and
circular. All products are regulated throughout the life cycle so that the ‘waste” gets
a subsequent life or turns into raw materials for brand new manufacturing or other
agenda purposes. GSCs can be advanced through corporate social responsibility,

green government acquirement, and sustainable practices.

1.3 GSCM practices

Environmentally cognizant organizations frequently ask an important question:
What are GSCM practices, and what'’s the initial step to implement those practices?
GSCM practices incorporate the concepts of environmental responsibility into
conventional SCM. There is room for green improvement in every aspect of the
supply chain, starting from raw material purchasing to reverse logistics for used
products acquisition. So, there are a variety of practices and programs that can be
implemented inside green supply chains. However, among those practices, have

chosen the following few as most important.

<+ Eco design: It is the precise thought of health and environmental protection-
related design issues throughout the product life cycle. It involves the use of
green raw materials, equipments, technologies. It additionally supports reuse,
recycling, and remanufacturing for reinforcing environmental performance as

well as reducing various costs.
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Design
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Fig. 1.1: Major GSCM practices.

<+ Green procurement or purchasing: Introducing green purchasing into supply
chains and business activities is a reliable tool for reducing waste, air and
water pollution. It implies purchasing materials, components, and services
having eco-friendly qualities such as conservation of energy and water, use
of unconventional energy sources like hydropower, solar energy, bio gas,
and wind energy, nonuse of hazardous or toxic chemicals, ability of reuse,
recycling. It further claims that companies need to place bulk orders to avoid
superfluous use of energy, labor and packaging materials and those orders

need to be emailed to make them paperless.

<+ Green manufacturing: Green manufacturing practices are the implementation
of environmentally and socially responsive practices that lead to liquid and
solid waste reduction, emissions reduction, product quality improvement, cost
savings and increased profitability of companies. It focuses on using fewer
nonrenewable natural resources, using biodegradable and recycled or reused
materials, using alternative energy sources to reduce energy consumption.

Product remanufacturing is also an important part of green manufacturing.
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*+ Green packaging: Green packaging considers every step of a life cycle of
a package, from packaging of a product to how customers disposes of the
package. It focuses on limiting the production of packaging waste, downsizing
overall packaging, utilization of renewable energy during package production,
maximizing use of materials like biodegradable materials, recycled paper and
plastics, post-consumer recycled materials, etc. instead of materials like plastic
and Styrofoam. It is important to provide guidance on how consumers can

recycle packaging or decompose packaging.

*+ Green warehousing: The goal of green warehousing is to make warehousing
activities more efficient and reduce waste and energy usage. The challenge is
that warehouses get old faster and older warehouses tend to be less energy
efficient, resulting in higher emissions. Reforms can assist with making more
environmentally friendly warehouses. The installation of equipment, the use of
alternative energy sources, and the addition of windows to maximize natural

light are just a few examples of strengthening convenience.

*+ Reverse logistics: It is the process of returning end-of-use or end-of-life
products to manufacturers and suppliers for the objective of recovering their
residual values or for proper disposal. It involves the process of refurbish,
repair, recycle, remanufacture, and resale. These processes save raw materials,
energy, water, resulting in cost savings and competitive business advantages
for companies. Some companies set up collection points, while others hire

individuals or third-parties to collect waste.

1.4 Driving factors for GSCM

There are many driving factors for implementing GSCM practices. These factors are

mainly categorized into two types: External and Internal Drivers.

External drivers:

4 Regulatory pressures: Regulatory pressures are contended to be one of
the fundamental drivers of GSCM implementation. Growing environmental
problems and scarcity of natural resources have led to regulation in various

fields, with more stringent regulations at the domestic, governmental, and
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international level. These regulations increase the threat of penalties and fines

for corporate non-compliance and non-implementation of green practices.

4 External stakeholders pressures: External stakeholders influencing GSCM
adoption include customers, suppliers, distributors, etc. Customers are turning
out to be progressively mindful of the adverse environmental consequences
resulting from specific organizations exercises. They pressurize companies
to implement more eco-friendly initiatives, which ultimately reduces their
environmental impact. The execution of GSCM initiatives by suppliers and
distributors lessen the difficulties and risks of green adaptation for targeted

companies, thereby increasing their excitement for GSCM.

4 Supply chain collaboration: Supply chain collaboration affects a company’s
environmental impact. Quality certification, such as ISO 14000, encourages
companies to maintain near-perfect improvement and thereby improving

corporate culture.
Internal drivers:

4+ Financial benefits: Financial benefits address the potential of reducing
the unit expenses of manufactured products or services provided without
compromising the intended usage or degrading the quality of the product.
In addition, financial benefits can be acquired by utilizing less raw materials,
energy, and water in the manufacturing system, recycling and remanufacturing
of used products, which won'’t just protect the surroundings yet additionally

decreases manufacturing costs.

4 Competitive advantage and green image: GSCM execution assists with
acquiring competitive advantage through product and process innovation. It
can improve both the image and reputation of the company simultaneously.
Companies not only acquire competitive advantage by attracting customers
with the right green image, but also benefit from easy access to credit, reduced

taxes, and increased likelihood of winning government bids.

4 Environmental and social responsibility: Some companies are pursuing
environmental and social remedies because of their intrinsic interest in the

environment and society. These companies operate on the basis of values, not
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on the rules of decision. They operate from a sense of responsibility, altruism

or public interest, not from selfishness.

1.5 Benefits of GSCM

The implementation of GSCM practices has its own advantages across all types of
industries, regardless of the nature and size. Implementing green practices across

the supply chain can benefit companies in a variety of ways, as given below.

% Competitive advantages and upward brand image — Today’s customers prefer
to buy environmentally friendly products, even on paying more money.
Manufacturers who apply GSCM practices attract these customers. It will help
companies to gain competitive advantages and strengthen their reputation and

brand image in the market.

% Cost reduction and improved efficiency — Recycling and remanufacturing
help to reduce raw material purchasing costs. Reducing the production of
waste and hazardous materials saves companies from being penalized for

violating environmental guidelines, resulting in increased efficiency.

¢ Financial benefits — There is a typical misapprehension that green investment
of a business is costly. In truth, it can result in large financial savings. By

adopting several green practices, companies can see fast returns.

% Reduced environmental impact — Green design helps in reducing carbon
emissions, air and water pollution; bulk order lessens the fuel consumption.
Avoiding hazardous substances minimizes environmental risks. As a whole,

environmental impact is reduced.

¢ Sustainability of resources —- GSCM execution helps in appropriate and viable
usage of natural resources. Consequently, the balance of natural resources is

maintained.

1.6 Relevant topics

There are several issues affecting the performance of GSCM. In the following, we

will shed light on a few of those major issues relevant to this thesis.
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1.6.1 Warranty policy

Now-a-days, warranty policy is an integral part of any product due to customer
requirements or business obligations. It is a service-related agreement made by
a manufacturer at the time of sale of a product. According to this agreement,
the manufacturer or their service center replaces or repairs the product free of
charge or with little charge if the product fails or malfunctions within a specified
period. While this may only seem convenient to the customer, warranty actually
means protecting both customers and manufacturers. To customers, warranty is
a compensatory insurance if the product does not meet its promised quality and
functional features. On the other hand, to manufacturers, the length of time and
the prerequisites prevent them from compensating its customer when he or she
misuses or overuse the product. Since it is impossible to get an idea about the quality
of the product before use, the warranty acts as an indicator of the quality of the
product; a longer and wider warranty usually indicates better product quality. Thus,
extending the warranty period can serve as an efficient technique for companies to
promote product sales. In addition, warranty may be regarded as a competitive
strategy similar to price and quality. Most customers prefer to buy products from
manufacturers who offer warranties compared to those who sell the same quality
products without warranties. Manufacturers may decide not to offer a warranty
or offer a shorter warranty when customers are willing to pay less. In these
situations, they provide an offer that allows customers to purchase some warranty
at a relatively low price, known as an extended warranty policy. This is why we
see a variety of warranty period for same product in different markets. At the time
of seasonal sale, the manufacturer usually does not offer warranty. Sometimes the
green manufacturers may offer superior warranty period for customer satisfaction.
Evidently, a satisfactory warranty policy and easily accessible repair services will

attract customers and enhance the company’s image.

1.6.2 Fairness concerns

Fairness in supply chains is a vital and exciting research topic due to the fact
that supply chain members frequently have diverse power positions, which
makes the weaker member to vulnerabilities. Three major dimensions of fairness

concerns are often studied in supply chain literature — distributive, procedural,
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and interactional fairness. Distributive fairness raises important questions about
whether responsibilities and benefits are pretty-shared among supply chain
members. Procedural fairness arises during decision-making process in the supply
chain and it concerns whether all supply chain members share their opinions while
decision-making, do major buyers genuinely tell their suppliers about expenses,
quality and purchase decisions or do suppliers speak truth in the negotiation
process? Stronger supply chain members may not always be aware of the situations
under which weaker supply chain members are operating and it shows how
important it is to be involved in decision making. Interactional fairness is about
mutual respect, consistent and bilateral communication. The fairness of the supply
chain implies that individuals have open communication for conflict management.

In the context of GSCM, fairness behavior become even more important. If
a member thinks not only of maximizing his own profits but also of allocating
profits, then the fairness issue comes into play. At GSCM, manufacturers are
focal members and mainly involved in product greening and remanufacturing.
Sometimes their strong position can push them to make a favorable decision. For
instance, they may intentionally increase the wholesale price of a product, forcing
retailers to feel unfair in the business. Since retailers have strong relationships with
customers, their concerns about unfairness affect market demand and used product
collection strategies. Again, if a common retailer sells the products of competing
manufacturers and the retailer enters into separate agreements with different
manufacturers, then one of the manufacturers may think about the unfairness. On
the other hand, some retailers are so greedy that they demand more profits than
manufacturers. If the focal member or business manager does not address this
concern, this notion of injustice will affect sustainable development. For instance,
P&G terminated its partnership with Xuzhou Wanji Trading of China in 2010 because
of unfair profit distribution (Nie and Du, 2017).

1.6.3 Dual-channel supply chain

With the spread of the internet and the advancement of information technology,
the usage of e-commerce in consumer and commercial activities has increased
significantly during the past two decades. It has created extraordinary opportunities
for manufacturers to have easy and vast access to customers. Additionally, the

revolution in the supply of goods through third-party shipping is helping to increase
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online sales. Customers today are increasingly embracing and becoming accustomed
to buying products online, prompting large numbers of manufacturers such as IBM,
Microsoft, Apple, HP, Dell, Lenovo, Panasonic, Sony, Mattel, Cisco System, Pioneer
Electronics, Estee Lauder, Nike to redesign their strategies for selling their products
via a brick-and-mortar retailer (called a conventional retail channel), as well as an
online channel (called a direct channel), i.e., utilizing dual-channels consisting of an
indirect retail channel and a direct online channel. Obviously, execution of online
channel assists a manufacturer with making its own market and acquire benefits
from the growing market. It additionally allows to have interaction with customers,
grasp their necessities, and provide products that meet their needs. A side effect of
this trend is that the retailers may feel frustrated. This can lead to channel conflict
that diminishes channel members’ endeavors to construct collaborative connections.

However, sometimes direct channel and retail channel may complement each
other. Online channels support conventional retail channels by providing product
information. Again, some customers often visit conventional retail stores, enjoy
retail services, learn about the effectiveness of a product or even try it (specifically,
apparel) but end up buying the same product at a lower price from an online
channel. Most importantly, customers opt for dual channels, which benefit them via
offering more affordable options at lower expenses, so manufacturers are compelled
to or willfully launch direct channels as an essential requirement. Retailers have also
realized that it is not wise to blacklist the direct channel and drive customers away
to purchase somewhere else. Similar to the forward dual-channel, manufacturers
can use reverse dual-channels to collect used products. In the context of GSCM, it is
important to investigate how each channel member adopts strategies when adding

a direct channel into the customary retail channel.

1.6.4 Closed-loop supply chain

It’s easy to waste when resources are unlimited. But the unavailability of adequate
natural resources has forced business organizations to consider recycling used
products that are flooding landfills by toxic materials. This is why instead of focusing
solely on the smooth delivery process of the product to customers, many companies
create a ‘closed-loop” by acquiring used products from the consumer and recovering
their residual value which lessens the usage of resources and creates less wastage

and this gives rise to closed-loop supply chain (CLSC).
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Fig. 1.2: Closed-loop dual channel supply chain.

A CLSC is comprised of two separate supply chains — forward supply chain and
reverse supply chain. The conventional supply chain is called the forward supply
chain. It only works in one direction, from manufacturers to customers. After the
production of a product, it is shipped and delivered to customers through a forward
supply chain. Then manufacturers encourage customers to return their products
once they are no longer needed or no longer in functional state. The reverse supply
chain then kick in, and the products can either be repaired and resold, or they can
be disassembled for reuse in future production. The term ‘closed-loop’ refers to the
fact that the chain is created for the purpose of retaining and retrieving value from
unused products while minimizing waste generation. According to Guide et al.
(2003), CLSC is a supply chain network that “include the returns processes and the
manufacturer has the intent of capturing additional value and further integrating all supply
chain activities.”

CLSC an important part of the circular economy, aimed at eliminating waste. It
also helps in lessening resource acquisition and processing costs. When a business
organization reuses and recycles more, it preserves raw materials further, becomes

more affordable. Moreover, it generates more customer loyalty, providing ongoing
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success. A recent survey revealed that 34% customers have chosen brands with eco-
friendly practices. So, companies need to incorporate eco-friendly practices to gain
competitive advantages and achieve sustainable development, and CLSCs provide a
way to that end. Xerox, HP, Canon, etc. are some companies that are implementing

reverse channel activities to reduce ecological impacts of their products.

1.6.5 Governmental intervention

The government performs a key role in GSCM by encouraging manufacturers
in green assembling and buyers in buying eco-friendly products. Governments
of different countries have enacted a number of rules and regulations for the
reutilization of used products. For example, the U.S. government has enacted a law
regarding the usage of remanufactured products in government transports (Jensen
et al., 2019). Green innovation requires superior technologies, which leads to an
increase in manufacturing costs, consequently, resulting in increased product prices.
Government endowment to green manufacturers assists to diminish manufacturing
expenses and serve as an effective remedy to encourage consumers to purchase
products. For instance, the UK-based development organization Innovate the UK
gave £20 million in R&D investment to further develop low-carbon footprint in the
automobile sector (Li et al., 2020), the US government offers a subsidy up to $7500
to encourage purchasing electric vehicles. India has voluntarily committed to lessen
emissions by 20-25% by 2025 in the Copenhagen Accord.

Besides these subsidy policies, governments in developed countries utilize
various guidelines to reduce carbon emissions. Out of many environmental policies
for lowering emission, the cap-and-trade policy (CTP) is the most efficient policy
(Li et al., 2019a). Under this policy, the government allocates a certain amount of
emissions (called cap) to manufacturers toward the start of their businesses. They can
sell or buy (called trade) excess emissions in the emissions trading market contingent
upon whether their actual emissions are more or less than the cap (Xu et al., 2016a).
The use of CTP can be noticed significantly in lots of advanced countries like
China, EU, Germany, USA etc. The emissions trading system of European Union
(EU ETS) lowered its cap by 15% in 2015 compared with the program began in
2005. The Indian government is emphasizing on sustainable energy, especially solar
energy; making plans to remodel traditional fuel vehicles and electrify as many new
automobiles as possible by 2030 (Zhang et al., 2020b).

13



Chapter 1. Introduction

1.6.6 Substitutable products

The two products will be called substitutable products if they can partially or
completely meet the same needs or requirements of customers. Customers can
easily move from one product to another as the products are comparable or similar-
enough to each other from the customer’s point of view. If the price of one product
increases (decreases), then the interest of customers towards its substitute product
may increase (decrease) i.e. there is a positive cross-price sensitivity on the demand
of the product. Again sometimes two products will be said to be substitutable if
they are sold within the same geographical region or require the same event to use
them. Some common examples of substitutable products are tea and coffee, desktops
and laptops, ink pens and ball pens, Coke and Pepsi, Domino’s and Pizza Hut,
Burger King and McDonald’s, toothpaste of Colgate and Sensodyne, smartphone
of two different brand, etc. For example, tea and coffee are substitutable because
both products quench thirst (the same needs of customers), both can be used in the
morning (the same event to be used), customers can buy both products from the
same local markets (the same geographical region for trading). Similar features can
be observed in other substitute products. The demand for substitute products can be
affected by various factors like quality, price, etc. Substitute products will be effective
when any one of these factors changes. These products can be non-green or green.
We are mainly interested in the substitutable green product for non-green products.
For example, electric or solar-powered automobile can be an alternative to diesel-
powered automobile, LED bulbs can replace normal bulbs, jute bags are alternatives
to conventional nylon bags, etc. When a green alternative to a conventional product
comes on the market, customers choose between conventional non-green and newly
emerged green products based on their preferences and environmental awareness
which affects the demand for both products. It is noted that the demand for electric

automobiles in the United States has exceeded their actual market supply.

1.6.7 Corporate social responsibility

Corporate social responsibility (CSR) alludes to the techniques that organizations use
as a component of their corporate governance and aims to promote their activities
from an ethical and social perspective. It can be considered as a kind of corporate

self-guideline, which has no remarkable unique definition. It's a business plan
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for business people while an administration official might consider it as voluntary
guideline. In short, CSR is a plan of action that moves policy makers out of
the narrow mindset of expanding their own advantages toward improving the
triple bottom line i.e. economic, environmental and social aspects for a global
perspective. Charitable activities have a positive impact on companies, so they
need to think about participating in CSR endeavors while setting their business
goals. In the present worldwide business surroundings, CSR acts as a decisive factor
for customers and clients selection that companies cannot ignore. Companies that
fail to do their utmost to adopt the CSR strategy will lag behind (Panda et al.,,
2015). Channel individuals can perform various CSR acts to strengthen social
responsibility. Investing in CSR can be considered as one of the CSR initiatives
through which organizations can enhance their popularity and corporate image. It’s

far a powerful strategy for improving the marketing power of the company.

1.6.8 Game-theoretic approach

Game theory is an effective decision-making approach on supply chain optimization
problem. It is a theoretical framework for decision-making among rival members,
called players, in a strategic setting. It provides a simplified version of the problem
to investigate how two or more members interact to make decisions. Over the years,
many economists and mathematicians have come up with different definitions in
different assumptions. The basic idea of all definitions is that one member’s payoff
depends on the strategy applied by the others i.e. each member has to consider
other member’s strategies or decisions while making its strategy or decision. In the
early 1940s, mathematician John von Neumann and his fellow Princeton University
economist Oscar Morgenster revolutionized game theory, and for that contribution
they were officially recognized as the fathers of modern game theory (Cachon and
Netessine, 2006). Then different mathematicians and economists have extended
game theory in different ways. For instance, Mathematician John Nash Jr (1950)
extended the work of von Neumann and Morgenstern by incorporating the concept
of Nash equilibrium, Kuhn and Tucker (1953) extended it to incorporate imperfect
information, Aumarm (1959) extended it to include cooperative game and so on.
Despite having different extensions, in terms of SCM, these extensions can be seen
as cooperative and non-cooperative games. Over the past two decades, academics

and practitioners have shown renewed interest in dealing game theory to analyze
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supply chain-related problems and new emphasis has been placed on collaboration

among decision makers forming a supply chain.

1.6.8.1 Non-cooperative game

Non-cooperative game comes into play when the players of a game prefer to choose
their strategies independently by focusing on their own goals. In this case, players
cannot form alliances. It can be divided into two sub-games depending on whether
the players will make their decisions simultaneously or sequentially.

Nash game - In this case, the players make their decisions simultaneously and the
next players have no idea about the earlier players’ strategies. It basically depends
on Nash equilibrium, which is a state of outcome from which no members desire to
deviate from when they reach it unless other members do not change their strategies,
because by doing so the member cannot improve its profitability. The solution
concept of this game was introduced by John Nash Jr (1950).

Stackelberg game - It is a sequential-based simplest game pioneered by the German
economist Heinrich Freiherr von Stackelberg in 1934. It is a leader-follower game
and the leader first makes its decisions then the follower makes its decisions.
So, in this case, the followers have some idea about the leader’s strategies. The
followers may not know all the information of the leader perfectly, rather they may
know that the leader did not perform a particular action. In this case, the leader
gets some advantages because being the first mover. There are various types of
Stackelberg game depending on the leadership of the players. In most of the SCM
literature, the manufacturer is considered as a leader and the game they play is called
manufacturer-led Stackelberg game. If the retailer or the third-party has more power
than any other members then that game will be called retailer-led Stackelberg game
or third-party-led Stackelberg game, respectively. The Stackelberg game is more
realistic than the Nash game in competitive business scenario because in this case
one of the channel members plays the leading role.

In case of multi-members situation in horizontal level, the Stackelberg game
can be further classified into two sub-games depending on whether the horizontal
players will work simultaneously or jointly. If they want to make their decisions
simultaneously like Nash game, then that game will be termed as Cournot game.
Again, if they make their decisions jointly as a single player, then that game will be

termed as Collusion game.
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1.6.8.2 Cooperative game

In a cooperative game, players are allowed to form alliances so that overall better
results are possible than in the Nash and Stackelberg games. It is a game of alliance
and the focus is on the outcome of the game in terms of the value created by
the alliance of players without emphasizing the actions that each player will take.
Although outside of a common goal, their objectives may be contradictory, the

channel members share a common goal to retain market share.

1.6.9 Channel coordination

In SCM, the goal of any supply chain is to improve overall performance. Tragically,
channel members focus only on improving their individual benefits by forgetting
this global perspective. This self-contemplation leads to poor execution in terms
environmental performance, service level, etc. This type of decision-making strategy
is known as decentralized policy. There is also another decision-making strategy,
called centralized policy where a central entity takes all the decisions aimed at
improving global performance by negotiating internal transfer prices.

In spite of the fact that the centralized policy can improve overall performance,
in reality, such strategies are difficult to implement by channel members, especially
by small enterprises who do not have sufficient financial or administrative support
to manage the supply chain, or in a supply chain with enormous members. Again,
centralized policy can adversely affect the personal gain of channel members. In
this situation, channel members need to some mutual agreement which will be
convenient for themselves as well as the whole supply chain. This type of mutually
advantageous decision-making strategy is known as coordination mechanism. This
allows channel members to align their individual goals with the overall supply chain
goals. According to Malone and Crowston (1994), the most recognized definition of
coordination is “the act of managing dependencies between entities and the joint effort of
entities working together towards mutually defined goals” .

Relying on diverse characteristics of parameters involved in the supply chain,
researchers and practitioners have proposed a variety of coordination mechanisms.
One of the most important mechanism is coordination by contract. Generally, a
contract is designed in the sort of manner that all optimal results become consistent

with the centralized policy. At the same time, it can enhance the performance of
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every channel members. A supply chain is considered as coordinated if it provides
identical performance with the centralized scenario. Improving the performance of
all channel members in terms of profitability is termed as win-win situation.

There is ample reason to emphasize channel coordination in GSC. First, without
coordination with different individuals, it is very difficult to improve environmental
performance by reducing environmental hazards. Second, coordination can help
customers by providing better service. Thus, coordination is beneficial from the view
point of consumers. Third, if channel members individually make their decisions,
the double-marginalization impact will reduce the benefits of each individual and
the whole supply chain. However, channel individuals can enhance their benefits
through collaboration. Overall, the fruitful execution of a coordination process can
help all individuals in the supply chain to significantly increase their main concerns
— financial, ecological, and social exhibitions (Paulraj and Blome, 2017). Due to
these importance of channel coordination, channel members should implement this
mechanism while making their decisions.

There is a variety of contracts for improving the performance of channel
individuals. Some well-known contracts are revenue sharing, profit sharing, cost
sharing, two-part tariff (TPT), quantity discount, buy back, etc. In addition to these
simple contracts, channel members may implement some composite contracts by
combining two or more of these simple contracts. In short, their focus should be

always on overall performance rather than individual performance.

1.7 Significance of the study

As a thriving branch of SCM, GSCM is one of the most discussed topics in today’s
competitive and challenging business world. Extensive government pressure and
consumer environmental consciousness have forced business organizations to adopt
advanced technologies. Again, unavailability of adequate natural resources and
financial outlook lead companies to incorporate acquisition and reutilisation of end-
of-use products/wastages. In spite of rapid advances in GSCM literature over the
past couple of decades, this doctoral study is capable of finding some research gaps
and develops various GSCM models by addressing the issues such as warranty
policy, individual used product collection, fairness concern, multi-member situation,

CSR investment, recycling competition, channel coordination, etc. It is intended to
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provide business managers with some recommendations regarding these issues. The

contributions and scope of the thesis are described as follows:

R
4%

R
**

This study analyses the impact of warranty policy under the manufacturer’s
green innovation as well as non-green environment. From these investigations,
business managers can get an idea about warranty policy related investments
and consumers’ sensitivity towards warranty policy under both green and non-

green environment.

Different collection strategies are considered under the two-period scenario as
well as the retailer’s fairness concerns which will assist production managers to
decide which member should be employed in the collection of used products.
The retailing managers can also gather ideas about when to focus more on the

fairness of the business.

The inclusion of both dual forward and dual backward channel helps to
estimate reasonable pricing for retail and e-tail channels under diverse channel

powers of the entities.

In the case of multi-member situations, it determines optimal decision under
different behaviors of competing members. This exploration will help them
decide whether their decisions should be made collectively or simultaneously
or sequentially. An investigation into the impact of government sponsorship

in this situation is also noteworthy.

Finally, the consideration of social sustainability through the CSR investment
in CLSC lay the groundwork for exploration. Moreover, the implementation of

simple and composite contracts enriches about channel coordination issues.

1.8 Organization of the thesis

Recalling the importance of incorporating environmental performance into the

traditional supply chain, this doctoral study plans to develop and investigate various

models in view of a few significant issues associated with GSCM. This thesis

comprises eight chapters. The first two chapters are related to the introductory

discussions and the literature review, respectively. From the third chapter onwards,

we develop various mathematical models depending on GSCM related issues
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and investigate its effect of channel performance. Some techniques, explanations,
mathematical expressions, and numerical articulations can be seen as repetitive or
similar in a few chapters. This is done to maintain the integrity of the model and the
uniqueness of each chapter. The content of each chapter is summed up beneath to
provide the reader a brief idea of the study.

Chapter 1: Introduction

It focuses on the basic concepts of GSCM, its features, benefits obtained from GSCM
adaptation, etc. There is also a concise portrayal on the relevant topics like warranty
policy, dual-channel, fairness concerns, governmental intervention, return policy,

game-theoretic approach, etc. It ends with the scope and organization of the thesis.

Chapter 2: Literature review
This chapter has been enriched by a brief literary review on relevant topics to explore

research gaps.

Chapter 3: Green closed-loop supply chain with warranty period under revenue
sharing contract

This chapter considers the manufacturer’s green innovation under the warranty
period as a preliminary step to investigate how the implementation of GSCM
practices specifically affects channel benefits. It presents two game-theoretic models
considering the demand dependency on selling price, warranty period and greening
level. Customers can return their defective products to the manufacturer within
the warranty period. The manufacturer is able to refurbish a certain portion of the
returned products and returns them to customers, while the rest portion is sold in
the secondary market after remanufacturing and the same portion is supplanted
by the new product. Both models are solved in centralized, decentralized, and
revenue sharing contract scenarios. Through analytic and numerical comparison, it
is observed that although green innovation requires additional investments, it leads
the supply chain to improved environmental progress and economic prosperity. It is
also observed that the proposed revenue sharing contract is unable to coordinate the

supply chain, rather it may provide win-win situation to channel members.

Chapter 4: Used product collection strategies in a green closed-loop supply chain
In addition to green innovation, since the collection of used products can also
improve the environmental performance, we discuss the various strategies utilized

in used products collection in this chapter, which consists of two parts. The market
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demand for both parts is thought to be reliant upon the selling price, greening
level and marketing effort. It is also assumed that not all remanufactured products
are like-new. Only a small part of the remanufactured products passes for being
sold with the new one in the primary market while the rest of the remanufactured
products is sold at a lower price in a secondary market. The following two sections

examine how different used product collection strategies influence GSCM decisions.

4.1: Used product collection strategies in a two-period green closed-loop supply chain

This section represents a green CLSC model with one manufacturer and one
retailer under a two-period setting to examine the effect of marketing effort, green
innovation, and used products collection rate on the supply chain decisions. In
the first period, the manufacturer manufactures new product from fresh raw
materials while in the second period, in addition to manufacturing new products,
he collects and remanufactures used products. A centralized model and three
decentralized models (depending on whether the manufacturer or the retailer or
both collect used products) are considered. A cost sharing contract is employed
to address the coordination issue. Three special cases are developed to investigate
the effect of green innovation and marketing effort. It is seen that the supply
chain responds better when both the manufacturer and the retailer acquire used
products simultaneously, and the efficiency of the supply chain can be improved
by integrating either marketing effort or green innovation or both. The proposed

contract is capable of improving channel performance.

4.2: Strategies in a green closed-loop supply chain under retailer’s fairness behavior

Besides engaging in product recycling, now-a-days, the retailing firms are also
taking care of the fairness of the business. With that in mind, this section explores
the impact of recycling activities and fairness behavior of the retailer on pricing,
green improvement, and marketing effort in a green CLSC. Here, the forward
channel activity is the same as the previous study. But in the reverse channel,
either the manufacturer or the retailer or an independent third-party acquires used
products. A centralized model and six decentralized models are developed relying
upon the retailer’s fairness behavior and/or product recycling. A restitution-based
wholesale price contract is designed for channel conflict resolution and supply chain
coordination. It is seen that the manufacturer never chooses a third-party as the

collector of used products under the fair-neutral retailer; the fairness behavior of the
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retailer improves her profit, but lessens the profit of the manufacturer. The transfer
price plays important role in deciding appropriate reverse channel for collecting
used products. Transformation of all the remanufactured products to like-new
products is profitable for all channel members including consumers. The proposed
contract is capable of elevating all three dimensions of sustainability — economic,

environmental, and social; above all, it can coordinate the supply chain.

Chapter 5: Strategies for a dual-channel green closed-loop supply chain

Product sale through the retailer can be affected by double-marginalization effect
which can increase the product price, leading to loss of channel members. Because
of rapid boom of online business, both selling products and collecting used products
through e-tail channel is an excellent choice for adapting channel members’ concerns
about the loss of profits from green innovation. This chapter deals with a green CLSC
with both forward and reverse dual-channels for selling new product and collecting
used products. The greening and pricing decisions are derived both analytically
and numerically under a centralized and three decentralized scenarios namely,
manufacturer-led and retailer-led decentralized scenarios and Nash game. From
numerical analysis, it is observed that the selling price in the centralized scenario
is higher than that in the decentralized scenario, which contradicts the result due
to double-marginalization, and the retailer-led decentralized policy provides higher
profit than other decentralized policies. The inclusion of e-tail channel together with
the retail channel improves channel performance; selling prices in the retail and e-tail

channel depend on customers’ loyalty to those channels.

Chapter 6: Cooperative and non-cooperative behavior of same level players under
governmental intervention

When a manufacturer starts manufacturing green product, its competition with
traditional non-green product is unavoidable. Again, when more than one retailer
sells those products, there is likewise a competition between them. Therefore, an
urgent inquiry might emerge — how do contending manufacturers and contending
retailers act while settling on their decisions? The following two sections find the

answer to this question.

6.1: A green closed-loop supply chain with manufacturing competition for substitutable
products

Here we describe a green CLSC including two competing manufacturers and
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a common retailer for marketing substitutable products under consideration of
government sponsorship. It considers several scenarios viz. centralized, Nash
game, and manufacturer-led Stackelberg game. In case of the Stackelberg game,
the competing manufacturers may work jointly or simultaneously or sequentially.
Depending on that the Stackelberg game is divided into three sub-policies. Cost
sharing (CS) and revenue sharing under cost sharing (RCS) contracts are designed to
improve the greening level and the supply chain performance. Results demonstrate
that Nash game is beneficial for the retailer and the whole supply chain; CS contract
tails to provide a win-win outcome but RCS contract assists with providing it; the
government subsidy can effectively expand sales volume by enhancing product’s
greening level. In case of the Stackelberg game, the competing manufacturers’
cooperative decision-making strategy is beneficial to the green manufacturer,
simultaneous decision-making strategy is preferable to the retailer and sequential

decision-making strategy is favorable for the non-green manufacturer.

6.2: Retailers’ competition in a green closed-loop supply chain under CTP

Here we analyse retailers’ cooperation and competition in a green CLSC consisting
of one common manufacturer and two competing retailers under governmental
intervention and CTP. Under consideration of a consistent pricing strategy of the
manufacturer, it develops a centralized and three decentralized policies namely,
Cournot, Collusion, and Stackelberg depending on various competing behaviors of
the retailers. Optimal decisions are compared analytically through a special case
where the retailers face the same basic market, and numerically where basic markets
are the same as well as different. A transfer payment mechanism is designed to
achieve Pareto improvement of all channel members. Results indicate that among
three decentralized policies, Cournot behavior is beneficial for the manufacturer,
customers, and the entire supply chain, but Collusion behavior is profitable to the
retailers only when the difference between their basic markets is small; when the
retailers face the same basic market and play Stackelberg game, it is beneficial for
the retailers to be a follower rather than a leader; occurrence of both the government

subsidy and CTP is profitable to all channel members.

Chapter 7: Integrating CSR in a sustainable closed-loop supply chain
So far we have studied economic performance and environmental sustainability,

but the global covid epidemic and lockdown have shown us how important it is
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to emphasize social performance. In this regard, this chapter extends the boundaries

of GSCM to a sustainable supply chain management by integrating CSR in two parts.

7.1: Retailer’s CSR investment under government subsidy

Here we introduce CSR effort of the retailer, and develop an integrated model and
three manufacturer-led decentralized models (Model M, R, and C) depending on
various collection options of used products under price and CSR effort dependent
demand. To facilitate CSR efforts, the government provides CSR dependent subsidy
to retailer. In addition to deriving closed-form optimal solutions, it also determines
optimal environmental damage, consumer surplus, and social welfare for the
proposed models. Results demonstrate that among three decentralized models,
Model M offers the best performance but cannot compete with the integrated model,
and government subsidy plays an important role in improving channel performance.
A TPT contract is proposed to cope with the channel coordination problem, and the
asymmetric Nash bargaining method is used to divide the surplus profit between

the manufacturer and the retailer.

7.2: Both manufacturer’s and retailer’s CSR investment under recycling competition

Here we examine pricing, product quality, CSR investment, and collection strategies
of used products in a CLSC where both the manufacturer and the retailer contribute
to CSR. We develop a centralized model and three decentralized models namely,
MR-Model, MT-Model, and RT-Model depending on the competition between any
two of the manufacturer, the retailer, and the third-party for collecting used products.
A joint revenue-and-cost sharing contract is proposed to address the coordination
issue. Optimal decisions are derived and analytically compared to decide the
most productive decentralized model, and verified with the assistance of a real
case study. Results illustrate that MT-Model is disadvantageous to all channel
individuals while MR-Model gives the best performance under nearly less rivalry.
The proposed contract can coordinate the supply chain and provide more profit
to both the manufacturer and the retailer than their decentralized profits. It’s far
additionally observed that higher CSR investment, cost savings, and collection rate

lead to sustainable development.

Chapter 8: Conclusions and future research avenues
This chapter provides an overall conclusion of the study, recommends some insights

for business managers and outlines scopes for further research.
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This chapter presents a brief literature review on green supply chain management

related issues and explores a few research gaps of the prior investigations.

2.1 Green supply chain

In recent years, due to rapid environmental changes, a massive variety of customers
want to purchase eco-friendly products even paying greater penny. This makes
GSC a fascinating field of research. Zhu et al. (2005) and Wu and Pagell (2011)
recommended various aspects of green practices which includes the excessive
inventory sales, scrap and used material sales, environmental audit programs,
commitment from senior managers and overall environmental quality management,
cleaner production, internal service quality, green design, green procurement and
green innovation. Srivastava (2007) provided a comprehensive review of GSC
literature. Ghosh and Shah (2012) reviewed the greening strategies across various
GSC structures and indicated the importance of manufacturer-retailer integration
for improving green innovation. Considering coordination issue in a manufacturer-
retailer vertical supply chain, Swami and Shah (2013) addressed a few significant
inquiries concerning greening efforts, channel coordination, etc. Introducing e-
market to GSCM, Li et al. (2016) analyzed the pricing and greening policies of the
supply chain individuals under consistent pricing policies. Under the guise of fuzzy
uncertainties, Yang and Xiao (2017) studied how pricing, greening level and profits

are affected by different channel powers. In a smartphone supply chain, Patra
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(2018) explored greening investments and profit distribution under various channel
leadership. A comprehensive assessment of GSC literature is supplied with the aid
of Tseng et al. (2019) who has seen a consistent expansion in publications on this topic
over the last decade. Hong and Guo (2019) examined the pricing and green product
design strategies taking into account customer reference pricing behavior. Pourjavad
and Shahin (2020) analyzed the risks of GSC and explored appropriate responses
for prioritizing those risks. Shen et al. (2020) developed quality and price sensitive
model at GSC with the aim of identifying perfect product line design for different
product quality. Roh et al. (2022) explored various green activities of companies to
advance environmental goals. Das et al. (2022) performed a comparative analysis of
optimal decisions in a three-echelon GSC under two-period setting. They suggested
that channel members should stop thinking about their financial goals for reaching

sustainable development.

2.2 CLSC with different collection options

Due to natural resources scarcity, used products collection, more explicitly product
recycling has turned into an intriguing issue for both policymakers and researchers.
There exists a enormous literature on various collection options for used products in
CLSC. In a manufacturer-led Stackelberg game, Savaskan et al. (2004) highlighted a
brief discussion about which channel member among the manufacturer, the retailer
and the third-party should be employed to collect used products from customers.
Savaskan and Van Wassenhove (2006) considered two types of collection: direct
collection, where the manufacturer himself collects used products, and indirect
collection, where retailers are responsible for this purpose. Maiti and Giri (2015)
addressed the same issue by incorporating a third-party collector under various
channel leaderships to find the best outcomes. Miao et al. (2017) developed three
types of collection options including the centralized collection, the manufacturer-led
collection and the retailer-led collection with trade-ins and considered three types
of collection strategies, namely no collection, partial collection, and full collection.
Giri and Dey (2019) investigated two recycling strategies, namely recycling through
the collector and the recycler in a CLSC with backup supplier. Wang et al. (2022a)
addressed information value and power structures in CLSC under consideration of
third-party collection.

There are plenty of literatures which extended the model of Savaskan et al. (2004)
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under various perspective. For instance, Hong et al. (2015) investigated the influence
of advertising investment, Xu and Liu (2017) examined the effect of reference price,
Modak et al. (2018) analyzed pricing, product quality, and recycling management,
Chen et al. (2018) explored the impacts of marketing activities and product quality
improvement, Modak et al. (2019) focused on social work donation as corporate
social responsibility (CSR) practice, Chen and Akmalul’Ulya (2019) studied the
effect of reward-penalty mechanism, etc. All of these literatures suggested that
third-party-led collection is always disadvantageous. Between the manufacturer-led
collection and the retailer-led collection which will provide better outcomes depends
on various internal parameters.

Besides single collection modes, there is competition in the reverse channel as
well. Wu (2015) considered a CLSC comprising an original equipment manufacturer
(OEM) and a remanufacturer, who compete in both forward and reverse channels
for selling new product and collecting used products, respectively. Targeting on
the optimal collection decisions of a construction machinery industry, Yi et al.
(2016) focused on competing dual recycling channels (through retailer and TPC)
under a retailer-led model while Ranjbar et al. (2020) considered the same issue
under different channel leadership, viz. manufacturer-led, retailer-led and TPC-led
Stackelberg game. Zhao et al. (2017) established two models such as manufacturer
and retailer dual collection, and manufacturer and TPC dual collection to analyze
the optimal collecting channel. Wang et al. (2019a) studied a hybrid CLSC with two
recycling competition, namely manufacturer-remanufacturer collection and retailer-
remanufacturer collection. With the aim of choosing a suitable reverse channel, Liu
et al. (2017a) and Wei et al. (2019) examined three competing collection options such
as manufacturer and retailer dual collection, manufacturer and TPC dual collection,
and retailer and TPC dual collection. These studies demonstrated that recycling
competition is able to improve channel performance.

Wei et al. (2018) was the first to incorporate product greening with product
remanufacturing. They studied it in a two-period CLSC consisting of a manufacturer
and a retailer where either the manufacturer or the retailer or both competitively
collect used products, and observed that the recycling competition not only raises the
profits of channel individuals, but also enhances the eco-friendliness of the product.
Walking in the same line with Savaskan et al. (2004), Wu et al. (2020) proposed

three different single collection modes to investigate the pricing, recycling and green
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investments decisions. Similar to Liu et al. (2017a) and Wei et al. (2019), Shekarian
et al. (2021) explored three different competing collection options under carbon
footprints and customers’ different willingness to pay for new and remanufactured

products.

2.3 Dual-channel supply chain

In this section, we review the literature related to strategies in dual-channel supply
chain. Moriarty and Moran (1990) showed that the advent of dual channel definitely
leads to channel conflict. Balasubramanian (1998) analyzed the competition between
direct marketers and the traditional retailers to identify the strategy for controlling
competition, and obtained that the proper utilization of market coverage may able
to control competition. Huang and Swaminathan (2009) and Cai (2010) explored
the optimal pricing strategy of a manufacturer who distributes its products by
using traditional retail and online channels. Chen et al. (2013) examined pricing
policies for substitutable products in a dual-channel supply chain and demonstrated
that improving brand loyalty would benefit both members. Huang et al. (2013)
developed centralized and decentralized policies for a CLSC under consideration
of dual recycling to investigate the optimal pricing policies and recycling options.
Giri and Sharma (2014) developed a two-tier dual-channel supply chain model to
determine the impact of pricing policies, sales efforts and market proportion. Saha
et al. (2016) discussed a dual-channel CLSC coordination by using reward-driven
remanufacturing policy where the manufacturer makes use of two channels in the
forward chain, and three channels in the reverse chain. Taleizadeh et al. (2016)
explored the effect of marketing effort on a dual-channel CLSC under consideration
of various marketing effort supported models. Zheng et al. (2017) composed a
dual-channel CLSC for determining impacts of channel competition and power
structure. In a dual-channel supply chain, Chen et al. (2017) analyzed price and
quality decisions while Zhao et al. (2017) studied pricing policies for complementary
products. Assuming e-tailer and third party as collector of used products, Giri et al.
(2017) introduced dual-channel in both forward and reverse channels. Pathak et al.
(2022) modelled a dual-channel CLSC to analyze the pricing and effort decisions.
Now, researchers are showing their interest on both the green issue and dual-
channel. Ghosh et al. (2020) analyzed a stochastic dual-channel GSC considering

customers’ low carbon preference. Gao et al. (2020, 2021) focused on eco-level
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policy in dual-channel GSC. Meng et al. (2021) considered both channel preference
and green preference of customers and examined collaborative pricing policies in a
dual-channel GSC. Pal and Sana (2022) explored a dual-channel green CLSC under

consideration of product recycling.

2.4 Warranty policy in SCM

Warranty has become progressively more significant in customer and commercial
transactions. Naini and Shafiee (2011) calculated the ideal pricing and upgrade
decisions for warranted second-hand products in order to improve the anticipated
earnings of the vendor. Under consideration of warranty period-dependent
demand, Chen et al. (2012) examined the pricing decisions of the manufacturer in
a two-tier supply chain under various pricing options. Taking two-stage game-
theoretic approach into account, Wei et al. (2015) developed various models under
the cooperative/non-cooperative strategies of horizontal firms to explore the ideal
pricing and warranty period decisions. Modak et al. (2015) studied price, quality,
and warranty period decisions in a two-echelon supply chain where demand is
dependent on these decisions. Cole et al. (2016) explored an issue confronted by
manufacturer of durable consumer goods during the warranty period under two
trade-in policies. Taleizadeh et al. (2017) proposed price and warranty optimization
in a competing duopoly supply chain considering parallel importation. Under
consideration of duopoly market, Fang (2020) studied both price and warranty
competitions between two manufacturers. In an e-tail-retail supply chain, Panda
et al. (2020) considered extended warranty policy of the retailer for gaining
competitive advantage and discovered that the retailer can achieve higher benefit
margin than the manufacturer by means of designing this policy. Considering
both exogenous and endogenous wholesale prices, Hosseini-Motlagh et al. (2022)
analyzed e-tailer’s warranty replacement service and the retailer’s sales service
under various decision-making scenarios including centralized, semi-centralized,

decentralized, semi-coordinated, and coordinated scenarios.

2.5 Fairness concern

The development of the fairness model within the operation management

framework is a new area of exploration. Haitao Cui et al. (2007) initiated this
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revolutionary work considering linear demand function in a two-tier supply chain
comprising of a fair-minded manufacturer and a retailer. Caliskan-Demirag et al.
(2010) introducd non-linear demand function to extend the work of Haitao Cui et al.
(2007). Again, Yang et al. (2013) extended the work of Haitao Cui et al. (2007) to
study the issue of collaborative advertising. Liu et al. (2017b) developed a supply
chain where both the manufacturer and the retailer are concerned about fairness.
Their outcomes illustrated that fairness issue undermines the profitability of the
manufacturer and the entire supply chain. In a dual-channel supply chain, Song
etal. (2018) focused on the fairness behavior of the retailer and the mental accounting
strategy of the supplier. Wang et al. (2019b) concentrated on the coordination issue
of an e-commerce supply chain with a fair-minded manufacturer. The impact of
the retailer’s fairness behavior and customers’ ecological mindfulness on the pricing
policy are investigated by Zhang et al. (2019). Their study demonstrated that the
profitability of the retailer is dependent on its power and level of fairness issue.
With the aim of providing a couple of insights on pricing policies, Zhen et al.
(2019) used a Stackelberg gaming approach under the fairness concern of both
the manufacturer and the multi-channel retailer. Wang et al. (2020b) studied the
decision and coordination strategy in an e-commerce supply chain under a fair-
minded manufacturer. Du and Zhao (2021) explored a dual-channel supply chain
under retailer’s fairness behavior.

Now-a-days, some researchers have started focusing on the fairness concern
while utilizing green practices. Introducing the fairness issue of the retailer in
CLSC, Ma et al. (2017) analyzed the pricing and marketing effort decisions. They
observed that the fairness issue enhances the profit of the retailer only. Using both
cooperative and non-cooperative gaming approaches, Zheng et al. (2019) selected a
three-echelon CLSC including a manufacturer, a distributor, and a retailer to explore
the impact of the retailer’s fairness concern. Taking products” greening level and e-
tailer’s service into account, Wang et al. (2020a) studied decisions and coordination
issues under manufacturer’s fairness concern. Jian et al. (2021) focused on the
manufacturer’s fairness concern and the retailer’s sales effort in a CLSC. Zhang et al.
(2021) introduced the retailer’s horizontal and vertical fairness behavior in a dual-
channel CLSC and investigated the ideal situation for opening a direct channel. Song
et al. (2022b) examined pricing strategy in a low carbon e-commerce supply chain

under online retailer’s asymmetric fairness issue.
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2.6 Operational decisions under CTP

There are several studies considering the impact of CTP on the optimal decision-
making. Chen and Hao (2015) studied the optimal pricing and production decisions
of two contending firms under CTP. Xu et al. (2016b) examined the joint production
and pricing decisions of a manufacturing company under two low-carbon policies,
namely CTP and carbon tax, and compared the impacts of these two policies on
total emissions, profit, and social welfare. Aiming to maximize profit and social
welfare, He et al. (2017) explored a regulator’s optimal cap-setting decisions and a
manufacturer’s optimal production decisions under CTP. Xu et al. (2017) discussed
about the production and pricing policies under CTP in a make-to-order (MTO)
supply chain which deals with two complementary or substitutable products, and
demonstrated that CTP may not induce manufacturing low-carbon products. Under
consideration of Stackelberg game-theoretic approach, Ji et al. (2020) analyzed the
production decision under CTP, and obtained that utilizing green technology may
enhance the total emission.

Xu et al. (2016a) analyzed the sustainability strategy in a two-stage MTO supply
chain under CTP. Qi et al. (2017) analyzed pricing policies in a two-tier MTO
supply chain under the carbon cap guideline and provided policymakers with an
appropriate range of a carbon cap to efficiently diminish carbon emissions. Bai
et al. (2018) also incorporated emissions reduction strategy in a MTO supply chain
to curb emissions under CTP and derived several conditions for attaining lower
emissions. Keeping customers’ environmental awareness in mind, Pang et al. (2018)
investigated the impacts of CTP on emissions reduction, while Tong et al. (2019)
further explored the impacts of CTP on retailer’s promotion of low-carbon products
in retailer-led supply chains. Employing technology investments and CTP in a
CLSC, Taleizadeh et al. (2019) examined their impacts on three stimulating factors
— return policy, quality improvement effort, and emission reduction under two
hybrid remanufacturing scenarios depending on collection through the distributor
and the collector. Qian et al. (2020) considered a two-tier sustainable supply chain
consisting of a socially responsible manufacturer and a fair-minded retailer, and
investigated the coordination issue under CTP. In a CLSC, Wang and Wu (2021)
focused on emissions reduction and used product recycling on the basis of CTP.

Utilizing game-theoretic modelling, Ebrahimi et al. (2022) proposed double-level
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sustainability effort in a sustainable supply chain under CTP, and introduced a

compensation-based wholesale price contract to coordinate it.
2.7 Government sponsorship

Government sponsorship can inspire channel members to deal with eco-friendly
products and improve the environment. Constructing a three-level game, Luo and
Fan (2015) investigated the impact of several subsidy policies on optimal decisions
and emissions reduction under consideration of exogenous carbon tax. Guo et al.
(2016) discussed a supply chain under two subsidy policies, and demonstrated that
a government selects subsidy depending on the price sensitive of customers. In a
government-led supply chain, Madani and Rasti-Barzoki (2017) analyzed pricing,
greening, and government tariffs determining strategies. In a dual-channel supply
chain, Li et al. (2018) considered two types of subsidy, namely, consumption
subsidy and replacement subsidy for producing eco-friendly products. In a dual-
channel CLSC comprising a manufacturer, a retailer to sell new product, and
a third-party to sell remanufactured product, He et al. (2019) derived optimal
pricing, channel structures, and government subsidy under three possible channel
structure, namely, no direct sale, sale of new product via direct channel, and sale of
remanufactured product via direct channel. Zhang et al. (2020a) used a Stackelberg
dynamic game theory to investigate various government policies in a dual-channel
CLSC and found that despite reducing emissions and enhancing social welfare,
various government policies lessen the benefits of retailers and consumers. Nielsen
et al. (2020b) developed various models under manufacturer-led and retailer-led
Stackelberg game-theoretic approaches to determine suitable subsidy policy, and
suggested that government should inspect different attributes before implementing
any subsidy policy. In multiple competing photovoltaic supply chains, Chen et al.
(2021) investigated the effect of government subsidy on operational strategies for
promoting healthy competition within the supply chain. Long et al. (2022) explored
joint impacts of firms’ green sensitivity, customers’ green preference and power

structures in a green CLSC under government subsidy.
2.8 Pricing policies of substitutable products

Estimating a reasonable pricing for substitutable products is becoming a popular

research stream in SCM. Zhang et al. (2015) considered a supply chain of two
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substitutable products and examined the impact of customers” ecology awareness on
order volumes and coordination mechanism. Basiri and Heydari (2017) developed
a mathematical model to explore the problem of coordination in a two-tier supply
chain that plans to launch a substitutable green product for a non-green product.
Jamali and Rasti-Barzoki (2018) considered two dual-channel supply chains to
investigate pricing policies for two substitutable products through game-theoretic
approach. In a two-tier supply chain including a monopolistic manufacturer and two
competing retailers, Hosseini-Motlagh et al. (2018) evaluated pricing, greening, and
warranty decisions for substitutable products under competing retailers” various
decision-making behaviors. Chakraborty et al. (2019) looked at how collaborative
quality improvement techniques and different cost sharing contract benefit channel
individuals who produce and sell substitutable products. Hadi et al. (2020)
formulated twelve scenarios in a government-led supply chain on the basis of
government policies and various production modes of substitutable products and
discussed the effect of government intervention in encouraging customers. Nielsen
et al. (2020a) focused on evaluating the decisions of various integration strategies
between channel individuals at the horizontal and vertical level of GSCs while
dealing with substitutable products. Saha et al. (2021) explored the pricing and
greening competition for substitutable green products under various market power
structures between the manufacturer and the retailer. Song et al. (2022a) investigated
the pricing and coordination problems for the substitutable product in a GSC under

consideration of centralized, decentralized, and coordinated scenarios.

2.9 Supply chain model considering CSR

The idea of CSR was first proposed with the aid of Bowen who mentioned that
besides focusing on monetary desires, commercial agencies need to pay attention
on society. Over the current decades, the concept of CSR has been integrated into the
supply chain. In an exploratory study, Murphy and Poist (2002) recommended that
the logistic managers ought to incorporate the social issues alongside the economy
to reach its complete potential and growth. In a dyadic supply chain, Ni and
Li (2012) examined the cooperation between channel individuals regarding their
CSR endeavors by utilizing sequential and simultaneous move games. Taking into
account the retailer’s charitable donations as a CSR measure, Arya and Mittendorf

(2015) explored the impact of government sponsorship and found that government
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sponsorship helps in reducing double marginalization effect. Adopting consumer
surplus to address companies” CSR initiative, Bian et al. (2016) conducted a strategic
analysis in a duopoly supply chain under Cournot and Bertrand competition modes.
Wang and Sarkis (2017) examined the connection between the monetary execution
and CSR administration, and suggested that the effective management of an
organization’s CSR administration assumes a huge part in impacting the monetary
exhibition of that organization. Consolidating consumer surplus as a CSR initiaitve,
Panda et al. (2017) discussed its effect in a socially responsible CLSC and discovered
that the intention of the channel’s nonprofit growth through CSR practice generated
more net income than the goal of profit expansion. Liu et al. (2019) developed a
three-echelon retailer-led supply chain comprising the government, n suppliers, and
a retailer to explore optimal government subsidy, CSR effort and social welfare,
and determined the relationship between these factors. In a reverse supply chain,
Hosseini-Motlagh et al. (2019) assessed the impact of CSR investment and e-tail
channel demand disruptions. In another study, Hosseini-Motlagh et al. (2020)
coordinated CSR investment as a social responsibility and dual-function acquisition
value as an environmental responsibility by thinking about a sustainable CLSC with
two competing manufacturers and a retailer. Dey and Giri (2021) considered a
CLSC comprising two suppliers, a manufacturer, and two competing retailers, one
of whom was CSR-concerned, and analyzed various competitive behavior of the
retailers by utilizing manufacturer-led Stackelberg game-theoretic approach. They
revealed that social responsibility of the retailer allows it to earn more benefit than
other retailer. Vosooghidizaji et al. (2022) analyzed channel coordination issue in
a dyadic supply chain considering CSR and bilateral information asymmetry and

showed that information asymmetry is disadvantageous for channel individuals.

2.10 Channel coordination

Since the effective performance of SCM significantly relies upon laying out an
efficient coordination process, numerous researchers have begun to work on this
issue. Among various sorts of coordination mechanism, coordination by contract
is quite possibly of the most widely utilized mechanism. The principle objective
of any contract is to share business-related risks among channel individuals as
well as boost the benefit or limit the expense. An excellent review on contracts

and coordination issues was portrayed by Cachon (2003). As we are interested
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in GSCM, here we mainly focus on those literatures which consider eco-friendly
issues like green innovation and remanufacturing. In a GSC, Ghosh and Shah
(2015) incorporated bargaining cost sharing contract to explore channel coordination
issues and its impacts on key decisions of channel individuals. In a low-carbon
supply chain, Wang et al. (2016) concentrated on the emissions reduction issue
and illustrated that retailer can reach the goal of reducing emissions under the
wholesale price premium and cost-sharing contract and enable the manufacturer to
further improve its emission reduction rate and the benefit of the supply chain. Bai
et al. (2017) proposed two contracts, namely revenue and promotional cost-sharing
and TPT contract to coordinate a two-tier supply chain that deals with perishable
products under CTP, and demonstrated that the TPT contract is stronger than other
contract. In a sustainable supply chain, Raj et al. (2018) investigated five various
contracts such as wholesale price, TPT, revenue sharing, cost sharing, and revenue
and cost sharing contract under simultaneous consideration of greening and CSR
initiatives. Song and Gao (2018) established two types of revenue sharing contract
depending on bargaining strategy of channel individuals in a two-echelon GSC.
Keeping customers’ environmental awareness and channel members’ environmental
responsibility in mind, Hong and Guo (2019) modelled three contracts such as
price only, TPT, and cost sharing contract, and showed that cost sharing contract
is not favorable for the retailer. Ranjan and Jha (2019) addressed the pricing
and coordination issues in terms of profit sharing between channel individuals
under price, sales effort, and greening level dependent market demand. In a
MTO supply chain, Wang and Choi (2020) incorporated Pareto-efficient coordination
under consideration of three contracts, namely cost sharing, revenue sharing, and
TPT contracts and a flexible CTP. Liu et al. (2020) explored the ability of cost
sharing and revenue sharing contract in improving greening level of product under
various channel powers. Li et al. (2021) examined the effect of various contracts
including price only, revenue sharing, and cost sharing contract in a GSC where the
manufacturer is green-conscious and the retailer exerts marketing effort. Heydari
etal. (2021) proposed a hybrid greening cost and revenue sharing contract to analyze
the coordination issue in a two-tier GSC. Considering behavioral pricing strategy,
Liu et al. (2022) examined the problems of pricing and coordination mechanisms

through a revenue sharing contract in a GSC.

When it comes to CLSC, we observe that it is difficult to set up a coordination
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mechanism in CLSC because the main focus of a CLSC is to integrate forward and
reverse supply chains for the convenience of manufacturing firms and ecological
issues. Zhang et al. (2016) analyzed the impact of revenue-and-expense sharing
and TPT contracts on the performance of channel individuals in a three-level CLSC.
Feng et al. (2017) discussed problems of designing and coordinating a dual-recycling
reverse supply chain through a TPT and a profit sharing contract. Aiming to
elevate profitability of channel individuals through improving recycling and service
effort of the retailer, Xie et al. (2018) combined revenue sharing and cost sharing
contract in a dual-channel CLSC. Wu et al. (2020) focused on an environmentally
responsible CLSC for exploring pricing, recycling, and environmental investment
under consideration of a bargaining revenue sharing contract. Taleizadeh et al.
(2021) applied two gaming approach, namely Stackelberg and Nash to investigate
the impact of cost sharing contract on optimal decisions and profitabilities under
green investment and CTP. Their analysis demonstrated that the CS contract has
a positive effect under Stackelberg game while it has no interaction under Nash
game. Based on the supplier’s involvement, Dey and Giri (2022) implemented a
revenue sharing contract in two separate settings in a three-echelon CLSC with waste
recycling. Asghari et al. (2022) utilized several cooperative games and contracts like
revenue sharing, cost sharing, and TPT contract to coordinate a green CLSC.

The aforementioned literature review reveals that supply chain issues have been
extensively investigated over the past couple of decades. Due to the importance
of green innovation and product remanufacturing, many researchers have recently
begun to concentrate on these challenges. There is a very little literature that
discusses green manufacturing and remanufacturing together. As far as we
know, green supply chain models considering various realistic issues including
warranty policy, fairness concerns, multi-period situation, channel competition, CSR
investment, etc. have not yet been studied. Thus, there is a large scope to explore

these issues in a green environment. This doctoral thesis aims to address these issues.
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Green closed-loop supply chain
with warranty period under
revenue sharing contract

3.0 Introduction

In this chapter, a two-echelon CLSC model with a single manufacturer and a single
retailer is considered. The manufacturer manufactures new products from fresh
raw materials and at the same time, s/he also refurbishes and remanufactures the
returned products. The manufacturer provides an opportunity to the customers to
return defective items, if any, during the warranty period. Depending on market
demand dependency on the selling price, warranty period, and greening level, two
models are proposed under game-theoretic approach. Both models are developed
under the centralized policy, decentralized policy and revenue sharing contract. The

main objective of this chapter is to find the answers of the following questions:
e Which one of the two models gives the best optimal decisions of the CLSC?
e What is the impact of warranty period investment cost on optimal decisions?

e How does greening cost impact on the optimal decisions of the supply chain

members and whole supply chain?

This chapter is based on the work published in Journal of Cleaner Production, 2018, 190, 822-837.
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Chapter 3. Green closed-loop supply chain with warranty period under revenue sharing contract

3.1 Notations and assumptions

The following notations are used for developing the proposed model:

p unit selling price of the new item at the retailer.

w unit wholesale price of new item at the manufacturer.

w' unit wholesale price of the remanufactured product at the manufacturer.
w warranty period provided by the manufacturer.

0 level of green innovation.

Cm production cost per unit of newly produced item.

cr (< cm) production cost per unit of remanufactured item.

cr,(< cr,) production cost per unit of refurbished item.

D demand at the retailer place.

Dy basic demand at the retailer place.

D’ return quantity of the product.

7,0 fractions.

A warranty period investment cost coefficient.

U green innovation investment cost coefficient.

I, profit of the manufacturer.

IT, profit of the retailer.

IT profit of the whole system.

() optimal results under j-th scenario, where j = ¢, d, cg,dg, RSI, RSII.

The following assumptions are made to develop the proposed model:

(1) The demand at the retailer depends on the selling price and the warranty period.
So, demand function can be taken as D = Dy — ap + Bw, where « and f are
positive constants so that the demand is always positive. For a green sensitive
customer, the demand increases linearly with greening level. So, in that case,
the demand function would be D = Dy — ap + Bw + y0, where 7 is a positive
constant (Ghosh and Shah, 2012, 2015).

(2) The return of the product during warranty period is taken as a fraction of the
demand i.e D’ = 6D, where § depends on w, which is given by § = Jp + 1w,

where &y and 4 are positive constants such that é is a non-negative fraction.

(3) The manufacturer may remanufacture or refurbish the returned products during
the warranty period. It is assumed that the manufacturer remanufactures a
fraction (77) of the returned products and then sells in the other market. The
same quantity of new product along with the refurbished quantity is given to

the customers who had returned.
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3.2. Model development and analysis

3.2 Model development and analysis

It is assumed that, in the forward channel of the CLSC, the manufacturer produces
the product at a unit production cost c;; and sells to the retailer at a unit wholesale

price w and a warranty period w. The retailer then sells it to the potential customers

|::> Forward supply chain system

- i Reverse supply chain system

Fig. 3.1: Graphical representation of the closed-loop supply chain.

at the selling price p (> w). In the reverse channel, s/he accept the defective items
during warranty period (see Fig. 3.1). After collection, the returned products are
inspected carefully. A fraction of returned items is refurbished at a cost of ¢;, and sent
to the customer while the other fraction is remanufactured at a cost of ¢/, (> ¢;,). The
remanufactured quantity is sold in the other market at a wholesale price v’ (< w)

but the same amount of new item is given to the customers who had returned.

3.2.1 Model I

In this subsection, the case of regular traditional customers is considered. We
introduce an increasing and convex cost component Aw?, where the scalar A (> 0)
represents the warranty period investment cost coefficient, as warranty cost for the

manufacturer for offering warranty period w. The profits of the manufacturer, the

39



Chapter 3. Green closed-loop supply chain with warranty period under revenue sharing contract

retailer and the whole system are, respectively, given by

I, (w,w) = (w—cn)D+ (W —c;))yD' — cyuyD’ — (1 —1)D'cs, — Aw?* (3.1)
IL(p) = (p—w)D (32)
and I1(p,w) = Ily(w,w)+1L(p) (3.3)

The expression in the right hand side of Eq. (3.1) includes sales profit obtained
from the manufactured and remanufactured products, cost of manufacturing,
refurbishment cost, and warranty period investment cost. The right hand side of

Eq. (3.2) is the profit obtained from selling new products to the potential customers.
3.2.1.1 Centralized policy

In the centralized decision scenario, the manufacturer and the retailer are considered
as an integrated business unit. They make a joint decision on retail price as well as
warranty period in order to promote sales and optimize the total profit of the supply
chain. As usual, the internal credit transfer parameter (wholesale price w) does not
play any role. For convenience, the following notations are used:

X=@W —c)n—cup—(1—=1n)cr,, Y =B+ a0 X, and Z = Dy — a(cy — 6pX).

Proposition 3.1. The profit function I1(p, w) is jointly concave in p and w if A > I—;. At
the equilibrium, optimal selling price, warranty period and profit of the whole system are as
follows:

o= Do(4aA — Y?) + Z(BY — 2a)) e Y2 e AZ?
a(dar —Y?) ’ 4o\ — Y2’ 4o\ — Y2

Proof. From Eq. (3.3), we have

2
%—I; =Dy —ap+ Pw —a(p —cm) — (b + wép) X, %pn = —2a, ai,lajp = p—wnX,

AL — B(p — cm) + (60 +wdy) X + 61(Dy — ap + pw)X — 2Aw, T = — (21 — B5; X)

Jdw

The Hessian matrix associated with I1is given by

I 9211
Hy = ap? Ipdw :<‘5 2 p—anX )

oL — a8 X —(2A — B&iX)
Clearly, & 121 = —2a¢ < Oand |Hy| > 0if A > I—;, which ensures the existence of
unique solutlon. Using the first order conditions for optimality of I1(p, w), i.e. %g =
0, gg = 0, the equilibrium solution can be obtained. [ |
The optimal demand is then D¢ = éﬁ‘é@. In order that the demand and the

warranty period are positive, it is necessary that Z > 0 and Y > 0. The following are
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3.2. Model development and analysis

some properties of the optimal selling price, warranty period and total profit of the

supply chain, which can easily be established:

ap° dw’
ap° ing
P2 5 >0, % >0, %5 >0.

P3 % <0, 4L <.

ap dw’
P4 = >0, %<0.

P.1 shows that selling price increases with the unit production cost of new products,
which is quite obvious. In order to maintain the profit of the whole system the central
decision maker has to increase the selling price with the increment of production
cost. At the same time, s/he decreases the warranty period. As the production cost
increases, the profit of the whole system decreases. P.2 implies that, as the warranty
period sensitivity coefficient increases, the selling price, the warranty period and
the profit of the whole system increase because in this case demand increases. P.3
shows that when warranty period investment efficiency cost increases, the warranty
period as well as the profit of the whole system decreases. P.4 shows that when the
manufacturer has to remanufacture more returned items, s/he has to increase the

selling price and decrease the warranty period.
Proposition 3.2. If w' — Cry — Cm +¢py, = 0, then aa—l?; > 0; otherwise, aa_réf < 0.

Proof. Differentiating I'1° with respect to 7, it is obtained that

oIl 2aAZ(w' — ¢;1 — cm + ¢r2) [0 (4aA — Y?) + YZ51]
on (4a) — Y?2)2

Since Y > 0, Z > 0 and (4aA — Y?) > 0, therefore, [0p(4aA — Y?) +YZ51] > 0. So
if (W —cy1—cm+cn) =0, then aal}l 0. Otherwise, aar}? < 0. This completes the
proof. |

Proposition 3.2 shows that the profit of the whole system increases with # when
(W' — ¢y, —cm +¢r,) > 0 and decreases with # when (W' — ¢, — cm + ¢1y) <
0. A higher value of 7 means more remanufacturing which implies more profit.
However, when the manufacturer remanufactures more returned items, he has to
deliver more new product to customers. In practice, manufacturers gain more from

refurbishing than remanufacturing. In order that (w’ — ¢, — ¢ + ¢,) be positive,

41



Chapter 3. Green closed-loop supply chain with warranty period under revenue sharing contract

the manufacturer has to set higher wholesale price for the remanufactured item
and lower production cost and remanufacturing cost. The manufacturer cannot set
higher wholesale price for remanufactured product because, in this case, demand

will be lower.

3.2.1.2 Decentralized policy

In the decentralized policy, the manufacturer and the retailer are independent self-
interested parties who aim to maximize their own profits. The manufacturer acts
as the Stackelberg leader and the retailer as the follower. The manufacturer sets the
wholesale price and the warranty period and then the retailer sets his selling price.
This game is studied in the reverse way i.e. the retailer gives the best reaction to the

manufacturer and then the manufacturer decides optimal decisions.
oIl,
op

From Eq. (3.2), we have =Dy —ap+ pw — a(p —w). Also, a;—;% = —2a < 0.

Therefore, unique reaction exists. From the first order necessary condition for
optimality, we get p = W. After getting this reaction, the manufacturer
optimizes his own profit and determines the optimal decisions which leads to the

following proposition:

Proposition 3.3. The manufacturer’s profit function I1,,(w, w) is jointly concave in w and
wifA > g—i. At the equilibrium, the optimal values of wholesale price, selling price, warranty
period, and profits of the manufacturer, the retailer and the whole supply chain are as follows:

4 _ Do(BxA—Y?) + Z(BY —4a)) i Do(8aA — Y2) + Z(BY — 2a))
a(8aA —Y?) ' x(8aA — Y?) ’
YZ AZ2
d d _
YT BaA—vY = gar —v2
Hd o 4:06)\2Z2 Hd . AZ2(12(XA — YZ)
T T BaA— Y2 = T BaA—Y2)

Proof. From Eq. (3.1), we have

dll,, _ Do—2aw+pw—acy—a(bp+oiw)X 9211, _ —u %I, _ B—ahX

Jw ( " 2 ) ( 7 uw? )_ ’ awawz - 2

Jal,, ﬁ w—c —l—‘B (50+51a) X+(51 D0—2aw+/3w X o°Il,,

a(dm = i 5 — ZACU, Wzm = —(2/\ — ﬁélX)

The Hessian matrix associated with I1,, is given by

1L, 9L, —a B—uwd X
Hy = < T >:< B—ad X 2 )
u 1 —21 —(2A — B&1X)

dwow dw?

Clearly, a;ul}z’” = —a < 0and |Hp| > 0if A > g—i. Using the first order conditions for
optimality, we can obtain the optimal results. |
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In addition to the properties outlined in the case of centralized policy, the following

property on the optimal wholesale price also holds in this model:

d d d
P5 >0, % >0, % >0.

P.5 shows that when the unit production cost of the new product increases, the
manufacturer sets higher wholesale price. Again, when the manufacturer has to

remanufacture most of the returned items, s/he increases the wholesale price.
3.2.1.3 Revenue sharing (RS) contract

In this case, the manufacturer and retailer sign a contract with the agrement that the
retailer keeps a fraction ¢ (0 < ¢ < 1) of the total revenue for himself and offers
the remaining fraction (1 — ¢) to the manufacturer, and in turn the manufacturer
guarantees to sell the product in lower wholesale price (Giri and Bardhan, 2012).
Under revenue sharing contract, the profit of the manufacturer and the retailer are

given by

3w, w) = (w—cu)D+ (W —cy)yD’ —cunpD’ — (1 —15)D'c,, — Aw? 4 (1 — ¢) pD(3.4)
e(p) = (pp—w)D (3.5)

From Eq. (3.5), BI;ES = ¢(Dy — ap + pw) — a(¢pp —w) and % = —2a¢ < 0.

This shows that there exists a unique optimal value of p. From the first order

condition for optimality, we get pR° = W. Comparing this price with p¢, it

is seen that pRS = p¢ if and only if w = 24’[D0(4“i(_4§i)fé()ﬁ Y=2eM)] _ ¢(D0;-[3 w),

Putting this value of w in Eq. (3.4), and using the first order condition for optimality

S _ ZY{B(B—Y)+ar+p2p}—2upAg]
(4aA=Y2)[B(B—Y)+ar+p2]

Comparing this result with w®, we get ¢ = 0, which contradicts our assumption

of TTRS with respect to w, we get w®

0 < ¢ < 1 and leads to the following proposition:
Proposition 3.4. Channel coordination is not possible through revenue sharing contract.

Although coordination is not possible through revenue sharing contract, a “win-

R

win” situation may be established. With the values of pRS, wRS and w®S, we have

from Egs. (3.4) and (3.5),

AZ2[{B(B—Y) + aA} (4ad — Y2) — ¢(YB — 2aA)?]
(4aA = Y2)2[B(B —Y) + &) + B¢
4aA2Z2(B(B—Y) +aA]?¢p
(40A = Y2)2[B(B = Y) + a) + p2¢J?

RS _
IL,> =

188

Now, both the players will be interested in contract if and only if TIR® > T1¢, and

AldaA—Y?2 —Y)+aA
[T > TIY. From IT > TTY,, we get ¢ < oV h 5 it (= v, say).
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So, region of acceptance is ¢ € (0, ¢]. From ITRS > T1¢, we get M¢p?> — N¢ + P < 0,
where M = B*(4ad — Y?)2, N = (8aA — Y2)2[B(B—Y) + aA]> —2B%[B(B—Y) +
aA](dad — Y?2)?, P = (dad — Y?)?[B(B—Y) + aA]?.

Let us consider the equation f(x) = Mx?> — Nx +P = 0. Then f(0) = P > 0. It
can be shown that f(1) = M — N + P < 0. So, by Descartes’ rule of signs, f(x) =0
has at least one zero in (0,1). It can also be shown that N> — 4MP > 0. So all the
roots are real. Let the root which lies between (0,1) be ¢, which implies that region

of acceptanceis ¢ € [¢2,1). We then have the following proposition:

Proposition 3.5. A “win-win” situation under revenue sharing contract is permissible for
both the players if ¢ € [¢a, 1]-

As per construction of the revenue sharing contract, the selling price will be the
same as that of the centralized policy. A higher value of the contract parameter

implies more profit share to the retailer but less profit to the manufacturer.

3.2.2 Model I1

In this subsection, the model for green sensitive customer is developed. In addition
to the cost components of the manufacturer in Model I, another increasing and
convex cost component 162 as the green investment cost is assumed (Ghosh and
Shah, 2012, 2015), where u (> 0), represents green investment cost coefficient. Then
the profits of the manufacturer and the retailer are given respectively by
I, (w,w,0) = (w—cy)D+ (W —c,,)yD' —cunpD’ — (1 —15)D'cy, — Aw? — ub*  (3.6)
and IL,(p) = (p—w)D (3.7)

3.2.2.1 Centralized policy
In this policy, the profit of the whole supply chain is
(p,w,0) = Iy(w,w,6)+I1L(p) (3.8)

Proposition 3.6. At the equilibrium, optimal selling price, warranty period, greening level,
and profit of the whole system are achieved as follows:

s _ Dolp(4ar —Y?) — Al + Z[u(BY —20M) +7°A] oo pYZzZ
P a[p(dar —Y?) — 2] ! n(4ar —Y2) — 427’
2
- TAZ g — ApZ
? p(4ar —Y2) — 20’ H u(4ad — Y2) — 24
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Proof. From Eq. (3.8), we have

%—g =Dg—ap+ Bw+ 90 —a(p — cm) — a(do + wd) X, %1} = —2a,

AL — B(p — cm) + B(do + wé1)X +61(Dg — ap + pw +90)X — 2Aw, T = —(2A —
Bé&1X),

% =7(p—cm) +'y((50+a)(51)X 2u8, 2 892 = 2y,

ooy = p— X, § 39919 =7 awae = v X.

owadp
The Hessian matrix associated with I1(p, w, 0) is given by
11 I 01

o2 9pdw Ipdd —2u B—ad X 0%
Hy=| 2L 2L ZU =] p—asX —(2A—p&X) 76X
3’;—5;5 aaezTIEJ a;TI; v 76 X —2u
Here pE[ = —2a < 0 and the second order minor will be positive if A > Z—; and

|H3| = —2u(4aA — Y?) +292A < 0if u(4aA — Y2) > 42A. Therefore, Hj is negative
definite if A > Z—; and p(4aA — Y?) > 92, which ensures the existence of unique
solution. Using the first order conditions for optimality of I1(p, w, ), the equilibrium
solution can be obtained as given in the Proposition 3.6. u

We now state the following properties of the optimal selling price, warranty

period, level of green innovation and total profit of the supply chain without proof:

c8 C
P6 % >0, >0, %0, A

P.7 ac"Cg<0 a9g<0 aHg<0

3.2.2.2 Decentralized policy

BHr —

= 20 <0.

From Eq. (3.7), we have 5 = Dy —ap + fw + 90 —a(p — w).

Therefore, a unique Value of the reaction exists. From the first order condition, we
getp = W. After getting this reaction, the manufacturer optimizes his

own profit and determines the optimal decisions which give the following results:
Proposition 3.7. At the equilibrium, the optimal values of wholesale price, selling price,

warranty period, green innovation level, profits of the manufacturer, the retailer and the
whole system are as follows:

Do[p(8aA — Y2) — y?A] + Z[u(BY — 4ar) + v2A]

w8 =
afp(8ar —Y2) — 27l ’
g Dolu(8ar — Y?2) — 2A] + Z[u(BY — 2aA) + 93]
P a[pu(8ar —Y?) — y2A] ’
u(8aA —Y2) — 427’ w(8aA —Y?%) — 420’
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s — /\‘uz2 1% — 4.0(/\2]/[2Z2
" B -V =2 T e - Y2) — AR
AnZ?[u(12aA — Y?)]

[u(8aA —Y2) — 2AJ?

1%

Proof. From Eq. (3.6), we have
oll,, _ Do— Zucw+,8w+'y€+zxcm a(p+hw)X 9?01, _

ow r Tow? T —Q,

oL, _ Blw—c )+ﬁ(50+§1w)X+<51(D0 20w+ Bw+v0) X 211,

1L, m — 20w, T = — (21 — B4 X),
oLy, _ y(w—cm)+y(do+wd)X MLy _

B = mz —2ub, St = 21,

aznm _ ﬁfﬂ(&lx aznm _ azlTm ')/(51

dwow 2 7/ 900w — 2/ QJwol — 2

The corresponding Hessian matrix associated with I1,, is given by

1Ly, I, 1L, —a p—aé X v
ng agvaw azwae bt X 2 2
| @i, oML, AL, || B=ahX 5y 761X
Ho= 556 38" awob |~ 2 (2A = porX) 5
I, %Il 9y ¥ v6:1X )
dow w962 2 2 H
. . e 2
Here Baul}m = —a < O and the second order minor will be positive if A > ga and

1(8aA— Y )—y

|Hy| = — <0 1f and only if u(8aA — Y?) > 2A. This shows that Hy

is negative deflmte if A > @ and p(8xA — Y?) > 9?A. Under these conditions, we
obtain the results of Proposition 3.7. u

3.2.2.3 Revenue sharing (RS) contract

Similar to Model I of subsection 3.2.1.3, we obtain TTRS and TTXS as follows:

RS ApZ? %
" [1(40A — Y?) — Y2AJ[=X20y207 — 4Xaporp + dadp + 4p(Y?A + )]
(1A = Y?) = /2A][= X206} — 4Xaorp + 4adp] — 49[1°A + B
Fap(XBoy — 22&)]2},
IR 40P A2 Z2[— X262 — AXBo1p + 4Au)* ¢

[1(daA — Y2) — Y2A2[—X2ay262 — AXaBoip + darp + 4 (2N + B2u))?

In this case also, channel coordination is not possible but a “win-win” situation
may be obtained from the conditions Hﬁs > ngg and Hfs > Hfg . The condition
TIRS > T gives,
¢ < aAp[p(4ar—Y?)—2A)[— X2ay?53 —4Xa foy p-+4ady] (

11402 -Y2) 2224 ) A YD) 2\ A Rt ap X2V

= ¢3, say).

So, region of acceptance is ¢ € (0, ¢3). Similarly, the condition TTRS > 1% gives the
region of acceptance as ¢ € [¢y,1), where ¢y is a root of the equation Ax> — Bx +
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C = 0 and it lies between (0,1); A, B and C are given as follows:

A = 16(VA+ ) [u(4ad — Y?) — AP,

B = 8[u(4ar —Y?) — VAP [X%ay?0% + 4XaBorp — 4ady] + [XPay?6? 4+ 4XaBoip — daAp)?
(n(8aA = Y2) —?A]%,

C = [u(dar —Y?) — VAP [X°ay?0? 4+ 4XaBo1p — 4aAu)?,

Proposition 3.8. A “win-win” situation in Model 1I under revenue sharing contract is

permissible for both the players if ¢ € [¢py, ¢p3].

3.2.3 Comparison between Model I and Model 11

Here, we compare the optimal decisions viz., wholesale price, selling price and

warranty period and profit of the manufacturer, the retailer and the whole system.

Proposition 3.9. The wholesale prices follow the order: w*S > w? and the selling prices are

in the orders: p°€ > p%; p® > pi.

Proof. We have

d i_ Zy2A[4aA— Y2+ BY]

W' — W = ey ey ] O
c c Zy2A2aA—Y?+BY)]

peE—p = [a(4a)\jY2){:t((4m\7Y2)772A}] > 0.

d d_ Zy2A[6aA—Y2+BY]
P% =1 = oo ey =2y > V- u

Due to green improvement, the manufacturer has to bear an extra cost and

therefore, s/he sets higher wholesale price to maintain profit. The retailer is then
forced to set higher selling price. So, green products become more expensive for the

customers.

Proposition 3.10. The warranty periods follow the orders: w8 > w; w8 > w*.

Proof. We have
Y’AYZ
[(4aA=Y2){p(4aA=Y?) =27 }]
d_ Y2AYZ
 [BaA=Y2){pu(8aA—Y2)—92A}]
As the wholesale price and the selling price are higher in green sensitive market,

w8 — wt = > 0.

w8 — w > 0. [ |

the manufacturer’s aim is to serve better quality product to customers. If there is any
defect in the product, customers can send the product back to the manufacturer for

improvement. So, the manufacturer sets higher warranty period.
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Proposition 3.11. The profits of the manufacturer, the retailer and the whole system follow
the orders: H‘;ﬁ >11,, Hlf{g > I14, TI% > T1¢, T1% > T1¢, respectively.

Proof. We have

dg d . ’)/2)\222
My =My = v a7 =~ 0
dg d 40472A3ZZ
Ny =k = movriea v = O
T18 — TI° = T2 >0
[(4aA—Y2) {u(8ar—Y?)—2A}] '

)
d d _ YPA2Z2[u(8aA—Y?)(16aA—Y?) —y2A(12aA—Y?)]
I — 11 = = ) (pBar 7))

Recalling that 3(8aA — Y?) — 4?A > 0 and (16aA — Y?) > (12aA — Y?), we find
198 — 117 > 0. ]

From above, it is seen that, in Model II, the manufacturer produces environment-
friendly products with a higher wholesale price and a higher warranty period
(Propositions 3.9 and 3.10) and the retailer then sets a higher selling price
(Proposition 3.9). Further, the profits of the manufacturer, the retailer and the whole

supply chain system increase (Proposition 3.11).

3.3 Numerical analysis

In this section, a numerical example is developed to analyze the equilibrium results
in different strategies proposed. We consider the data set: Dy = 65, « = 0.11, B =
094, v = 0.32. 6y = 043, 64 = 0.007, ¢y = 60, ¢;, = 45, ¢, = 25, w' =
70, 1 = 045, A = 10, y = 20, in appropriate units. With these values, we get
¢ € [0.301,0.685] from Proposition 3.5, and ¢ € [0.313,0.704] from Proposition 3.8.

So, we set ¢ = 0.35 for revenue sharing contract.

Table 3.1: Optimal results.

Optimal Model I Model II
decisions | Centralized Decentralized RS (¢=0.35) | Centralized Decentralized RS (¢=0.35)
p 396.097 503.801 396.097 400.818 506.593 400.818
w - 360.548 50.7417 - 362.412 52.2144
w 14.6939 6.5702 6.58934 14.9084 6.61.274 6.79179
0 - - - 2.60044 1.15345 1.20469
IT, - 2257.36 2427.87 - 2286.69 2437.81
I, - 4083.05 6034.05 - 4109.49 6115.71
IT 9131.51 6340.41 8461.93 9264.81 6396.18 8553.52

Table 3.1 shows optimal results for Model I and Model II. It can be seen that,
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Model II provides the better results for all the decision variables and the profit
of the whole system than Model I. Although green products have a higher price
but its environment-friendly behavior affects more on the customers satisfaction.
Again, the manufacturer provides higher warranty period for green product. So,
the demand of the green product is higher. The more the demand, the more the

profit shares to the manufacturer, the retailer and the whole supply chain will be.

Table 3.2: Optimal results when = 0.

Optimal Model I Model II
decisions | Centralized Decentralized RS (¢=0.35) | Centralized Decentralized RS (¢=0.35)
p 395.496 503.619 395.496 400.245 506.424 400.245
w - 359.716 50.1006 - 361.588 51.5824
w 14.831 6.62494 6.66301 15.0479 6.66788 6.86709
0 - - - 2.60129 1.15869 1.21029
I1, - 2277.9 2451.73 - 2307.51 2461.76
I, - 4116.89 6086.46 - 4143.57 6168.99
I1 9216.33 6394.79 8478.65 9351.11 6451.08 8630.74

Table 3.2 represents the optimal results when 17 = 0 i.e. when the manufacturer
refurbishes all the returned products. It means the manufacturer does not need to
remanufacture any products. The manufacturer provides higher green product with
lower wholesale price and offers higher warranty period (comparing with results on
Table 3.1). The retailer also sets lower selling price so that market demand increases.
For higher warranty period, return rate also increases. Profits of the manufacturer,
the retailer and the whole supply chain system increase. Although # = 0 gives better

result, in reality all returned items may not be refurbishable.

Table 3.3: Optimal results when = 1.

Optimal Model I Model II
decisions | Centralized Decentralized RS (¢=0.35) | Centralized Decentralized RS (¢=0.35)
p 396.832 504.025 396.832 401.519 506.8 401.519
w - 361.565 51.5234 - 363.418 52.9849
w 14.5277 6.50369 6.49996 14.7393 6.54576 6.70044
0 - - - 2.56959 1.14706 1.19787
IT, - 2232.45 2398.99 - 2261.43 2408.82
I, - 4041.93 5970.43 - 4067.08 6051.04
IT 9028.69 6274.38 8499.98 9160.2 6329.5 8459.85

Table 3.3 represents the optimal results when # = 1 i.e. when the manufacturer
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has to remanufacture all the returned products, sell them in the other market and
give new product to the customers who had returned. In this case, the manufacturer
has to provide new product against all the returned products. For this additional
expense, the manufacturer sets higher wholesale price and lower warranty period.
The retailer also sets higher selling price. This affects the demand of the retailers.
As a result, profits of the manufacturer, the retailer and whole supply chain system
decreases.

From Tables 3.1-3.3, it can be noted that profits of the manufacturer, the retailer
and the whole system are higher in the centralized policy followed by the revenue
sharing contract policy and the decentralized policy. A “win-win” situation exists
under the revenue sharing contract. Warranty period and greening level are
higher in the centralized policy followed by the revenue sharing policy and the
decentralized policy. It is also noted that, as # increases, profits of the manufacturer,

the retailer and the whole supply chain system decrease.

Corollary 3.1. In Model II, the warranty period and the greening level of the product in the

centralized scenario are more than double compared to those in the decentralized scenario.

3.4 Sensitivity analysis

In this section, the sensitivity of some key parameters of the model is discussed by
keeping all parameters fixed and changing the value of one parameter at a time to
investigate its impact on the optimal solution.

The following conclusions can be drawn from Fig. 3.2

(i) As the warranty period sensitivity coefficient () increases, the manufacturer has

to invest more. So, the wholesale price increases in both the models.

(ii) The selling price being closely related to the wholesale price, with the increment
of wholesale price, the retailer also increases the selling price. The rate of

increase is higher in the centralized case and lower in the decentralized case.

(iii) The manufacturer must have a principle to increase the warranty period when
s/he increases wholesale price. The warranty period is more sensitive to
compare to other optimal decision variables. From Fig. 3.2(c), it can be noticed
that when  crosses the value 0.93, the warranty period under revenue sharing

contract becomes higher than that of the decentralized policy.
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Fig. 3.2: Change (%) in optimal results w.r.t. B.

(iv) An increased value of warranty period sensitivity parameter B has similar
impact on greening level as that of the warranty period. When f crosses the
value 0.9, the greening level under revenue sharing contract becomes higher

than that of the decentralized policy.
From Fig. 3.3, we have the following observations:
As Model I is independent of <y, here only Model I is considered.

(i) Similar to the warranty period sensitivity parameter B, the greening level
sensitivity parameter <y has a positive impact on the wholesale price. The

wholesale price increases with 7. As a result, the selling price also increases.

(ii) The warranty period and greening level both increase with <. It can be noted
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Fig. 3.3: Change (%) in optimal results w.r.t. y.
that, for a lower value of <, the warranty period and greening level in the
revenue sharing contract become lower than those in the decentralized policy.

Fig. 3.4 reveals the following insights:

(i) Initially the warranty period investment cost parameter A has a positive impact
on the wholesale price and it increases rapidly. As A crosses the value 5.0, the
wholesale price decreases in both the models. As a result, the selling price also

follows the similar pattern.

(ii) The warranty period investment cost increases means the manufacturer has
to invest more to keep the product quality intact. So, the warranty period

decreases significantly for higher investment.

(iii) If the manufacturer and the retailer charge higher price, they have to sell the
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Fig. 3.4: Change (%) in optimal results w.r.t. A.

product with higher greening level. Until A crosses the value 5.0, the greening
level increases. After that, it starts to decrease. For smaller value of A, the
greening level follows the sequence ¢ > 685 > 07 but when A crosses the
value 12.0, it follows the sequence 6¢ > 87 > 8R5. In order to obtain a ‘win-win’
situation under revenue sharing contract, the greening level should follow the

sequence 6° > RS > ¢4,

The green investment cost parameter y has the same effect on the optimal
decisions as those of the warranty period investment cost parameter A but the
greening level decreases significantly. Until u crosses the value 5.0, all the decision

variables increase and after that start decreasing (see Fig. 3.5).
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3.5 Managerial implications and conclusions

In a CLSC, the upstream and downstream members not only implement the
coordination for their economic development, but also need to produce greener
product for environmental development. In this chapter, a two-echelon CLSC model
with one manufacturer and one retailer is considered. Two game theoretic models
are presented depending on whether the manufacturer produces green product or
not. From the numerical study, it is seen that introduction of green innovation
gives better result in terms of profits of the manufacturer, the retailer and the whole
system. Although the wholesale price and selling price are higher under green
production, due to higher warranty period and green sensitive product, consumers

are keen to buy more products. It is also noted that when it is possible to refurbish all
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3.5. Managerial implications and conclusions

the return items, the wholesale price and the selling price decrease but the warranty
period and the greening level increase. As a result, the market demand increases,
which leads to higher profits of the players and the whole system. However, when
all the returned items need to be remanufactured, the wholesale price and the
selling price increase but the warranty period and the greening level decrease. The
revenue sharing contract not only helps the channel members to achieve the ‘win-
win’ situation but also leads to higher supply chain profit than the decentralized

policy when revenue sharing ratio lies in a certain interval (see Fig. 3.6).
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Fig. 3.6: Win-win situation for the manufacturer and the retailer in both models.

There are several insights of our developed model. Firstly, business managers
should strengthen the awareness of coordination contract regardless of improving
their own profit levels. They should implement policies for long term interests of
business and go for all-out to promote the overall performance of the supply chain.
Secondly, manufacturers should develop green products and extend the awareness
of environment issues. New companies which do not have brand name can develop
green products to promote their marketing sense in the competitive market. Thirdly,
being attracted by the warranty period and eco-friendly behavior, the consumers
are keen to buy green products, which makes more demand as well as more profit
for managers with more environmental awareness. Lastly, the effective coordination
contract mechanism (here revenue sharing contract) gives a higher level profit of

each supply member than the decentralized scenario.
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Used product collection strategies
in a green closed-loop supply chain

4.0 Introduction

In CLSC, itis necessary for the manufacturer and the retailer to find a suitable reverse
channel for the collection of used products from end users. Manufacturers have
employed various effective approaches such as product design and reconstruction
of the process of recycling, advertising services, and employees training courses, etc.
for collecting used products. Xerox produces waste-free products with advanced
technologies in order to minimize the wastes. Their customer-friendly recycling
programs help them to collect millions of cartridges for remanufacturing in each
year. Hewlett-Packard (HP) has created an innovative partnership with the people of
Haiti, who collect the used plastic bottles, to produce new HP ink cartridges (http:
//www8.hp.com/h20195/v2/GetPDF.aspx/c05507473.pdf). Canon India has tied up
with Producer Responsibility Organization to collect the used e-waste such as end-
of-life copiers, scanners, printers, ink cartridges, toner cartridges, camera batteries
for recycling in an environment-friendly way (https://in.canon/en/consumer/
web/company-gehs-recycling). Kodak is making contracts with a large number of
retailers (Savaskan et al., 2004), while Dell is making agreement with third parties
to collect used products. Therefore, how to design a suitable reverse channel
for collecting used products and mutual agreement or contract between channel

individuals are crucial decisions in CLSC.

57


http://www8.hp.com/h20195/v2/GetPDF.aspx/c05507473.pdf
http://www8.hp.com/h20195/v2/GetPDF.aspx/c05507473.pdf
https://in.canon/en/consumer/web/company-qehs-recycling
https://in.canon/en/consumer/web/company-qehs-recycling

Chapter 4. Used product collection strategies in green closed-loop supply chain

The common assumptions of this chapter are as follows:

(1) The market demand at the retailer’s end is deterministic and negatively related
to the selling price while positively related to the greening level of the product

and the marketing effort of the retailer.

(2) Although the quality of all the returned products may not be the same, to
focus on the pricing, marketing effort and greening level of the product, we
assume that all the return products are of the same quality (Savaskan et al.,
2004; Choi et al., 2013) having the same remanufacturing cost cr(< ¢m), where
cp is unit manufacturing cost of the finished product from the fresh raw
material. Not all the remanufactured products become like-new. Only a
fraction (p) of the remanufactured products passes for being sold with the new
one in the primary market while the rest of the remanufactured products is
sold at a lower price wg in a secondary market (Maiti and Giri, 2017). This
situation is more clearly depicted in Fig. 4.2.2. Therefore, the unit cost saving
from product remanufacturing is X = pc,;, + (1 — p)wg — ¢,. For instance,
Dell has a separate website (www.delloutlet.com) for selling low-quality
refurbished computers and accessories. Toyota sells and leases its under-
standard used/remanufactured automobiles to an international secondary
market. BMW, Ford, and Mercedes-Benz use trade-in programs to collect used
automobiles and sell them in a secondary market after refurbishing and/or

remanufacturing (Li et al., 2019b).

(3) The manufacturer engages in the product remanufacturing only when unit cost
savings from product remanufacturing is higher than the unit price paid to
customers for the used products ie. X > A. It is also assumed that the
manufacturer outsources the collection activity to the retailer and/or the third-
party only when the unit cost savings from the product remanufacturing

exceeds the transfer price i.e. X > B (Savaskan et al., 2004).

Based on the above assumptions, the present chapter considers various used product
collection strategies under different scenarios. More specifically, used products
collection through the manufacturer and the retailer are considered in Section 4.1
while used products collection through the manufacturer and the retailer as well as

the third-party collector is considered in Section 4.2.
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4.1

Used product collection strategies in a
two-period green closed-loop supply chain

This study takes into account a two-period marketing scenario under various
collection strategies of used products through a manufacturer-retailer Stackelberg
game. The manufacturer as a Stackelberg leader divides his selling season in two
periods and, at the beginning of the first period, announces the respective decisions
for both the periods. Three models based on the manufacturer’s collection options
of used products, namely, manufacturer collects used products, retailer collects used
products, and both manufacturer and retailer collect used products are considered.
A cost sharing contract between the manufacturer and the retailer is proposed to
improve the overall performance. During calculation, we use backward induction.
So, after knowing the decisions of the manufacturer, the retailer first optimizes her
decisions for both periods and then the manufacturer optimizes his decisions. To
investigate the effect of green innovation effort and marketing effort, we consider
three special cases. The main purpose of this study is to find out the answers to the

following questions:
e Which one of the three models gives the best possible outcomes of the CLSC?

e What are the effects of green-innovation investment cost and marketing cost

on the optimal decisions?

e How do the green innovation effort and marketing effort affect the optimal

decisions and profitability of the supply chain members?

e What are the impacts of the cost sharing contract on the key decisions and

profitability of the supply chain players and the whole system?

e How do different collection options of used products affect consumer surplus?

This study is based on the paper published in Journal of Cleaner Production, 2020, 265, 121335.
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4.1.1 Notations and assumptions

The following notations are used to develop the proposed models:

w; unit wholesale price of the manufacturer for ith period (i = 1,2).
pi unit selling price of the retailer for ith period (i = 1,2).

e; unit marketing effort level of the retailer for ith period (i = 1, 2).
0; level of green innovation for ith period (i = 1, 2).

D; demand function of the retailer for ith period (i = 1, 2).
D,  return quantity.

d; basic market demand for ith period (i = 1, 2).

) common discount factor in the second period.

T collection rate of used products to the manufacturer (0 < 7y <1).

™ collection rate of used products to the retailer (0 < 7, < 1).

A green investment coefficient for ith period (i = 1,2).

€ competition factor of the two members’ collection activities (0 < e < 1).
G; marketing cost coefficient for ith period (i = 1, 2).

H collection cost coefficient to the manufacturer and/or retailer.

IT,,, profit of the manufacturer for ith period (i = 1,2).

profit of the retailer for ith period (i = 1, 2).
IT profit of the whole system.

In addition to the common assumptions, the following assumptions are also made

to establish the proposed model:

(1) Following the common assumption, we assume that the demand functions for
the two periods are positively dependent on the greening level and marketing
effort, and negatively dependent on the selling price of the respective period i.e.

D; = d; — a;jp; + Bi0; + viei, i = 1,2, where «;, B; and -y; are positive constants.

(2) We consider the return quantities to the manufacturer and the retailer as 71D,
and 1, D1, respectively so that D, = (1 + 1) D1, where 0 < 1y + 7» < 1. Note
that 77 + » = 0 means that no used products are returned, and 1 + » = 1
indicates that all used products are returned. When the manufacturer only
collects used products, we have 7, = 0 and when the retailer only collects used
products, we have 71 = 0. When both the manufacturer and the retailer collect
used products simultaneously, each player’s investment for collecting used

products depends on its own investment as well as its rival’s investment i.e.
(Hiti+eHp12) (Hyt3+eHy 1f)
1—€2 nd 1—€2 ¢

the manufacturer and the retailer have to invest
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4.1.2. Model formulation

respectively (Wei et al., 2018). For simplicity, we assume H; = H; = H. For

single collection mode, € = 0.

4.1.2 Model formulation

In this section, a centralized model and three decentralized models with different
collection options will be considered. The manufacturer divides his selling season
into two successive periods while selling the product. During the first period, the
manufacturer produces the green product with greening level 6; at a manufacturing
cost ¢y, per unit and sells it to the retailer at a wholesale price w; per unit. The
retailer then sells it to customers at a price p; per unit with marketing effort e;.
However, in the second period, besides producing and selling new product, the
manufacturer collects used products from the end customers and remanufactures
those products at a cost of ¢, per unit. The collection of used products may be done
in three ways: (1) the manufacturer only collects used products with a rate 7 by
paying A per unit to customers, (2) the retailer only collects with a rate 7, by paying
A per unit to customers and then transfers it to the manufacturer with transfer price
B per unit, and (3) both the manufacturer and the retailer collect used products.
Only a small portion p of the remanufactured products has the same quality with
the new one with greening level 6, and both are sold at a wholesale price w; per
unit; the remaining portion is sold in the secondary market with a price wg per unit.
The retailer sells the product at a price p, per unit with marketing effort e;. The
manufacturer and the retailer can choose their decisions in two ways: (1) they may
choose their corresponding decisions for both the periods at the beginning of the
first period, and (2) each player decides optimal decisions for the respective periods
independently. Giri et al. (2019) showed that the manufacturer and the retailer can
get better result for their first type of choice. Here also we consider the first type
of decision strategy. So, the profit functions of the manufacturer and the retailer for

periods 1 and 2 are given by

[y (w1,61) = (w1 —cm) Dy — A167, (4.1.1)

[Ty, (wp, 00, 71) = wyDy—cwm(Dy —pDy) +wr(l —p)Dy — (A+c,)TiDy
H(t +e13)
1— €2
I, (p1,e1) = (p1—w1)Dy — Giel, (4.1.3)

—(B+¢,)TaDy — Ay63 — (4.12)
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H(t3 + e?)

s Goe3 (4.1.4)

I1,,(p2,e2, ) = (p2—w2)Dy+ (B—A)1Dy —

Total profits of the manufacturer and the retailer are given by

Hm(wl, wo, 01,6, Tl) = Hm1 (wl, 91) +(5Hm2(w2, 6>, T1) (4.1.5)
and TI,(p1, p2.e1,e0,2) = II (p1,e1) + 11, (p2, €2, T2) (4.1.6)
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Fig. 4.1.1: Structure of the proposed two-period closed-loop supply chain.

4.1.2.1 The centralized model (C-Model)

In centralized model, there is a single entity responsible for decision-making, whose
aim is to maximize the total profit of the whole supply chain with respect to all the
decisions viz. the selling prices, greening levels, marketing efforts and collection
rate of used products. Due to single decision maker, wholesale prices and internal
transfer price do not play any role in this model (see Fig. 4.1.1(a)). So, for the
centralized model, the objective function is given as follows:

max ¢ = (p1—cw)D1 — M6 — Gie3 + [paDa — cu(Da2 — pD;) +wr(1 — p) D,

(p1,p2,01,02.61,62,11,12)
2 2
H(H + 1)

e A203 — Gyéd] 4.1.7)

—(A + C7)<T1 =+ Tz)Dl —
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4.1.2. Model formulation

Solving the first order necessary conditions for optimality, we get the optimal

decisions of the centralized model as given in the following proposition:

Proposition 4.1.1. If E; > 0, B, > 0 and HZ; — 2a301G16C3(1 — €) > O then, at the
equilibrium, the greening levels, the selling prices, the marketing efforts and collection rate
of used products for the C-Model are given respectively by

0 C — G1HB1 N, i€ _ G22N2
1 - = ~.2 201 _ -\’ 2 = T =
HE, 20&1/\1G1(5C1 (1 6) =2
ey 2A1G1 Ny (H — acléc%(l — e)) €y 21,GoN>
P1 " HEl — 20{%)\1 GléC%(l — €) P2 " Ez !
«C Hy1A Ny « _ 12M2N2
G = = 2 2 e
H\Ll — 20&1/\1G1(5C1 (1 — 6) flaby]
T*C _ le1A1N1C1(1 — 6) T*C _ Gllxl)\lz\hcl(l — 6)
! HE; —2020,G10C3(1—€)’ 2 HE; —20211G10C2 (1 —¢)’
where N; = (d; — cmtt;); B = Aj(4a;G; — 9?) — B2G;, i = 1,2; and C; = X — A.

Proof. The Hessian matrix associated with the profit function of the centralized

model is given by
9MIC  PmI¢ I 9IS 92r1¢ 21 9MIC 9201
ap% aplapz ap1ae1 ap1802 aplael ap]aEZ aplan aplaTz
9211C¢ 911C¢ 9211 9211¢ 911C¢ 9?11¢ 02I1¢ 9211C¢
op20p1 ap% 0p2001  dp20fy  dppde;  dppde;  dp2dTi  Op20T
ofIC ¢ 2mC 9fI¢ 21 PrI¢ 9IC 92
8918p1 8018p2 89% 391 392 861 a€] 601 aL’z 391 aT1 891 a’(z
9°TIC 9TIC 9TIC 9*11¢ 92TIC 9*11¢ 02I1C¢ 9°TIC
90,0p;  00,0p; 90,00, 362 0001 000e; 0007 9001,
071 ¢ Pm¢ oI© ¢ Pm¢ 2 92IIc
aelapl 8e18p2 ael 89] 361392 83% ae1 af?z aelaﬁ ael aTz
ofMIC  Pm¢ Pm¢ 9fMIC 2rI¢ ¢ 9MI€ 921
8628]91 aezapz 882601 66‘2892 862361 ae% aezan aEZBTz
071 ¢ ¢ ¢ 2r¢ Pric I I
arlam aTlapz aTl 891 811892 aTlael a'lflaf,’z 8712 aTlaTz
ofTIC  Pm¢ ¢ 9fMIC 2I¢ 2mI¢ 9MI€ 92
aTzap1 aTzapz ar2801 872892 a’(zaﬁ aTzaEZ aTZa‘ﬁ 81’22
An Ap Az A Az A Ay Asg

Ay Ax Ay An A Ax Ay Ax

HE =

Ag1 Asgx Ags Ags Ags Age Agy Ass

where, Aj1 = =21, A13 = Az1 = B1,A15 = As1 = 71, A1y = Ay = Aig = Ag1 =
—x10Cy, App = =200, Apy = Agy = 02, Azg = Aex = 072, Az = —2A1,Azy =
Apz = Azg = Ags = P10Cy, Agg = —2A20, Ass = —2G1,Asy = Ays = Asg = Ags =

Y¥10C1, Age = —20Gp, A7y = Agg = —% and all other elements are zero.
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Now, the principal minors are: |[M;| = —2a7 < 0, |Mp| = 4émqap > 0, |[M3| =
2

—2(50(2(4&1)\1 —B3) <0,if Ay > £, |My| = (41 A1 — B3) (dazhy — B3) > 0, if Ay >

B |Ms| = —28%(4ahy — BRES <0, if Ay > - ’31 o M| = 40°E13, > 0if Az >

PG, |My| = —3'%[HE| — 2AG10C2(1 — e)] <0, if H > Sh9GI9) g

401G —7
|HC| = 16H<55)~2 [HE; — 2a311G16C3(1 — €)] > 0. Under these conditions, the Hessian

matrix H® becomes negative definite. Using the first order necessary conditions for

optimality of I1¢, we can get unique optimal solution of the centralized model. B

4.1.2.2 Manufacturer collects used products (M-Model)

In this subsection, we assume that besides producing and selling green product
to the potential customers through the retailer, the manufacturer also involves in
collecting used products directly from the customers at the beginning of the second
period. This strategy of collecting used products can be seen in many companies.
Xerox collects used products from the customers directly by providing prepaid
mailboxes (Savaskan et al., 2004). Apple has launched a free recycling policy through
a competitive trade-in estimate for an Apple Store Gift Card or instant credit at an
Apple Store. It provides a prepaid trade-in kit or shipping label to participate in the
recycling program (https://www.apple.com/shop/trade-in). Sony offers free take
back of its products in North America.

The manufacturer as a Stackelberg leader maximizes his total profit for the whole
selling season and announces the wholesale prices (w} and w)?) for the product with
the greening levels 0™ and 04, respectively. The retailer (Stackelberg follower) then
sets the selling prices pM and p)! for the green product with marketing efforts e}
and e}, respectively. Also, at the beginning of the second period, the manufacturer
collects used products, which is a fraction (T1 ) of the demand of the first period (see
Fig. 4.1.1(b)). So, the objective functions of the manufacturer and the retailer are

given by
max I[IM = HM + 5Hn]\fz,
(w1,w2,01,02,71)
where Hn]\fl (wl,Hl,Tl) = (ZU1 — Cm)D1 — /\19%,

1M (w5,0,) = wyDy — cu(D2 — pDy) + wr(1 — p) Dy — (A1 + ¢,) Dy — Ao05 — HTY,
max IIM = TIM 411

ro/
(p1.p2.e1.€2)

H%(PZ' e2) = (po—w2)D2—Gre3

64


https://www.apple.com/shop/trade-in

4.1.2. Model formulation

Now, we determine the retailer’s best responses by solving the first order necessary
conditions for optimality of the retailer’s objective function simultaneously, and the
responses are given as follows:

2Gy (dz + arwy + ,3292) — wz'y%

2Gy(dy +aywy + B161) — w17}
piw(wl’el) - 2 L Py(erGZ): 2 ’
401G — 1 40yGy — 7
dy — aywy + B16 dy — apwy + Bob
M(wr, ) = Y1(d1 — mqw; + By 1)/ M (20, 0) = 712(d2 — a2 + P2bs)

401Gy — 2

40,Gy — 73

The positivity of the retailer’s decisions demands 4x1 Gy — 'y% > 0and 4a,Gy — 'y% >

0. With these reactions of the retailer, the manufacturer will optimize his objective

function. The optimal solution can be obtained as given in the following proposition:

Proposition 4.1.2. If ¥, > 0,¥, > 0, and HY1 — a2G1A18C? > 0 then, at the equilibrium,
the manufacturer’s wholesale prices, greening levels, collection rate of used products, and the

retailer’s selling prices and marketing efforts for the M-Model are given respectively by

w*M _ )\1N1 (H(4061G1 — ’)f%) — zx%GﬂSC%) w*M — e+ )\2N2(40€2G2 — ’)/%)
! " Dcl(H‘Yl — lX%Gl/\l(SC%) ’ 2 " 0(2‘Y2 !
M G1HB1 Ny M GpaNa oy G1ag A N1 Cy

01 HY, — a2 5 07 = = 2 2/

1— ochlAléCl ‘YZ HTl — tlelAléCl

M AMN; (H(611Gy — 77) — a3 G16C3) ptM et ANz (602G — 73)
! " Dcl(H‘Yl — lX%Gl/\l(SC%) ’ 2 " Déz‘I’rz !

oM Hy1A1N; M 12A2N2
1 =

H‘Fl — OC%GlAléc%/
where ¥; =2M;(4a;G; —

ey = ¥, ’

77) = BiGii=12.

Proof. The retailer’s reaction

The Hessian matrix associated with the retailer’s profit function is given by

’TIM  2mM  ?mM IM
apgm Op1dp:  Opider  Opide; —20q 0 Y1 0
PN PIIM M 9IM

HM — apzapl ap%w apzael apzaE‘z — 0 _20(25 0 5,)/2

R M M @M M v 0 _2G 0
deidp;  dedp; 92 derde 1 1
TIM M IIM 9IM 0 572 0 —2Gy0
de20py dex0p1 depdey de?
Now, the principal minors are: |[M;| = —2a7 < 0, |Mp| = 4aja26 > 0, |[M3| =

—20(25(40(1G1 — ’)/%) < 0, if 40C1G1 — ’)f% > 0 and |H1]¥I| = 52(40(1(;1 — 7%)(40(2G2 —

')/%) > 0, if 4ar Gy — ’)/% > 0. These conditions demonstrate the concavity of Hﬁ’l

and guarantee the positivity of equilibrium solution. From the first order necessary

conditions for optimality of [T, we can get the optimal decisions of the retailer.

The manufacturer’s reaction

With the optimal decisions of the retailer, the Hessian matrix associated with the

manufacturer’s profit function is given by
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?1IM RrM M PmM M
Jwdw, Jdwy100; Jdwidf,  Jdwq0Ty

aznlf,)f 2TIM PTIM M 2mIM
0w, 0w, ow? dw,00, dw,00, w0y
HM — ?1IM Q21 PrM M PrM
M 96, 0w w; aelazAqu 902 960w wy aelaﬂ
211N M ?1IM 2T 211V
3923%11 aezawz 89282/} 392 3928}’/}
°TIM M M M 9t
0T 0w, JT10W; 91100, 01106, ale

—406%G] 0 ZalﬁlGl 0 —206%G1(5C]
401G1—3 401G1—3 401G —7%
—40(2G25 20(2ﬁ2G25
0 40,G— 75 0 4a,Go— 3 0
_ 21)(1[3161 _ 21)(1[31615C1
- 4D(1G1—7% O 2/\1 O 4“1G1_7%
2062(;25 _
0 TaaCro? 0 2A56 0
—20(1G1<5C1 20(1ﬁ1G15C1 —2H5
401G1—73 0 401G1—73 0
.. . —402G, 160202G1 Gyd
Now, the principal minors are: |[M;| = —1— < 0, |M,| = 12 >0
, e princip IMi| = =z < OIMal = e S5 tme, vy =
—164242G1Gy6 B2G, B2Gy .
M 12 2AM — ——L—— | < 0, if 2A1 — —H=— > 0 ie.
| Ms] (4a1G1—v%>(4asz—v§)[ 1 (4lecl—v%)] ’ 1™ @nGi—3)
160(2062G1G2(52 [32G1
2A1 (401G — 92) — B2Gy > 0. |My| = 122 20 — —EL 121, —
130Gy = 77) = Gy | M| (4alcl—v%>(4azcz—v§>[ ! (4041@1—7%)” 2

ﬂ]>01f[m—ﬂ]>0ie 275 (402Gy — 943) — P3Gy > 0
(40‘2G2772) ! 23 (40(2G2*’}/%) , o 2 202 72 2 2 ‘
M _ 320( o G1G2(5 ﬁ G2 2 2 .

G1A15c2 > 0ie H > M

becomes negative definite. Therefore, using the first order necessary conditions for

Under these conditions, the Hessian matrix H ]I\\/I/I

optimality of T, we can get unique optimal solution of the manufacturer. |

Substituting these values in Egs. (4.1.5) and (4.1.6), the profits of the manufacturer

and the retailer, and the whole supply chain can be obtained.

4.1.2.3 Retailer collects used products (R-Model)

In this case, the forward channel activity is the same as previous model. But in the
reverse channel, the retailer collects used products from customers at the beginning
of the second period, and transfers these used products to the manufacturer on
return for a transfer price B per unit (see Fig. 4.1.1(c)). Power tool maker DeWalt ties
up with Lowes and Napa Auto Parts, to collect old tools at their stores for recycling
(Esposito et al., 2016). Kodak pays a fixed amount to the retailer as a fee for collecting
the used disposable cameras (Savaskan et al., 2004). The big appliances like car,
refrigerator and furniture are collected by the same retailer who sells them earlier

with comparable value, or exchange offer, or for store credit, often on a gift card.

Similar to M-Model, here also the manufacturer first declares his optimal
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4.1.2. Model formulation

decisions (w;, 8;,i = 1,2) by maximizing his total profit for the whole selling season,
and then the retailer sets her optimal decisions (p;, e;, T2, i = 1,2) by maximizing her
total profit. The objective functions of the manufacturer and the retailer are given by
max IR = TIR 44118 ,
(w1/w2/91/92) " " "2
where Hﬁl (w1,91) = (wl — Cm)Dl — )ng%,
IR (w2,02) = w2Dy —cw(Dy — pDy) + wr(1 — p)Dy — (B + ¢) Dy — A263,
max Hf = Hfl + OTIR

ro’
(p1/p2161162/T2)

where Hfl(pl,el) = (p1 —w1)D; — Gie3,
H,I,{z(pz, e, Tz) = (pz — wZ)Dz + (B — A)Tle — Gze% — HTZZ

The retailer’s decisions which can be obtained by solving the first order necessary
conditions for optimality are given by
H(2Gy(d1 + aywy + B161) — w173) — «1G18(B — A)?(dy + B161)

R
16 = 4
P1 (wl 1) H(4D€1G1 —’Y%) —tx%GlﬂB—A)z

2Gy(do 4 aowy + B2b) — woy3 21G1(A — B)(dy — aqwy + B16
py(wy, 02) = 2(d + a2 ﬁ222) 272, (w1, 0) = — 1( >2( 1 21 1+ A 1)2,
4a,Gy — 73 H(4a1G; —93) —a2G16(B — A)
H(dy — aqwy + 16 d> — artwn + B0
eR(wy,0,) = Y1 H(dy — aywy + B161) e (wy, 0,) = Y2 (dy — wowy + B2 2).

H(4,Gy — 12) — a2G16(B — A)2’ 40,Gy — 72

Here the positivity of the retailer’s decisions demands H (40(1 G — 'y%) — (x% G16(B —
A1)? > 0. Under this condition, the Hessian matrix associated with the retailer’s
profit function can be proved to be negative definite. Substituting the retailer’s
decisions into the manufacturer’s objective function, and then solving the first order
conditions for optimality, we can get the optimal decisions of the manufacturer
and consequently the optimal decisions of the retailer. The results are given in the

following proposition:

Proposition 4.1.3. If H > max{"”qlﬁlq’z,“%(iﬁccll(_lg;{?l)} then, at the equilibrium, the
1

manufacturer’s wholesale prices, greening levels and the retailer’s selling prices, marketing
efforts, and collection rate of used products for the R-Model are given respectively by

R HA Ny (401Gy — 7)) + a1 MG (D1 — NyDs) AN (402Gy — 73)
w1 = Cy+ , Wy = Cp + ,
oq(H‘Ifl — al)\lGld)z) 062"}[2
G*R o GlH‘BlNl Q*R o GZﬁzNZ
1 = 2 = T

H‘Yl —061)\1G1q)2’ TZ ’

SR MNi(H(6mGr — 1) —aGi®2) | A2Na(60:G2 = 3)
1 " Oél(H‘Ifl — 061)\1(;1(1)2) P2 " ar'¥r !
R HyiMNy R _ Y242 N2 R _ Giag AN (B — Aq)

1 H‘Fl — 061)\1(;1(1)2, 2 ‘Yz r2 H‘Pl — 061)\1(;1(1)2 '
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where Cy = X — B, ®; = Nia18(B — A)?, and ®; = 2016C1(B — A).

Proof. The proof is similar to the proof of Proposition 4.1.2. n
Substituting these values in Egs. (4.1.5) and (4.1.6), the profits of the manufacturer

and the retailer can be obtained.

4.1.2.4 Manufacturer and retailer collect used products
(MR-Model)

In this case, the forward channel activity is also the same as previous models. But
in the reverse channel, both the manufacturer and the retailer collect used products
from customers at the beginning of the second period (see Fig. 4.1.1(d)). This type of
activity can be found in many industries such as automobiles, telecommunications,
consumer packaging materials, etc. Due to joint collection of used products, each
member’s collection cost is affected by other’s collection cost.

The objective functions of the manufacturer and the retailer are given by

max TIMR — H,AflR + 5HnAfZR,
(w1,w02,01,02,71)
where H%R(wl, 91) = (w1 - Cm)Dl — )\10%

MR (ws,00,11) = waDy — (D2 — pDy) + wr(1 — p)Dy — (A + ;)T Dy
H(t? +e13)

—(B + Cr)Tle — )\29% — 1_e2 , and
max IIMR = H%R + 5H£\fR,
(p1,p2,61.62,72)
where H,I,\fR(pLel) = (pl — wl)Dl — G1€%
H(1? +e7?
H%R(pz, e, Tz) = (PZ — ZUz)Dz + (B — A)Tle — (12—621) — GzE%

The retailer’s decisions which can be obtained by solving the first order necessary
conditions for optimality are given by

H(2Gy(d1 + aywy + B161) — w17}) — a1G18(B — A)?(dy + B161)(1 — €2)

MR
,9 = 7
P ) H(da1Gy —13) — 03G15(B — A)2(1 - &)
ZGz(dz + arwy + [3292) — w2’)/2
PQ/IR(WZ/@) = 4 2 2’
Gy — 75
MR 41G1(B — A)(d1 — mqwy + p161) (1 — €)
T2 (w1,91) 5 > 2 Y
H(401Gy — 77) —a1G10(B — A)2(1 — €2)
H(dy — aqwy + B16 dy — apwy + B26
eMR (11, 0,) = Y11H(dh — aywy + B161) . MR(w2,92):'YZ( 2 — oW + P26s)

;e
H(4a1Gy — 93) — a2G10(B — A)2(1 —e2) 2 407Gy — 72

Here the positivity of the retailer’s decisions demands H (40{1 G — fy%) — [X% G16(B —

A1)?(1 — €?) > 0. Under this condition, the Hessian matrix associated with the
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4.1.2. Model formulation

retailer’s profit function can be proved to be negative definite. Substituting the
retailer’s decisions into the manufacturer’s objective function, and then solving
the first order conditions for optimality, we can get the optimal decisions of the
manufacturer and consequently the optimal decisions of the retailer. The results

are given in the following proposition:

Proposition 4.1.4. If
0 GiA s 23G16A1(B—A) (2C,+(2-€)(B—A)) (1-€2) 13G1(B—A) (2C;—e(B—A)) (1€
1 ¥, ! 2(4a1G1—77)
the equilibrium, the manufacturer’s wholesale prices, greening levels, collection rate of used

H > max ) then, at

products and the retailer’s selling prices, marketing efforts, and collection rate of used
products for the MR-Model are given respectively by

MNi (H(4a1Gy — 73) — 01G1P3) + a1 A1G1 D1 (1 — €2)

*MR  __
e = om a1 (HY: — 211G, ®3) /
AaNo (4aGy — 73)
«MR 20Nz (202G — 775
wz - Cm + 062‘1[2 7
pMR  _ GiHB1N: p:MR _ G2P2Noour _ G AN G (1 — €?)
! HY — tiA1GP3” 2 y, 1 HY, — MG ®P3
pTMR — ot )\1N1 (H(6D¢1G1 - ’Y%) - DélGlCDS) ) pzMR =+ A2N2(6062G2 — ’)/g)’
061(HT1 — le/\lG1<I>3) IXQTZ
HyiA A AN (B— A)(1 —é€?
MR Y1A1 Ny | MR _ Y2 2N2’ MR _ 1 G1 A1 Ny ( )(1—e ),where
H‘Pl — 061A1G1q)3 ‘Fz H‘Yl — 061A1G1q>3
®; = a;6(1-€)[Ci+ (B—A)((2—€)(B—A)+2C)].
Proof. The proof is similar to the proof of Proposition 4.1.2. u

Substituting these values in Egs. (4.1.5) and (4.1.6), the profits of the manufacturer

and the retailer can be obtained.

Corollary 4.1.1. In any model, if the manufacturer and/or the retailer has to pay higher

collection price to collect used products, then the collection rate of used products decreases

( 32‘ < 0). This is because, a higher value of A decreases the profits of the manufacturer

and the retailer. Again, if the manufacturer agrees to pay higher transfer price to the retailer

for transferring used products, the collection rate of used products to the retailer increases

( %%* > 0), since it causes more profit to the retailer. So, if a player has to pay more to collect

used products, s/he disagrees to collect.

Corollary 4.1.2. The optimal wholesale price, selling price, greening level and marketing
effort in the second period have same values in the three models. This means that these

decisions do not depend on whether the manufacturer only collects used products or the
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Chapter 4. Used product collection strategies in green closed-loop supply chain

retailer only collects used products or both the manufacturer and the retailer collect used
products. So, the manufacturer’s decision of implementing single or dual collection mode
does not affect the optimal decisions of the second period. This means that any difference in

players” outcomes has happened only in the first period.

4.1.3 Model analysis
4.1.3.1 Comparison of the optimal results

In this subsection, we make a comparison of the optimal results of the proposed
models analytically. Proposition 4.1.5 presents a comparison of the optimal collection
rate of used products, greening levels, and marketing efforts of the proposed

decentralized models.
Proposition 4.1.5. At the equilibrium, the collection rate of used products, the greening
levels and the marketing efforts in the first period have the following relationships:

22)A1G16(B—A)(1—€2)[2C;—e(B—A)]
‘i’lez

(i) TMR > M, when H <

a211G16(1—€?)[C—e(B—A)?]
1F1€2

direction of the inequality will be reversed.

; TR > R when H <

201G16(B—A)C? .
; and T > R, when H > 2~ 1Cz(‘1’1 ). otherwise, the

(i1) 9{\4R > G{VI > OR when O3 > ocléC% and Cy > (B — A),
(iii) eMR > eM > eR when ®3 > a16C% and C; > (B — A).

Proof. First, we compare the greening levels of M-Model and R-Model. We have
M _ pR _ G1HB1 Ny __ GiHB1M; : M R
61 0 = H¥ 21,612 — HYi -t A1Gis° The denominators of both 6;" and 6;* are
a3B1A16GIHN;C1 (Co— (B—A))

(H‘I’rl 70(%/\1G15C%)(H\F17‘X1)\1 G1q>2)

positive. On simplification, we get M — R = > 0, if

C, > (B—A).

Now, we compare the greening levels of MR-Model and M-Model. We have

pMR _ gM _ _ GiHAINi _ __ GiHAN
1 1 HY1—a1A1G1 D3 H‘Fl—a%/\1G15C% ’

MR _ gM _ t1p1A1 GTHNy (P31 5CF) ~0
1 1 (HY1—a111G1P3) (HY1—a§A1 G16CF) !

whenever ®3 — a;6C7 > 0. Therefore, OMR > oM > R if &3 > a16C? and

Cy > (B — A). Proofs for the marketing efforts are analogous.

Denominators of both H{VIR and 9{” are

positive. On simplification, we get

Comparison of the collection rate of used products in different models are given

as follows:
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_ M GuANG (=€) G NG

1 HY1—a1A161P3 HY1—-a3A1G16C3
are positive. On simplification, we get
M G1a1A1N1C1 [a%)\lGlé(B—A)(l—ez) (2C1—€(BA1)) —H‘Y162]

MR
1

Denominators of both TlMR and TlM

MR _ > <
T O (H¥1— 111Gy ®3) (H¥1 —a2A1G10C2) 2 0, whenever H <
0211G16(B—A)(1—¢?) (2C;—e(B-A))

‘I’lez ’

MR _ R _ GiagAN1(B—A)(1—€?)  GiayA|Ni(B—A) : MR R

T, T = ¥ a G ®; Y, —a4;Cr, - Denominators of both 7, and 7,

are positive. On simplification, we get
MR R GimAINi(B—A)[a311Gi6(1-€2) (CI—e(B—A)?) ~HY 1%

_ > <
E 02 (HY1-a1A1G1®3) (HY 1~ A1 G10CY) 2 0, whenever H <
2)1G15(1-€2) (C2—e(B—A)?)

‘I’lez :
M _ R _ _ GuMNG GimAN(B-A) : M R
T T, = ¥ —a21,GoC2 — HYi—arhiCrby ° Denominators of both ;"' and 7," are

. . e . M _ R GiagA Ny [HCy ¥ —a2 A1 G16(B—A)C?]
positive. On simplification, we get 7, — T, () —a21,G13CT) (HY; a1 41 Gy B2

a2MG16(B—A)C?
Y1C )

Proposition 4.1.5(i) shows that the optimal collection rate of used products

> 0, if

H > |

depends on the collection options (only manufacturer collects, only retailer collects,
both manufacturer and retailer collect) of used products in the second period. When
both the manufacturer and the retailer collect used products, the rate of collection
is higher than the case when only the manufacturer or the retailer collects used
products whenever H is lower than some threshold value. Again, collection rate
of used products and H are inversely propositional. So, for lower values of H,
collection quantity of used products may exceed the total market demand which is
not acceptable. Therefore, when both the manufacturer and the retailer collect used
products simultaneously and there is a competition between them, the collection rate
of used products in dual collection mode becomes lower than the single collection
mode. But, if there is no competition between them while collecting used products,
dual collection modes gives better result. In single collection mode, the collection
rate of used products in M-Model is higher than that in R-Model when H is greater
than a threshold value. Otherwise, the collection rate of used products in R-Model
is higher than that in M-Model. Therefore, the collection rate of used products in
single collection mode depends on how much the manufacturer/retailer invests in
used products collection.

A higher collection rate in M-Model encourages the manufacturer to produce
higher green product than R-Model when the marginal profit of the manufacturer

obtained by collecting used products from the retailer is higher than that of the
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Chapter 4. Used product collection strategies in green closed-loop supply chain

retailer obtained by collecting used products from the end customers, which is given
in Proposition 4.1.5(ii). In case of dual collection mode, as the collection rate of used
products is lower than M-Model and R-Model, the manufacturer produces higher
green product in the first period to gain more profit from increased market demand
when the condition given in Proposition 4.1.5(ii) holds.

Proposition 4.1.5(iii) reveals that the marketing effort of the retailer in the first
period also depends on the collection option of the manufacturer. As the greening
level of the product in MR-Model is higher than other models, the retailer also
increases the marketing effort of the higher green product to increase the market
demand, and the marketing effort of different models follows the similar pattern of

the greening level.

BiGi
400G —%

Proposition 4.1.6. If the condition Ay > holds, then the wholesale prices in the

i\
2011 — 3
holds, then the selling prices in the first period follow the relationship: pMR < pM < pK;

first period follow the relationship: wMR < wM < wX; and if the condition Gy >

Otherwise, the direction of the inequality will be reversed.

Proof. First, we compare the wholesale prices of M-Model and R-Model. We have

R ..M _ HMNi(40,G1—73)+ai MG (P1—Ni D)  MNy (H(4“1G1—’Y%)—“%G15C%)

wy —wy = a1 (HY1 -1 11 G1 D) ) (HY;—a271G15C2)

After simplification, the numerator of wf — wzl\/I becomes HaidA1N1G1C1(Cr —
(B — A))(M(401Gy — 93) — BiG1) + a1 MG @1 (HY1 — 2311 G10C?). Therezfore,

: e G

Ha36A1N1G1C1(Co — (B — A)) (M (4a1Gy — 73) — B2Gy) is positive if Ay > 4“1%1;%
(using the condition of Proposition 4.1.5) and HY; — ac%/\l G1 5C% > 0 (see Proposition
4.1.2). Now, we compare the selling prices of MR-Model and M-Model. Under the

B3G
rrR e and

previous condition, wM > wMR. Hence, wMR < wM < wk, when A; >
H is sufficiently large.

Now, we compare the selling prices of M-Model and R-Model. We have

R _ M _ MN(H(66G—1)-01Gi1®y)  MNi(H(601G1—77) —aG16CF)
pl pl - ocl(H‘I"lfalAlGlfbg) al(H‘Pl—a%AlGﬂSC%)

the numerator of pf — p{\/f becomes Htx%é)\lNl G1C1(Co— (B—A))(G1(2a1A1 — ,B%) —
1M

20&1)11—%'

MR-Model and M-Model. Under the previous condition, p} > pMR. So, pMR <

i
pM < pR, when G; > zakli 7 u
Although the greening level in MR-Model is higher, the manufacturer sets a

. On simplification,

v2A1)) and this is positive if G; >

Now, we compare the selling prices of

lower wholesale price in MR-Model than other two models when green innovation

efficiency coefficient (A1) is higher than a threshold value. As per our assumption, A4
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and 6 are inversely proportional. So, for lower value of A1, greening level increases
rapidly. It increases the extra cost for green innovation, which again decreases the
profit of the manufacturer. To maintain the profit, the manufacturer has to increase
the wholesale price. As the manufacturer sells the higher green product with a lower
wholesale price in MR-Model, the retailer also sets lower selling price in MR-Model
when G is higher than a threshold value, which is beneficial to the customers. So,
the market demand increases, which increases the profits of the manufacturer, the

retailer and the whole supply chain.

Proposition 4.1.7. At the equilibrium, the greening levels, the marketing efforts, collection
rate of used products and selling prices of the centralized model and MR-Model bear the

following relationships:
(i) Glc > Q{VIR, and 92C > GMR; elc > e{VIR, and eg > eéVIR; 7€ > MR,

3o
200 — B35

71 1
20 A — 37

(i) pYIR > p§,if Gy > and pYR > p§,if Gy >

Proof. First, we compare the greening levels of the centralized model and MR-

: . : C _ gMR _ G1HB1 N ___ GiHBIN,
Model in the first period. 07 — 07" = HE, —221,GaC; (1=e) ~ H¥i—tiAiGrds” On

simplification, the numerator of this difference becomes GiHp1N; (H/\1 (401Gy —
v?) — a1A1G1(P3 — 2010C3(1 — €))) and this is positive for the large value of H.

So, 0? > Q{WR. Now, we compare the results for the second period. We have
95 — GQAR = GzéiNz — GZQZZNZ. The numerator of this difference is Gp2NyA2 (4ar Gy —
v3) > 0. So, 65 > 60MR. The proof for the marketing effort is analogous.

¢ > MR can be obtained using the proof of greening level. Now, ¢ — TR =

2GimMN1Ci(1—€)  GimAMN1G(1—€?)
HE1—2a211G16C3(1—¢) HY1—a1 MG P53

difference becomes a1A1G1Ny(1 — €) (H[ZCl‘I’l — Co(1 + €)Eq] — 2C1a1A1G1 P53 +

After simplification, the numerator of this

Za%AleSC%CZ(l — (—:2)) and this is positive because of higher value of H. So,
C - MR, MR _ ,C _ AMNi[(602Go—73)—a1G1®3]  2A1GiIN;i (H—a16CF (1—¢))

- 1 PT = — 4 (HY - 1 G1®s3) HE;—2027,G10C3 (1—e€)
On simplification, the numerator of this difference becomes Ay N1 H[H (4a1G1 — 73) —

: e 2\
(01G1P3 — 203G16C3 (1 —€))][A1(201G1 — 93) — B3G1]. Itis positive if G; > Mk—liﬁ%

obviously T

MaNa(622G2—13) _ 20,GoNo
wr¥r Ep

So, pMR > p¢. Now, pMR — p§ = . On simplification, the

numerator of this difference becomes (442G, — 73)[A2(2a2Gy — 73) — B5Ga). Tt is

'Yz 2
200A0—B5°

Proposition 4.1.7 illustrates that the greening level and the marketing effort in

positive if G, > So, pMR > pS. u

both the first and the second periods are higher in the centralized model than those
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in the MR-Model. The collection rate of used products in the centralized model is
also higher than those in the MR-Model. The comparison of selling price in the first
period depends on the value of G; and that in second period depends on the value
of Gy. If the values of these parameters are greater than a threshold value then the
selling price in MR-Model is higher than that in the centralized model. Otherwise,
the result will be reversed. So, the centralized model gives the best possible result
than the decentralized models. The reason behind this type of result is the non-
existence of double-marginalization effect. Due to single decision maker, double-

marginalization effect does not play any role in the centralized model.

4.1.3.2 Cost sharing (CS) contract

Although the retailer benefits from the green marketing, the manufacturer only
bears the green expenditure. This shows the importance of contract analysis, and
a cost sharing contract can play a significant role in this situation. So, in order to
encourage the manufacturer to engage in green production and to produce more
green products, in this subsection we implement a cost sharing contract in which
the retailer agrees to share a portion (17 (0 < u; < 1) in the first period and
2 (0 < pp < 1) in the second period) of total greening cost with the manufacturer.
This type of cost sharing can be seen in big companies like Coca-Cola, Dell, Tesco,
etc. The objective functions of the manufacturer and the retailer are given by

max  I15° = TIGS + 6115

mop 7’
(W],wz,91,92,T1)
where H,if(wl,el,rl) = (w1 — Cm)Dl — (1 — ]11)}\19%,
10 (w2, 02) = wDy — cw(Dy — pDy) +wr(1 — p)Dr — (A4 c,)1i Dy
H 2 2
—(B4+¢,)mD; — (1 — ]/12)/\29% — (?_—ZZ:TZ), and
max IIS° = 1_[515 + 51_[525,
(Plr,UZ/Cl/eZ/TZ)
where H,Cls(pl,el,'rz) = (pl — wl)Dl — Gle% — ]41)\19%
H(t? + et?
H,,Czs(pz, 62) = (pz — ZUQ)DZ + (B — A)T2D1 - M — G2€% — }lz/\zeg

1—¢2

Using the approach similar to MR-Model, the optimal decisions of the manufacturer

and the retailer for CS-Model can be obtained as given in the following proposition:

Proposition 4.1.8. At the equilibrium, the manufacturer’s wholesale prices, collection rate
of used products, greening levels, and the retailer’s selling prices, collection rate of used
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products, marketing efforts for the CS-Model are given respectively by

(1 — ,ul) ()\1N1 (H(40€1G1 — ’)/%) — 061G1CD3) + 061)\1(;1(1)1(1 — 62))

*CS __
wi® = cp+ ,
5] ((1 — ,‘Lll)(H"Fl — 0(1)\1(;1(1)3) — ]/[]HIB%Gl)
_ 2
WS = et (1~ #2)A2No(422G2 — 13)
%) ((1 — p2)¥2 — V2.3§G2)
#CS Giaq A N1Cy (1 — pq) (1 — €2)
' (1— ) (HY1 — ;A1 GiP3) — i HE2Gy
G*CS — GlHﬁlNl G*CS _ GZﬁZNZ
! (1— 1) (HY1 — a1AG1P3) — mHBIGy” 2 (1—u2)¥2 — 123Gy’
L (1 —p1)MNi (H(6a1G1 — 77) — 21G1P3)
17 = Cm ,
a1 (1= ) (HY1 — 011 G10s) — ju HEIG
1— o)A _ 2
pS = o4 (1 — p2) A2 N2 (602G 72)’
%) ((1 —H2)¥2 — VZ.B%GZ)
s _ _ GuaMNi(B—A)(1— ) (1—¢€?)
? (1 — 1) (HY; — ;A1 G®3) — i HB2Gy)
ETCS — H'Yl)\lNl(l - ‘111) E*CS _ ’)’2)\2N2(1 — ]42) ) where

(1—p1)(HY1 — 1M1 Gi®3) — iy HB3Gy) 2 (1— p2)¥2 — 23Ga
G (Hﬁ% +227A15(1 — €2)[C3(1 — 2¢) — (B— A)((B— A)e — zcz)])

)\1 <4H(4(X1G1 — ’)f%) — (X%Glé(l — 62)X1)

B3Ga

X; = C*(1-2 B—A)2(B— A+ C B— A and uy = )
1 1(1—2e) +( )[2( 14+ C1) +é( )] and pa (406G —73)

00-° .
Corollary 4.1.3. i >0 fori=1,2.

It is obvious that if the retailer provides more cost sharing fraction to the
manufacturer for the respective period, the manufacturer increases the greening

level of the product since it diminishes the cost burden due to green innovation.

Proposition 4.1.9. At the equilibrium, the optimal decisions of CS-Model and MR-Model

are connected by the following relations:
() w$S > wMR and w$S > wR; p§S > pMR gnd p$S > pMR,

(i) 055 > OMR and 055 > OMR; e85 > eMR and 55 > MR 05 > MR gng

CS < MR
7 > T

Proof. After simplification, the numerator of the difference (w{® — w}R) becomes
Hp1B3G1 (AN [H(4a1Gy — 93) — 01G1P3] + 4111 G1P1 (1 — €2)) > 0. So, w® >
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wMR,
Similarly, the numerator of (w$> — w)®) becomes B3GaAapa Ny (4a2Gy — 73) > 0.
Therefore, wS® > w)R.
Again, the numerator of .L.1CS — TlMR becomes Ha1B2G2A1N11C1(1 — €2) > 0. So,
75 > tMR In the similar way, the remaining results can be proved. n
Proposition 4.1.9 shows that, under cost sharing contract, the manufacturer is
able to produce higher green product as compared to MR-Model. This is because, the
cost sharing with the retailer helps the manufacturer to reduce the cost burden due to
green innovation. The higher green product forces the manufacturer to increase the
wholesale prices in both the periods which again forces the retailer to increase the
selling price. The retailer simultaneously increases the marketing effort. Although
the selling price increases due to higher greening level and higher marketing effort,
market demand increases which increases the profits of the manufacturer, the retailer
and the whole supply chain (due to algebraic complexity we prefer to show it
numerically). Therefore, cost sharing is profitable for the manufacturer, the retailer

and the whole supply chain and beneficial for the environment.

4.1.3.3 Special cases

Here, we present some special cases which can be obtained from our proposed
models. Tables 4.1.1, 4.1.2, and 4.1.3 present the models without both marketing
effort and greening level, with only greening level, and with only marketing effort,
respectively. We use the subscripts (6,¢), (6,0), (0,e), and (0,0) for our proposed
models, the models with only greening level, the models with only marketing effort,

and the models without both greening level and marketing effort, respectively.

Table 4.1.1: Optimal results of M, R, and MR models without both greening level and marketing
effort.

M-Model R-Model MR-Model
N; (4H—a10C?) Ny (4H—D5)+P; Np (4H—P3)+Dq (1—€2)
W) | Cm + aq (8H—n16C2) Cm + a (BH—;) Cm =+ oy (8H—®3)
©20) en + 52 e + 2 Cnt 2
NGy NG (1=€7)
00 8Hf(oqb'C% = N/A SH—;
N1 6H71Xl 1 N1(6H7<I>2) N1(6H7q>3)
Ploo | S+ B mscd) | T wsH=®,) Cm + 4 (BH—Ds)
3N, 3N, 3N,
pz(0,0) Cm + Tay Cm + Tay Cm + Tay
N;(B—A) N (B—A)(1—€%)
T2(0) N/A SH—, SH—,
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Table 4.1.2: Optimal results of M, R, and MR models with only greening level.

M-Model R-Model MR-Model
w c A1N1 (4H*0¢1(5C%) c + )LlN] (4H*q>2)+/\1¢1 c + /\1N1 (4H*¢3)+A1¢1(1*€2)
Yooy | “m T HBagA —pH)—aA6C2 | M T HBagA—f)—a Py | T H (81 A1 — %) —a1 A @3
I, N, I, N, AN,
w Cm + 2 Cm + oo Cm+ 52
2(6,0) " By — B " By, — B " Bagha— P2
6, HB1 N HB1 N HB1Ny
(6,0) H(BDél/\l—‘B%)—lX%)Ll&C% H(80{1)\1—/3%)—0(1)\1¢'2 H(80{1)\1—/3%)—0(1)\1¢'3
0 B2N2 B2N> B2N>
2(9,0> 80(2)\2—,3% 80(2)\2—,B% 80(2)\2—,B%
a1 M NGy w1 A1 N1 Cq (1—€2)
T A
Lg,0) H(8a1 A1 —B2) —a?A10C2 N/ H (81 A1 —B2)—a1 A1 @3
ANp(6H—a16C7) MN;(6H—®,) AMNp(6H—®3)
Plooy | m ¥ HEan ) -anel | " HBm ) mi®; | " T HEmA ) —ai i Ps
62Ny 62N, 612N,
p2(9,0 Cm + 80(2)\27’5% Cm + 80(2/\27,5% Cm + 80(2)\27,5%
M N1 (B—A) a1\ Ny (B—A)(1—€?)
T2(0,0) N/A H(8a1A1—p2)—a1A1D, H(8a1A1—p2)—a1A1 D3
Table 4.1.3: Optimal results of M, R, and MR models with only marketing effort.
M-Model R-Model MR-Model
Ny (H(401G1—13)—G1a26C2) Ny (H(401G1—73) ~01G1 @) +1: G D Ny (H(4a1G1—73) ~01G1P3) +1 G @1 (1—€2)
Wy, | Cm+ Cm + Cm +
(0) o1 (2H(4061-13) - G1436C2) ay (2H (40, Gy~ y1)7a1G1<1>2) a1 (2H(40:61-73) ~01G1@3)
wz(oye) Cm + ;{722 Cm + 7_,,(2 Cm + 5722
a1G1N; C 201G N1 Cy (1—€2)
To,) 2H(4a161—17%;—161a%z)‘c% N/A 2H(4;1é11'yl%)—a161<1>3
N; (H(621G1-73) ~G1a26C2) N; (H(621G1—13) ~01G1®2) Ny (H(6a1G1—12) ~1G1®3 )
P1 Cm + . Cm m
(0e) a (2H(4a1G177%)7G1A’%0C%> aq (2H(4a16177%)7a1G1<1>2) aq (2H(44x16177%)ﬂ\'1G1€I>3)
N, (602G —73) N (6aGo—7%) Nz (6a2G2—73)
P2 Cm + 2a2(4azcr~,2§) Cm + 2&2(4a2627’yz%) Cm + 2&2(40(2G27'}'2%)
e1 Hy Ny Hy Ny HyiNy
(0,e) 2H (401G —%)—G1a26C? 2H (401G —2)—a1 G P2 2H (401G %) —a1 G D3
e 12N> 72N> 12N>
2(0¢) 2(40,Go—13) 2(4a,Go—13) 2(40,Go—3)
a,G1N1(B—A) a1G1 Ny (B—A)(1—€?)
20, N/A 2H(4a1G17{y%)71X1G1¢2 2H1(40141G1177%)7A'1G1d>3

The relationships among the optimal decisions of the proposed models and the

models under special cases are presented in Propositions 4.1.10-4.1.14.

Proposition 4.1.10. The relationships among the wholesale prices in the first period are

given below:

(i) In MR-Model, if the condition H > a1 [®5—2ay

5(B—A)?(1—€?)]

>

holds, then wR
Lge)

2016(B—A)?(1—
A

€?)]

4

H < WA [P3—

1)— (5%G1+27 A1)a16(B—A)*(1—€?)

Bi
MR MR MR
" o )1(((),@2 21 )y 6(B—A)2(1-€)
3(B1G1+11M ﬁ1G1+271A1 a16(B—A)%(1—€
Elsezf A, <
then w{VIR > wMR >w{VIR > wMR
(6,0) Lig,e) (0, ) (Oe)
Elsezf‘"lc1 ®3—10(B— A)( N « i < Pa(BIGIHA
4D(1G1*’yl -
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then wMR =~ > MR > MR > w{VIR Otherwise, w{VIR > wMR > MR
(6,0) (0,0) (9,6) (0,e) (6,0) (0,0) (0,e)
Lge)
.. . . 2),6C2
(ii) In M-Model, if the condition H > S°V=1 holds, then wM > wM > oM >
BT Loe) Lo,0) L)
wM |
Loe)
©oCH(BIG1+1iM) air6C3 M M s M M
Else if N ﬁz G <HK B then w1(9,0> > Lge) = wl(o,o) > w1<o,e>
¢ #1G10C] 1 6CE (B1G1+7A1) M M s M M
Else Zf%Gfo =H= ANBIG O T T I T
Otherwise, wM >wM >gM > M |
(6,0) (0,0) (0,e) (0,)

0(1)\1 [@2—20615(3—14)2]

(iii) In R-Model, if the condition H > holds, then w® > wk >

. . B3 0e) = 1)
P1o0) = wl(w)
Dy ( 2G1+292A B—A _ _A)2
Else if 2 (B3G1+73M) — (BRG1+273 A1) a6 ( )2 < H < w1 [Po 20;15(3 A) ]/ then
4N1,31G1 .31
wf > wf > wf > wy
(6,0) (6,e) (0,0) (0,e)

201G Py — 061G15(B A)? D, (B2G1+73M1) — (B3G1 4272 A1 )aq 5 (B—A)?

] <
Else if G AE < H < iIN,FIG, , then
wi >wi >wi o >wp . Otherwise, wy, >wf o >wf >wp .
(6,0) (0,0) (6,e) (0,e) (6,0) (0,0) (0,e) (6.e)
Proof. We have
MR _ MR _ MNi[H@E04G—7])-a1Gi1®s+aiMGi®Pi(1-€®) ANy (4H—P3)+A P (1—€?)
Lig,e) Tio,0) ay (HY1—a1A1G1D3) H(8ay A —B2)—a1 A @3
HB? a1 (@3-2016(B—A)2(1-€2) )
T a(HY1—a1 A1 G ®3) (H (81 A —BF) —a A @3) —
aA (P3—2016(B—A)%(1—€?
FH > 1A (@3 113(2 Pa-)
wMR _ ;MR _ MNi(AH—®3)+4, 01 (1—€ 2) _ Ni(4H—®3)+ Py (1—-€?)
Lg,0) Looy — HEBmA —p7)—aA1P3 a1 (8H—®3)
_ HNyB2(4H—D3)+HpBId (1—€2) S0
a1 (8H—D3) (H (8a1 A1 —p3) —a1 A P3) '
MR _ MR _ Ni(4H-®3)+®;(1-¢?)  Ni[H(401G1—17) —a1G1 D3] +01 G1 Py (1—€?)
1(0/0) 1(0,6) &1 (SH_qDB) 5] (2H(4D¢1G1—’Y%)—D¢1G1¢3)
_ HNja1693(1—€?)[C3+(B—A) (2C,—e(B—A))] <0
w1 (8H—®3) (2H (401G —73) ~1 G, D3 )
MR . MR — /\1N1[H(40¢1G1—7%)—&1G1@3}+0(1/\1G1q)1(1—6‘2) o N1(4H—q>3)+q>1(1—€2)
Lioe) Loo) a1 (HY1—a1A1 G P3) wy (8BH—D3)

_ NGB = ®3 (M +Gi) +ai6(B=A)2(1-€) M1+ Gif)
a1 (8H—P3)(HY1—a1A1G1P3) -

> PTG —md(B-A)*(1-€?) 217+ GiBY)

4N Gy B2
MR _ MR _ HNiGipj[H(421G1—77)—a1G1P3+47G16(B—A)*(1-€?)] >0
Lge) Lo, a1[2H (401G —3) —a1 G1 @3] (HY 1 — 2141 G D3) -
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11Gy (®3-216(B—A)2(1-€2))

i >
if H> Froe—.

This proves the relationship of the wholesale prices for MR-Model in the first period.
The proofs of the results for M-Model and R-Model can be obtained in a similar
manner. u

Proposition 4.1.10 shows that the wholesale prices in the first period of our
proposed models and the models under special cases depend on the investment
coefficient H for collecting used products. For a higher value of H, the wholesale
price in the model with both greening effort and marketing effort attains the highest
value. This is due to consideration of the green product and the marketing effort.
According to our assumption, H and 7 are inversely proportional. So, when H takes
higher value, the collection rate of used products decreases but the manufacturer
and the retailer have to invest more to collect used products. As H decreases, the
collection rate of used products increases. So, the manufacturer can decrease the
wholesale price in the model with both greening level and marketing effort. But in
the model with only greening level, the wholesale price of the product increases.
In this model, the retailer does not bear the extra cost for marketing effort. So, the
manufacturer increases wholesale price to gain more profit. As H decreases, the
wholesale price follows the above sequence, but the collection rate of used products
will exceed the demand (at least theoretically), which is not acceptable. So, in
numerical analysis, we'll focus on the first part of the results (i.e. for higher values
of H) of all the three models.

Proposition 4.1.11. The selling prices in the first period are connected by the following

relationships:

q>3 R MR MR
(i) In MR-Model, szthe condition H > =2 holds, then Ploy > pMR N > Plog-
Otherwise, p > pl 60) pl(o,()) pl(o )

Wsc M M M
L holds, then p1 > P1<9,0) >Pp Lo,) Zp

Loo)

(ii) In M-Model, if the condition H >
o pM M M
Otherwise, Plog = Plag = Plog = pl(O,e)

(i) In R-Model, if the condition H > <¢ holds, then pf > pf > pf > pf
) R R R R ’ | ,e
Otherwise, p; 00~ Pl = Ploe =~ Pl
Proof. We have

_ ,MR _ Ni[H(6a1G1—77)—a1G1P3] Ny (6H—P3)
p]‘(O,L’) pl(0,0) K1[2H(4D(1G1*’)/%)7041G1(D3] Dll(SH—q:‘:;)
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HN;y2(4H—®;3)

= : >0,if H> 2.
&1 (8H—D3) (2H (401G —12) a1 Gy 3
p —p _ _ MNi(6H=®3)  _ Ni[H(6a1G1—7])~11G1 %3]
L(6,0) Loe) ~— HBauA—p?) a1l @3 aq[2H (401G —77) —a1 G D3]

HNj [a1 (B3G1—73A1 ) (4H—P3)+ HBZ (201 Gy —73)]

> 0.
a1[H(8a1 A —B?) —ay A @3] [2H (401 G1 — 77 ) — a1 G D3]
_ MR _ MMNi[H(60Gi—77) -G ®3] Ay Ni(6H—D3)
pl(e,e) Pl(e,o) a1 (HY1—a1A1G1P3) H(8aiAy—pB%)—a1 A1 @3

HNiA173 (1A (4H—P3)+HB3|
2] (H‘Yl—MMqu)e»)(H(Sal/\l—ﬁz)—“ﬁn‘ps)

> 0.

So,if H > % , then P1, R > pMR o0 p{\fo, > pl Therefore the selling prices in the
first perlod in MR- Model follow the relatlonshlp as given in Proposition 4.1.11(i).
The proofs of the other results can be obtained in a similar manner. n

Proposition 4.1.11 shows that, similar to the wholesale price, the selling price in
the first period also depends on the value of H and it increases with the inclusion
of either marketing effort or greening effort or both marketing and greening efforts.
The retailer always charges higher selling price in the model with both the greening
effort and marketing effort, and lower selling price in the model without greening
effort and marketing effort for sufficiently large value of H. But, for a lower value of
H, the selling price in the model without both marketing effort and greening effort
is higher than those in model with only marketing effort. For lower values of H,
the collection rate of used products may exceed the total market demand, which is
not possible. So, the selling price in the model without both greening effort and

marketing effort is always lower than those of the other models.

292 ,
Proposition 4.1.12. If the condition % > % holds, then the collection rates of used
1
products have the relationships as given below:
(i) In MR-Model, TMR > ¢ MR > MR~ MR . oiherwise, TMR > T MR > MR
Yoo = oo = i ( > Loo = "log 7 Tleo
TlMR and TZMR > TZMR > MR > TZMR otherwise, TZMR > TZMR > o MR~
(00)” (6.e) (6.0) (0) (00)” (60) (0¢) (6,0)
MR
2 .
(0,0)
(ii) In M-Model, T > M > TlM > M . Otherwise, T > M > M >
(6,¢) (9/0) (0) (0,0) () (0) (6,0)
M
.
(0,0)
(iii) In R-Model, T8 > R >R > R Otherwise, TR > & >k >
(6.0) 8.0) (0.) (0.0) (6,0) (0.) (6.0)
<R
2

00)°

Proof. We have
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MR _ MR _ GahNiG(1—€?)  aMNC(1-€?)
1(9,6) 1(9,0) HY1—a1AG1Ps H(8061/\1*ﬁ%)*0(1/\1q>3

2Ha1A2N;Cyy3 (1—€2)

= > 0.
(HY1—a1A1G1P3) (H(8a1 A1 —B7) —a1 A1 D3)
MR _ MR _ smMNC(1-€?) Gy NGy (1—€2)
Loo) Lo — HBxA—p3)—aiA®P3  2H(4a1G1—3)—a1G1 D3
_ HayNiC1(1—€2)(G1p2—2M173) e G < 273
= - 4 > 0if 2 > =L,
(H(8a1A1—B7) —a1 A1 ®3) (2H (41 G1 —77) —a1 G13) — 1= Py
MR _ MR _ __GaNiG(=€¢)  NG(1-€)
L(0,) Loo) ~ 2H(4a1G1—9%)—a1G 1 ®3 SH—®3

2HaiN1Cy(1—€2)?

0.
(2H(0.G1—12)—a1G1P3)(BH ;)

Therefore, the rate of collection of used products in the first period in MR-Model
follows the result as given in Proposition 4.1.12(i). The proofs of the results for
M-Model and R-Model can be obtained in a similar manner. u

Proposition 4.1.12 reveals that the collection rate of used products can be
increased by assembling both the greening level and the marketing effort or either
of the greening level and the marketing effort. That’s why, a higher collection rate
of used products occurs when the manufacturer is engaged in product greening and
the retailer put effort in green product marketing. Otherwise, the collection rate of
used products becomes lower. When the ratio of the marketing cost coefficient and
green innovation cost coefficient is greater than a threshold value, the collection rate
of used products in the model with only greening level is higher than that of the

model with only marketing effort.

Proposition 4.1.13. The wholesale prices in the second period are connected by the relations

given below:

(i) In MR-Model, wé\/m) > wz MR~ ¢yMR — ¢/)MR

6,0) (0,) 2(00)
¥ ~ M M M _ .M
(ii) In M-Model, wzw> > w2(9,o) > w2<o,e) w2<0/0)
_ R R R _ R
(iii) In R-Model, Wagey = W20 = W20, = W20

and if the condition 6B302Gy > 3(4aa)y + B3) holds, then the selling prices in the second

period are connected by the following relations:

(i) In MR-Model, PQAR > Pzeo > pz R > p otherwzse pz R > pZoE pé\fﬁ)) >

p2(0,0> :
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. M M M M . ‘oo pM M M
(ii) In M-Model, N >p > py ; otherwise, Plog = P2oy = P

2(0,0) 2(00) 2(6,0)
PM
2(00)"
iii) In R-Model, pR > p® > pR > pR - oherwise, p8 > pR > pR >
(iti) P2oe) 7 P20y = P20y = P2 P2oe) = P2e) = P20
R
pZ(Ofo)'
Proof. We have
pMR _ pMR MaNa(682Go=73) _ 6MaNy) . _(4madatB3)3
2(9,e) 2,0) a¥p 8moAa—B3  a¥2(8aaAr—p3) ’
pMR _pMR — 6)\2N2) . N2(60£2G2*’)/%) — 60(2G2,3%7’Y%(40(2)\2+,B%) >0
2000 200 — 8mA—p3  2m(412Gr—93)  203(4w2Gy—13)(BagA—pE) T

if 6ayGo 83 — 73 (4axAy + B3) > 0.

_ Np(603Gy—3)  Mp+2dy N2}

MR _ MR _ _
pz(O,e) P 2(0,0) 20, (4aGo—73) 4ay 4ay (4a,Gr—73) > 0.

Therefore, the selling price of MR-Model in the second period follows the result as
given in Proposition 4.1.13(i). The proofs of the results for M-Model and R-Model
can be obtained in a similar manner. The results for wholesale prices in the second
period can be obtained similarly. |

In case of wholesale price, it is higher in the model with both the greening level
and the marketing effort. The models with only marketing effort, and without
greening level and marketing effort have the same wholesale price in the second
period and it is lower than that of the model with only greening level. If the condition
given in Proposition 4.1.13 holds, then the selling price in the second period follows

the similar pattern as that of the first period.

Proposition 4.1.14. The greening level and the marketing effort in the first and second

periods are related as given below:

(i) In MR-Model, G{erR) > MR = MR e{VIR and G%R > MR eé\fR > ¢MR

Yoo "o (04) o T 2007 200 T 200
(i) In M-Model, 8 > oM | eM > M gudoM > oM oM 5 M
1 1 1 1 2 2 2 2
(0e) (6.0) (0,e) (0e) (6.e) (6,0) (0e) (0e)

; R R R R R
(iii) In R-Model, 91(9,8) > 61<90 ; Cly = Bl and sz/

R R R
0) (6, > 92(90 ¢ €2<9,e) > €

e) 0)

Proof. The proof being straight forward, it is omitted. |

Proposition 4.1.14 shows that the greening level and the marketing effort in both
the periods attain the highest value in the model with both greening level and
marketing effort and this is an obvious result. So, the models with both the greening

level and the marketing effort are more encouraging.
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From Propositions 4.1.10-4.1.14, one can easily note that if the manufacturer
and the retailer exert effort in green innovation and marketing, respectively, then
the environment-friendly customers can spend higher money while buying green
product without thinking more about the brand. It also helps the channel members
to collect more used products. So, it will help the channel members economically
by increasing profit (through demand increase), and environmentally by improving

greening level and reducing used products (through collection effort increase).
4.1.4 Numerical analysis

In this section, we consider a numerical example and analyze the optimal results of
different models proposed. As it is difficult to get access to the actual industry data,
we consider the following parameter-values which agree with the assumptions of
our study: d; = 80;dy = 70,7 = 0.23;ap = 0.22; 81 = 0.8; B2 = 0.65; 71 = 0.78; 72 =
0.63;¢c;;, = 70;¢c, = 35;A = 20;B = 25;A1 = 10;A = 6;,G1 = 12;G, = § H =
1200;6 = 0.8; p = 0.35; wr = 100; € = 0.2; in appropriate units.

Table 4.1.4: Optimal results of the proposed models.

Optimal results | C-Model MR-Model M-Model R-Model CS-Model
w1 - 210.102 210.787 213392 210.265
()} - 199.585 199.585  199.585  199.710
p1 217.859 288.710 289.066  290.119  288.966
p2 213.690 268.249 268.249  268.249  268.439
6 6.92553 3.15013 3.13116 ~ 3.07501  3.24719
6> 7.78319 3.71929 3.71929  3.71929  3.80349
el 5.62700 2.55948 2.54406  2.49845  2.56247
e 5.65778 2.70364 2.70364 2.70364 2.70623
T - 0.24996 0.25881 - 0.25026
o) - 0.03623 - 0.03684  0.03627
T 0.91590 0.28619 0.25881  0.03684  0.28652
I, - 4015.78 4000.63  3955.78  4020.16
II, - 2117.06 2114.69 2066.05 2117.18
IT 8669.95 6132.84 611531  6021.84  6137.34

Table 4.1.4 presents the optimal results of the proposed models under centralized,
decentralized and cost sharing scenarios. As usual, the centralized model gives

the best performance. Due to non-existence of double-marginalization effect, the
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Chapter 4. Used product collection strategies in green closed-loop supply chain

centralized decision-maker sells the green product of higher greening level at the
lowest price in both the periods. It is also noted that the greening level in the second
period is higher than that in the first period. This is because of remanufacturing. This
result is contrary to the result of Wei et al. (2018), who showed that the manufacturer
sells the lower green products at higher price in the second period. This observation
is not consistent with the reality. The customers may disagree to buy lower green
products by paying higher price in the second period. So, the second period may
not be suitable for business. But our results show that the customers may wait
for the second period for buying higher green products in lower price. So, second
period always exists. The marketing effort and collection rate of used products are
also higher in the centralized scenario and all these efforts are more than doubled
compared to the decentralized models. Due to lower selling prices, higher marketing
effort and higher greening level, the market demand increases and consequently, the
entire channel profit increases. Different options for collecting used products have
significant effect on consumer surplus. When the retailer only collects used products,
the manufacturer charges higher wholesale price for lower green product. The
retailer also charges higher selling price with lower marketing effort. But when both
the manufacturer and the retailer collect used products, the manufacturer demands
lower wholesale price for higher green product. So, the retailer also charges lower
selling price with higher marketing effort. It is noted that individual collection rates
of used products to the manufacturer and the retailer in case of dual collection mode
are lower than those under single collection mode. This phenomena is similar to the
result of Wei et al. (2018). This is probably because of the competition between them
while collecting used products. But total collection rate of used products is higher in
dual-collection mode. This means that the dual-collection option increases consumer
surplus, and it is preferable for social welfare and environmental protection. Due to
higher customer demand, profits of the manufacturer, the retailer and the whole
supply chain increase. Thus, the dual-collection mode is also profitable for both
individuals and the whole supply chain. It is also noted that optimal decisions in the
second period are independent of the collection option of the manufacturer. As the
manufacturer has to spend greening cost, he always wants the retailer to bear some
cost. The greening level in CS-Model increases as cost sharing helps to reduce the
cost burden due to green production. Although the customers have to pay more for

higher green product, due to higher greening level and higher marketing effort, the
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market demand increases and as a result, profits of the manufacturer, the retailer, and
the whole supply chain increase. While comparing CS-Model with the centralized
model, we note that the cost sharing contract fails to coordinate the supply chain but

it can help the manufacturer and the retailer to achieve the win-win situation.

Table 4.1.5: Optimal results of the MR-Model.

Optimal results | (6, e) (0,0) (0,e) (0,0)
w1 210.102 210.032 204.786 205.020
wy 199.585 199.263 194.091 194.091
p1 288.710 284.017 280.412 276.357
P2 268.249 263.894 259.843 256.136
01 3.15013 2.96487 - -
0> 3.71929 3.50086 - -
e1 2.55948 - 2.46237 -

e 2.70364 - 2.58900 -

T 0.24996 0.23526 (0.24048 0.22684
(o) 0.03623 0.03410 0.03485 0.03288

T 0.28619 0.26936 0.27533 0.25972
I, 4015.78 3779.74 3856.73 3638.50
I, 2117.06 1986.58 1952.76 1840.96
IT 6132.84 5766.32 5809.49 5479.46

Table 4.1.5 represents the optimal results of the proposed MR-Model and the three
special cases. It is noted that the wholesale price in the first period is higher in
MR-Model (6, e) followed by the wholesale prices in models (6,0), (0,0), and (0, ¢).
This result verifies Proposition 4.1.10. However, for the second period, it takes the
same value in models (0,¢) and (0,0). This result verifies Proposition 4.1.13. Note
that the selling price is higher in MR-Model and lower in model (0,0) for both the
periods, which verifies Propositions 4.1.11 and 4.1.13. Optimal collection rate of used
products in both the periods follow the similar pattern as the selling prices. Profits of
the manufacturer, the retailer, and the whole supply chain also follow the pattern of
the selling prices and the collection rate of used products. Thus, it appears that dual-
collection option is profitable and preferable under consideration of both greening

level and marketing effort.
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4.1.5 Sensitivity analysis

In this section, we investigate the effect of key model-parameters on the optimal
results in the first period. We examine the impact of one parameter at a time on the
optimal results by keeping all other parameter-values unchanged. Figs. 4.1.2-4.1.4

represent the sensitivity of the parameters §, H, and < and Gj.
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(c) 6 vs marketing effort. (d) é vs collection effort.

Fig. 4.1.2: Change (%) in optimal results w.r.t. J.

From Fig. 4.1.2, we can draw the following observations:

e As the common discount factor J in the second period increases, the wholesale
price decreases and the rate of decrease is faster in MR-Model. Initially, the
wholesale price in CS-Model attains the maximum value. But, as § increases,

the wholesale price in R-Model reaches the maximum value and the rate of
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4.1.5. Sensitivity analysis

decrease becomes slower. When ¢ crosses the value 0.1, the wholesale price
in M-Model becomes higher than that in CS-Model. The selling price being
proportional to the wholesale price, it also follows the similar pattern. We omit

the graphs of selling prices in this study (see Fig. 4.1.2(a)).

e The greening level increases with 6. The rate of increment is maximum in CS-
Model and greening level gets the maximum value in this model. For lower
value of §, the greening level attains the least value in M-Model. As ¢ increases,
the greening level becomes lower in R-Model (see Fig. 4.1.2(b)). The marketing

effort follows the similar pattern as the greening level (see Fig. 4.1.2(c)).

e AsJ increases, the collection rate of used products also increases. As the rate of
increase is negligible in R-Model, so we omit that graph. Total collection rate of
used products is higher in CS-Model and lowest in R-Model (see Fig. 4.1.2(d)).

Due to lower selling price, and higher marketing effort and greening level, the
market demand increases. As a result, profits of both individuals increase. Therefore,

overall profit of the supply chain also increases in all the models.

The following observations can be made from Fig. 4.1.3:

e As the investment coefficient H for collecting used product increases, the
wholesale price increases in all models. It attains the maximum value in R-
Model and the minimum value in MR-Model (see Fig. 4.1.3(a)).

e The greening level decreases with H. The rate of decrease is higher in CS-
Model than the other models. It attains the maximum value in CS-Model and
the minimum value in R-Model (see Fig. 4.1.3(b)). The marketing effort follows
the similar pattern as the greening level (see Fig. 4.1.3(c)).

e As H increases, the collection rate of used products decreases. Similar to the
greening level, the rate of decrease is higher in CS-Model and MR-Model (see
Fig. 4.1.3(d)).

Due to higher selling price, and lower marketing effort and greening level, the
market demand decreases. As a result, profits of both individuals decrease. Thus,
the total profit of the whole supply chain also decreases.

The following conclusions can be drawn from Fig. 4.1.4:
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Fig. 4.1.3: Change (%) in optimal results w.r.t. H.

e As the marketing effort sensitivity coefficient ; in the first period increases,
the selling price in all models increases. But the selling price decreases with
the investment coefficient for marketing effort G;, although we cannot observe

it in open eyes from the graph (see Fig. 4.1.4(a)).

e The greening level of the product also increases with ;. Similar to other cases,
it has the maximum value in CS-Model and the minimum value in R-Model.
However, the greening level decreases with G; although the rate of decrease is
negligible (see Fig. 4.1.4(b)).

e The marketing effort increases rapidly with 7; and decreases with G;. As the

marketing effort takes similar values in all the models, for clear representation
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Fig. 4.1.4: Change (%) in optimal results w.r.t. 71 and Gj.
here we present the graph of MR-Model only (see Fig. 4.1.4(c)).
e Although the selling price increases, due to higher marketing effort and
greening level, the market demand increases with ;. Therefore, profits of
the manufacturer, the retailer, and the whole supply chain increase. However,

profits of the manufacturer, the retailer, and the whole supply chain decrease
with Gy (see Fig. 4.1.4(d)).
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4.2

Strategies in a green closed-loop supply
chain under retailer’s fairness behavior

This study considers a two-tier supply chain, where the manufacturer puts effort
into product greening and the retailer exerts effort into marketing those products,
under product recycling and retailer’s fairness concern. Depending on the retailer’s
fairness behavior, two decentralized models are developed, each of which is again
subdivided into three models under consideration of different options of used
product collection. As an extension of the previous work in this chapter, here we
consider the effects of collecting used products through the third-party collector.
The centralized model is presented as a benchmark case. Finally, a restitution-based
wholesale price contract is proposed for channel coordination. The main goal of this

study is to find the answer to the following research questions:

e Which is the best reverse channel from the manufacturer, the retailer, and the

customers’ perspective?

e What are the effects of the retailer’s fairness concern on the optimal decisions

and profitability of the channel members?

e Is the proposed contract able to coordinate the supply chain perfectly?

4.2.1 Assumptions and notations

In addition to the common assumptions, the following assumptions are made for

developing the proposed models:

(1) Following the common assumptions, the market demand takes the form

D(p,0,e) = Do — ap + BO + e, where «, B, and <y are the price sensitivity

This study is based on the paper published in Journal of Industrial and Management Optimization,
2022, 18(5), 3641-3677.
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factor, the greening level sensitivity factor, and the marketing effort sensitivity
factor of the market demand, respectively (Chen and Akmalul’Ulya, 2019). For
the rest of the study, D(p, 6, ¢) and D will be interchangeable.

(2) In general, it is not always possible to collect all the used products. So, the return
quantity is taken as a fraction of total demand i.e. D, = D, where 0 < 7 < 1
(Savaskan et al., 2004).

(3) In order to ensure the positivity of the optimal results, the parameters A, 7, and
H are so chosen that A > ﬁ—i, N> T H> “(XT_AF, and A(2an — %) — B> > 0.

207

The required notations used for establishing the proposed models are presented
in Table 4.2.1.

Table 4.2.1: Decision variables and parameters.

Notations Description

Decision variables

w unit wholesale price of the manufacturer.

p unit selling price of the retailer.

0 level of green innovation.

e marketing effort level of the retailer.

T collection rate of used products.

Parameters

Dy basic market demand.

D market demand.

D, return quantity.

cm(cr) unit manufacturing (remanufacturing) cost of the new (returned) product.
Y fraction of remanufactured products available for selling in the primary market.
WR unit selling price of the remanufactured product in the secondary market.
A green investment-related cost coefficient.

7 marketing effort-related cost coefficient.

H collection cost coefficient.

A unit price paid to the customer for used products.

B unit transfer price of the used products (B > A).

H{: profit function where superscript j denotes the supply chain models

(j = C,MN,RN, TN, MF, RF,TF, CO) while the subscript i denotes the
supply chain members and the entire supply chain, respectively (i = m, 7, ¢, w).

() optimal decisions under model j.
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4.2.2 Model development and analysis

In this section, we develop the centralized model as the benchmark case and three
decentralized models with different options for collecting used products. Before
discussing our main models i.e. models under fairness behavior (see Fig. 4.2.1),
we first discuss models without retailer’s fairness behavior. The availability of used
product in the primary market is depicted in Fig. 4.2.2. In all the proposed models,
the manufacturer as the Stackelberg leader first decides his decisions. After that, the

retailer and/or the third-party simultaneously decide their decisions.
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15 S = 5
b= § S <
E @ w |D g
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Fig. 4.2.1: Proposed closed-loop supply chain models.

4.2.2.1 The centralized model (Model-C)

In the centralized model, all the supply chain members work as a single decision-
making entity whose goal is to elevate the entire supply chain’s profit with respect
to all the decisions viz. selling price p, greening level 6, marketing effort e, and

collection rate of used products 7. As the single decision-making entity is handling
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(il
(f:,z

p = 0: All remanufactured products are sold in secondary market
p = 1: All remanufactured products are sold in primary market

0 < p < 1: Some portion (p) is available for primary market and remaining portion (1- p) is
sold in secondary market

Fig. 4.2.2: Availability of remanufactured products in the primary market.
all decisions, the internal transfer prices w and B have no role in this model (see Fig.
4.2.1(a)). Hence, the objective function of Model-C is given by

(rrgax)l—lg = pD —cu(D — pD;) — (¢, + A)Dy + wg(1 — p) Dy
pbet

—A\6% — ye? — HT? (4.2.1)

Here, the first term is the sales revenue obtained from selling the green product in
the primary market. The second and third terms are respectively the manufacturing
and the remanufacturing (including acquisition price) costs. The revenue obtained
from selling low standard remanufactured products in the secondary market is
represented by the fourth term and the remaining terms are respectively green

investment cost, marketing effort-related cost, and collection-related cost.

Lemma 4.2.1. The profit function I1$, of Model-C is jointly concave in p, 6, e and T.

02115,

Proof. aalplc‘f =Dy —2ap + B0 + ye + afcy — T(X — A)]; 32 = 24 <0,

o11g, oS

E =Blp —cm+T(X — A)] —2A6; azaﬁzc =21 <0,

e = YIp—om+T(X = A)] —2ne; S5~ = —2211C <0,

aan_rw = (X —A)(Do —ap + B0 + ve) — 2HT; aa?zw = -2H <0,

iy g PG PHG NG . IS LS
opdd — I/ dpde T g dpot _‘X(X_A)/ Jeo0 — 0; S0 — (X—A), e =
(X —A).

The corresponding Hessian matrix associated with I, is given by
i L B (R 3 B L 1 §
op2  dpdd  dpde  IpdT
L T § T § R 1§
gC — | 99p 96> 900 Jbat
a1 § R ) R L §
dedp  dedd de? 0e0T
L B (R B (A o §
oTdp  dtdd  JTde ot2
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—2u B Y —a(X —A)

_ B 27 0 B(X — A)

g% 0 =27 y(X—-A)
—a(X—A) B(X—A) y(X—A)  —2H

The principal minors are: |M;| = —2a < 0, |M,| = 4aA — B2 >0, as A > g, |M3| =
—2[4aAny — (A2 +1B?)] <0, as 2aAy — (Ay* +nB?) > 0and |H| = 4[H (A (dayy —
) = 1B%) — PnA(X — A)?] > 0, as H(A(4ay — 7*) — %) — &®pA(X — A)* =
aAn[2H — a(X — A)?] + H[2aAny — (Ay? + B?)] > 0. Therefore, the Hessian matrix
HC is negative definite i.e. the profit function I1 is jointly concave with respect to
p, 0, e and 7, which proves Lemma 4.2.1. [ |

Since the profit function is jointly concave, optimal decisions of Model-C (which
can be obtained through utilizing the first order necessary conditions for optimality
of the objective function (4.2.1)) are given as follows:

c _ DopA(2H —a(X - A)?) + Hew (A(2ay — %) — 315?)
P H(A(4a17 — %) —1p?) — a?yA(X — A)? '
o BIH(Do — cua)
H(A(4an —22) = p?) — a?nA(X — A

L YAH(Dg — cpax)
— H(A(4any —12) — %) — a2pA(X — A)?

< _ anAX (Do — cpx)

H(A(4ay — 9?) = p?) — a?gA(X — A)2
With these values of optimal decisions, the optimal market demand, return quantity,

and the profit of the entire supply chain are given by
DC — 20AnH(Dy—cpa) c_ 202A%2H(X—A)(Dg—cma)?
H(A(ap—12)—5p?) —a2qA(X-A)2" " [H(Aday—2)—nf2) —a2nA(X- A}
C _ AnH(Do—cma)?
 H(Adan—12)—yp2) —a2pA(X—A)2

Corollary 4.2.1. The assumption 3 ensures the positivity of the optimal results but it does

not guarantee that T < 1. In order to satisfy the condition T < 1, the collection cost
A (X—A) ((Do—cma)+a(X—A))

coefficient should be large enough such that H > A =7 =

Corollary 4.2.2. The optimal decisions of Model-C follow the following properties:

Q

c Cc o o
1. % >0; G5 > 0; % > 0; 95 >0.

9t¢

C C
2 90 Ip —>O,W>O

C C C C
3. 90 <0; U <0; & <0; Lo <0,
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C ¢ o o
4B <0 B <0 % <0; U <O

C c C
5 9 <0, % >0, % <0, & <o

Corollary 4.2.2 shows that the greening level and the marketing effort sensitivity
coefficients have a positive effect on optimal decisions of Model-C. It is conspicuous
that if the customers are more sensitive towards the greening level of the product
and the marketing effort of the retailer, they abdicate the product with a lower
greening level from the retailer who applies less effort in marketing that product.
So, the greening level of the product and the marketing effort of the retailer increase.
Higher greening level and marketing effort demand higher selling price. It is also
observed that the collection rate of used products enhances with these coefficients.
If the channel members invest more for improving their respective efforts then they
require to put less efforts. So, when green innovation and marketing effort-related
costs increase, optimal decisions of the channel members tend to decrease. Similar
to the green innovation and marketing effort-related costs, if the used products
collection cost increases, the collection rate of used products also decreases. At the
same time, the greening level and the marketing effort also drop. Due to the higher
collection price, in this case, the centralized decision-maker charges a higher selling

price to maintain the profitability of the entire supply chain.

4.2.2.2 Decentralized models

In the decentralized scenario, members of the supply chain work independently and
optimize their decisions by maximizing their individual profits. In the following,
we develop two models — “A. The retailer is not concerned about fairness behavior’
and ‘B. The retailer is concerned about fairness behavior’. Each of these two models

again contains three models depending on used products collection strategy.

A. The retailer is not concerned about fairness behavior

1. Used products collection through the manufacturer (Model-MN)

In Model-MN, besides producing and selling the green product to the retailer in
the forward channel, the manufacturer directly collects used products from the
end-customers through the reverse channel. The retailer delivers those products

in the primary market (see Fig. 4.2.1(b)). Hence, the objective functions of the
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manufacturer and the retailer in Model-MN are given by

max IMN = (w—c,)D+ (X — A)D, — A8* — HT?, (4.2.2)
w,0,T

max MY = (p—w)D — yé? (4.2.3)
pe

Lemma 4.2.2. For given w, 6, and T, the profit function TIMN of the retailer in Model-MN

is jointly concave in p and e.

oITMN O2IIMN

Proof. ap~ = Do —2ap + B0 + ye + aw; o = —2a <0,

oIIMN O*TIMN . IIMN

5 =v(p—w) —2ne; —5F—=-2n<0; eap = 1 <0

The Hessian matrix associated with TIMY is given by

aZHA’MN 82H£\4N
gMN _ [ epr_ opoe ( —2a )
R = RIIMN - 2 MN 9
dedp 0e? T 7

2

The principal minors are: |[M;| = —2x < 0 and [HYN| = 4an — > > 0,as 7 > L.

Therefore, the Hessian matrix H IQAN is negative definite i.e. the profit function TTMN

is jointly concave in p and e, which proves Lemma 4.2.2. n
There exist unique values of p and e, which can be obtained from utilizing first

order necessary conditions for optimality. So, optimal decisions of the retailer are

21(Do + aw + BO) — wy?
dan —

Y(Dy — aw + ,89)

s e(w, 9) = 40”,] _ ,),2

p(w,0) =

Corollary 4.2.3. The optimal selling price and the marketing effort obey the following
properties:

op . op
1. 55 >0; 55 > 0.

de . de
2. 2% <0; % >0,

Corollary 4.2.3 indicates that an increase in both the wholesale price and the
greening level of the product increases the selling price, which is quite obvious. An
increase in the greening level implies that the manufacturer has to invest more in
green innovation. In order to maintain profitability, he has to enhance the wholesale
price of the product. A higher wholesale price of the product forces the retailer to set
a higher selling price. As the manufacturer exerts more effort in green innovation,
the retailer also promotes the marketing effort. Again, if the retailer has to buy the

product by paying a higher wholesale price, she shows less interest in enhancing the
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marketing effort. The increasing (decreasing) rate of the marketing effort depends
on the greening level (selling price) sensitivity coefficient of the market demand.
With these reactions of the retailer, the manufacturer determines his decisions by

optimizing the objective function (4.2.2) and it leads to the following lemma:

Lemma 4.2.3. The profit function TIMN of the manufacturer in Model-MN is jointly

concave inw, 0, and T.

Proof. With the optimal decisions of the retailer, the manufacturer’s profit function

becomes
mn _ 200 (Do — aw + O)[w — cm + T(X — A)] 2 2
TTMN — 5 — A0 — Ht
dany —y
Now,
aZHMN 4062 aZHMN aZHMN
T = oz <0 T =24 <0; S58- =-2H <0,
PTIMN  2aBy | PIIMN  2a%p(X—A), MTIMN _ 2apy(X—A)
owod  day—y2’ Jwdrt day—y2 7 010 T dag—q?
The Hessian matrix associated with TTMY is given by
_ Ay 20py_ _ 2Py(X-A)
4oy —y? 4oy —y? 4y —y?
HMN _ 2ap Y 2apn(X—A)
M 4oy —y? doy—y?
_204277(X—A) 20y (X—A) _oH
danp—? danp—?
i : : _ 4y : _ 4?2 (day—~%) —1 ]
The principal minors are: |[M;| = Tz < 0; |[Mp| = an—27 > 0 and
—8a2y [H (2/\(40(17—72)—17/32) —042/\17(X—A)2}

|H AA//IIN | = =722 < 0 (due to the condition of Corollary
4.2.1). Thus, the Hessian matrix HMY is negative definite i.e. the profit function ITMN
is jointly concave in w, 6, and T, which proves Lemma 4.2.3. [

The optimal values of the manufacturer’s decision variables can be obtained by
utilizing the first order necessary conditions for optimality of the manufacturer’s
objective function. The optimal decisions of the manufacturer and the retailer are
summarized as follows:

MN DoA[H(4an — v*) — a?n(X — A)?] + Hepa [A (40 — %) — 315°]

w - a[H(2A(4an — v?) —np?) — a2nA(X — A)?] ’
GMN  _ BrH(Do — cmax)

H(2A (4 — 72) — B2) — a2yA(X — A)?’
MN anA(X — A)(Dg — cper)

H(2A (4o — 92) — yB?) — a2yA(X — A)?’
un  DoA[H(6a —92) — a2(X — A)2] + Hepa[A(2a17 — 92) — 1p?]
P B a[H (2A(4ar — 42) — B2) — a?yA(X — A)?] ’
MN anA (Do — cipi)
H(2A (4o — 92) — yp?) — a2yA(X — A)2
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With these optimal decisions, the optimal market demand, return quantity and
profits of the manufacturer, the retailer, and the entire supply chain for Model-MN
are given by
DMN _ 20\ H(Dy—cpa) DMN _ 202A252H (X~ A)(Dy—cmu)?

H(ZA(‘L""I*W’Z)*WSZ) *“2’7/\(X*A)2’ ’ [ (ZA (4an—72) 2) —aZnA(X—A) }2’
[TMN — ApH(Do—cma)? [TMN — )\2’7H2(4""7 '72)(D0 cmtt)? .
" H(Z/\(4D"7_'Y2)_7752) —a?pA(X—A)? ' [ (2/\ (4an—2) 2) —aZgA(X }
[IMN _ A1H(Do—cu)? [H (32 4y —7*)—f?) —apA(X—A)]
w

[H (22 (day—12)—np2) —a2nA(X—A)?] ?

Corollary 4.2.4. The optimal wholesale price, profits of the manufacturer and the retailer in
Model-MN obey the following properties:

MN MN MN
LY > 0; T > 0; U >0,

~

MN BH%N

BHMN
> 0 9y L

v

2. Jw

- > 0.

> 0;

MN MN MN
3. % <0; A <0 A <,

MN BH%N

MN
<0; a1 oL,

ow
4' a;7

= <0.

< 0;

MN MN MN
5. 00 50, Tu” <0, A <,

Different model-parameters have a similar effect on the optimal decisions of
Model-MN as described in Model-C. So, in this case, we omit those results. We
know that when customers are more sensitive towards the greening level and the
marketing effort, the greening level and the marketing effort increase. As green
innovation needs more investment, the manufacturer has to increase the wholesale
price of the product. A higher wholesale price improves the manufacturer’s earning,
and a higher greening level and a higher marketing effort promote the market
demand. As a result, profits of the manufacturer and the retailer increase. But higher
green investment costs, marketing effort, and collection effort costs pull the profits

of the channel members.

II. Used products collection through the retailer (Model-RN)

In Model-RN, the retailer has a dual job, one in the forward logistics and another in
the reverse logistics. In the forward logistics, the retailer purchases the green product
from the manufacturer and sells it in the primary market. In the reverse logistics, she

collects used products from end-customers at A per unit and transfers them to the
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manufacturer in return for transfer price B per unit (see Fig. 4.2.1(c)). The objective

functions of the manufacturer and the retailer for Model-RN are given by

max TIRN = (w —¢,)D + (X — B)D, — A6?, (4.2.4)
w/

max 1IN = (p—w)D + (B— A)D, — ne* — Ht? (4.2.5)
p.eT

Lemma 4.2.4. For given w and 6, the profit function TIRN of the retailer in Model-RN is

jointly concave in p, e, and T.

Proof. The proof is similar to the case of Model-MN. u

There exist unique values of p, e, and T, which can be obtained from the first order

necessary conditions for optimality. The optimal decisions of the retailer are

171(Do + BO)[2H — a(B — A)?] + Hw(2a1y — 7?)

pen?) o =) —ab(B- A2
B vyH(Dy — aw + BO) _ an(B—A)(Do —aw + Bo)
e(w,0) = H(4a;7—702)—0c217(B—A)2' T(w,0) = H(4¢x;7—'yz)—0¢x217(B—A)2'

After getting the retailer’s reactions, the manufacturer determines his decisions

through optimizing the objective function (4.2.4) and it leads to the following lemma:

Lemma 4.2.5. The profit function TIXN of the manufacturer in Model-RN is jointly concave

inwand 6 .
Proof. The proof is similar to the case of Model-MN. u
The optimal decisions of the manufacturer and the retailer are summarized as
follows:
( DoA[H(4an — v*) — a’n(B — A)(C1 + C2)] )
RN _ +cme[H(A(4an — v*) —np?) — a?nA(B — A)?]

a[H(2A (41 — 9?) = 1p?) — 202pA(X — A)(B - A)]’
GRN BynH(Dy — cyx)
H(2A(4a17 — v%) — np?) — 20>gA(X — A)(B — A)’
ey DoA[H(6ay — %) — 2075 (B — A)(X — A)] + cuaH[ (A2 — 7*) — )]

T a[H (2 (dan —9) = 1?) = 202A(X — A) (B — A)] '
RN YAH(Dgy — cppx)

H(2A (40 —77) = np?) = 2029 (X — A)(B - A)’
RN _ anA(B — A)(Dy — cmr)

H (22 (4any —2) —np?) — 202yA(X — A)(B — A)’

With these decision variables, the optimal demand, return quantity and profits of
the manufacturer, the retailer, and the entire supply chain for Model-RN are given
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by
DRN _ 2aAnH(Dy — cpat)
H(2A(dary — 72) — nf?) — 202y A(X — A)(B — A)’
DRN  _ 20?A2y2H (B — A) (Do — ciyax)?
r [H (2A (40 —72) — %) —2a27A(X — A)(B — A)]*
[IRN  — ApH(Do — cmet)?

" Ty — 97) — 1) — 22gA (X~ A)(B — A)
A*yH (H(4an — v*) — a®n(B — A)?) (Do — cimex)?
[H (22 (4a = 7?) = 72) — 2027A(X — A) (B — A)]"
AH (Do — cme)?[H (3A (4 — ¥*) —5p*) — a’yA(B— A)(2X + B — A)]
[H(2A (4 —72) — 52) — 2a27A(X — A)(B — A)]°

1. Used products collection through the third-party (Model-TN)

In Model-TN, the manufacturer outsources the collection activity to an independent
third-party, who collects used products from end-customers by paying a price of A
per unit and transfers it to the manufacturer at a transfer price of B per unit (see
Fig. 4.2.1(d)). This type of collection activity is common in metal, plastic, paper, and
glass industries. The objective functions of the manufacturer, the retailer, and the

third-party for Model-TN are given by

max N = (w—c,)D+ (X —B)D, — A6?, (4.2.6)

w,

I<na>)< "N = (p—w)D —ye?, and (4.2.7)
p.e

max IT/N = (B— A)D, — Ht? (4.2.8)

(1)
Similar to Model-MN, in this case also the retailer determines her optimal decisions
(selling price and marketing effort) through maximizing her own profit. Based on
this, the third-party ascertains the optimal collection effort. The optimal values of
p and e can be obtained from the first order necessary conditions for optimality of

211TN

Eq. (4.2.7) and that of T (since T _2H < 0) can be obtained from the first

ot2

order necessary conditions for optimality of Eq. (4.2.8). The optimal decisions of the

retailer and the third-party are given by

217(Do + aw + 6) — wy* 7 (Do — aw + BO)

p(w6) = T e, 0) = TRt T,
_an(B—A)(Dg — aw + B6)
T(w,0) = yPp—— :
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After getting these reactions of the retailer and the third-party, the manufacturer

determines his optimal decisions by optimizing the objective function (4.2.6).

The optimal decisions of the manufacturer, the retailer, and the third-party are

summarized as follows:

rn _ DoA[H(4an — %) — 20y (B — A)(X — B)] + cpH [A (407 — 7%) — 1]
a[H(2A (4 — y?) — B?) —2a2yA(X — B)(B — A)]

TN pH(Do — cnat)

H (22 (4a — %) = %) —20°7A(X = B)(B — A)’

r~ _ DoA[H(6ay — %) — 2a%(B — A)(X = B)] + cnaH[(A(2a7 — 9%) — 1)

w

7

P o [H(2A (4an — 9?) — np?) — 202yA(X — B) (B — A)] '
JIN YAH(Dy — cut)

~ H(2A(4an —9?) — B?) — 2027A(X — B)(B — A)’
IN anA(B — A)(Dg — cma)

H(2A(4an —7%) — 1f?) — 22A(X — B) (B — A)’

Then the optimal market demand, return quantity and profits of the manufacturer,
the retailer, and the entire supply chain for Model-TN are given by

DTN _ 2a0AnH (Do — cpiv)
H (2 (4an — 9?) — yp?) — 2027\ (X — B)(B — A)’
pIN 202A’n?H(B — A)(Dg — cpyax)?

[H (22 (4an — 72) — n?) — 2027A(X — B) (B — A)]*’
AH (Do — cpax)?

" H(2A(4an —9?) — B?) — 202pA(X — B)(B— A)’

A*nH?(H(4an — %) — a?n(B — A)?) (Do — cpa)?

N —
' [H(2A(4ay — 72) — yp2) —202yA(X — B)(B— A)]*

a™N w?*A?n?H(B — A)*(Do — cyar)?
t [H (22 (40 — 72) = ) — 2027A(X — B) (B — A)]*’

oy AH(Dy — cpue)?[H (3A (4o — *) — 1B?) — a®yA(B — A)(2X — 3B+ A)] '

[H(2A(4a = 7?) = ) — 2a27A(X — B) (B — A)]*
B. The retailer is concerned about fairness behavior

Here, we consider the situation when the retailer is concerned about the fairness
of the business i.e. she does not prefer any decision which produces either higher
or lower profit than her desired equitable reference point. We assume that €Il is
the equitable reference point of the retailer, where € > 0 is the equitable payoff
parameter. If €Il,, > I1,, it will be disadvantageous inequality while €IT,, < I1, will
be an advantageous inequality for the retailer. In our model, as the manufacturer

is the leader, we consider only disadvantageous inequality. Therefore, following
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Wang et al. (2019b), the utility function of the fairness concerned retailer is taken
as U, = I, — & (ell,, — I1,) = (14 &)II, — &ell,,, where & > 0 is the fairness
concern parameter. A large value of {; implies that the retailer is more concerned
about fairness behavior. In order to avoid complexity in calculation, following Qian
et al. (2020), we consider ¢ = Eﬁgl. Then the utility function of the retailer will take
the form U, = 15—%1 = I, — ¢I1,;, where 0 < ¢ < 1. The optimal results for different

models under retailer’s fairness concern i.e. Model-MF, Model-RF, and Model-TF are

presented in Table 4.2.2.

4.2.3 Comparative analysis

This section compares optimal outcomes of the proposed models to get some

insights. Comparing optimal results, we get the following propositions.

HX (20¥;—1p2) +a2AA(X—A)?
H (20, —1p2) +a2pA (X~ A)?

optimal collection rate of used products follows the pattern T > RN > tMN > TN,

Proposition 4.2.1. If the condition B > holds, then the

otherwise, T€ > TMN > RN - TN

Proof. On simplification,

L€ RN _ anA(Do—cm) [ H(A¥1 (2X—B—A)—(X—B)np?) —a2nA(B—A)(X—A)?]
[H(A¥1-12) —a2pA(X—A)2] [H(22¥, —1p2) —2025A(X—~A) (B~ A)]

MN apA(Do—cmtr) | H(X—B) (2A%1—1B2) —a2yA(B—A) (X~ A)?]

RN

™ -7 = >0,
[H (20, —p2) —a2yA(X—A)2] [H (201 —14p2) 2024 A (X—A) (B—A)]
£B > HX (20¥, 12 +a2nAA(X—A)>
[H (22, -7p2) +a2yA(X—A)2]
LMN _ TN _ apA(Do—cma) [H(X—B) (24%; —12) —a?yA(B—A) (X—A)(2B— X~ A)] “o -

[H (20, —B2) —a2yA(X—A)2] [H (20, —B2) —2024A(X—A) (B—A)

From Proposition 4.2.1, it is observed that the collection rate is higher in the
centralized model. Due to the fact of joint decision-making, the collector can exert
more effort into collecting used products. Among the decentralized models, Model-
TN has the lowest collection rate of used products, as the marginal benefit of the
third-party from collecting used products in Model-TN is lower than that of the
manufacturer in Model-MN (i.e. B— A < X — A). Which one of Model-MN and
Model-RN can collect a higher amount of used products that depends on how much
transfer price the manufacturer pays to the retailer. If the manufacturer pays a lower
amount of transfer price, then the manufacturer should manipulate the collection

activity himself rather than transferring it to the retailer. But a higher amount of
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W —0q =VR (g —X)(V—4g) =k (g —X)—(V—4g) = ‘(A — lwp) = T} @90N
EA(2 — Dvhowe — (b — 3+ 1) ave) H] B B .
Phe(V — ) (3+ 1) H v A
ER(2 — Dby — (dh— (3 + 1D ave)H] (v = x) (3 + Dvhgvz — (b — (3+1)'AvT) H] de(V = X)vhow — (gh— 3+ 1)'AvT) H] -
PR (S 2% + (3 + 1) VRH) (3 + 1)H Y (B-1)@—x)+GBe+1)(V —9))ehliv+ 3+ 1)+ 1) R A HULY :
(94 1)'AH]EAG + 1D)Hb,Y
[€h(zd — T)Vhgvz — ((Fb— (3+1)'AVvT)H] Ca(V —X)@ +1)Vhwz — (b — 3+ 1) AvT)H] (v =X)Vhpo — (b — O+ 1)'AvD)H |
'a(+DHvha tafhy PRy <L
[ER(z2 — 1) Vhgvg — (gl — (34 1) AvT)H] Ca(V — X))@ + 1)Vl — (b — (3+ 1) AVT) H] (V= x) vl — (b — (3+1)'AVO)H
TAQGHD (V—a) kv VARG D Vi "a(y=x)vhv «t
[€h(42 — 1) vhgve — (;9h — (3+ 1) AVT) H] (v —X)(3+ 1) vhgve — (;9h— (3+ 1) AvT) H] [V =X)Vho— (dh— 3+ 1) AV H
"AGHTHYL TAQ+THVL iZYEENINZIY 2
[ER(z2 — 1) Vhvg — (b — (34 1) AvT)H] Ca(V —X) (@ + 1) Vhwz — (b — (3+ 1) AvT)H] (V= x)vhw— (b — (3+1)'avT)H ,
YAHUI YhHUY YAH U *
[ER (3 — 1)Vhgvg — (b — (3+ 1)L AvT)H] Ea(V — X))@+ 1) vhz — ([ gh— (3+1) AV H] Y [{(V = X) vl — (b — (3+ 1) avT)H]Y J
[(gl — (3+ 1) (A — hvg) v Hv" o+ [(dl — (3+ 1) (A — bvg)v] Hv" o+ [(dl — (A — hvg) (3 + 1) v]v™oH+ :
[eA(z2 — D)l — (3+1) (A — bwo) ] vOa [2h(v — X) gz + (A — hwo)H] (3 4 1)voa [(V = x)lzw — (3 + 1) (A — lwo) H] voa
[€h(g2 — D) vhgve — ((9h — (3+1)'AvT)H]| Y AV —X)@+1)vhve— (;dh— (3+ 1) AV H|» [(V = X) vl — (b — (3+ 1) AvT)H]» N
[Eagdvigve+ (gh —h(Fe+ D) H]v O+ | [((v — @)3z+2h)hvhigr — (dh — (32 + 1) hv) H] v o+ [l — ta(3z + 1) V] oH+ '
[enlvg — TAH] O [((g—x)(3+ D)2+ 2h) thly — LaH]VOa [o(v — X)lzw — LaH] O
41-1PPO TI-TPPON AN-TPPOIN

“UISDU0D SSIULITe] S, I9[Te1dl wpun synsal rewndQ :g°¢y 21qeL
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transfer price encourages the retailer in collecting used products as it can improve
her profitability. As a result, the collection rate becomes higher in Model-RN than
that in Model-MN when the transfer price is greater than a threshold value.

Proposition 4.2.2. If the condition B > \/ Z“ZA(B_I’?)(X_A) holds, then the optimal

wholesale price of the brand new product follows the pattern wR®N > wIN > MN;

otherwise, wTN > RN > pMN

Proof. On simplification,

RN TN _ wiA(B—A)2(Dy—ca) [ f2H—202A(B—A) (X—B)

w™Y —w >0,
[H (22, -1p2) —2024A(X—A) (B—A)] [H(24¥1—p2) 2024\ (X—A) (B—A)

. 2A(B—A)(X—B

if >\ 2AEAOCE)

TN g MN _ apAH(Do—cat) [A¥1-162] [ (X—B)2+(B—A)?] - 0. n

— [H(2x —np?) —a2yA(X—A)2] [H (20— B2) —2024A(X—A) (B—A))

Proposition 4.2.2 demonstrates that among three decentralized models, the
manufacturer sets a lower wholesale price in Model-MN. The reason behind this
outcome is that the manufacturer wants to boost the market demand by setting a
relatively lower wholesale price. According to our assumption, when consumers are
more sensitive towards the green product, market demand increases (i.e. aa_g > 0).
The more the market demand, the more the return will be. In Model-RN, the
retailer can earn from both selling the new product (i.e. (p — w)D) and collecting
used products (i.e. (B — A)D,). But in Model-TN, the retailer can earn only from
selling the new product. So, the retailer gains more profit in Model-RN. Hence, in
an environmental-conscious market, the manufacturer sets a higher wholesale price
in Model-RN than Model-TN. When consumers are less sensitive towards the green
product, the manufacturer charges a higher wholesale price in Model-TN. This is
because, in the case of Model-TN, the manufacturer has to deal with two different

persons: one for selling a new product and another for collecting used products.

Proposition 4.2.3. If the condition B > @ holds, then

(i) the optimal greening level of the product follows the pattern 6¢ > RN > gMN > TN,
otherwise, 0¢ > OMN > RN ~ gTN

(ii) the optimal marketing effort of the retailer follows the pattern e > e
MN <, oRN < TN

RN > oMN 5 (TN,
otherwise, e > e
(iii) the optimal selling price of the product follows the pattern p™N > pMN > pRN ~ 5C.
otherwise, p™ > pRN > pMN > ,C,
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Proof. (i) For the greening level,

ByAH(Do—cumtt) [HY1 —a2(2B—X—A)(X~A))
[H(A¥1—n2) —a2nA(X—A)2] [H(22¥,—1p2) —2025A(X—A) (B~ A)]
QRN _ gMN _ ByAH(Dy—cmax) [a2y(2B—X—A) (X~ A)]

[H (22, -1p2) —a2yA(X—A)2] [H (241 -1B2) —2a2yA(X—A) (B—A)

6C — RN = > 0.

> 0,if B >

gMN _ gTN _ &2ByPAH(Do—cnat) [ (B—A)*+(X~B)?] -0
[H (20, —1p2) —a2yA(X—A)2] [H (241 —1p2) 2024 A (X—A) (B—A))
(ii) For the marketing effort,
oC RN _ YA2H(Dy—cner) [HY 1 —027(2B— X~ A) (X~ A) | =0
[H(A¥1-1p2) —a2yA(X—A)2] [H(2A¥, —p2) ~2027A(X—~A) (B~ A)] '
oRN _ ,MN _ a2yyA?H(Dg—cma) (2B—X—A)(X—A) > 0 if B>
[H (22, -1p2) —a2yA(X—A)2] [H (241 —1p2) —2024A(X—A) (B—A)] ’
X+A
2
JMN TN _ 2 yA2H(Dy—cmat) | (B—A)?+(X—B)?] “o.
[H (20, —7B2) —a2yA(X—A)2] [H (24, —14B2) —2024A (X~ A) (B—A)]
(iii) For the selling price,
N MN _ ayAH(Do—cuat) [A(2a1—1%)—p?] [(B—A)2+(X—B)?]
p—pr = > 0.
[H (22, -17B2) —a2yA(X—A)2] [H (241 —1p2) 2024 A (X—A) (B—A))
MN RN _ wAH(Do—cia) (2B—X—A) (X~ 4) [A(20n—92) 1] S 0ifB >
P P [H (22, -1B2) —a2yA(X—A)2] [H (201 —1p2) —2a2yA(X—A) (B—A)) ’
X+A
2
PRN _ € _ AH(Do—cner) [A(20n—%)—nf?] [H¥1 027 (2B— X~ A) (X~ A)] -

[H (XY —2) —a2yA(X—A)2] [H(22¥, —1p2) —2025A(X—A) (B~ A)]

Proposition 4.2.3 shows that the greening level and the marketing effort are
higher in Model-C. This is due to the joint decision-making. Since Model-C is free
from the double-marginalization effect, the selling price is lower than decentralized
models. As the collection rate is lower in Model-TN, the manufacturer reduces the
greening level of the product. Due to the lower greening level, the retailer also
decreases the marketing effort. The higher wholesale price in Model-TN forces the
retailer to set a higher selling price. In Model-MN, the manufacturer can promote
market demand by only setting a lower wholesale price, but in Model-RN, the
transfer price also plays as a stimulant for enhancing market demand indirectly. So,
in Model-RN, if the manufacturer has to pay a higher transfer price, due to the fact
of higher market demand, he increases the greening level of the product. Higher
greening level and higher transfer price help the retailer in selling the product with

lower selling price and higher marketing effort. The opposite situation holds when
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the manufacturer pays a lower transfer price. Therefore, under a higher transfer

price, Model-RN is beneficial from consumers’ perspective.

Proposition 4.2.4. The optimal profits of the manufacturer and the retailer have the
following relationships.

(i) If the condition B > w holds, then the optimal profit of the manufacturer follows the
pattern TIRN > TIMN > TTIN; otherwise, TTMIN > TIRN > TTI'N,

AHY; [2H(X-B)2 (24, — %) —a2pA (X~ A)4]
7 [B2H2 (241 — B2 ) —a2y A (X—A)2 (2B2H+a2A(X—A)?) |
then the optimal profit of the retailer follows the pattern TIRN > TIMN > TTIN; otherwise,
[IMN > TIRN > 1IN,

holds,

(ii) If the condition B > A + \/

Proof. (i) For the manufacturer’s profit,

[TRN _ [TMN _— a®*A?H (Do —cp)*(2B—X—A)(X—A) >0 ifB>
" " [H (20, —7B2) —a2yA(X—A)2] [H (20, —B2) —2a2yA(X—A) (B—A) ’

X+A
5

[IMN _ 1IN _ 0y A2H(Do—ca)? [ (B—AP+(X—B)?] “o
" [H(20%,—152) —a2yA(X—A)2] [H (201~ 2) —2027A(X—A) (B—A)|

(ii) For the retailer’s profit,
[IRN _ [JMN _ o2 A2 H(Dy—cmat)? [ (B—A)2n Y1 —AHY, Ya
' [H (22, —1p2) —a2yA(X—A)?] ’ [H (20, -1p2) 2024 A (X—A) (B—A) ]

ifB>A+\/%

s >0,

where Y1 = [B?H? (2AY1 — 118?) — a’yA(28°H + a®A(X — A)?)],

Y, = [2H(X — B)?(2AY1 — nB?) — a?yA(X — A)4].

[IMN _ [[IN _ o2y A3 H2 (Do — cma) [(B-A)? +(X—B2) 2] [2H(2A\Pl—qﬁ2)—aqu((X—A)2+2;1f3)}
[H (228, -7B2) —a2yA(X—A)2] " [H (24, —1p2) 2024 A (X~ A) (B—A)]

0. |

A higher selling price, and lower greening level and marketing effort diminish
the market demand in Model-TN. The collection rate of used products is also lower
in Model-TN. Lower market demand and collection rate remit the profit of the
manufacturer, which is shown in Proposition 4.2.4. In Model-RN, a higher transfer
price can encourage the retailer to collect more used products. The more the used
products, the less the production cost will be. So, in that situation the manufacturer’s
profit is higher in Model-RN; otherwise, it will be higher in Model-MN.

In Model-TN, the retailer can earn only from selling a new product, but she has
to pay a higher wholesale price, which makes her profit less. As we have mentioned

before, the transfer price plays a provoking role in rising market demand. A higher
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amount of transfer price in Model-RN can promote market demand as well as the
earning of the retailer from collecting used products, thereby increasing her profit.
From the above discussion, we learn that if the manufacturer agrees to pay
a higher transfer price then Model-RN is beneficial to all the channel members
including customers. Otherwise, Model-MN will give the best possible outcome.
In the following, we’ll investigate how the fairness behavior of the retailer affects the

optimal decisions and profitability of the channel members.

Proposition 4.2.5. A comparison between the optimal results of fairness model and without
fairness model gives the following relationships.
(i) wiN > wiF; piN > piF; giN > giF; ¢iN > ¢iF; 7iN > iF,
F. F. 17 iF
(ii) TTN > 1T, TN < 10F; 11N > 11E, i = M, R, T.

Proof. On simplification,

MN o MF _ 2A2HY¥:(Do—cma) [HY 1 —a2 (X~ A)?] o,
[H (20, -1p2) —a2yA(X—A)2] [H(2A4(142)¥1—1B?) —a2yA(X—A)2]

MN _  MF _ nAHZ(Dy—cmu) [Hﬁz(&m—y )— 2)\ (2an— fy J(X-A 2] S0
P P [H (221 -1B2) —a2yA(X—A)2] [H (2A(1+8)¥1—1B2) —a2nA(X—A)?] '
QMN _ gMF _ 2ByAHE(Dy—cma) ¥y 0.

[H (221 —1B2) —a2nA(X—A)2] [H (2A(14+8)¥1—1B2) —a2nA(X—A)?]
MN _ MF _ IAHE(Do—cma) (B2H+2A(X—~A)?) >0
[H (201 -1p2) —a2yA(X—~A)2] [H(2A(142)¥1-1p2) —a2yA(X—A)2] '
MN _ [MF _ 20 A?HE(X—A)(Do—cme) ¥q <> 0.
[H (221 -17B2) —a2yA(X—A)2] [H(2A(148)¥1—1B2) —a2yA(X—A)2]

MN _ {JMF _ 2pA*H2E (Do —cmit)* ¥
I I [H (20, —1p2) —a2yA(X—A)2] [H(2A(148)¥1—1B2) —a2yA(X—A)2] > 0.
[[MF _ [[MN _ NAZH2E(Do—cm)2¥1 [ Z26(4+38) —4NHEY 1 Z— 4N H2E2Y |

[ (20%,—12) —a2nA (X—A)2] " [H (22 (1+6)%;—2) —e2nr(X—A)2]

where Z = H(2AY; — 118%) — a’nA(X — A)2.

Let F(Z) = Z%Z(4 + 3¢) — 4AHZY1Z — 4A\?H?¢%Y,. The discriminant of F(Z) is
16A2H2Z2Y2[1 4 ¢(4 + 3¢)] > 0. Hence, the roots of F(Z) are real and are given by

Z,_ = 2% [1i4 +31§+ Ct3e)] Now, Z > Z. _. Therefore, ITMF > TTMN is proved.

Proofs for the retailer-led collection and third-party-led collection being similar, for

brevity, we omitted those proofs. u

Proposition 4.2.5 reveals that the fairness behavior of the retailer harms green
innovation, marketing effort, and product recycling. As the retailer takes care of the
utility in addition to thinking about her profit, in this case, the manufacturer does not

take any risk to improve the greening level of the product. Due to the lower greening
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level, he also charges a lower wholesale price. Lower wholesale price and greening
level force the retailer to sell the product with lower selling price and marketing
effort. The collector also shows less interest in collecting used products. Although
the selling price decreases, due to lower greening level and marketing effort, the
market demand becomes worse, which lessens the profit of the manufacturer and the
entire supply chain. Since the retailer thinks about her utility, the fairness behavior
can only elevate the profit of the retailer.

Proposition 4.2.6. If the condition B > (‘/E(—};) holds, then

(i) pTt > pRE; 9RE > 9TF; oRE > oTF otherwise the pattern will be reversed.

(ii) TIRF > TTIF; otherwise, the pattern will be reversed.

Proof. On simplification, the numerator of pRf — pTF becomes 2ayAH (1 + &)(Dg —
cma) [E(X — B)2 — (B — A)?][A(2an — 9?)(1 + &) — nB?] which is greater than 0 if

A . A
B < (\/Ff\;% ). Hence, pRF > pTF if B < (\/Ff\;% ).

The other results of Proposition 4.2.6 can be proved similarly. u

Propositions 4.2.3 and 4.2.4 suggest that the transfer price (B) does not affect
optimal decisions and profitability of channel members in Model-TN under a fair-
neutral retailer. However, Proposition 4.2.6 shows that under fair-minded retailer,
the transfer price influences optimal decisions and profitability of channel members.
If the retailer is concerned about the fairness of the business, the manufacturer
prefers to transfer the collection activity to the third-party, since in this case, he has
to pay less transfer price. A less transfer price helps him to exert more effort in green

innovation, which can promote his profitability through improving market demand.

4.2.3.1 Restitution-based wholesale price contract
(Model-CO)

The above comparative analysis shows that if the transfer price exceeds a threshold
value, then the collection rate of used products by the retailer is more profitable
for all channel members, including customers. Again, the fairness behavior of the
retailer improves the profit of the retailer but it lessens the profit of the manufacturer.
So, we consider a restitution-based wholesale price contract under used products
collection through the retailer. In this contract, the manufacturer and the retailer

are willing to engage in integrated planning and adopt the central decision-making
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framework. The manufacturer sets a new wholesale price w“® depending on
whether his profit is lower or higher than that of Model-RN. If his profit in the
coordinated structure is lower than that of Model-RN, then he will charge higher
wholesale price from the retailer to restitute his profit loss, while in the opposite
situation, he will reduce the wholesale price to restitute the profit loss of the retailer.
So, the demand and return function of Model-RN under coordinated structure will
convert from DRN to D€ and from DRN to DS, respectively. Therefore, profits of the

manufacturer and the retailer under this contract become
115° = (w®° —¢,,))DC + (X — B)DS — A(6%)? (4.2.9)
119 = (p© — w°)DC — 5(e%)? + (B — A)DS — H(7¢)? (4.2.10)
The manufacturer will participate in the contract if his profit becomes greater than
or equal to that of Model-RN, and the retailer will participate in the contract if her

profit becomes greater than or equal to that of Model-RFE. From the manufacturer’s

condition, we get

co o Y +emD" + A(69)% — (X — B)Dy

H%O > HEN = w DC (= Winin)

From the retailer’s condition, we get

co _ PEDC + (B~ A)DE — (e )2 — H(x)? — IR
Under these conditions, the profit of the entire supply chain becomes 10 = T15° +

1150 > 11 = o

(: wmax)

I[1E0 = I15. Thus we have the following proposition.

Proposition 4.2.7. If the manufacturer sets the wholesale price w*® € [wWyin, Winax|, then

the proposed restitution-based wholesale price contract can coordinate the supply chain.

If the proposed contract coordinates the supply chain then there will be some
surplus profit A = TI§, — TIRN — TIRF which can be divided between the channel
members according to their bargaining powers. Without any loss of generality, we
assume that the manufacturer and the retailer have the same bargaining power (i.e.
symmetric bargaining power). So, their profits under the contract are given by

1 1
11$° = 118N + 54 and 110 = 11k + SO

Also, under symmetric bargaining, the optimal wholesale price is

€0 _ (PC+cm)DC+ (2B — X — A)DF —5(e€)* — H(1)? + A(6°)? + TI;N — 17
2DC
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4.2.4 Numerical analysis

This section deals with numerical analysis of the optimal results for the developed
models and presents some meaningful managerial insights. We take the following
hypothetical parameter values in accordance with the assumptions of our study:
Dy = 100;a& = 0.11;8 = 0.85;7 = 0.3;c;y = 150;¢c, = 55;A = 40;B = 70;A =
100; 7 = 90; H = 1500; wg = 100; p = 0.8;¢ = 0.12 in appropriate units.

Table 4.2.3: Optimal results of the proposed models.

Optimal Without fairness With fairness
results | Model-MN Model-RN Model-TN | Model-MF Model-RF  Model-TF | Model-C  Model-CO
w 525.499 529.530 529.530 484.279 488.405 488.222 - 372.201
p 720.948 719.742 722.926 720.817 719.514 722.601 522.136 522.136
0 0.83066 0.83599 0.82193 0.73948 0.74459 0.73247 1.70843 1.70843
e 0.32575 0.32784 0.32233 0.32479 0.32704 0.32171 0.66997 0.66997
T 0.32249 0.21637 0.21274 0.28709 0.20289 0.21233 0.66327 0.66327
11, 8160.02 8212.36 8074.27 7264.27 7314.53 7195.46 - 9973.38
I1, 4192.51 4176.24 4104.85 5060.96 5048.37 4967.26 - 6809.43
I - - 67.8844 - - 67.6264 - -
1Ty, 12352.5 12388.6 12247.0 12325.2 12362.9 12230.3 16782.8 16782.8

Table 4.2.3 displays that the numerical example verifies all the theoretical results.
The collection rate of used products is higher in Model-MN, which contradicts the
result of Ma et al. (2017) who showed that the collection rate of used products is
higher in Model-RN. The manufacturer prefers the collection through the retailer
while the retailer prefers the collection through the manufacturer. The entire channel
profit is higher in Model-RN and lower in Model-TN, which negates the outcome
of Chen et al. (2018) who suggested that the total profit will be higher in Model-
MN. While comparing these results with those of the models with the retailer’s
fairness concern, one can notice that the fairness behavior only improves the profit
of the retailer. But it decreases the values of other decision variables, profits of the
manufacturer and the entire supply chain. It is also observed that the trends of
optimal results follow a similar pattern that of without the retailer’s fairness concern.
Thus, from the comparison of decentralized models, we conclude that the collection
through the third-party provides the worst performance while the collection through
the manufacturer is preferable to the retailer and the collection through the retailer
is beneficial to the manufacturer and the entire supply chain.

Although the retailer’s fairness concern promotes the retailer’s profit or Model-
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RN gives higher profit to the manufacturer, all these decentralized models fail to

compete with Model-C. It is noted

14000

T T
MeO — — _pRN RF
m

[—n
m r

that the selling price in Model-C is

12000

lower than those of the decentralized
10000
models, but the greening level, the
8000/ “““““““““““ 1

Profit

marketing effort, and the collection
6000 -

rate of used product are more than

.l two times. The entire channel profit is
35.5% higher than that of Model-RN,

; - ‘ ‘ L
320 340 w0 L 400 420 which illustrates the significance of

w

2000

Fig. 4.2.3: Win-win situation for both members. ~ channel coordination. The proposed
restitution-based wholesale price contract can perfectly coordinate the supply chain

and both the channel members can achieve a win-win situation (see Fig. 4.2.3).

Table 4.2.4: Optimal results of the proposed models when p = 0.

Optimal Without fairness With fairness
results | Model-MN Model-RN Model-TN | Model-MF Model-RF  Model-TF | Model-C  Model-CO
w 532.607 537.992 537.853 491.302 497.210 496.564 - 385.372
14 724.435 723.963 727.008 723.929 723.400 726.202 536.602 536.602
0 0.81527 0.81735 0.80391 0.72725 0.72933 0.71833 1.64456 1.64456
e 0.31971 0.32053 0.31525 0.31942 0.32033 0.31550 0.64493 0.64493
T 0.03517 0.21155 0.20807 0.03137 0.23256 0.20823 0.07094 0.07094
I, 8008.80 8029.26 7897.21 7144.19 7164.59 7056.50 - 9672.70
I1, 4038.56 3992.09 3926.80 4895.02 4839.26 4772.80 - 6482.72
I1; - - 64.9398 - - 65.0397 - -
IT, 12047.4 12021.4 11889.0 12039.2 12003.9 11894.3 16155.4 16155.4

Table 4.2.4 represents optimal results of proposed models when p = 0i.e. none of
the remanufactured products are like-new and are sold in the secondary market. In
this situation, the wholesale price and the selling price increase for maintaining the
profitability while the other decision variables and profits of the channel members
and the entire supply chain decrease compared to the results shown in Table 4.2.3.
The collection rates of used products under the manufacturer-led collection and
Model-C are highly affected and those are decreased by almost 89%.

Table 4.2.5 illustrates the optimal results of different models when p = 1 i.e,
all the remanufactured products are like-new product and are sold in the primary
market. This situation has a positive effect on all the optimal results i.e. the wholesale

price and the selling price decrease while other decision variables and profits of the
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Table 4.2.5: Optimal results of the proposed models when p = 1.

Optimal Without fairness With fairness
results | Model-MN Model-RN  Model-TN | Model-MF Model-RF  Model-TF | Model-C  Model-CO

w 521.843 527.354 527.391 480.679 486.583 486.085 - 360.962
p 719.155 718.656 721.876 719.221 718.735 721.678 514.474 514.474
0 0.83858 0.84078 0.82656 0.74574 0.74766 0.73610 1.74226 1.74226
e 0.32885 0.32972 0.32414 0.32754 0.32838 0.32331 0.68324 0.68324
T 0.39791 0.21761 0.21393 0.35386 0.19506 0.21338 0.82672 0.82672

11, 8237.79 8259.44 8119.78 7325.84 7344.61 7231.05 - 10141.5
I1, 4272.81 422426 4151.26 5147.11 5091.53 5017.71 - 6973.61
I, - - 68.6518 - - 68.2972 - -

Iy, 12510.6 12483.7 12339.7 12473.0 12436.1 12317.1 17115.1 17115.1

channel members and the entire supply chain enhance. Similar to the previous case,
in this situation also, the collection rates of used products under the manufacturer-

led collection and Model-C are highly affected compared to the other models.

Table 4.2.6: Optimal results of the proposed models when wg = 0.

Optimal Without fairness With fairness
results | Model-MN Model-RN Model-TN | Model-MF Model-RF  Model-TF | Model-C  Model-CO

w 530.503 533.809 533.738 489.220 492.515 492.433 - 384.801
p 723.403 721.876 724.989 723.006 721.308 724.419 532.377 532.377
0 0.81982 0.82656 0.81282 0.73088 0.73755 0.72533 1.66322 1.66322
e 0.32150 0.32414 0.31875 0.32101 0.32394 0.31858 0.65224 0.65224
T 0.17682 0.21393 0.21038 0.15764 0.21808 0.21026 0.35873 0.35873

11, 8053.58 8119.78 7984.76 7179.79 7245.31 7125.30 - 9753.86
I1, 4083.84 4082.61 4014.35 4943.93 4950.75 4868.60 - 6584.80
I, - - 66.3876 - - 66.3141 - -

1T, 12137.4 12202.4 12065.5 12123.7 12196.1 12060.2 16338.7 16338.7

Table 4.2.6 demonstrates the situation when the low standard remanufactured
products have no value in the secondary market. So, those products are abandoned.
The optimal results of different models follow the same pattern of the case p = 0 but
are less affected than those of the case p = 0.

Analytical comparison reveals that the transfer price B has very important impact
in optimal decision-making. So, in the following, we’ll visualize the effect of B on

optimal decisions and profit of the channel members.

4.2.4.1 Effect of the transfer price B

Fig. 4.2.4 exposes the following insights:

(i) An increase in B decreases the selling price under the retailer-led collection. The
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rate of decrement is higher under the fairness behavior of the retailer. In case of
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Fig. 4.2.4: Sensitivity of optimal results w.r.t. B.
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collection through third-party, the selling price decreases up to a certain value of B.
After that, it tends to increase. It is noticed from Fig. 4.2.4(a) that, for lower values
of B, the fair-minded retailer charges a higher selling price under its own collection
process than that of the third-party, which validates the result of Proposition 4.2.6.
(ii) In case of retailer-led collection, the retailer can earn from both selling the new
product and collecting used products. So, when B increases, she promotes her effort
in marketing the product. But in the case of collection through the third-party, the
retailer earns only from selling the new product. So, she diminishes her effort for a
higher value of B. It is also noted from Fig. 4.2.4(b) that, for lower B, the fair-minded
retailer puts less effort in Model-RF than Model-TFE. Similar to the marketing effort,
the greening level of the product also increases with B (see Fig. 4.2.4(c)).

(iii) The more the transfer price, the more the collection rate of used products will be.
Similar to other decision variables, for lower B, the collection rate of used products
is higher in Model-TF than that of Model-RF under fair-minded retailer. The fairness
concerned retailer exerts more effort in collecting used products only when B is
greater than some threshold value; otherwise, she shows no interest in collecting
used products (see Fig. 4.2.4(d)).

(iv) On one hand, a lower selling price, and higher greening level and marketing
effort increase market demand. On the other hand, a higher collection rate collects
more used products. The more the used products, the less the production cost will
be. As a result, the profit of the manufacturer is increased by B. For a lower value
of B, the profit of the manufacturer follows the sequence ITMF > TTIF > TIRF. After
some threshold value of B, the sequence changes to ITMF > TTIRF > TTIF. Finally, for
higher value of B, the sequence becomes TIRF > TIMF > T1TF (see Fig. 4.2.4(e)).

(v) Fig. 4.2.4(f) illustrates that fairness behavior and B can improve the profit of
the retailer. For a lower value of B, the third-party puts more effort into collecting
used products than the retailer. The fair-minded retailer also prefers the collection
through the third-party for lower B. When B exceeds a threshold value, the profit of
the retailer in Model-RF becomes higher than that in Model-MF.

4.2.4.2 Effect of the fairness concern parameter

Fig. 4.2.5 discloses the following insights:
(i) ¢ is the parameter that measures how much the retailer is concerned about the

fairness of the business i.e. the fairness of the profit distribution. For a higher value
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Fig. 4.2.5: Sensitivity of optimal results w.r.t. ¢.

of ¢, the retailer is more concerned about the fairness of the profit distribution. Fig.
4.2.5(a) depicts the decreasing trend of the selling price with ¢. The reason is that the
retailer wants to increase the market demand by decreasing the selling price.

(ii) Fig. 4.2.5(b) displays that the profit of the manufacturer decreases with ¢. This is
because, under the retailer’s strong fairness behavior, the manufacturer takes no risk
in improving the greening level. At the same time, he decreases the wholesale price.
A lower wholesale price generates a lower profit for the manufacturer.

(iii) Although the retailer decreases the selling price, the rate of decrement is lower
than that of the wholesale price. A lower wholesale price assists the retailer to
improve her profit (see Fig. 4.2.5(c)). Although the profit of the retailer increases, the
rate of increment is lower than the rate of decrement of the manufacturer’s profit.

As a result, the profit of the entire supply chain decreases (see Fig. 4.2.5(d)).

115



4.3

Conclusions

Some valuable managerial insights obtained from the comparison and discussion
of optimal results of Section 4.1 are given below: First, for a manufacturing or a
retailing firm, two major issues are risks and costs. Every member of the supply
chain always wants to maximize his own profit without taking any risk and not
investing much. So, they adopt a wait-and-see approach which leads them to work
cooperatively. Second, discount factor in the second period has a significant impact
on the optimal results and the profit of the supply chain. A higher estimation
of discount factor decreases the selling price and increases the greening level,
marketing effort, collection rate of used products in the first period and overall
profit of the supply chain. It has no effect on second period’s decisions. Third,
the performance of the supply chain can be improved by implementing either
the greening effort or the marketing effort or both. Fourth, the manufacturer’s
collection option of used products has no impact on the optimal results of the
second period but it has significant effect on the optimal results of the first period.
Fifth, dual-collection option of the manufacturer helps the manufacturer to sell the
higher green product with a lower price. So, it helps to increase consumer surplus.
Sixth, in the current technological age, customers can get sufficient information
easily about any product through internet before purchasing. If the manufacturer
and the retailer exert effort in green innovation and marketing, respectively then
the environment-friendly customers can spend higher money while purchasing
green product without worrying about the brand. So, branded company should
apply innovative green practices while producing product and relatively non-
branded company should apply effort in marketing their product besides greening
their product. Lastly, business managers should increase the awareness about
coordination to improve their profits. As the manufacturer produces green product
and bears all the extra costs to produce green product, in order to encourage the
manufacturer in green manufacturing, the retailer should bear some cost. Although

cost sharing contract increases the wholesale prices and the selling prices, due to

116



higher marketing effort and greening level, market demand increases. The more
the market demand, the more the return quantity will be. So, profits of the supply
chain members and the whole supply chain become higher than those in other
decentralized models.

From the comparison and discussion of optimal results of Section 4.2, various
managerial insights are derived. Firstly, in the case of a fair-neutral retailer, the
used products collection through the third-party results in lower greening level,
marketing effort, the collection rate of used products and profits of the channel
members. So, under a fair-neutral retailer, used products collection through the
third-party seems to be disadvantageous for all the channel members. Secondly, the
unit transfer price plays a provoking role in determining whether the manufacturer
or the retailer performs the used products collection activity. If the manufacturer
denies to pay much transfer price then collection through the manufacturer is
profitable; otherwise, the collection through the retailer is preferable under a fair-
neutral retailer. Thirdly, the retailer’s fairness behavior only improves its profit
while decreases the optimal values of the decision variables, and profits of the
manufacturer and the entire supply chain. Fourthly, when all the remanufactured
products become like-new products, it is profitable for all the channel members
including consumers. It is also beneficial to the environment, since it encourages
the collector to collect more used products. Fifthly, when transferring the collection
activity becomes a preferred strategy and the manufacturer refuses to spend too
much transfer price, the collection through the third-party will be favorable for
the manufacturer under the retailer’s fairness concern. Even the fair-minded
retailer also prefers the third-party-led collection when the manufacturer refuses
to pay much transfer price. Finally, the proposed contract helps in creating an
operating environment built on trust, commitment and mutual benefits (social).
Furthermore, it can improve the collection rate of used products which help in rising
environmental sustainability. Moreover, it enhances profits of channel members and
the entire supply chain. Hence, it is beneficial from an economic perspective. In this
manner, the proposed restitution-based wholesale price contract elevates all three

dimensions of sustainability.
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Strategies for a dual-channel green
closed-loop supply chain

5.0 Introduction

In this chapter, we consider a two-echelon dual-channel CLSC model with a single
manufacturer and a single retailer. The manufacturer produces new products from
the fresh raw materials and at the same time, s/he also remanufactures the returned
products. We propose two models. In the first model, there is no return while in the
second model, there is dual return. Both the models are developed under various
market powers viz. the centralized policy, the manufacturer-led decentralized policy,
the retailer-led decentralized policy, and the Nash game. With the help of game-

theoretic approaches, we will try to answer the following questions:
e Which one of the two models gives the best optimal decisions of the CLSC?

e How does dual-channel affect the supply chain members and whole supply

chain?

e How do the degree of customer loyalty to the retail channel, green investment
cost and retailer loyalty to the returned items influence the pricing and the

greening policies and profit allocation in the dual-channel green supply chain?

This chapter is based on the work published in Flexible Services and Manufacturing Journal, 2020,
32(3), 724-761.
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5.1 Notations and assumptions

The following notations are used for developing the proposed model:

w

IT
(¥
(1
j

unit wholesale price of the manufacturer in the retail channel.

unit selling price of the manufacturer in the direct channel.

unit selling price of the retailer in the retail channel.

level of green innovation.

demand in the direct channel.

demand in the retail channel.

total demand quantity.

collection quantity.

unit manufacturing cost of the end product from the raw materials.
unit manufacturing cost of the end product from the used product.
basic market demand.

basic return quantity.

degree of manufacturer’s loyalty to the return quantity, 0 < 7 < 1.
green innovation investment efficiency coefficient.

price paid by the manufacturer to the customer to collect the used product
through direct channel.

price paid by the retailer to the customer to collect the used product
through retail channel.

price paid by the manufacturer to the retailer to collect the used product
through retail channel.

profit of the manufacturer.

profit of the retailer.

profit of the whole system.

optimal results in Model L.

optimal results in Model II.

=CMRD

C = Centralized policy; M = Manufacturer-led decentralized policy; R = Retailer-led decentralized

policy; D = Decentralized policy (Nash game).

The following assumptions are made to establish the proposed model:

(1) Market demands for the traditional retail channel and the direct channel are
deterministic and linearly dependent on the greening level and the selling price
of the green product. Demand functions in the direct and the retail channels are

assumed as Dy = (1 — p)a — agpo + Bop + o8 and Dy = pa — a1p + B1po + 7116,

respectively (Li et al,, 2016). So, the total demand is D = Dy + D;

a— (xo— B1)po — (a1 — Bo)p + (v0 + 71)0. The parameters a; and B; (i = 0,1)

represent the self-price sensitivity and the cross-price sensitivity parameters,
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5.1. Notations and assumptions

respectively. We assume «; > B; (i = 0,1), which indicates that the self-price
effect is greater than the cross-price effect (Hanssens et al., 2003; Kurata et al.,
2007); vo and 71 are the sensitivity of greening level in the direct channel and
the retail channel, respectively; p (0 < p < 1) is the market share (customer
loyalty) to the retail channel and (1 — p) is the market share to the direct
channel. In order to make the model tractable, we assume that the cross-price

effects are symmetric (Huang and Swaminathan, 2009) i.e. Bo = B1 = B.

(2) The collection quantity depends on the greening level 8. As the greening level
decreases, the collection quantity increases. We take, Dr = dy — d10, where d
is independent of greening level, d; is the green level sensitivity parameter for
the collection quantity, and 6 < dy/d; such that the collection quantity is non-
negative (Li et al., 2013; Giri et al., 2019). The manufacturer collects T portion
of this quantity directly through the direct channel and the retailer collects the

remaining portion (1 — 7) through the retail channel.

(3) Both the retail channel and the direct channel have their own customers. We
assume 71 > ‘o, which indicates that the effect of green product in the retail
channel is greater than that in the direct channel. This is because, customers
can check products thoroughly while purchasing through the retail channel (Li
et al., 2016).

(4) The quality of the remanufactured product is “like-new” (Savaskan et al., 2004;
Giri and Sharma, 2014). Customers are attracted by the remanufactured
products as well as new ones. Here we assume c;,, > ¢, which implies
that remanufacturing a used product is more profitable than manufacturing
a new product. In the real business scenario, there are many evidences that
new products can be replaced by remanufactured products completely e.g.
used cameras, used printer cartridges, etc. For these products, it is difficult
for consumers to distinguish between new and remanufactured products.

Consequently, the same price can be set.

(5) In order to ensure that all players of the supply chain are profitable in the
business, we assume that ¢, — ¢, > Ay > A1 >0, ¢y — ¢, > Ag > 0 and
p > w > 0. Also, in order to ensure that the retailer cannot buy the green

product from the direct channel, we assume py > w. For ease of presentation
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Chapter 5. Strategies for a dual-channel green closed-loop supply chain

of the chapter, we consider Cp = ¢y — ¢ — A9 > 0,Cy = ¢ — ¢ — A1 > 0, and

5.2 Model formulation and analysis

We consider a dual-channel two-echelon closed-loop green supply chain consisting
of a manufacturer (re-manufacturer) and a retailer, where the manufacturer produces
and sells based on their choices. The finished products are sold to the customers
through the forward dual-channel while used products are collected from the
customers through the reverse dual-channel (see Fig. 5.1). We assume that the
manufacturer produces the green product with the greening level 0 at a price of
cn and sells it to the retailer at the wholesale price w. Then the retailer sells

the products to potential customers through the traditional retail channel at a

Forward channel

Reverse channel

Manufacturer Manufacturer
. . Unit manufacturing cost (cm), Quantity (D=Dy+D;)
Unit manufacturing cost (cm),

. —
Quantity (D=Do+D1) Unit re-manufacturing cost (c¢-), Quantity (Dr)

S & S
= S <
=~
S S
= =
Retailer :;’ Retailer
&
S = 0B
~ o =
15
Potential customers Potential customers
Model I (Open-loop) Model II (Closed-loop)

Fig. 5.1: Dual-channel supply chain.

selling price of p. The manufacturer may also consider the direct channel to sell
the product to customers at the price pp (In India, Homeshopl8 (https://www.
homeshop18.in), Naaptol (https://www.naaptol.com), etc. display different items
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5.2. Model formulation and analysis

of different companies through their own TV channel and attract customers). In
the reverse channel, the retailer collects used products at the price A; and sells
it to the manufacturer for remanufacturing at the price A;. The manufacturer
also collects used products directly at the price Ag. Now-a-days many companies
collect used products by advertising. For example, OLX (https://www.olx.in) and
Quikr (https://www.quikr.com) collect used cars, bikes and scooters, electronic
instruments, home and kitchen instruments, furniture through the internet. The
manufacturer has to invest some extra money to achieve the green innovation,
which is assumed as an increasing and convex cost component A6? to characterize
the diminishing investment with respect to 6 (Ghosh and Shah, 2015). The profit

function for the manufacturer is given by

Hm(w, Po, 9) = poDo + ZUDl — Cm(D — DR) — (Cr + A())(l — T)DR
—(cy 4+ Ap)TDR — AG? (5.1)

Here the first two terms indicate the revenues of products sold through the direct
channel and the traditional retail channel, respectively. The third term denotes
production cost of the product produced from the raw materials. The fourth and fifth
terms represent recycling (remanufacturing) cost of the returned products through
the direct channel and the retail channel, respectively. The last term denotes the extra
cost for producing green product.

The profit function of the retailer is given by
I(p) = (p—w)D1+ (A2 — A1)TDR (52)
So, the total profit of the whole supply chain is given by

I1(p, po,0) = poDo+ pD1—cm(D — Dg) — (¢ + Ag)(1 — T)Dg
—(cy + Ay)TDgR — AG? (5.3)

Before we discuss the main model i.e. the closed-loop green supply chain model, we

first discuss the open-loop supply chain model in the following subsection.

5.2.1 ModelI: No return policy

Here only the forward dual-channel exists i.e. the manufacturer and the retailer
do not entertain any return policy. The manufacturer produces the green product

and sells it to the potential customers through the retail channel as well as the
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direct channel. The profit functions of the manufacturer and the retailer are given

respectively by

IL,(w, po,6) = poDg+ wDy —cyyD — AB? (5.4)
IL(p) = (p—w)Dy (5.5)

With these profit functions, we discuss four different policies which are described as

follows.

5.2.1.1 Centralized policy

In the centralized scenario, the manufacturer and the retailer are considered as an
integrated business unit. They cooperatively decide the retail prices of the product
in the dual-channel as well as the greening level to maximize the profit of the whole
system. Since there is a single decision-maker, the internal credit transfer parameter
(wholesale price w) does not play any role. Small companies usually benefit from
centralized structure because in that case, owners often stand at the leading position
of the business operations. Among the large companies, Apple computer utilizes
centralized policy, where most of the decisions are highly decorated at the top, which
the lower level of employees execute very tightly.

The profit function (IT/C) of the centralized dual-channel green supply chain is given

by
HIC(pIC, P(I)C,QIC) — p(I)CDéC + pICD{C i CmDIC . /\(QIC)z (5.6)

7_% a173+2Bv011 o3
4o’ 4(060041—[32)

Proposition 5.1. If A > max{ } then unique optimal decisions in

the centralized policy are given by

PE = g [allmd = )1 p) + plaom +48A)
+em[¥1 — (a17vg + (a1 + B)vor + ﬁ"r%)]]/

¢ = - [allerro+ Br)(1 ) + plaoms + B10)
—cm[(ory — B%) (0 + ')’1)]} ,

P = o [alCom +483) (1= p) + pdaot — 13)

+em[¥1— (Brg + (20 + B)vor1 + 0607%)]] ,
where ¥, = 4A(agaq — B?) — (oclfy(z) +2B7071 + Déo’y%)
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Proof. From Eq. (5.6), we have
ALE — 2oy + 2pB + cm(wo — B) + 700 + a(1 — p); % = —2uy;

Ipo
Ic 217IC
% = poYo + Py1 — cm(v0 +71) — 20A; aa% — 2
Ic 217IC
AVE — —2pay + 2p0p + en(as — B) + 110 + ap; TILE = 20y

Q2ITIC _ L QHIIC _ 5p. 221C
3098 = Y05 Gpeap = 2B; Ggap = 11-

The Hessian matrix associated with the profit function I1/¢ is given by
211IC  3211I€  3217iC

opa  9podd  Ipodp —200 Yo 26
ZEIE & F N O R

gplgpo 8871}89 Balsz 213 T 20
Now, |HIC| = —2ag < 0, |HIC| = dagh — 73 > 0,if A > 75

Again, |H'®| = 2175 + 2Byom + 0607%2— 4 (woaey — B2)].
: #1795 +287071 +407]
< 0,if A > Hagm—f) 2 2 2
IC ; ; ite i - 70 179287071+ %07
Therefore, H'™ is negative definite if and only if A > max {AFOO' Y (a0t~ 1 } .
If the Hessian matrix is negative definite then there exists a unique optimal solution

. . . IC IC IC .
which can be obtained by solving % =0, alg—g =0, and aan_p = (0 simultaneously,

as given in Proposition 5.1. |

From the existence and uniqueness condition for optimal decisions given in
Proposition 5.1, it is clear that the manufacturer should invest a minimum amount
always for product greening.

As there is only a single decision-maker in the centralized scenario, the market
share has valuable impact on the price of the product in direct channel and retail
channel. It can be shown by simple calculation that when

( a[dr(ar = B) — 11 (70 +71)] — em[(@1 — B)75 + (a1 — a0)v0m1 — (0 — B)7i] )
. —2d1[(v1 — B)v0 — (0 — B) 1] [Co + T(Ao — A1)

aldA (w0 + a1 —2B) — (0 + 71)%]
the selling price in the retail channel is higher than that in the direct channel. This is

7

because, for smaller value of p, the market demand in the direct channel increases.
As a result, the manufacturer can easily increase the selling price of the product
in the direct channel without any hesitation. So, it depends on the market share

whether the retail selling price will be greater than the direct selling price or not.
5.2.1.2 Manufacturer-led decentralized policy

Here we consider a Stackelberg game where the manufacturer is the Stackelberg

leader and the retailer is the follower. GM, Toyota, Canon, Xerox, LG, Videocon,
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Sony, Samsung, and HP are some companies where the manufacturers have more
power than the retailers. In India, Surya group produces energy saving LED lights
and they are the leader in their market.

In this policy, the retailer first gives the best response to the manufacturer and
then the manufacturer decides the optimal decisions to maximize his/her profit. Our
objective is to

IM(IM _ IM gIMy _ IMyIM | IMIM _ IM _ 5 (pIM)2
e T P00 = [PBD 4D - 0nD 206
such that (p'™) = arg max 1M (p!™M)
p
= max (p™ — !M)pIM,

p

.re 20393 +4a1 Byom + (B +aomr)7d
Proposition 5.2. If A > 8ar (o1 —F2)

decentralized policy provides unique optimal decisions of the manufacturer as

, then the manufacturer-led

wM = 21% :cm [¥2 — (201875 + (2wor + a1 B+ B2)vor1 + ao(er + B)71)]
+al (7120170 + p71) + 81 BA) (1= p) — p(70(2170 + B71) — 8"“0“1)]} g
M = 21% :cm [¥2 — (20375 + a1(3B + a1)v0v1 + Blas + B)73)]

+any [(8arA — 1) (1= p) + p(yom + 859\)]} ,

oM — - [al2ar(arr0 + Bn)(1 ) + p(2mByo -+ (B + oaa) )]

—enl (2070 + (a1 + B)71) (wom — B7)]]

and the corresponding optimal decision of the retailer as
1
P = g [enlad(d4a0d —aB) — 2B(Brom +aund +2672)
—1 (3475 + 320 + B)vom + 20077 — 4B(a0 — B)A)] + al (71 (Baav0 +2B71)
+801BA) (1 — p) = p(70(3a170 +2871) — 4 (3oas — B7))]].
where ¥y = 8ajA(wony — %) — (2a39% + dar Byoy1 + (B + aorr)7?).

Proof. The retailer’s reaction

211IM
From Eq. (5.5), we have the second order sufficient condition aa%
which ensures that unique optimal solution exists. From the first order optimality

IM
agl;) = 0, we get the optimal reaction as p!M = £2& /SPOZJZlG*”‘lw.

= 201 <0,

condition
The manufacturer’s reaction
After getting the reaction of the retailer, the manufacturer maximizes his profit

and determines the optimal decisions. The Hessian matrix associated with the profit
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function ITIM is given by

- B %
2
HM=1 g 200+ & B4
TRt -2

Now, |HM| = 2(xgay — p%) > 0,as a; > B (i =0,1).
: M| _ (20373 +4a Brori+(BA+aom)13) 8y A(woy —B)
Agaln, |H | 170 1 0'r1 2060 1 1 1 ot1
<0,if A > (20‘1704-4“1[370714-([324'“0“1)71)
8ay (xon; —p?) ’

Therefore, HM is negative definite if and only if A >

(20293+4a1 Bror1+ (B2 +0<0061)’h)
8061(0(00(1 ﬁz)
Under this condition, the unique optimal solution can be obtained from the first

order optimality conditions as given in Proposition 5.2. n

5.2.1.3 Retailer-led decentralized policy

In the retailer-led decentralized policy, the retailer is the Stackelberg leader and the
manufacturer is the follower. Giant retailer like Wal-Mart can influence the sales by
lowering selling price. European retailers such as Carrefour and Casino have created
their personal brands to compete with the renowned manufacturing brand.

In the retailer-led policy, the manufacturer gives the best response first and then
the retailer determines the optimal decisions. The manufacturer’s profit function
is increasing in w. Since p > w, therefore, w cannot be equal to p. To tackle this
problem, we apply the similar approach as proposed by Xie and Neyret (2009);
SeyedEsfahani et al. (2011), and Giri and Sharma (2014), which considered that
the manufacturer’s unit profit margin is equal to the retailer’s unit profit margin.
In this policy as well as Nash game, the manufacturer has to give a reaction of
wholesale price optimizing his profit function which linearly increases with the
wholesale price. So, if the manufacturer optimizes his profit function with respect
to the wholesale price, then we have w = p. This leads the profit of the retailer
equal to zero, which is unacceptable in any decentralized policy. Hence, we take unit
wholesale price of the manufacturer as w = (p + ¢ ) /2. Then the optimal decisions
of the retailer are to be obtained from the following:

max IT5(p™) = max[(p" — w'®)Dr]
p P
such that (piR,0'%) = arg max TIR(piR,6™%)
(pg"0™)
_ IRHIR | . IRHIR _ IR _ y (gIR)2
= (pl'érg%ﬁ) [PO Dy" +w' "Dy cmD A0 )}
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2 2 2
Proposition 5.3. If A > max {4%, “170:;&?0_21;%71 } then the retailer-led decentralized

policy provides the unique optimal decision of the retailer as

p't = 21\1,3 [Cm [¥3+ BA(2a0 — B) — (B5 + (0 + B)vor1 + 2077))]

+a(7071 +28A)(1 = p) + p(4aor —13)]]

and the corresponding optimal decisions of the manufacturer as

pIR 4aA(1 — p) + cu[4aoA —2BA — 70 (270 + 71)] + (v071 + 6BA)p'"
‘ 2(4ap) — 2) ’
gIR  _ 2ay0(1 — p) — e[ (20 + B)y0 + 20071) + (3B70 + 2a07y1) p'R
2(40&0/\ — ’)/(%) !
wIR — (pIR +Cm)/2

where Y3 = A(4agay — 3,82) - (oq’y% +2Bv071 + Dé()’)/%).

Proof. The manufacturer’s reaction

The Hessian matrix associated with the profit function ITIR is given by

HIR _ _2“0 Yo
Yo —2A
2
It is clear that |[HIX| < 0 and |H'R| = 4apA — 3 > 0,if A > 47700. Therefore, H'R
2
is negative definite if and only if A > 4?700 and the unique optimal decisions of the

manufacturer is then given by Proposition 5.3.
The retailer’s reaction

After getting the reaction of the manufacturer, the retailer optimizes its profit and
Q2ITIR (“17%‘*‘%7071 +’X0'Y%) —A (4040061 —3!32)

determines optimal decision. Now, ot = Ery— < 0, if
5+2B70m+aor] . . I : . s

A > (w3 26707, 204071) . With this restriction on A, the unique optimal decision of the
(4aoa —3p%)

retailer is obtained as given in Proposition 5.3. u

5.2.1.4 Decentralized policy (Nash Game)

In the decentralized scenario, the manufacturer and the retailer take their decisions
simultaneously and non-cooperatively. Nash game can be seen in the market of
small-to-medium sized manufacturer and retailer. In this market, the manufacturer
and the retailer have the same power and so they work non-cooperatively.

In this case, our objective is to

ID(,,ID pID _ ID yID IDID ID ID\2
(pfg%‘%i‘mnm (po -, 07) = e, [Po Dy~ +w'"Dy” —cnD™™ — A8 )}
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such thatw'® = (p!® +c,)/2

max [P (p'”) = max [(p"° — w'®)DIP].
ID pID

For the above model, we derive the following proposition:

Proposition 5.4. If A > il then the decentralized (Nash Game) volicy provides the
p poiicy p

4060
following unique optimal decisions:

n’ = 2;,4 [Cm [¥a— (20175 + (a1 + B)vor1 + Br7) + A(3B% + 2a18)]
+a[(8a11 = 13)(1 — p) + p(707 + 6BA)]],

o'P = % |:Cm [vo(a1B + 3B% — 4aoa1) + 11 (B0 + B) — 2on1 )]

4

+a[(4a170 + Br1) (1 —p) +p(3B70 + 206071)]]/

PP = g [enltsom — B(2aa + B) = (@1 + B33+ 30+ B)rom +0013))
+a[(yor1 +28A)(1 - p) + pldaod = 13)]],

wID —_ (pID + Cm)/z.

where ¥y = A(8apay — 3ﬁ2) - (20&17(2) +2Bv071 + «xofy%).

92111D 9211ID 921110
Gy = 1 <0, 750 = 209 < 0,and T = ~2A <

0. The associated Hessian matrix is given by

HID _ _2“0 Yo
Y0 —2A

Proof. It is easy to see that

2
which is negative definite if A > JTOO. Then, from the first order condition of
optimality, the optimal decisions (p{P, 6P, p!P, w!P) of the decentralized policy can
be obtained as given in Proposition 5.4. u

5.2.2 Model II : Dual-channel return policy

In this policy, dual activities exist in both the forward and the reverse channels.
The manufacturer produces the green product and sells to the potential customers
through the retail channel as well as the direct channel. In the reverse channel,
the manufacturer collects the used products from the customers through the direct
channel as well as the retailer. For instance, IBM and Compaq encourage customers
to use their recovery services for easy renewal of their end-of-use products. Again,
Xerox collects the used products from the customers directly by providing prepaid

mailboxes.
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Similar to Model I, here also we discuss four different policies depending on the
manufacturer’s and the retailer’s dominance power. As the optimal results can be

derived in a manner similar to those of Model I, we list the results in Table 5.1.

Table 5.1: Optimal results under Model II.

Decisions | Optimal decisions
puc ic_ ‘4 (wwwﬁ%) (Co+T(AofA1))
0 pO Y,
glIC gIC _ 2dy (060061—,32)(CO+T(A0—A1))
h 4!
1IC c_ ‘4 (ﬁ70+06071)(Co+T(A0—A1))
P ¥, ( )
IIM M 2diar(Byot+aoy1) (Co—T(A2—Ao)
w w — 7,
IIM IM 2dyaq (txlfyo—i-ﬁ’yl) (CQ—T(Az—Ao))
Po Po .
gIIM | gIM _ 4ddy a1 (o —B2) (Co—T(Az—Ag) )
Yo
plIM | pIM _ dy (201 (Bro+3a0m1)—>11) (Co—T(A2—Ag))
b ¥
PHR PIR _ dl[(ﬁ’70+20€0’71)(C0+T(;‘\‘§—A1)>+2Tﬁ’Yo(A2—A1)]
3
IR 4aA (1—p)+cm[4aoA—2BA—10 (270+71) ]+ (10711 +6BA) PR ~dy 70 (Co—T(A2— Ap) )
pO 2(40&0)\—7%)
9[[R 2“70(1—p)—Cm[(20(0+ﬁ)'70+20(0’h]+(3,B’m+20€0’h)p”R—4d14XO (CO_T(AZ_AO))
2(4agA—3)
w® | (PR + ) /2
11D ID dy (4041704-3/371) (CQ—T(Az—AO))
pO pO 2%,
g!ID gID _ dy (8uons —36%) (Co—T(A2—A0))
2Y,
11D D A(Bro+2a011) (Co—T(A2—A0))
P 1?4 )
11D D d1(Brot+2a0y1) (Co—T(A2—Ap)
@ wo - ¥,

5.2.3 Comparison and discussions

From Propositions 5.1-5.4 and Table 5.1, it is clear that greening level of the product in
Model I is higher than that in Model II. This is because, in Model I, there is no return
policy and the green product is produced from the fresh raw materials whereas in
Model II, the manufacturer entertains a return policy and remanufactures the used
products. As the greening level of the product is higher in Model I, the manufacturer
has to invest more money for green innovation. So, the manufacturer sets higher

wholesale price in the retail channel and higher selling price in the direct channel. As
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the selling price depends on the wholesale price, the selling price in the retail channel
in Model Iincreases. On the other hand, for the lower green product, market demand
in Model II may decrease. In order to maintain market demand, the manufacturer
has to lower the direct selling price and wholesale price in retail channel. The retailer
also decreases her selling price in the retail channel. In this case, the retailer follows
the tactic of ‘higher greening level in higher price’.

In Table 5.2, we now present the sensitivity of optimal decisions with respect to
customer loyalty to the retail channel (p) and retailer’s loyalty on the return quantity

(7) analytically. Table 5.2 illustrates that, for all the centralized, manufacturer-led

Table 5.2: Sensitivity with respect to p and .

Parameter Policy Po p w 6
. pS opC C )
centralized aLpO <0 % >0 - aaip <0, if ;179 > a7
apg! opM dwM oM
P manufacturer-led 0 <0 | 5 >0) 57 >0 G <0
opg apP awP 20D
Nash T£<O W>O ap >0 W<O
tralized | 20 <0 | %2 <0 % 0, provided that Ay > A
centralize e < Fra < - Fra <0, provide a 0 1
9 M M M M .
T manufacturer-led 5—2 >0 aap—r >0 ag’T >0 ag—r > 0, provided that Ay > Ay
9 D 9 D D D .
Nash >0 F>0| % >0| % >0, provided that A, > Ag

decentralized policy, and Nash game, the selling price in the direct channel and the
greening level decrease, and the wholesale price and the selling price in the retail
channel increase with respect to p. This is because, for smaller value of p, the basic
market in the direct channel increases. So, the market demand in the direct channel
also increases. The manufacturer can acquire significant profit from dual-channel
green supply chain. This influences the manufacturer to invest more money in green
innovation. The price of the product is proportional to the greening level. So, the
manufacturer sets a higher selling price in the direct channel. On the other hand,
for higher value of p, the market demand in the retail channel increases. So, the
manufacturer can set higher wholesale price without bothering the greening level
of the product, which forces the retailer to set higher selling price. However, the
market demand in the direct channel decreases when p increases. In order to attract
customers and maintain the profit, the manufacturer has to decrease the selling price

in the direct channel.
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Insight 5.1.

* Market share has important impact on the optimal decisions of the supply chain. The
manufacturer and the retailer can sell lower green product with higher price in the large

market. However, they have to reduce selling price in comparatively smaller market.

The last row of Table 5.2 demonstrates that, when the return quantity of used
products through the retail channel increases, the manufacturer has to pay a higher
price to the retailer for the returned product which obliged the manufacturer to
set higher wholesale price in the retail channel and a higher selling price in the
direct channel. As the manufacturer remanufactures these returned products and
the cost of remanufacturing is less than manufacturing cost, the manufacturer gains
more from remanufacturing which he can invest for producing more environment-
friendly products. As a result, the greening level increases. In the centralized policy,
when the return quantity of used products through the retail channel increases, the
manufacturer has to pay lower price to the customer than the direct channel. So, the
manufacturer can reduce the selling prices of the product in the retail channel and
the direct channel. Due to lower selling price, the manufacturer cannot invest more

to produce better green products. As a result, the greening level decreases.

Insight 5.2.

* Effect of retailer’s loyalty to the return quantity on the optimal decisions depends on the
price paid by the manufacturer and the retailer while collecting used products through

the e-tail and the retail channel.

Property 5.1.

(i) In case of centralized polzcy, > 0, aap; > 0,%" TR "0 and > 0.

R
(ii) In case of retailer-led decentralized policy, aa%) > 0and % > 0, whenever \/ag > .

Proof. From Eq. (5.3), using the first order optimality condition of I1¢, we get p in
p° _ nontp g

po 4o A— 71
Again, from Eq. (5.3), using the first order optimality condition of T1¢, we get pg
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in terms of p. Now, -0 = 101 0. Also = onTrn 0 and =2 =
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5.2. Model formulation and analysis

Property 5.1 shows that, in order to open a dual-channel, it is necessary for the
manufacturer and the retailer to maintain the relationship between the selling prices.
It also implies that customers have to buy more environment-friendly products by
paying extra money. Although, we have assumed that, for the same green product,
customers have to pay more money in the retail channel than the direct channel, but
when the retail price in the retail channel is more sensitive than the selling price in
the direct channel, the direct selling price increases more than the retail price in the
retail channel. This indicates that the greening level affects both the direct and the
retail channel’s pricing strategies and in this case, the manufacturer engages more
aggressive pricing than the retail channel. Property 5.1(ii) indicates that, in case
of retailer-led decentralized policy, the greening level changes positively with the
selling price in the retail channel whenever the price sensitivity in the direct channel

is greater than the greening level sensitivity.
Property 5.2. In case of manufacturer-led decentralized policy, the following results hold:
M M
(i) 2% >0, 2= > 0.and 20 > 0.

Ly I ; pa+pipo+110
(ii) g~ > 0if w < #.

Proof. From Eq. (5.2), using the first order optimality condition of IT,, we get pM =

M
patBpotmfta® Ny aap—g = 2%11 > 0. Putting this value of p™ in Eq. (5.1), and using

2&1
e B2 -
the first order optimality condition we get, wM = Etoty +aP—cnf 5 8708+ xom18+a(a0—p)o
060041—2[3

M _ mloty—cmpB>+a1700+p110+a(ay —a10+Pp)
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Then, % = z(ioilfﬁ% > 0 and 5§ = z(iwi—lfﬁ%) > 0. Again, from Eq. (5.2),
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20 21 aq

Property 5.2 implies that w™ increases as 0 increases and consequently, pM

increases. This is because, when the greening level increases, the cost of the item
also increases. So, the channel members charge higher price in both the traditional
retail channel and the direct channel. Although the retail price increases, due to more
environment-friendly product, customers want to buy more. As a result, the profit
of the retailer increases. However, when the wholesale price exceeds the threshold,
the retailer must charge a higher retail price. This time, the customers refuse to buy

the products by paying more money.
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5.3 Numerical analysis

In this section, we perform a numerical study to compare the optimal results derived
in the previous section under different policies. The numerical data sets are chosen
from the existing literature which are close to this chapter (e.g., Giri et al. (2017)). We
consider the following three different numerical examples depending on the price
paid by the manufacturer and the retailer while collecting used products from the
customers through both the retail and e-tail channels.

Example 1. p = 0.85;a = 90;a9 = 0.09;a7 = 0.16; 8 = 0.075;y9 = 0.75;71 =
0.87;dy = 20;d, = 5;A = 150;¢,;, = 120;¢, = 40; A9 = 65; A1 = 55;A, = 70,71 =
0.6 (Ap > Ag > Aq).

Example 2. All data are same as Example 1 except Ag = 60; A1 = 65; A, =70 (Az >
A1 > Ag).

Example 3. All data are same as Example 1 except Ag = 80; A1 = 65; Ay =70 (Ag >
Ay > Aq).

Table 5.3: Optimal results for three examples.

Example 1 Example 2 Example 3
Optimal Model I Model II
decisions C D M R C D M R C D M R C D M R
po 533.366 354.54  529.95 393.449 | 529.483 353.133 527.74 391.114 | 530.223 352.898 527.372 391.389 | 531.702 353.837 528.845 392.414
w - 252.398 52449 282906 - 251.955 522.885 281.735 - 251.881 522.618 282.061 - 252.176 523.688 282.425
r 526.971 384.796 630.653 445.812 | 524.151 383.909 628.764 443.47 | 524.688 383.761 628.449 444122 | 525.762 384.353 629.708 444.849
0 2.21363 0.970305 1.89002 1.15605 | 1.84574 0.7655 1.68067 0.946816 | 1.91582 0.73137 1.64578 0.91512 | 2.05597 0.86790 1.78535 1.05207

Dy 6.68011 111788  14.521 12.3925 | 6.54215 11.0854 14.4211 122701 | 6.56843 11.0698 14.4045 12.2705 | 6.62099 11.1321 14.4711 12.3354
Dy 341129 423673 16.9861 35.6846 | 33.9529 42.2255 16.9405 35.7021 | 33.9834 422018 16.9331 35.5908 | 34.0443 42.2964 16.9633 35.6705

D 40.793  53.5461 31.5071 48.0771 | 40.4951 53.3108 31.3617 47.9722 | 40.5518 53.2716 31.3374 47.8613 | 40.6653 53.4285 31.4344 48.0060
Dg - - - - 10.7713  16.1725 11.5966 15.2659 | 10.4209 16.3432 11.7711 154244 | 9.72017 15.6605 11.0733 14.7397
1T, - 8090.0 12287.8 9001.47 - 8262.38 12420.6 9149.59 - 8292.31 12444.0 9188.28 - 8174.64 12352.6 9076.53
11, - 5609.35 1803.29 5813.23 - 57174 1898.01 5911.67 - 5614.64 1827.34 5814.16 - 5637.56 1831.68 5837.99

Iv 15909.3 13699.4 14091.0 14814.7 | 16116.2 13979.8 14318.6 15061.3 | 16073.8 13906.9 14271.3 15002.4 | 15993.2 13812.2 14184.3 14914.5
CE(=11_[—12-) 1 0.89109 0.88570 0.93120 1 0.86743 0.88846  0.93454 1 0.86519 0.88786 0.93333 1 0.86363 0.88689 0.93225

Table 5.3 demonstrates the optimal results for three examples. As expected,
the centralized policy is the benchmark case. The retailer-led decentralized policy
gives the best performance and the Nash game gives the worst performance among
the three decentralized policies for both models. The selling price in the direct
channel is higher in the centralized case and lower in the Nash game but, in case
of retail channel, the selling price is higher in the manufacturer-led decentralized
policy followed by the centralized policy, the retailer-led decentralized policy, and
the Nash game. This is because both the channel members in Nash game work
independently. In order to take no risk on market demand, they decrease the selling

prices. It is clear from Table 5.3 that, the selling price in the direct channel is lower
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than that in the traditional retail channel in all cases except the centralized policy.
The centralized policy gives more environment-friendly product and the Nash game
gives less environment-friendly product. The player gains more profit when s/he is
the Stackelberg leader. So each player wants to lead the supply chain. Table 5.3 also
verifies the theoretical results that optimal decisions in Model II are lower than those
in Model I. However, in Model 11, the manufacturer collects and remanufactures the
used products and the remanufacturing cost is less than the manufacturing cost. So,
the profits of the manufacturer, the retailer and the whole system are higher than
those of Model I. It is interesting to see that the total demand and the return quantity
are higher in the Nash game, but the total profit cannot exceed that in the centralized
policy. As the total channel profit is higher in the retailer-led decentralized policy,
channel efficiency (CE) is higher in the retailer-led decentralized policy followed by
the manufacturer-led decentralized policy and Nash game.

Compared to Example 1, the retailer in Example 2 pays a higher price in the retail
channel than the manufacturer in the direct channel for collecting used products.
So, in this case, return quantity increases. We note that higher return quantity
produces less green product. Lower greening level forces both the manufacturer
and the retailer to set lower prices. Since the remanufacturing cost is lower than the
manufacturing cost, the profit of the manufacturer increases but the higher collection
price causes a loss to the retailer. Decrement of the retailer’s profit being higher
than the increment of the manufacturer’s profit, the total profit of the supply chain
decreases. In case of the retailer-led decentralized policy, as the retailer spends more,
she demands more selling price. This forces the manufacturer to set higher wholesale
price and direct selling price.

In Example 3, the manufacturer spends higher collection price in the direct
channel than the retail channel but the basic market for direct channel being lower,
the returned quantity decreases. So, the greening level of the product increases. This
helps the manufacturer and the retailer to increase the selling price. Higher greening
level increases market demand. As the manufacturer spends more for collecting
used products, his profit decreases but higher selling price increases the profit of the
retailer. Decrement of the manufacturer’s profit being higher than the increment of

the retailer’s profit, the total profit of the supply chain decreases.
Insight 5.3.

* Collection prices of the manufacturer and the retailer for collecting used products from
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Chapter 5. Strategies for a dual-channel green closed-loop supply chain

the end customers have significant impact on the pricing and greening strategies, and

profitability of the supply chain.

® The centralized policy provides the best performance and the Nash game provides the
worst performance; the player gains more profit when s/he is the Stackelberg leader;
among the three decentralized policies, the retailer-led decentralized policy gives higher

profit for the retailer and the whole supply chain.

5.4 Sensitivity analysis

In this section, we discuss the sensitivity of some key parameters of the model.
We keep all parameters fixed and change the value of one parameter at a time to
investigate its impact on the optimal solution. The sensitivity of the parameters p, A,

and 7 is shown in Figs. 5.2-5.4.

5.4.1 Effect of the degree of the customer loyalty on the
retail channel

Fig. 5.2(a) shows how selling prices in the direct and the retail channels under the
centralized policy and the Nash game are affected by p in Model II (results of Model
I being similar, we ignore those graphs). We see that, as p increases, the wholesale
price (for the Nash game), and the selling price in the retail channel increase and
that in the direct channel decreases. The direct selling price becomes lower than the
retail prices in the Nash game and the centralized policy when p exceeds the values
0.8 and 0.86, respectively; otherwise, the direct selling price is higher than the retail
price. We also note that the direct selling price and the retail price of the centralized
policy are greater than those in the Nash game.

From Fig. 5.2(b), we see that, the direct selling prices for the manufacturer-led
and the retailer-led decentralized policies decrease as p increases. When p takes the
value less than 0.08, the wholesale price is greater than the retail price resulting a
loss to the retailer. Also, when p takes the value more than 0.86, the wholesale price
is greater than the direct selling price. So, for dual-channel, p must be less than 0.86.
For the retailer-led decentralized policy, when p crosses the value 0.75, the direct
selling price is lower than the retail price; otherwise, the opposite situation arises.

Fig. 5.2(c) illustrates changes of the greening level in the four policies for both

models. We note that the greening level decreases with the increment of p. In Model
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Fig. 5.2: Effects of p on optimal results and channel efficiency.

II, the greening level takes the least value in the decentralized policy and the highest
value in the centralized policy only when p is greater than 0.47; otherwise, it attains
the maximum value in the manufacturer-led decentralized policy.

A higher retail price increases the retailer’s profit but a lower direct selling price
decreases the manufacturer’s profit. The rate of decrease in the manufacturer’s profit
being higher than the rate of increase in the retailer’s profit, the overall channel profit
decreases. The rate of decrease in the total profit is higher in the manufacturer-led
decentralized policy than other policies, which implies that the CE decreases. In
case of the retailer-led decentralized policy and the Nash game, the rate of decrease
in the total profit is lower than that in the centralized policy. So, in that case, the CE
increases. From Fig. 5.2(d) we note that, initially the CE attains the maximum value

in the manufacturer-led decentralized policy. As p increases, it tends to decrease
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very fast. When p crosses the value 0.89, it attains the least value.
Insight 5.4.

® The volume of market share helps the manufacturer to decide whether he should sell the

product through only retail channel or open dual channel.

5.4.2 Effect of the green investment coefficient

Now, we illustrate how the green investment coefficient A influences the optimal
decisions. Figs. 5.3(a) and (b) represent the effect of A on the direct selling price, the
wholesale price, and the retail price for various policies. As usual, these decisions
are negatively related to A. Commonly;, all these decisions decrease very fast until A

crosses a certain level, but after that, they decrease slowly for all the four policies.
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Fig. 5.3: Effects of A on optimal results and channel efficiency.

138



5.4. Sensitivity analysis

From Fig. 5.3(c), we note that the greening level decreases when A increases.
This is obvious. The higher greening cost not only discourages the manufacturer to
produce the green product, but also forces them to charge a higher selling price.

Although the selling prices in both the direct and the retail channels decrease
when A increases, the market demand decreases due to the lower green product. So,
the profits of the manufacturer, the retailer, and the whole supply chain decrease.
Fig. 5.3(d) shows that, as A increases, the CE increases fast until it crosses a certain
level; after that, it remains constant. The reason behind this type of behavior of
the CE is similar as discussed in the subsection 5.4.1. The CE is maximum for the

retailer-led decentralized policy and minimum in the Nash game.

Insight 5.5.

* The manufacturer can increase the greening level and achieve higher profit by lowering

the green investment cost and increasing greening sensitivity cost.

* As it is impossible for the manufacturer to reduce the green investment cost, higher
market demand through increasing public awareness can help the manufacturer to

improve greening level.

5.4.3 Effect of the degree of the manufacturer’s loyalty on
the return quantity

In this subsection, we explore how the degree of the manufacturer’s loyalty to the
return quantity influences the optimal decisions. Figs. 5.4(a) and 5.4(b) depict the
effect of T on the direct selling price, the wholesale price and the retail price for the
four policies. We note that, for the centralized policy, the selling prices in both the
direct and retail channels decrease as T increases. However, for the manufacturer-led
decentralized policy, the retailer-led decentralized policy, and the Nash game, these
variables remain unchanged as 7 increases.

From Fig. 5.4(c) we observe that, as T increases, the greening levels for the
decentralized policies increase but that in the centralized policy decreases. As T
increases, although the manufacturer has to pay higher collection price, he gains
more profit due to higher return. So, he can increase the greening level.

Fig. 5.4(d) demonstrates that the CE increases with 7 for all the decentralized

policies. When T increases, the profit of the whole supply chain increases in all the
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Fig. 5.4: Effects of T on optimal results and channel efficiency.

four policies. Profits of three decentralized policies follow the relationship: TR >
I[IM > TIP. So, the CE attains the maximum value for the retailer-led decentralized

policy and the minimum value for the Nash game.
5.5 Managerial implications and conclusions

This chapter considers a dual-channel green CLSC with a manufacturer and a
retailer. The manufacturer produces the green product from fresh raw materials. At
the same time, he remanufactures the used products which were returned through
both the direct and retail channel. The manufacturer then sells the remanufactured
product together with the new product to the potential customers not only through
direct channel but also through the retail channel. The market demand of the

product is dependent on the direct selling price, retail price, and greening level of
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the product. We develop various models under different channel leaderships.

The optimal results are obtained both analytically and numerically. Numerical
results show that, as usual the centralized policy provides the best result. Among
the three decentralized policies, the retailer-led decentralized policy performs better
in terms of the total profit of the supply chain and the profit of the retailer which is
similar to the model of Choi et al. (2013). The manufacturer gains the maximum
profit when s/he leads the channel. Furthermore, it is surprising to see that,
the retail price of the centralized policy is greater than that in the decentralized
policy. This result contradicts the result due to double marginalization and it is
in the same line with the result of Li et al. (2016). In addition, we examine the
sensitivity of the customer loyalty of retail channel, green investment coefficient
and the manufacturer’s loyalty to the return quantity on pricing and greening level.
We obtain that the amount of market share plays an important role in deciding
whether the manufacturer should sell the product through only retail channel or
open dual channel; an increase in collection through the manufacturer directly
enhances channel efficiency.

To run a business in a dual-channel, a firm manager has to take several important
decisions like which channel is to be used for selling the product or when dual-
channel is to be used. In this chapter, we have seen that when the market share
to the retail channel is very low, the wholesale price is greater than the retail price
which is not acceptable. In this case, there will be only the direct channel and no
retail channel. So, the market share must be greater than some threshold value. This
tinding determines the situation when the retailing firm agrees to do business in the
market. We have also determined that when the market share to the retail channel
is very high, the direct selling price is less than the wholesale price. So, we have
obtained the threshold value of market share which suggests the manufacturing
enterprizes when to open a dual channel. Thus, our model will be useful to both the
manufacturing firm and the retailing firm. From the sensitivity of the greening cost,
we see that the direct selling price, the wholesale price, the retail price, the greening
level, and the profits in all the four policies decrease as the greening cost increases.
A cost sharing mechanism or government subsidy can improve the greening level of

the products and the profits of the channel members and the whole supply chain.
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Cooperative and non-cooperative
behavior of same level players
under governmental intervention

6.0 Introduction

In today’s business environment, the competition among manufacturers and
retailers has become more responsive and an important factor of every economy
in the world. Most companies focus on fulfilling value to their customers. Every
company desires to provide better products and services than its competitors. That’s
why, several manufacturers distinguish product varieties by differentiating one or
more product specifications like technology, appearance, color, etc. For instance,
manufacturers like IBM, Xerox, HP, Dell, Adidas, etc. are utilizing unconventional
production methods for distinguishing their businesses from competitors. Similar
to manufacturers, retailers like Wal-Mart and Tesco have unmatched supply chains
which focus on reducing selling prices of the products, while the other retailers try
to reduce prices of the products so as to compete with big retailers. Cooperative or
non-cooperative behavior among the vertical and/or horizontal players of a supply
chain can play an important role in optimal decision making. In a market, multiple
manufacturers and/or retailers may cooperate or compete or play the Stackelberg
game while making decisions. So, there is a need to determine the best strategy for

manufacturers and retailers in green supply chain.
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Governments play the most prominent and strongest roles in the market, and
they can influence the manufacturer in green manufacturing and consumers to
purchase the green product. The green innovation needs advanced technologies,
which again demands higher manufacturing costs. Government subsidy to green
manufacturers assists to reduce manufacturing costs. Governments in developed
countries utilize different rules, regulations, and budgetary directives to increase
the knowledge of environmental pollution among the common people and green
product manufacturers. For example, the German government paid €2500 subsidy
to the customers for the replacement of 13-year-old vehicles (Huang et al., 2014);
the Chinese government assigned ¥60000 for the purchases of new battery oriented
electric vehicles (Motavalli, 2010); the government of Japan provided ¥100,00
subsidy toward tax cuts and rebates for encouraging green vehicle consumption
(Li et al., 2018); Innovate the UK, a UK-based innovation agency, provided £20
million in R&D funding to improve low-carbon expansion in the automotive sector
(Li et al., 2020). The Indian government is also popping up some great initiatives
to encourage manufacturers, retailers, and customers to produce, sell and buy
eco-friendly products. India committed to the voluntary Copenhagen Accord to
reduce emissions intensity by 20-25% of 2005 by 2025 and adopted several measures
including increased use of renewable energy, nuclear energy, afforestation, and solar

energy for sustainable development.

This chapter is based on the following common assumption:

¢ In order to produce more green product, the government offers endowment
to the green manufacturer for delivering every unit of green product as s =
k6o (6 — 6p), where 6y is the minimum acceptable greening level set by the
government (greening level floor) and k is the adjustment factor. If 6 > 6, the
subsidy is kfy(6 — 6p); otherwise, the penalty is —kfy(6 — 6p) (Zhu and Dou,
2011; Yang et al., 2017).

The present chapter considers the effects of government intervention on the
green manufacturer for producing the environment-friendly product. In addition,
it develops various models considering the competing behaviors of manufacturers

in Section 6.1 and those of retailers in Section 6.2 while making their best decisions.
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6.1

A green closed-loop supply chain with
manufacturing competition for
substitutable products

This investigation intends to focus on the horizontal cooperation and competition of
the green manufacturer and the conventional non-green manufacturer who produce
substitutable products. They produce and wholesale their products to a common
retailer with greening level-dependent wholesale prices. Both the manufacturers
collect used products directly from the consumers and remanufacture them. The
government provides greening level-dependent subsidy to M; to motivate on green
manufacturing. First, we develop a centralized policy (C) as the benchmark case.
Next, we explore the optimal results in three manufacturer-led Stackelberg game
models depending on various competing behavior of the manufacturers. Then, we
develop a Nash game (N) where all channel members work simultaneously. Finally,
we propose a cost sharing (CS) contract and revenue sharing under cost sharing
(RCS) contract. While considering these issues simultaneously, the following queries

may emerge:

e How does the government intervention to the green manufacturer influence

the ideal outcomes and the profitability of the players of the CLSC?

e Which behavior of the manufacturers is favorable from the perspective of the

channel individuals and consumers?

e What are the impacts of the market share, price sensitivity, green level floor on

the ideal outcomes and profitability of the channel individuals?

This study is based on the work published in Journal of Industrial and Production Engineering, 2022,
39(4), 253-276.
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6.1.1 Notations and assumptions

The required notations for developing the proposed models are as follows:

w; unit wholesale price set by the manufacturer i to the retailer (i = 1,2) (decision variable).
p1 unit retail price of green product (decision variable).
p2 unit retail price of conventional non-green product (decision variable).
0 level of green innovation (decision variable).
D;  market demand of green product.
D,  market demand of conventional non-green product.
Dgr; return quantity to the green manufacturer.
Dpgy return quantity to the non-green manufacturer.
Cm;  unit production cost of green product from the crude materials.
Cm,  unit production cost of conventional non-green product from the crude materials.
A1 value of used product to the green manufacturer.
Ay value of used product to the non-green manufacturer.
a basic market demand.
T fraction related to return quantity, 0 < 7; <1, (i =1,2).
A green investment cost coefficient.
IT,;, profit of the manufactureri (i = 1,2).
I,  profit of the retailer.
IT profit of the entire supply chain.
The accompanying assumptions are considered for setting up the proposed models:

(1) Market demands of both products are deterministic and linearly reliant upon the

greening level, retail prices of both products. Demand functions are assumed
as D1 = pa — byp1 + bapa + B16 and Dy = (1 — p)a — bypa + bapr — P26, where
p is the customer loyalty to the green product, and B; and B, are green level
sensitivity parameters. The parameters b; and b, address the self-price and the
cross-price elasticity, respectively. We consider that b; > by, i.e. the effect of
self-price is greater than that of cross-price. This takes place when the quantity
of consumers leaving a market because of expansion in selling price of one
product, is more prominent than the quantity of consumers shifting to this
market because of expansion in the selling price of the other market. We also
assume that f; > B2, which demonstrates that the green product’s impact in
the green sensitive market is higher than the traditional market (Jamali and
Rasti-Barzoki, 2018).

(2) The return quantity Dg; is assumed as Dg; = 7;D;,i = 1,2. It indicates that
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6.1.2. Model development and analysis

a manufacturer only collects the product which he has sold previously. For
instance, if there are two types of vehicle, namely, battery electric (Chevrolet
Volt, Nissan Leaf) and diesel-powered vehicle in market, then the battery

electric vehicle manufacturer only collects used battery electric vehicles.

(3) Unit production cost and wholesale price of the green product are dependent on
the greening level and are given by ¢, = ¢, + c0 and w; = w, + a6, where
c and « are the greening level elasticity parameter of the production cost and

wholesale price of the green product, respectively.

(4) The manufacturers have to spend some money to collect used products and
transfigure it to raw materials. Let A, be the sum of all these costs, and the
value of raw materials extricated from used products to the manufacturer M;

be Aj,. Then, the benefit of the transformed raw material to the manufacturer
Mi is Ai = Al,- - A()l., i = 1,2.

6.1.2 Model development and analysis

We consider a two-echelon green CLSC consisting of two competing manufacturers,

Ml

wi. D; w2/ D>

Green product flow

Retailer ] —— > Non-green product flow

Dgi
D

Used product flow

p1/ Dy PN D:

Potential Customers

Fig. 6.1.1: Proposed closed-loop supply chain.

namely, green manufacturer (M;) and conventional non-green manufacturer (M>)
and a single retailer. M; produces a green substitutable product of greening level 6

at unit manufacturing cost c,;, by using advanced technologies and M, produces
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non-green product at unit manufacturing cost c¢;;, by using traditional and old-
fashioned technologies. M; wholesales its product to the monopolistic retailer at unit
wholesale price w;, and the retailer then delivers to the potential consumers at unit
retail price p;, where i = 1, 2. Besides producing and selling new product through the
forward channel, both manufacturers collect used products through the backward
channel from end customers. Fig. 6.1.1 represents the graphical representation of the
proposed CLSC. Under the above presumptions, the profit functions for the channel

individuals are given by

I, (8) = (w;—cm)D1+sDy+ AjDgy — A6? 6.1.1)
Hmz(ZUQ) = (ZUQ — sz)Dz + A>Dgro (6.1.2)
I, (p1,p2) = (p1—wi)D1+ (p2 —w2)Dy (6.1.3)

6.1.2.1 Centralized policy (C)

In this policy, two manufacturers and the retailer act as a single decision-making
entity and they make their decisions through a cooperative game which maximizes
the total profit. So, the problem of the centralized policy is given by,

max T1(py1,p2,0) = max (p1 — cm,)D1 + (p2 — cmy) D2 + sD1 + A1Dgy + A2Dgy — A0* (6.1.4)
(p1,p2.9) (p1,p2.9)

Utilizing the first-order optimality conditions of I1¢(py, p, 6), the ideal outcome for

the centralized policy can be acquired as follows:

Proposition 6.1.1. At the equilibrium, the centralized policy gives the accompanying unique
ideal outcomes

pf = 21;13 [2(171‘1’1 —by¥2) (2[A — B1(kby — )| (D1 +ap — ¥1Y)) + (— ¥1¥2
+4bs[A = B1 (Ko — ©)]) (F2(@1 + ap) + ¥ [a(1— p) — 2],
ps = 213 [MzE—F [Y 4 @1 (kB — ¢)](b1fa — baB1) — a(1 — p)[B1 + b1 (kfy — c)]?

—ap[blbz(k(?o — C)2 + 2b2,51 (k90 — C) + (ﬁLBQ — 4/\b2)]} ,
o¢ — apl1p1—bapa) +a(l—p)(Brba — pabr) — (b] — b3)[ (K6 — c) (1 +ap) +Y]

4
H
—

provided A > max { B (ko — ), B (ko —c)>+b1 (B3-+B3—b3 (k8o —c)*) +2(63 —53) 1 (k8o —c) —2bap }

4(b1—03)

Proof. From Eq. (6.1.4), we get

2171C
% = —2b1p1 + 2bopy + Y10 4+ ap + by My — (b + by) Mp; aaTH% = —2b;

% = 2byp1 — 2b1py — Y20 + a(l — p) — byMy + (b1 + by) My; % — 2N,
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A" — ¥ p1 — ¥aps — 2[A — B (Kbp — )]0 + ap(kbo — ¢) — B1p1 + (B1 + B2) Mo;

MIC _ L OMIC oy L PIIC . 916
202 —Z[A—ﬁl(keo—C)], W_szl m—‘frl, W__TZ
The Hessian matrix associated with I1¢ is given by
18 S L ) A o B
op?2  9p1dp2  9p1d0 —2by  2by b ¢l
C _ 2IC  221I€  2m€ | _
H= = op20p1  9p3  Ip2dd | 2by  —2by —¥2
0 L U N o B — — — —
ap, 6oy, 062 T Y2 —2{A = pr(kto — )]
Now, [M;| = —2b; < 0; |Mp| = 4(b? —b3) > 0. Again |[HS| = —2[4A(b? —

b3) — by (kb — ¢)* — by (B] + B3 — b3 (ko — ¢)?) — 2(bf — b3) B1 (k6o — ) +2b2B1p2] <
0, if A > b3 (kbo—c)?+by (ﬁ%+ﬁ%—bg(k‘)i(;g)jgg?(b%—b%)ﬁl(kGO—C)—szﬁlﬁz_

Therefore, HE is negative definite if and only if

A > max {,Bl(kGO — o), b3 (k6o—c)*+by (ﬁ%+55—b§(k9:(—b§)22§2(b%—bg)ﬁl(k90—0)—2b2!31ﬁ2 '
Taking into account this condition, the unique ideal outcomes can be acquired from

C C C . . . ..
aa% =0, aa% =0, and BBLG = 0 which are given in Proposition 6.1.1. [ |

6.1.2.2 Decentralized policy

In this policy, both the manufacturers and the retailer work independently for
expanding their individual profits. Here, we use two types of game structures —
the Stackelberg game structure and the Nash game structure. In the Stackelberg
game structure, we consider manufacturer-led Stackelberg game (MS game). In MS
game, the manufacturers and the retailer work noncooperatively and sequentially
in a vertical direction where the manufacturers are the leader and the retailer is the
follower but, in the horizontal direction, the manufacturers can work cooperatively
or simultaneously or sequentially. The manufacturers decide wholesale prices and
greening level and then the retailer observes these decisions of the manufacturers
and determines the selling prices of the product. In this case, we utilize reverse
induction to find the optimal outcomes of the manufacturers and the retailer.
Depending on the manufacturers’ different behaviors, we consider three sub-

policies. In the Nash game structure, they work independently and simultaneously.

A. Centralized intra Stackelberg/Collusion (CM)

Here, manufacturers (green and non-green) work cooperatively and manufacture
both green and conventional non-green products. They determine the greening

level and wholesale prices cooperatively, and after that, the retailer observes these
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decisions of the manufacturers and determines the retail prices. So, the total profit
of the manufacturer is given by,
[T, (w,0) = Iy, + 11,
Now, our problem is

max IT,,(wy, 0,1, P2)

(w2,0)

subject to

P1, P2 to be obtained from

max I, (p1, p2)
\ (p1p2)

In the reverse induction, the retailer first determines the retail prices as function of

the greening level and the wholesale price. As 2 E’ = —2b; < 0 (i = 1,2), there

exists a unique ideal outcome for the retailer, which is given by the accompanying

proposition:
Proposition 6.1.2. For the given decisions 6 and wy, decisions of the retailer are given by:

(b — b3)(wz + af) + b1 ap + B16] + bala(1 — p) — Bab)

o 20— 13)
— (] —bB)ws +bi[a(1 — p) — Ba6] + ba[ap + p16]
& 2(6f - 83)
Corollary 6.1.1.
(a)g—p >0, fori=1,2
(b) % > 0,and 2 >0, for 2 > £2.

Corollary 6.1.1(a) illustrates that the retailer increases the retail price of the
conventional non-green product whenever M, increases the wholesale price of the
conventional non-green product. As according to our assumption, the wholesale
price of the green product is dependent on that of the conventional non-green
product, so the wholesale price of the green product also enhances. As a result,
the retailer enhances the retail price of the green product. It is also noted that the
rate of increment of the retail prices is half of the rate of increment of the wholesale
price. Corollary 6.1.1(b) shows that when M; improves the greening level, he has
to increase the wholesale price of his product, which forces the retailer to increase
the retail price of the green product. It also shows that the retailer expands the

retail price of the conventional non-green product only when the ratio of cross-price
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6.1.2. Model development and analysis

elasticity and self-price elasticity is greater than the ratio of cross-green elasticity and
self-green elasticity.

Now, substituting these decisions (p; and p3) of the retailer into the profit
function of the manufacturers and utilizing the first order optimality conditions for

wy and 6, the ideal outcome can be acquired as follows:

Proposition 6.1.3. If A > 3 [2@13—32) + Ny (B1 — ocbl)} holds, the ideal outcomes of the

manufacturers and the retailer for the centralized intra Stackelberg policy are given by:

cM B2B5 - BBB4

Y2 T BB, B2’
1Db4 2
ocu _ BaBs—2BiBs
2B1By— B2 '

wiM = wSM 4 ™M,

o (07 = B3) (w5™ + af“M) + by [ap + B16M] 4 baa(1 — p) — B26°M]
e 2(b7 — 13) '

o (07 = b)wSM 4+ by[a(1 — p) — BabM] 4 ba[ap + B16°M]
R 2(b - 13)

Expressions for B;,i = 1(1)5 are given in the Appendix.

B. Nash intra Stackelberg/Bertrand (NM)

Here, we assume that the manufacturers act noncooperatively and simultaneously
for expanding their individual profits. The manufacturers determine their wholesale
prices and greening level simultaneously and then the retailer observes these
decisions of the manufacturers and decides the retail prices. The Bertrand policy

is presented as follows:

max Iy, (6, P1, 72)
max I'l,, (w2, 1, P2)
wy
subject to

P1, P2 to be obtained from

max I1,(p1, p2)
L (P1p2)

Similar to the previous model, here also we first calculate the retailer’s decisions
(which are given in Proposition 6.1.2) and then substituting these decisions in the
manufacturers’ profit functions and utilizing the first-order optimality conditions

for wy and 0, the ideal outcome can be acquired as follows:
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Proposition 6.1.4. If A > w holds, the ideal outcomes of the manufacturers and
the retailer for the Bertrand policy are given by:

oM BaXy = X5 X5
2 X1X3 — B1Bs’
v _ BiXe — X1 Xy
X1X3 — B1By’
WM = My agNM,)
v (0 = B3) (@i + abNM) + by [ap + B10™M] + bo[a(l — p) — P20
& 2(63 — 13) ’
v (B —B)wy™ 4 bifa(l —p) — 20™M] + baap + 16N
P2 = 2 _ 12
Z(bl o bz)

Expressions for X;,i = 1(1)4 are given in the Appendix.

C. Stackelberg intra Stackelberg (M1M)

In this case, two manufacturers decide their decisions sequentially. As M is the
green manufacturer, we consider M; as the leader. So, M first decides the greening
level and then M, announces the wholesale price of the conventional non-green
product. Finally, based on the decisions of the manufacturers, the retailer decides

the retail prices. So, the Stackelberg intra Stackelberg policy is presented as follows:

( (

max L, (6, W2, p1 (@2, 6, p1, P2), p3 (2,0, 1, p2))
subject to
w, which is to be obtained from

max I, (w, 1, P2)
wy

\

subject to
P1, P2 which are to be obtained from

max Hr(plz PZ)
\ (p1/p2)

Similar to the previous models, here also first we determine the decisions of
the retailer, and after that, substitute these decisions into M,’s profit function to

27 TM1IM

determine the unique (as = —(b; — bp) < 0) wholesale price w; as follows:

B
ows

— X530 + Xy
Wy = _B—l

Substituting these values of py, p» and w, into M;’s profit function and utilizing the

first-order optimality conditions for 6, the ideal outcome can be acquired as follows:
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6.1.2. Model development and analysis

Proposition 6.1.5. If A > o201 +by)— (26 18J(’bﬁl 22]17[225 1N B2—0b2)] o1, the ideal outcomes of

the manufacturers and the retailer for the Stackelberg intra Stackelberg policy are given by:

X

mim _ X5
MM~ 22,
S Ve

2 - 7

By

MM MIM | gMIM

v _ (07 = B3) ("™ + ab™™) + by [ap + B10MM] + ba[a(1 — p) — B20MM]
4 202~ 12) :

v (B3 = BR)wd™ 4 by[a(1 — p) — BobMM] + by[ap + 16MM]
S 207 — 12

(b1 — b3)

Expressions for X5 and X¢ are provided in the Appendix.

D. Nash game (N)

Here, all the channel individuals act noncooperatively and simultaneously for

expanding their individual profits. The Nash game is presented as follows:

max I, (0)
max I, (w;)
Wy

max I1,(p1, p2)
(p1,p2)

Utilizing the first-order optimality conditions for 6, w», p1 and p, the ideal outcome

can be acquired as follows:

Proposition 6.1.6. At the equilibrium, the ideal outcomes of the manufacturers and the
retailer for the Nash game are given by:

wé\l = )}7 [261(1 — p) (:B — Débl) + 3b2M2(b1N1 — bz) — (bl — bz)[Zﬁl (3Z1 — 2M2)

+a(1— 40)N; + (N1 — )My — 3025,

ov _ (a1 =p) +2(b1 — bo) Mp][4A — 3N1(B1 — ab1)] — (B2 — ab2)[2Z1 (1 — ab1) — ap]Ni]
Xz ’
w{\l = wé\] + adN,
N _ Xs
T X
.

(b7 — b3)X
Expressions for X;,i = 7,8,9 are given in the Appendix.
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6.1.2.3 Contract

A. Cost sharing (CS) contract

According to our assumptions, M; manufactures the green product and the market
demand increases with the greening level. Although the retailer benefits from this
increased market demand, the manufacturer only spends the greening cost. To
energize M; in green assembling, here we introduce a cost sharing agreement in
which the retailer consents to share a part ¢ (0 < ¢ < 1) of total greening cost with

M;. The profit functions of the manufacturers and the retailer then become

I, (8) = (w1 —cm)D1+sDy+ AiDgy — (1 — ¢)A6>
Iy, (w2) = (w2 —cm,)Da+ A2Dgo
I1(p1,p2) = (p1—w1)D1+ (p2 — w2) Dy — PpAG>.

Among the three Stackelberg policies discussed in the previous subsection, Bertrand
policy gives the best possible outcome (see numerical example). In the following,
we consider the cost sharing contract for Bertrand policy. Cost sharing contract
for the other two policies can be obtained similarly. The ideal outcomes of the

manufacturers and the retailer for cost sharing contract can be acquired as follows:

Proposition 6.1.7. At the equilibrium, the ideals of the manufacturers and the retailer under
the CS contract are given as follows:

(B4 + 2)\¢)X4 — X X3

cs
Y2 T XX — By(Bs+ 249’
9Ccs  — B1 X, — X1 X4
X1 X3 — B1(Ba + 249)’
wfs = wzcs + a6,
pCs = (6] — b3) (wg® + ab°) + bi[ap + B16°] + baa(1 — p) — B26] ,
2(bg — b3)
cs (b = b3)ws® +bifa(l = p) — Bab°] + ba[ap + B16°°]
B 2(b} — b3)

It is clear from Proposition 6.1.7 that, the greening level increases under cost
sharing contract. M, does not participate in this agreement and the higher greening
level diminishes the demand for the conventional non-green product. In order
to maintain its profitability, M, increases the wholesale price moderately which
increases the wholesale price of the green product. All these issues influence the

market demand and diminish the benefit of the retailer but improve those of the
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manufacturers (see numerical example). Therefore, cost sharing agreement cannot
give a mutually advantageous arrangement for all the channel individuals. In the

next subsection, we implement a revenue sharing under cost sharing contract.

Corollary 6.1.2.
(a) %5 =1>0,

CS
(b) %52 >0,

Corollary 6.1.2 reveals that the greening level increases when the retailer offers
a higher expense sharing portion to M;. This result is extremely instinctive as the
higher share portion can reduce the cost load of product greening. A higher green
product negatively affects the conventional non-green product demand. In order to

keep its profit intact, M, increases his wholesale price slightly.

B. Revenue sharing under cost sharing (RCS) contract

In this case, the retailer and the manufacturers sign an agreement in which the
retailer consents to share some portions (1 — p1) and (1 — p2)(0 < pq,p2 < 1)
of its revenue with both M; and M),, respectively and the manufacturers agree to
reduce the wholesale prices. Simultaneously, the retailer shares some portion of the
green investment cost (similar to the previous model). The profit functions of the

manufacturers and the retailer then become
Hml (9) = (w1 — le)Dl —+ SD1 + AlDRl — (1 — 4))/\92 + (1 — #1)P1D1

Hmz(WZ) = (wp— sz)Dz + ApDpro + (1 — #z)PzDz
I,(p1,p2) = (uap1 —w1)D1+ (pap2 — wa) Dy — pAG>.

In the backward induction, the retailer first determines the selling prices as functions

of the greening level and the wholesale price, which are given by

p1 = Fw,+ R0+ F
pz = F4ZU2 + F49 + F4

Now, substituting these decisions (p; and py) of the retailer into the manufacturers’
profit function and utilizing the first order optimality conditions for w;, and 6, the

ideal outcome can be acquired as follows:
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Proposition 6.1.8. At the equilibrium, the ideal outcomes of the manufacturers and the
retailer under the RCS contract are given as follows:

RCS G286 — G385

ZU2 — Y =

8185 — 5284’
gRCS  _ 6364 — G166
8185 — 5284’
w{%CS — wé?CS —|—a0RCS,
p{?CS — Flwgcs +F29RCS —|—F3,
p§CS — F4ZU§CS +F59RCS +F6

Expressions for F;,i = 1(1)6 and &;,i = 1(1)6 are given in the Appendix.

6.1.3 Numerical illustration

Due to complicated forms of analytical results of the developed models, in the
previous section, we were unable to compare ideal outcomes and benefit of channel
individuals and the entire production network. So, here, a numerical example is
considered to compare the ideal greening level, wholesale prices, retail prices, and
maximum benefits under different policies. We take a = 250;p = 0.68;b; = 0.6; b, =
025,81 = 25,2 = 015;k = 5,00 = L;ci, = 100;c = 3,0 = 5,11 = 025 =
0.2,A =100; A1 = 90; Ay = 80;¢ = 0.1; u; = 0.74; up = 0.65; in appropriate units.
Table 6.1.1 represents the optimal results for the proposed model under different
policies. Comparing green manufacturing cost, greening level, wholesale prices, and

retail prices for various models, we have the accompanying proposition:

Proposition 6.1.9. Optimal green manufacturing costs, greening level, wholesale prices,
and selling prices for different models follow the accompanying relationship : (i) C%VI <
epM < ol < MM < O (i1) 0M < 9NM < oN < pMIM < 9C (i) w) < wMM <

MIM _ ,CM ) 9C <« pN « p)NM - ,MIM _ ,CM ; _
w M < wi™, and (iv) py < p < pM < ptM < piM, i=1,2.

As the centralized policy is free from the transfer prices, the green manufacturer
puts more effort into producing the higher green product. Due to higher green
product, in this case, the green production cost is higher than those of other policies.
As the greening level is higher, the green manufacturer can get a higher subsidy
from the government under the centralized policy. Among all the decentralized

policies, M;-led Stackelberg game gives higher green product and so, in that case, the
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Table 6.1.1: Optimal results of the proposed models.

Optimal | Centralized Stackelberg Nash
decisions C CM MIM NM CS RCS N
Crm,y 108.538 | 105.424 | 106.537 | 105.613 | 106.217 | 108.411 | 105.915
w1 - 226.848 | 170.605 | 168.581 | 169.905 | 93.9432 | 144.114
wy - 217.807 | 159.710 | 159.226 | 159.542 | 79.9250 | 134.256
p1 250.442 322.910 | 295.700 | 293.932 | 295.089 | 274.580 | 281.945
P2 196.660 | 262.630 | 233.915 | 233.396 | 233.736 | 220.016 | 221.002
0 2.84608 | 1.80812 | 2.17897 | 1.87109 | 2.07248 | 2.80363 | 1.97154
s 9.23039 | 4.04062 | 5.89487 | 4.35545 | 5.36239 | 9.01814 | 4.85770
ITy,, - 6543.29 | 4749.90 | 4740.00 | 4791.67 | 5241.58 | 3611.07
I, - 385.127 | 1003.10 | 990.316 | 998.666 | 1182.56 | 883.979
IT, - 4589.36 | 8051.81 | 8079.73 | 8018.51 | 8292.76 | 9935.22
IT 15113.8 11517.8 | 13804.8 | 13810.0 | 13808.8 | 14716.9 | 14430.3

green manufacturing cost is also higher than any other decentralized policies. The
Collusion behavior of two manufacturers provides fewer green product than any
other policy. It is noted that, in this case, the manufacturers charge higher wholesale
prices which is consistent with Zhao and Wei (2014). The reason is that, due to joint
decision-making of the manufacturers, there is no price competition between them.
They can increase the wholesale prices without any hesitation. But in the case of
independent decision-making, they reduce the wholesale prices to enjoy competitive
advantages. That’s why, the Nash game provides lower wholesale prices than all
other policies. As the retailer follows the manufacturers’ decision, selling prices
for different models have the same trend as those of the wholesale prices. The
centralized policy being free from the double-marginalization effect provides lower

selling prices than all other policies.

Proposition 6.1.10. Optimal benefits of the manufacturers, the retailer, and the entire
production network for different models follow the accompanying relationship : (i) TIN L <
WM < TIIM < TIEM, (i0) TIEM < T < TINM < TIYIM, (iii) TIEM < TIMIM <
I < 11V, and (iv) IM < TIMIM < TINM < TTN < TIC.

v 7

Not surprisingly, the centralized policy provides the most possible outcome as

far as the profitability of the entire production network. The Nash game among the
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players gives a higher benefit to the retailer but a lower benefit to the manufacturers.
In the Stackelberg game, the retailer gets higher benefit in the Bertrand policy and
lower benefit in the Collusion policy. On the other hand, M; gets higher benefit
in the Collusion policy but M, gets the higher benefit when M; is the leader. The
reason for these results lies behind the trends of the product’s greening level and
its prices. For the high level of green product in the Stackelberg game, the buyers
consent to pay more and M; can obtain more subsidies from the government. So, the
benefit of M; increases. Although the higher green product diminishes the buyers’
interest for the conventional non-green product, the benefit of M; increases due
to its higher wholesale price. But it reduces the profit of the retailer. When the
manufacturers work jointly, they demand much wholesale price for the low level
of green product and amplify their overall benefit. Therefore, the Collusion policy
is only profitable to M; while detrimental to the retailer and the entire production
network. Moreover, the Collusion policy provides less profit to M, than all other
policies, which is inconsistent with the outcomes of Zhao and Wei (2014) who found
that the benefit of the conventional non-green manufacturer under the Collusion
policy is only less than that of M;-led Stackelberg game but higher than all other
policies. The explanation for this kind of conflicting situation is additionally due to
the trends of the product’s greening level and its prices.

Although the Bertrand policy provides better benefits to the retailer and the entire
production network, it gives lower benefits to the manufacturers. For producing a

oo higher green product and obtaining a

CS
nml

higher benefit, M; makes a contract

—— nN’f
—e—ng with the retailer to share some part of
10000} —e—ny i . .
o s green investment cost. The numerical

outcomes depict that the CS contract

C v ¢ I'Ir
so00l ﬂjﬁj\i\i\i\g R provides a higher greening level and

A// higher benefit to M;. M, also gets a
| e —— i higher benefit without participating in
° o2 Mo, o8 ' this contract. But the retailer’s benefit

Fig. 6.1.2: Win-win outcome w.r.t. ¢. diminishes. So, the CS contract cannot

accomplish a mutually beneficial arrangement (win-win situation) (see Fig. 6.1.2).
This outcome is opposite to the outcomes of Ma et al. (2018) who showed that

cost sharing contract between two players could give a mutually advantageous
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arrangement to all the channel individuals. The reason for this finding of our study
lies in the thought of the greening level’s effect on non-green product’s demand and
the presence of government sponsorship. The sharing of green investment costs and
government subsidy help M; to produce more green product. Because of higher
green product, M; sets much wholesale price. M, also sets much wholesale price
for the conventional non-green product. As a result, the retailer also charges higher
selling prices which decreases the market demand. This decrement of non-green
product sales lessens the benefit of the retailer. On the contrary, in the RCS contract,
M;j improves the greening level over 33% and the manufacturers diminish wholesale
prices over 44% and 49%, respectively. The retailer also sets lower retail prices which
expand the market demand, income of all the individuals and the entire production

network. Thus, the RCS contract assists with accomplishing a win-win situation.

Table 6.1.2: Optimal results in the case of no subsidy.

Optimal | Centralized Stackelberg Nash
decisions C CM M1M NM N
Cimy 102.754 101.974 | 102.423 | 101.420 | 101.429
wq - 222.189 | 161.592 | 159.397 | 135.071
wy - 218.899 | 157.555 | 157.030 | 132.689
p1 247.425 317.753 | 287.823 | 285.904 | 273.748
p2 194.926 | 262.142 | 231.604 | 231.041 | 218.874
0 0.91788 0.65786 | 0.80751 | 0.47342 | 0.47625
ILy, - 6596.99 | 4608.43 | 4597.06 | 3439.04
IL,, - 277.140 | 946.800 | 933.333 | 829.730
IT, - 4535.28 | 8176.86 | 8207.59 | 10019.6
IT 14794.4 11409.4 | 13732.1 | 13738.0 | 14288.4

Table 6.1.2 demonstrates the importance of government intervention in green
manufacturing and it represents the ideal pricing decision, greening strategy, and
benefits of the players when the government offers no financial support. It is
obvious that, in this situation, the greening level diminishes and accordingly, the
benefits of the entire supply chain in all the cases decrease. It can be noted that the
benefits of the manufacturers decrease and that of the retailer increase in all the cases
except in the Collusion behavior where the benefit of M; increases and that of the

retailer decreases. This outcome is contrary to the general thought that government

159



Chapter 6. Cooperative and non-cooperative behavior of same level players under governmental intervention

sponsorship improves the benefit of the green manufacturer. The explanation for
this result lies in the pricing estimation of M;. As in this case, M, enhances the
wholesale price, the retailer can’t diminish the retail price of the conventional non-
green product sufficiently while decreasing that of the green product. Due to this
type of pricing contest, the buyers’ interest in the green product rises while that
of the conventional non-green product decreases. A higher market demand of the
green product affords a higher benefit to M; while an elevated wholesale price and a
lesser market demand of the conventional non-green product decrease the benefit of
the retailer. Consequently, government sponsorship and competing manufacturers’
various behaviors play important role in deciding optimal strategies under product

substitution.

6.1.4 Sensitivity analysis

In this part, the sensitivity of few parameters is discussed to investigate their impact
on the ideal greening level considering the parameter-values as given above. Figs.
6.1.3-6.1.5 address the sensitivity of the parameters A, By, B2, b1, p, k, and 0y,
respectively. Fig. 6.1.6 represents the region of a mutually beneficial situation for

the parameters p; and p».

6.1.4.1 Impact of green investment and green sensitivity

Fig. 6.1.3(a) represents the joint influence of the green investment parameter (1) and
the green sensitivity parameter of green product demand (1) on the greening level
for the proposed policies. As usual, the greening level diminishes in all the policies
with A. It is additionally noticed that, for higher values of A, greening level in RCS
contract becomes better than the centralized policy which is not acceptable. So, A
must be less than some threshold value. This is the reason why green manufacturers
cannot invest in green manufacturing continuously. On the contrary, the greening
level increases in all the policies with green sensitivity parameter. The growth rate
is better in the centralized policy while it is lower in the Bertrand behavior. It is
noticed that, for the lower value of B, greening level in the centralized policy is
lower than the RCS contract. So, 81 should be greater than a threshold value. It is
also noticed that, when the buyers come to be extra touchy to the green product, the
manufacturer generates a better green product in their Collusion behavior than their

conflicting behavior.
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Fig. 6.1.3: Changes in optimal 8, MM and profit w.r.t. A and green sensitivity parameters.

Since the greening level increases with 1, the manufacturers and the retailer
demand higher retail prices. However, because of higher green product, the market
demand expands which builds the benefit of all the policies. In contrast, since the
greening level diminishes with A, the market demand diminishes. As a result, the
benefit of all the policies decreases. The overall benefit of the production network is
almost the same in Bertrand policy and M;j-led Stackelberg policy (see Fig. 6.1.3(b)).

Among the three Stackelberg policies, Mj-led Stackelberg behavior gives the
higher green product. We present the joint impact of f; and B, on the greening
level for M1M behavior in Fig. 6.1.3(c). It shows that the greening level decreases
as 32 increases. The rate of decrement of greening level for B, is lower than the rate

of increment of greening level for f;. That means, the greening level sensitivity to
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the non-green market demand has less impact on the greening level compared to the

greening level sensitivity to the green market demand.

6.1.4.2 Impact of parameter by, p, k, and 6

In this subsection, we further investigate the impact of by, p, k, and 6y on the optimal

greening level for the proposed policies.
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Fig. 6.1.4: Changes in optimum 0 w.r.t. different parameters.
6.1.4.2.1 Impact of parameter b,

If a market turns out to be more delicate to the cost of any product, the retailer needs
to diminish the retail price of that product to keep the market demand intact. The

manufacturers are also forced to reduce their wholesale prices. A manufacturer can
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not sell a better product at a lesser cost without any contract with the retailer. So, the
product’s greening level diminishes in all the policies. In Fig. 6.1.4(a), we keep all the
parameter values same as the preceding section and by € [0.4,0.64]. The decrement
rate is greater in the centralized policy. Among the decentralized policies, Collusion
behavior has a higher rate of decrement. Similar to green level sensitivity, self-price
sensitivity has a similar effect on greening level in Collusion and Bertrand behavior.

Since the greening level diminishes with by, the manufacturer and the retailer
cannot set a greater cost for the product. So, the cost of the product also decreases
with b;. Although the selling price of the product decreases because of lesser green
product, the market demand of the product also diminishes which again decreases
the benefit of the manufacturers, the retailer, and the whole supply chain. It is
interesting to see that the central decision-maker offers the better green product at
a lower cost under a centralized policy. For higher values of b;, the retail price and

benefit of the whole production network tend to be nearer under all the policies.

6.1.4.2.2 Impact of parameter p

For higher values of p, the basic market for the green product increases. The
manufacturers and the retailer can demand a higher price in this large market. At
the same time, the green manufacturer cannot impose a greater wholesale price for
lesser green product. So, the product’s greening level enhances in all the policies.
Fig. 6.1.4(b) shows the optimal change of 6 with p, where default values of all the
parameters are equivalent to the preceding section and p € [0.4,0.7]. It shows that,
for lower values of p, the greening level under M;j-led Stackelberg policy is lower
than any other policies but for higher value of p, this policy provides higher green

product than any other decentralized policies.

6.1.4.2.3 Impact of parameter k and 0

In this subsection, we discuss the effect of adjustment parameter (k) and green level
floor (6p) for government intervention. Fig. 6.1.4(c) shows that the greening level
enhances in all the policies and the increment rate is better in the centralized policy
and fewer in Collusion behavior. For larger values of k, the greening level turns out
to be lower in Collusion behavior. Fig. 6.1.4(d) shows the change of greening level
with the green level floor. The greening level follows a similar pattern as that of k.

As the greening level increases with 6, M; has to invest more which may reduce his

163



Chapter 6. Cooperative and non-cooperative behavior of same level players under governmental intervention

profit. Fig. 6.1.5(a) shows that the benefit of the manufacturer enhances with 6y up
to a certain level; after that, it tends to diminish. As a result, the benefit of the entire

production network also follows a similar pattern (see Fig. 6.1.5(b)).
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Fig. 6.1.5: Changes in profit w.r.t. 6.

6.1.4.2.4 Impact of revenue sharing parameters y; and

By setting all the default values same as the previous section, here, we explore the

effect of revenue sharing portions y; and pp on the supply chain. From Fig. 6.1.6(a)
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Fig. 6.1.6: Win-win outcome w.r.t. y; and py.

we note that y; and 5 should lie in [0, 0.76] so that benefit of M; in the RCS contract

remains greater than that of M,. We notice that the benefit of M; decreases with
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and u, but that of M, decreases with p; and increases with u,. In Fig. 6.1.6(b), we
investigate the effect of y; by keeping u, fixed with the value 0.65. It shows that
profits of both the manufacturers decrease with 1 but that of the retailer increases
with p4. It is clear from the graph that when i1 becomes larger than 0.73, the benefit
of the retailer in the RCS contract becomes greater than that in Bertrand behavior and
when j11 becomes larger than 0.76, the benefit of M; in the RCS contract becomes less
than that in Bertrand behavior. So, in order to achieve win-win situation, 1 should
lie in [0.73, 0.76]. In this region, the benefit of M; in the RCS contract is also greater
than that in the Bertrand behavior.

Appendix

The following notations are used in this part for clear representation.

My = 2cp, + k03 — A171 — AxTa, Mp = ¢y — ArTa, Mz =20+ kb —c,

Ny = (M —w), Zy = (My — M), ¥; = B; — bi(kbp — c),

D; = bi(cm, + k05 — A1) —bjMy, (i =1,2;j =3 —1i).

E =417 — b3) — by (kb — ¢)* — by (BT + 5 — B3 (k6o — ¢)?) — 2(b5 — b3)B1(kfy — ¢) + 2021
Y = Bi(cm, + k03 — A1) — B2 M — pa(ky — c).

By = —(by —by), By = Mt Piofo) g, — a=BIMy g, — D4 4 (By —aby)Ny, Bs = 2ERUY

X, = (ﬁl*ﬂéhlz)vLBlNl, X, = ﬂPle(ﬁzllebl)le X3 = — (52;“52)’ X, = ﬂ(lfp)szle/

X5 = (ap — Xq)[(B2 — ab2) — 2B1Ni] + [a(2b1 + b2) — (2B1 + B2)][B1Z1 + X4],

Xg = 8A(by — by) — [a(2by + b2) — (2B1 + B2)][(B2 — abs) + 2B Ny ],

X7 = 2(B1B2 + bibaa®) + (by — bp)[12 — (9B1 + B2)N1] + aNy(by — by)(9b1 + by),

Xg = [(b% - b%)a(b% (30Zy +2My (kb — ¢)) — b2MaNy — byby (Mo Ny + 2azz)) + b3 (4AM, — a?a(1 —
p) +aa(l+50)Ny — 481 MaNy — BoaZy) + b3 (4AM; — aa(1 — 2p)Ny — a(3B1 — Ba) Mo — 2ap1Z) —
by b2 (4AM2 +a2a(3—p) + (aa(5—3p) — 2(B1 — B2) My) (kb — ¢) — 31 Zy — 4045222) — b2by (4AM, —
5aa(1—20) Ny — a%ap — 5> Mo (kb — ¢) — 561 Mo Ny + BraZs +362072) + b7 (201 (1420) + B1 71 —
B3 (Z1 + 2Z3) — a(B1(2 + p) + B20) N1 — Wﬁzp) + b1by (607\(1 —2p) + B1(B1 + B2)(3Z1 — 2Mp) —
aNi (B1(4 = 7p) + pap) — wapup) — 263 (B1a(Z1 + Zo) + a(1— p) (4A — 3N + 1) — apopNi ) +
b (B1(1—p) + ﬁzp)] ,

Xo = |(1% — 02)aby (3(b1 — b2) Nt Ms + boZy) + b3 (4A M + 6aa(1 — )Ny — 381 MaNy + Ba (Ms (20 +
Ni) —4aZ1)) + B3 (4AM; — aaply + B (aZy — 4MaNi ) = B3 (4A M + aa(4 — 9p) Ny — a?a(1 — p) -
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2B1(MaNy + aZp) + B2(2MoNy — aMy — 3aZ5)) — b1b3 (4AM, + 20a(1 + p)Ny — aap + B1(30Z, —
5M,Ni +aMy) — Bo(MaNy +aZy)) + b3 (ﬁ%(Mz +3Z5) — B1B2Z1 —2aA(1+42p) 4 aPopNy + B1 (a(2+
p)N1 — ‘WP)) + 267 (12 (Mo + 2Z5) + 4aA(1 — p) — 31a(1 — p)Ni — BaapNi) — biby (ﬁl(ﬁl +
B2)(Ma +3Z5) + 6aA(1 — 2p) + B1(20a(1 — p) — a(4 —7p)N1) — Baap(kb — C)) +baapi (B1(1—p) +
ﬁzp)]

F = 203y +b1b (1 —p2) b3 (p1 +2) F, = 2b7apn by (1 +12) (bas+pu2B2) +2b1 1 o P
iR (n+m)* 4bpia i —b3 (ja +112)?

B = bpa(1—p)po (1 +2) +2b1 1 poap F = 26211 —by b (1 — o) — b3 (1 +112)
a2 —b3(m+p2)?> 7 46241 pp— b3 (pa+112)?

Fs = bapap (1 +pi2) —brboa (1 —pio) —2br i pio B Fo = 2 piabra(1—p) +baappn (i +1i2)
Abipapa—b3 (p1+p2)? ’ Abjp pa—b3 (p1+p2)?

4

1=(B1+bE5—biR)[1+ (1 —wu)F] — (biFy —byFy)[N1 + (1 — u1) R,

&2 =2[(B1 + boFs — b1 B) (N1 + (1 — p1) B2) = A1 = ¢)],

&3 = (B1+ boFs — 1 F)[(1 — p1)F3 — Zq] + (ap + byFs — b1 F3) [Ny + (1 — 1) B,
Cy=2[1+ (1 — up)F4](boFy — b1 Fy),

¢s = (1 — up)F5(boFy — b1Fy) — [14 (1 — po) Es] (B2 + b1 Fs — boFy),

G6 = [14 (1 — p2)Fag][a(l — p) — b1F6 + baFs] + (b2 Fy — b1 Fy)[(1 — p2) Fs — Ma].
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6.2

Retailers’ competition in a green
closed-loop supply chain under CTP

This study seeks to address the horizontal competition and cooperation of competing
retailers under cap-and-trade policy (CTP). The manufacturer produces the green
product and sells it to the retailers with consistent wholesale price depending on
the reaction of the retailers. Market demand is assumed to vary with retail prices
and greening level of the product, and its deterministic archetype is known to the
manufacturer and the retailers. Besides manufacturing new product from fresh raw
materials, the manufacturer also remanufactures used products. To reduce the GHG
emissions and encourage the manufacturer in green production, the government
gives some emission cap and subsidy. While selling products to customers, retailers
can behave differently. Depending on various behavior of retailers, we consider
different scenarios such as Collusion (C), Nash (N), and Retailer-led Stackelberg
(R) scenarios along with the centralized scenario. A transfer payment mechanism
is proposed for achieving the Pareto improvement for the channel individuals and
a bargaining model is developed for sharing extra profit obtained through the

proposed mechanism. This study aims to answer the following questions:

e Which behavior of the retailers is the best from the point of view of the

manufacturer, the retailers, and consumers?

e What are the impacts of government policies on the green supply chain under

retailers’ different behaviors?

e Does the leader always get higher profit in the case of the Stackelberg game

between the retailers?

This study is based on the work published in Operational Research, 2022, 22, 859-894.
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6.2.1 Notations and assumptions

The following notations are used for developing the proposed models:

w;j

pi
0

cr(< em)

unit wholesale price of the manufacturer to the retailer i (i = 1,2).
unit selling price of the retailer i (i = 1,2).

level of green innovation.

demand function of the retailer i (i = 1,2).

total demand.

collection quantity.

unit manufacturing cost of the end product from raw materials.
unit manufacturing cost of the end product from used products.
unit carbon trading cost.

carbon emission for unit product.

carbon emission of the manufacturer.

carbon cap given by the government to the manufacturer.

basic market demand to the retailer i (i = 1, 2).

fraction of demand which is returned, 0 < T < 1.

green investment cost coefficient.

price paid by the manufacturer to the customer to collect used products.
profit of the manufacturer.

profit of the retailer i (i = 1, 2).

profit of the whole supply chain.

The following assumptions are made to establish the proposed models:

(1) The market demand faced by retailers is deterministic and linearly dependent on

the greening level and the selling prices of the product. The demand functions

of two retailers are assumed as D; = a; — ap; + Bp; +70,i =1,2;j =3 —i. So,
the total demand is D = (a7 + a2) — (o — B)(p1 + p2) + 296. The parameters

« and B represent the self-price and the cross-price sensitivity, respectively. We

assume a > B, which indicates that the self-price effect is greater than the

cross-price effect i.e. if there is any change in the selling price of retailer i, it has

more effect on its own demand than the rival’s demand (Hanssens et al., 2003;

Kurata et al., 2007). -y is the sensitivity of greening level.

(2) The collection quantity Dy is assumed as Dg = 7D. The manufacturer pays Ag

per unit to customers for collecting used products and remanufactures these

collected products at a cost of ¢, per unit.

(3) All the remanufactured products have the same quality as that of the new ones
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(Savaskan et al., 2004). So, remanufactured products are sold with the new
products in the same market. As we assume c;; > ¢, so remanufacturing a

used product is more profitable than manufacturing a new product.

(4) Carbon emission for a unit product depends on the greening level and is given by
e = ep — PO, where ¢ is the basic emission and 1 is the adjustment factor. Since
both the new and the remanufactured products are sold in the same market,
in order to avoid complexity in calculation, we assume that carbon emission
due to manufacturing is the same as that of remanufacturing. So, the total
emission is E,, = (D — Dg)e (due to new production) + Dge (due to product
remanufacturing) i.e. E, = De. If E,, > E, then the manufacturer has to
buy the shortage of emission permit at the cost of ¢, per unit to produce more.
The opposite situation occurs when E;; < E i.e. the manufacturer can sell the
emission permit in the same emission trading market at the same trading price

and get some profit. This produces an additional income (Xu et al., 2016a).

(5) In order to ensure that all players of the supply chain are profitable in the
business, we assume that p; > w; > 0,pp > wy > 0;cp — ¢ > Ag > 0.

To avoid complexity in calculation, we assume Cy = ¢, — ¢, — Ag > 0.

6.2.2 Model formulation and analysis

In this section, we develop the proposed models and derive the optimal results for
each model analytically. We consider a two-echelon closed-loop green supply chain
consisting of a single manufacturer (remanufacturer) and two competing retailers.
The manufacturer produces (at a cost of ¢, per unit) and sells the green product
with greening level 6 to the retailer i at a price w;,i = 1,2 per unit. Qi et al. (2017)
showed that the consistent pricing strategy of the manufacturer provides the best
possible optimal result. Here we consider the consistent pricing strategy of the
manufacturer i.e. w; = wy = w. The retailers sell the product to potential customers
through the traditional retail channel at selling prices p; per unit and p, per unit,
respectively. In the reverse channel, the manufacturer collects the used products at
a cost Ag per unit and remanufactures these products at a cost ¢, per unit. So, total
cost due to remanufacturing is (Ao + ¢,) per unit. The manufacturer has to invest

some extra money to achieve green innovation. We assume an increasing and convex
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cost component A82, (A > 0) (Ghosh and Shah, 2012) to characterize the diminishing

investment with respect to 0.

The profit function for the manufacturer is given by
IL,(w,0) = wD+sD —cy(D— Dg) — (¢; + Ag)Dr — ce(Em — E) — A8%(6.2.1)

Here, the first term indicates the revenue obtained from selling the product to
the retailers and the second term denotes government subsidy. Production costs
(including recycling cost of the returned product) of the new and the remanufactured
products are given by the third and the fourth terms, respectively. Carbon trading
cost is represented by the fifth term and the last term denotes the extra cost for

producing a green product.

The profit function for the retailer i is given by
I, (p;)) = (pi—w)D; i=1,2. (6.2.2)

We develop various models under centralized and decentralized scenarios. As we
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Fig. 6.2.1: Graphical representation of the closed-loop supply chain.
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are interested in competition and cooperation of the retailers, in the decentralized
scenario, we mainly study retailers” different behaviors with the manufacturer as
the Stackelberg leader and the retailers as the followers. The duopolistic retailers
can implement the following three scenarios:

e Collusion scenario (C) - both the retailers act jointly to maximize the total profit of
the downstream market (Fig. 6.2.1(b)).

e Nash scenario (N) - both the retailers work independently by setting their selling
prices and giving service to the customers assuming the rival’s decision variable as
a parameter (Fig. 6.2.1(c)).

o Retailer-led Stackelberg (R) - one retailer (say, retailer 1) acts as the Stackelberg leader
and another one (say, retailer 2) as the follower, assuming the rival’s decision variable

as a parameter and vice-versa (Fig. 6.2.1(d)).

6.2.2.1 Centralized policy (])

In this policy, the manufacturer and the competing retailers work jointly to optimize
their decisions viz. greening level and retail prices, through optimizing the joint
profit of the manufacturer and the retailers. Due to joint optimization, the internal
transfer price w does not play any role (Fig. 6.2.1(a)). The profit function for the
centralized policy is given by

IV (p1,p2,0) = pi1D1+ p2Da+sD —cyu(D — DR) — (¢; + Ag)Dr — ce(Ep — E) — A6?

Using the first order conditions for optimality of IT/(py, p2,6), the equilibrium
solution for the centralized policy can be obtained as given in the following
proposition:

Proposition 6.2.1. If A > max {27‘1’1, 2(:——513)}' the centralized policy has the following

unique solution

] a1 X1 +arXp —|—4:((X—{—5)X3
4o+ B)[2A(a — B) — ¥3]’
i ar X1 + a1 X3 —|—4(D€—|-‘B)X3
4o+ p)2A(a — B) — ¥3]”
W¥sla1 +a, —2(a — B)¥2]

o/ =
22Ma—p) =3

where Y1 = kby + c.p, Yo = o + kO% — CoT+ceeg, ¥3 =7+ (a — B)¥1, X3 = 4aA —
¥a[y + Ga+ )], Xo = 4BA + ¥3[y — (a +3B)¥1], X5 = Fo[A(a — B) — 7 ¥3].

171



Chapter 6. Cooperative and non-cooperative behavior of same level players under governmental intervention

Proof. Here,
I — g —2apy +2Bpa+ (71— (a— B)¥1)0+ (a — B)¥a, 2 = 20 <0,

] @il
S =02 —2apy +2Bp1+ (v (e = pY1)0 + (e — p)¥, §F =20 <0,

J 211
5 = (r— (= B)¥1) (p1+p2) + (47¥1 —20)8 — 292, %5 = 24 +49¥1 <0,
if A > 29Yy,
I _ s 8 U i 8 U
dp1dps :B dp00 — I (D( - IB)‘Pll p200 — T (lX - ;B)Tl
The correspondmg Hessian matrix is given by
i 8 U o) ¥ U v U

ops  9p1dpz  Ip10 —2u0 2p v —(a—B)¥1
e | g g | G 1—epm

aa;argl gggz Y vy (=Bt v—(a—p)¥1 —-2A+41
Now, the leading principle minors are |[M;| = —2& < 0, |[Mp| = 4(a® — B?) > 0,
and |[H| = 4(a + B)[¥Y3 —2A(a — B)] < 0, if A > 0 2@ Thus the Hessian matrix

2
is negative definite if A > max {27‘1’1, 2(‘?_)} Using the first order conditions for

p

optimality i.e. %—I;] =0, %1;] = 0, and aH = 0, the optimal values of the decision
variables can be obtained as given in Proposition 6.2.1. u

6.2.2.2 Manufacturer-led-decentralized policy

There are industries like GM, Toyota (automobile markets), Canon, Xerox, HP (for
printing), where the manufacturers are larger than the retailers. So, in such cases,
the manufacturer acts as the Stackelberg leader and the retailers as the followers.
The retailers first provide their best responses to the manufacturer and then the
manufacturer sets his optimal decisions to maximize the profit. With a common
manufacturer, the retailers may cooperate or compete or play Stackelberg game
while deciding their pricing strategies. In the following subsection, we discuss about
the pricing policies and profits of the retailers with different pricing strategies under

the manufacturer-led structure.

A. Collusion policy

In this case, the duopoly retailers agree to act jointly to maximize the total profit in
the downstream market. For example, Beijing-based Guotong Electrical Appliance
Company and Asia Financial Service Company, GOME with its foreign counterpart
Best Buy Inc. (Wang et al.,, 2011), Europe’s largest clothing retailer Inditex and its
flagship store Zara, H&M and Alexander Wang (apparel retailer), Samsung Group

and Tesco in South Korea as Tesco Home plus, etc. act cooperatively. So, the total
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profit of the two retailers is given by

[T (p1, p2) = Iy, + 11, = (p1 — w) D1 + (p2 — w) Ds.

Now, the problem is reduced to a two-player Stackelberg game. So, the Collusion
policy is formulated as follows:

( max I, (w, 6,71, 72)
(w,8)

subject to

P1 and p; which are obtained from

max I, (p1, p2)
\ (pllpZ

We first calculate the decisions of the retailers from their joint profit. For any given
wholesale price w and greening level 6, the optimal decisions of the retailers’ can be
obtained from the first order necessary conditions for optimality, which are given as
follows:
_aptaip+ (a+B)[(a —p)w+ )]
e 2% = 2)

Substituting (6.2.3) in the manufacturer’s profit function and solving the first

, Wherei =1,2;j =3—1i. (6.2.3)

order necessary conditions for optimality, we can obtain optimal decisions of the

manufacturer and the retailers as follows:

2
Proposition 6.2.2. If A > max {’y‘{’l, 4(:—_3@}, in Collusion policy, the optimal decisions

of the manufacturer are given by

W€ — (a1 +a2)(2A —¥1¥3) +2¥2[2A (a — B) — 7¥3)
2% ’
9C _ ‘Yg,[al +ay — 2(0( - ﬁ)Tz]
2%
and optimal decisions of the retailers are

. lZin + ﬂ]Y] + Yg,
Pio = That B
where Y1 = 2A(5a + B) — ¥3[y + Ba + B)¥1], Yo = 2A(a + 58) + ¥3]y — (a +
3B)Y1), Ys = 4(a + B)[A(a — B) — yY¥3]¥2 and £1 = 4A(a — B) — ¥3.

, Wherei =1,2;j =3 —1.

Proof. Substituting (6.2.3) in the manufacturer’s profit function (6.2.1), we get the

profit function of the manufacturer as follows:

(a1 +az) = 2((a — B)w — 70)
2

15, (w,0) = (w+¥10—¥2)] | + ceE — A8?
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Now,

C 21771C
P = Lay +ay +2(7v0 — (a — B) 2w + ¥10 — ¥2))], Soft = —2(x— B) <0,
) S|

SF =3[ —4A0 + (a1 + a2)¥1 +27(¥16 — ¥2) + 2w(y — (a — B)¥1)],

82 G . 82 C
al;m = A4+ 29¥; <0,if A > 9%y, Thm— g — (a— )Y

The corresponding Hessian matrix of the manufacturer’s profit function is given by

211, 911G,
Hz(QTZC W>=< —2(a— B) ’Y—(“—,B)‘ﬂ)

%9% aagzm y—(x—B)¥Y1 204291,
9211¢ . . . 2 . ¥2
=g will be negative if A > 7¥q and |H| = 4A(a — ) — ¥3 > 0 ,if A > m.
Therefore, the Hessian matrix corresponding to the manufacturer’s profit function

2

will be jointly concave w.r.t w and 0 if A > max {’y‘I’l, 4(3—_3/3) }

C C
Using the first order conditions for optimality i.e. aalaj" =0and agl—e’” = 0, the optimal

Now,

decisions of the manufacturer can be obtained, and putting these decisions in
retailers’ profit functions, the optimal decisions of the retailers can also be obtained,

which are given in Proposition 6.2.2. [ |

B. Nash policy

In this case, we consider that the retailers decide to work independently to maximize
their individual profits by determining their respective selling prices. In the real
world, GOME and Suning (home appliances), Wal-Mart and Tesco, Amazon and
eBay (online retailer), Carrefour and Auchan, H&M and Zara, Walgreens and
CVS (drug store in US), Kroger and Publix, Macy’s and Belk (https://study.com/
academy/lesson/types-of-retail-competition-definition-examples.html), Big
Bazaar and Shoppers Stop (family store in India) are few examples where the

retailers work independently. The Nash model can be represented as
[ max I, (w, 6,71, 72)

(w,0)

subject to

P1 and p; which are obtained from

max IT,, (p1)
(p1)

max I, (p2)
\ (p2)

Here also, we utilize backward induction method to obtain optimal decisions. Thus,

retailer-1 (retailer-2) maximizes its profit I1,, (I1,,) with respect to p1(p2) treating

2
p2(p1) as parameter. As aa—gz” = —2x < 0, for any given wholesale price w and

. . . . : AL,
greening level 6, the optimal solution is obtained by solving the equations = 0
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6.2.2. Model formulation and analysis

and aalpr; = 0, simultaneously. The optimal solution is given by
200 +a;p+ (2a + B) (aw + 0
o 2 iB 4158—/55)( 1) where i — 1,2j=3—i (6.2.4)

Substituting (6.2.4) into the manufacturer’s profit function (6.2.1) and solving the
tirst order conditions for optimality, we obtain optimal decisions of the manufacturer

as follows:

2
Proposition 6.2.3. If A > max{éﬂg_‘%, 2(%2‘;&“75)

decisions of the manufacturer are given by

}, in Nash policy, the optimal

N — (a1 4+ a2)[A (20 — B) — a¥1¥3] + 2% [A(a — B) (20 — B) — ay'¥3]
22y ’

oN a¥; [{11 +ap; — 2([)6 - ﬁ)T2]
23, ’

and optimal decisions of the retailers are

N a]'Zi + ﬂi(XZ]' + Z3 L . . ,
. = - 1 2' - — L.
Pi 22u 1 pr, et =12]=3-1

where Z; = A(2a* —5af — 4p%) + ay(y —3BY1) —a(a — B) (a +2B)¥3, Zo = A(10a —
7B) — (v +3a¥1)¥s, Zs =2a(2a + B)[Ma — B) — ¥ ¥35], and Zp = 2A(a — B) (22 —
B) — a¥3.

Proof. The proof is similar to that of Proposition 6.2.2. u

C. Retailer-led Stackelberg policy

We now assume that one of the retailers (say, retailer-1) is the Stackelberg leader
and other retailer (say, retailer-2) is the Stackelberg follower. This type of situation
can be noticed in the business of large retailers. For instance, Tesco launches Jack’s,

Wal-Mart operates Sam’s club, etc. In this case, our problem is

( max Hm(w/ 6/ p;(w/ 9/ ﬁ)’ fgvl(w’ 9))
(w,0)

subject to p; is obtained from

max I, (p1, p2)
(p1)

A\

subject to p; which is obtained from

max I, (p2)

\ (p2
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In the following, we obtain the best response of the retailer-2 for given values of
w, 8, p1 by equatlng 2 to zero as
___ ay+aw+ Bpr + 0
p2= 20
Substituting (6.2.5) in the profit function of retailer-1 and solving the first order

(6.2.5)

optimality condition for p;, we can obtain the best response of retailer-1 as

_ 2ma+aB+ (a4 B)(2a — B)w + (2a + B)70
e 2(22 — )

Again, substituting (6.2.5) and (6.2.6) into the manufacturer’s profit function and

(6.2.6)

solving the first order conditions for optimality, we can obtain the best response of

the manufacturer which is given in the following proposition.

i Yi¥
Proposition 6.2.4. If A > max {4“(7;“5‘;32), 16a(a—,33) (24“2_[;2)

policy, the optimal decisions of the manufacturer are given by

}, in Retailer-led Stackelberg

( [2a1a(a + B)(2a — B) + a2 ¥4][8aA (2% — B?) — ¥1¥3¥5] )
R +¥2¥5(8aA (a — B)(24% — B?) — v¥5¥5]
Y523 '
oR _ ¥32a10(a+ B) (20 — B) + a,¥s — (a — B)¥2¥5)
23

and optimal decisions of the retailers are

R 2ma+ap+ (a4 B)(2x — B)wR + (2a + B)yoR

S 20207 = ) '
R ay + aw® + Bpy + 70"
2 2

where ¥y = 4a® + 20?8 — ap? — B3, Y5 = 2%, — B*(a — B) and T3 = 16aA(a —
p)(20® — p?) — ¥3¥s.

Proof. The proof is similar to that of Proposition 6.2.2. [ |

6.2.2.3 Comparison of optimal results

Special case

As it is difficult to compare the optimal results of the proposed models derived
above, in this subsection, we consider a special case in which both the retailers face
the same basic market i.e. a1 = a; = a. Using the solution procedure shown in the
previous subsection, we present optimal solutions of the proposed models for the

special case in Table 6.2.1.
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B = . = g Eh—(d—w)ve P
[o(d = w)ve + TR [Ea(d —v) — v]yw (g —w)ve+ =] [ea(d —v) — ]y eh(d —») — 1]y '
& & < 9
ACh(d —w) — 1] ¥4 (d — gve + %) (d — v)wvp Z[Ch(d —w) — 1] v (d —v)w [Ch(d —») — 1] v(d —») ] E
K & i< u
Lm%@ —) — Q_N/\NANQ —gv— Nx‘NXNm_ - Namvaw LNE@. —v) — SN,«NAM\ —w)w Lm\ra - ) - &m;«@. - ) A
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Proposition 6.2.5. When the duopolistic retailers face the same basic market they charge the
same selling price from customers and get the same profit while playing Nash and Collusion

games. But in the case of the Stackelberg game, they charge different selling prices and so get
different profits.

Proposition 6.2.6. In the special case, the greening level of the product follows the pattern
0/ > N > R > ¢,

Proof. On simplification,

o] _ gN — 22¥s3(a—p)[a—(a—p)¥)]
2%, [2A(a—B)—¥3]

>0

N _ gR — 2(2“‘*‘5)(“_,3)2522333[‘1—(“—/3)\1]2] >0

R — 6 — 4B=BUa” 0B N lo—(apI¥] - -

Proposition 6.2.6 illustrates that the greening level of the product depends on
the duopolistic retailers’ different competitive behaviors. The centralized policy
provides a higher green product. Among the duopolistic retailers’ three different
behaviors, the Nash behavior helps the manufacturer to produce a higher green
product while Collusion behavior forces the manufacturer to produce a lower green
product. The reason behind this outcome is described as follows: In a manufacturer-
led Stackelberg game, the manufacturer optimizes its decisions after knowing the
decisions of the retailers. When the retailers work independently (in Nash situation),
in order to get more market demand they tend to sell their products with lower
selling prices. This induces the manufacturer to set a lower wholesale price for
the retailers. According to our assumption, the manufacturing cost is constant. So,
naturally, a lower wholesale price results in a revenue loss to the manufacturer. In
order to get more government subsidy and reduce GHG emissions, the manufacturer
has no option without increasing the greening level of the product. The opposite

situation holds when the retailers work jointly.

Proposition 6.2.7. In the special case, selling prices and wholesale price follow the pattern
pC > pR > pN > pland if (« — B)¥1 > 7, then w€ > wk > wN,i=1,2.

Proof. On simplification,

Ala—(a—B) ¥, [16Aa2 (a—B)—F3{v[16a2+38(a—B)]— (a—B)2BY¥
pf—p{zzﬁ[ (a—p)¥2] (a—B) Zslg[ +3B(a—B)]—( ﬁ)ﬁl}}>0
a—PB)BAla—(a— aA(x—p)— o a(n—
piz _ p{v _ (a=p)p*Aa—(a—p)¥o][8aA( 22@3 Y3{y(5a+28)+a(a—pB)¥1}] >0

N ] _ 2(a—B)A[a—(a—B)¥r][Aa—B)—7Y¥5]
Pr =P = B 2A o) = >0
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wC — R = 25/\(40‘2+“5—52)[agl(g;ﬁ)‘yz}[(“—ﬁ)z—’Yz] > 0if (a — B)¥1 > 7

wR — wN = (20> —ap—p*) B> A [a—(a—p)¥a] [(a—p)> —7] > 0if ((X _ ,B)Tl > 7. [

o3
Proposition 6.2.7 shows that duopolistic retailers” different behaviors affect the

wholesale price of the manufacturer which is contrary to the result of Yang and
Zhou (2006) and Huang et al. (2016) who showed that duopolistic retailers” different
behaviors have no effect on the optimal pricing policy of the manufacturer. The
reason behind this type of different outcome probably lies in the consideration of
green products, government subsidy, and CTP. In our model, if the condition given
in Proposition 6.2.7 holds then the wholesale price becomes higher in Collusion
policy and lower in Nash policy. As the manufacturer produces the lower green
product in Collusion, it gets lower government subsidy. So, in order to maintain
profitability, the manufacturer sets higher wholesale price in the case of Collusion
behavior. The opposite result can be seen in the case of Nash behavior.

The selling prices of the retailers follow the pattern similar to the wholesale
price of the manufacturer. The reason behind this type of outcome is that a higher
wholesale price of the manufacturer forces the retailers to set their selling prices
higher. In the case of centralized policy, since there is no double-marginalization
effect, the centralized decision-maker can set a lower selling price to get more profit

from the market.

Proposition 6.2.8. In the special case, the profits of the manufacturer follow the pattern
Iy > 1R > 116,

Proof. The proof is similar to the cases of greening level in Proposition 6.2.6. L

Proposition 6.2.8 shows that the duopolistic retailers under Nash behavior help
the manufacturer to get higher profit while the manufacturer’s profit becomes lower
when the duopolistic retailers play Collusion behavior. This is due to the fact that, in
case of Nash behavior of the retailers, the manufacturer produces the higher green
product and sells it to the retailers with the lower selling price. The retailers also sell
these products with lower selling prices to the potential customers. Higher greening
level and lower selling prices of the product help to increase the market demand
which in turn increases the profit of the manufacturer.

Due to algebraic complexity, we are unable to compare the profits of the retailers
under different competitive behaviors. But one can easily calculate the difference

between the profits of the retailers in the Stackelberg game, which is given in the
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following:

4apo2?(a — )*(4a +3B)[a — (« — p) W]
3

Iy —II8 = >0
This means that when the duopolistic retailers face the same basic market and play
Stackelberg game, the follower gets higher profit in comparison to the leader. So, it is
beneficial to be a follower rather than a leader. This is a contradiction to the intuitive
expectation but this result is consistent with the result of Yang and Zhou (2006).
Actually, the leader gets a higher profit only when its basic market is higher than the
follower. In the case of a similar basic market, in order to get higher market demand,
the follower sells the product with lower selling price. The higher market demand
produces a higher profit to the follower. That’s why, in this particular situation, the
follower gets higher profit than the leader although the leader is more powerful.
Now, one question may arise whether all the results given in the propositions for
the special case hold for the general case. Due to algebraic complexity, it is difficult
to answer this question. However, we discuss this matter taking numerical examples

in the next section.

6.2.2.4 Transfer payment through bargaining

To achieve the Pareto improvement for the players of the supply chain, in this
subsection, we coordinate through transfer payment mechanism. Suppose that the
three players of the supply chain are denoted by 1, 2 and 3 and their profits in
two policies (say, (model I) and (model II)) are (I1f, Hé, Hé) and (IT!, Hél, Hél ),
respectively. We assume the profit of any one of the three players (say, player
1) in model II is higher than that in model I and profits of the remaining two
players in model II are lower than that in model I. So, the profit gain by player 1 is
ATl = I'H — T1! and the profit loss by other two players are AIT, = I1} — I} and
All; = ITL — ITL, respectively. If the increment of profit of player 1 is greater than
the decrement of the total profit of the other two players, then player 1 can design a
transfer payment mechanism to coordinate channel members. Transfer payment T;
to player 2 satisfies T € (AIlp, (A} — AIl3)) and transfer payment T, to player 3
satisfies T, € (Alls, (AT} — AIlp)) such that Ty + T, < AITy. Players’ profit shares
depend on their bargaining powers. More bargaining power implies more profit
share to the channel members. In the following, we discuss the bargaining model
following Aust and Buscher (2012) to share the extra profit AIL
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Let the utility function of the bargaining model be
U = (Un(ALLy))H (Ur, (AT, )i (Ur, (AHQ))WZ

where yy,, yr, and p,, are positive parameters such that p,, + yy, + pr, = 1, and
are called the bargaining powers of the manufacturer and the retailers, respectively;
All’s (i = m,rq, 1) are profit shares to the manufacturer and the retailers, and
Uy’s (i = m,ry,rp) are the utility functions which can be taken as U, (AIL,) =
AT U, (AIL,) = AH?P, U, (AIL,) = AH?;Z, where Ay, Ar, Ay, > 0 are the
risk attitudes of the players (SeyedEsfahani et al., 2011).

Now, the optimization problem becomes,

Max U = ALy AT AL
SUbjeCt tO AH - Anm + A]'_Irl + AHT’z; A].—Im/ Al_.[rll AHI’Z > 0

The optimal solution of this problem is

Amﬂm

AT, = AIT
" Ambm =+ A piry + Ayt
Arﬂr
AIL, = 1Hn AIT
" Ambim + A e, + Aryfiry
AL, = Aryfiry AL

Ambm + Ar ey + Apy i,

6.2.3 Numerical analysis

In this section, we perform a numerical study for the developed models to explore
answers of the following questions: How do retailers” different pricing strategies
affect equilibrium results and profits of channel members? Is there any economic
inspiration for the retailers to choose Collusion rather than Nash strategy? Do
the government subsidy and CTP help the manufacturer in decision making? We
consider the following data sets which are closely related to Xu et al. (2016a), and
Yang et al. (2017) with some adjustment:

Set 1: a; = 500;a; = 450; 0 = 0.6; 8 = 0.15;y = 0.8;7 = 0.35;k = 0.5;60 = 1.5;¢p =
1,9 =02;cp = 150; ¢, = 70; ¢, = 12; Ag = 50; A = 300; E = 300.

Set 2: a1 = 500;a; = 500; ¢ = 0.6; 8 = 0.15;y = 0.8, 7 = 0.35;k = 0.5;60 = 1.5;¢9 =
1,9 =02;¢ = 150; ¢, = 70; ¢, = 12; Ag = 50; A = 300; E = 300.
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Set 3: a1 = 500;a2 = 700, = 0.6, 8 = 0.15;y = 0.8, 7 = 0.35;k = 0.5;60 = 1.5;¢9 =
1,9 =0.2;¢c = 150; ¢, = 70; ¢, = 12; Ag = 50; A = 300; E = 300.

Here, Set 1 represents the situation where retailer 1 has greater basic market than
retailer 2. Set 2 distinguishes from other Sets by making the same basic market for
the two retailers. Set 3 is taken by considering that the retailer 2 has greater basic
market than retailer 1. Optimal results of the proposed models for each numerical

example are presented in Table 6.2.2.

Table 6.2.2: Optimal results for general situation.

Pricing Policy | Set w p1 P2 0 1L, IT,, I, I
Set 1 - 618.425 | 585.092 | 3.39898 - - - 190858.0
Centralized | Set2 - 629.392 | 629.392 | 3.60812 - - - 214141.0
Set 3 - 673.263 | 806.596 | 4.44465 - - - 329751.0

Set1 | 602.935 | 847.409 | 814.075 | 1.68387 | 96162.30 | 28117.7 | 19005.4 | 143284.4
Collusion Set2 | 630.642 | 872.465 | 872.465 | 1.78748 | 107903.0 | 26315.4 | 26315.4 | 160533.8
Set3 | 741.468 | 972.691 | 1106.02 | 2.20190 | 161874.0 | 19434.4 | 67096.7 | 248405.1
Set1 | 602.768 | 816.807 | 779.770 | 1.92696 | 109525.0 | 27487.5 | 18797.7 | 155810.2
Nash Set 2 | 630.465 | 838.014 | 838.014 | 2.04552 | 122960.0 | 25846.2 | 25846.2 | 174652.4
Set 3 | 741.250 | 922.846 | 1070.99 | 2.51977 | 184723.0 | 19786.2 | 65238.6 | 269747.8
Set1 | 602.630 | 820.170 | 780.111 | 1.91308 | 108727.0 | 27506.9 | 18899.9 | 155134.8
Stackelberg | Set2 | 630.474 | 841.357 | 838.428 | 2.03146 | 122140.0 | 25849.0 | 25946.8 | 173935.8
Set 3 | 741.853 | 926.103 | 1071.69 | 2.50495 | 183838.0 | 19732.5 | 65276.6 | 268847.1

From Table 6.2.2, we note that the centralized policy gives better performance
than other policies as usual. While considering the decentralized policies, we note
that the Nash behavior of the retailers is profitable for the manufacturer and the
whole supply chain, but the behavior which is beneficial to the retailers depends on
the basic market of the retailers. From Table 6.2.2, we have the following insights on
wholesale price, selling prices, greening level, and profitability of the manufacturer
and the retailers: (i) The wholesale price of the product does not follow the pattern
similar to the special case. In case of different basic markets, the variation of the
wholesale price depends on the basic market parameter. Generally, the manufacturer
sets a higher wholesale price when the retailers make their decisions jointly but
sometimes the Stackelberg game between them forces the manufacturer to set a
higher wholesale price. (ii) Similar to the special case, for the general case, the
duopolistic retailers set higher selling prices in case of Collusion behavior while, in
case of Nash behavior, they demand lower selling prices. (iii) The greening level of

the product does not depend on the market size; it is always higher in case of Nash
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behavior and lower in case of Collusion behavior. A higher market size influences
the manufacturer to produce a higher green product. (iv) Similar to the special case,
the duopolistic retailers’ Nash behavior always promotes the manufacturer and the
whole supply chain through improving the profits. The profit of the manufacturer
is more than twice the total profit of the retailers. So, being a Stackelberg leader, the
manufacturer should try to find out a way that will induce the retailers to work in
Nash behavior. (v) Although Nash behavior is profitable to the manufacturer and
the whole supply chain, it is not beneficial for the retailers. Moreover, Collusion
behavior of the retailers always does not make higher profit to both the retailers. It is
not favorable to the retailer with lower value of 4;/«, as it produces a lower profit to
that retailer. The retailer with a higher basic market gets higher profit. This insight
will help the retailers to decide proper selling prices before agreeing to work jointly.
(vi) When the duopolistic retailers play the Stackelberg game, the leader gains higher

profit only when the basic market to the leader is higher than the rival.

Table 6.2.3: Optimal results when no subsidy occurs and both cap and subsidy do not occur.

Optimal No subsidy No cap no subsidy
decisions J C N R ] C N R
w - 603.084 | 603.020 | 602.876 - 598.071 | 598.149 | 597.997
P1 619.301 | 847.254 | 816.725 | 820.081 | 615.283 | 844.024 | 813.231 | 816.611
P2 585.968 | 813.921 | 779.688 | 780.028 | 581.949 | 810.690 | 776.194 | 776.537
0 2.87028 | 1.42569 | 1.63089 | 1.61918 | 1.22431 | 0.61143 | 0.69889 | 0.69391
IL, - 96153.90 | 109476.0 | 108681.0 - 94517.3 | 108038.0 | 107233.0
IT,, - 28049.3 | 27401.8 | 274223 - 28451.4 | 27756.3 | 27779.1
IT,, - 18949.2 | 187269 | 18829.6 - 19280.0 | 19020.1 | 19126.1
IT 190352.0 | 143152.4 | 155604.7 | 154932.9 | 189676.0 | 142248.0 | 154814.0 | 154138.0

Table 6.2.3 represents the optimal results for data Set 1 when the government
does not offer any subsidy, and both the government subsidy and carbon cap do not
play any role in the supply chain. For the first case, the manufacturer is forced to
set a higher wholesale price for the product with a lower greening level in order to
maintain profitability. Although the wholesale price increases, due to lower green
product, customers refuse to buy the product with higher selling price. So, retailers
have to reduce the selling prices. In the centralized policy, due to joint decisions,
they manage to sell the lower green product with a slightly higher selling price.
In the decentralized policies, as the greening level decreases, the market demand

also decreases. So, the profits of the manufacturer, retailers, and the whole supply
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chain decrease in all cases. Due to no government subsidy and cap on emission
for the second case, the manufacturer can produce less green product and sell it at
a lower wholesale price. As a result, retailers also set lower selling prices to hold
their markets. The manufacturer tends to emit less and earn some revenue through
emission trading under CTP. In that case, his profit is higher than that in the case
where CTP does not occur. In the second case, the rate of decrement of the wholesale
price is slightly higher than those of selling prices. So, the profits of the retailers are
higher in this case than those in the first case. Therefore, a government subsidy to
the manufacturer and CTP play important role in sustainable development.

From all the aforementioned results, it can be seen that the duopolistic retailers’
Collusion behavior is only helpful to the retailers under certain conditions but their
Nash behavior is beneficial to both the manufacturer and the whole supply chain.
As the manufacturer produces higher green product in Nash behavior, s/he can get
higher subsidy and profit in this policy. So, from the environmental viewpoint,
it is necessary for the manufacturer to design a transfer payment mechanism to
achieve Pareto improvement of all members in the supply chain. Comparing Nash
and Collusion behaviors for Set 1, we note that the profit of the manufacturer is
increased by 13362.7 (from 96162.30 to 109525.0), whereas the profit of the retailer
1 is decreased by 630.2 (from 28117.7 to 27487.5) and that of retailer 2 is decreased
by 207.7 (from 19005.4 to 18797.7). So, the increment in profit of the manufacturer
is greater than the decrement in total profit of the retailer 1 and retailer 2. Thus,
the transfer payment T to the retailer 1 is such that T € (630.2,13155.0) and the
transfer payment T to the retailer 2 is such that T, € (207.7,12732.5). It is necessary
that T; + T, < 13362.7. Profit shares among the channel members depend on their
bargaining powers and risk attitudes. As the manufacturer is the leader, we consider
the bargaining power of the manufacturer as y,; = 0.5 and bargaining powers of the
retailers as y,, = p,, = 0.25. Also, as the decrement in profit of the retailer 2 is higher,
risk attitudes of the manufacturer and the retailers are taken as A, = 1.1, A;,, = 1.8,
and A,, = 2.0. Then profit shares to the manufacturer and the retailers are obtained
as 4592.79, 3757.74 (€ Ty), and 4175.27 (€ T), respectively.

6.2.4 Sensitivity analysis

In this section, we discuss the sensitivity of some key parameters to investigate the

effect of those parameters on the optimal results considering the parameter-values
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given in data Set 1. Fig. 6.2.2 represents the sensitivity of parameter k on profits of
channel members and Fig. 6.2.3 represents the joint effect of green level floor 6 and
emission cap E on the total profit of the supply chain.

It is obvious that a higher value of green investment parameter A has a negative
effect on the greening level i.e. if A increases, the greening level decreases. Customers
refuse to buy the lower green product at a higher price. So, the retailers decrease
the selling prices to increase the market demand and keep the profit intact. A
lower green product causes lower government subsidy resulting in a decrease in
the manufacturer’s profit. Although the selling prices are lower, due to a lower
green product, the demand at the retailers” end decreases. As a result, the profit
of each retailer decreases. Hence, the overall profit of the supply chain decreases.

For brevity, we omit those figures.

Table 6.2.4: Sensitivity of the optimal results with respect to k.

Policy k w p1 P2 0
0.1 - 619.158 | 585.825 | 2.97548
0.3 - 618.824 | 585.490 | 3.18667
Centralized | 0.5 - 618.425 | 585.092 | 3.39898
0.7 - 617.961 | 584.628 | 3.61252
0.9 - 617.433 | 584.099 | 3.82738

0.1 | 603.070 | 847.292 | 813.959 | 1.47722
0.3 | 603.018 | 847.358 | 814.025 | 1.58043
Collusion | 0.5 | 602.935 | 847.409 | 814.075 | 1.68387
0.7 | 602.821 | 847.444 | 814.110 | 1.78756
0.9 | 602.675 | 847.463 | 814.130 | 1.89151
0.1 | 602.988 | 816.751 | 779.714 | 1.68996
0.3 | 602.896 | 816.789 | 779.752 | 1.80830
Nash 0.5 | 602.768 | 816.807 | 779.770 | 1.92696
0.7 | 602.605 | 816.804 | 779.767 | 2.04595
0.9 | 602.405 | 816.781 | 779.744 | 2.16531
0.1 | 602.844 | 820.109 | 780.054 | 1.67781
0.3 | 602.755 | 820.149 | 780.093 | 1.79530
Stackelberg | 0.5 | 602.630 | 820.170 | 780.111 | 1.91308
0.7 | 602.469 | 820.171 | 780.110 | 2.03120
0.9 | 602.272 | 820.151 | 780.088 | 2.14968

185



Chapter 6. Cooperative and non-cooperative behavior of same level players under governmental intervention

rl

. . . .
0.2 0.4 0.6 0.8
k

. . . .
0.2 0.4 0.6 0.8
k

@ kvsIl,. (b) kvsII,,.
5 1]

110 0]
1 1 1 ] ] !

|

5
10 +ﬂ; g 1 19 ; mzxm’
105 ——1" i
7 1% ) [ 15

——

AL £ ; c
C 105 Ly 159

10 ——

1 1095 1.67 1 Wﬂ Ik 04 /l‘l

k
1 N | 15
T

09 + * 4 14 ‘ ‘ ‘ ‘

0 02 04 k 08 08 1 02 04 k 08 08 1

(c) kvsIl,. (d) kvsII

Fig. 6.2.2: Profit change w.r.t. k.

Tables 6.2.4 represents the effect of the adjustment factor k on the optimal
decisions in all policies. From Table 6.2.4 we note that, the adjustment factor has a
positive impact on the greening level and it can improve the greening level rapidly.
A higher value of the greening level helps the manufacturer to get more government
subsidy and so s/he can decrease the wholesale price. The rate of decrement is
higher in the Nash case. In the centralized policy, the higher greening level helps the
decision-maker to obtain higher government subsidy. So, the selling prices decrease
as k increases. Due to the improved greening level, the retailers can increase the
selling prices up to a certain level of k. After that, although the greening level rises
with k, the selling prices decrease. This outcome is similar to that of Yang et al. (2017).
The reason behind this result is that higher selling prices may decrease the market

demand and this may harm the profit of the retailers. So, the retailers cannot increase
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the selling prices infinitely with the greening level; they have to decrease the selling
prices after a certain level. Therefore, under strong governmental intervention, the
conflict between the selling prices and the greening level tends to reduce which
shows that increasing the adjustment factor is beneficial to both customers and the
environment. Higher greening level and lower selling prices increase the market
demand, which increases the profits of the manufacturer, the retailers, and the whole
supply chain. The rate of increment of the retailers’ profit is higher than those of the
manufacturer and the whole supply chain (see Fig. 6.2.2). From this outcome, one
can easily comment that even if government subsidy is given to the manufacturer,
with the issue of higher greening level with higher adjustment factor, the retailers

actually get more profit.
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Fig. 6.2.3: Profit change w.r.t. 6y and E.
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Among the four decentralized policies, as the total profit of the supply chain is
higher in Nash policy and lower in Collusion policy, we consider the joint effect of
green level floor 6y and carbon cap E on the total profit of these two policies and
the centralized policy in Fig. 6.2.3. As the green level floor increases, the greening
level of the product also increases. As a result, the market demand increases. The
total profit of the supply chain increases as the green level floor increases up to a
certain value. After that, although the green level floor increases, the total profit of
the supply chain begins to decrease. The reason behind this outcome is that up to
a certain level of the green level floor, the increased profits as a result of increasing
customer demand outweigh the green investment costs. After that, an increase in
retail price due to higher green product reduces the market demand. Again, the
manufacturer has to invest more money to produce the higher green product. This
reduces the profits of the manufacturer, retailers, and the whole supply chain. A
carbon cap also has a positive impact on the total profit of the supply chain. As the
carbon cap increases, the manufacturer gets the license to emit more and produce
more products. Due to higher production, the selling prices of the product become
lower, which increase the market demand. A higher market demand improves the
profits of the manufacturer, the retailers, and the whole supply chain. But due to
environmental issues, the manufacturer should produce higher green product, and

to do so, the government should lower carbon cap.
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6.3

Conclusions

From the comparison and analysis of optimal results of Section 6.1 it is observed that,
in addition to gaining more profit, the centralized policy gives a better green product.
Among the decentralized policies, the Nash game is profitable for the retailer and the
whole supply chain. From the Stackelberg game, we note that M;-led Stackelberg
game is beneficial for M, and the environment but Bertrand behavior is preferable
for the retailer, which is consistent with the existing literatures (Zhao and Wei, 2014;
Ma et al., 2018) on the competitive supply chain. It is additionally noticed that
when the manufacturers act jointly or a single manufacturer generates both the green
and conventional non-green products, it is beneficial for M; only however it hurts
the retailer, the non-green manufacturer and customers. Moreover, the Collusion
behavior provides less profit to the non-green manufacturer than all other policies,
which is in opposition to the consequence of Zhao and Wei (2014). Although CS
contract expands the greening level and benefit of the manufacturers, it decreases
the benefit of the retailer whereas RCS contract expands the greening level as well as
accomplishes the win-win situation. The non-existence of government sponsorship
decreases the benefits of both manufacturers and increases that of the retailer in all
policies except the Collusion behavior. Surprisingly, it provides higher profit to the
green manufacturer.

In the classical model, the product greening cost is mainly borne by the green
manufacturer only but the retailer benefits from green marketing. For this reason,
the green manufacturer does not have enough motivation in green manufacturing
and wants the retailer to share some portion of the green investment cost. Although
the proposed cost sharing contract improves the greening level, it increases the
selling price and affects market demand. The non-green manufacturer does not
participate in the contract but he benefits from the higher price of the green product
while the retailer losses from this contract due to higher price of the green product.
So, the supply chain manager may implement RCS contract in which the non-

green manufacturer also participates. Besides increasing the greening level, the RCS
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contract can decrease the price of the product and achieve win-win situation for both
the manufacturers and the retailer. To address the present natural issues and force
the manufacturer in producing more green products, they should set suitable green
level floor and adjustment factor.

From the analytical comparison and numerical study of Section 6.2, we have the
following observations: (i) Among the three different behaviors of the retailers, the
Nash behavior is beneficial to customers, the manufacturer, and the whole supply
chain but Collusion behavior is beneficial to the retailers only when the difference
between their basic markets is small enough. (ii) When both the government subsidy
and CTP are considered, the policy becomes profitable to all the channel members.
(iii) In case of the retailer-led Stackelberg game, the leader cannot always get higher
profit; they can get a higher profit only when the basic market is higher. If the basic
market remains the same, it is beneficial to be follower rather than leader.

From the above insights, we can recommend some managerial implication.
Firstly, the retailers get higher profit only when they work cooperatively and the
difference between their basic markets is sufficiently low but their conflicting (Nash)
situation is beneficial to the manufacturer, customers, and the whole supply chain. If
a mechanism (here transfer payment mechanism) is developed in which the retailers
always agree to work independently, it will be beneficial. Secondly, although a
higher value of the green level floor increases the greening level of the product, it
affects the profit of the manufacturer. So, a green investment cost sharing contract
can encourage the manufacturer to undertake green manufacturing. Thirdly, the
nonoccurrence of governmental intervention and CTP decrease the greening level
and increase the selling prices of the product. The government sector should discuss
about the awareness of environmental issues (GHG emissions, global warming) so
that the manufacturer and retailers can agree to obey the governmental intervention
and CTP. Lastly, in order to address the environmental issue, a comparatively high
adjustment factor and green level floor should be set by the government to motivate

the green innovation without worrying about the profit of the supply chain.
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Integrating CSR in a sustainable
closed-loop supply chain

7.0 Introduction

Due to the growing interest of customers in social and environmental responsibility
in recent years, the research of CLSC management has become an important field
of investigation among researchers and practitioners in the light of Corporate Social
Responsibility (CSR). There are different forms of CSR efforts, such as improving
labor policies, eliminating child labor, charitable grants, educational support, health
and safety practices, rural development, etc. There are many instances of how
organizations all over the globe allocate resources to CSR. For example, Starbucks
offers opportunities for students of all ages, the farming communities through
its public welfare programs. Apple is imparting costs to its supplier Foxconn
Technology Group for enhancing labor safety at the iPad and iPhone assembly
factories in China (Biswas et al., 2018). In FY 2018-19, Mahindra & Mahindra has
invested INR 8.36 crore to support education for underprivileged girls through the
after-school support program. Retailers are also investing in CSR, following the
footsteps of manufacturers. As an instance, the giant retailer Wal-Mart invested
$100 million to help employees. Consequently, it is vital to concentrate on the effect
of the organization’s CSR venture on market demand and profitability. From this
perspective, the current chapter considers the CSR investments of manufacturer and
retailer in a variety of scenarios. Section 7.1 considers the retailer’s CSR effort while

Section 7.2 considers the CSR investment of both the manufacturer and the retailer.
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7.1

Retailer’s CSR investment under
government subsidy

Over the years, various streams of CLSC have been evolved and CLSC literature
has been enhanced. Most of the prior literatures considered environmental and
economic aspects. Although very few studies considered the social aspects, more
specifically, CSR effort of channel members but they ignored the impact of CSR
effort on used products collection. This study develops an integrated model and
three decentralized models based on different collection options of used products,
with the manufacturer as the Stackelberg leader and the other channel members as
the followers. The manufacturer produces the product and sells it to the retailer who
puts effort in CSR. The market demand is assumed to be affected by the selling price
of the product and the CSR effort of the retailer. The retailer is encouraged by the
government through CSR dependent subsidy. To address the channel coordination
issue, a two-part tariff (TPT) contract is considered. The aim of this study is to find

the answer of the following questions:

e Which collection option of used products is the best from the viewpoints of
the manufacturer, the retailer and customers, and which one is more socially

responsible?

e What are the effects of government subsidy to the retailer on the optimal

decisions, the profitability of the channel members, and social welfare?

e How does the TPT contract help to improve the channel performance?

This study is based on the work published in Flexible Services and Manufacturing Journal, 2022, 34,
65-100.
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7.1.1. Model formulation

7.1.1 Model formulation

In this section, we develop an integrated supply chain model as the benchmark
case and three decentralized models depending on different collection options of
used products. In the forward channel, the manufacturer produces a single type
of product at a cost of ¢;; per unit and sells it to the retailer at a wholesale price w
per unit. Besides selling the product to customers at a selling price p per unit, the
retailer exerts effort in CSR activity y. The government supports the retailer to adopt
CSR by providing a certain amount of subsidy S(y). In the reverse channel, either the
manufacturer or the retailer or the third-party collects used products from customers
in return for an acquisition price A per unit. The manufacturer remanufactures these
used products at a cost of ¢, per unit and sells it with the brand new product. The

following notations and assumptions are used to formulate different models.

Notations:
w unit wholesale price of the manufacturer (decision variable).
p unit selling price of the retailer (decision variable).
y CSR effort of the retailer (decision variable).
T collection rate of used products (0 < T < 1) (decision variable).
D demand of the retailer.
D, collection quantity.
Cm unit manufacturing cost of the finished product from the fresh raw material.

cr(< cm) unit manufacturing cost of the finished product from the returned product.

b basic market demand.

Yo CSR level floor set by the government.

s adjustment factor of the government.

A CSR investment cost coefficient.

U collection cost coefficient.

A unit price paid to customers for returning used products.

B unit price paid by the manufacturer to the retailer/ third-party collector to collect
used products (B > A).

i profit function where superscript j denotes the supply chain model (I, M, R, C) while
the subscript i denotes the supply chain member and the profit of the whole supply

chain, respectively (m, r, c, w).

Assumptions:

(1) The market demand is deterministic and linearly dependent on the selling

price of the product and the CSR effort of the retailer. The CSR promises to
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intensify the corporate image and as a result, it can improve market demand
for products but selling price is negatively related to the market. So, we take the
market demand as D(p,y) = a« — Bp + vy, where  and 1y are price sensitivity

coefficients and CSR effort sensitivity coefficient, respectively (Liu et al., 2019).

(2) The collection quantity of used products is a fraction of total demand. We
take D, = D, where T depends on y. To reduce the negative effect of
used products, the more the CSR effort, the more the used products return
will be. Shu et al. (2018) suggested that the CSR effort has a positive impact
on recycling rate. Hosseini-Motlagh et al. (2019) also considered that the
collector’s CSR investment affects the supply function of used products. So,
we take T = 19 + Ty, where 15(< 1) is the collection rate independent of CSR

and T is a sufficiently small constant such that T is a non-negative fraction.

(3) As the retailer is responsible for CSR effort, the government offers a subsidy S(y)

to the retailer to encourage in CSR, where S(y) is defined as

S(y) = { so(y = o), iy > yo
0, ify <o

(4) The retailer bears some extra cost for undertaking CSR, which is taken as a
quadratic function of y, i.e. Ay? (Liu et al., 2019), and the players have to invest
some extra cost for collecting used products, which is taken as u7? (Savaskan
et al., 2004).

(5) In order to ensure that all players of the supply chain are profitable in the
business, we assume that p > w > 0;¢, — ¢, > A > 0;¢p — ¢ > B > 0;2BA —
¥* > 0. To avoid complexity in derivation, we assume A = ¢, — ¢y, Z1 =
A—A>0,Zy=AN—B>0, and X = u(4BA —?) — Z3B?\.

7.1.1.1 Model I: Integrated supply chain

In this model, all the members of the supply chain are willing to work jointly to
optimize their decisions such as the retail price p, the CSR effort y, and the basic
collection rate of used products 7y through maximizing the total profit of the supply
chain (see Fig. 7.1.1(a)). Since a single decision-maker handles all the activities, the

internal transfer prices w and B don’t play any role.
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Fig. 7.1.1: Proposed closed-loop supply chain models.
Hence, the objective function for the integrated model is given by
(max) ' = (p—cn)D+(A—A)D, — Ay* — ut® + S(y) (7.1.1)
Pyt
The optimal decisions of Model I can be obtained by solving the first order necessary
conditions for optimality of the objective function (7.1.1), which give

pl = SW0TCH = Zip) +22(a+ cup)ph — cny’pt — ZwpAl
2X ’

1 syoP(4p — Z3B) + 2(a — cuP) Y 1 _ ZaBlsyor +2(a — cup)A]
y = 2X = 2X

The corresponding optimum profit of the integrated supply chain is given by
Hlsyor +2A(a — cuP)]? + Xsyg(s — 4A)
41X

As the optimal decisions and profit cannot be negative, we have to restrict ourself in

' =

the region where the required situation holds i.e. Hessian matrix is negative definite.
Z2B2A

The Hessian matrix will be negative definite if y > ; A2
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Proof. The Hessian matrix associated with the profit function of the integrated

supply chain is given by
—2p —BZ1 T~ Buzy
H' = —BZ, —2u vZ1 —2um

- ﬁlel YZ1 —2umy —2()\ + ‘I/lle — ’)’ZlTl)

Now, the principal minors are: |[M;| = =28 < 0, |M2| =4Pfu—Z3p* >0, if u > %2[5
A

and |H!| = ~2[p(4p — ZZBIA — Pp] < 0, if j > N p(4pA —oP) - Z32A =

BA(4p — Z2B) — v*u > 0 implies p > %ﬁ. Therefore, if u > 42\5 A

matrix H! becomes negative definite. n

5, the Hessian

Again, from the condition that the optimal return rate is always < 1, we get
> Z1ﬁ[5y0’7+2/\(0<—0m,3+Z1ﬁ)]
H 2(4BA—2)
Z1B[syoy+2A (a— Cmﬁ+Zlﬁ)]
2(4pA—9?)

7.1.1.2 Model M: Manufacturer collects used products

. Thus, we have to choose yu large enough such that y >

Here we assume that in the forward channel, the manufacturer produces and sells
the product to customers through the retailer while in the reverse channel, he
collects used products directly from customers by paying a price A per unit and
remanufactures these used products (see Fig. 7.1.1(b)). This type of collection
strategy is used by Xerox, Canon, Apple, etc.

The objective functions of the manufacturer and the retailer are given by

max M = (w—cu)D+(A—A)D, —ut?, and (7.1.2)

w,T

r(na>)< MM = (p—w)D—Ay* +S(y) (7.1.3)
Py

As we are interested in the manufacturer-led Stackelberg game, we use backward
induction method. So, the retailer optimizes her best responses through determining
the selling price p and CSR y which can be obtained by solving the first order
necessary conditions for optimality of the retailer’s objective function (7.1.3)
simultaneously. For given decisions of the manufacturer, the retailer’s decision can
be obtained as

7(a — pw) + 2Bsyo
4BA — 2 '

With these reactions of the retailer, the manufacturer will optimize his objective

Mw,1) =

¥(syo — yw) + 2A(a + Pw) M(

4B\ — 72 YT =

p

function (7.1.2) through determining the wholesale price w and the collection rate
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of used products 7. The optimal solution can be obtained by solving the first order
necessary conditions for optimality of the manufacturer’s objective function (7.1.2)
simultaneously. The optimal profits of the manufacturer and the retailer are obtained
by substituting corresponding optimal decisions in Egs. (7.1.2) and (7.1.3), and the
total profit IT}! of the whole supply chain can be obtained by summing the channel
members” optimal profits. The optimal results of the manufacturer and the retailer
are summarized in Table 7.1.1.

Proof. The retailer’s reaction

The Hessian matrix associated with ITM is given by

M =26 v
R _< 7 —2A)

Now, the principal minors are: |M;| = —28 < 0 and |H¥| = 4BA — 9% > 0, if
2

A > Z_ﬁ' Thus, the Hessian matrix HY! is negative definite under this condition.

The manufacturer’s reaction

With the optimal decisions of the retailer, the Hessian matrix of I} is given by
2u(yut—Z1pA)

HM _ _2}1 4:3)\_'7%
M7\ 2u(ypm—ZipA)  2BP[—8BA*+2Z1pyATi+97 (2A—pT))]
4pA—ni (4pA—72)?
L . ) _ M| . 4BAXg .
Now, the principal minors are: |M;| = —2u < 0 and |Hy;| = @i 0, if
BiZir

B> sugien Under this condition, the Hessian matrix H) becomes negative

definite, and using the first order optimality conditions, the optimal decisions can
be obtained. [

7.1.1.3 Model R: Retailer collects used products

Here, we assume that the manufacturer contracts with the retailer for collecting used
products. So, the retailer collects the used products from customers by paying a price
A per unit and transfers it to the manufacturer in return for a transfer price B per
unit (see Fig. 7.1.1(c)). Kodak contracts with retailers for collecting used disposable
cameras (Savaskan et al., 2004). Car, refrigerator, and furniture are collected by the

same retailer who sells them earlier with comparable value or exchange offer.

The objective functions of the manufacturer and the retailer are given by

max I = (w—cy)D+ (A—-B)D,, and (7.1.4)
max I} = (p—w)D+ (B— A)D, — Ay> — ut® + S(y) (7.1.5)
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Similar to Model M, we use backward induction method. So, the retailer optimizes
her best responses through determining the selling price p, CSR y and collection
rate T of used products, which can be obtained by solving the first order necessary
conditions for optimality of the retailer’s objective function (7.1.5) simultaneously.

For given decisions of the manufacturer, the retailer’s decisions can be obtained as

Rpon . 20K(syo — wy) — syofy(B — A)* —2A[aB(B — A)* — 2p(a + )]
p(w) = Al4Bu — B2(B — A)2] — 42 !
[4pn — p(B — A)2] =y
Rw) = 2H2syob+v(a— p)] —syof*(B — A)°
Aldpu—pA(B— AP —o*u 7
TR(ZU) _ :B(B — A) [Syof)’ + 2)‘(0‘ — ﬁZU)] )
Al4Bu — B2 (B = A)?] = 7p
With these reactions of the retailer, the manufacturer optimizes his objective

function (7.1.4) through determining the wholesale price w. The optimal solution
can be obtained by solving the first order necessary conditions for optimality of the
manufacturer’s objective function (7.1.4). The optimal profits of the manufacturer
and the retailer are obtained by substituting corresponding optimal decisions in Egs.
(7.1.4) and (7.1.5), respectively and the total profit (ITX) of the whole supply chain
can be obtained by summing the channel members’ optimal profits. The optimal
results of the manufacturer and the retailer are summarized in Table 7.1.1.

Proof. The retailer’s reaction

The Hessian matrix associated with IR is given by

—2p —(B—A)B 7T—Bu(B-A)
Hi=| —(B-A)p —2u (B—A)y —2um
v—pu(B—A) (B—A)y—2un —2[A+ut—(B—A)y]
Now, the principal minors are: |M;| = —28 < 0,|My| = 4By — (B — A)?B> >
. _A2 ) 21 (B_ A)2
0, if p > =P and [HE| = —2[BA[4p — B(B — A)2] — 2] < 0,if p > B0,

Thus, the Hessian matrix HX is negative definite under this condition.

The manufacturer’s reaction
IR 4% uAX, . (B—A)Z1p*A
N DT R e g e

will be negative definite and unique optimal solution can be obtained by solving the

. Under this condition, IR

first order necessary condition for of IX. L

7.1.1.4 Model C: Third-party collects used products

In this model, the manufacturer contracts with an independent third-party collector

for collecting used products. So, the collector collects used products from customers
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by paying a price A per unit and transfers it to the manufacturer in return for
a transfer price B per unit (see Fig. 7.1.1(d)). Dell and Acer contract with the
independent third-party collector for collecting used desktop and laptop. This type

of collection strategy is also common in glass, metal, and plastic industries.

The objective functions of the manufacturer, the retailer and the third-party are

given by
max 115, = (w—cy)D+(A—B)D,, (7.1.6)
max 11 = (p—w)D—Ay*+S(y) and (7.1.7)
max IS = (B— A)D, — ut? (7.1.8)

(7)
Here also we use backward induction method. So, the retailer optimizes her best
responses through determining the selling price p and CSR y, which can be obtained
by solving the first order necessary conditions for optimality of the retailer’s
objective function (7.1.7) simultaneously. For given decisions of the manufacturer,
the retailer’s decisions can be obtained as

sy — wy) + 2A(a + pr) _ 2Bsyo— e~ pu)

polw) = YEIZIHEEI) () — T

With these reactions of the retailer, the third-party collector optimizes his/her

objective function (7.1.8) through determining the collection rate of used products

Tp. As a;nfc = —2u < 0, the unique optimal solution of the collector is given by
0
1o = BZABlsyor+2A(a—pro) }2um {2sp 4y (a—pw)}

2u(4BA—=7%) '
Finally, the manufacturer optimizes his objective function (7.1.6) by deciding the

wholesale price w. The optimal solution can be obtained by solving the first order
necessary condition for optimality of the manufacturer’s objective function (7.1.6).
The optimal profit of the manufacturer, the retailer, and the collector are obtained
by substituting corresponding optimal decisions in Egs. (7.1.6), (7.1.7), and (7.1.8),
and the total profit I of the whole supply chain can be obtained by summing the
channel members’ optimal profits. Optimal results of the manufacturer, the retailer,
and the third-party collector are summarized in Table 7.1.1.

Proof. The retailer’s reaction

The Hessian matrix associated with I1I¢ is given by
-2 v
¥ —2A
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Now, the principal minors are: |M;| = —2B < 0, and |[H| = 4BA — 9 < 0, if
A > Z—;. Thus, the Hessian matrix H is negative definite under this condition.
The collector’s reaction
2
As aanz‘f = —2u < 0, I1S is negative definite and unique optimal solution can be
obtained by solving the first order optimality condition of T1¢.

The manufacturer’s reaction

217C 2
As aagz’” = — u(ig A)‘_X;Z)z < 0, IS, is negative definite and unique optimal solution
can be obtained by solving the first order optimality condition of ITS,. |

7.1.1.5 Social welfare

In this subsection, we will determine the social welfare ‘SW” which is composed of
total profit I'l, of the whole supply chain, consumer surplus ‘CS” and environmental
damage ‘ED’, for the proposed policies. Consumer surplus is the deference between
the maximum price (pmqx) what customers are willing to pay for a product and the

price what they actually pay for that product i.e. market price (pyuar). So, consumer

/pmm / (aty)/ ‘B I )d D2
pr— a J—
mar DH")’]/ D p ,)/y p 2,8

surplus is

The environmental damage is defined as the damage cost € multiplied by total
amount of uncollected used products (1 — 7)D (Wang et al., 2015). The optimal
values of consumer surplus and environmental damage for the integrated policy
are given below and those for the three proposed decentralized models are given in
Table 7.1.1.
csl — Bilsyor + 2« — cup))?
2X? ’

ot eBulsyy +2M (@ — cu)J{2X — Zilsyoy + 2A (o — cup)]}
2X2 '

Hence, social welfare will be calculated as SW* = I1;, + CS* — ED".

7.1.2 Comparative analysis

In this section, we compare optimal results of the proposed models to get some
insights. Moreover, to investigate the influence of government subsidy, we compare

the results of the proposed models with those of the models without government
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VIZ(v —d) — (A —vgp)i = X v d'Z(v —4) — (L — vgp)i = X v iz — (A — vdp)re = Ix @10N
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subsidy. Comparing the optimal values of the different models, we get the following

proposition.

Proposition 7.1.1. (i) The optimal collection rate of used products follows the sequence
> ™ > R > 7C if B < 884 (i) the optimal wholesale price follows the sequence
wC > wR > wM, (iii) the optimal selling price follows the sequence p© > pR > pM > p!,
if B < 284 (iv) the optimal CSR follows the sequence y' > yM > yR > yC if B < 844,

Proof. (i) For collection rate of used products

I _ M _ Zapp(BA=?)syor+2A(a—cuB)] - .

T —7T

2XX,
M _ LR _ ﬁV(ZZZ_Zl)(413/\4_;2})([53/07+2A(“_CMﬁ)] > 0,if B < AJZFA’.
142
_A)3g3 _
R _ +C — (B-A)°B /\[Zgg?f/\(“ cmP)] > 0.

(ii) For wholesale price

wC — wR — (B—A)3Zzﬁ3?:l[;(y2%<73+%(a—cmﬁ)} >0,
— A2 _ 2 2\ _72p2 _A)2
DR oM Blsvort2M a-cp)][u(4pA w@){Sg{zzl 2 7) -APAB-AP] 4 being

sufficiently large.

(iii) For selling price

C__ R _ (B=A)Bu(2BA—7*)[syor+2A(a—cup)]

p-—r = X, X, >0;

pR— pM — /31421(222—21)(2/32)—(3;)2[%0%2/\(&—%/3)] > 0,if B < 844,

pM _ pl = u2(4l3)\*72)(ZﬁAZYSK;))[;yoHM(a*Cmﬁ)] > 0.

(iv) For CSR

- yM = wz(4[5?\*722)5\/%;27\(04%;115)] > 0;

yM R — ﬁzwz1(ZZz—Z1)(ZIZ\(}?[syov+2A(fx—Cmﬁ)] > 0,if B < 844,

YR — € = (B—A)Zﬁzwg/gg%(a—cmﬁ)] > 0. n

It can be observed from Proposition 7.1.1 that the collection rate of used products
is higher in Model I. This is because of the joint-decision making in Model I. While
comparing the collection rate of used products among three decentralized models,
we note that it is lower in Model C. The marginal benefit of the collector from
collecting used products in Model C being lower than that of the manufacture in
Model M (ie. (B—A) < (A — A)), the collector in Model C tends to invest less
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money in collecting used products. Although, the marginal benefit of the retailer
in Model R and that of the collector in Model C is same (i.e. equal to (B — A)), the
wholesale price can indirectly influence the collection rate of used products in Model
R. Therefore, the collection rate of used products is always lower in Model C. The
positioning of the collection rate of used products in Model M and Model R depends
on the transfer price that the manufacturer pays to the retailer for collecting used
products. If the manufacturer pays less amount of transfer price, then the retailer
shows less interest in collecting used products. The opposite situation holds if the
manufacturer agrees to pay higher amount of transfer price. From the comparison
of optimal wholesale price, we obtain that the manufacturer wants higher wholesale
price from the retailer when the third-party collector collects used products and the
lowest wholesale price when the manufacturer himself collects used products. This
is because in Model M, the manufacturer need not bear any transfer price and he
may try to influence the market demand by lowering the wholesale price. Although,
the manufacturer has to pay transfer price in both Model R and Model C, the lower
collection rate of used products in Model C produces less profit which forces him to
set higher wholesale price in Model C. As the wholesale price in Model C is higher
among the three decentralized models, the retailer also charges higher selling price
when the collector collects the used products. The transfer price in Model R also
helps the retailer in deciding appropriate selling price. If the manufacturer pays less
transfer price, in order to maintain profitability, the retailer sets higher selling price.
While comparing with integrated model, one can observe that the selling price in
the integrated model is lower than the decentralized models. This is because, the
decentralized models suffer from double-marginalization effect. As the selling price
in Model C is higher, the market demand and consequently the profit of the retailer
decrease. So, she cannot invest more in CSR. Therefore, CSR will be lower in Model

C. The integrated model being fully coordinated gives higher CSR effort.

Proposition 7.1.2. If B < 34 the optimal profit of the manufacturer follows the sequence
M > 11R > 116,

Proof. T} — I1], — FIMARA=Rgggatescalll > 0,if B < 44
B—A)*p +2A (a—cuB)?
R — I1C = (B=AVP Mssy)o(zx3 () =

In one hand, a higher selling price and a lower CSR effort diminish market

demand; on the other hand, a lower collection rate of used products collects
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less amount of used products. Lower market demand and less amount of used
products decrease the profit of the manufacturer in Model C, which is presented in
Proposition 7.1.2. So, the manufacturer never contracts with the third-party collector
for collecting used products. Whether the profit of the manufacturer will be higher
in Model M or Model R depends on the amount of transfer price. A less amount
of transfer price helps the manufacturer in enhancing his profitability. Therefore,
Model M seems to provide a better strategy for the manufacturer if he has to pay less
amount of transfer price; otherwise Model R will be favourable for the manufacturer.
Due to algebraic complexity, profits of the retailer in different decentralized models

will be compared numerically.

Proposition 7.1.3. If B < 234, the optimal consumer surplus of the proposed models
follows the sequence CS! > CSM > CSR > Cs€.

Proof. CS! — CSM — B (4BA =) [syor+2A (a—cwmB) [ (X+X1) >0,

2X2X2
CSM _ cgR — :B3P‘2)‘Zl(ZZZ—Zl)(2}2?2'}}2)[5]/0’7‘1'2)\(“—%5)]2 > 0,if B < %?
172
CSR — CSC = BoAPPwNsyoy 2 a—enf)? - -
8X2X2

Proposition 7.1.3 suggests that the consumer surplus in the integrated model is
higher than those of the decentralized models. This is because, due to lower selling
price and higher CSR effort in the integrated model, the market demand increases,
which increases the consumer surplus. Among the decentralized models, the market
demand in Model C is lower which in turn decreases the consumer surplus while
due to lower selling price and higher CSR effort (for lower transfer price), the market
demand in Model M is higher resulting an increase in the consumer surplus.

In the following Propositions, we compare the optimal results of the proposed
models with those of the models without government subsidy. Here our aim is to
investigate the influence of government intervention on the optimal decisions of the
channel members. To distinguish the results from those of the proposed models, we
use the subscript ‘S0’. The optimal solutions for the models without government

intervention are presented in Table 7.1.2.

Proposition 7.1.4. (i) The optimal wholesale prices with and without government subsidy
follow the sequence wM > wh;wR > wk;wC > w§,, (ii) the optimal selling prices with
and without government subsidy follow the sequence p' > pL.; pM > p¥; pR > p&-pC >
pgo, (iii) the optimal CSRs with and without government subsidy follow the sequence y' >

204



7.1.2. Comparative analysis
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yho yM > ¥ yR > yR;y© > S, (iv) the optimal collection rates of used products with

and without government subsidy follow the sequence T > tl; ™ > & R > & 7€ >

C
Tgp-

Proof. (i) For the wholesale price

M _ syor[n(4BA—?)—Z3BA] C _ syoylp(4pA—12)—2B*A(B—A)Z,]
wM — WM =20 v 1 > 0; wC —w§, = U p mef 2>,
Wk — R = syov[u(‘lﬁ?\wz@ﬁ%(l?%)(Z1+Zz)] > 0.

(ii) For the selling price

_ (2u—Z1p) i [1(6BA—7*)~Z2pA]
P P50 = spap s g O PN T rn = >0
6BA—72)—28°A(B—A)Z
pR— pR = syoy[1(6B Z,B)/\Xf (B=A)Z] - .
2 2
€ —pS, = syov[u(6ﬁfwzﬁ))&23/3 MB=A)Zy] «
(iii) For CSR

__ syoB(4u—23B) ) syo[H(8BA—?) —Z3B*A]
y' - Ys0 = 2[#(4=yl§JA—72)—1Z%ﬁ2A] >0; y¥ - y50 = 210X : >0,

8BA—92)—2B%A(B—A)Z 8BA—72)—2B2A(B—A)Z
yR —yR = syo[n(8p 74))\X25 (B=A)z4] . Yy — S, = syo[p(8p 74))‘)(35 (B=A)Za] .

(iv) For the collection rate of used products

I 1 _ syovBZ1 . M syoYBZ1
T = map ey~ 0 T W = Ak 2 0
R R _ syoyB(B—A) . -C C _ syoyB(B—A)

It is clear from Proposition 7.1.4 that the proposed models with government
subsidy provide the best possible outcomes than those without government
intervention. This is because, the government subsidy is proportional to the CSR
effort of the retailer. The more the CSR effort, the more the subsidy will be. Again,
the market demand is positively dependent on the CSR effort. So, in order to get
more subsidy from the government and more profit from the increased market
demand, the retailer increases the CSR effort. Due to higher CSR effort, the retailer
demands higher selling price of the product. The manufacturer also demands higher
wholesale price from the retailer. Due to the increased market demand and higher

CSR effort, the collection rate of used products also increases.

Proposition 7.1.5. (i) The optimal profits of the manufacturer with and without government
subsidy follow the sequence ITM > TIM. -TIR > TIR ( -TIS > T1€ o, (ii) the optimal profits

of the retailer with and without government subsidy follow the sequence ITM > TIM - TIR >
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R .11C C
I 50 1Ly > Tl
Proof. (i) For profit of the manufacturer

M M _ syovH[syor+4A(a—cmB)] . TTR _ 7R _ syormlsyoy+4r(a—cmPB)]
ILy — Iy = X, >0; 1L, —1L60 = 8AX, >0,

C C  _ syoY[syoy+4A(a—cmB)]
I =110 = 83 X5 > 0.

The proof for the retailer’s profit being similar, we have omitted those proofs. B

From Proposition 7.1.4 one can notice that government subsidy helps to increase
the market demand as well as return quantity of used products. From this increased
market demand, both the manufacturer and the retailer can earn higher profit.
Proposition 7.1.5 shows that both the manufacturer and the retailer get higher profit
when the government provides subsidy to the retailer for CSR effort. The results of
Propositions 7.1.4 and 7.1.5 reveal that in order to increase CSR, the government
should encourage the channel members by providing subsidy. In the following

Proposition, we present the effect of government subsidy on consumer surplus.

Proposition 7.1.6. The optimal consumer surpluses of the proposed models with and
without government subsidy follow the sequence CS' > CSL;CSM > CSM;CSR >
CSE;CSC > Cs¢,.

Proof. CS! — CSl, = Bramlsmi2aep)] - o

CSM — CsM — Brsyor[svor+2Mw—cnp)] -

2X%
_ B¥? [ +2A (a—cmP)]
CSR — Csls?o _ Bisyoy SyogX% a—cmp >0,
C C _ BrPsyo[syor+2A(a—cmpB)]
CSC — 8§, = P, > 0. m

From the aforementioned propositions, we come to the conclusion that if the
manufacturer denies to pay higher transfer price, Model M among the three
decentralized policies gives the best possible outcome under government subsidy.
Although Model M gives better result, due to double-marginalization effect it fails to
compete with the integrated model. So, channel coordination is necessary to reduce
double-marginalization effect and achieve better performance. In the next section,

we present a TPT contract for channel coordination.

7.1.2.1 Supply chain coordination

In this section, we consider a TPT contract which is signed by the upstream member

(manufacturer) and the downstream member (retailer) in order to modify profits of
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both the channel members. Under this contract, the manufacturer guarantees to sell
the product to the retailer in a comparatively lower wholesale price w*© than that
of the decentralized model, and in turn, charges a lump sum fee F from the retailer.
As the manufacturer is the leader of the supply chain and a lower transfer price
gives better result in Model M, here we consider the TPT contract for Model M only.
Results for other two models can be obtained in a similar way.
Under the proposed contract, the profit functions of the manufacturer and the
retailer are given by
(ur)rctg/);) 1s° = (w*° —c¢,)D+ (A — A)D, — ut*> +F, and (7.1.9)

max 11° = (p—w°)D - Ay*+S(y) — F (7.1.10)
Py

Similar to the previous decentralized models, here also the retailer first optimizes
her best responses through determining the selling price p and CSR y, and then the
manufacturer optimizes the wholesale price and charges lump sum fee F. For given

decisions of the manufacturer, the retailer’s optimal decisions can be obtained as

pco 7(syo — ) + 2A(a + pwO) 4O — 7 (e — ) +2Psyo
1BA— 2 ’ PA—2

For channel coordination, these values of selling price and CSR will be equal to those

of the integrated policy. So, equating p©© and p!, and y“© and y! we get

,co _ 2emi(4BA — 7?) — Z3B(syoy +2aA)
2X

Putting this value of w®® in Eq. (7.1.9), and using the first order necessary condition

CO _ I co _

for optimality of 150 with respect to 1y, we get 7$© = 1! and consequently, T

tl. After coordination, the profits of the manufacturer and the retailer will be
HCO — F— Z%ﬁzy[sy07+2/\(“_cmﬁ)]2
" 4X2 !

o _ HAABA = P)[syor +2M (& — cnp) + Xs(s —4Ayo) _
re 47 X2

and

Now, one can note that I15° + ITT1¢O =TT/, i.e. sum of individual profits after contract
is equal to the profit of the integrated model. Therefore, the proposed TPT contract

can coordinate the supply chain. Hence, we have the following proposition.

We use the superscript ‘CO’ to indicate two-part tariff contract
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Proposition 7.1.7. If the manufacturer sets the wholesale price w®®, then the proposed TPT

contract can coordinate the supply chain.

As the proposed contract coordinates the supply chain, it will undergo some
surplus profit which is the difference between the profit of the integrated model
and the decentralized model. The channel members can divide this surplus profit
according to their bargaining powers. In any contract, the channel members will
accept the contract if their individual profits after contract are higher than or equal
to those before contract ie. if TIS® > TIM and I1¢° > TIM. From I15° > TIM,
we get F > ”2(4[3)\_72)1%?3;2/\(“_%@]2(: F1). Again, from 160 > 1M, we get
F< #2(4&—72)[Syog;)%(;—cmﬁ)]z(x%—xz) (=
the manufacturer and the retailer, we have the following proposition.

F,). Thus, for the win-win outcome of both

Proposition 7.1.8. A “win-win” situation under the proposed two-part tariff contract is

permissible for both the channel members when the lump sum fee F is such that F € [Fy, F,].

7.1.3 Numerical analysis

In this section, numerical analysis of the optimal decisions, the profitability of the
channel members and the whole supply chain, consumer surplus, environmental
damage, and social welfare are presented for the proposed models. A set of fictitious
parameter-values which agree with the assumptions of our study are considered
to demonstrate the proposed models. We take &« = 100;8 = 0.11;y = 0.87;c;y =
80;c, =35 A =20;B = 25,1 =50;u = 700,77 = 0.007;50 = 1,5 = 30;e = 10; in
appropriate units.

Table 7.1.3 represents the optimal results of the proposed models with and
without government intervention. The integrated model gives better outcomes. A
higher market demand in this model assists to increase consumer surplus, and a
higher collection rate of used products helps to reduce environmental damage. As
a result, integrated supply chain becomes more social-friendly. Among the three
decentralized models, Model C gives the worst outcome and Model M provides
better outcomes. The optimal collection rate of used products in Model M is at
least five times as much as that in Model R and Model C. As a result, both the
manufacturer and the retailer get higher profit. As the transfer price in the proposed

example is less than a threshold value, the retailer charges higher selling price while
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providing lower CSR effort in Model R. A lower transfer price also diminishes the
collection rate of used products. Consequently, profits of the manufacturer and the

retailer in Model R are lower than those in Model M.

Table 7.1.3: Optimal results of the proposed models.

Optimal With subsidy Without subsidy

results ModelI ModelM Model R Model C CcO ModelI ModelM Model R Model C
w - 490.378  494.032  494.033 58.3055 - 489.207  492.850  492.852
p 500.084 708.423  709.979  710.185 500.084 | 498.885 706.629  708.182  708.387
y 4.14347 219699  2.18244  2.18052 4.14347 | 3.83250 1.89157  1.87707  1.87515
T 0.86778  0.42830  0.08500 0.08492 0.86778 | 0.86530 0.42708  0.08476  0.08467
11, - 9971.28  9894.83 9884.72 12562.1 - 9914.46  9838.44  9828.39
I1, - 5024.35 494215 4937.05 7615.15 - 5021.07  4939.33  4934.27
I1, - - - 5.04760 - - - - 5.01883
IT 201772  14995.6  14837.0 14826.8 20177.2 | 20087.6  14935.5  14777.8 14767.7

Although Model M delivers the best channel performance among the three
decentralized models, it fails to compete with the integrated model. CSR effort
and collection rate of used products in the integrated model are almost doubled
than those of Model M. The integrated policy has 34.6% higher profit than Model
M which shows the importance of channel coordination. Under the proposed TPT
contract, the manufacturer sells the product to the retailer at a wholesale price of
58.3055 to coordinate the supply chain. The lump sum fee F € [10498.4,15680.0]
for the win-win situation of the manufacturer and the retailer. The surplus profit
obtained through coordination is equal to 5181.6 which the manufacturer and the
retailer can divide between them using their respective bargaining powers. Without
loss of generality, we consider that this surplus profit is equally divided between the
manufacturer and the retailer, and after coordination the profit of the manufacturer

and the retailer are 12562.1 and 7615.15, respectively.

7.1.3.1 Impact of CSR investment cost coefficient

Increasing CSR investment cost forces the retailer to reduce the CSR effort, which
again reduces the market demand. To stimulate more customers, the retailer lowers
the selling price. It results in degeneration in the profit of the retailer. Due to the
lower selling price of the retailer, the manufacturer also charges lower wholesale
price, which decreases the profit of the manufacturer. As the market demand

decreases, consumer surplus also decreases. As a result, overall social welfare
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decreases. It is also clear from Fig. 7.1.2 that the profits of the channel members in
Model M are higher than those of Model R and Model C. The profits of the channel

members in Model R and Model C are nearly equal.
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(a) A vs manufacturer’s profit. (b) A vs retailer’s profit.

Fig. 7.1.2: Change (%) in optimal results w.r.t. A.

7.1.3.2 Impact of adjustment factor

The adjustment factor has a positive impact on CSR effort and it helps the retailer to
enhance CSR effort rapidly. A higher value of CSR effort helps the retailer to get more
government subsidy. Due to higher CSR effort, customers are also willing to pay
more for products. A higher CSR effort results in higher market demand, eventually
the profit of the retailer increases. As the retailer sells the product with higher selling
price, the manufacturer also charges higher wholesale price. The higher wholesale
price and higher market demand increase the profit of the manufacturer. Both the
consumer surplus and social welfare increase with the higher market demand. As
Model M gives the best possible outcome, Fig. 7.1.3 represents the profit of the

channel members for Model M only.
7.1.3.3 Impact of CSR level floor

As the CSR level floor increases, CSR effort also increases. Consequently, the market
demand also increases. Due to higher CSR effort, the retailer sells the product with
higher selling price. At the same time, the manufacturer also wants higher wholesale
price. The higher wholesale price and higher market demand increase the profit of

the manufacturer. The retailer’s profit increases with the CSR level floor up to a
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Fig. 7.1.3: Change (%) in optimal results w.r.t. s and yj.

certain value. After that, although the CSR level floor increases, the retailer’s profit
decreases. The reason behind this result is the CSR investment cost. For higher CSR
effort, the retailer has to invest more.

From the above discussion, we come to the conclusion that the government
should offer higher subsidy to the retailer by setting higher CSR level floor and
higher adjustment factor. The higher CSR level floor and higher adjustment factor
encourage CSR effort. However, a higher CSR effort leads to higher investment cost
for the retailer. The retailer will then think to transfer this extra cost to customers by
increasing selling price. Due to the higher selling price, customers will try to find an
alternative product, which decreases the profit of the retailer. Thus, the total social

welfare also diminishes but it can help to create a competitive business environment.
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7.2

Both manufacturer’s and retailer’s CSR
investment under recycling competition

Due to several importance of product remanufacturing, designing suitable reverse
channels for collecting used products is a vital issue in any CLSC. There are a variety
of options for collecting used products, which can be deployed by manufacturers.
To ascertain the smooth progress of remanufacturing activities, many manufacturers
use dual recycling channels (Zhao et al., 2017). For instance, Xerox collects used
products directly by providing prepaid mailboxes. At the same time, the company
contracts with its retailers for collecting used products (Hong et al.,, 2013). USA’s
largest cellphone remanufacturing company ReCellular Inc. uses retailers and third-
party collectors (TPCs) for collecting used products (Liu et al.,, 2017a). There is
also a situation where the manufacturer and the TPC take charge of used products
collection. For instance, Kodak has to compete with the TPC to collect used products
(Bulmus et al., 2014). Xiaomi Corporation collects used products through its own
website; at the same time, it entrusts the collection activity to Aihuishou.com
(Wang et al., 2020a). Generally, if manufacturers utilize dual channels to collect
used products in a similar market then the channel competition unavoidably exists.
Accordingly, it is a very important task for manufacturers to select appropriate
reverse channels. The quality of products produced from used products being an
important issue, nowadays, manufacturers eagerly want to advertise the quality
levels of their products to ensure the consistent quality of remanufactured products
and create an environment-friendly brand image. For instance, Samsung Electronics
claims that its latest smartphone Galaxy S10 is made by using bio-plastic (for
earphone jack, packing materials), renewed plastic (20% of charger case), and

renewed paper (70% of unit box). So, the impact of recycling competition and

This study is based on the work published in CIRP Journal of Manufacturing Science and Technology,
2021, 35, 193-208.
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product quality management on market demand needs to be properly investigated.

This investigation aims to merge three research streams, namely, product quality
improvement, CSR investments, and used products recovery competition with the
channel coordination problem in CLSC. We assume that the manufacturer invests
in quality improvement and CSR, and the retailer contributes in CSR investment.
Depending on different recovery competition among the manufacturer, the retailer,
and the TPC, we develop three decentralized models and a centralized model.
Finally, a joint revenue-and-cost sharing contract is proposed to resolve the channel

coordination issue. This research is aimed to answer the following research queries:

e Among three decentralized models, which one is the best from the viewpoint

of the manufacturer, the retailer, the TPC, and consumers?

e How do the competition and collection cost coefficients, quality improvement,

CSR investments affect optimal decisions and profits of the channel members?

e Can the proposed contract perfectly coordinate the supply chain and provide
better profit to channel individuals than decentralized models? Can it improve

all three dimensions of sustainability?

e How to strike the right balance between product quality and selling price by

optimizing entire channel profit and benefiting all channel members?

7.2.1 Problem description

In the present study, we consider a sustainable CLSC consisting of a manufacturer,
a retailer and/or an independent TPC. The manufacturer focuses on improving
product quality and investing in CSR while the retailer invests in CSR and acts as
a means of communication between the manufacturer and customers to sell the
product. The manufacturer produces new product from fresh raw materials at a
manufacturing cost of ¢, per unit and remanufactures used products, which are
collected by any two out of three members under competition, at a remanufacturing
cost of ¢, per unit. During collection, each collector provides an acquisition price
A per unit to consumers. The retailer and the TPC transfer used products to the
manufacturer in return for the transfer price of B, and B; per unit, respectively. The

qualities of both new and remanufactured products are assumed to be equal, and
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both products are sold in the same market. The manufacturer sells the product to

the retailer at wholesale price of w per unit and the retailer sells it to consumers at

Manufacturer Manufacturer
(W, q. O, T, Br) (W, q. Om, Tm, Bt)
B, ., D
w | D B, t.D w | D
Retailer 4 D Retailer Third-
., 0., 7)) Tm . 6, party
AL T D
P A . D y24
A . D
Consumers Consumers
(a) MR-Model (b) MT-Model
Manufacturer
(W, q, Om, B,, By
B .D
Forward flow w | D B, .D
Retailer Third-
Reverse flow @, 6., ) party
P A 1t D
AV D
Consumers

(¢) RT-Model

Fig. 7.2.1: Proposed closed-loop supply chain models.

a selling price of p per unit. The manufacturer’s and the retailer’s investments in
CSR are 8, and 6,, respectively. Depending on various combinations of competing
collectors, we first formulate three decentralized CLSC models viz. (1) MR-Model,
where the manufacturer and the retailer competitively collect used products (see Fig.
7.2.1(a)), (2) MT-Model, where the manufacturer and the TPC competitively collect
used products (see Fig. 7.2.1(b)), and (3) RT-Model, where the retailer and the TPC
competitively collect used products (see Fig. 7.2.1(c)). After that, we develop the
centralized model (C-Model) under manufacturer-retailer joint collection. In each
decentralized model, the supply chain members aim to boost their own profits. The
manufacturer acts as the Stackelberg leader and first decides his decisions. Then, the
retailer and/or the TPC simultaneously decide their decisions. In the following, we

present the required notations and assumptions for developing proposed models.
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7.2.1.1 Notations and assumptions

The following notations are used to establish the proposed models.

(a) Decision variables

wo unit basic wholesale price of the manufacturer.
w unit wholesale price of the manufacturer.

Po unit basic retail price of the retailer.

p unit retail price of the retailer.

quality of the product, 0 < g < 1.

0 CSR investment of the manufacturer.

0, CSR investment of the retailer.

Tim collection rate of used products for the manufacturer.

T collection rate of used products for the retailer.

T collection rate of used products for the TPC.

B, unit transfer price paid to the retailer.

By unit transfer price paid to the TPC.

(b) Parameters

D market demand.

D, collection quantity.

Cm unit manufacturing cost of the new product.

cr unit remanufacturing cost of used products.

A unit cost saving from remanufacturing, where A = ¢;; — ¢,
Dy basic market demand.

A manufacturer’s CSR investment-related cost coefficient.
1 retailer’s CSR investment-related cost coefficient.

¢ quality investment-related cost coefficient.

U collection cost coefficient.

€ competition coefficient.

¢, x fraction related to sharing.

A unit price paid to customers for used products.

I1; profit function of the manufacturer, the retailer, the TPC and

the whole supply chain, respectively (i = m,7,t, w).
() optimal decisions for j-model, where j = MR, MT, RT,C, CO.

The following assumptions are made for building up the proposed models:

(1) Both the manufacturer and the retailer are responsible for CSR investment. For
each unit of the product, the manufacturer’s and the retailer’s contributions
in CSR are 8, and 6,, respectively. The manufacturer and the retailer decide
their selling prices based on their own CSR investments. The wholesale price

is taken as w = wyp + b0, and the retail price is taken as p = pg + d0,, where
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b and d (> 0) are CSR investment related sensitivity factors to the wholesale

price and the retail price, respectively.

(2) Besides investing in CSR, the manufacturer also focuses on the product quality
improvement. The more the product quality, the more the market demand
will be. Also, the market demand at the retailer’s end is positively related to
CSR investments and negatively related to the retail price. We consider the
market demand as D(p, 0, 0r,q) = Do — ap + BOm + v0, + dq, where a, B, 7,
and ¢ are respectively the price sensitivity factor, CSR sensitivity factors, and
the quality sensitivity factor of the market demand. Here, Dy, a, B, 7, § > 0
and Dy > acy. For the remainder of the study, D(p, 0, 6,,9) and D will be

interchangeable.

(3) Generally, itis not possible to collect all used products. So, the collection quantity
is taken as a fraction of total demand i.e. ;D, where0 < 7, <1, i = m,r,t. Itis

assumed that the sum of collection rates of used products (say, 7) lies in (0, 1).

(4) In reality, the quality of all used products and remanufactured products may not
be the same. In order to avoid complexity, we consider that quality of used
products and remanufactured products are the same, remanufacturing costs
for all used products are the same, and remanufacturing of used products is

more profitable than producing new ones i.e. ¢, < ¢, (Savaskan et al., 2004).

(5) The manufacturer has to bear some additional cost for quality improvement
and CSR investment, the retailer has to bear some additional cost for CSR
investment, and collectors have to invest in collecting used products, which
are taken as qu, )\9%1, 1793, and ‘uTiz, i = m,r,t, respectively. Due to collection
competition, the collection cost of one member is also affected by that of the

competitor. So, the investment due to the collection of used products is taken
2 +€T2

as j———- ie. for manufacturer-retailer joint collection, the investment cost

1—€2
. . 12 +et? T2 +ets .
of the manufacturer and the retailer will be p=—>" and p~—", respectively.

Similar situation holds for other strategies (Huang et al., 2013; Zhao et al., 2017).

(6) In order to ensure the profitability of all channel members, we consider p > w >
00A>B,>A>0,A>B>A>0.
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7.2.2 Model formulation and analysis

Here, we formulate three decentralized models viz. MR-Model, MT-Model, and RT-
Model by employing manufacturer-led Stackelberg game-theoretic approach, and a
centralized model (C-Model). Then we compare optimal results of different models
to determine the most efficient CLSC model. Finally, we propose a joint revenue-

and-cost sharing contract (CO-Model) to address channel coordination issue.

7.2.2.1 MR-Model

In this model, both the manufacturer and the retailer competitively collect used
products from customers with collection rate 7, and T, respectively. Here, the
manufacturer first decides the basic wholesale price wy, quality g, CSR investment
6, collection rate of used products T, and transfer price B,. After that, the
retailer optimizes basic retail price pg, CSR investment 6,, and collection rate of used

products 7. So, the profit functions of the manufacturer and the retailer will be:

TTMR (wy, 0,9, T, Br) = (w0 —cy— 60)D + (A — A)1yD + (A — B,)7,D

T2 +€1?)

302 2_#(
AO;, —Cq T2 (7.2.1)

(77 +ety)

% (po,0r, %) = (p—w—6:)D+ (B, — A)t:D — 167 — 1—¢2

(7.2.2)

Hence, MR-Model is presented as follows:

( Gmax B ) H%R (wO/ 9111/ q/ Tiny Bl’r ﬁO (wO/ 9111/ q/ Tin, Bl’)/ é}’(wO/ 9771/ qr T, BI’)/ f}'(wO/ 9111/ q/ T, BT))
wo,%m,4q,Tm,br

subject to
po(wo, Om, q, Tm, Br), 0y (w0, 0m, q, Tm, Br) and %, (wo, O, q, Tm, Br) are obtained from solving

max TTMR (o, 6r, o)
(Po.0r/7r)

During calculation we use backward induction method. So, we first calculate the
retailer’s best reactions by tackling the first order necessary conditions for optimality,
and those reactions are given by

u[[27+ (v — a)(1 —d)][Do + awo + (B — ba )by, + 5]
—wo(y — &) (y + a — da) + 0, [4ban + (77 — &) (da — bry)]]

~ ] By — —an (Do + BOw + 69) (B, — A)?(1 — €2)
po(wo, Om,q, Tm, Br) = Uz, — a2y(B, — A)2(1 — €2) !
u(y —a)[Do — awy + (B — ba)6y, + 94|

0r(wo, O, g, Tm, By) = uEy — a?n (B, — A)?(1 — €2) '
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_ _an(B, — A)[Dy — awg + (B — ba)byy, + 5q](1 — €?)
Tr(wO/ emz q/ Tmr Br) - P[El _ aZU(BT _ A)Z(l _ 62) 7

where &y = 4an — (7 —a)2

After getting these reactions from the retailer, the manufacturer optimizes his
decisions which can be obtained by tackling the first order necessary conditions of
optimality. The optimal reactions of the manufacturer and the retailer are given in

the following proposition:

P W2 AE(A—A)?(3—€)(1—€2)
Proposition 7.2.1. If u > F2AE, = (f—a)2]—32AT

wholesale price, product quality, CSR investment, collection rate of used products and

holds, then the manufacturer’s optimal

transfer price, and the retailer’s optimal retail price, CSR investment and collection rate
of used products for MR-Model are given respectively by

( (Do + et & [ (AE1 — (B — 0)?) — a2An (A — AP(1 — €] )
—DoyEluB(B — ) + a2A(A — A(1 - €)(1 — €)] — canpla(p — a) + 6]

MR —
® [y [E(2AE1 — (B — )?) — 82Ay] — a2Ang(A — A)2(3 —€)(1— 62)}
gMR = 6Anp(Do — cmit)
#[E(2AEL — (B — a)?) — 62An] — a?AnE(A — A)2(3 —€)(1 —€?)’
QMR _ nug(p — a)(Do — cpat)
" T u[EAE (B @) — e2y] — aAnE(A— AR e)(1— e’
MR _ aAyG(A — A) (Do — car) (1 — €?) BMR _ A
" HIE(2AEL — (B — a)?) = 62An] — a2AnE(A — AP(B—e)(1—€2)" " '
( Dog [ (6ady — Aly — a)(y — 2a) +ya(B —a)) —a?An(A — A (3 —€)(1 —€?)] >
PMR _ +omapt [6(2“/\7] - )\IY(V - D‘) - 17;8(:6 - 0‘)) - 52)”7]
w| 52081 — (B — w)?) — 2An] — 2AnE(A— AP(B—e€)(1-¢?)|
oMR  _ Apug(y — a)(Do — cer)
' H[E(2AE1 — (B — w)?) — 2An] — a?Apg(A — A)2(3 —€)(1 - €?)’
MR _ aAng (A — A)(Dy — cmtr) (1 — €) _
' H[G(2AE1 — (B —a)?) — 2Ay] — a?Ang(A — A2 (3 —e)(1—€?)

Proof. The retailer’s reaction

OITMR
ap~ = Do —2apo + awo + 6q + (B + ba)by + (& + v — 2da)6, — a(B, —
27TMR
A)Ty; azl);% = 20 <0,
MR
aralér = —(1—4d)[Dy — apy + 69 + BOm + (v — da)b,] + (v — da)[po — wo — bOyy, —
(1—d)6, + (B, — A)] — 276,; THi = 297 — (7 —da)(1—d) < 0;
MR 21TMR
5 = (By = A)[Do — apo + 8q + B + (v — da)6)] — {£5; S = — 25 <0;

PR 2IIMR CPIIMR
apodl, — a(1—d) +7; 0T ~a(Br — A); Gge = (v —da)(Br — A).

219



Chapter 7. Integrating CSR in a sustainable closed-loop supply chain

The Hessian matrix associated with TTMR is given by

., a(l—d)+7 —a(Br — A)

Hy® =1 a(l—d)+9 -2y~ (y—da)(1—d) (y—da)(B, — A)
—a(Br—A)  (y—da)(B,—A) e

The principal minors are: M| = =20 < 0, [Mp| = & > 0, if > % and
2[uE Py (B,—A)(1-€7)] o1y (B, —A)(1-€?)

MR| _
[HR™| =
o1y (B, —A)(1-€)
1

The manufacturer’s reaction

= < 0,if p > . Therefore, if u >

=
=1

holds, then the Hessian matrix H ﬁ/m is negative definite.

[1]

With these reactions of the retailer, the profit function of the manufacturer becomes
2anu[wy — ¢ — (1 = 0)0w|[Do — awo + (B — ba)6,, + 69]

HMR —
" 8y — a?n (B, — A)%(1 — €?)
+20¢;7y(A — A)Tw[Do — awp + (B — ba )0y, + 9]
8y — a?n (B, — A)2(1 — €2)
L 202 (B, = A)(A = By)(1 — €?)[Do — awo + (B = ba)b +0q] _ 00 o
W81 — o2y (B, — A)2(1— e2)]? oA
_ pea’n* (B, — A)*(1 — %) [Do — awo + (B — ba)0u + 39)*  ut,, (7.23)
(121 — a2 (B, — A1) -
PIMR 2% 2B —aPyEy(B,—A)(1-€)]
aw(z) — 4111 — — [Hal_azﬂ(Br_A)z(l_ez)]z ’
PIMR 0 yy  28np(Bbe) [2u(1-0)Z e (B A) () (B—A)— (B-ba) ;) (1-€") |
a0, — 2T (1E1—aZy (B, — AP (1= '
’TIMR . 2a2772(52y(Br—A)E (1-€?)] . PPTIMR . 2u
Top - — AR T XN fE o AP0 o T AT Ty
Pk 2ugp[pE (Bra(1-2b)) +a?y(B—A) ((B—a) B—(B—ba)Es) (1-¢?)] |
qunds, — A1z = Az = (11— (B AP /
PIIMR -  2un0p[pE a2y (B~ A) (22— (B~ A)) (1-€2)]
Fudy = A13 = Aa1 = - (11— (B, A1 /
BZH%R - . . chzny(AfA) .
Funde, — A1 = AN = [y, AP
PRI 2w (b (Br—A) (B ) (B~ A)+(B—ba)[Ea+ (B—A)]) (1-€)]
aqa—gm — 4123 — /132 — — [yEl—azfy(Br—A)z(l—eZ)]z ’
PIyR _ __ 2anqp(B-ba)(A-A)
0Tn0m Ay = Agp = [ —a2y(B,—A)2(1—€2)2’
9°ITMR 2un0u(A—A)

279Tm = A34 = A43 = [WE1 a2 (B,—A)2(1—2)]’ where Ez = Z(A - A) - €(Br - A)

The Hessian matrix associated with TTMR is given by

MR _
Hy® =

Ay Ap A Ay
The principal minors are:

IM | . _20{2;7;4 [ZyElfaanz(BrfA)(lfez)}
e (1E1—aZn (B— AT (1=e7)]?

. @?nEy (B, —A)(1—€?) .
<0, if u > plon ;
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0y [ (2081 —(B—0)2) —a2AnEy (B~ A)(1-€?) | 2 AnEy(B,—A)(1—€2) .

|Ma| = WEr—a2n(B, A& >0t > T
8o [ (E[2A21 —(B—a)2]—0%An ) —02AnEEn (B, —A) (1-€2)]
[Ms| = — & a2 (B, AP <0,
2
if y > a?AnEEy (B, —A)(1—€?) and

C2AE;—n(B—a)?]—0%Ay
MR, 1602y [ (212081 —(B—2)2)=02An ) —a2 Ay (A= AP +E5(B,— A) ) (1-€2)
|Hpyp™ |
Mo [nE1—a?1(Br—A)?(1-€2)]?(1-€2)

> 0,

, 2ApE ((A—AP+E2(B,—A)) (1-€2)
ith > g e AR

W21y (B, —A)(1—€%) a?AnEy(B,—A)(1—€%)  a?AnEEy(B,—A)(1—€?)
Therefore, if >max{ o S e S

z/\né((AfA)ZJrEZ(BﬁA)) (1—€2)
F2AE— 1 (B—a) 02y holds, for a

is negative definite which indicates that the profit

ie. if p >
HYR i

WG (A= A)+8x(B—A)) (1-¢ >}
SAZ = (p—a)?|=0%Ay
given B,, the Hessian matrix

function H%R is jointly concave in wy, 6, g, and T,. Then, using the first order
optimality conditions, optimal reactions in terms of B, can be obtained as

(Do + cme)g [p(AEr — 17(B — @)?) — aAy (B, — A)*(1 - €?)]
—cmanp[Ga(B — ) (1= b) + 6?A] + Don[p(B — ba) (B — )
—@2A(2(A— A — (A~ B)? — (1+€)(B, — AP)(1-&2)]
o [1(2[2AZ) — (B — w)2] = 82\n) — @AE((B — AP+ Ea(B, — A))(1-€2)]
enl\;IR(Br) _ 77.”6(,3 - ‘X)(DO - Cm“) ,
H(C[2AZ1 — (B — )] = 8Ay) —a?Ang((A— AP+ Ex(B, — A))(1—¢€?)
dANu(Dy — cpux)
H(C12A81 — (B — a)?] = 82Ay) — a?Ang (A — A)? + Ep(Br — A)) (1 - €?)’
aAn&(A — A)(Dg — car) (1 — €?)
H(ERAE — (B — )] — A1) — CAYE((A— AP + (B, — A)) (1)

wy'®(B;) =

qMR(Br) =

T (By) =

Putting these values in Eq. (7.2.3), one can get the profit function of the manufacturer

in terms of B, as

Anépu(Do — cpex)

H%R(Br) = p -
H(GR2AE — 17(B — a)?] — 82An) — a?ApE((A — A)? + Eo(By — A)) (1 - €2)
Now, 24% 20202282 (Do =t 2(1-€2) (A= A)—e(B,—A)] >0,

(2221 (w2l 2n) ~aape (8- A2+ 228 4)) (1-2)|
Therefore, the profit function of the manufacturer is increasing with respect to B,

and it becomes maximum if B, takes its upper bound i.e. B, = A. With B, = A, the
optimal reactions of the manufacturer and the retailer can be obtained as given in
Proposition 7.2.1. Hence, Proposition 7.2.1 is proved. [

With these reactions, the optimal market demand, collection quantity and profits

of the manufacturer, the retailer, and the whole supply chain for MR-Model will be
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DMR _— _ aAnug(Do—cme) _
1 (2 (2281 -1 (B—1)2) —62An | —a2AnE(A—A)2(3—€) (1—-€2)
DMR — _ 402 A8 (B —A) (Dy—cme)*(1-€?) .
1 (2 (2281 (B—0)2) —62An | —a2Anz (A—A)2(3—€) (1-€2)
TIMR — Mg (Do—cmat) )
u[e (22810 (B—0)2) ~02A5 | —a2Anz(A—A)2(3—€) (1-€2)
TTMR — A2ug?(Do—cmt)? [pE1 a2y (A—A)2(1+¢) (1—€?)] 2
y[@(ﬂml 7(p—a)? 5%7] —a2AnE(A—A)2(3—e)(1-€2)

?)
Anué(Do—cpa) [ [6(3 81— ) (52)u]] 40(2)\776(A—A)2(1—€2)i|

HMR _

2
[[e(2az-n(6-1) —mn] —a%né(A—AV(S—e)(l—eZﬂ

Observation 7.2.1. Proposition 7.2.1 shows that in spite of the fact that the manufacturer
and the retailer collect used products simultaneously and competitively, the collection rates
of used products for both the manufacturer and the retailer are the same. This happens due
to the extreme estimation of the transfer price (A) which the manufacturer provides to the
retailer to transfer used products. As the retailer gets more transfer price, she applies more
exertion in collecting used products. The marginal profit of the manufacturer from collecting
used products directly i.e. (A — A) being equal to that of the retailer i.e. (BMR — A), the

collection rates of used products are also the same.

Corollary 7.2.1. The effects of product quality and CSR investment related parameters on
optimal reactions and profits of the manufacturer, the retailer, and the whole supply chain in
the MIR-Model are summed up in Table 7.2.1.

Table 7.2.1: Effects of CSR investment and product quality related parameters.

Parameters w p q O6n 0, T w 1ln IL Il
B S S S S
v Y A A A A A A A A
6 Y A A A A A A A A
A A " " VI Vi VR VY
Ui A N e Ve
¢ M
Note: © /" means increase; ‘ \ means decrease.

CSR investment can greatly influence the performance of the supply chain by

motivating channel members to improve those investments. When the market
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demand turns out to be more delicate towards CSR investments, the manufacturer
and the retailer need to improve those investments to survive in a competitive
business environment. A higher CSR investment demands a higher price. Hence,
the wholesale price and the retail price increase. Moreover, CSR investments have
a secondary impact on the collection rate of used products. So, collection rates of
used products also tend to increase. Higher market demand and collection rates
of used products enhance the profits of channel members and the whole supply
chain. Similar to CSR investments, product quality also has a positive impact on
optimal reactions and the profitability of channel members. These outcomes suggest
that when a supply chain encounters a market with higher socially-conscious and
quality-sensitive consumers, channel individuals need to improve CSR investments
and product quality.

It is obvious that when CSR investments and quality improvement related costs
increase, respective firms have to decrease those decisions. As CSR investments
and product quality decrease, consumers refuse to buy those products with higher
prices. So, the manufacturer and the retailer decrease their respective selling prices.
Although the selling price decreases, less CSR investments and product quality
have an adverse effect on the market demand. Again, higher costs force channel
individuals to reduce their respective collection rates of used products which in turn

lessen their profitability as well as the whole supply chain.

7.2.2.2 MT-Model

In this model, both the manufacturer and the TPC competitively collect used
products from potential customers with collection rate 7, and T;, respectively.
Here, the manufacturer first decides the basic wholesale price wp, quality g, CSR
investment 0,,, collection rate of used products T, and transfer price B;. After
that, the retailer optimizes basic retail price py, CSR investment 6,, and the TPC
optimizes collection rate of used products 7; simultaneously. The profit functions of

the manufacturer, the retailer, and the TPC are given by

TIMT (wo, 0,9, Ty Bt) = (w — ¢y — 0)D + (A — A)tyD + (A — By)T;D
(s +€77)

a2 _x2 H
Y s (7.2.4)
" (po,6;) = (p—w—6,)D—n6; (7.2.5)
2 2
MMT(q) = (B~ AygD — MT 1) (7.2.6)

1—¢€2
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The MT-Model is presented as follows:

( Qmax B ) H%T (wO/ 9711/ q/ TI’I’I/ Bt/ ﬁO(WO/ 9771/ q/ Tm/ Bt)/ é;’ (wO/ 971’1/ ‘7/ TI’I’I/ Bt)/ ft (wO/ 91’!’!/ q/ THZ/ Bt))
wo,9m,4,Tm,bt

subject to

Po(wo, Om, q, Tm, Bt), 0, (wo, O, q, Tm, Bt) and T (wo, O, q, T, Bt) are obtained from solving
max HﬁVIT(pO, 6)
(p(]rer)

max T} ()

Here also we use backward induction and calculate the best reactions of the retailer
and the TPC by tackling the first order necessary conditions for optimality. Those
reactions are given by

( 2 + (7 — da) (1 — d)][Do + awg + (B — ba )8y + &) )
~ —(y +a —2da)[(y — da) (wo + b8y) + (1 — d) (Do + B + 59)]
PO(wO/ Gm, q, Tm, Bt) - El
6, (w0, O 0, T Br)  — (v —a)[Dg — zxwoj (B —ba)b,, + 99|

=1
# (w0, O, Ty B) = an(By — A)[Do — awy +£ﬁ — ba)0,, + 6g](1 — 62)‘

H=a

The optimal reactions of the manufacturer, the retailer, and the TPC are summed up

in the following proposition:

W2 AE(A—A)?(3+€)(1—€?)

&(2A21—p(B—0)2) —82Ay ] (2-+e)
optimal wholesale price, product quality, CSR investment, collection rate of used products

Proposition 7.2.2. If u > [ holds, then the manufacturer’s

and transfer price, the retailer’s optimal retail price and CSR investment, and the TPC’s
collection rate of used products for MT-Model are given respectively by

( (Do + cmt)Ep(2 + €) (AZ1 — (B — @)2) + Doy [up(p— a) (2 + €) )
—?A(A— AP (B+€)(1—€?)] — cnanu(2+€)[Ga(p — a) + 62A]

oMT ,
e[1(2-+ ) [E(2AZ1 — (B — ) — 2] — PARE(A — AP(3 +)(1— &)
gMT = SAnp(Do — cme)(2 + €)
n(2+€)[G(2AE1 — (B —a)?) — 82An] — a2Ang(A — A)2(3+€)(1 —e€?)
gMT  _ nug (B — a)(Do — cnmit) (2 + €)
" u(2+e€)[E(2AE1 — (B —a)2) — 2An] — a?Ang(A — A)2(3+¢€)(1—€2)’
MT aAng(A = A)(Do — cmat) (2 +€)(1 = €%)
" H(2+€)[G(2A81 — (B — a)?) — 02Ay] — a2AnG(A — A2 (3 +€)(1 —€?)’
BMT  _ A+ A(l+e€)
A 2+e) 7
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Do [#(2 + €) (6arn — A(y — a) (7 — 2a) + na(B — )
—a?An(A — A)*(B+¢€)(1—€?)]

T _ Fomap(2 4 €) [§(2aAn — Ay(y — &) —nB(B — a)) — 8*Ay]
® {y(Z +€)[6(2A81 — (B — a)?) — 62An] — a?AnE(A — A)?(B+¢€)(1 — 62)} ’
oMT  _ Apg(y —a) (Do — cmar) (2 + €)
' n(2+e)[G(2AE — (B —a)?) — 82Ay] — a?Ang(A — A)2(3+e)(1—€?)’
o KARE(A — A)(Do — cp) (1~ €)
t w2+ e)[E(2A81 — (B — w)?) = 0%An] — a?Ang(A — A)2(3+e)(1—€?)
Proof. The proof is similar to that of Proposition 7.2.1. u

With these reactions, the optimal market demand, collection quantity and profits

of channel individuals and the whole supply chain for MT-Model are given by

DMT _ _ 20Aipg (Do —cmer) (2-+€) _
u(2+e€) [Q’ (2}\31717(/370()2) 7(52)\17] —a2An¢(A—A)2(3+¢€)(1—€2)
DMT _ _ 202 N2 P (A~ A) (Do—cu)(2-+€) (1=€2) '
r T 127
n(2+e) [¢ (228 —(B—a)2) —02An | —a2Ang(A—A)2(3+€)(1-€2)
[TMT — ] A (Do—cnn)(2¢) _
p2te) [ (2281 - (F-a)?) ~2An] —a2 Mg (8- A2 (3+e) (1-€2)|
[IMT — _ A28, (Do —cmer)?(2-+€)? _,
p2te)[£ (2281 - (B-a)?) ~2Ay] —a2 Mg (6= A2 (3+e) (1-€2)|
[TMT — W2 A2 u? (Do —cpma)? (1—6(2+€)2)(1—€2)
T T 1%
n(2-+e) [2 (228 —p(B—a)2) —62An ]| —a2Ang(A—A)2(3+e)(1-€2)
HHA;IT _ Aqu&(Dy—cpa)? [y(Z—l—e)z [(;‘(3)»81—17([3—04)2) —52A77] —az/\ng(A—A)z(1—1—6)2(5—6—362—63)]

2
[2+e) [¢ (2271 -y (5 ?) ~Ay] —a2app(a- ARG 1-2)|

Observation 7.2.2. Proposition 7.2.2 shows that the collection rate of used products for the
manufacturer is (2 + €) times that of the TPC. This is due to the fact that the marginal profit
of the manufacturer from collecting used products directly from customers i.e. (A — A) is
(2 + €) times that of the TPC i.e. (BMT — A).

7.2.2.3 RT-Model

In the reverse channel of this model, both the retailer and the TPC competitively
collect used products from the potential customers with collection rate 7, and T,
respectively. The manufacturer first decides the basic wholesale price wy, quality g,
CSR investment 0,,, and transfer prices B,, B;. After that, the retailer optimizes basic

retail price pg, CSR investment 6,, collection rate of used products 7, and the TPC
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optimizes collection rate of used products 7; simultaneously. The profit functions of

the manufacturer, the retailer, and the TPC are given by

TR (wo, 0,9, By, Bt) = (w—cpm —6m)D + (A —B,)%D + (A — By):D

—A\62, — &g, (7.2.7)
2 + e1?
1187 (po, 6, 7) = (p—w—6,)D — (B, — A)T,D — 176? — M{_—ezf),(7.2.8)
2 2
() = (B — AygD - M) (7.2.9)

1—¢e?
Hence, RT-Model is presented as follows:

( GIna)g B ) HﬁT(wOI 6}7[/ q/ B?’/ Bt/ ﬁO(WOr GVH/ q/ Bi‘/ Bt)/ér(w()/ GWLI q/ B}’/ Bt>/
wo,Ym,4q,br,bt

Tr (wo, O, 4q, B, Bt); ft(wo/ Om, 4q, B, Bt))

subject to

po(wo, Om,q, Br, Bt), ér(wg, O0m, 4, Br, Bt), T (wo, Om, 9, Br, Br) and T (wo, Om, 9, Br, Bt)
are obtained from solving

max TIXT (po, 6, T)
(pO/GFITY
max TR (1)

(1)

Using backward induction method, we calculate the best reactions of the retailer
and the TPC by tackling the first order necessary conditions for optimality. Those

reactions are given by

ul[2n 4 (v —a)(1 —d)][Do + awo + (B — ba )0y + dq]
—wo(7y — a) (v + & — da) + 0, [4bany + (v — &) (da — by)]]
—a1(Do + BOw + 09) (B, — A)*(1 — €?)

po(wo, Om, q, By, Bt) = UE1 — a2y (B, — A2(1— €2) ’

. ~ u(y —a)[Do — awpy + (B — ba )0y, + 64|
0:(wo, 0, q, Br, Br) = 8y — a?n(B, — A)?(1 — €?) ’

5 _an(B, — A)[Dg — awp + (B — ba)By, + 5q](1 — €2)

TV(Z’UOI 97?1/ ql BT’/ Bt) - i,{E'l - Dézﬂ(By - A)z(]_ _ €2) 7

ar)(By — A)[Do — awg + (B — ba )by, + 6q](1 — €?)
nE; —a?n (B, — A)?(1 — €?) ’

ft(ZUO, GM/ q, Br/ Bt) =

The optimal reactions of the manufacturer, the retailer and the TPC are summed up
in the following proposition:

5a2AnE(A—A)%(1—€?)

2[¢ (2081~ (B—a)2) —021]
wholesale price, product quality, CSR investment and transfer prices, the retailer’s optimal

Proposition 7.2.3. If y > holds, then the manufacturer’s optimal

retail price, CSR investment and collection rate of used products, and the TPC’s collection
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rate of used products for RI-Model are given respectively by

( (Do + cn)g |20 (AZ1 — (B — )2) — 202A5(A — A2(1 - &)
+Dong[2uB(B — &) — a?A(A — A)*(1 — €2)] — 2cmanu[Ga(p — ) + 0%A]

oRT —
« [Zy [E(2AE1 — (B — w)?) — 62An] — 5a2Ang (A — A)?(1 — 62)}

RT _ 20Anu(Do — cpmev)
! 2u[E(2AEy — (B — w)2) — 82An] — 5a2AnE(A — A)2(1 —€2)’
gRT  _ 2pug (B — ) (Do — cmar)

" 2u[E(2AZ1 — (B — )?) — 82Ay] — 5a2AnE(A — A)2(1 — €2)’
BRT = A, BN = #,

( Dog [2p (6aAn — Ay — &) (v — 2a) + ya(B — &) — 5a?An(A — A)*(1 — €?)] )
PRI _ +2cmap [E(2aAy — Ay(y — ) — 7B(B — &) — 82Ay]
a {ZP‘ [E(2AE1 — (B — )?) — 82Ay] — B5a2And(A — A)?(1 — 62)} ’

oRT  _ 2Aué(y — a) (Do — cpix)

' 2u[E(2AE1 — (B — 0)2) — 62| — 5a2Ang(A — A)2(1 —€?)’
RT 20AnE(A — A)(Dy — cma) (1 — €2)

r 21 [ (2281 — (B — w)?) — 82An] —5a2Apg (A — AP (1 —€2)
CRT aAnZ(A — A) (Do — cmar) (1 — €2)

t 2 [6(2A81 — (B — 0)2) — 82Ay] — 5a2Apg(A — AR(1—e2)’
Proof. The proof is similar to that of Proposition 7.2.1. |

With these reactions, the optimal market demand, collection quantity and profits

of the manufacturer, the retailer, the TPC, and the whole supply chain for RT-Model

are
DRT — _ 4aAqué(Do—cmar) _
2 [£ (2081 —(B—)?) —2Ay | ~502AnE(A— A2 (1-€2)
DRT — ] 1202 A28 u(A—A) (Do —ca)*(1—€2) )
r T T 127
2 [£ (2081 —(B—)?) —2Ay | ~502AnE(A— A2 (1-€?)
TIRT — 2Anpg(Do—cmar)® _
m 77
2u (2 (208, —(B—n)2) —62An ] —5a2AnE(A—A)2(1—€2)
[IRT — V1 (Do—cu)? [45Z1 —a (A=) (4€) (1-€7) |
r T 727
2p [£ (2081 —(B—)?) —82Ay | ~502AnE(A— AP (1-€2)
[IRT — ] A2 (A~ A (Dp—cner)?(1—4e) (1-€2)
T -2/
2p[£ (2081 —(B—)?) —82An | ~502AnE(A— AP (1-€2)
M (Dy-ana? 412 (311 -(B-002) ~5200] ~a?Ane(a- A2(13+50) 1)
IIRT =

2
[2” [C (2/\51_’7(,3_0‘)2) —52/\77} —5042/\;7§(A_A)2(1_€2)]
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Observation 7.2.3. Proposition 7.2.3 shows that the collection rate of used products for the
retailer is twice that of the TPC. The reason is that the marginal profit of the retailer from
collecting used products i.e. (BRT — A) is twice that of the TPC i.e. (BRT — A).

7.2.2.4 C-Model

Here, we consider the situation of integrated business scenario under manufacturer-
retailer joint collection of used products. A centralized decision-making entity takes
all decisions viz. basic retail price pg, product quality g, CSR investments 6,, and
6;, collection rate of used products 7, and 7, through maximizing the total profit
of the whole supply chain. Because of the centralized-decision making entity, the
internal exchange prices w and B, play no role in this scenario. The profit function
of the centralized scenario is obtained by adding equations (7.2.1) and (7.2.2). The
C-Model is presented as follows:

max  TIG(po, 4, 0m, 0r, T, &) = (p—Cm — 6w —6,)D + (A — A)iuD + (A — A)1,D
(P0,9,0m,8r, T, Tr)

2 + 72)

g — g2 — o2 — o (7.2.10)

Tackling the first order necessary conditions for optimality, we can get optimal
reactions of C-Model, which have been summed up in the following proposition:

.pe 202 AnE(A—A)?(1—€)
Proposition 7.2.4. If u > T E 1 (P=a )2 —A

CSR investments, collection rates of used products for C-Model are given respectively by

( Do [1(2A + Ay — &) +1(B — @) — 20An( — AY2(1 — €)] )
—cmp[E(2aAy — Ay(y — a) — nB(B — ) — 6%Ay]

. holds, then the retail price, product quality,

pe o= :
|1 [E(AZ1 — (B~ 0)?) = Ay — 202A55 (A — AP(1 )|
< - dAu(Dy — cpux)
p[E(AB1 — (B — w)?) — 0%An] —2a2Ang(A — A)*(1—¢)’

oC nuE(p — a)(Do — cmat)

" p[E(AB1 — (B — w)?) — 0%An] — 202Ang(A — A)X(1—¢)’
o Apg (B — a)(Do — cmer)

' n[G(AE — (B — a)?) = 02An] —202AnG(A — AP(1—€)’
S _ aAng(A — A) (Do — cma) (1 — €)

" n[E(AB1 — (B — a)?) — 0%An] —2a2Ang(A — A)*(1—¢)
Trc _ aAné(A — A) (Do — cmar) (1 —€)

#[E(AZr —5(B — w)?) — 82An] —202Ang(A — A)2(1—€)

MM — 20 < 0; 26 = oA+ p); Tl — 2 — 2(y — da)(1 - d) < O;
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211G, g g . 2u
o =T af,% — o7 = 1a <0
%1, s L T o § o | .
apodty — X & aIf’oaf?r =7 +a(l—2d); opodq 0 0poTu  0podT —a(A— A);
29?115 R i 1 § L )
06 = du —1-d)p—; 0] =0} Fots = 98,08 = B(A—A);
02T1S, 02T1S, 02T1S, .
30,9 — _‘5(1 —d); sgae = sgor = (v —da)(A - A);
211G, 91 LG
aqarm aqa‘r - (S(A A)’ 9T, 0Tr =0.
The Hessian matrix associated with I1S is given by
—2u x4+ B a(l—2d)+v ) —a(A—A) —a(A—A)
a+p —2(A+B) do— (1—d)p—1 -5 B(A—A) B(A— A)
HE — a(l=2d)+y da—(1—-d)p—v —2y—-2(y—da)(1—d) —-6(1—-d) (y—da)(A—A) (y—da)(A—A)
©o 5 -5 —5(1—d) —2F S5(A—A) 5(A—A)
—a(A— A) (A~ A) (y—da)(d—A) 58— A) — 0
—a(A— A) B(A—A) (y—da)(d—A) 58— A) 0 — %
_ )2
The principal minors are: |M;| = —2a <0, |[My| = &1 > 0,if y > %,

Msz| = — = — — 1(B—a)?
| M3| 2[/\ 1—1(B—a) ] <0,if A > = .
= — = . A
| My| = 4[6(/\Q1 —n(B— “)2) - 527“7] >0,if ¢ > Aal—mg_mz'

|M5| _ 8 |:,u [g (/\31_77(,3—04)2) _1(5i/:77} —aZ)\U(A—A)2(1—€):| <0, if "> W2An(A—A)2(1—€)

(A2 —n(p—a)2) —52Ay”

165 1 [¢ (A1 (B-02) ~82a9] -20Ane 8- 4201
(-2

if u > 2AE(A—AP(1-¢) Therefore, if u > 2CAnE(A—A)*(1-¢) holds, then the
& (AZ1—n(B—a)2) —02An & (AZ1—n(B—a)2) —02An

Hessian matrix HS is negative definite and the profit function IS is jointly concave

and |HS| = > 0,

in po, Om, 0, 9, Tw, and 7. So, solving the first order conditions of optimality,
the optimal reactions of the C-Model can be obtained as given in Proposition 7.2.4.
Hence, Proposition 7.2.4 is proved. [

With these reactions, the optimal market demand, collection quantity and profits

of the whole supply chain for C-Model are given by
DC — _ 2aAnpg (Do —cm) _
ple(Azi-n(p-)2) ~2ay| —202Ap (8- A)2(1-e)

DS = - 4e 722G (A= A) (Do—ema)*(1=€) .
u[e(AZ1—n(B—a)2) —2An | —202Ape(A—A)2(1-e)
] AnpE(Do—cer)? ]
T1C = 71¢(Do—cmtt) .

:V [C ()‘El _;7([;_“)2) —52)\17] _ZDCZAWC(A—A)Z(I—G):

Observation 7.2.4. From Proposition 7.2.4, we note that the total collection rate of used

products in C-Model is 5§ + 1 = 20A¢(A—4) (Do—cmet)(1¢) . It should
p[E(AB1-n(p—a)?) ~2An] ~202An (A~ A) (1)
lie in (0,1). In order to satisfy this condition, the collection cost coefficient y should be large
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20Ang(A—A)[(Dy—cma) +a(A—A)|(1—€)

enough such that y > EAE 5 (B—a 2] =2

7.2.2.5 A Comparative analysis of optimal results

In this subsection, we compare optimal results of our proposed models to get the

most ideal decentralized model and give a few suggestions to business managers.

Proposition 7.2.5. (i) The optimal transfer prices to the retailer and the TPC follow the
relationship BMR = BRT and BRT > BMT (ii) The optimal collection rate of used products
for the manufacturer follows the sequence 5 > TMR > tMT, (iii) If e < 0.5, then the
optimal collection rate of used products for the retailer follows the sequence T > TMR >
tRT, (iv) The optimal collection rate of used products for the TPC follows the sequence TRT >
TMT (v) The optimal total collection rates of used products under different models follow the

sequence TMR > TRT > TMT.

Proof. As Observation 7.2.4 shows that the collection cost coefficient u should be
20An¢(A—A)[(Dyg—cpma) +a(A—A)](1—€)
¢IAEL— (B—a)?]—0%A

large enough such that y > , for all the following
proofs we assume this value of u.

(i) For the transfer price to the third-party collector
BRT _ BMT — €lA-4) -

= 2279
(ii) For the manufacturer’s collection rate of used products
TMR _ TMT _ WA (A~ A)* (Do—cmat) (3—€?) (1-€%)? < 0.
|:;4 [@ (2/\81—17(/3—oc)2) —(52/\77} —a37(3—e)} |:,u(2+e) [@’ (2/\81—17(5—“)2) —(52/\77] —D(E7(3+€):|
c MR aAng(A—A)(Dy—cma)(1—e) |:y [(’,‘((176))\51 +e;7(‘1370¢)2) +52)\17€] ,a57(1,€):|
T, — To ™ = >
" " o |:y [é (2A31—17(/3—a)2) —52A17] —0457(3—6)i| |:],t [5 (/\El—q(ﬁ—oc)z) —(52/\;7] —ZaAqé(A—A)Z(l—e)}
0.
(iii) For the retailer’s collection rate of used products
MR _ RT _ WA (A= A)* (Do —cmar) (1-2¢) (1—€*)? >0, ife <
' ' {2;4 (2081 —n(B—a)2) =521 750@7} {;4 [¢(2A1 -y (B—a)?) =52y ] fa37(37e)} B N
0.5.
c MR aAng(A—A)(Dy—cma)(1—€) |:],¢ [@((1—6)/\51 +677([3—4x)2) +§2)uye] —aiy(l—e)}
T — TN = >
w [u (¢ (2221 -n(B—a)2) —o21] —aay(S—e)} [u (¢ (A=1—n(B—a)2) —621] —ZaAvé(A—AV(l—e)}
0.

(iv) For the third-party collector’s collection rate of used products

RT _ oMT aAng(A—A)(Do—cma)(1—€) [ye [2(2A21 1 (p—0)2) ~52An] +aE7(2—e)} .

[y(Z—&-e) [é (ZAEl—iy(ﬁ—a)z) —(52/\17] —0(37(3+6):| [2;{ [§ (ZAEl—rj(ﬁ—a)z) —522\7]] —50{37}
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(v) For the total collection rate of used products

(ARE(A—A) (Do —cpat) (1—€2) [;1 & (2221 —5(B—a)?) —62An] —0437(1—&-36)}

TMR _ 7RT — _ > 0.
21 & (2081 —n(p—a)2) ~52An] 750@7} [;4 [z (2481 —n(p—a)2) ~52An] faay(%e)}

LRT __MT _ aAnE(A—A)(Dy—cpa)(1—€?) |:pte [C (2/\31—17(/5—0()2) —(52/\17] —20637(3+€):| - 0, due
n(2+e) [¢(2A2 5 (B—)?) —62Ay] —a37(3+e)} {2;1 & (2721 —5(B—a)?) —62An] ~5aEy

to large value of y as given in Observation 7.2.4. Where Z; = aAnZ(A — A)2(1 — €2). [

The transfer price acts as a stimulant to any collector to collect used products.
The more the transfer price, the more the collection effort will be. It is observed
that the profit of the manufacturer has a growing trend with B,. That’s why, the
manufacturer pays the upper bound of B; to the retailer in both MR and RT-Models.
The manufacturer may have some idea regarding the used products market when he
is involved in collecting used products. But when he does not collect used products
directly, he hesitates to confront any risk. That’s why, he pays a higher transfer price
to the TPC in RT-Model than MT-Model.

As the manufacturer needs to pay a higher transfer price in MR-Model than MT-
Model, he wants to reduce this loss through collecting more used products. So, the
manufacturer’s collection rate of used products is higher in MR-Model than MT-
Model. The retailer’s collection rate depends on both the competition coefficient €
and collection options. If € is less than 0.5, then the retailer puts more effort in the
case of MR-Model. But with the increase of ¢, the retailer’s enthusiasm for collecting
used products shifts from MR-Model to RT-Model. The retailer may feel that a lower
transfer price to the TPC may lessen her interest to collect used products under a
highly competitive situation. As the TPC gets higher transfer price in RT-Model,
s/he shows more endeavor in collecting used products under the said model.

It is noteworthy that although the individual collection rate of used products is
affected by ¢, it has no impact on the positioning of the total collection rate of used

products under different models. It is always higher in MR-Model and lower in
MT-Model.

Proposition 7.2.6. If ¢ < 0.5, then (i) the optimal wholesale price follows the sequence
wRT > wMR > wMT (i) the optimal retail price follows the sequence pMT > pRT >
pMR > pC, (iii) the optimal product quality follows the sequence g¢ > gMR > gRT > gMT

(iv) the optimal CSR investments follow the sequence 0 > QMR > gRT > gMT i — ¢,

Proof. (i) For the wholesale price
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or R E7(Do—cmax) (1-2€) [y [2(A21-1B(p—a)) —62Ay] —0@7]
w™ — WVt =

[214 [&(2A81—n(p—a)2) ~52An] 75@7} [14 & (20815 (p—a)2) ~02A1] fzxay(sfe)} a
0.5.

O ([ (P 0E (B0 (B0 lal1-e-) 452 1)) +EN (1] a3y 3| §
[;4 [&(2221—5(p—a)2) —02An] —0437(3—5)] [;1(2+e) [&(2221—5(B—a)2) 621 —a37(3+e)]

0.

(ii) For the retail price

pMT _ pRT _ E7p(Do—cma)(4-+3¢) [C(Zw\vy—?vy(v—a)—qﬁ(ﬁ—a))—5%;;] -0
[],t(2+e) [2(2A21 - (p—0)?) 52| 70437(3+6)i| [Zy (2221 (p—w)2) —52An] 750437}
pRT _ MR _ E7p(Do—cnat) (1-2€) [§ (2eAg—Ay(y—a) —n(B—a) ) —o*Ay | S0 ife <
[2;{ [{f (2)\31717(‘8704)2) 7152)\17] 75a37} [y [cj (2/\517;7(,8704)2) 752/\;7] faE7(3fe)} B n
0.5.
pMR _ 5C = A& (Do—cnat) [¢ (20An-Av(y=0)—yp(B—0) ) =0\ [uE1—a2y (5-A)>(1+e—3€>+¢%) ] -
@ [y (2081 -7 (p—0)?) ~52] —aay<s—e>} [y [e(A=1-n(p-)2) 521 —2aAnc<A—A>2(1—e>]
0.
(iii) For the product qualit
p q y
qRT . qMT _ aAdE;u(Do—cmu) (4+3€) > 0.
[;4(2+e) (22221 (p—a)?) —52An] fth7(3+e):| |:2y (2221~ (p—0)?) ~52An] 750457}
l]MR _ qRT — aAnéZ7pu(Do—cma) (1—2€) >0, if e <
[2;4 22081 - (p—0)2) 62y 75@7} [u [z (2081~ (B—0)2) ~52An] faay(afe)}
0.5.
l]C B qMR _ A26Eu(Do—cma) [}lEl—NZW(A—A)2(1+€—3€2+E3)} <
o n[e(2rmon6-02) ~02a0] -az3-0)| |1 [ (A1 n(p-2) -e2r9] ~2mane(a- Ay
0.
(iv) For the CSR investments
9§1T . Q%T _ anlZu(B—a)(Do—cma) (443€) > 0.
[240) e (2121 -n(8-02) —w] &340 | [2u[2 (202 (B-07) 2] 505
GMR _ gRT _ anGE7p(B—a)(Do— cma)(l 2¢) >0, ife <
[2;4 [5(2/\31—17(/5 (52/\17 —5aZ; [ 2/\_.1 (B 52)\7]] 1137(3—6)]
0.5.
6C _ gMR _ A& u(B—a)(Do—cma) [yEl—azq(A—A)2(l+e—3€2+63)] >
m m -
« [u (2081 - (p—n)2) 625 —as7(3—e)] [u [z (A=1-n(p—n)2) —52Ay] —ZaAng(A—A)Z(l—e)}
0.
957" _ Q,MT _ aAEE7p(y—a)(Do—cma) (4+3€) > 0.
[u(2+e) (2281 -7 (B—0)2) 021y ] —a& <3+e)} [ [z (2081~ (B—0)2) —52Ay] 750@7}
GMR _ gRT — aAGE7p(y—a)(Do—cma)(1-2€) >0, ife <
[2;4 (& (2721 —5(B—)?) —62An] ~5aEy [ (2021 —n(B—n)2) —62A1| 0@7(3%)]
0.5.
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A28y (y—a) (Do—cner) [HE1—a2n(A—A)2(1+e—3e2+¢%) |

@ [u (2081 -7 (p-)2) ~521] —aa7<3—e>] [u [2(AB1-n(B—0)2) ~02A5| ~20Ang (- A (1-€)
0. u

>

Proposition 7.2.6 demonstrates that the manufacturer charges a lower wholesale
price in MT-Model. The reason is that, in MT-Model, the retailer can gain profit from
selling new product ((p — w)D), but in other two models, the retailer can gain from
both selling new product ((p — w)D) and collecting used products ((B, — A)7,D).
The wholesale prices in MR and RT-Models depend on the competition coefficient.
If it is less than 0.5, then the manufacturer charges a higher wholesale price in RT-
Model. With the increase of €, the manufacturer reduces the wholesale price in RT-
Model. Although the manufacturer charges a lower wholesale price in MT-Model,
due to a single earning option, the retailer sets a higher retail price. In MR and RT-
Models, the retail price follows the similar trend of the wholesale price. It is directly
affected by the wholesale price and indirectly by the transfer price. C-Model offers a
lower retail price as it is liberated from the double-marginalization impact.

As the collection rate in MT-Model is lower than other two decentralized models,
the manufacturer needs to utilize more raw materials for producing new product
which incurs an additional expense. As a result, the manufacturer reduces quality
improvement effort and CSR investment. The retailer also diminishes her CSR
investment. For a lower estimation of €, these reactions are higher in MR-Model.
However, with the increase of €, these reactions become higher in RT-Model.
Therefore, for lower €, the market demand is higher in MR-Model while for higher
€, it is higher in RT-Model. It reveals that the competition between two competing
collectors influences optimal reactions and market demand only when one of the
competing collector is the retailer. In the case of C-Model, customers can get a higher

quality product at a lower price. CSR investments are also higher in C-Model.

Proposition 7.2.7. (i)lf € < 0.5 then the optimal profit of the manufacturer follows the
sequence TIMR > TIRT > TIMT  and (ii) the optimal profit of the TPC follows the sequence
IR > TIMT.

Proof. (i) For the manufacturer’s profit

H§1T . Hn]\fT _ aAnEE;u(Do—cya)? (4+43€) > 0.
|:;1(2+e) & (2221 —5(p—a)2) 521 fucE7(3+e)] [2;4 & (2721 —5(p—a)2) 5271 75@7]
H%R _ HHR1T _ aAnEEypu(Do—cma)?(1-2€) >0,ife <

|:2y [2 (202 —n(B—a)?) 5271 —5&37} [;1 [&(2221—p(B—a)?) 5271 —aE7(3—e)}
0.5.
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(ii) For the third-party collector’s profit

aAEE7 (Do —cpuc)? [Ege(él—&-e) +8aE7(Eg—2aZy ) +7a2E2e(2+¢€) (5+3¢€) —6aEyEg [7+€(7+2€)}:|

IIRT — TIMT = >0

[;4(2+e) (2421 - (p—0)?) —52Ay] fa37(3+€):| [2;4 22221 (p—0)?) 02| 750@7}
as Bg > 2a8y and 0 < € < 1, where Bg = u[¢(2A&; — 7(B — )?) — 6°Ay]. u

Proposition 7.2.7 indicates that market demand and overall collection rate of used
products in MT-Model being lower compared to the other two models, the profit of
the manufacturer is also lower in that model. Similar to other decisions, profits of
the manufacturer in MR and RT-Model are also influenced by €. Since for a lower
€, the market demand is higher in MR-Model, the profit of the manufacturer also
becomes higher. But for higher ¢, it becomes higher in RT-Model. While comparing
the profit of the TPC, we note that it is lower in MT-Model. This is because of the
lower market demand and a lower amount of transfer price in MT-Model. Due to
algebraic complexity, we avoid the comparison of profits of the retailer and the whole

supply chain analytically, which will be compared numerically in the next section.

7.2.2.6 Joint revenue-and-cost sharing contract
(CO-Model)

Revenue sharing and cost sharing contracts are two notable techniques to coordinate
multi-tier CLSC framework. However, a straightforward contract will most likely be
unable to coordinate CLSC. It can provide at most a win-win situation for channel
individuals. To beat this inadequacy, we propose a joint revenue-and-cost sharing
contract which instigates channel individuals to settle the reactions indistinguishable
from the centralized model. Under the proposed contract, the retailer agrees to share
some portion (1 — x) € (0,1) of her revenue to the manufacturer and in return, the
manufacturer sells the product with comparatively lower wholesale price w“C. But
this may not encourage the manufacturer to improve the quality of the product as
quality improvement needs some additional cost. Therefore, the retailer shares some
portion ¢ € (0,1) of quality improvement cost which motivates the manufacturer in
enhancing the product quality. Under the proposed contract, the profit functions of
the manufacturer and the retailer will take the form as given in the following;:

1159 (w§°, 0,1, 9, T, By) = (W ° — ¢y — 0)D + (A — A)twD + (A — B,)T,D
25+ €T
—A6, — ”(1’”_€2) — (1—-¢)&¢* + (1—x)pD, (7.2.11)
1 (po,6,,7,) = (xp—w© —6,)D+ (B, — A)5,D
7+ et
—16; — V(l—eZ) — ¢&q* (7.2.12)
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Hence, CO-Model is presented as follows:

max 1150 (w§©, O, 9, T, Br) and
(wgo,em,q,Tm,Br)

max Hco(pg, 0, )
(pOrerrTr

such that p©© = pC; qCO =q%;050 =065;0°0 = 05,750 = 1§ and 10 = .

We first calculate the retailer’s best reactions by tackling the first order necessary
conditions for optimality, and those reactions are given by

ul[(xy — ) ((1 —dx) (Do + Bbu + 5q) — (v — da) (wo + bO))
+217(x(Do + awg + O + 6q) + baby,) ]
—an(Do + B0 +6q) (B, — A)?(1 — €?)

co(. CO _
po (@5, On, q, T, Br) - = uldanx — (xy — a)?] — a2y (B, — A)2(1 — €2) '
co(..CO _ p(xy = a)[x(Do + Bbm + 89) — a(wg® + b6i)]
O T B )= g — Gy — 2] — a2 (B, — AV~ €)
ay(By — A)[x(Dg + BOm + 5q) — a(w§® + b)) (1 — €2
2O (SO, 6y, 4, Ty By) 11(By — A)[x(Do + B + 09) — a(wg m)]( )

pldanx — (xy — a)?] — a2y (B, — A)*(1 - €?)
Now, equating p§° and p§ under consideration of all other reactions same as those

of C-Model, one can get wgo in terms of ¢ and x as follows:

Dog [ (1= )M (2@, + 7](y — da) (v7 — &) + 27(2 + 7)])
—0)01] +aAn(1—e)[(1+e —2x) (2ay — (v — )?)
,Zx'y — )] | +e[Ag (@1 — xy(y — da)) [ (dayx — (xy — a)?)
(1= )] + 01 (1E(B — ) (ba — xB) — x52Ar) |

wg (¢, x) = (7.2.13)
[u [6(AZ1 — (B = w)?) — 2Ay] — 22ARE(A — AP(1 =€) @,
where @1 = 2ay — (v —da) (xy — «).
Again, considering retailer’s reactions are same as those of C-Model, from alggp =

0, we get

5[0 — e — (1= b)fy + (A — A) Ty + (A — B)TE + (1 — x)p§]
26(1-9)

Now, equating °© and g¢ under consideration of all other reactions same as those
of C-Model, one can get w§© in terms of ¢ and x as follows:

Elco(w(():oz em/ Tm/ Br) -

(Do — cn)Z[eh(B — A2(1 — €) — (209 + Ay — &) + by (B — )]
+x[Dog[y(2n<p +A(y —a) +7(B—w))]
empt[2(20Ay = Ay(y — ) = (B — «)) — %Ay

0§ (¢,x) = = 2 _ 2] — oa2 —A2(1 —
u[E(AZ1 —7(B vc)) 82y —202An¢ (A — A)2(1 —¢)

(7.2.14)

Equating these two values of w glven in Egs. (7.2.13) and (7.2.14), we get a
quadratic equation in x as Rx? + Sx + T = 0, where R = 2dayu > 0,
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S = —2p(2an +da(y +a) — (v —da)(y — v —20)) +ay(y —da)(A - A)*(1—¢€) <
0,

T = af2u(y+ ¢y + (v —da)]) + (A — A)* (2ane — (v — da)[y +e(y —a)]) (1 =
€)] >0.

Let us consider the equation f(x) = Rx2+Sx+T=0.As,R>0,S<0and T > 0,
therefore, the number of changes in sign is 2. Hence the equation f(x) = 0 has two
positive roots. Again, f(0) = T > 0, f(1) = R+S+T = —[2an+ (y —a)(y —
da)][2(1 — ¢) — a(A — A)%e(1 — €)] < 0 and it can be shown that S — 4RT > 0. So,
by Descartes’ rule of signs, it has at least one real root in (0,1). Let it be x* € (0,1).
The roots of the equation f(x) = 0 are given by x = =3V —4RT stRz_W. With x = x*, the
optimal value of w§® is given by

(Do — cma) & [aAn (A — A)*(1 —€) — u(2An¢ + A(y — a) + by (B — a))]
+x* | Dog [ (209 + A(y — ) + (B — )]
o et [E(200n — Ay(y — &) = nB(B — ) — 6%y
wSO(¢p) = _ (7.2.15)
H[E(AEL =1 (B —a)?) — O2An] — 2a2Ang(A — A)*(1 —€)

The estimation of the other parameter ¢ can be obtained from the condition that
both channel individuals will show enthusiasm in participating this contract i.e.
their profits after contract surpass or equivalent to those of MR-Model. From the
manufacturer’s condition, we get

H%O > H%R
[wWR — cpp — (1 — b)ONR + (A — A)TMRIDMR — [09§C — ¢,y — (1 —1)6S,
+(A = A)Tg]DC + A[(07)? — (057)%] +¢1(09)* — (M7)?]
+ital()? = (™) +e(70)? — (7VF)?] — (1 — x*)p°D°
¢(q9)
—  oin (7.2.16)

From the retailer’s condition, we get

=¢ >

[co > MR
[x*pc — wgo — 9rC + (A - A)T,,C]DC — [pMR — wé\/m — QMR 1 (A— A)T,MR]DMR
_ —n[(67)% — (6M7)?] — 5 [(79)? = (BMB)2 + e(1)? — (ThR)?]
e = (1)
= Pmax (7.2.17)

So, the profit of the whole supply chain under contract is T1{9 = 10 + 1160 = TIS.
We already have x* € (0,1), and if there exists a ¢ such that ¢ € (0,1), then we have

the following proposition.

Proposition 7.2.8. If the manufacturer sets the wholesale price wC and ¢ € [Pin, Pmax),
then the proposed joint revenue-and-cost sharing contract can coordinate the supply chain

and help channel individuals to achieve win-win situation.
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7.2.3 Numerical analysis

In order to exhibit the outcomes of the proposed models and inspect the adequacy
of the proposed coordination contract, this section performs a real case study for a
CLSC that deals with printer cartridges and provides some significant managerial
insights. We suppose the hypothetical parameter-values those are consistent with
parameter-values used in the literature e.g., Huang et al. (2013); Zhao et al. (2017),
with some legitimate change in accordance with the suppositions of our study, and
use the artificial names — ‘MCL’ for the manufacturer, ‘RCL’ for the retailer and
“TCL’ for the TPC. In the proposed supply chain, besides producing new printer
cartridges from fresh raw material, MCL remanufactures the used cartridges that
were previously collected. The collection of used cartridges can be performed under
three competing structures — collection through MCL and RCL, collection through
MCL and TCL, and collection through RCL and TCL. To gain competitive advantage,
MCL focuses on maintaining the quality of the cartridges. Both MCL and RCL
contribute some amount in CSR, such as labor safety, education (distribute mobile
phones, tabs, etc. for online classes), health care (distribute face masks, sanitizer,
PPE kits, etc.), for each unit of sales and so, the selling prices are affected by their
respective CSR investments with the elasticity parameter equal to b = 0.7 and
d = 0.5, respectively. The basic market demand of the cartridges is Dy = 100
unit/week. The market demand for the cartridges is affected by four factors — price,
CSR investments of MCL and RCL, quality with the elasticity parameters equal
toa = 03,8 = 20,7y = 15, and § = 0.28. MCL produces new cartridges at a
manufacturing cost of ¢, = $20 per unit and remanufactures the used cartridges at a
remanufacturing cost of ¢, = $5 per unit. So, cost saving from remanufacturing used
cartridges is A = $15 per unit. Each collector pays A = $5 as an acquisition price for
each unit of used cartridges. Competition and collection cost coefficients are taken as
€ = 0.2 and p = 600. MCL and RCL have to incur some cost for improving product
quality and investing in CSR with coefficient equal to { = 35;A = 15, and 7 = 12.

For better understanding, the parameter-values are summed up in Table 7.2.2.

Table 7.2.2: Parameter-values.

Parameters Do a« B 7y 0 b d € wu Ay & cm oo A
Values 100 03 20 15 028 07 05 02 600 15 12 35 20 5 5
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7.2.3.1 Optimal results of different models

Optimal results of different models are presented in Table 7.2.3. From Table 7.2.3, it is

observed that the presence of RCL as a collector of used cartridges has great impact

Table 7.2.3: Optimal results of the proposed models.

Optimal results | MR-Model | MT-Model | RT-Model | C-Model | CO-Model
wo 193.254 192.329 193.568 - 23.0631
w 197.128 196.165 197.433 - 31.7234
Po 294.900 295.283 294.986 247.424 247.424
p 297.342 297.700 297.422 | 252.882 252.882
q 0.39070 0.38680 0.38982 | 0.87331 0.87331
Om 5.53485 5.47969 5.52246 12.3719 12.3719
0, 4.88369 4.83502 4.87276 | 10.9164 10.9164
T 0.23442 0.23208 - 0.43665 0.43665
T 0.23442 - 0.23389 | 0.43665 0.43665
T - 0.10549 0.11695 - -
T 0.46884 0.33757 0.35881 | 0.87330 0.87330
B, 15 - 15 - 15
By - 9.54545 10 - -
I, 4590.67 4544.92 4580.39 - 6838.71
I, 2534.63 2524.76 2528.42 - 3422.66
I - 0.22257 1.70955 - -
IT, 7125.30 7069.91 7110.52 | 10261.4 10261.4

on optimal reactions of RCL as well as other members of the supply chain. Under
MR and RT-Models, RCL has two-fold occupations — one in the forward channel
where she can influence market through dealing with the retail price, and other in
the reverse channel where she can affect the market through managing the collection
effort. However, in MT-Model, RCL impacts the market only through managing the
retail price. As described in Propositions 7.2.5-7.2.7, MR-Model provides the product
with higher quality at comparatively lower retail price and more CSR investments.
Due to lower retail price, and higher product quality and CSR investments, the
market demand is higher in this model. Both MCL and RCL exert more effort
in collecting used cartridges. Higher market demand and higher collection rate

improve profits of MCL, RCL, and the whole supply chain. As TCL gets more

238



7.2.3. Numerical analysis

transfer price ($10/used cartridge) in RT-Model, s/he puts more effort to collect
used cartridges which in turn enhances his/her profit (from $0.22257 in MT-Model
to $1.70995 in RT-Model). It can be seen that if MCL has to contract with TCL to
collect used cartridges, he prefers to outsource the collection activity to RCL instead
of handling it by himself. While comparing MR-Model with C-Model, we note
that the product quality and CSR investments are more than double in C-Model.
Customers also get the product at a comparatively lower price. Due to combined
decision-making, the collection rate is about 86% higher in C-Model which helps in
expanding the total profit of the supply chain. The centralized profit of the supply
chain is $10261.4, which is improved about 44% compared to MR-Model.

For CO-Model, we first calculate the optimal value of ¢ following Eqs. (7.2.16)
and (7.2.17), which indicates ¢ € [0.2878,0.5075]. So, we consider a particular
value of ¢ as 0.35. With this value of ¢, the value of x* becomes 0.45352. After
that, the optimal value of basic wholesale price is calculated following Eq. (7.2.15).
We obtain that, in CO-Model, MCL
sells the cartridge at a wholesale
price of $31.7234 / cartridge which is
about 84% lower than that of MR-
Model and other reactions are the
6000r ] same as those of C-Model. CO-
SRS G N SRS Model guarantees both MCL and
RCL to gain more profit than their

‘ ‘ ‘ : decentralized (MR-Model) profits.
0 - e " 1 Under this setting, MCL and RCL

Fig. 7.2.2: Win-win situation for both members.
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obtain respectively almost 49% and
35% higher profits compared to MR-Model. So, both MCL and RCL can achieve
win-win situation using the proposed contract (see Fig. 7.2.2). The total profit
of the whole supply chain is also equal to that of C-Model. Hence, the proposed
contract can perfectly coordinate the supply chain. In this manner, CO-Model is not
only beneficial to all channel individuals and the entire supply chain from economic
perspective, but also beneficial from the viewpoint of environment (due to higher
collection rate) and the society (due to higher CSR investments), in comparison with
other models. As consumers obtain higher quality product in comparatively lower

price, the proposed contract is also beneficial from consumers’ viewpoint.
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7.2.3.2 Sensitivity analysis

In this subsection, we look into the impact of some key model-parameters on optimal

profits of channel individuals and the whole supply chain.

A. Effect of competition coefficient (¢)

Fig. 7.2.3(a) illustrates that the profit of MCL tends to decline with the competition
coefficient €. It has no effect on the positioning of MCL's profit in MT-Model. But,
it affects MCL's profit in MR and RT-Models. MCL'’s profit is always lower in MT-
Model. It is higher in MR-Model if € is less than 0.5, but for a higher estimation of
€, RT-Model provides the best outcome to MCL. This outcome is actually the same

what we have seen in Proposition 7.2.7.
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Fig. 7.2.3: Sensitivity of optimal profits w.r.t. €.
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Similar to MCL'’s profit, RCL’s profit also decreases with €. With the increasing
competition between two collectors, RCL’s profit diminishes sharply in MR model.
When ¢ is less than 0.3, RCL’s profit follows the sequence TTMR > TIRT > [IMT,
when e € [0.3,0.36], RCL's profit follows the sequence ITXT > TIMR > TIMT when
€ is greater than 0.36, the sequence becomes [IRT > TIMT > TIMR (Fig. 7.2.3(b)).
Hence, from Fig. 7.2.3(b) one can observe that under mild competition, RCL wants
to collect used products with MCL while under strong competition, she prefers to
perform the collection activity with TCL. This is because the collection related cost
increases as the competition between the two collectors increases. MCL being the
leader of the supply chain, will not prefer to collect used products under strong
competition. Again, RCL gets more transfer price than the TCL. Thus, she has the
responsibility to work with the TCL.

TCL gets a higher transfer price in RT-Model than MT-Model which can produce
a higher profit. So, TCL has more enthusiasm for collecting used products in RT-
Model. The competition coefficient € has a significant effect on TCL's profit. Fig.
7.2.3(c) displays that TCL shows enthusiasm in collecting used products only when
€ is sufficiently small. More specifically, TCL wants to take part in the collection of
used products when € is less than 0.2. Actually, under strong competition between
two collectors, TCL cannot gain profit. This is because of the higher collection cost.

In the proposed models, the profit of the whole supply chain follows a pattern
similar to MCL's profit. It is always lower in MT-Model. If € is less than 0.4, then it
is higher in MR-Model; otherwise, it is higher in RT-Model (Fig. 7.2.3(d)).

B. Effect of cost saving from remanufacturing (A)

The performance of any CLSC depends on how much the manufacturer earns
from product remanufacturing, or in other words, the amount of cost savings from
remanufacturing (A). A higher estimation of A encourages MCL to collect more used
products for remanufacturing. Again, as A increases, MCL offers a higher transfer
price to both RCL and TCL. A higher transfer price motivates them in collecting
used products. So, the collection rate increases. Moreover, due to higher cost saving,
MCL reduces the wholesale price and RCL lessens the retail price of the product. As
a result, profits of all channel individuals tend to increase. Figures 7.2.4(a), 7.2.4(b),
and 7.2.4(d) exhibit that the profits of MCL, RCL and the whole supply chain are
higher in MR-Model followed by RT-Model and MT-Model. As TCL gets a higher
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transfer price in RT-Model, so its profit is higher in RT-Model and lower in MT-

Model (Fig. 7.2.4(c)). This finding suggests that the manufacturer should use modern

technologies to maximize profit through higher cost saving from remanufacturing.
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Fig. 7.2.4: Sensitivity of optimal profits w.r.t. A and y.

C. Effect of collection cost coefficient (1)

20

An increase in the collection cost coefficient (i) leads to increase in collection cost. So,

when y increases, profits of channel individuals decrease in all models (Fig. 7.2.4).

The rate of decrement is almost similar for MCL, RCL, and the whole supply chain

in all three models. The rate of decrement of TCL'’s profit is slightly higher in RT-
Model than that in MT-Model. This analysis demonstrates that the collection cost

coefficient should not be expanded aimlessly by expanding investments related to

collection activities for profit maximization.
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7.3

Conclusions

The comparative analysis of optimal results of Section 7.1 provides some managerial
insights. First, the pricing behavior of channel members is highly affected by various
collection options. A comparatively lower wholesale price is enjoyed by the retailer
only when the manufacturer himself collects used products directly from customers,
whereas when the manufacturer contracts with the third-party collector, he will have
to set a higher wholesale price to reduce the losses induced from transfer price.
Second, the collection rate depends on who is in charge of collecting used products
from customers and how much transfer price the manufacturer agrees to pay.
When the manufacturer contracts with the retailer or the third-party collector for
collecting used products, he needs to invest some transfer price. The manufacturer
never contracts with the third-party collector for collecting used products. If the
manufacturer denies to pay much transfer price, instead of contracting with the
retailer or collector, he should collect used products directly. Third, the higher the
CSR investment done by the retailer, the higher the level of CSR effort will be. A
higher CSR effort increases the market demand, which improves the profitability of
channel members, consumer surplus and total social welfare. Therefore, the leader
of the channel or the government ought to encourage the retailer to involve in CSR
to create a good corporate image. Fourth, the governmental intervention seems to
be advantageous for both channel members and environment, since it can improve
CSR effort. An increased CSR effort increases the market demand and boosts the
collection rate of used products. A higher collection rate of used products shows the
channel members’ environmental awareness, and a higher market demand enhances
the profits of the channel members. Fifth, the adjustment factor and CSR level floor
have positive impacts on optimal decisions and the profit of the manufacturer but
the retailer’s profit decreases with CSR level floor. This is probably because of
the investment cost. A higher CSR effort needs higher investment cost resulting
a decrease in the retailer’s profit. So, the government should set a suitable CSR

level floor. Finally, among the three different decentralized models, Model C gives
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the worst possible outcome whereas Model M gives the best possible outcome if
the manufacturer wants to spend less amount of transfer price. Although Model M
provides better performance, it fails to compete with the integrated model because
of double-marginalization effect. That’s why, channel coordination is necessary for
better performance. The proposed TPT contract can coordinate the supply chain and
helps channel members to achieve the win-win situation.

The analytical and numerical comparison of optimal results of Section 7.2 give the
following outcomes: (1) MT-Model is not beneficial to any supply chain individual.
Between MR-Model and RT-Model, which one is preferable to channel individuals
depends on the competition coefficient. The TPC prefers to collect used products
with the retailer competitively. (2) A higher competition coefficient has an adverse
effect on optimal reactions and the profitability of channel individuals. This means
that the competition between two collectors is detrimental to channel individuals.
This is the reason why channel individuals favor continuing collection activities in
the isolated market despite of higher transportation costs, operating costs, etc. in the
said market. (3) Cost saving from remanufacturing has a positive effect while the
collection cost coefficient has a negative effect on optimal reactions and the profits
of channel individuals. (4) The manufacturer can enhance the channel performance
by either improving product quality or investing in CSR or both. The retailer’s CSR
investment has also a positive impact on the channel performance. (5) The proposed
contract helps the manufacturer to sell high quality product at relatively lower
wholesale price. As a result, the retailer sells it at lower retail price. It also helps
both the manufacturer and the retailer to contribute more in CSR. From an economic
perspective, besides improving the profit of the whole supply chain, the proposed
contract also enhances the profits of all channel individuals. Moreover, the proposed
contract is capable of rising the collection rate of used products. Accordingly, it is
effective from an environmental perspective. Furthermore, it encourages both the
manufacturer and the retailer to contribute more in CSR. Consequently, it is effective
with respect to social sustainability. Therefore, it helps supply chain managers in

elevating all three dimensions of sustainability.
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Conclusions and future research
avenues

“Ends are not bad things, they just mean that something else is about to begin”

— C. JoyBell C.

This final chapter concludes the thesis by means of recalling the objectives of this
study, recapturing the main findings as well as the managerial implications for
the government and policy-makers based on those findings, and highlighting the
limitations and recommendations for further research aspects. GSCM is a topic that
has evolved over the last couple of decades as a flourishing sub-region of SCM and
getting a rising consideration from both academics and practitioners. During this
time, GSCM has become a famous methodology for few manufacturing companies
to acquire financial advantages by lessening environmental contamination and
risks while controlling environmental damages. For lessening environmental risks,
manufacturing companies have to utilize modern advanced technologies that desire
additional investments. Again, for moderating environmental damages, appropriate
reverse channels need to be selected to acquire enough end-of-life products. So,
a tremendous number of intricacies have been seen in the implementation of this
methodology and various new controversies have been uncovered, which raises
doubts as to whether adopting the GSCM planning will upgrade environmental
safety and finally lead to progressed profitability. Endeavoring to comprehend these
intricacies is vital and of importance from both empirical and academic viewpoints.

In light of the above objectives, the third chapter considers the manufacturer’s
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green innovation under warranty period as a first stepping stone in investigating
whether execution of GSCM practices positively affects the profitability of channel
individuals. Although additional investment is required for green innovation,
surprisingly, it leads the supply chain to improved environmental progress and
economic prosperity. Consequently, in all subsequent chapters, the manufacturer’s
green innovation is incorporated. In addition to green innovation, since the
collection of used products also improves the environmental performance, various
strategies utilized in used products collection is discussed in the next chapter. In
the first part of the fourth chapter, the manufacturer and the retailer are considered
as used product collector while in the second part, the third-party is included as a
used product collector under the retailer’s fairness behavior. Results indicate that the
fairness behavior and transfer price play important role in deciding which reverse
channel should be selected for collecting used products.

Product sale through the retailer is affected by double-marginalization effect
which increases the product price, resulting in the loss in the channel members’
income. Due to rapid growth of online business, both the product sale and used
product collection through the online channel is an excellent decision to adapt up to
the channel individuals’ trepidation of losing profits due to green innovation. The
fifth chapter deals with this issue and reveals that the inclusion of e-tail channel
together with the retail channel improves channel performance; selling price in
the retail and e-tail channel depends on customers’ loyalty to those channels. In
addition, when a manufacturer starts producing green product, its competition with
traditional non-green product is inevitable. Again, when more than one retailer sells
those products, there is also a competition between them. So, an immediate question
may arise —how do competing manufacturers and competing retailers behave while
making their decisions? In seeking an answer to this question, the sixth chapter
assesses cooperative and non-cooperative behaviors of same level players. Results
illustrate that the cooperative behavior (Collusion) can provide better outcome to
any one of the individuals only but their competing behavior (Nash) is profitable for
the majority of the individuals.

So far we have focused on economic performance as well as environmental
sustainability, but the global covid epidemic and lockdown have shown us how
important it is to emphasize social performance. In this regard, Chapter 7 extends

the boundaries of GSCM to a sustainable supply chain management by integrating
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CSR. The first part of this chapter discusses various used product collection options
through single channel with retailer’s CSR effort and government sponsorship
whilst the second part deals with recycling competition and CSR investments of both
the manufacturer and the retailer. Analytical and numerical comparison indicate
that CSR effort and government intervention are able to improve channel efficiency
significantly; the manufacturer prefers to collect used product and never contracts
with the TPC for this purpose in case of single collection but in case of collection
competition, the competition coefficient determines whether the manufacturer

himself procures with the retailer or outsource it to the TPC.

8.1 Managerial implications

In view of the key findings of this thesis, the accompanying managerial implications
may be furnished to the government, policy-makers, and practitioners. It developed
various models under different practical assumptions and provided the best possible
outcomes of those models. With the assistance of those consequences, business
administrators are able to better understand the relationships between various
GSCM factors, how to make the appropriate decisions and find out which model
offers better potential results for advancing their financial and environmental goals.

Since the green innovation desires greater funding, the manufacturing managers
may have in a dilemma whether to invest in green production or not. It is
suggested not to run behind the green innovation during production; alternatively
they are able to make use of modern innovative technologies, modified equipments
beforehand. Beside green innovation, the concept of product remanufacturing is
another important learning to guide manufacturing managers. Proper inspection
of used products at the time of collection is recommended for full recovery. In
addition, manufacturers may make use of e-tail channel for further improving their
profitability. Again, in case of competition among multi-manufacturers and multi-
retailers, they should make their decisions non-cooperatively. The retailer, being the
bridge between the manufacturer and customers, should exert effort in marketing
those products and put resources into CSR.

Governments with prominent and strong role in society, can persuade green
manufacturers to apply more exertion in green innovation and the buyers to
purchase more eco-friendly products. They can also inspire the small & medium

companies to produce pottery, sal leaf plates, jute bags, etc. Government support for
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those companies can empower the production of these products. Different exciting
packages like subsidy, tax reduction can encourage various firms in endeavor GSCM
approaches. They should fortify environment-related rules and regulations, such
as cap-and-trade policies, as it is claimed that the recognition of these regulations
by organizations may be a step towards growing the reliance on environmental
voluntary initiatives (Karra and Affes, 2014). Researchers and practitioners should
share their innovative ideas regarding the implementation of GSCM practices and
articulate the particular advantages gained through such practices.

In essence, developing mutual trust, high level of information sharing between
channel members, strict government regulations, environmental training programs
for firms’ personnel, and the presence of environmentally-conscious customers are

beneficial in terms of both financial and environmental viewpoint.
8.2 Limitations and further research

As with any research, this thesis also associates with a few restrictions that can
be loose to open the way for future research and provide opportunities for further
research. First of all, the consideration of deterministic demand is one of the major
limitations of this thesis. While the actual business is quite complicated and the
market faces some uncertainties. Thus, a model that considers a lot of uncertainty
(possibly during product sale or collection of used products) may be a regular
extension of the present study. This thesis only thinks about single objective problem
such as maximization of profit which can be reached out to a multi-objective problem
by including multiple objectives like cost minimization, emission reduction, etc. In
addition, it considers single item and single-period or two-period situations which
may be prolonged to a multi-item, multi-period situation in future investigations.
Moreover, various costs of the supply chain are summed up as a single cost, and
in most models, these costs are considered fixed. It is possible to extend these
models to include several variable costs. Furthermore, members of each channel
may have some private information. In light of these information asymmetry,
development of some composite contracts aimed at asymmetric information sharing
can be another direction worth looking at. Last but not the least, the numerical
studies and sensitivity analysis of this thesis are carried out by considering fictitious
parameter-values. Consideration of real industry data and investigation of its impact

on GSCM performance can be a new avenue for future research.
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ABSTRACT

In this paper, a two-echelon closed-loop supply chain with one manufacturer and one retailer is
considered, and two game theoretic models are presented in which the first model (Model I) considers
demand dependent on selling price and warranty period while the second model (Model II) considers
demand dependent on greening level in addition to the selling price and warranty period. During the
warranty period offered by the manufacturer, a portion of the returned items is refurbished and sent
back to the customer while the remaining portion is remanufactured and sold in the secondary market,
and the same portion is replaced by the new products in the market. Both the models are solved under
centralized, decentralized, and revenue sharing contract scenarios. In the decentralized scenario, a
Stackelberg game is considered between the manufacturer and the retailer in which the manufacturer is
assumed to be the leader and the retailer as the follower. Through analytic and numerical analyses, it is
seen that Model II gives better response on all the key decisions of the supply chain than Model I. The
centralized scenario achieves higher greening level and warranty period compared to the decentralized
scenario. Sensitivity analysis is performed to investigate the effect of key-model parameters on optimal

decisions.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

In recent era, public concerns about saving energy and envi-
ronmental protection have been increased in most developed
countries. Manufacturers are directed to take back used products at
the end of their life period to prevent carbon emission. In a closed-
loop supply chain (CLSC), the used product collection and rema-
nufacturing can not only reduce the manufacturing cost but also
reduce carbon emissions and environmental pollution. CLSC man-
agement in fact could be used to gain competitive advantage and
achieve sustainable development (Savaskan and Van Wassenhove,
2006; Abbey et al., 2014). In practice, some industries choose the
appropriate reverse channel at the time of remanufacturing to
obtain more profit. For example, Xerox has been a leader in reusing
high-value end-of-life copiers in the manufacturing of new copiers.

* Corresponding author.
E-mail addresses: bcgirijumath@gmail.com (B.C. Giri), chirantan.mondal94@
gmail.com (C. Mondal), tarun.ju@gmail.com (T. Maiti).

https://doi.org/10.1016/j.jclepro.2018.04.092
0959-6526/© 2018 Elsevier Ltd. All rights reserved.

Hewlett Packard Corporation for computers and peripherals, and
Canon for print and copy cartridges undertake the similar activities
(Savaskan and Van Wassenhove, 2006). Some manufacturers also
make use of collection efforts such as product design, process
modification to smooth the progress of recycling, reverse logistics
services, employee-training programs, etc. to enhance their repu-
tation, satisfying the environmental concerns of consumers and
simplify their disposal process. In addition, the manufacturers also
concern about reduction of carbon emission, air pollution, water
pollution and green house gas emission during their economic
remanufacturing processes. In a closed-loop supply chain, intends
are not only the forward supply chain's pricing strategy, promotion
of product and selling the product but also the reverse supply
chain's recycling strategy. Retailers can successfully guide cus-
tomers towards a low-carbon (green) consumption mindset, and
encourage the renovation of consumers from non-environment
friendly to environment-friendly by promoting low-carbon
(green) products by explaining their benefits, advise them to cus-
tomers and setting up outstanding display showcases, etc., (Li et al.,
2016). Over the last few years, the concept of sustainable
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OPTIMAL PRODUCT QUALITY AND PRICING STRATEGY
FOR A TWO-PERIOD CLOSED-LOOP SUPPLY CHAIN WITH RETAILER
VARIABLE MARKUP

B.C. Girr', C. MoNDAL! AND T. MAITI>*

Abstract. In this paper, we consider a two-period closed-loop supply chain which is comprised of a
single manufacturer and a single retailer for trading a single product. At the retailer, the demand in the
first period depends on the selling price, product quality and refund price, whereas in the second period,
it depends on the selling price and the product quality. The retailer sets the selling prices with variable
markups on the wholesale prices of the manufacturer and offers a return policy (immediate return and
used product return) limited to the first period only. The immediate return is dependent on the refund
price and the product quality, and the amount of returned used items is a fraction of the first period’s
demand. The retailer sends the returned items to the manufacturer who reproduces/repairs those items
and sells in the second period. We assume that the manufacturer acts as the Stackelberg leader and
the retailer as the follower. We study the impacts of return policy, product quality and pricing strategy
on the optimal decisions under two decision strategies (I and II). In the decision strategy I, both the
players optimize their total profits over the entire selling season, whereas in the decision strategy II,
they optimize each period’s profit sequentially. With the help of a numerical example we explore that
the decision strategy I gives better result than the decision strategy II in terms of all decision variables
except the product quality. We also investigate the effects of key model-parameters on the optimal
decisions.

Mathematics Subject Classification. 90B05, 90B06.
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1. INTRODUCTION

With the rapid development of economy and society, people’s appeal of saving energy and sustainable devel-
opment is increasing. As a research hotspot, the study of closed-loop supply chain management, which explicitly
takes account of product returns, in addition to the downstream flow of materials, plays an increasing promi-
nent role in sustainable development and environment protection. The economical and environmental benefits
of product remanufacturing have been widely recognized during the past fifteen years [6,18,37]. A closed-loop
supply chain (CLSC) consists of both forward and reverse activities. Forward activities include new product
development, product design and engineering, procurement and production, marketing, sales, distribution, and

Keywords. Closed-loop supply chain, retailer variable markup, two-period model, remanufacturing, return policy, product quality,
pricing strategy.
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Abstract

This article considers a closed-loop green supply chain with both forward and
reverse dual-channels, where a manufacturer produces and sells a single green prod-
uct to the potential customers through both the direct online channel (e-tail/internet)
and the traditional retail channel in the forward dual-channel, and collects the used
products for remanufacturing from the customers through both the retail and the
direct online channels in the reverse dual-channel (Model II). The pricing and green-
ing strategies for the channel members and the whole supply chain are derived both
analytically and numerically under centralized and three decentralized scenarios viz.
manufacturer-led and retailer-led decentralized scenarios and Nash game. These
results are compared with those in the case when reverse logistic does not exist
(Model I). Two special cases are examined when the products are returned through
only online channel and only retail channel. Sensitivity analysis is performed to
explore the effect of key model-parameters on optimal decisions. From numerical
analysis, it is observed that the retail price in the centralized scenario is higher than
that in the decentralized scenario, which contradicts the result due to double mar-
ginalization, and the retailer-led decentralized policy provides higher profit than the
other decentralized policies. Model II gives better result in terms of profit of the
whole supply chain, whereas Model I suggests a more environment-friendly prod-
uct. It is also observed that the channel members gain more profit when the retailer
only collects the used products.

Keywords Supply chain management - Dual-channel - Greening level - Pricing
policies - Remanufacturing
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This article presents a two-period closed-loop green supply chain model with a single manufacturer and
a single retailer to investigate the impact of green innovation, marketing effort and collection rate of used
products on the supply chain decisions. The market demand of the green product is assumed to be
dependent on the selling price, greening level and marketing effort. In the first period, the manufacturer
produces new product from fresh raw materials while in the second period, besides manufacturing new
products, he also collects and remanufactures used products. The centralized model and three decen-
tralized models (depending on the manufacturer’s collection option of used products) are considered. A
cost sharing contract is also employed to address the coordination issue. The optimal results are ob-
tained, and the effect of key model-parameters on the optimal decisions are investigated through
sensitivity analysis. It is observed that the supply chain gives better response when both the manufac-
turer and the retailer collect used products simultaneously, and the performance of the supply chain can
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be improved by instigating either green innovation or marketing effort or both.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

In the recent era, due to environmental degradation, natural
resource shortage, fast improvement of society and globalization of
economy, a large number of customers are focusing on
environment-friendly (green) product even for paying higher price.
The government is also implementing rules and regulations to
diminish the negative effects of used products on the environment.
The rising environmental awareness of the customers and more
pressure from the government have forced many manufacturers
(e.g. Xerox, Caterpillar, Boeing, Deere, and Pitney Bowes) to involve
themselves in product remanufacturing. Besides lowering the
manufacturing cost, remanufacturing of end-of-life products helps
to reduce carbon emission and environment pollution. In fact,
closed-loop supply chain (CLSC) management can be used to ach-
ieve competitive advantage and attain sustainable development
(Savaskan and Van Wassenhove, 2006). Giuntini and Gaudette
(2003) showed that remanufacturing an end-of-life product is
40—60% less expensive compared to manufacturing a brand-new

* Corresponding author.
E-mail addresses: chirantan.mondal94@gmail.com, chirantan.jumath@gmail.
com (C. Mondal), begiri.,jumath@gmail.com (B.C. Giri).
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product. To reduce carbon footprints, Coca-Cola has tied up with
third party recycler, and Dell and Adidas have started greening their
products through advanced technologies (Giri et al., 2018). In a
CLSC, as the manufacturer employs environment-friendly tech-
nologies for green innovation and pollution reduction, the retailers
should also encourage the customers for buying environment-
friendly products by explaining their benefits, and setting up
outstanding display platforms. Some retailers such as Tesco, Casino,
etc. have begun to attach the carbon footprint label with the
products to attract the customers. Due to these collective efforts of
the manufacturer and the retailer, green vegetables and organic
foods, energy star certified home appliances (Best Buy), green cars
and buses (in India, Tata Motors launched environment-friendly
bus named ‘Marcopolo’) etc. are gaining attractiveness among the
customers, and green supply chain management (GSCM) has
become a hot topic to the researchers. This article considers
remanufacturing of used products in a closed-loop green supply
chain using green innovation effort and marketing effort.

In CLSC, it is necessary for the manufacturer' and the retailer to
find a suitable reverse channel for the collection of used products

! For the rest of the paper, the manufacturer will be treated as ‘he’ and the
retailer as ‘she’.
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ABSTRACT

This paper deals with pricing, product quality, Corporate Social Responsibility (CSR) investment, and
used products collection strategy in a closed-loop supply chain (CLSC) in which both the manufacturer
and the retailer contribute to CSR. The market demand is affected by the retail price, product quality
and CSR investments. We develop the centralized model (C-Model) and three decentralized models viz.
MR-Model, MT-Model, and RT-Model depending on competition between any two of the manufacturer,
the retailer and the third-party collector for collecting used products in the reverse channel. A joint
revenue-and-cost sharing contract is proposed to address the channel coordination issue. Optimal
decisions are derived and compared analytically to determine the most efficient decentralized model,
and verified with the help of a real case study. Our study reveals that due to lower product quality, CSR
investments, collection rate of used products and higher selling price, the MT-Model is disadvanta-
geous to all channel individuals while the MR-Model gives the best performance under comparatively
less competition. The proposed contract can coordinate the supply chain and provide more profit to
both the manufacturer and the retailer than their decentralized profits. It is additionally noticed that
higher CSR investment, cost savings and collection rate of used products lead to sustainable

development.

© 2021 CIRP.

Introduction

Over the past few years, due to the widespread attention of
consumers towards social and environmental responsibilities, the
study of closed-loop supply chain (CLSC) management in the light
of Corporate Social Responsibility (CSR) investments turns into a
significant area of exploration among academicians and practi-
tioners. For environmental responsibility, one of the major tasks
of any supply chain is to monitor the effectiveness of used
products. By observing the life-cycle execution of products,
organizations formulate an important strategic decision that is
remanufacturing. It stems from organizations’ intention to get
exposure to positive environmental and moral effects which in
turn include economic value as well [2,46,13]. The return of used
products helps organizations in many ways such as preserving
resources for future use, reducing environmental hazards,
understanding the gap between expected and actual perform-
ances, nature of the usage of products in practice, and
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establishing a proactive relationship with consumers. Due to
several importance of product remanufacturing, in practice, many
manufacturing companies such as HP, Dell, Kodak, Canon, Apple,
Boeing, Caterpillar, Xerox, etc. have implemented the product
remanufacturing strategy into their traditional manufacturing
processes [35,45,27]. Previous studies have demonstrated that
companies can save up to 40-65% of the cost by managing
product remanufacturing activities, which cannot only conserve
raw materials economically but also avoid wastage of resources
[21,50]. For example, Volkswagen saves 70% from the reuse of
used car engines and parts; Xerox saves 40-65% by reusing parts
of returned products; Kodak saves 40-60% by using parts of
returned cameras, etc. [10]. Since the quality of products made
from used products is an important issue, nowadays, in order to
ensure the consistent quality of remanufactured products and
create an environment-friendly brand image, manufacturers’
eagerly want to advertise the quality levels of their products. For
instance, Samsung Electronics claims that its latest smartphone
Galaxy S10 is made by using bio-plastic (for earphone jack,

! For the rest of the article, the manufacturer and the retailer will be treated as

‘he’ and ‘she’, respectively.
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Abstract: This article considers a government-led sustainable supply chain
consisting of a manufacturer and a retailer under selling price, greening level
and CSR effort dependent market demand. The manufacturer and the retailer
are responsible for product greening and CSR, respectively. To stimulate
product greening and CSR effort, the government subsidises both of them. The
optimal decisions are obtained both analytically and numerically under four
game-theoretic policies viz. centralised policy (model C), manufacturer-led
decentralised policy (model M), retailer-led decentralised policy (model R) and
Nash game (model N). Three special cases are examined by considering that
the manufacturer does not produce green products, the retailer does not give
any effort in CSR, and both of them do not provide any effort. Our results show
that model N provides comparatively better outcome, and each member prefers
to lead the channel as it helps to gain higher profit.

Keywords: sustainable supply chain; greening level; corporate social
responsibility; CSR; government subsidy; game theory.
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INVESTIGATING A GREEN SUPPLY CHAIN WITH PRODUCT
RECYCLING UNDER RETAILER’S FAIRNESS BEHAVIOR
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ABSTRACT. Due to the rapid increment of environmental pollution and ad-
vancement of society, recently many manufacturing firms have started greening
their products and focusing on product remanufacturing. The retailing firms
are also taking several efforts for marketing those products and thinking more
about the fairness of the business. Keeping this in mind, this study investigates
the effect of recycling activity and the retailer’s fairness behavior on pricing,
green improvement, and marketing effort in a closed-loop green supply chain.
In the forward channel, the manufacturer sells the green product through the
retailer while in the reverse channel, either the manufacturer or the retailer
or an independent third-party collects used products. The centralized model
and six decentralized models are developed depending on the retailer’s fair-
ness behavior and/or product recycling. The optimal results are derived and
compared analytically. The analytical results are verified by exemplifying a
numerical example. A restitution-based wholesale price contract is developed
to resolve the channel conflicts and coordinate the supply chain. Our results
reveal that (i) the manufacturer never selects the third-party as a collector of
used products under fair-neutral retailer, (ii) the fairness behavior of the re-
tailer improves her profitability but it diminishes the manufacturer’s profit, and
(iii) if the manufacturer does not pay much transfer price, then the collection
through the third-party is preferable to the fair-minded retailer.

1. Introduction. In recent years, rising environmental pollution, government leg-
islations, changes in consumers’ purchasing and returning practices, and a compet-
itive business environment are compelling more and more manufacturers to employ
in product remanufacturing. Remanufacturing is a large-scale industrial process of
collecting used products and reusing them to generate extra qualities (Huang et al.
[17]). It not only lessens environmental pollution but also improves the profit of the
manufacturer' by lowering the utilization of fresh raw materials and saving the pro-
duction cost. Cost-saving goals may vary from industry to industry. For example,
Volkswagen saves 70% from the reuse of used car engines and parts; Xerox saves
40-65% by reusing parts of returned products; Kodak saves 40-60% by using parts
of returned cameras, etc. (Genc and De Giovanni [10]). Now, one question may
arise - who should collect used products from customers? Generally, manufacturers

2020 Mathematics Subject Classification. Primary: 90B06, 90B60; Secondary: 91A35, 91B16.

Key words and phrases. Closed-loop supply chain, remanufacturing, green innovation, fairness
concern, channel coordination.
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Abstract

This paper investigates retailers’ competition and cooperation in a closed-loop green
supply chain consisting of one common manufacturer and two competing retailers
under governmental intervention and cap-and-trade policy. Considering a consistent
pricing strategy of the manufacturer, this study develops one centralized policy and
three manufacturer-led decentralized policies viz. Collusion, Cournot (Nash), and
Stackelberg depending on different competitive behaviors of the retailers. Optimal
decisions are compared analytically through a special case where the retailers face
the same basic market, and numerically where they face both the same basic market
and different basic markets. A transfer payment mechanism is developed so that all
the channel members achieve Pareto improvement. Numerical results indicate that
(1) among the three decentralized scenarios, Nash behavior is profitable to the man-
ufacturer, customers, and the whole supply chain, but Collusion behavior is profita-
ble to the retailers only when the difference of their basic markets is small, (2) when
the retailers face the same basic market and play Stackelberg game, it is beneficial
for the retailers to be follower rather than leader, and (3) occurrence of both the gov-
ernment subsidy and cap-and-trade policy is profitable to all the channel members.

Keywords Closed-loop supply chain - Greening level - Pricing policies - Cap-and-
trade policy - Governmental intervention
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Abstract

Due to rapid advancement of the society, recently many manufacturing and retail-
ing companies are showing their interests in Corporate Social Responsibility (CSR)
in addition to maximizing their profits. This study introduces CSR activity of the
retailer, and develops an integrated model (Model I) and three manufacturer-led
decentralized models (Model M, R, and C) depending on different collection options
of used products under selling price and CSR effort dependent market demand. The
aim of this study is to explore how CSR effort of the retailer can influence the opti-
mal decisions of the supply chain members. In order to stimulate the CSR effort,
the government provides CSR dependent subsidy to the retailer. Besides deriving
closed-form optimal solutions, this research also determines optimal consumer sur-
plus, environmental damage and social welfare for the proposed models. A com-
parative study is performed to determine the best sustainable decentralized model.
The numerical results show that among the three decentralized models, Model M
gives the best performance but fails to challenge with Model I, and government
subsidy plays a key role in improving channel performance. A two-part tariff con-
tract is considered to address channel coordination issue. The effects of some key
model-parameters on the optimal profitability and the social welfare are investigated
through sensitivity analysis, which can help managers to implement CSR activity as
well as improve channel performance.

Keywords Closed-loop supply chain - Corporate Social Responsibility (CSR) -
Government subsidy - Social welfare - Collection rate of used products - Two-part
tariff contract

P4 Chirantan Mondal
chirantan.mondal94 @ gmail.com; chirantan.jumath @gmail.com

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10696-021-09404-z&domain=pdf

Operational Research (2022) 22:4057-4092
https://doi.org/10.1007/512351-021-00669-8

ORIGINAL PAPER

®

Check for
updates

Analyzing a manufacturer-retailer sustainable supply chain
under cap-and-trade policy and revenue sharing contract

Chirantan Mondal’ - Bibhas C. Giri’

Received: 11 November 2020 / Revised: 26 July 2021 / Accepted: 4 August 2021 /
Published online: 28 August 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Due to growing public awareness about environment-friendly (green) products,
green improvement has become an important factor in supply chain management.
This paper deals with a two-echelon sustainable supply chain where both the manu-
facturer and the retailer are environmentally conscious. Market demand is assumed
to be dependent on the selling price and green activities of both the channel mem-
bers, while the carbon emissions are affected by the greening level of the product.
In a make-to-order setting, this paper develops four models, viz. centralized, decen-
tralized, retailer-led revenue sharing and bargaining revenue sharing under the cap-
and-trade policy, and compares the optimal outcomes analytically. Numerical exam-
ples are taken to investigate the influence of some key model-parameters on optimal
decisions. Our results demonstrate that besides improving the greening level of the
product, the retailer-led revenue sharing can achieve a win-win situation for both
the manufacturer and the retailer. Although the bargaining revenue sharing results
in lower profit for the retailer, through promoting the greening level of the prod-
uct effectively and diminishing the selling price it appears favorable for consumers,
the manufacturer and the entire supply chain. Sensitivity analysis illustrates that a
higher value of carbon trading cost encourages the manufacturer in improving the
greening level and so, reducing the carbon emissions.

Keywords Sustainable supply chain - Greening level - Pricing policy - Cap-and-
trade policy - Revenue sharing contract

P< Chirantan Mondal
chirantan.mondal94 @ gmail.com; chirantan.jumath @ gmail.com

Bibhas C. Giri
begiri.jumath@gmail.com

Department of Mathematics, Jadavpur University, Kolkata 700 032, India

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12351-021-00669-8&domain=pdf

JOURNAL OF INDUSTRIAL AND PRODUCTION ENGINEERING
https://doi.org/10.1080/21681015.2021.1974962

Taylor & Francis
Taylor & Francis Group

ARTICLE

M) Check for updates

Investigating strategies of a green closed-loop supply chain for substitutable

products under government subsidy
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ABSTRACT

This article describes a two-level green closed-loop supply chain including two competing
manufacturers and a common retailer for marketing substitutable products under government
sponsorship. The primary aim is to explore how the manufacturers set strategies for better
outcomes, how the government intervention affects the optimal results and how to enhance
supply chain efficiency. It considers various problem scenarios, namely, centralized, Nash game,
and manufacturer-led Stackelberg game. Cost sharing (CS) and revenue sharing under cost
sharing (RCS) contracts are executed to expand the greening level and execution of the supply
chain. Numerical analyses show that (i) Stackelberg game is profitable for the manufacturers
while Nash game is favorable for the retailer and the entire supply chain; (ii) CS contract cannot
give a win-win outcome but RCS contract assists with accomplishing it; and (iii) the govern-
ment subsidy can effectively expand the sales volume by enhancing product’s greening level.

CONTEXT

= Rapid consumption of natural resources
= Increasing consumers’ demand for green product
= Government rules and regulations

NECESSITY RESEARCH GAPS

v Product remanufacturing » Competing manufacturers’ different

v Introduction of green production behaviors under government intervention

v Follow government rules » Remanufacturing under consideration of
product substitution

RESEARCH QUESTIONS

e How competing manufacturers behave under government intervention?
e Which behavior is favorable for manufacturers, retailer and whole supply chain?
e How to improve the performance of the supply chain?

ASSUMPTIONS MODEL FORMULATION
o Market demand depends on « Centralized policy, Nash game and three
selling prices and greening level manufacturer-led Stackelberg models
o The government subsidies ¢ Cost sharing (CS) and revenue sharing

(penalizes) depending on green under cost sharing (RCS) contracts

level floor

FINDINGS

1) Stackelberg game is profitable for the manufacturers while Nash game is favorable for
the retailer and whole supply chain

2) CS contract cannot provide a win-win situation but RCS contract helps to achieve it

3) The government subsidy can effectively promote the sales volume by enhancing greening
level of the product
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Due to groundbreaking rise of e-commerce and growing trends of customers’ environmental mindfulness,
recently, more and more manufacturers are willing to produce eco-friendly products and deliver them through
e-commerce platform (EP). Taking into account the product’s selling price, greening level, and the EP’s service
level, this article investigates two types of return policies, viz. refund and replacement policies for defective
products and EP’s exchange offer in a green e-commerce supply chain. It constructs four decentralized models
and determines optimal decisions by using the manufacturer-led Stackelberg gaming approach. Subsequently,
a compensation-based profit-sharing contract is designed to investigate channel coordination. Analytical and
numerical studies are used to compare and verify optimal decisions. The results show that (a) the replacement
policy provides better outcomes compared to the refund policy, (b) the commission is negatively related to the
manufacturer’s decisions and profit; even a higher commission is not favorable for the EP, (c) besides providing
win-win outcomes to both the channel individuals, the proposed contract is capable of enhancing overall
performance. This study contributes in finding the best return policy and improving channel performance
through the execution of an appropriate contract.

1. Introduction natural guidelines, etc. (Chai et al., 2018; Gao et al., 2020; Heydari

et al., 2021; Jaber et al., 2013; Kumar et al., 2019; Li, Huang et al.,

In the last few decades, with the improvement of the global econ-
omy, people’s lifestyles have been changed drastically. People are
creating a lot of greenhouse gas (GHG) to keep themselves comfortable,
which is causing various social and natural disasters like earthquakes,
heavy rains, floods, desert storms, etc. Today they realize that they need
to think of something new to ensure their survival, which drives them in
putting more accentuation on utilizing environmentally-friendly prod-
ucts. Governments in both developed and developing countries are
also introducing some rules and regulations for reducing GHG emis-
sions (Xu et al., 2017). Increasing natural contamination, government
enactments, and changes in buyers’ buying practices are convincing an
ever-increasing number of manufacturers to green their products (Mon-
dal & Giri, 2021). The introduction of green innovation in production
planning assists the companies in obtaining competitive business ad-
vantages as well as improving their corporate images (Du et al., 2017;
Ghazali et al., 2017). Thus, the study of green supply chain manage-
ment (GSCM) is attracting more attention from a growing number of
scholars. GSCM incorporates the accompanying common topics how-
ever not restricted to establishing a low carbon framework, developing
a closed-loop supply chain, developing a reverse supply chain, coor-
dinating the channel individuals through proper contracts, executing

* Corresponding author.

2021; Madani & Rasti-Barzoki, 2017; Zhu & He, 2017).

Green innovation has been perceived as one of the significant factors
for financial development and natural assistance (Ranjan & Jha, 2019).
It refers to enhancing product compatibility without compromising
product performance and quality (Azevedo et al., 2011). Weng et al.
(2015) examined a number of literary works and introduced green
innovation as software or hardware technology development, new or
altered interaction, and authoritative advancement that could help
the environment with sustainable development. The manufacturer can
incorporate advanced technology during production and recycling, pe-
riodically review the product, and enhance the warranty and return
policies. So, it needs much research & development (R&D) funds, mod-
ern technologies, etc. In this circumstance, the customers’ willingness
to pay for green products plays a vital role. An overall study by
Accenture displays that more than 80% of customers incline towards
the products’ greening level (GL) while purchasing and they prefer to
pay more for these products (Li, Zhang et al., 2019). In reality, there
are various scenarios of how companies continue to strive for green
innovation. For instance, Shanghai General Motors’ “Green Future”
strategy has reduced fuel consumption by 13.5%, water consumption
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Tax-subsidy or reward-penalty? Determining optimal strategy in sustainable
closed-loop supply chain under quality-dependent return

Chirantan Mondal © and Bibhas C. Giri

Department of Mathematics, Jadavpur University, Kolkata, India

ABSTRACT

In today’s competitive business world, focusing solely on financial considerations can limit market
demand in any industry. Keeping this in mind, this study deals with a sustainable closed-loop supply
chain (CLSC) comprising an environmentally conscious manufacturer, a retailer, and a third-party
collector (TPC) under the influence of government intervention. The manufacturer offers a return
policy for the defective product up to a certain time, and the TPC offers an acquisition price to
consumers for returning their used products. The government can offer no intervention or a tax-
subsidy policy in the forward logistics, or a reward-penalty mechanism (RPM) in the reverse logistics,
or both. Relying on different government policies, four models are developed first. After that, two
collaborative models, viz. manufacturer-retailer collaboration and manufacturer-TPC collaboration,
are developed for improving channel performance under the manufacturer-led Stackelberg gam-
ing approach. Numerical results disclose that the government subsidy to consumers provides better
functionality to channel individuals, consumers, and the environment. If the government considers
imposing a tax, the RPM can help to improve channel execution marginally. A collaborative strategy
between the manufacturer and the retailer under government taxation and RPM becomes the most
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efficient strategy for enhancing the triple bottom line of sustainability.

1. Introduction

At present, climate change and the depletion of natural
resources have made human existence miserable. Sci-
entists and researchers have found that, in most cases,
people’s daily activities are largely responsible for this.
Many agencies, organisations, firms, and factories around
the world play a significant role in exploiting the natural
resources needed for daily life and their actions have an
influence on the population’s future existence. The time
has come to think about how to deal with these catastro-
phes and present a cleaner world to future generations.
Consumers are also beginning to show their inescapable
focus on environmental and social obligations. In achiev-
ing these goals, stakeholders have explored a good pol-
icy and discovered the concept of sustainability as one
of the decent redresses. Sustainability is something that
forces a company to think about the triple bottom line.
This means that, as a business organisation, a com-
pany should look into improving its financial objectives
as well as the environmental and social responsibili-
ties for the global interest (Awan et al., 2018; Z. Chen

& Andresen, 2014; Sinayi & Rasti-Barzoki, 2018). Envi-
ronmental responsibilities incorporate improving envi-
ronmental quality and monitoring the viability of used
products. An organisation can improve environmental
quality by utilising newer and emerging technologies,
less harmful raw materials which can prevent several dis-
eases and pollution, i.e. by establishing an environment
that augments peoples’ solace and pleasure in living. On
the other hand, a firm can monitor the viability of used
products through recycling or remanufacturing them. It
benefits organisations in a variety of ways, including pre-
serving resources for future use, reducing environmental
risks, determining the gap between real and expected
effectiveness, and establishing active interactions with
customers. For this reason, major manufacturing compa-
nies such as HP, Dell, Apple, Samsung, Xerox, Unilever,
IBM, and Adidas have started to include remanufactur-
ing in their typical production planning (C.-K. Chen
& Akmalul’Ulya, 2019; Wei et al., 2019). Product qual-
ity control is crucial when it comes to remanufacturing
of used products. So, some big manufacturing companies
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