
RAIRO-Oper. Res. 55 (2021) 3639–3659 RAIRO Operations Research
https://doi.org/10.1051/ro/2021166 www.rairo-ro.org

MANUFACTURER’S COOPERATION STRATEGY OF CLOSED-LOOP SUPPLY
CHAIN CONSIDERING CORPORATE SOCIAL RESPONSIBILITY

Yingluo Yan, Fengmin Yao* and Jiayi Sun

Abstract. Corporate social responsibility (CSR) has become a popular and important strategy for
corporate operation and sustainable development. Meanwhile, many social or environmental incidents
that occur in one enterprise could bring huge risk or disruption for the entire supply chain. This
study discusses the manufacturer’s cooperation strategy of closed-loop supply chain (CLSC) composed
of a dominant manufacturer with CSR behavior consciousness, a retailer with CSR investment, and a
third-party recycler. In the CSR-CLSC, the manufacturer exhibits CSR behavior consciousness through
considering stakeholders welfare, the retailer makes CSR investment through profit donation and the
third-party recycler exhibits CSR activity through product recycling. And under the Stackelberg Game
setting, we formulate four different decision-making models to investigate the interaction between man-
ufacturer’s CSR behavior consciousness and retailer’s CSR investment, as well as their impact on the
manufacturer’s cooperative strategy selection and CLSC operation. The results show that both the
CSR behavior consciousness of manufacturer and CSR investment of retailer are conducive to reducing
the wholesale price of new products, enhancing the recycling rate of waste products and improving
the performance of CSR-CLSC members, and both of them have the function of mutual incentives.
The vertical cooperation strategy of manufacturer is conducive to increasing the overall performance
of CSR-CLSC, and compared with the cooperation with the third-party recycler, the manufacturer has
stronger motivation to cooperate with the retailer, and it is also more beneficial to improving the CSR
investment level, the waste product recycling rate, and the performance of CSR-CLSC members.
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1. Introduction

With the continuous development of 5G, artificial intelligence and other technologies, the speed of product
update iterations has gradually accelerated. The resulting large number of discarded products have also made
environmental pollution and resource shortages more serious. Recycling and remanufacturing of waste products
provide a good virtuous cycle for reducing environmental pollution and resource waste. Because recycling and
remanufacturing can not only restore the waste products to the same quality and performance as the products
using raw materials, but also effectively reduce energy consumption and air pollution [5, 53, 56]. For exam-
ple, Apple reduces carbon emissions per dollar of revenue by 15.4% by recycling and remanufacturing. Many
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manufacturers such as Ford, IBM and Xerox have saved at least millions of dollars a year by recycling and
remanufacturing [7,12,52]. By participating in the recycling and remanufacturing of waste products, enterprises
not only obtain good economic benefits, but also effectively reduce raw material consumption, energy con-
sumption and environmental impact. Therefore, many enterprises begin to balance economic and environmental
benefits by implementing closed-loop supply chain (CLSC) management [13,19].

For consumers, with the progress of economy and society, motivations of purchasing a product include not
only price and environmental responsibility, but also social responsibility [53]. Globally renowned brands such
as Nike and Adidas are under pressure from consumer boycotts and reputation damage due to inhumane labor
and business activities [3]. Therefore, an increasing number of companies not only realize the circulation of
product flow through the CLSC management mode, but also start to incorporate the construction of social
responsibility into the company’s operation and management strategy [54,59].

Corporate social responsibility (CSR) can be regarded as a form of corporate self-regulation, which usually
means that enterprises should pay attention to the impact on society and the environment in the produc-
tion and operation process, and encourage enterprises to actively engage in social activities such as human
rights protection, environmental protection (such as recycling of discarded products) and charitable donation
[20,41,43]. CSR can not only help enterprises improve their relationship with stakeholders (including suppliers,
customers, society and environment, etc.), but also reduce business risk and enhance enterprise value [2, 36].
Therefore, more and more enterprises begin to pay attention to the construction of CSR, and begin to influ-
ence or even promote consumers’ purchase decisions through CSR strategy [39,51]. At the same time, with the
development trend of globalization, it is not enough for companies to focus on their own social responsibilities,
but also pay attention to and control the social responsibilities of other companies in the supply chain, so the
CSR has extended to the entire supply chain [10, 39]. Apple is frequently blamed for the inhumane labor and
business practices of its supplier Foxconn [33]. Incidents such as the Dow Corning Silicone Leakage Incident and
the American Manville Asbestos Disease Incident also indicate that under the CSR environment in the supply
chain, the irresponsible behavior of any node enterprise may cause difficulties in the operation of the entire
supply chain [21]. Therefore, it is necessary and important to integrate CSR into CLSC to study the impact of
CSR on business decisions.

Modern theory and empirical analysis show that nodal enterprises in the CLSC may freely and strategically
choose to participate in social responsibility activities due to their different positions, so as to better fulfill
CSR and improve corporate reputation [16, 43]. In fact, studies have shown that the manufacturer, usually
as the dominant player in the supply chain, can often obtain more channel profits. Therefore, the dominant
manufacturer often implements CSR in a way that benefits stakeholders to achieve the goal of more stable
operation of supply chain system. As the retailer is closer to consumers, they are more inclined to make CSR
investment in the form of profit donations to directly stimulate consumption. For example, in 2009, Mercedes-
Benz cooperated with Hainan United Crown Automobile Service to jointly organize the “charity Benz series of
activities to subsidize the Shishan lonely elderly project”, in which Mercedes-Benz made some concessions to the
dealer’s purchase, and the dealer directly donated some profits to the local public welfare organization (http:
//auto.sohu.com/20110425/n306399855.shtml). In 2017, in the “I (love) public welfare” activity jointly held
by Apple and Jingdong, Apple gave part of the profits to Jingdong’s purchase and also gave consumers certain
direct discounts (activity during explosion Apple product full 1000 minus 100), and Jingdong promises users
every purchase during the activity of Apple products, its directly to the public welfare organization to donate
1 yuan love of money (http://www.techweb.com.cn/news/2017-04-26/2517388.shtml). However, when the
member companies in the CLSC perform CSR in different forms, the interaction between the CSR behavior of
the companies and the impact of the CSR behavior of the different member companies on the operation and
performance of CLSC have not been studied.

In addition, in order to improve competitiveness and operational efficiency, manufacturers will adopt a strat-
egy of cooperation with retailers or third-parties [25]. For example, Xiaomi strengthened its forward logistics
by acquiring Yomi, a distributor in South Korea [46]. The three major US automakers (GM, Ford, Chrysler)
and professional third-party recyclers have established long-term and stable cooperative relationships in order
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to carry out auto parts recycling [34, 50]. Similarly, some manufacturers (such as Changhong, one of famous
home appliances manufacturers in China) cooperate with downstream retailers (such as Suning, one of famous
home appliances retailers in China) on the one hand, and integrate third-parties to strengthen the recycling
and remanufacturing of used products on the other [46,50]. Currently, although some scholars have studied the
choice of cooperation strategies of manufacturers in the supply chain, they have not extended it to the CLSC
that considers CSR behavior. Existing research indicates that the impact of CSR on the cooperation between
supply chain members is very meaningful [22]. However, studies of CLSC associated with CSR focus on pricing
strategies and coordination, whereas the manufacturer’s cooperation strategy of CSR-CLSC has rarely been
quantitatively examined.

The purpose of this paper is to address the above-mentioned issues by merging five research streams: CSR,
consumer surplus, profit donation, recycling and manufacturer cooperation. In this regard, this study considers
the establishment of a CSR-CLSC that includes a dominant manufacturer with CSR behavior consciousness,
a retailer with CSR investment, and a third-party recycler. While pursuing profits, the socially responsible
manufacturer also pays attention to the welfare of their stakeholders through the profit giving behavior. The
retailer makes CSR investment through profit donation. The recycler exhibits CSR activity through product
recycling. As such, the profit function of the socially responsible manufacturer consists of pure profit that it
earns by wholesale new products, profit due to remanufacturing of used products and effects of CSR through
consumer surplus that it earns from the stakeholders. The CSR investment behavior of retailer through profit
donation will potentially affect consumer demand. Specifically, this article attempts to address the following
questions.

(1) What is the interaction between the manufacturer’s CSR behavior and the retailer’s CSR investment? How
does the CSR behavior of different member enterprises affect the performance of CSR-CLSC members and
overall?

(2) How does the CSR behavior of different member enterprises affect the recycling of used products and the
pricing of new products?

(3) Can the manufacturer pursuing maximum social welfare encourage the retailer to make more profit donations
and the third-party to try its best to recycle waste products?

(4) Should the manufacturer cooperate with retailer or recycler? How does the CSR behavior of each member
enterprise affect the manufacturer’s cooperation strategy and CSR-CLSC operation?

The rest of this paper is structured as follow. In Section 2, we present the literature review. The detail of
problem (including assumptions and annotations describe) is described in Section 3. In Section 4, we provide
mathematical models and solutions under different situation. Section 5 makes a comparative study of the
equilibrium results under different decision-making models. We illustrate the numerical simulation in Section 6,
and finally in Section 7, conclusions and future research are suggested.

2. Literature review

This paper involves three strands of research, namely CLSC operation, CSR and sustainable supply chain,
and manufacturer’s cooperation strategy.

2.1. CLSC operation

At present, many researches explore the optimal price decisions, recycling management and operation in
CLSC from different aspects. For example, Savaskan et al. [45] earlier investigated the optimal pricing decision
and recycling channel selection of CLSC under three different recycling modes (viz, the retailer, the manufacturer
or the third-party collection). In extension to this study, Savaskan and Wassenhove [44], Chuang et al. [8], Wei
et al. [56] separately studied the effects of retailer competition, recycling cost structure, recycling regulations
and information symmetry on CLSC recycling channel selection and performance. Hong et al. [15] further
investigated the impact of advertising effects on CLSC pricing and recycling decisions. Mondal and Giri [38]
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discussed the impact of green innovation and market efforts on waste product recycling and CLSC operations.
Considering the government regulation, Zhang et al. [62, 63] respectively studied the influence of government
reward and punishment mechanisms and fund policies on CLSC decision-making and remanufacturing mode
selection. Liu et al. [31] investigated the influence of deposit return system of government waste electronic
and electrical products on recycling decision of CLSC and environment. Considering that consumers have
different price perceptions of new products and remanufactured products, Ferrer and Swaminathan [11] studied
the pricing decision of new and remanufactured products in two-stage and multi-stage CLSC. Consider the
influence of channel power, Liu et al. [29] further studied the impact of different channel power structures on
the pricing of new products and remanufactured products in a multi-cycle CLSC. Choi et al. [7] analyzed the
impact of channel powers on CLSC performance and coordination based on the channel structure of the third
party responsible for recycling. Hong and Yeh [14] pointed out that the channel recovery rate, manufacturer’s
profit and total channel profits when the retailer is responsible for recycling is not always better than that when
the third-party is responsible for recycling. At the same time, due to the impact of factors such as economies of
scale and fixed investment, the cost of recycling waste products by manufacturers or retailers is usually higher
than that by the third-parties recyclers, and the third-party recycling mode is very important and common in
current practice activities [1, 34].

Although the existing studies have investigated the recycling and pricing decisions of CLSC from the per-
spectives of government regulation, member’s competition and channel power, which to some extent has laid
a foundation for this study. However, the above literature does not study the impact of CSR behavior and
profit donation activities on waste product recycling and CLSC operations. Therefore, based on the channel
structure when the third-party recycling, this paper will analyze the impact of manufacturer’s CSR behavior
on the retailer’s profit donation activities, the third-party’s waste product recycling activities and CSR-CLSC
operation.

2.2. CSR and sustainable supply chain

CSR combines corporate economic performance, environmental performance and social welfare practices,
which is widely regarded as a highly relevant and effective for companies to contribute to sustainable development
[48,61]. In recent years, some scholars have studied the influence of CSR on supply chain operation from different
perspectives. The relevant research can be roughly divided into two categories: one is from the perspective of
CSR behavior, which is regarded as an exogenous variable. It is believed that enterprises can achieve the goal of
improving the interests of stakeholders by setting the goal of maximizing the social welfare considering consumer
surplus. For example, Modak et al. [35] demonstrated the CSR behavior of manufacturer in the form of consumer
surplus, and studied the impact of manufacturer’s CSR attention on product competition, profit distribution
and coordination in the dual channel supply chain. Panda et al. [42] studied the supply chain coordination of
manufacturer with CSR behavior, and proposed a contract-bargaining process that included two wholesale price
discount-Nash bargaining contracts to alleviate channel conflicts and distribute channel profits. Liu et al. [27]
investigated the impact of CSR and cost-sharing contracts on supply chain operations and coordination for a
supply chain system consisting of a retailer and multiple manufacturers. Panda et al. [43] further extended the
model of manufacturers to show CSR behavior by focusing on consumer surplus into the research of CLSC,
focusing on investigating the impact of manufacturer’s CSR behavior on waste product recycling and CLSC
operation. On this basis, Shu et al. [48] studied the influence of manufacturer’s CSR behavior on enterprises’
carbon emissions, waste product recycling and product pricing decisions. Modak et al. [37] further expanded the
existing research model to study the impact of manufacturer’s CSR behavior and retailer competition on CLSC
decisions. Liu and Xiao [26] studied the CSR preferences of manufacturer and consumers and the impact of
green consumers on CLSC reverse channel structure selection, new product pricing, and recovery ratios. Wang
et al. [55] studied the interaction between manufacturer’s CSR behavior and retailer’s fairness concern behavior,
as well as their impact on CLSC performance and government subsidy efficiency.

The other is from the perspective of CSR investment, and considers CSR behavior as an endogenous variable.
It is believed that the CSR behavior refers to various activities in which enterprises invest a certain cost to
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improve the interests of stakeholders. For example, Ni and Li [40] analyzed the internal relationship between
CSR investment behaviors of upstream and downstream enterprises in two-tier supply chains, and discussed
the impact of CSR investment behaviors on supply chain performance. Wu et al. [58] studied the impact of
CSR investment on supply chain decisions, and proposed two types of contracts that can improve supply chain
performance. Ma et al. [33] expanded the existing research model based on information symmetry, and studied
the supply chain coordination problem considering CSR investment under the condition of asymmetric cost
information. Liu et al. [28] further investigated the impact of CSR cost information asymmetry on supply chain
decisions. Aaya and Mittendorf [4] pointed out that companies can perform CSR by donating to the society,
and investigated the impact of government subsidy policies on corporate donations and supply chain decisions.
Modak et al. [36] investigated the impact of different recycling channel structures on corporate donation behavior
and CLSC decision-making and coordination. Song et al. [49] expanded the existing research model and studied
the impact of CSR investment on CLSC operations under government subsidies. Wu et al. [59] discussed the
impact of manufacturer’s environmental responsibility behavior on CLSC pricing and recycling decisions. Liu
et al. [30] studied the impact of CSR input and price competition behavior among retailers on CLSC operation
performance.

Although the existing literature has studied the impact of CSR on supply chain operations from various
aspects, most of them have investigated the impact of CSR behavior of individual enterprise on supply chain
operation, and have not discussed the mutual influence of different member enterprises’ CSR behavior. At the
same time, the existing literature does not study the interaction between CSR and manufacturer’s strategic
choices.

2.3. Manufacturer’s cooperation strategy

In order to improve the efficiency of supply chain and enhance its competitiveness, the manufacturer as
the leader of supply chain pays particular attention to the choice of cooperation strategy. In recent years,
there have been a lot of literatures on the selection of manufacturer’s cooperation strategies in supply chain.
For example, Chen et al. [6] investigated the impact of competition or cooperation between manufacturer and
remanufacturer on the remanufacturing of waste products. Li et al. [24] analyzed the impact of the cooperation
between remanufacturer and retailer or recycler on the recycling of used products and the economic and social
profits of supply chain. Jena and Sarmah [18] studied the impact of non-cooperation, partial cooperation and
all cooperation on the recycling of used products and product pricing for a supply chain consisting of two
manufacturers and one retailer. Zhou et al. [66] studied the advertising cooperation strategy and retailer ordering
problems with risk avoidance for manufacturer and retailer. Li et al. [23] have expanded the existing research
model of vertical cooperation and systematically analyzed the impact of horizontal and vertical cooperation on
carbon reduction, waste product recycling and optimal decision-making in low-carbon CLSC. Xie [60] studied
the effects of different cooperation strategies of competitive suppliers in a decentralized supply chain on product
demand, energy efficiency and corporate profits. For the CLSC composed of a manufacturer, a retailer and two
recyclers, Ma et al. [34] analyzed the impact of different cooperation models on CLSC pricing and recycling
decisions. Wei et al. [57] further pointed out that when the competition intensity between recyclers is relatively
intense, the manufacturer integrating the retailer and one recycler is more conducive to improve the recycling
efficiency and profits of CLSC. Zheng et al. [65] expanded the existing research model by introducing corporate
fair-concern behavior, and investigated the impact of retailer’s fair-concern behavior on the cooperative strategy
and the performance of CLSC. Zhang et al. [64] investigated the influence of retailer’s vertical and horizontal
fairness concern behavior on the optimal sales model of supply chain members. Liu et al. [32] studied the
influence of retailer’s fairness preference on the cooperative relationship of sustainable supply chain members.
Shi et al. [47] constructed four alliance strategic models of CLSC considering the manufacturer’s green effort
and retailer’s service effort, and investigated the impact of different alliance strategies on green input, service
level and CLSC performance.

Although the existing research has investigated the factors that affect the cooperation of supply chain mem-
bers and the impact of cooperation on supply chain performance from some aspects, the existing research has
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Figure 1. Cooperative models of CSR-CLSC. (a) Model N. (b) Model MR. (c) Model MT.
(d) Model MRT.

not explored the impact of CSR on manufacturer’s cooperation strategies in the context of CSR-CLSC. Based
on this, this study further expands the existing research models and builds corresponding decision models to
investigate the impact of different enterprises’ CSR behavior on manufacturer’s different cooperation strategies.

3. Problem description and assumptions

3.1. Problem description

We consider a CSR-CLSC consisting of a manufacturer, a retailer and a third-party recycler (referred to
as the third-party), and the three players belong to Stackelberg Game with complete information and the
manufacturer is the channel leader. In the forward supply chain, the manufacturer produces new products and
distributes them to the retailer for sale. In the reverse supply chain, the third-party is responsible for recycling
waste products and the manufacturer is responsible for remanufacturing waste products.

In the CSR-CLSC, as the channel leader, the manufacturer has CSR behavior consciousness that pays atten-
tion to her stakeholders [35]. It is assumed that according to the stakeholder theory, business operations should
be accountable for all stakeholders in CSR enterprises, including governments, employees, suppliers, retailers
and consumers. Consumers are the critical component of all stakeholders, and therefore, the manufacturer’s
CSR is reflected by consumer surplus, in line with the majority of studies [26,43].

Meantime, in reality, donation is one of the core social responsibility activities involved in the social respon-
sibility management system [30, 36]. There are numerous instances on how donation is made by companies
all over the world. For example, Wal-Mart donated US $311.6 million to social and economic development,
environmental protection and hunger. During the COVID-19 outbreak, Chinese companies such as Alibaba and
Suning donated protest funds and materials to many countries around the world. These examples show how
retail companies are using charitable donations as a core tool of CSR [30]. Based on this, in this paper, the
retailer makes CSR investments by donating part of the profits from unit sales to social welfare organizations
[36,49].

In order to further investigate the impact of CSR on the selection of manufacturer’s cooperation strategies in
CLSC, we extended the research models of Jena et al. [18] and Shi et al. [46] to the background of CSR-CLSC,
and constructed four different decision models as shown in Figure 1. The four CSR-CLSC decision models
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Table 1. Notation description.

Notations Description

𝑤 The unit wholesale price of manufacturer
𝑐𝑚 The manufacturer’s unit cost of production a new product, 𝑤 > 𝑐𝑚

𝑐𝑟 The manufacturer’s unit cost of remanufacturing a used product, to ensure that the remanufacturing
is economically feasible, Δ0 = 𝑐𝑚 − 𝑐𝑟 > 0

𝑏 A unit transfer price of a returned waste product that the manufacturer paid to the third-party
𝐴 A unit transfer payment made by the third-party to a consumer when recycling waste products. In

order to make recycling waste products economically feasible, obviously 𝑏−𝐴 > 0
𝜏 Recycling rate of waste products, 0 ≤ 𝜏 ≤ 1
𝑝 Retail price of new product
𝑑 The profit donation amount for the retailer per unit sell (the retailer’s CSR investment level)
𝑟 The manufacturer’s CSR behavior consciousness strength, 0 < 𝑟 < 1
𝑐(𝜏) The investment cost of the third-party in collection activity. Refer to Savaskan et al. [45] etc., assume

𝑐(𝜏) = 𝑘𝜏2, where 𝑘 represents the scale parameter and 𝑘 > 0
ℎ(𝑑) The base cost of the retailer’s CSR investment. Refer to Modak et al. [36], assume ℎ(𝑑) = 𝑔𝑑2,

where 𝑔 represents the retailer’s scale parameter and 𝑔 > 0
𝜋𝑖

𝑋 The pure profits obtained by the decision maker 𝑋 under 𝑖 decision model, where 𝑖 =
{N, MR, MT, MRT} represents the N model, MR model, MT model and MRT model, respectively.
𝑋 = {𝑚, 𝑟, 𝑡, 𝑠} represents the manufacturer, retailer, third-party and the CSR-CLSC system,
respectively.

𝑉 𝑖
𝑋 The total profits obtained by the decision maker 𝑋 under 𝑖 decision model.

shown are: (1) the decentralized decision model that does not have any cooperation among the players (Model
N, see Fig. 1a), (2) the decision-making model where the manufacturer only cooperates with the retailer (Model
MR, see Fig. 1b), (3) the decision-making model where the manufacturer only cooperates with the third-party
(Model MT, see Fig. 1c), (4) the centralized decision-making model for cooperation among the manufacturer,
retailer and third-party (Model MRT, see Fig. 1d). With reference to the research hypotheses of Ma et al. [34],
we use the decentralized and centralized decision models as benchmark to compare and analyze the effect of
different cooperative strategies of manufacturer on the decision efficiency of CSR-CLSC.

3.2. Model notations and assumptions

Based on the problem description, for clarity, we define the model notations in Table 1.
Based on the principle of realism and analysis tractable of model construction, and reference related literature,

we introduce the following assumptions.

Assumption 3.1. Referring to the research of [17,30,45,56], it is assumed that there is no difference between
the new product and remanufactured product. In other words, suppose that the manufacturer can integrate the
remanufacturing process of waste products into the original production system and directly produce new products
through raw materials or recycled waste products [45]. For example, HP considers its remanufactured computers
to be no different from the new computers and sells them to consumers in the same market at the same price
[9]. The Kodak line of single use cameras was another example for this case, and most consumers did not know
the reality that their newly bought cameras contain “remanufactured parts” (even though it was clearly stated
on the packaging) [7].

Assumption 3.2. Referring to Modak et al. [36], the retailer’s profit-donating behavior (CSR investment behav-
ior) can also bring a good reputation to itself, which directly affects the market demand for new products. So,
the market demand function is

𝑞 = 𝑎− 𝛽𝑝 + 𝜃𝑑 (3.1)
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where, 𝑎 represents the market potential of the new product, 𝑎 > 0, 𝑝 represents the retail price of the retailer’s
new product, 𝛽 represents the price sensitivity of consumers to new products, 𝑑 represents the amount of direct
donation (CSR investment level) by the retailer to a social good organization for each unit of new product sale,
𝜃 represents the sensitivity coefficient of consumers to CSR investment level, 𝑎 > 𝛽𝑝 ensures that under any
circumstance the demand at the retailer’s end is non-negative, 𝜃 > 𝛽 > 0, 𝜃 > 𝛽 indicates that consumers are
more sensitive to the CSR investment level than the retail price [36,49].

Assumption 3.3. In the modeling and analysis, it is considered the effects of the manufacturer’s CSR in the
form of consumer surplus [26, 43]. Consumer surplus is the difference between the maximum price that the
consumers are willing to pay for a product and the market price that they actually pay for the product [26, 43].
Thus, the consumer surplus is given by

CS =
∫︁ 𝑝max

𝑝min

𝑞 d𝑝 =
∫︁ 𝑎+𝜃𝑑

𝛽

𝑎+𝜃𝑑−𝑞
𝛽

(𝑎− 𝛽𝑝 + 𝜃𝑑) d𝑝 =
(𝑎− 𝛽𝑝 + 𝜃𝑑)2

2𝛽
(3.2)

𝑟 ∈ (0, 1) is strength of the manufacturer’s CSR behavior consciousness then it incorporates 𝑟𝑞2

2𝛽 as consumer
surplus in its total profits.

Assumption 3.4. In order to ensure the optimal recycling rate is bounded within a given range (0 ≤ 𝜏 ≤ 1),
the profit functions of CSR-CLSC members are concave, and the related expressions have certain economic
feasibility. Consistent with previous research [45,56], the scaling parameters are assumed to be sufficiently large,
that is, 𝑘 > max

{︁
𝑔𝛽2Δ1

2

2𝑔𝛽(2−𝑟)−(𝜃−𝛽)2
, 𝛽Δ1

2

2(1−𝑟)

}︁
, 𝑔 > (𝜃−𝛽)2

2𝛽(2−𝑟) .

4. Game models of CSR-CLSC

This section mainly constructs the decision-making models under manufacturer’s four cooperation strategies
in CSR-CLSC, namely, Model N, Model MR, Model MT and Model MRT. At the same time, we obtain the
optimal solutions of each model by using reverse recursive method (see Appendix A for detailed solution process),
and for clarity, the equilibrium results of all models are shown in Table 2.

4.1. Decentralized decision-making model without cooperative strategy (Model N)

In the model N (as shown in Fig. 1a), the manufacturer decides the wholesale price and unit transfer price,
and exhibits CSR, its total profits are the sum of pure profit and the consumer surplus that it accrues from
the stakeholders. The retailer determines the retail price of the product and the amount that each sales unit
can donate (CSR investment level). The third-party decides the recycling rate of waste products. The profit
functions of CSR-CLSC members can be expressed as

𝑉 N
𝑚 (𝑤, 𝑏) = 𝜋N

𝑚(𝑤) + 𝑟CS

= (𝑤 − 𝑐𝑚) (𝑎− 𝛽𝑝 + 𝜃𝑑) + (∆0 − 𝑏) 𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑) + 𝑟
(𝑎− 𝛽𝑝 + 𝜃𝑑)2

2𝛽
(4.1)

𝜋N
𝑟 (𝑝, 𝑑) = (𝑝− 𝑤 − 𝑑) (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑔𝑑2 (4.2)

𝜋N
𝑡 (𝜏) = (𝑏−𝐴)𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑘𝜏2. (4.3)

4.2. Decision-making model when the manufacturer only cooperates with the retailer
(Model MR)

In the model MR (as shown in Fig. 1b), the manufacturer and the retailer build a coalition with one another
and are viewed as a central planner. The central planner decides the retail price, transfer price and CSR
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Table 2. Equilibrium results under different models.

Model N (𝑖 = N) Model MR (𝑖 = MR) Model MT (𝑖 = MT) Model MRT (𝑖 = MRT)

𝑤𝑖* 𝑎𝑔Δ2+Δ3
𝛽Δ4

Null 𝑎𝑔𝛽Δ14+Δ15
𝛽Δ16

Null

𝜏 𝑖* 𝑔𝛽(𝑎−𝛽𝑐𝑚)Δ1
Δ4

𝑔𝛽(𝑎−𝛽𝑐𝑚)Δ1
Δ10

𝑔𝛽(𝑎−𝛽𝑐𝑚)Δ1
Δ16

𝑔𝛽(𝑎−𝛽𝑐𝑚)Δ1
Δ20

𝑑𝑖* 2𝑘(𝜃−𝛽)(𝑎−𝛽𝑐𝑚)
Δ4

2𝑘(𝜃−𝛽)(𝑎−𝛽𝑐𝑚)
Δ10

𝑘(𝜃−𝛽)(𝑎−𝛽𝑐𝑚)
Δ16

𝑘(𝜃−𝛽)(𝑎−𝛽𝑐𝑚)
Δ20

𝑝𝑖* 𝑎𝑔𝛽Δ5+Δ6
𝛽Δ4

𝑎𝑔Δ11+Δ12
Δ10

𝑎𝑔𝛽Δ17+Δ18
𝛽Δ16

𝑎𝑔Δ21+Δ22
Δ20

𝑞𝑖* 4𝑘𝑔𝛽(𝑎−𝛽𝑐𝑚)
Δ4

4𝑘𝑔𝛽(𝑎−𝛽𝑐𝑚)
Δ10

2𝑘𝑔𝛽(𝑎−𝛽𝑐𝑚)
Δ16

2𝑘𝑔𝛽(𝑎−𝛽𝑐𝑚)
Δ20

𝑏𝑖* Δ0+𝐴
2

Δ0+𝐴
2

Null Null

𝜋𝑖*
𝑚

2𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ7
Δ42

2𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ13
Δ102

𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ10
Δ162 Null

𝑉 𝑖*
𝑚

2𝑘𝑔(𝑎−𝛽𝑐𝑚)2

Δ4

2𝑘𝑔(𝑎−𝛽𝑐𝑚)2

Δ10

𝑘𝑔(𝑎−𝛽𝑐𝑚)2

Δ16
Null

𝜋𝑖*
𝑟

4𝑘2𝑔(𝑎−𝛽𝑐𝑚)2Δ8
2

Δ42 Null 𝑘2𝑔(𝑎−𝛽𝑐𝑚)2Δ8
Δ162 Null

𝜋𝑖*
𝑡

𝑘𝑔2𝛽2(𝑎−𝛽𝑐𝑚)2Δ1
2

Δ42
𝑘𝑔2𝛽2(𝑎−𝛽𝑐𝑚)2Δ1

2

Δ102 Null Null

𝜋𝑖*
𝑠

𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ9
Δ42

𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ7
Δ102

𝑘𝑔(𝑎−𝛽𝑐𝑚)2Δ19
Δ162

𝑘𝑔(𝑎−𝛽𝑐𝑚)2

Δ20

investment level. The third-party decides the recycling rate of waste products. The profit functions of CSR-
CLSC members can be expressed as

𝑉 MR
𝑚 (𝑝, 𝑏, 𝑑) = 𝜋MR

𝑚 (𝑝, 𝑑) + 𝑟CS

= (𝑝− 𝑐𝑚 − 𝑑) (𝑎− 𝛽𝑝 + 𝜃𝑑) + (∆0 − 𝑏) 𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑔𝑑2 + 𝑟
(𝑎− 𝛽𝑝 + 𝜃𝑑)2

2𝛽
(4.4)

𝜋MR
𝑡 (𝜏) = (𝑏−𝐴)𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑘𝜏2. (4.5)

4.3. Decision-making model when the manufacturer only cooperates with the third party
(Model MT)

In the model MT (as shown in Fig. 1c), the manufacturer and the third-party build a coalition with one
another and are viewed as a central planner. The central planner decides the wholesale price, transfer price
and recycling rate of waste products. The retailer decides the retail price and CSR investment level. The profit
function of CSR-CLSC members can be expressed as

𝑉 MT
𝑚 (𝑤, 𝑏, 𝜏) = 𝜋MT

𝑚 (𝑤, 𝜏) + 𝑟CS

= (𝑤 − 𝑐𝑚) (𝑎− 𝛽𝑝 + 𝜃𝑑) + (∆0 −𝐴) 𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑘𝜏2 + 𝑟
(𝑎− 𝛽𝑝 + 𝜃𝑑)2

2𝛽
(4.6)

𝜋MT
𝑟 (𝑝, 𝑑) = (𝑝− 𝑤 − 𝑑) (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑔𝑑2. (4.7)

4.4. Centralized decision-making model when manufacturers cooperate with the retailer
and third party (Model MRT)

In the model MRT (as shown in Fig. 1d), the manufacturer also integrates the retailer and third-party to
adopt a cooperative strategy, namely all members enter into an alliance with one another and act as a single
entity. Therefore, there is only a single decision maker, and the central planner decides the retail price, CSR
investment level and recycling rate of waste products. Hence, the profit function of the central planner can be
expressed as
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𝑉 MRT
𝑠 (𝑝, 𝑑, 𝜏) = (𝑝− 𝑐𝑚 − 𝑑) (𝑎− 𝛽𝑝 + 𝜃𝑑) + (∆0 −𝐴) 𝜏 (𝑎− 𝛽𝑝 + 𝜃𝑑)− 𝑔𝑑2 − 𝑘𝜏2 + 𝑟

(𝑎− 𝛽𝑝 + 𝜃𝑑)2

2𝛽
(4.8)

where, 𝑐𝑚 − 𝑐𝑟 − 𝐴 = ∆1, 4𝑘(2 − 𝑟) − 𝛽∆1
2 = ∆2, 8𝑘𝑔𝛽2𝑐𝑚 − 2𝑘 (𝑎 + 𝛽𝑐𝑚) (𝜃 − 𝛽)2 = ∆3,

𝑔𝛽
(︀
4𝑘(4− 𝑟)− 𝛽∆1

2
)︀
−4𝑘(𝜃 − 𝛽)2 = ∆4, 4𝑘(3−𝑟)−𝛽∆1

2 = ∆5, 4𝑘𝑔𝛽2𝑐𝑚+2𝑘(𝜃−𝛽) (2𝑎𝛽 − 𝜃 (𝑎 + 𝛽𝑐𝑚)) = ∆6,
𝑔𝛽

(︀
8𝑘(2− 𝑟)− 𝛽∆1

2
)︀
− 4𝑘(𝜃 − 𝛽)2 = ∆7, 4𝑔𝛽 − (𝜃 − 𝛽)2 = ∆8, 𝑔𝛽

(︀
8𝑘(6− 𝑟)− 𝛽∆1

2
)︀
− 12𝑘(𝜃 − 𝛽)2 = ∆9,

𝑔𝛽
(︀
4𝑘(2− 𝑟)− 𝛽∆1

2
)︀
− 2𝑘(𝜃 − 𝛽)2 = ∆10, 4𝑘(1 − 𝑟) − 𝛽∆1

2 = ∆11, 4𝑘𝑔𝛽𝑐𝑚 + 2𝑘 (𝜃 − 𝛽) (𝑎− 𝜃𝑐𝑚) = ∆12,
𝑔𝛽

(︀
8𝑘(1− 𝑟)− 𝛽∆1

2
)︀
− 2𝑘(𝜃 − 𝛽)2 = ∆13, 2𝑘(2 − 𝑟) − 𝛽∆1

2 = ∆14, 4𝑘𝑔𝛽2𝑐𝑚 − 𝑘 (𝑎 + 𝛽𝑐𝑚) (𝜃 − 𝛽)2 = ∆15,
𝑔𝛽

(︀
2𝑘(4− 𝑟)− 𝛽∆1

2
)︀
− 2𝑘(𝜃 − 𝛽)2 = ∆16, 2𝑘(3− 𝑟)−𝛽∆1

2 = ∆17, 2𝑘𝑔𝛽2𝑐𝑚 + 𝑘(𝜃−𝛽) (2𝑎𝛽 − 𝜃 (𝑎 + 𝛽𝑐𝑚)) =
∆18, 𝑔𝛽

(︀
2𝑘(6− 𝑟)− 𝛽∆1

2
)︀
− 3𝑘(𝜃 − 𝛽)2 = ∆19, 𝑔𝛽

(︀
2𝑘(2− 𝑟)− 𝛽∆1

2
)︀
−𝑘(𝜃 − 𝛽)2 = ∆20, 2𝑘(1− 𝑟)−𝛽∆1

2 =
∆21, 2𝑘𝑔𝛽𝑐𝑚 + 𝑘(𝜃 − 𝛽) (𝑎− 𝜃𝑐𝑚) = ∆22. Under the assumption of scale parameter 𝑘, 𝑔, ∆1, ∆2, · · · , ∆22 > 0.

5. Equilibrium result analysis

5.1. Analysis of the impact of CSR on CSR-CLSC decision and performance

This section mainly analyzes the impact of CSR on the operation of CSR-CLSC. Firstly, it discussed that
the interaction between manufacturer’s CSR behavior consciousness and retailer’s CSR investment. Secondly,
it analyzed the impact of manufacturer’s CSR behavior consciousness on the operation and performance of
CSR-CLSC. Finally, it investigated that the impact of consumer’s sensitivity to retailer’s CSR investment on
the performance of CSR-CLSC. Since the relevant conclusions of manufacturer’s different cooperation strategies
are similar, we mainly analyze the decentralized decision model (Model N) in this section (see Appendix A for
all certification processes).

Proposition 5.1. In the CSR-CLSC, 𝜕𝑑N*

𝜕𝑟 > 0.

Proposition 5.1 shows that in the CSR-CLSC, as the increases of manufacture’s CSR behavior consciousness,
the retailer will also actively increase CSR investment levels. In fact, the increase of manufacturer’s CSR
behavior consciousness means that the manufacturer will share more pure profit to achieve the purpose of
benefiting stakeholders and increasing social welfare, and the retailer can also benefit from it.

In fact, the strengthening of dominant manufacturer’s CSR behavior consciousness means that the manu-
facturer can benefit the stakeholders by actively sharing her pure profit, which will also benefit the retailer
(Prop. 5.3 shows that the retailer’s profit and the CSR behavior consciousness level of manufacturer is directly
proportional), so the retailer will actively increase the CSR investment levels in order to respond and motivate
the dominant manufacturer to further enhance the CSR behavior consciousness.

Proposition 5.2. In the CSR-CLSC, 𝜕𝜏N*

𝜕𝑟 > 0, 𝜕𝑤N*

𝜕𝑟 < 0, 𝜕𝑝N*

𝜕𝑟 < 0, 𝜕𝑞N*

𝜕𝑟 > 0.

Proposition 5.2 shows that in the CSR-CLSC, with the strengthening of manufacture’s CSR behavior con-
sciousness, it can not only encourage the third-party to increase the recycling rate of used products, but also
reduce the wholesale and retail prices of new products and increase the market demand. This is because as
the manufacture’s CSR behavior consciousness increasing, the dominant manufacturer will actively reduce the
wholesale price of new products to better benefit her stakeholders, thereby achieving the purpose of maximiz-
ing social welfare (Prop. 5.3 also shows that the manufacturer’s social welfare maximization goal is positively
proportional to her CSR behavior consciousness). On the one hand, this kind of active profit-making behavior
will encourage the retailer to lower the retail price of new products, on the other hand, it will also encourage
the third-party to increase the recycling rate of used products. At the same time, the increase in the recycling
rate of waste products has further reduced the manufacturer’s production costs and brought greater marginal
benefits, thus achieving a positive feedback cycle and stable operation in CSR-CLSC. Combined with the Propo-
sition 5.1, the retailer will also increase her CSR investment level, so the market demand for new products will
also increase.
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Under the channel structure when the retailer recycling, Panda et al. [43] pointed out that as the manufac-
turer’s CSR behavior consciousness increasing, the retailer will actively reduce the retail price of new products
and strive to increase the recycling rate of waste products in response to the manufacturer’s CSR behavior.
We show that when the third-party is responsible for the recycling of waste products, the manufacturer’s CSR
behavior consciousness can not only incentivize the retailer to reduce the retail price of new products and the
third-party to increase the recycling rate of waste products, but also incentivize the retailer to increase her CSR
investment level.

Combining Propositions 5.1 and 5.2, the manufacturer actively fulfills the CSR, which not only effectively
reduces the wholesale and retail prices of new products, but also effectively incentivizes the retailer to increase
CSR investment level and encourage the third-party to improve the recycling rate, and finally reaches the purpose
of reducing the production cost of new products and stimulating market demand. Therefore, the manufacturer
actively improves her CSR behavior consciousness, which is not only conducive to the sale of new products and
the recycling rate of waste products, but also can effectively promote the stable operation of CSR-CLSC.

Proposition 5.3. In the CSR-CLSC, 𝜕𝜋N*
𝑚

𝜕𝑟 < 0, 𝜕𝑉 N*
𝑚

𝜕𝑟 > 0, 𝜕𝜋N*
𝑟

𝜕𝑟 > 0, 𝜕𝜋N*
𝑡

𝜕𝑟 > 0, 𝜕𝑉 N*
𝑠

𝜕𝑟 > 0.

Proposition 5.3 shows that in the CSR-CLSC, with the strengthening of manufacture’s CSR behavior con-
sciousness, although the manufacturer’s pure profit is decreasing, her social welfare, the profits of CSR-CLSC
members and whole system are all increasing. This is because as the manufacturer’s CSR behavior conscious-
ness increasing, the manufacturer will sacrifice part of her pure profit in exchange for the increase in the overall
profit of other members and social welfare, while achieving her goal of maximizing social welfare. Combining
Propositions 5.1 and 5.2, the increase of the manufacturer’s CSR behavior consciousness can not only effectively
improve the recycling rate, to achieve environmental protection and green sustainable development goals, but
also improve the performance of CSR-CLSC.

Proposition 5.3 reveals that the dominant manufacturer’s CSR behavior consciousness is always beneficial
to the stable operation of CSR-CLSC. If the manufacturer’s CSR behavior consciousness is stronger, the more
sacrifice it makes on pure profit, the greater contribution it will make to social welfare. Therefore, the manufac-
turer as the leader should take the initiative to undertake CSR, which can not only improve the performance
of CSR-CLSC, increase social welfare, but also achieve a “win-win” situation.

Proposition 5.4. In the CSR-CLSC,

(1) 𝜕𝑤N*

𝜕𝜃 < 0, 𝜕𝜏N*

𝜕𝜃 > 0, 𝜕𝑑N*

𝜕𝜃 > 0, 𝜕𝑝N*

𝜕𝜃 > 0, 𝜕𝑞N*

𝜕𝜃 > 0;

(2) 𝜕𝜋N*
𝑚

𝜕𝜃 > 0, 𝜕𝑉 N*
𝑚

𝜕𝜃 > 0, 𝜕𝜋N*
𝑟

𝜕𝜃 > 0, 𝜕𝜋N*
𝑡

𝜕𝜃 > 0, 𝜕𝜋N*
𝑠

𝜕𝜃 > 0.

Proposition 5.4 shows that in the CSR-CLSC, as consumers become more sensitive to the retailer’s CSR
investment, the wholesale price of new products will decrease, and the retail price of new products, market
demand, the retailer’s CSR investment level, and waste product recycling rate will all increase. At the same
time, the profits of CSR-CLSC members and whole system will also increase.

As consumers become more sensitive to the retailer’s CSR investment, the retailer will inevitably increase
her CSR investment level in order to attract more consumers, and this will lead to the increase of retailer’s
CSR investment costs. Therefore, the retailer will make up for her losses in CSR investment by increasing retail
prices. However, the increase in retail prices will not significantly affect consumer demand, because consumers
are also more willing to pay for companies that actively undertake CSR, so the market demand of new products
has increased. At the same time, the dominant manufacturer will actively reduce wholesale prices for giving
more profit to the retailer, which will encourage the retailer to make more CSR investment, so as to achieve the
purpose of stimulate consumption and increase the recycling rate of waste products, reduce production costs
and improve her income. This further reveal that the manufacturer’s CSR behaviour consciousness and the
retailer’s CSR investment have a mutually inspiring effect, and both can benefit consumers, the environment
and CSR-CLSC system. Further, although the manufacturer’s active profit-making activities will lose part of
benefits, but due to the increase in market demand for new products and the recycling rate of waste products,
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the pure profit and social welfare of the manufacturer will also increase, and then the profits of CSR-CLSC
members and whole system will also increase.

5.2. Comparative analysis of different cooperation strategy of manufacturer

This section mainly investigates the impact of CSR on the choice of manufacturer’s cooperation strategies
and the performance of CSR-CLSC. Firstly, it compares the equilibrium results of different manufacturer’s
cooperation strategies; secondly, it discusses the different cooperation strategies and cooperation motivations
of the manufacturer, retailer, and third-party. Finally, we compare and analyze the overall performance of
CSR-CLSC under different cooperation strategies (see Appendix A for all certification processes).

Proposition 5.5. In the CSR-CLSC, under the different cooperation strategy of the dominant manufacturer,
the optimal transfer payment and wholesale price satisfy 𝑏N* = 𝑏MR* = Δ0+𝐴

2 , 𝑤N* > 𝑤MT* .

Proposition 5.5 shows that in the CSR-CLSC, the optimal transfer payment for the third-party is the same
when the manufacturer does not adopt/adopts the cooperative strategy with the retailer. When the manufacturer
does not adopt the cooperative strategy, the wholesale price of the new product is higher than that when she
cooperates with the third-party.

This is because regardless of whether the manufacturer cooperates with the retailer, the marginal profit
brought to the manufacturer by the remanufacturing of unit waste products is always ∆0− 𝑏, and the marginal
profit brought to the third-party by the unit waste product recycling is always 𝑏−𝐴. If the manufacturer increases
the transfer payment price to the third-party, her revenue is bound to decrease; if the manufacturer reduces the
transfer payment price to the third-party, the third-party’s marginal profit will inevitably decrease. Therefore, in
order to balance the marginal income of herself and the third-party, the manufacturer’s optimal transfer payment
to the third-party is 𝑏N* = 𝑏MR* = Δ0+𝐴

2 . When the manufacturer cooperates with the third-party, it completely
internalizes the cost savings of remanufacturing in reverse logistics, and further improves the marginal profit
of the manufacturer’s remanufacturing. Therefore, at this time, the manufacturer will strategically reduce the
wholesale price of new products to stabilize her market leadership.

Proposition 5.6. In the CSR-CLSC, under the different cooperation strategy of the dominant manufacturer,
the optimal recycling rates satisfy 𝜏MRT* > 𝜏MR* > 𝜏MT* > 𝜏N* .

Proposition 5.6 shows that in the CSR-CLSC, it is always beneficial for the manufacturer to cooperate with
the retailer or third-party to improve the recycling rate of waste products. Specifically, the recycling rate of
waste products is the highest when the manufacturer cooperates with the retailer and third-party, and the
lowest when neither of them cooperate. Moreover, compared with the cooperation between the manufacturer
and third-party, when the manufacturer cooperates with the retailer, it is more conducive to improving the
recycling rate of waste products.

In the CLSC without CSR, Shi et al. [46] showed that the recycling rate of waste products was higher when
the manufacturer cooperated with the third-party than with the retailer. We further reveal that in the CSR-
CLSC, the recycling rate of waste products will be higher when the manufacturer cooperates with the retailer
than that with the third-party. Therefore, CSR behavior is also an important factor affecting the choice of
cooperation strategy for the manufacturer.

Proposition 5.7. In the CSR-CLSC, under the different cooperation strategy of the dominant manufacturer,
the optimal CSR investment levels satisfy 𝑑MRT* > 𝑑MR* > 𝑑MT* > 𝑑N* , the optimal retail prices satisfy
𝑝N* > 𝑝MT* > 𝑝MR* > 𝑝MRT* , the optimal market demands satisfy 𝑞MRT* > 𝑞MR* > 𝑞MT* > 𝑞N* .

Proposition 5.7 shows that in the CSR-CLSC, the cooperation between the manufacturer and retailer or the
third-party is always conducive to reducing the retail price of new products, increasing the CSR investment level
and market demand. Specifically, when the manufacturer cooperates with the retailer and third-party, the retail
price of new products is the lowest, CSR investment level and market demand are the highest. When there is no
cooperation among the manufacturer, retailer and third-party, the retail price of new products is the highest, the
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CSR investment level and market demand are the lowest. In addition, compared with the cooperation between
the manufacturer and third-party, the cooperation between the manufacturer and retailer is more conducive to
reducing the price of new products, increasing CSR investment level and market demand.

Combining Propositions 5.6 and 5.7, in the CSR-CLSC, the manufacturer’s cooperation strategy is always
conducive to lowering the retail price of new products, increasing the CSR investment level and recycling rate
of waste products. Specifically, the centralized decision-making model when the manufacturer cooperates with
the retailer and third-party is always better than the other, and the cooperation model when the manufacturer
cooperates retailer is also better than that with the third-party.

Proposition 5.8. In the CSR-CLSC, under the different cooperation strategy of the dominant manufacturer,
when the manufacturer cooperates with the retailer, the profits satisfy 𝑉 MR*

𝑚 > 𝑉 N*

𝑚 + 𝜋N*

𝑟 , 𝜋MR*

𝑡 > 𝜋N*

𝑡 . When
the manufacturer cooperates with the third-party, the profits satisfy 𝑉 MT*

𝑚 > 𝑉 N*

𝑚 + 𝜋N*

𝑡 , 𝜋MT*

𝑟 > 𝜋N*

𝑟 . The
profits in two different cooperation models satisfy 𝑉 MR*

𝑚 − 𝑉 N*

𝑚 − 𝜋N*

𝑟 > 𝑉 MT*

𝑚 − 𝑉 N*

𝑚 − 𝜋N*

𝑡 .

Proposition 5.8 shows that in the CSR-CLSC, the cooperation between the manufacturer and retailer or the
third-party not only helps to increase the profits of the alliance, but also helps to increase the profit of the
enterprise that have not participated in the cooperation of CLSC. Specifically, the manufacturer has profit and
social welfare motives to cooperate with the retailer or third-party, and the profit and social welfare motive
for cooperation with the retailer is stronger. At the same time, the retailer or third-party also benefit from the
manufacturer’s cooperation strategy.

This is because when the manufacturer and retailer cooperate, the channel conflict of profits in the forward
supply chain is avoided, the double marginal effect is weakened, and the market demand for new products is
effectively increased, so the third-party’s revenue can be increased. When the manufacturer cooperates with the
third-party, it completely internalizes the cost savings of remanufacturing, and at the same time, the recycling
rate of waste products is improved, reducing the production cost of new products, so that the manufacturer and
third-party get more profits. The reduction in wholesale prices has increased the retailer’s marginal revenue, and
the market demand for new products has also increased, so the retailer can also benefit from the cooperation
between the manufacturer and third-party.

Proposition 5.9. In the CSR-CLSC, under the different cooperation strategy of the dominant manufacturer,
we have 𝑉 MRT*

𝑠 > 𝑉 MR*

𝑠 > 𝑉 MT*

𝑠 > 𝑉 N*

𝑠 .

Proposition 5.9 shows that in the CSR-CLSC, the manufacturer’s cooperation strategy is always conducive to
increasing the consumer surplus and improving the profits of CSR-CLSC and social welfare. Specifically, when
the manufacturer cooperates with the retailer and third-party, the total profits of CSR-CLSC is the largest,
followed only by cooperation with the retailer, and the smallest when they are not cooperated.

Combining Propositions 5.8 and 5.9, from the perspective of increasing profits and social welfare, the man-
ufacturer, retailer and third-party all have incentives to participate in cooperation. And the manufacturer’s
cooperation strategy is conducive to increasing the profits and decision-making efficiency of CSR-CLSC and
social welfare. The manufacturer may be apt to cooperate with the retailer rather than the third-party.

To sum up, in the CSR-CLSC, the manufacturer’s cooperation strategy is not only conducive to improving
the recycling rate of waste products, the CSR investment level and new product market demand, but also
conducive to increasing the total profits of CSR-CLSC and increasing the consumer surplus to improve social
welfare. Compared to cooperate the third-party, the manufacturer is more inclined to cooperate with the retailer.
And the cooperation between the manufacturer and retailer is also more conducive to improving the recycling
rate of waste products, the CSR investment level and consumer surplus. Therefore, the government could make
some incentive policies to promote the cooperation between the manufacturer and retailer, so as to improve the
recycling rate of waste products and CSR investment level of enterprises.
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6. Numerical analysis

Comprehensively considering the hypothetical conditions of the models, and combining the relevant literature,
such as Modak et al. [36], Panda et al. [43], and so on, we set the experimental parameters as follows: 𝑎 = 120,
𝛽 = 1, 𝑐𝑚 = 60, 𝑐𝑟 = 30, 𝐴 = 10, 𝑘 = 600, 𝑔 = 80. According to the relevant research results in this paper, the
specific simulation results are shown in Figures 2–6.

Figures 2–5 show that under four decision models, the enhancement of manufacturer’s CSR behavior con-
sciousness and the increase of consumers’s sensitivity to retailer’s CSR investment level are conducive to reducing
the retail price of new products and improving retailer’s CSR investment level, recycling rate of waste products
and market demand. At the same time, in terms of reducing the retail price of new products, improving the CSR
investment level, the recovery rate of waste products and the market demand of new products, the strategy of
simultaneous cooperation among the manufacturer, retailer and third-party is the best, followed by cooperation
only with retailer, and the worst when there is no cooperation. Further, it can be found that compared with
the cooperation between manufacturer and retailer and third-party at the same time or between manufacturer
and retailer, the cooperation between manufacturer and third-party has no significant effect on improving the
recovery rate of waste products and the market demand of new products. This also explains why many manu-
facturers prefer to integrate retail channels and implement the forward integration strategy rather than engage
in the recycling and remanufacturing of waste products.

Figures 2–5 further reveal that the stronger the sense of social responsibility of consumers and the more
members involved in cooperation in the CSR-CLSC, the more conducive it is to improve the CSR investment
level, the recovery rate of waste products and the market demand. Therefore, as the regulator of the market, on
the one hand, the government can improve consumers’ awareness of social responsibility through publicity and
education. On the other hand, it can also promote the cooperation of member enterprises in the CSR-CLSC
through certain policies, so as to effectively realize the coordinated development of society, environment and
economy.

Management enlightenment: Firstly, from the perspective of dominant manufacturing enterprises, while
enhancing their CSR behavior consciousness, they should also strengthen the cooperation with retailers and
third-parties. By strengthening the cooperation among supply chain members, they can further enlarge the
economic and environmental benefits brought by the implementation of CSR, win a better social reputation
and truly realize sustainable development. Secondly, from the perspective of retailers, they should be aware
that the enhancement of consumers’ social responsibility consciousness can effectively amplify the advantages
brought by manufacturers’ CSR behavior. By strengthening consumers’ social responsibility consciousness, they
can create more profits on the premise of protecting the environment, resources and social benefits to the great-
est extent. Finally, from the perspective of consumers, the public also needs to strengthen their awareness of
social responsibility and environmental protection, learn to develop green and low-carbon consumption habits,
and then standardize the social and environmental responsibility behavior of enterprises through the power of
market.

Figure 6 shows that as the manufacturer’s CSR behavior consciousness increasing, the total profits of CSR-
CLSC under all decision models are increasing. At the same time, it can be found that the manufacturer’s
cooperation strategy is always conducive to the increase of total profits of CSR-CLSC, and the more members
participate in the cooperation, it will be better to the CSR-CLSC.

In fact, it is easy to find that compared with the integration of reverse supply chain, the integration of forward
supply chain usually brings greater benefits, so the manufacturer should strengthen the vertical cooperation
with the retailer. For example, after Huawei and Suning reached a strategic cooperation, they jointly reached
the strategic goal of 30 billion sales in three years, which not only achieved their own performance improvement,
but also drove the development of the entire supply chain.

Management enlightenment: Manufacturers should strengthen the control and integration of the forward
supply chain through acquisition, self construction and combination. Through the implementation of positive
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Figure 2. Impact of the 𝜃 and 𝑟 on
CSR investment levels.

Figure 3. Impact of the 𝜃 and 𝑟 on
recycling rates.

Figure 4. Impact of the 𝜃 and 𝑟 on
retail prices.

Figure 5. Impact of the 𝜃 and 𝑟 on
market demand.

forward integration strategy, they can not only better explore the market, but also realize the improvement
performance of themselves and the overall supply chain.

7. Conclusions, managerial insights, and future studies

Integrating the CSR into CLSC has evolved as an implement for firms to maximize profitability and also con-
tributes to improving environmental performance and social welfare. So, this study develops CSR-CLSC models
that takes into account the consumer surplus, profit donation (CSR investment) and recycling simultaneously
under the price-and-CSR investment deterministic demand. And in order to investigate the impact of CSR
on manufacturer’s cooperation strategies, in addition to building a basic decentralized decision-making model
(Model N), we further extended CSR to the following three manufacturer’s cooperation models, namely the
manufacturer only cooperates with the retailer (Model MR), the manufacturer only cooperates with the third-
party (Model MT), the centralized decision-making model for cooperation among the manufacturer, retailer and
third-party (Model MRT). We solve these cooperative models and make a detailed analysis and careful compar-
ison of the results in various cooperative models. And we investigate the interaction between the manufacturer’s
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Figure 6. Total profits of CSR-CLSC under different levels of CSR behavior consciousness (𝜃 = 4).

CSR behavior consciousness and the retailer’s CSR investment, as well as their impact on the manufacturer’s
cooperative strategy selection and CSR-CLSC operation.

Based on the results of this study, a number of findings and conclusions are presented as follows. (1) The
manufacturer’s CSR behavior consciousness and the retailer’s CSR investment have mutual incentive effects,
and they are always conducive to expanding the market demand for new products and improving the recycling
rate of waste products. (2) The manufacturer’s CSR behavior consciousness will lead to a reduction in her pure
profit, but it can bring greater social welfare and help increase the profits of other members and the whole
system. (3) The increased sensitivity of consumers to retailer’s CSR investment is conducive to expanding
the market demand for new products, increasing the recycling rate of waste products, and improving the
performance of CSR-CLSC members and whole system. (4) The manufacturer’s cooperation strategy is always
conducive to reducing the retail price of new products, increasing the CSR investment level, recycling rate
of waste products, market demand and consumer surplus. And compared with the cooperation between the
manufacturer and third-party, CSR enables the manufacturer and retailer to cooperate more effectively to
improve waste product recycling and CSR performance. (5) From the perspective of increasing profits and
social welfare, the manufacturer is motivated to cooperate with the retailer or third-party. And compared with
cooperation with the third-party, the manufacturer and retailer are more motivated to cooperate, which is also
more conducive to lowering the price of new products, increasing the CSR investment level and recycling rate
of waste products, and improving the performance of CSR-CLSC members.

Although this study has provided some insights about manufacturer’s cooperation strategy and CSR-CLSC
operation, several limitations are revealed. Firstly, we mainly consider the situation in which a firm experiences
price-and-CSR-dependent deterministic demand. In practice, the market demand of many kinds of products usu-
ally exhibits uncertainty. Future research could consider the case of price-and-CSR-dependent random demand.
Secondly, we assume that the CSR-CLSC consists of one manufacturer, one retailer and one third-party and do
not consider the impact of competition behavior among manufacturers, retailers or third-parties on CSR-CLSC
operation, which will be an interesting challenge in future research. Finally, we assume that consumers have the
same price perception of new products and remanufactured products, ignoring that consumers still have differ-
ent price perception of many new products and remanufactured products in reality. Therefore, in the future,
we could study the decision-making of CSR-CLSC and the choice of manufacturer’s cooperation strategy when
consumers have different price perceptions of new products and remanufactured products.

Appendix A.

Proof of Model N. According to the Game order of CSR-CLSC with dominant manufacturer, the reverse recur-
sive method is used to solve the problem. As well as Savaskan et al. [45], we use the Hessian matrix to check



MANUFACTURER’S COOPERATION STRATEGY OF CLOSED-LOOP SUPPLY CHAIN CONSIDERING CSR 3655

the concavity conditions, which points out the determinants of all its principal minors should be alternatively
negative and positive.

The Hessian matrix of 𝜋N
𝑟 (𝑝, 𝑑) is H𝑟 =

⎛⎝ 𝜕𝜋2
𝑟

𝜕𝑝2
𝜕𝜋2

𝑟

𝜕𝑝𝜕𝑑

𝜕𝜋2
𝑟

𝜕𝑑𝜕𝑝
𝜕𝜋2

𝑟

𝜕𝑑2

⎞⎠ =
(︂
−2𝛽 𝜃 + 𝛽
𝜃 + 𝛽 −2(𝜃 + 𝑔)

)︂
, it is easy to verify that

∆1
𝑟 = −2𝛽 < 0, ∆2

𝑟= 4𝛽(𝜃 + 𝑔) − (𝜃 + 𝛽)2 > 0. So, the Hessian matrix H𝑟 of profit function 𝜋N
𝑟 (𝑝, 𝑑) is

negative definite matrices, and 𝜋N
𝑟 (𝑝, 𝑑) is a strictly concave function of 𝑝, 𝑑. And 𝜋N

𝑡 (𝜏) is concave in 𝜏 since
𝜋N

𝑡 (𝜏)2

𝜏2 = −2𝑘 < 0. According to the first order condition, that is, 𝜕𝜋N
𝑟

𝜕𝑝 = 0, 𝜕𝜋N
𝑟

𝜕𝑑 = 0, 𝜕𝜋N
𝑡

𝜕𝜏 = 0, the best
feedback functions of new product’s price, CSR investment level, and waste product recycling rate are obtained
as: 𝑝N = (𝜃−𝛽)(𝑎−𝜃𝑤)+2𝑔(𝑎+𝛽𝑤)

4𝑔𝛽−(𝜃−𝛽)2
, 𝑑N = (𝜃−𝛽)(𝑎−𝛽𝑤)

4𝑔𝛽−(𝜃−𝛽)2
, 𝜏N = 𝑔𝛽(𝑎−𝛽𝑤)(𝑏−𝐴)

𝑘(4𝑔𝛽−(𝜃−𝛽)2)
.

Substituting equations 𝑝N, 𝑑N, 𝜏N into equation (4.1), can get the Hessian matrix of 𝑉𝑚
N(𝑤, 𝑏) is H𝑚 =⎛⎝ 𝜕𝑉 2

𝑚

𝜕𝑤2
𝜕𝑉 2

𝑚

𝜕𝑤𝜕𝑏

𝜕𝑉 2
𝑚

𝜕𝑏𝜕𝑤
𝜕𝑉 2

𝑚

𝜕𝑏2

⎞⎠ =

⎛⎝ −4𝑔𝛽2(4𝑘𝑔𝛽(1−𝑟)−𝑔𝛽2(𝑐𝑚−𝑐𝑟−𝑏)(𝑏−𝐴)−𝑘(𝜃−𝛽)2)
𝑘(4𝑔𝛽−(𝜃−𝛽)2)2

−4𝑔2𝛽3(𝑎−𝛽𝑤)(𝑐𝑚−𝑐𝑟−2𝑏+𝐴)

𝑘(4𝑔𝛽−(𝜃−𝛽)2)
2

−4𝑔2𝛽3(𝑎−𝛽𝑤)(𝑐𝑚−𝑐𝑟−2𝑏+𝐴)

𝑘(4𝑔𝛽−(𝜃−𝛽)2)
2

−4𝑔2𝛽2(𝑎−𝛽𝑤)2

𝑘(4𝑔𝛽−(𝜃−𝛽)2)
2

⎞⎠, it is easy to

verify that ∆1
𝑚 = −4𝑔𝛽2(4𝑘𝑔𝛽(1−𝑟)−𝑔𝛽2(𝑐𝑚−𝑐𝑟−𝑏)(𝑏−𝐴)−𝑘(𝜃−𝛽)2)

𝑘(4𝑔𝛽−(𝜃−𝛽)2)
2 < 0, ∆2

𝑚 = 4𝑘𝑔𝛽(1 − 𝑟) − 𝑔𝛽2((𝑐𝑚 − 𝑐𝑟 − 𝑏)(𝑏 −
𝐴) + (𝑐𝑚 − 𝑐𝑟 − 2𝑏 + 𝐴)2) − 𝑘(𝜃 − 𝛽)2 > 0, so 𝑉 N

𝑚 (𝑤, 𝑏) is jointly concave in 𝑤, 𝑏. According to the first order
condition, that is, 𝜕𝑉 N

𝑚

𝜕𝑤 = 0, 𝜕𝑉 N
𝑚

𝜕𝑏 = 0, the optimal wholesale price 𝑤N* and manufacturer’s transfer payment
𝑏N* can be obtained.

By substituting 𝑤N* and 𝑏N* into 𝑝N, 𝑑N and 𝜏N respectively, the optimal 𝑝N* and 𝑑N* of the retailer and the
optimal 𝜏N* of third-party can be obtained, furthermore, the maximum market demand 𝑞N* can be obtained.
Finally, by substituting the above equilibrium variables into the profit function of each member enterprise, the
pure profits, total profits (Social Welfare) of manufacturer, retailer, third-party and whole CSR-CLSC can be
obtained. �

Proof of Model MR and Model MT. Similar to the solution method and process in Model N, the reverse recur-
sion method can be used to obtain the relevant equilibrium results under the MR model and MT model, it is
omitted here. �

Proof of Model MRT. Firstly, under the assumption of scale parameter 𝑘, 𝑔, it is easy to find the total profit
function 𝑉 MRT

𝑠 (𝑝, 𝑑, 𝜏) of whole CSR-CLSC is a joint concave function of 𝑝, 𝑑 and 𝜏 , according to the first
order condition, the optimal 𝑝MRT* , 𝑑MRT* and 𝜏MRT* of whole CSR-CLSC can be obtained. Furthermore, the
maximum market demand 𝑞MRT* can be obtained. Finally, by substituting the above equilibrium variables into
the total profits function of whole CSR-CLSC, the total profits (Social Welfare) of whole CSR-CLSC can be
obtained. �

Proof of Proposition 5.1. According to the relevant equilibrium results in Table 2, we can obtain

𝜕𝑑N*

𝜕𝑟
=

8𝑘2𝑔𝛽(𝜃 − 𝛽)(𝑎− 𝛽𝑐𝑚)
∆4

2 > 0.

�

Proof of Proposition 5.2. Since the process of proving Proposition 5.2 are similar to that of Proposition 5.1, it
is omitted here. �

Proof of Proposition 5.3. According to the relevant equilibrium results in Table 2, it is easy to obtain

𝜕𝜋N*

𝑚

𝜕𝑟
=
−64𝑘3𝑔3𝛽2(𝑎− 𝛽𝑐𝑚)2𝑟

∆4
3 < 0,
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𝜕𝑉 N*

𝑚

𝜕𝑟
=

8𝑘2𝑔2𝛽(𝑎− 𝛽𝑐𝑚)2

∆4
2 > 0,

𝜕𝜋N*

r

𝜕𝑟
=

32𝑘3𝑔2𝛽(𝑎− 𝛽𝑐𝑚)2∆8

∆4
3 > 0,

𝜕𝜋N*

𝑡

𝜕𝑟
=

8𝑘2𝑔3𝛽3(𝑎− 𝛽𝑐𝑚)2∆1
2

∆4
3 > 0,

𝜕𝑉 N*

𝑠

𝜕𝑟
=

32𝑘2𝑔2𝛽(𝑎− 𝛽𝑐𝑚)2∆23

∆4
3 > 0,

where, let 𝑘(𝑔𝛽(8− 𝑟)− 2(𝜃 − 𝛽)2) = ∆23. Under the assumption of scale parameters 𝑘, 𝑔 > 0, ∆23 > 0. �

Proof of Proposition 5.4. Taking Proposition 5.4-(1) as an example, according to the relevant equilibrium results
in Table 2, it is easy to obtain

𝜕𝑤N*

𝜕𝜃
=
−4𝑘𝑔(𝜃 − 𝛽)(𝑎− 𝛽𝑐𝑚)(4𝑘𝑟 + 𝛽∆1

2)
∆4

2 < 0,

𝜕𝜏N*

𝜕𝜃
=

8𝑘𝑔𝛽(𝜃 − 𝛽)(𝑎− 𝛽𝑐𝑚)∆1

∆4
2 > 0,

𝜕𝑑N*

𝜕𝜃
=

2𝑘(𝑎− 𝛽𝑐𝑚)∆24

∆4
2 > 0,

𝜕𝑝N*

𝜕𝜃
=

2𝑘(𝑎− 𝛽𝑐𝑚)∆25

∆4
2 > 0,

𝜕𝑞N*

𝜕𝜃
=

32𝑘2𝑔𝛽(𝜃 − 𝛽)(𝑎− 𝛽𝑐𝑚)
∆4

2 > 0

where, let (4𝑘(4− 𝑟)−𝛽∆1
2) + 4𝑘(𝜃 − 𝛽)2 = ∆24, 2𝑔𝜃(8𝑘(2− 𝑟)−𝛽∆1

2) + 𝑔𝛽(4𝑘𝑟 +𝛽∆1
2) + 4𝑘(𝜃 − 𝛽)2 = ∆25.

Under the assumption of scale parameters 𝑘, 𝑔 > 0, ∆24, ∆25 > 0. Since the process of proof in Propositions 5.4-
(2) and (1) are similar to the above proof, it is omitted here and completed. �

Proof of Proposition 5.5. According to the relevant equilibrium results in Table 2, it is easy to obtain

𝑤N* − 𝑤MT* =
𝑘𝑔𝛽(𝑎− 𝛽𝑐𝑚)∆1

2∆8

∆4∆16
> 0.

�

Proof of Propositions 5.6 and 5.7. Since the process of proving Propositions 5.6 and 5.7 are similar to that of
Proposition 5.5, it is omitted here. �

Proof of Proposition 5.8. From the relevant equilibrium results in Table 2, the profits of the manufacturer and
retailer cooperative body in Model MR and Model N are subtracted. Obviously,

𝜆1 = 𝑉 MR*

𝑚 − 𝑉 N*

𝑚 − 𝜋N*

𝑟 =
8𝑘3𝑔(𝑎− 𝛽𝑐𝑚)2∆8

2

∆4
2∆10

> 0,

𝜋MR*

𝑡 − 𝜋N*

𝑡 =
4𝑘2𝑔2𝛽2(𝑎− 𝛽𝑐𝑚)2∆1

2∆8∆26

∆4
2∆10

2 > 0,

and the profits of the manufacturer and third-party cooperative body in Model MT and Model N are subtracted

𝜆2 = 𝑉 MT*

𝑚 − 𝑉 N*

𝑚 − 𝜋N*

𝑡 =
2𝑘2𝑔2𝛽2(𝑎− 𝛽𝑐𝑚)2∆1

2∆27

∆4
2∆16

> 0,



MANUFACTURER’S COOPERATION STRATEGY OF CLOSED-LOOP SUPPLY CHAIN CONSIDERING CSR 3657

𝜋MT*

𝑟 − 𝜋N*

𝑟 =
𝑘2𝑔2𝛽2(𝑎− 𝛽𝑐𝑚)2∆1

2∆8∆28

∆4
2∆16

2 > 0,

𝜆1 − 𝜆2 =
4𝑘3𝑔(𝑎− 𝛽𝑐𝑚)2∆27∆29∆30

∆4
2∆10∆16

> 0,

where, let 𝑔𝛽(4𝑘(3 − 𝑟) − 𝛽∆1
2) − 3𝑘(𝜃 − 𝛽)2 = ∆26, 𝑔𝛽(4 − 𝑟) − (𝜃 − 𝛽)2 = ∆27, 𝑔𝛽(8𝑘(4 − 𝑟) − 3𝛽∆1

2) −
8𝑘(𝜃 − 𝛽)2 = ∆28, 𝑔𝛽(16𝑘−𝛽∆1

2)−4𝑘(𝜃 − 𝛽)2 = ∆29, 𝑔𝛽(8𝑘−𝛽∆1
2)−2𝑘(𝜃 − 𝛽)2 = ∆30. Under the assumption

of scale parameters 𝑘, 𝑔 > 0, ∆26, · · · , ∆30 > 0. �

Proof of Proposition 5.9. Since the process of proving Proposition 5.9 are similar to that of Proposition 5.8, it
is omitted here. �
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