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China is currently undergoing a phase of high-quality development, with
increasing emphasis on the circular economy, energy conservation, and
environmental protection by both the government and enterprises. This paper
examines a secondary supply chain comprising manufacturers and retailers,
focusing on three supply chain decision-making models: one where the
manufacturer is the channel leader, one where the retailer is the channel
leader, and one where both parties have equal power. The study investigates
the impact of manufacturers misrepresenting their Corporate Social
Responsibility (CSR) information and the challenges associated with recycling
efforts on the optimal performance of the supply chain. The findings reveal that
when manufacturers lead the supply chain, they do not misrepresent their private
information. However, when retailers dominate, manufacturers tend to
underreport their CSR levels and the difficulty of recycling efforts. In scenarios
where manufacturers and retailers have equal power, manufacturers do not
misreport the difficulty of recycling but do underreport their CSR levels. This
misreporting benefits the manufacturers at the expense of retailers and overall
supply chain profitability, while also discouraging the recycling of used products.
Across all three power structures, the study shows that retailers’ marketing efforts
decrease as the misrepresentation of recycling difficulty increases, and increase
as the misrepresentation of CSR levels increases. To mitigate the effects of
manufacturers’ misreporting under information asymmetry, the paper
proposes revenue-sharing contracts and two-part pricing contracts to
coordinate the closed-loop supply chain under different power structures.
Both contracts are shown to achieve Pareto improvements within the supply
chain. This research provides valuable insights for enterprises operating within
closed-loop supply chains, highlighting the importance of enhancing
communication and cooperation to bridge information gaps and ensuring the
coordina.

corporate social responsibility, channel power structures, misreporting behaviour,
information asymmetry, revenue-sharing contract, two-part pricing contract

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenrg.2024.1411248/full
https://www.frontiersin.org/articles/10.3389/fenrg.2024.1411248/full
https://www.frontiersin.org/articles/10.3389/fenrg.2024.1411248/full
https://www.frontiersin.org/articles/10.3389/fenrg.2024.1411248/full
https://www.frontiersin.org/articles/10.3389/fenrg.2024.1411248/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2024.1411248&domain=pdf&date_stamp=2024-09-24
mailto:wurong_jstc@163.com
mailto:wurong_jstc@163.com
https://doi.org/10.3389/fenrg.2024.1411248
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2024.1411248

Huo et al.

1 Introduction

Under the background of rapid development of social economy
and technology, closed-loop supply chain management has
gradually become the focus of attention of enterprises. Under the
leadership of China’s “dual-carbon” strategic goal, how to better
practice the environmental and social responsibility of closed-loop
supply chain member enterprises, promote the recycling -
remanufacturing - sales process of recycled products, and then
realize the green and low-carbon transformation has become one
of the hot issues nowadays (Xia and Niu, 2021). Recycling strategies
for used and end-of-life products, as well as marketing services, have
attracted widespread attention from all sectors of society as key
elements driving the sustainability of closed-loop supply chains (Du
et al, 2019). China’s National Development and Reform
Commission (NDRC) and other departments have jointly issued
relevant guidelines, clearly proposing that by 2025, about 60 large
and medium-sized cities should take the lead in building a basically
perfect recycling system for waste materials, vigorously developing
the recycling economy and remanufacturing of waste products, and
actively promoting the mechanism of recycling waste products. In
this situation, focusing on the impact of marketing efforts of
remanufactured products on the optimization of closed-loop
supply chain operation and the environment from the
perspective of CSR has significant practical guidance value for
industry and
accelerating the construction of a recyclable and low-carbon

promoting the development of low-carbon
consumption system.

On the one hand, with the aggravation of resource depletion and
environmental degradation, the continuous upgrading of consumer
demand, the environmental pollution caused by improper waste
disposal and the increasing number of used products have brought
great challenges to the development of circular economy in the
country (Murthy and Ramakrishna, 2022). Promoted by the
national extended producer responsibility system and other
policies, many enterprises have realized the reduction and
remanufacturing of waste products through the closed-loop
supply chain, and have actively undertaken the ecological
responsibility in corporate social responsibility (Cheng et al,
2023). Undertaking corporate social responsibility (CSR) refers to
the fact that in the process of production and operation, enterprises
should not only consider their own interests, but also integrate their
contributions to the environment, consumers and society into their
daily business activities. In the 1980s, CSR behaviors began to
emerge in developed countries in Europe and the United States,
and spread rapidly to other countries in the world with the
expansion of multinational corporations’ capital. According to
the data released by CSR China (www.csr.China.net), the number
of enterprises disclosing social responsibility information in China
has increased from 739 in 2009 to 2,115 in 2023. By the end of April
year 2024, more than 2,000 listed companies disclosed their
2023 sustainability reports or social responsibility reports, and
about 3,000 companies disclosed measures taken to reduce
carbon emissions and their effects, indicating that CSR has
received unprecedented attention in China in recent years.

On the other hand, information asymmetry is prevalent in
closed-loop supply chains. Information asymmetry refers to the
fact that when firms have an information advantage, they may use
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the strategy of false information to gain more profits. Therefore, the
information asymmetry problem brings a series of new problems to
the closed-loop supply chain that are different from those of the
traditional supply chain: the information asymmetry greatly
hampers the coordination of the closed-loop supply chain and
the optimization of remanufacturing decisions (Jian et al., 2021).
The problem of information asymmetry arises mainly due to the lack
of information exchange and market economic activities between
different members of the closed-loop supply chain, especially when
one party holds private information that is not held by other
members of the closed-loop supply chain, the impact of
information ~ asymmetry on the  decision-making of
remanufacturing in the closed-loop supply chain is more obvious.
The increasing trend of economic globalization has led to intensified
market competition, which makes members of closed-loop supply
chains pay more attention to cooperation and coordination among
supply chains.

In summary, the study of the two factors of CSR and
information asymmetry in the closed-loop supply chain has
important theoretical and practical significance. It not only helps
enterprises to optimize decision-making and improve supply chain
efficiency, but also provides reference for the government to
formulate relevant policies and promotes the sustainable
development of the whole society and economy.

Based on this, this paper investigates the problem of
manufacturers’ misrepresentation of CSR information and
recycling effort information in the supply chain, explores
different

channel power structures, and introduces two coordination

manufacturers’ misrepresentation strategies under
mechanisms to coordinate the supply chain, which is of great
theoretical significance and practical value to promote the
sustainable development of closed-loop supply chains.

The next part of this paper is organised as follows. In the
second part, the related literature is reviewed. In the third part,
we introduce the problem and hypotheses. Then, in Part IV, we
establish the basic model. In Part V, we propose two coordination
strategies. In Part VI, we analyse the given theorems numerically
accordingly. Finally, we present the conclusions of this paper

in Section 7.

2 Literature review

In this section, we review studies that are highly relevant to the
work of this paper. These studies include, among others, recent
research trends in closed-loop supply chains, studies related to
corporate social responsibility, studies related to information
asymmetry in supply chains, studies related to channel power
structures in supply chains, and studies related to marketing
efforts in supply chains.

2.1 Research on closed loop supply chain

At present, scholars’ research on the operation of closed-loop
supply chains mainly focuses on issues such as recycling channel
selection, pricing decisions, government rewards and punishments,
and coordination mechanisms, etc.
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In fact, scholars have explored a lot about product recycling and
remanufacturing under closed-loop supply chains (Van Engeland
et al,, 2020; MahmoumGonbadi et al., 2021; Yang et al.,, 2020).
Under the trend of transformation of traditional economy to the
development mode of circular economy, product recycling and
remanufacturing is an inevitable choice for enterprises (Ming-ge
et al,, 2021). In the product recycling process, the recycler usually
bears heavy recycling costs and obtains low profits. However,
research has shown that through recycling cooperation and
sharing, the overall efficiency of the closed-loop supply chain is
improved, and the profits of each member of the supply chain are
also increased (Hosseini-Motlagh et al., 2020). Wang et al. (2019a)
and He et al. (2019) constructed a two-level supply chain recycling
decision-making model consisting of manufacturers and retailers to
analyse, and found that cooperative mechanisms are the main way to
improve recycling efficiency. In the current product recovery and
remanufacturing environment, it is more common for producers to
recycle through third parties. Xiao-gang et al. (2024) examined
closed-loop supply chain decision-making under different recycling
channels, considering mixed recycling channels of manufacturers,
retailers, and third-party recyclers, as well as the fair concern
behavior of retailers versus third-party recyclers. Four mixed
recycling channel models are compared and it is found that
recycling competition reduces the total amount of used products
recycled and that the optimal recycling model changes when the
level of fairness concerns of retailers and third-party recyclers
changes. Qiankai et al. (2024) investigated the impact of
e-commerce platforms opening second-hand markets on closed-
loop dual-channel supply chain decisions. The study found that
whether or not an e-commerce platform opens a second-hand
market does not affect a company’s product pricing decisions,
but increases the recycling price of a manufacturer’s used products.

Pricing decisions in closed-loop supply chains have also been
thoroughly explored by scholars. Fengmin et al. (2021) studied and
analysed the impact of CSR behaviours on sales behaviours and
pricing strategies in closed-loop supply chains. Subsequently,
Fengmin et al. (2022) investigated the impact of socially
responsible behaviours of different member firms on the pricing
decisions of closed-loop supply chains under different channel
power structures. Shan and Dongyan (2021), Shan and Dong
(2022) incorporated CSR behaviours into closed-loop supply
chain pricing decisions and found that moderate competition
among recyclers reduces product prices and increases scrap
recycling rates.

In terms of government incentives and penalties, government
subsidies to guide the closed-loop supply chain in waste recycling
and remanufacturing play an important role in the establishment
and effective operation of the closed-loop supply chain (Guo et al.,
2019). Some scholars have studied the combination of subsidy policy
and other policies, such as (Min and Zhen, 2019) derived the
product recovery price and retail price under the four conditions
of government non-intervention, government adopting reward and
punishment mechanism, subsidy mechanism, and dual mechanism
of reward and punishment and subsidy. In addition, the
Government has taken measures to subsidise third-party recyclers
to ensure that a certain amount of waste is recycled. Zheng et al.
(2021) considered the impact of dynamic government penalty and
subsidy strategies on the recycling of used and end-of-life products
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and finds that the government can increase the probability of firms
choosing recycling strategies by increasing fines or decreasing
subsidies, thereby reducing environmental pollution. Dao-ping
et al. (2022) considered the dynamic stochastic situation of
WEEE recycling rate and found that the implementation of
reward and punishment mechanisms by the government can
increase the recycling rate but is not conducive to mitigating the
double marginal effect.

For the coordination problem in closed-loop supply chains,
most of the studies have improved on individual contracts or
multiple individual contracts, such as designing benefit-cost
sharing contracts (Fang et al, 2020), price contracts (Fei and
Maozeng, 2019), profit compensation mechanisms (Chuan and
Yu-xiao, 2021), quantity discounts CSR cost sharing contracts
(Xinran and Gang, 2020), etc. To achieve supply chain coordination.

2.2 Research on corporate social
responsibility

In recent years, more and more enterprises are actively
undertaking corporate social responsibility while pursuing
economic benefits. Enterprises that actively undertake social
responsibility are more likely to win the favour of consumers and
shape a better brand image. Nearly 70 per cent of consumers indicate
that they are willing to pay for the products and services of
companies with a reputation for social responsibility (Minli
et al.,, 2023).

In the supply chain level social responsibility literature, relevant
studies can be divided into two categories: one category of literature,
when examining CSR behavior, considers CSR behavior as an
endogenous variable in the study of corporate decision-making
behavior. Modak et al. (2019) explored the impact of CSR
investments on closed-loop supply chain recycling decisions and
coordination through social giving. Yan et al. (2019) examined CSR
incentives under different channel power structures and showed that
suppliers fulfil their social responsibilities at a higher level when
retailers act as channel leaders. Liu et al. (2019) investigated the
impact of government subsidies on retailer-led socially responsible
supply chains, noting that a certain range of government subsidies
can stimulate the overall effectiveness of the supply chain. Wang
et al. (2019b) found that increasing CSR investment co-operation
can effectively improve the level of retailers’ CSR investment,
increase market share and gain more supply chain profits.

Another category of literature treats CSR as an exogenous
variable and considers the impact of CSR as consumer surplus,
which is directly added to the firm’s profit function. Yu-hui et al.
(2024) constructed a green supply chain model to explore the
incentive effects of different coordination contracts on product
greenness and the impact of CSR preferences. The study finds
that an increase in CSR preferences can help improve product
greenness, etc., that two-part pricing contracts can harmonize the
supply chain, and that CSR preferences can widen the range of their
transfer payments. Feng-min et al. (2022) analyzed the operation
and coordination of a closed-loop supply chain for third-party
recycling in the context of manufacturers’ awareness of CSR
CSR Qi-chao
(2022), in their study of fresh produce supply chains, found that

behaviours and retailers’ investments. Jian-yi
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CSR behaviors have a positive impact on the supply chain, and that
the effect of stimulating demand when supply chain members share
CSR is better than the effect of suppliers undertaking CSR alone.
In supply chain research that considers social responsibility,
most studies assume that market demand is related to price or the
extent to which firms fulfil their social responsibility, while fewer
studies have explored the joint impact of social responsibility and
marketing efforts. In addition, there is little existing research on
misrepresentation of the level of corporate social responsibility.

2.3 Research on information asymmetry in
supply chains

Information asymmetry is a common phenomenon in supply
chains, and when a firm has an information advantage, it may seek
to make more profits by concealing key information or even
misrepresenting it. Existing related studies can be broadly
categorized into three areas: (1) misrepresentation of product
quality information; (2) misrepresentation of cost information;
(3) misrepresentation of demand information.

In terms of misrepresentation of product quality information,
being in a market with product differentiation makes it easy for there
to be asymmetry of product quality information between firms and
consumers. Consumers often judge product quality based on price,
which provides an opportunity for companies to exploit false quality
information. Based on vertical product differentiation, Xiong-wei
etal. (2020) investigated whether monopoly firms have incentives to
adopt false quality strategies in the presence of asymmetric
information about product quality, and the results of the study
showed that firms have incentives to adopt false quality strategies for
high-quality and low-quality products, respectively. Gang and Xiao-
yi (2024) have examined the impact of suppliers’ CSR disclosure on
customer stability using a sample of listed companies’ data from
2011-2019. The results show that disclosure quality is positively
related to customer stability, more pronounced in voluntary
disclosure and private firms, and that stability is enhanced by
increasing information transparency and improving corporate
governance.

In terms of misrepresentation of cost information, the cost
information of supply chain node firms is private, and it is
difficult to achieve complete sharing of cost information due to
the drive of firms’ self-interest and the independence of their
decision-making. Minxing et al. (2024) have explored policy
inefficiencies in emission reduction policies due to information
asymmetry between governments and enterprises. Studies have
shown that: when information is not updatable, hybrid policies
are superior to quantity and price policies, with bilateral price-
constrained hybrid policies being the best; and when information is
updatable, the three are equivalent in terms of efficiency. Fang et al.
(2019) investigated the impact of recycling operating cost
information asymmetry on differential pricing in a closed-loop
supply chain. The results of the study show that retailers report
higher information on recycling operating costs to gain more profit.
Qin and Shao (2019) and Fang et al. (2019) considered only
(2021)
explored the impact of true sharing and false reporting of supply

unilateral cost information asymmetry. Xinhui et al.

chain information on efficiency under bilateral information
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asymmetry and find that both supply and sales parties tend to
exaggerate their private information.

For many manufacturers, continually improving the quality of
their products is the key to competitiveness in the marketplace, and
obtaining accurate information about market demand is critical in
this process. In practice, retailers are closer to market demand than
manufacturers and thus have access to private information about
market demand, which can have a significant impact on both the
pricing decisions of manufacturers and the inventory strategy
decisions of retailers. Liang-liang and Pan (2022) used refined
Bayesian theory and the Stackelberg game model to investigate
the retailer’s demand information sharing strategy and the
manufacturer’s optimal innovation model for process and
product innovation in the supply chain when demand forecasting
information is asymmetric. You-guo et al. (2022) investigated a two-
stage dynamic game problem between a manufacturer and a retailer
considering that market demand information is private to the
retailer. By comparing and analyzing the game equilibrium
decisions of different pricing contracts and the profits of supply
chain parties under two scenarios of information disclosure and
non-disclosure, it is found that the retailer discloses the demand
information when the actual market size is smaller than its mean,
whereas the retailer does not disclose the demand information when
the actual market size is larger than its mean.

In closed-loop and reverse supply chains, information
asymmetry between members is also common due to factors
such as industry monopoly, trade barriers or conflicts of interest.
For example, the information asymmetry problem of recycling costs
is particularly prominent in Midea and Haier, which are engaged in
recycling manufacturing business. Pan and Zhong-kai (2019)
studied closed-loop supply
asymmetric cost recovery information among manufacturers and

chain decision making with

showed that retailers can use two-part pricing contracts to enable
manufacturers to share true cost information.

There are many studies on supply chain members’ false
reporting behaviours and supply chain coordination strategies
under information asymmetry, but little literature has considered
optimal decision making and channel selection in closed-loop
supply chains under different channel power structures. Due to
the complexity of closed-loop supply chains, manufacturers’ CSR
levels are often private information that is difficult for retailers to
accurately observe (Zhibing, 2022). Based on this, this paper
investigates the impact of channel information asymmetry on the
performance of closed-loop supply chains under different power
structures in the context of manufacturers’ misrepresentation of the
difficulty of recycling and the level of corporate social responsibility
(CSR) to provide a theoretical basis for the decision-making of firms
in closed-loop supply chains.

2.4 Research on channel power structures in
supply chains

Research on channel power structure is crucial to this paper.
Wenwei et al. (2024) have explored the effects of manufacturer
overconfidence and power structure differences on supply chain
decisions and profits. The study shows that the total supply chain
profit is highest when both parties have equal power; the impact of
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manufacturer overconfidence on its own and supply chain profit is
related to the power level. Feng et al. (2021) focused on the impact of
expected regret (AR) on closed-loop supply chain decisions. They
investigated how expected regret affects original equipment
manufacturers’ (OEMs’) remanufacturing strategies and pricing
decisions in OEMs’ competition with third-party remanufacturers
(TPRs) under different power structures. Fuan et al. (2024) have
explored the impact of trading models and channel power structures
on the pricing decisions of electronic closed-loop supply chains
under carbon trading mechanisms. It is found that the optimal
pricing and service decisions of electronic closed-loop supply chains
vary according to the trading model and channel power structure;
the choice of supply chain dominant player and trading model
affects revenue and carbon emissions from both economic and
environmental perspectives. Fengmin et al. (2022) investigated
the impact of CSR behaviors of different member firms on
pricing decisions of closed-loop supply chains under three
different channel power structures. They found that when a
channel leader exists in a closed-loop supply chain, channel
followers” assumption of CSR is more favorable to the overall
development of the closed-loop supply chain than that of the
leader. Xing-hua et al. (2023) found that channel power structure
not only affects the product durability and selling effort decisions of
a durable goods supply chain, but also relates to the optimal profits
of member firms by constructing a decision-making model for a
durable goods supply chain under different channel power
structures. It can be seen that there is a lot of research in the
existing literature on supply chains under channel power structure,
but the research on channel power structure and information
asymmetry is not yet in-depth.

2.5 Research on marketing efforts in
supply chains

With the development of economy and science and technology,
the life cycle of products is gradually shortening and market
competition is becoming increasingly fierce. In order to
successfully sell their products, increase market demand and
expand their market share, enterprises must achieve their goals
through advertising, discount promotions, product exhibitions,
training of sales staff and other sales tactics. Currently, a large
number of scholars have conducted relevant research on marketing
effort, mainly focusing on the supply chain coordination problem
under marketing effort and the relationship between marketing
effort and firm performance. Zhang et al. (2023) investigated
selling effort in a low-carbon supply chain and found that selling
effort improves the efficiency of the supply chain and that the level of
selling effort is positively related to supply chain profit. Jie and Yu
(2023) considered the sales effort behaviour of retailers and
constructed a supply chain decision model based on the WCVaR
method, discussing the optimal decision of retailers” order quantity
and sales effort level. It was found that as the retailer’s risk tolerance
increases, its order quantity and profit increases. Tong et al. (2021a)
considered the assumption of CSR by different members and
analyzed the impact of retailers’ selling effort behaviour and
social responsibility awareness on the decision-making and
profitability of member firms of a closed-loop supply chain. They
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found that retailers’ selling effort not only reduces the wholesale
price of products, but also increases product demand. Ren and Luo
(2024) studied the decision-making and coordination of product
quality and marketing efforts in e-commerce supply chains under
different power structures. Comparing the profit relationships of
different decision-making models, the sensitivity coefficients of
profit and product quality and marketing effort are positively
correlated. Fu-hai et al. (2024) explored the effects of the shop-
in-shop model on the optimal production decisions, sales effort
levels and expected profits of supply chain member firms. They
found that the shop-in-shop model can effectively incentivise
producers to increase production and sales effort when the sales
revenue commission ratio and bank loan interest rate satisfy certain
conditions, thus increasing the expected profits of producers and the
supply chain system. In short, retailers’ marketing behavior and sales
efforts are key to gaining market share. In fact, advertising and
marketing can help supply chain members streamline the sales
process and capture the consumer market. Pongen et al. (2024)
mentioned the role of the level of marketing effort on product
collection and recycling rates, arguing that the collection and
marketing efforts of different channel members affect the
collection and recycling rates of discarded products, and that
firms can increase consumer awareness of recycling participation
through incentive programs. In addition, through proper advertising
in the recycling and remanufacturing market, consumers will
of the benefits of
remanufacturing. Currently, there is limited literature considering

become more aware recycling and
retailer marketing efforts in closed-loop supply chains, which
warrants research.

To summarize, previous studies on closed-loop supply chains have
mainly focused on the selection of recycling channels and the influence
of the power structure of supply chain channels. By summarizing
previous studies, we find that few scholars have considered the problem
of closed-loop supply chain information decision-making based on
CSR. Therefore, based on summarizing previous studies, this paper
explores the impact of information symmetry and channel power
structure on closed-loop supply chains. By studying the impacts of
channel power structure and manufacturers’ misrepresentation
behavior on closed-loop supply chains and proposing corresponding
coordination strategies, this paper provides corresponding theoretical
support for communication and cooperation among enterprises in
closed-loop supply chains, eliminating the information gap, and
enhancing information disclosure.

3 Problem description and assumptions

This paper takes a closed-loop supply chain consisting of a single
manufacturer and a single retailer as the object of study. In the
forward supply chain, the manufacturer is responsible for producing
new products and wholesaling them to the downstream retailer, who
sells the products to the end of the market; in the reverse supply
chain, it is assumed that the manufacturer is responsible for the
recycling and remanufacturing of used products, and that the
remanufactured products are identical to the new products in
terms of function and quality, and that the two products enter
the consumer market in the same way, with the same market
acceptance and sales price (Savaskan et al., 2004b).
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TABLE 1 Variables and descriptions.

10.3389/fenrg.2024.1411248

Variables Descriptions Variables Descriptions
D Total market demand w Wholesale price
a Potential market size c Production cost of new products
P Retail price A Cost savings from remanufacturing
A Marketing effort elasticity coefficient k Scale of recycling of used products
g Level of marketing effort ¢ Level of CSR
CS Consumer surplus b Transfer price of waste products
T Recycling rate of used products T Manufacturer’s real profit function
Ty Retailer’s profit function D, Manufacturer’s public profit function

TABLE 2 Optimal solution and profitability of the supply chain before and after co-ordination.

Situations p T IT I, All, II, AT,
Manufacturer-led pre-coordination 106.7 22.1% 1,055 663.7 — 391.6 —
revenue sharing 65.8 61.4% 1843.4 789.2 125.5 1,045.1 653.5
¢ =0.71
two-part pricing 65.8 61.4% 1843.4 1,057.4 393.7 786.0 394.4
F =4701
Power equalization pre-coordination 101.3 31.3% 1,332.0 550.8 — 781.3 —
revenue sharing ¢ = 0.71 65.8 61.4% 1843.4 789.2 238.4 1,045.1 263.8
Two-part pricing 65.8 61.4% 1843.4 806.4 255.6 1,037.0 255.7
F = 4450
Retailer-led pre-coordination 922 30.2% 1,366.9 459.6 — 907.3 —
revenue sharing 65.8 61.4% 1843.4 789.2 329.6 1,045.1 137.8
¢=071
Two-part pricing 65.8 61.4% 1843.4 697.4 237.8 1,146.0 238.7
F =4341

Without loss of generality, the unit production cost of a
remanufactured product is lower than the production cost of a
new product. Let the unit cost of the new product be ¢, the unit cost
of the remanufactured product be c,, then A = ¢; — ¢, represents the
unit cost savings of the remanufactured product. The parameter
7(0<7<1) denotes the recycling rate of used products, without
considering the variable cost of recycling used products, assuming
that the recycling cost is a quadratic function about 7, C (1) = k1?,
where k denotes the difficulty of recycling efforts for used products.

Analysed from a macro perspective, the recycling and
remanufacturing of products in closed-loop supply chains can be
viewed as an act of socially responsible corporate investment.
However, when analysed from the point of view of business
operation strategy, the decision to recycle waste products and the
decision to invest in corporate social responsibility are independent
of each other. Apple has implemented the “trade-in” strategy to
recycle products, save costs and improve the efficiency of resource
utilisation, while at the same time implementing a number of large-
scale social welfare activities and actively donating to the community
in order to fulfil its corporate social responsibility. In terms of the
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nature of the two, the implementation of remanufacturing of used
products by enterprises is aimed at saving production costs, with the
goal of improving economic efficiency; whereas the CSR input of
enterprises is aimed at fulfilling their corporate social responsibility,
and ultimately realising the improvement of social efficiency. In
order to portray the CSR input behaviour of the manufacturer, the
CSR behaviour was expressed in the form of consumer surplus with
reference to Panda’s study (Panda et al., 2017): = fp "“Ddp , When
the degree of corporate social responsibility of the dgéision-making
subject is ¢ (0<¢<1), the additioznal utility brought by corporate
¢D

Under information asymmetr}zf, the difficulty of recycling efforts
and the level of corporate social responsibility are private
information of the manufacturer, driven by corporate self-

social responsibility behavior is

interest, the manufacturer may benefit from its own information
advantage and misrepresent its private information to the retailer,
which makes the retailer deviate from the optimal decision-making
in the process of the game, so as to make more profits for itself. The
decision variables for manufacturers are the recovery effort difficulty
misrepresentation coefficient 7, the CSR level misrepresentation
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coefficient p, the wholesale price w, and the product recovery rate 7.
The decision variables for retailer decisions are the retail price p, and
the marketing effort level g. The relevant parameters and meanings
of the model are shown in Table 1 below:

Assumption 1. All information in the supply chain is symmetric
except for information on the difficulty of the manufacturer’s
recycling effort and the level of CSR.

Assumption 2. The total amount of new and remanufactured
goods produced by manufacturers is equal to the market demand,
i.e., the market can be cleared completely.

Assumption 3. The fact that the coefficient of difficulty of the
recovery effort, k, is sufficiently large, together with the fact that the
cost is a quadratically convex function of the recovery rate, suggests
that it is uneconomical behaviour to over-ambition for a high
recovery rate (Savaskan et al., 2004a).

Assumption 4. The difficulty of a manufacturer’s recycling
effort to a retailer’s announcement is nk and the level of CSR
is  u¢. that the
underreported its private information; #,p>1 indicates that

when #,u<1 indicates manufacturer
the manufacturer overreported its private information; and #, y =
1 indicates that the manufacturer does not misrepresent its

private information (Lingrong et al., 2023).

Assumption 5. Market demand is linearly related to the retail price
of the product by setting g =a - p + Ag.

4 Modelling and solving models

In order to explore manufacturers’ misreporting behaviour
under different rights structures, three scenarios will be modelled
and analysed separately. Equation 1 represents the market demand
for the product:

q=a-p+Aig (1)

Equations 2-4 represents the manufacturer’s actual profit,
manufacturer’s disclosed profit and retailer’s profit function:

I, = (w-c)g+ (A-b)rg + %qz_ kr* )

D, =(w-c)g+ (A-b)rg + &Zqz_ nkt? (3)
2

Hr=(P_w)q_ﬁ% (4)

4.1 Manufacturer-led supply chain

The manufacturer-led Stackelberg game supply chain
structure represents a supply chain consisting of a few large
manufacturers and many relatively small retailers, e.g., firms such
as Huawei and Apple with their core retailers. In this case, the
manufacturer first determines the misrepresentation coefficients
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u and 7, discloses the difficulty of recycling effort and the level of
CSR. The manufacturer, as the leader of the supply chain, first
determines the wholesale price w and the recycling rate 7 of used
products based on the known information. The retailer, as the
follower, then determines the retail price p of the product and the
level of marketing effort g.

The game sequence of a manufacturer-dominated two-stage
closed-loop supply chain is solved using a backward recursive
approach. It is easy to see that the retailer’s profit function is
strictly concave with respect to p and g, according to the first-

s ML _ o O, _
order condition 3 = 0,5> =

0. The optimal feedback function
iuz}:;;f g = ()t‘;:;;g", bringing in ®,, to find

the optimal wholesale price w and the recycling rate of used

for the retailer is: p = w +

products 7.

_ B(aB(b—8) —4(a+c)kPy +2(a+ c)knd®) + 2akn (B — 1°) up
) B(B((b— A ~8kn) + 4kn)?) + 2kn (B~ 1) g
(5)
(a—c)f’(b-A) ©)

" B(B((b - A — 8kny) + akng)?) + 2y (B - 12) 1

According to Equations 5, 6:

T1

_ B(ap(b-8) —2(3a+c))kpPn +2(a+c)knd’) + 2akn (B - 1) u

P B(B((b— A - 8k) + ak)?) + 2k (B — 1) g
(7)
i = 2(-a +cp)kpnA i ®)
B(B((b—A) —8kn) + 4kn\*) + 2kn (B~ A*) up
o (@mR(B(Bb = A + Sk - akoPX’) 2k (5 V) (-1 + 2)9)

(B(B( (b~ A) ~ 8kn) + 4knk?) + 2k (B~ 1) ug)’
%)
28 (akn — ckn)* (28 - A2
Hrl — Ij (a }1 Cl ’1) 2( ﬁ ) ; 5 3 (10)
(B(B((b— A - 8kn) + 4kn)’) + 2kn (B - 1*) u¢)
I, - (a - kB (B(=P(b— A + 12kBif — 6kn?A*) - 2kig? (B - Az)22(—1 +2u)¢)
(B(B((b— Y = 8kn) + 4kn)”) + 2kn (B - 1) ug)

(11)

Since the recycling rate of used products satisfies 0 <7y < 1, then
the manufacturer’s misrepresentation factor needs to satisfy
B(B(b-A) (a-b—cl+A)+8kBy-4kn)’) B(b-A) (atbcl-A)
= 2k (B-22)"¢ »0<n < 8B4k

Theorem 1. When the manufacturer does not misrepresent private
information, the optimal decisions of the manufacturer and the
retailer are wy, gi,p],r]. The profits of the manufacturer, the
retailer, and the supply chain as a whole are IT,,;, T, IT;.

Proof: Bringing ¢ =# =1 into Equations 5-11, we can find
wy, g1, pr> 11> Mo, Ty, T4

Theorem 2. When a manufacturer dominates the supply chain, the
manufacturer does not misrepresent its private information.

Proof: Let ag—;’l =0, ag—g‘l = 0 the joint equation is: yy = 1,7y = 1.
From Theorem 2, in a manufacturer-dominated supply chain, the
manufacturer already has a large enough right to ensure that its own
interests are maximised, and therefore does not need to adopt
additional misrepresentation strategies.
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4.2 Retailers -led supply chain

The retailer-dominated Stackelberg gaming supply chain
structure represents a supply chain consisting of a number of
large retailers (e.g., mega-retail giants such as Metro, Walmart,
Carrefour, etc.) and manufacturers that have greater market
influence compared to manufacturers. In this case, the
manufacturer first determines the misrepresentation coefficients y
and #, discloses the difficulty of recycling effort and the level of CSR.
The retailer, based on the known information, first determines the
wholesale price of the product p and the level of marketing effort g.
The manufacturer, as a follower, subsequently determines the
wholesale price of the product w and the recycling rate of the
used product 7.

Similarly, in order to make the decision information consistent
with the misreported information, the manufacturer should set the
optimal wholesale price w and the recycling rate of used products 7
to maximise its open profit. According to the inverse solution
method, let %:o,%:o, the joint equation to find w,
and 7, and then bring it into IT,, let aal;' =0, aar; =0 to find
the optimal retail price and the level of marketing effort of

the retailer. Combining the above equations
x =b*B-2bBA, A= (A (1 +2n) — 2kn* (6 + ¢ + 4u¢))
Equations 12-15 represent the wholesale price, the recycling rate

yields:

of used products, the level of marketing effort and the retail price of
the product:

e (X + 2knA’ (1 - ug) + B(A% = 2kn (3 - p)))
_ ra(y = 2knX’pg (1 - pg) + B(A° ~ 2kn (1 - pg)))

2 2 2 (12)
2(x + knh> (1 - ug)” + B(A* = 2kn (2 - ug)))
o (@a-c)B(b-1) )
2(x + knh* (1 ug)” + B(A? = 2k (2 - ug)))
= (a—c)knA(up-1) (14)
(x +kn)* (1 - ug)” + (A - 2kn (2 - ug)))
—clkn (B +1* (-1 + u¢))
_ Q- knup(1—ug) + BN —kn(3-269))) o

2(x + knh> (1 - ug)” + B(A? = 2kn (2 - ug)))

Equations 16-18 can be derived from Equations 12-15

o)k X+ ARBPA (1= w)p (1 - )
M, - U\ 2knA (1 - )’ + B (A - 2k (2+ ¢ - 2u9))
" 4(x +kn\* (1 - )’ + B(A” - 2kn (2 - p9)))
(16)
—(a—-c1)*kpBy (17)

HrZ = 2
2(x + knd® (1 - ug)” + B(A* - 2kn (2 - ug)))

4y 2k AP (1 - o)’ e )
(@) k<(—2kﬁ'7212(1—u¢)(1—(2—3M)¢—x(1+2r1)> A
A(x + knd> (1 - ug)” + B(A% = 2kn (2 - ug)))

I, =
(18)
Since the recycling rate of used products satisfies 0 <7, < 1, then

the manufacturer’s misrepresentation factor needs to satisfy
(a-2b-c1+20)0+2kn (B+20°))¢*

> 2kn (=B + A1) + V2/kBr (6 = A) 2kA2g?
A ¢,
0.< < Blatcio oty
SkB—2k1
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Theorem 3. When the manufacturer does not misrepresent private
information, the optimal decisions of the manufacturer and the
retailer are wy, gz, p;, 75. The profits of the manufacturer, the
retailer, and the supply chain as a whole are IT,,, 1,5, IT5.

Proof: by bringing y =71 =1 into the expression of optimal
decision we can find w», g}, p;, 75, I, [T, ID.

Theorem 4. When retailers dominate the supply chain,
manufacturers understate the level of CSR and the difficulty of
recycling efforts.

Proof: Let alg;,z = 0,621—;1"2 =0 The joint equation obtains y3, 1.
From Theorem 3, in the retailer-dominated supply chain, the
manufacturer is in a disadvantageous position, driven by its own
interests, manufacturers will adopt a two-factor misrepresentation
strategy to enhance their interests.

Corollary 1 When retailers dominate the supply chain,
manufacturers’ misreporting behaviour increases wholesale prices,
retail prices, marketing effort levels and their own profits, while at
the same time decreasing the recycling rate of used products,
retailers’ profits and the total profits of the supply chain.

From Corollary 1, it can be seen that when manufacturers report
a low level of recycling of used products, this will lead to lower
demand in the secondary market, which will lead to a lower rate of
recycling of used products; at the same time, meanwhile
manufacturers  underreport levels of  corporate  social
responsibility, it is actually a case of the manufacturer shifting
the focus of its production to the market for new products,
which will increase the demand for the market for the new
products out of thin air, thus intentionally increasing the
wholesale price of the product, and the retailer will then increase
the retail price of the product and the level of marketing effort to sell
it to the consumer. The retailer then increases the retail price and
marketing effort of the product and sells it to the consumer.
Ultimately, the manufacturer’s profits increase, the retailer and
the supply chain as a whole suffer, and the consumer is required
to pay a higher price for the new product, which is also detrimental
to the consumer’s interests and not conducive to building the

product’s brand image in the long term.

4.3 Power equalization supply chain

Manufacturers and retailers Nash equilibrium game supply
chain structure represents a class of manufacturers and retailers
of comparable strength to form the supply chain structure, for
example, Haier, Lenovo, Huawei and other manufacturers of
electrical appliances and retailers such as Suning, Gome, etc. In
the market mutual checks and balances evenly matched, which are
not able to become a leader in the supply chain. In this case, the
manufacturer first determines the manufacturer first determines the
misrepresentation coefficients ¢ and #, discloses the difficulty of
recycling effort and the level of CSR. Since there is no dominant
player in the supply chain, it is up to the manufacturer and the
retailer to simultaneously determine the wholesale price of the
product w the retail price of the recycling rate of the used
product p and the level of selling effort g.
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Let % =0, a&;& =0, aan, =0,% _ connecting the above
w T P dag
system of equations, you can find the expression of the optimal

decision (Equations 19-22):

2(a-c)kn(28-1%)

WSO L 2bBA — 2k (1 + ) + B(A + 2kn (=3 + )
(19)
o (a-c)B(b-4) 00
b2B - 2bBA — 2knA’ (=1 + ug) + B(A? + 2kn (=3 + ug))
2(a—c)knA
99 = R 20BA — 2knV (<1 + i9) + P& % 2kn (<3 4 pg)) D
= 2(a-c)kn(B-17)

T 2B~ 26BA — 2knA> (<1 + ) + (A + 2kn (=3 + )
(22)

Expressions (Equations 23-25) can be found by bringing Equations
19-22 into Equations 2-4.

1, - (@K (b= 8 + akip’) = 2o (8= N O + (=1 + 21)9)
(BB — 2bBA — 2kn\* (=1 + ) + (A% + 2Kk (=3 + u9)))’

(23)
m, - 2(a—-c )’k (28 -1%)
T (BB - 2bBA — 2k (<1 + pug) + B(A” + 2Kk (=3 + pg)))’
(24)

[ BB =AY+ 8B — 2k N)
(a-c) k<—2k;12 B-1)AV+B(-1+ 2.“))¢>

(0B - 2bBA — 2knd* (—1 + pg) + P(A? + 2kn (-3 + up)))’
(25)

Since the recycling rate of used products satisfies 0 < 73 < 1, then
the manufacturer’s misrepresentation factor needs to satisfy
B(b-A) (a-b-c1+A)+6kpn—2kn)* B(b-A) (~a+b+cl-A)
uz 2n (B0 0 <<

Theorem 5. When the manufacturer does not misrepresent private
information, the optimal decision of the manufacturer and the
retailer is w3, g3, p3, 73, The profits of the manufacturer, the
retailer, and the supply chain as a whole are I3, 10,5, I15.

Proof: Bringing y=#=1 into the expression of optimal
decision makes w3, g3, p3, T3, I3, I3, T,

Theorem 6. When manufacturers and retailers have equal power,
manufacturers do not misreport the difficulty of recycling efforts but
underreport the level of CSR.

Proof: Let ag—/:“ =0, ag;}“ =0 The joint equation obtains y3, 5.
The joint equation gives: y3 = 1 — % - é, 73 =1.

From Theorem 6, it can be seen that in the power-equal supply
chain, the manufacturer does not obtain absolute leadership, and
driven by its own interests, the manufacturer still adopts the strategy
of misrepresentation in order to obtain profits.

Corollary 2 When manufacturers and retailers have equal
power, higher
wholesale and retail prices of products, lower recycling rates and

manufacturers’ misrepresentation leads to
marketing levels of used products, as well as higher profits for
manufacturers as a result of their own misrepresentation and lower
profits for retailers and the supply chain in general.

Proof: Bringing 3, 773 into ws, p3, 73, g3, I3, [,3, T3 vields the
optimal decision of the supply chain members when the
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kot

manufacturer has misrepresentation behaviour w*;, g?, D375
and  profitability  IT , I, 1T, . Easy  to prove:
Wy > Wi, Py > P gs <Gty <73 1L o > 11, <15 , I, <IT.
From Corollary 2, a manufacturer’s misrepresentation of CSR
information affects consumer purchasing power, i.e., market
demand, and lower market demand leads to higher wholesale
and retail prices, lower consumer and recycling markets, and
lower recycling and marketing of used and end-of-life products.
Manufacturers’ misrepresentation only benefits themselves and
directly harms retailers, the supply chain and consumers as a whole.
Corollary 3 When the manufacturer and retailer have equal
power, the manufacturer’s misreporting behaviour makes the supply
chain optimal decision the same as when the manufacturer
dominates, and the manufacturer, the retailer and the supply
chain as a whole are equally profitable.
Proof: It is easy to prove that w; =uwj,
B = piogi = gi =TI, =TS =0 =,
From Corollary 3, it can be seen that in a supply chain with equal
power, the manufacturer can bring itself back to a dominant position
by misrepresenting its behaviour, and in the context of information
asymmetry, the power of each member of the supply chain is no
longer equal.

5 Closed-loop supply chain
coordination
5.1 Centralised decision-making

When information in the supply chain is perfectly symmetric,

the overall profit function of the supply chain under centralised
decision making is:

2 2
H:(p—cl)q+(A—b)rq+¢Tq—krz—ﬁ% (26)
Let aa—l; =0, %—2 = 0,3 = 0, the joint equation can be used to find
the optimal decision:
- (a-c))(b-D)(B-19)
T4 = 2 2 2,2 (27)
b2 — 4kB - 2bBA + BA* + 2kA* + (2kB — (b - A)*A*)¢
. 2(a-c)k(f-1%)
ba=a+ -~ 2 2 7,2
b2 — 4kB - 2bBA + BA* + 2kN* + (2kB — (b— A)*A*)¢
(28)
. 2(a-c)kA(¢p-1
g (a-c)kt(p-1) 29)

B b2B — 4kP — 2bPA + BA* + 2kA* + (2kB - (b - A)’A)¢ (
Bringing Equations 27-29 into Equation 26

. (a-— Cl)zk()‘zﬁb - ﬂ)

4= 2 272 (30)
b*p — 4kB - 2bPA + ﬁA2 +2kA” + (Zkﬁ - (b-A)A )(/)

5.2 Revenue-sharing contract
If the upstream and downstream parties of the supply chain

reach a co-operation, they follow the relevant agreement, i.e., at the
beginning of the sales period, the manufacturer provides the

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1411248

Huo et al.

retailer with a relatively low wholesale price w. At the end of the
sales period, the upstream and downstream parties of the supply
chain distribute the overall revenue of the supply chain in
accordance with a certain proportion, the manufacturer receives
the revenue proportion of ¢, the retailer receives the revenue
proportion of 1—-¢, and the revenues of the members of the
channel are as follows:

Combining the above description and bringing it to Equations
2-4 leads to Equations 31-33:

2
I = (pprw-c)g+ (A-byrg+ P L k2 (1)

2
2
CDfn =(w-c)g+ (A—b)‘rq+%—qk‘r2 (32)
2
= (1 g)p-wig - & (3
. e oIk ot . .
Joint first-order condition 5 =0 ag' =0, Solving yields an

expression for p,g with respect to w. Bringing in ®® and
establishing the first-order condition %z 0, solving yields an
expression for 7 with respect to w. The p, g, T expressions are as
follows in Equations 34-36:

L —w(p +A2 (-1 +¢)) +aB(-1+¢)

= 34

PTG R (gD (-1 g) o
,__)L(w+a(—1+(p))

g= 28+ A% (-1 +¢) (35)

o Bb-A)(w+a(-1+9¢)) 36)

2k11(2ﬁ+/\2(—1 +o)(-1+9)

In order for the supply chain under the coordination of the
revenue sharing contract to achieve the same effect of centralised
decision making, for this purpose it is necessary to satisfy
p'=pig =gt =15, on the basis of which expressions
(Equations 37-39) are obtained:

4¢,kB - aB(b— A)* - 2akpe
o A1 +¢)<+a(2k+ (b= AYWg - 26,k (1 + ¢)>
(B—79) (b — 4kp — 2bPA + PA” + 2kA + (2kB — (b— A)’A%)@)

(37)
n=1 (38)
)\
B-A¢
Introducing TIR,TI® into the optimal decision under the

revenue-sharing contract leads to Equations 40, 41:

x @=c)’k(=F2 (b =AY +2(B(b - AN + k(B - A2)2)¢ - (b-APM¢)

o (2B — 4kB — 2bBA + BA? + 2kN> + (2kB — (b — AA2)¢)’
(40)
gho_ 2@-calRB(1+¢)(2B+ X (1+4))
" (- 4kB - 2bBA + BA% + 2kA* + (2kB - (b - A)A?)¢)
(41)

After coordination using the revenue sharing contract,
manufacturers do not misrepresent the difficulty of recycling
efforts, while both manufacturers’ and retailers’ profit expressions
are independent of the CSR misrepresentation coefficients,
i.e., manufacturers do not engage in misrepresentation behaviour
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after coordination using the revenue sharing contract. The
validation leads to IIR +IIR =TI;. That is, the supply chain
system is better coordinated and the total profit of the supply
chain reaches the level of centralised decision making; Further in
order to ensure that both upstream and downstream parties in the
supply chain can accept the revenue sharing contract, the constraints
must also be satisfied Hﬁl >TI,, Hf >11;. As a result, the profits of
both upstream and downstream members of the channel,
coordinated by the revenue sharing contract, reach the effect of
supply and achieve Pareto improvement.

5.3 Two-part pricing contract

From the analysis in Section 4, it can be seen that when there is
information asymmetry in the supply chain, the manufacturer’s
misrepresentation can harm the overall profitability of the supply
chain. Due to the existence of double marginal effects in the closed-
loop supply chain under decentralised decision making, the
decisions of the supply chain are not optimal. Therefore, this
section adopts a two-part pricing contract to coordinate the
closed-loop supply chain under information asymmetry.

Under a two-part pricing contract, the manufacturer sets a waste
product recycling rate 7; to recycle waste products and offers the
retailer an appropriate wholesale price w. The retailer takes a price
paand alevel of marketing effort g, both of which work together to
maximise supply chain profits. At the same time, the retailer
compensates the manufacturer by paying a fixed transfer fee F
which is set by negotiation between the two parties and is designed
to ensure that both firms earn more than they would have done
under decentralised decision making, achieving a Pareto
improvement. The advantage of the two-part pricing contract is
that it can maximise the total profit of the supply chain and at the
same time redistribute the profit to achieve a win-win effect. The
two-part pricing contract is widely used in actual business
management, for example, when joining retail chains such as
KFC and Haidilao, a certain amount of franchise fee will be
collected in advance, and then the corresponding ingredients will
be purchased at wholesale prices.

Therefore, the manufacturer’s actual profit, open profit and
retailer’s profit functions when the supply chain uses a two-part
pricing contract are:
¢’

I’ = (w—cl)q+(A—b)rq+7—krz+F

2
o = (w—cl)q+(A—b)rq+¥—;7krz+F
2
Ps o

Hf:(P—w)q—T

Theorem 7. When the parameters in the two-part pricing contract
2
satisfyw = a + 2a-)k(25-1)

> b2 f—4kB—-2bPA+PA> +2kA + (2kB— (b-A)*A%)¢
a (F,F) that is able to coordinate closed-loop supply chains under

, there always exists

three different power structures.

Proof: Taking the supply chain when the manufacturer is
dominant as an example, the expression for the retailer’s optimal
retail price and level of marketing effort with respect to the wholesale
price w can be derived by using the backward induction method:
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TABLE 3 Sensitivity analysis of two-factor misreporting when manufacturers dominate supply chain.

u=05 u*=1 u=15
n=0.5 I, = 736.4 II,; = 491.0 I, = 708.3 II,; = 689.3 I, = 575.9 II,; = 1037.6
I, = 1227.4 71 =49.5% g1 = 16.5 I, = 1397.6 71 =58.7% g1 = 19.6 II; =1613.5 71 =72.0% g, = 24.0
=1 I, = 785.5 I, =418.9 I = 802.1 I, =571.9 My = 769.2 I, =827.1
II; = 1204.4 71 =22.9% g1 =153 II; = 1374.0 T =26.7% g1 = 17.8 II; = 1596.3 71 =32.1% g1 = 21.4
n=15 1L, = 774.7 I, = 398.4 I, = 794.0 1, = 539.4 I, = 770.6 II,, =771.0
I, = 1173.1 71 = 14.9% g, = 14.9 T, =1333.4 T =17.3% g, =17.3 II; = 1541.6 71 =20.7% g1 = 20.7
TABLE 4 Sensitivity analysis of two-factor misreporting in power equalization supply chain.
u=0.05 p*=0.12 p=1
n=0.5 1L, = 721.3 II,, = 630.6 I1,,, = 709.1 II,, = 686.1 — —
I, = 1351.9 T, =56.1% g, = 18.7 I, = 1395.2 T, = 58.6% g, = 19.5 — —
=1 1L, = 800.8 II,, = 527.3 IL,,, = 802.1 II,, = 569.5 I, = 49.9 II,, = 2216.1
I, = 1328.2 T, =25.7% g, =17.1 I, = 1371.6 T, =26.7% g, =17.8 I, = 2256.9 T, = 52.6% g, = 35.1
n=15 1L, = 791.7 II,, = 498.5 I, = 793.9 II,, = 537.2 1L, = 181.9 II,, = 1977.9
T, = 1290.2 7, = 16.6% g, = 16.6 I, = 1331.1 T =17.3% g, = 17.3 11, = 2159.8 T, =33.1% g, = 33.1
pl=w+ (:;;3)213 9" = (;;3“2” taken into the equation ®F, the  under centralised decision making, while the manufacturer and

manufacturer’s optimal recovery rate 7" = can be

_ (b-A) (a—p+g))
2kn

obtained. Since the coordinated retail price and the recycling rate

of used products will be at the level under centralised decision-

making, p” = py, 7" = 14, this can be obtained:

2(a-c)k(B-1%)
+h2 _ _ 2 7 a2
B — 4kp — 2bPA + BA” + 2kX2 + (2kB — (b— AYA)$

(b-M(@a-p+gl) _ (a-c)(b-1)(B-1¢)
2k b*B — 4kf — 2bBA + BA* + 2kA®
+(2kB - (b - AY*A)¢

N (—a+w)p _
28+ A°

The above equation can be obtained by conjunction:

2(a-c)k (2p-A) _ .
A G bRt 2k gy 11 = b That is, the

manufacturer will not misrepresent the difficulty of recovery

w =

effort after coordination using the two-part pricing contract.
From the above equation, we can obtain the manufacturer’s true
profit function, the retailer’s profit function and the overall profit
function of the supply chain after coordination, and find that the
manufacturer’s true profit function is independent of y, ie., the
manufacturer will not misrepresent the level of CSR. In order to
realise the free distribution of supply chain profits between
manufacturers and retailers, I1F >1T,,;, [IF >T1;;, from which it
can be obtained that there exists a closed-loop supply chain
(F,F) capable of co-ordinating the manufacturer-led supply
chain (Due to the complexity of the analytical formula for the
fixed cost F, it is not shown here, but is specified in the next section
through the analysis of examples.)

From Theorem 7, the retail price of the product, the recycling
rate of the used product, and the level of marketing effort under
the two-part pricing contract are the same as the optimal decision
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the retailer agree on the wholesale price of the product so that the
parameters of the open decision making of both the manufacturer
and the retailer are determined. Even if the manufacturer has
information about the person, it cannot change its decision
through misrepresentation, so a two-part pricing contract can
achieve profit coordination among closed-loop supply chain
members under information asymmetry while avoiding
misrepresentation by the manufacturer. In a two-part pricing
contract, retailers can obtain a higher profit share by increasing
their negotiation skills or by obtaining patents and exclusivity to

obtain lower transfer fees.

6 Numerical analysis

In order to verify the reasonableness of the conclusions and dig
deeper into the management insights behind the model, numerical
simulation experiments are conducted in this section. At the heart
of this paper is the study of the impact that manufacturer
misrepresentation brings to the closed-loop supply chain,
considering three different decision models with different
channel power structures. The arithmetic analysis consists of
two parts: on the one hand, it is to analyse the coordination
performance of the supply chain and verify the coordination effect
of the revenue sharing contract and the two-part pricing contract on
the closed-loop supply chain; on the other hand, it is to analyse the
impact of the sensitivity of the manufacturer’s misrepresentation
strategy on the equilibrium of the supply chain and the optimal
profit under different channel power structures. Considering the
practical significance of the model and combining the relevant
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TABLE 5 Sensitivity analysis of two-factor misreporting when retailers dominate the supply chain.

10.3389/fenrg.2024.1411248

u=0.6 u*=0.98 =1
7=06 L3 = 372.3 I, = 734.8 10,3 = 363.1 II,; = 861.5 10,3 = 361.4 11,5 = 869.8
I = 1107.1 73 = 40.8% g5 = 10.5 Tl = 1224.6 T3 = 47.8% g3 = 7.9 I = 1231.3 T3 = 48.3% g5 = 7.7
7t = 0.96 I, = 390.1 I,; = 666.8 I3 = 401.0 I, = 769.4 0,3 = 400.9 I, = 776.1
T = 1056.9 T3 = 23.2% g5 = 9.5 I, = 1170.4 T3 = 26.7% g5 = 7.0 I = 1177.0 T3 = 26.9% g5 = 6.9
n=1 11,3 = 389.5 I3 = 662.7 I1,,3 = 400.9 11,5 = 764.0 11,3 = 400.8 11,5 = 700.5
I = 1052.2 T3 =22.1% gs = 9.4 Tl = 1164.9 T3 = 25.5% g5 = 6.9 I = 11713 T3 = 25.7% g5 = 6.8

literature (Tong et al., 2021b; Juan et al., 2023), the experimental data
were standardized and selected as follows: a = 120,c¢; = 60,1 =
0.6,¢ = 0.8, f=0.9,k = 1000, A = 30,b = 10.

6.1 Analysis of contractual coordination
mechanisms

In order to verify the effectiveness of the coordination
mechanism, before and after the coordination of the closed-loop
supply chain, the optimal decision-making and profit-related
situation of each member are compared, as shown in Table 3. As
shown in Table 2, no matter which channel power structure is
adopted, the optimal retail price of products in the closed-loop
supply chain after co-ordination is significantly reduced, and the
recycling rate of used products as well as the profits of each member
of the supply chain are significantly increased, realising the Pareto
improvement of the supply chain, which indicates that the revenue
sharing contract and the two-part pricing contract can achieve better
supply chain co-ordination and make it reach the level of centralised
decision-making, and this also further argues the conclusion of
this paper.

6.2 Sensitivity analysis of two-factor
misreporting coefficients

As can be seen from Tables 3-5, the manufacturer’s profit shows
a trend of increasing and then decreasing with the increasing
misrepresentation factor #, indicating that with the continuous
change of misrepresentation factor # the manufacturer can always
find the optimal misrepresentation factor #* to make its own profit
maximisation. When the misrepresentation factor 7 is smaller than
the optimal misrepresentation factor #*, the manufacturer’s profit
decreases as the misrepresentation factor u continues to increase;
When the misrepresentation factor # is greater than the optimal
misrepresentation factor #*, as the misrepresentation factor u
increases the manufacturer’s profit increases and then decreases,
indicating that as the misrepresentation factor 7 and y change, the
manufacturer can always find the optimal misrepresentation factor
n* and p* to make its own profit maximisation. Retailer profits and
used product recycling rates decrease with increasing # and decrease
with decreasing y, suggesting that manufacturers’ overreporting of
the difficulty of recycling efforts leads to decreasing retailer and total
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supply chain profits and decreases used product recycling rates,
while manufacturers’ underreporting of CSR levels leads to
decreasing retailer profits and total supply chain profits and is
detrimental to used product recycling. As the misrepresentation
factor 1 keeps increasing, the total supply chain profit keeps
decreasing; As the misrepresentation factor y decreases, the total
supply chain profit decreases. The manufacturer’s two-factor
misreporting strategy is only good for the manufacturer’s own
profit, but not for the retailer’s profit, the total profit of the
supply chain, or the recycling rate of used products. As can be
seen from Table 4, the manufacturer’s two-factor misrepresentation
strategy converges the manufacturer’s profit to the level when the
manufacturer is dominant under an equal-power supply chain,
ie., the
misrepresentation strategy enables the manufacturer to regain its

manufacturer’s  adoption of a  two-factor
market position when the manufacturer and the retailer are equal
in power.

As can be seen in Tables 3-5, retailers’ marketing effort
decreases as the misrepresentation coefficient of recall difficulty
increases, while it increases as the CSR misrepresentation coefficient
increases. It means that when the coefficient of misrepresentation of
recycling difficulty increases, the recycling market is not prosperous,
and retailers are not willing to invest more advertising and
marketing in the promotion of used products; when the
coefficient of CSR

remanufacturers show a higher level of social responsibility in the

of misrepresentation increases, the

quality of products, environmental protection, brand image, etc.,

and therefore, retailers are willing to provide a higher level of
advertising and marketing to promote the remanufactured products.

7 Conclusion and policy implications
7.1 Conclusion

This paper
coordination  problem

investigates the closed-loop supply chain

considering CSR and information
asymmetry, and analyses manufacturers’ misreporting strategies
and their impacts on the supply chain in three scenarios:
supply
supply chains, and power-parity supply chains under the

manufacturer-dominated chains, retailer-dominated
asymmetry of information on the difficulty of manufacturers’
recycling efforts and the level of CSR. The paper draws the

following conclusions.
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(1) Manufacturers do not misrepresent their private information
when the manufacturer dominates the supply chain; When
retailers dominate the supply chain, manufacturers
underreport the level of CSR and the difficulty of recycling
efforts; and when there is equal power between the
manufacturer and the retailer, the manufacturer does not
misrepresent the difficulty of the recycling effort, but
understates the level of CSR.

(2) Manufacturers’ misreporting behaviors only benefit
themselves, always harming retailer and total supply chain
profits, and also discouraging the recycling of used products.
When the manufacturer adopts a two-factor misreporting
strategy, it keeps retailer profits, total supply chain profits, and
used product recycling lower than they would be without the
manufacturer’s misreporting strategy.

(3) The manufacturer’s two-factor misrepresentation strategy
converges the manufacturer’s profit to the level when the
manufacturer is dominant under an equal-power supply
chain, ie., the manufacturer’s adoption of a two-factor
misrepresentation strategy enables the manufacturer to
regain its market position when the manufacturer and the
retailer have equal power.

Under all three supply chain models with different channel power

structures, retailers’ marketing effort decreases with the increase

in the recall difficulty misrepresentation coefficient and increases

with the increase in the CSR misrepresentation coefficient.

To address manufacturers’ misreporting behavior under
information asymmetry, this paper designs a revenue-sharing
contract and a two-part pricing contract to coordinate a closed-
loop supply chain under different power structures, and finds that
both contracts can achieve Pareto improvement in the supply chain.

7.2 Policy implcations

The relevant management implications of this paper are
as follows.

(1) The security and stability of the supply chain is the basis for

building a Dual circulation. Large manufacturers should
their
management capabilities, meet the management needs of

continue to improve sustainable development
customers for sustainable development, build a sustainable
development system of the supply chain, and organize
material suppliers to exchange information to ensure the
transparency of channel information in the supply chain.
(2) Enterprises in the supply chain should implement the concept
of sustainable development management, effectively fulfill
social responsibility in the supply chain management
process, and transmit social responsibility information to
upstream partners and core suppliers to ensure the
of responsibility

requirements in supply chain management, strengthen

effective  implementation social

cooperation to alleviate supply chain risks, and promote
sustainable development of the supply chain.
(3) When manufacturers have information advantages, retailers

should actively communicate and cooperate with
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manufacturers to eliminate the information gap; When
formulating coordination contracts, retailers can enhance
their bargaining power by obtaining patents and exclusive
rights, in order to obtain more share of profit distribution.
(4) The government should improve the information disclosure
mechanism, strengthen information disclosure, create a fair,
just, and open market environment, and ensure the healthy

development of the market.

Overall, there are still some shortcomings in this article. This
article only focuses on the social responsibility behavior of
manufacturers. In fact, with the development and growth of the
retail industry, the social responsibility behavior of retail enterprises
should also be considered. The model in this article is based on the
assumption of demand determination, and future research will be
conducted under uncertain demand.
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