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Corporate social responsibility (CSR) has a significant impact on the operation of enterprises. .is study analyzes the production
and coordination decisions of closed-loop supply chain (CLSC) by establishing two assumptions of endogenous and exogenous
CSR..e results reveal that, for ordinary consumers, CSR is quantified as the parameter of consumer surplus, which has an impact
on the patent licensing fee, revenue-sharing ratio, and so on, and which not only increases the sales quantity in CLSC but also
creates more value for the manufacturer and the retailer. Considering endogenous CSR, the study found that the manufacturer’s
CSR level and the manufacturer’s and the retailer’s profits both increase with the proportion of CSR-sensitive consumers. In the
endogenous model, the manufacturer sets a higher wholesale price and lower patent licensing fee than in the exogenous model.
Perfect coordination in the two models can be achieved by setting a revenue-sharing ratio related to wholesale price and patent
licensing fee. In practice, improving the social responsibility consciousness of consumers and raising enterprises’ CSR level can
achieve a win-win situation for revenues and social welfare.

1. Introduction

In the new era, increasing attention has been paid to en-
vironmental sustainability, driven by laws, regulations, en-
vironmental pressure, and social responsibility, which has
become an important indicator of supply chainmanagement
success [1]. Sustainable supply chain management focuses
on environmental issues, such as closed-loop supply chain
(CLSC) and corporate social responsibility (CSR).

CSR is a type of intrinsic motivation [2], which refers to
an enterprise not only creating profits for shareholders but
also emphasizing contributions to the environment, con-
sumers, and society. Consumers with CSR awareness can
obtain utility from the environmental attributes of products,
such as remanufactured products, which is an important
market driver for environmental sustainability in supply
chains. According to Cotte and Trudel [3], a total of 70% of
consumers are willing to pay higher prices for products with
“responsible” attributes. Most consumers tend to buy

products that are socially responsible and environmentally
friendly [4]. .is depends in part on the CSR level of the
manufacturer.

Enterprises’ recycling and reuse process is also a means
of strengthening their level of CSR. Enterprises can achieve
the improvement and coordination of supply chains through
joint CSR investments [5–7]. .e manufacturer’s CSR be-
havior is beneficial to increase channel profit and improve
the recovery rate [8], and CSR investment is a feasible
strategy to enhance enterprises’ sales power [9].

Based on theoretical research, this study constructs
CLSC production and collaboration optimization models
considering CSR and examines the following questions: (1)
how does endogenous and exogenous CSR affect pricing,
revenue of CLSC members? (2) what are the impact and
coordination functions of patent licensing fee on the deci-
sion of CLSC? (3) what is the influencing mechanism of
different types of consumers on CSR and the profit of the
manufacturer and the retailer?
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.emain contributions of this study are as follows: (1) it
brings CSR behaviors into the classic framework of CLSC
management, examines its impact on the operation of CLSC,
and clarifies the value of CSR; (2) it considers the issue of
patent licensing in CLSC and reveals the regulatory role of
patent licensing; and (3) it sets a revenue-sharing ratio re-
lated to price and patent licensing fee in the two models to
coordinate the profit of the manufacturer and the retailer.

.e remainder of this paper is organized as follows: the
related research is reviewed in Section 2, Section 3 outlines
the model setting, Section 4 investigates the decision and
coordination in the CLSC of exogenous CSR when there are
only ordinary consumers in the market, Section 5 examines
the decision and coordination in the CLSC of endogenous
CSR when there are CSR-sensitive consumers and ordinary
consumers in the market, and concluding remarks are
presented in Section 6.

2. Literature Review

.ere are three streams of research related with this research:
CLSC considering patent licensing, CSR activities in supply
chain management, and supply chain coordination.

.e first stream mainly focuses on CLSC considering
patent licensing, which can be a strategy when there are
multiple remanufacturing subjects in CLSC. Cruz [10]
studied the impact of CSR in supply chain management
using a multicriteria decision-making approach. Zhao et al.
[11] investigated the best patent licensing contracts with
network effects and investigated the welfare impact by
setting a Stackelberg model. Huang and Wang [12] exam-
ined the CLSC model for product recycling and hybrid
remanufacturing under patent licensing and discussed the
impact of remanufacturing capabilities on supply chain
members and environmental sustainability. Hong et al. [13]
studied the quantity and collective decisions in the CLSC
using two licensing models: fixed fees and unit royalty. Hao
et al. [14] discussed the best game strategies for both parties
under three different decision structures: two competitive
models (competition with and without remanufacturing
patent licensing) and cooperation models. Huang andWang
[12, 15] studied a CLSC with technology licenses. Jin et al.
[16] considered the two-period game model, designed the
optimal patent licensing contract and production out-
sourcing strategy, and analyzed the value of CSR.

.e second stream is CSR activities in supply chain
management. Ni and Li [17] investigated how enterprises
and suppliers interact in CSR behaviors and the impact of
external parameters on this interaction. Panda [18] found
that revenue-sharing contracts can maximize CSR retailers’
welfare. Modak et al. [19] analyzed the dual-channel supply
chain of CSR and studied its impact on the successful op-
eration of the dual channel. Panda et al. [20] discussed the
issue of coordination and profit distribution in the supply
chain composed of CSR manufacturer and retailer. Panda
and Modak [21] examined the channel coordination and
benefit distribution between CSR manufacturer and retailer
through subgame perfect equilibrium and negotiations.
White et al. [22] summarized the studies on CSR through

quantitative and qualitative models. Modak et al. [23]
studied CSR practice in a two-echelon CLSC.

.e third stream is supply chain coordination. Panda et al.
[24] resolved channel conflicts and distributed surplus profits
among channel members by Nash bargaining contracts. Zhang
and Ren [25] studied CLSC coordination strategy for the re-
manufacture of patented products. Panda et al. [8] discussed
the channel coordination issue of CLSC by setting a revenue-
sharing contract. Seyedhosseini et al. [26] proposed a two-part
tariff contract to provide a win-win situation for all supply
chain members. Hosseini-Motlagh [27, 28] studied CLSC
coordination of CSR considering different demand conditions.
Li and Gong [29] constructed a CLSC model and designed a
cost-sharing contract to achieve supply chain coordination.

.e related literature mainly examines the impact of CSR
on supply chain performance, decisions, and coordination.
.ese studies reveal that environmental improvement can be
obtained through supply chain management. .e current
study focuses on the production decision and coordination
mechanism of CLSC with patent licensing from the per-
spective of CSR. In addition, this study considers twomodels
of endogenous and exogenous CSR and types of customers
in the market to better grasp the value of CSR. Our study
differs from the existing literature in that enterprises’ CSR
and the social responsibility awareness of consumers are
involved in the model. .e related theoretical and numerical
analysis reveal how the endogenous and exogenous CSR
influence production decisions and coordination.

3. Model Setting

We establish a CLSC composed of a manufacturer and a re-
tailer, in which the manufacturer sells new products through
the retailer, and the retailer recycles used products from
consumers, reselling them to consumers after remanufacturing.
.ere are two types of consumers in the market: CSR-sensitive
consumers (C-type consumers), which account for a ratio of ρ
to market capacity, and ordinary consumers (N-type con-
sumers), which account for a ratio of 1 − ρ to market capacity.
.e characteristic of C-type consumers is that they can obtain
additional utilities by choosing products produced by a CSR
manufacturer. .e utility C-type consumers can obtain from
buying a unit of CSR-type products is UC � v − pc + Kym.
N-type consumers are only sensitive to product price, and the
utility they can obtain from buying a unit of ordinary products
is UN � v − pn. Conditions for C-type consumers purchasing
CSR products is UC > 0 andUC ≥UN. Conditions for N-type
consumers purchasing ordinary products is UN > 0
and UN >UC, in which v ∼ U[0, 1]. .rough calculation, we
find the following:

(1) When v − pc + Kym ≥ v − pn, the market demand for
CSR-type products is qc � aρ(1 − pc + Kym) and the
market demand for ordinary products is
qn � a(1 − ρ)(1 − pn).

(2) When v − pc + Kym < v − pn, consumers will not
buy CSR products and all consumers will buy or-
dinary products. At this time, the market demand for
CSR-type products is qc � 0 and the market demand
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for ordinary products is qn � a(1 − pn). Model pa-
rameter settings are presented in Table 1.

4. Production Decision and Coordination
MechanismofCLSCBasedonExogenousCSR

.is section does not distinguish between consumer groups,
meaning that consumers do not know whether the enterprise
has social responsibility. In addition, this section explores the
impact of CSR on patent licensing, recycling rates, and profits.
.e CSR manufacturer will encourage the retailer to recycle,
produce, or sell more remanufactured products while in-
creasing the revenues of all parties [8]. We use θ ∈ [0, 1] to
represent the CSR factor of the manufacturer, θ � 0 is the
revenue maximization of the manufacturer, and θ � 1 is the
welfare maximization of the manufacturer.

In the manufacturer’s revenue function, the manufac-
turer’s CSR is quantified as the proportion of consumer
surplus (CS), which refers to the difference between the
maximum price a consumer is willing to pay and the actual
total price to pay. When the demand function is the
linear function D � a(1 − p), CS is CS � 

a

(a− D)/a (a−

ap)dp � (D2/2a) [8]. Some of the assumptions used herein
are as follows:

Assumption 1: the manufacturer is the leader of the
Stackelberg game.
Assumption 2: remanufactured products are used as
products recycled from consumers by the retailer. To
ensure the remanufacturing activities of the retailer, the
saving value of remanufactured products is Δ> 0.
Assumption 3: remanufactured products have no dif-
ference in quality and use function compared with new
products produced by the manufacturer; consumers
value both products in the same way, and they are sold
at the same price in the market.

.e recycling quantity of used products increases with
the increase in recovery price [30]; the recycling quantity of
used products G is a function of the recovery price r :
G � α + β∗ r, where α represents the quantity of used
products that consumers voluntarily return and β indicates
consumers’ degree of sensitivity to recovery prices.

4.1. Analysis of Decentralized Decision Model. .e manu-
facturer authorizes the retailer to remanufacture, charging a
certain patent licensing fee. In addition, the manufacturer
may not recycle or remanufacture products for the sake of
recovery costs or branding. .e retailer recycles used
products from remanufacturing activities and sells new and
remanufactured products together to consumers after
obtaining a patent technical license.

.e decision turn of the Stackelberg game is as follows:
(1) as the game leader, the manufacturer first sets the
wholesale price w and patent licensing fee f; (2) after
obtaining the manufacturer’s patent licensing, the retailer
determines the sale price of the product p and recovery price
r. When CSR is not considered, the manufacturer’s revenue
function is

max
w, f

πM � w − cn( (a − a∗p − α − β∗ r) + f∗(α + β∗ r),

(1)

and the retailer’s revenue function is

max
p, r

πR � (p − w)(a − a∗p − α − β∗ r)

+ p − cn + Δ( (α + β∗ r) − (f + r)(α + β∗ r).

(2)

When CSR is considered, the manufacturer’s revenue
function is

max
w,f

vM � w − cn( (a − a∗p − α − β∗ r)

+ f∗(α + β∗ r) + θ ∗
D2

2a
.

(3)

Proposition 1 can be obtained by the backward induc-
tion solution.

Proposition 1. /e revenue functions of the manufacturer
and the retailer under decentralized decisions are nonconvex.
/e optimal wholesale price can be obtained as follows:
w∗ � ((2 − θ + 2cn)/(4 − θ)), the optimal retail price is
p∗ � ((3 − θ + cn)/(4 − θ)), the optimal recovery price is
r∗ � ((βΔ − 3α)/4β), and the optimal patent licensing fee
is f∗ � ((4β + 4α − 2βθ − αθ − 4βcn + 4βΔ + 2βcnθ − βθΔ)/
(2β(4 − θ))).

By Proposition 1, the maximum revenue of the manu-
facturer considering CSR is

v
∗
M �

aα2 + 2aαβΔ − 4βα2

8
+
β2Δ2

aβ
− a

2βcn +
ac2n

2(4 − θ)
.

(4)

.e maximum revenue of the retailer is

π ∗R �
(βΔ + α)2

16β
+
α2 − 2a2cn + a2c2n

a(4 − θ)2
. (5)

.e total revenue of the supply chain is

v
∗

�
(βΔ + α)2

16β
+
α2 − 2a2cn + a2c2n

a(4 − θ)2
+

aα2 + 2αaβΔ − 4βα2

8

+
β2Δ2

aβ
− βa

2
cn +

ac2n
2(4 − θ)

.

(6)

.e CS is

CS �
a 1 − cn( 

2

2(4 − θ)2
. (7)

Conclusion 1. (1) As the cost of new products increases, both
wholesale and retail prices increase, the optimal patent li-
censing fee charged by the manufacturer decreases, the
revenue of the manufacturer and the retailer decreases, and
the revenue of the supply chain decreases. (2) As the
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remanufacturing saving cost increases, the recovery price
and recycling quantity of used products both increase, the
patent licensing fee charged increases and the profits of the
manufacturer, the retailer, and the supply chain all increase.
(3) When the manufacturer shows stronger CSR, the
wholesale and the retail prices of products are lower. .e
manufacturer’s revenue is higher, the patent licensing fee is
lower, the retailer’s revenue increases, and CS increases.

4.2. Analysis of Centralized Decision Model. In the central-
ized decision model, the revenue function of the entire
supply chain is

max
pc,rc

πc � pc − cn( (a − a∗p) + Δ − rc(  α + β∗ rc( . (8)

When the manufacturer’ CSR is considered, the revenue
function of the entire supply chain is

max
pc,rc

vc � pc − cn( (a − a∗p) + Δ − rc(  α+β∗rc(  +θ∗
D2

2a
.

(9)

Take the partial derivatives of formula (8) with respect to
pc and rc, (zvc/zpc) � 0, (zvc/zrc) � 0, and obtain the best
solution p∗c and v∗c . .e corresponding Hessian matrix is

Hc �

z2vc

zp2
c

z2vc

zpczrc

z2vc

zrczpc

z2vc

zr2c

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

− 2β − 2β

0 aθ − 2a

⎛⎝ ⎞⎠. (10)

When Hessian matrix Hc > 0, 2 − θ> 0, that is, the
centralized revenue function is nonconvex, we can obtain
Proposition 2.

Proposition 2. /e revenue function of the entire supply
chain under centralized decisions with respect to pc and rc is
nonconvex, and the optimal solution (p∗c , r∗c ) is
(((1 − θ + cn)/(2 − θ)), ((βΔ − α)/2β)). /e revenue of the
entire supply chain under centralized decisions is

v
∗
c �

2aβ + 2α2 + 2aβc2n + 2β2Δ2 − βα2 − θβ2Δ2 − 4βcn + 4αβΔ − 2αβΔθ
4β(2 − θ)

. (11)

4.3. Revenue-Sharing Coordination Mechanism. Tradition-
ally, the manufacturer and the retailer act independently and
maximize their own respective revenues. However, an ef-
fective supply chain network requires a cooperative rela-
tionship. .erefore, a coordination mechanism is needed to
coordinate the manufacturer and the retailer. Under a
revenue-sharing (RS) contract, the manufacturer offers a
wholesale price and requires a small portion of the revenue
from the retailer. .e RS contract sets the revenue-sharing
parameter as λ ∈ (0, 1), and the manufacturer receives (1 −

λ) of the revenue.

Proposition 3. Under the RS contract, the revenue function
expressions of the manufacturer and the retailer are, re-
spectively, as follows:

πM � (1 − λ)p(a − ap) + w − cn( (a − ap − α − βr)

+ f(α + βr),

πR � (λp − w)(a − ap) + w − cn + Δ( (α + βr)

− (f + r)(α + βr),

vM � (1 − λ)p(a − ap) + w − cn( (a − ap − α − βr)

+ f(α + βr)
θ(a − ap)2

2a
.

(12)

When the RS contract the manufacturer provided to the
retailer is

Table 1: Model parameter settings.

Parameter Represents
p Retail price per unit of product set by the retailer
w Unit wholesale price given by the manufacturer
r Recovery price for used products
cn Production cost of new products
Δ Production cost saved by the retailer from remanufactured products
K Impact factors of social responsibility level on consumers’ willingness to pay
f Patent licensing fee for manufacturer-licensed remanufacturing
ym Manufacturer’s level of CSR
ρ Ratio of CSR-sensitive consumers
a Market capacity
πj

i .e profit function of the enterprise i, parameter i ∈ M, R{ }, where M represents the manufacturer and R represents the retailer
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w
co

, f
co

(  �
2cn − θ
2 − θ

λ,
2cn − θ
2 − θ

λ − cn , (13)
the RS proportion λ should meet λ1 < λ< λ2, in which when

λ1 �
(2 − θ)2(16 a − acn( 

2
− 3a(4 − θ)2(α + βΔ)2

16β(4 − θ)2 a − acn( 
2 ,

λ2 � −
1 − cn( 

2

2(θ − 2)
+
4β 1 − cn( 

2
+(4 − θ)(α + βΔ)2 − 3β2Δ2θ

8β(4 − θ)
 

(2 − θ)2

a − acn( 
2,

(14)

the CLSC can be coordinated by the RS contract (see
Appendix A).

Proposition 4. Under the RS contract, it satisfies the fol-
lowing relationships: pco <p∗, wco <w∗, fco <f∗, rco > r∗,
πcoR > π ∗R , and vcoM > v∗M.

Proposition 4shows that when an RS contract is adopted,
the manufacturer pays more attention to CSR and reduces its
wholesale price and the product patent licensing fee, thus in-
creasing the sales volume of products. Product sales are directly
proportional to the CSR level of the manufacturer. In addition,
the recycling intensity of the retailer increases, and in response
to the manufacturer’s strategies, the retailer reduces their sale
prices to encourage customers to buy more products and puts
more efforts into collecting used products from customers. .e
manufacturer’s CSR therefore influences the retailer’s decisions
and further influences their decisions in the reverse supply chain
through influencing prices. In centralized decisions, when CSR
increases, the manufacturer reduces the wholesale price of
products, and the sale price under the centralized decision is
lower than that under the decentralized decision. As a result,
there is a higher demand for products of centralized decisions.
Obviously, the retailer will make more efforts to collect used
products under centralization. .e manufacturer, the retailer,
and the entire supply chain have higher revenues under the
centralized model than that under decentralized model; thus,
the entire CLSC achieves coordination.

At the same time, consumers can buy new products at a
lower price and sell used products at a higher price, which
greatly improves consumers’ utilities and achieves a win-win
situation for enterprises and consumers.

4.4.NumericalExamplesandSensitivityAnalysis. Numerical
calculations are made based on the above conclusions.
Parameter values refer to assumptions of Bakal and Akcali
[30]; the market demand function of products is
D(p) � 100(1 − p), the supply function of old products is
G(r) � 0.8 + 10r, and the production cost of new products is
Cn � 0.5. .e decision results of different CLSC systems are
illustrated in Tables 2 and 3.

As can be seen from Table 2, under decentralized decisions,
with the increasing awareness of the manufacturer’s CSR, the
revenues of both the manufacturer and the retailer increase, the
manufacturer reduces the patent licensing fee and lowers the

wholesale prices so that the retailer sets retail prices lower and
the consumer purchase quantity increases. With the increase in
remanufacturing saving cost, the retailer’s recycling prices rise.
.e manufacturer charges more patent licensing fees, and both
the manufacturer’s and the retailer’s revenues increase. From
Table 3, as the RS proportion increases, the manufacturer’s
wholesale price increases, the patent licensing fee decreases, the
retailer’s revenue increases, and the manufacturer’s revenue
decreases.

Sensitivity analysis is conducted on the key parameters
(Cn and θ) to examine the proposed models’ performance. .e
effects of Cn on the w, p, andf are shown in Figure 1. By
increasing Cn, both wholesale prices w and retail prices p

increase and the optimal patent licensing fee f decreases.
When the production cost of new products Cn is higher, the
manufacturer reduces the patent licensing fee to encourage the
retailer to produce and recycle more used products and in-
crease the revenue. Figure 2 illustrates the effects of θ on the
w, p, andf by increasing θ and the decreases in wholesale
prices w, retail prices p, and patent licensing fee f. When the
manufacturer’s CSR θ is stronger, the price of products is lower.
.e sales volume is higher, and the profits of both the man-
ufacturer and the retailer increase. .e manufacturer will re-
duce the patent licensing fee, encouraging the retailer to recycle
and remanufacture. .erefore, patent licensing fee is an im-
portant adjustment tool for the manufacturer.

From Figure 3, the entire CLSC profit is improved under RS
contracts, the profit of the manufacturer and the retailer is
improved compared to the decentralized model (πcoR > π ∗R and
vcoM > v∗M) and the compensation-based whole price mechanism
canmotivate the retailer to take part in the centralized decisions.

5. Production Decision and Coordination
Mechanism of CLSC of Endogenous CSR

.is section divides consumers into CSR-sensitive and or-
dinary types, constructs the CLSC model considering en-
dogenous CSR, and mainly examines the impact of the
proportion of CSR-sensitive consumers on CSR level, the
profits of CLSC members, and RS contracts. .e specific
parameter settings are shown in Table 1.

5.1. Analysis of Decentralized Decision Model. When CSR is
endogenous, there are CSR-sensitive consumers and
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ordinary consumers in the market, and the revenue function
of the manufacturer is

max
wc,wn, f,ym

πM � wc − cn( aρ 1 − pc + Kym( 

+ wn − cn( a(1 − ρ) 1 − pn( 

+ f(α + βr) − y
2
m.

(15)

.e revenue function of the retailer is

max
pc,pn,r

πR � pc − wc( aρ 1 − pc + Kym( 

+ pn − wn( a(1 − ρ) 1 − pn( 

+(Δ − f − r)(α + βr).

(16)

Proposition 5 can be obtained through the backward
induction solution.

Proposition 5. /e revenue functions of the manufacturer
and the retailer are nonconvex. /e optimal wholesale price
of CSR-type products that can be obtained is wc �

− (− acnρK2 + 4cn + 4)/(aρK2 − 8), the optimal retail price is
pc � − ((2cn − acnρK2 + 6)/(aρK2 − 8)), the optimal whole-
sale price of ordinary products is wn � ((1 + cn)/2), and the
optimal retail price is pn � ((3 + cn)/4). /e optimal recovery
price is r � − ((3α − βΔ)/4β), the optimal patent licensing fee
is f � ((α + βΔ)/2β), and the manufacturer’s optimal CSR
level is ym � − ((aKρ(1 − cn))/(aK2ρ − 8)). From pc > 0,
ym > 0, 0< cn < 1, we can obtain aρK2 < 8.

Conclusion 2

(1) As the cost of products increases, the retail price and
the wholesale price of ordinary products increase;
when aρK2 < 4, the wholesale price of CSR-sensitive
products increases. When 4< aρK2 < 8, the wholesale
price of CSR-sensitive products decreases. When

aρK2 < 2, the retail price of CSR-sensitive products
increases. When 2< aρK2 < 8, the retail price of CSR-
sensitive products decreases. Optimum patent li-
censing fee and recovery prices are not affected by the
cost of products, and the manufacturer’s CSR level
decreases as the cost of products increases.

(2) As the remanufacturing saving cost increases, the
recovery price and the recycling quantity of used
products both increase, the patent licensing fee in-
creases, and the profits of the manufacturer, the
retailer, and the supply chain all increase.

(3) With the increase in the proportion of CSR-sensitive
consumers, the wholesale and retail prices of CSR

Table 2: Decentralized decision results of CLSC.

Parameter
variation w p f πR vM

Δ � 0.3 θ � 0.2 0.7368 0.8684 0.4268 1.8216 3.47
Δ � 0.3 θ � 0.5 0.7143 0.8571 0.4043 2.1311 3.7519
Δ � 0.3 θ � 0.8 0.6875 0.8438 0.3775 2.5317 4.0868
Δ � 0.4 θ � 0.2 0.7368 0.8684 0.4768 1.8753 3.5775
Δ � 0.4 θ � 0.5 0.7143 0.8571 0.4543 2.1848 3.8594
Δ � 0.4 θ � 0.8 0.6875 0.8438 0.4275 2.5854 4.1942

Table 3: Coordinated decision results under revenue-sharing
contract.

Parameter variation wco rco fco πcoR vcoM

Δ � 0.3
θ � 0.2

λ1 � 0.2209 0.0982 0.11 0.4018 1.8216 5.4839
λ2 � 0.4503 0.2001 0.11 0.2999 3.8355 3.47

Δ � 0.4
θ � 0.5

λ1 � 0.1448 0.0483 0.16 0.4517 2.1848 6.7245
λ2 � 0.4027 0.1420 0.16 0.3658 5.0499 3.8594

Δ � 0.4
θ � 0.8

λ1 � 0.1157 0.0193 0.16 0.4807 2.5854 8.4073
λ2 � 0.3584 0.0597 0.16 0.4403 6.7984 4.1942

0.1 0.2 0.3 0.4 0.50
Cn

0.35

0.4

0.45
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p
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Figure 1: Optimal decision results when Cn changes.
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Figure 2: Optimal decision results when θ changes.

6 Complexity



products increase, the CSR level of the manufacturer
increases, and the profits of both the manufacturer
and the retailer increase.

(4) wn <wc, pn <pc, the wholesale and selling prices of
socially responsible products are higher than those of
ordinary products.

5.2. Analysis of CentralizedDecisionModel. In the centralized
decisionmodel, the revenue function of the entire supply chain is

π � aρ pc − cn(  1 − pc + Kym(  + a pn − cn( (1 − ρ) 1 − pn( 

+(Δ − r)(α + βr) − y
2
m.

(17)

Proposition 6. /e revenue function of the entire supply
chain under centralized decisions is nonconvex with respect to
pc, pn, and r. /e optimal solution of (p∗c , p∗n , r∗) is
(− ((2 − acρK2 + 2cn)/(aρK2 − 4)), (1 + cn)/2, (βΔ − α)/2β).

Proposition 7. /is compares the results of decentralized
and centralized decisions pn >p∗n , r∗ < r∗c . When aρK2 < 2,
pc >p∗c and when 2< aρK2 < 8, pc <p∗c .

Conclusion 3. In the centralized decision model, (1) with the
increase in remanufacturing cost savings, the maximum
revenue of the entire supply chain increases and the recovery
price of products increases. (2) With the increase in the
proportion of CSR-sensitive consumers, the sale price of
CSR products increases, and the overall revenue of the
supply chain increases.

5.3. CoordinationMechanism. RS contracts are still adopted
for coordination here. In RS contracts, the manufacturer

provides a wholesale price and requires a portion of the
revenue from the retailer..e revenue-sharing parameter set
in RS contracts is λ ∈ (0, 1), and the manufacturer receives
(1 − λ) times a portion of the revenue.

.e revenue function of the manufacturer is

πM � (1 − λ) pcaρ 1 − pc + Kym(  + pna(1 − ρ) 1 − pn( ( 

+ wc − cn( aρ 1 − pc + Kym( 

+ wn − cn( a(1 − ρ) 1 − pn(  + f(α + βr) − y
2
m.

(18)

.e retailer’s revenue function is

πR � λpc − wc( aρ 1 − pc + Kym( 

+ λpn − wn( a(1 − ρ) 1 − pn(  +(Δ − f − r)(α + βr).

(19)

Proposition 8. When the manufacturer offers the contract
wc � − 2λ(((2 + 2cn − acnρK2)/(aρK2 − 4)) + ((λ + Kλym)/
2λ)), wn � λcn, and f � ((α + βΔ)/2β), the CLSC can be
coordinated. See Appendix B.

5.4. Sensitivity Analysis. .e data are set as in Section 4.4,
a � 100, G(r) � 0.8 + 10r, Cn � 0.5, Δ � 0.3, and k � 0.2.
Sensitivity analysis is conducted on the key parameter ρ to
examine the proposedmodel’s performance in the following.
Figure 4 illustrates the effects of ρ on ym, and Figure 5 shows
the effects of ρ on the profits of the manufacturer and the
retailer under the decentralized and coordinated structures.
With the increase in the proportion of CSR-sensitive con-
sumers ρ, the CSR level of enterprises ym increases and the
profits of both the manufacturer and the retailer increase,
which are more than those in the decentralized structure.
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Figure 3: Profit comparison between decentralized and centralized
decisions when θ changes.
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.e result confirms those of Hosseini-Motlagh et al. [28],
who used the cost-sharing contract to coordinate the CLSC.

Comparing the wholesale price, patent licensing fee, and
profits in Propositions 1 and 5, we can obtain w∗ <wn <wc,
p∗ <pn <pc, and f∗ >f. .e price of any product in the
endogenous model is higher than that of the exogenous
model, which means that manufacturer’s CSR level has
effects on CSR-sensitive consumers and further affects
customers’ price sensitivity. But the patent license fee in the
endogenous model is lower, which is set by themanufacturer
to encourage the retailer to recycle and remanufacture.
However, the manufacturer and the retailer’s profits in the
exogenous model are not necessarily more than those in
endogenous model.

6. Conclusion

.is study investigates the CLSC production and coordi-
nation problem by setting endogenous and exogenous CSR
assumptions. CSR level can effectively improve the revenues
of the manufacturer and the retailer, and patent licensing fee
has an important regulatory effect on regulating the man-
ufacturer’s revenue and encouraging the retailer to re-
manufacture. CLSC considering CSR is more competitive
than the traditional pure profit maximization supply chain.
In practice, improving consumers’ social responsibility
consciousness and raising enterprises’ level of CSR can
achieve a win-win situation for revenues and social welfare.
RS contracts coordinate the CLSC of endogenous and ex-
ogenous CSR.

From the comparisons and discussions of the results
among the two models, we obtained some managerial in-
sights. .e manufacturer’s level of CSR affects the wholesale

price and patent licensing fee, and this result is significantly
different from the profit maximization of a pure supply
chain. Improving the social responsibility consciousness of
consumers and raising the CSR level can achieve a win-win
situation for revenues and social welfare; the manufacturer
and the retailer should therefore increase the proportion of
socially responsible consumers through the price mecha-
nism..e results of sensitivity analysis reveal that the supply
chain can be coordinated by using the compensation-based
wholesale price mechanism. .erefore, the mechanism not
only increases the profits of the CLSC and all members but
also increases CSR activities for environmental, social, and
economic development.

.is study has several limitations and future research
opportunities..is study adopts the linear demand. In terms
of random demand, there remains an issue of how to solve
the model. In addition, regarding the RS contract coordi-
nating the supply chain adopted herein, we can try to adopt
quantity discount contracts and bargaining models for
coordination.

Appendix

A. Proof of Proposition 3

Proof of Proposition 3. .e retailer’s revenue function:

πR � (λp − w)(a − ap) + w − cn + Δ( (α + βr)

− (f + r)(α + βr).
(A.1)

Take first derivation with respect to p and r, and get
pco � ((λ + w)/2λ) and rco � ((− α + β(w + Δ − f− cn))/2β).

Let the profits of the CLSC under the revenue-sharing
contract be the same as that under centralized decisions, and
it needs to satisfy ((λ + w)/2λ) � ((α − αθ + acn)/(2a − aθ)),
((− α + β(w + Δ − f − cn) − aθ)/2β) � ((βΔ − α)/2β)).

.e manufacturer’s optimum wholesale price and patent
licensing fee are

w
co

�
2cn − θ
(2 − θ)

λ,

f
co

�
2cn − θ
(2 − θ)

λ − cn.

(A.2)

At this point, the revenues of the manufacturer and the
retailer are

v
co
M �

a − cn( 
2
(θ + 2λ − 2)

2(2 − θ)2
,

πcoR �
4aλβ 1 − cn( 

2
+(2 − θ)2(α + βΔ)2

4β(2 − θ)2
.

(A.3)

.e condition of both parties receiving the contract is
vcoM > v∗M and obtain λ1 < λ< λ2:
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Figure 5: Profit comparison between decentralized and centralized
decisions when ρ changes.
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λ1 �
(2 − θ)2 16a 1 − cn( 

2
− 3(4 − θ)2(α + βΔ)2 

16aβ(4 − θ)2 − cn( 
2 ,

λ2 � −
a 1 − cn( 

2

2(θ − 2)
+
4aβ 1 − cn( 

2
+(4 − θ)(α + βΔ)2 − 3β2Δ2θ

8β(4 − θ)
 

(2 − θ)2

a 1 − cn( 
2.

(A.4)

□
B. Proof of Proposition 8

Proof of Proposition 8. .e retailer’ s revenue function is

πR � λpc − wc( aρ 1 − pc + Kym( 

+ λpn − wn( a(1 − ρ) 1 − pn(  +(Δ − f − r)(α + βr).

(B.1)

Take the first derivation respects to pc, pn, and r and
obtain pc � ((λ + wc + Kλym)/2λ), pn � ((λ + wn)/2λ), and
r � − ((α − βΔ)/2β).

Let the profits of the CLSC under the revenue-sharing
contract be the same as that under centralized decisions, and
it needs to satisfy ((λ + wc + Kλym)/2λ) � − ((2 + 2cn−

acρK2)/aρK2 − 4) and ((λ + wn)/2λ) � ((1 + cn)/2).
.e optimal wholesale price and the patent licensing fee

of the manufacturer are wc � − 2λ(((2+ 2cn − acnρK2)/
(aρK2 − 4)) + ((λ + Kλym)/2λ)), wn � λcn, and f � ((α+

βΔ)/2β).
.e total revenue under the coordinated decision should

be greater than the total revenue under the decentralized
decision, (πM + πR)co > (πM + πR)∗, and we can obtain
λ1 and λ2, satisfying λ1 < λ< λ2. □
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