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Abstract—According to an e-commerce closed-loop supply chain dominated by manufacturers, which is 
composed of manufacturers and e-commerce platforms, divided into three different recovery mode: 
manufacturers recycling mode alone, electric business platform recycling mode alone, and manufacturers and 
electric business platform mixed mode, using the game theory to solve, compares three closed-loop supply 
chains found: (1)When the recycling price sensitivity is high, the optimal strategy of the manufacturer is the 
manufacturers recycling mode alone; when the price sensitivity of recycling is low, the manufacturer’s best 
strategy is the independent recycling mode of the e-commerce platform. No matter how sensitive the recycling 
price is, the profits of the manufacturer under the mixed recycling mode are always lower than those under 
the other two recycling modes. (2) When the recycling price sensitivity is high, the optimal strategy of the 
electric business platform is the mixed recycling mode; when the price sensitivity of recycling is low, the 
optimal solution of the electric business platform is the independent recycling mode of the electric business 
platform. (3) When the recovery price sensitivity is low, the best strategy of both is the separate recycling 
mode of the electric business platform. 

1 Introduction 

In recent years, people's awareness of environmental 
protection has been increasing and sustainable 
development has been deeply implemented. Recycling 
waste products has received wide attention from society, 
and more and more enterprises have joined the pace of 
recycling waste products. Recycling waste products from 
customers and processing or remanufacturing them 
through e-commerce platforms can improve transaction 
efficiency, reduce recycling costs and optimize resource 
allocation. The e-commerce platform and the closed-loop 
supply chain system are combined to form the e-
commerce closed-loop supply chain(EC-CLSC). In this 
system, the e-commerce platform replaces the third-party 
recyclers and retailers, recycling the waste products and 
selling the secondary products. The platform directly 
transfers the recycled waste products to the manufacturer 
for decomposition, disassembly, assembly, and 
remanufacturing, and the secondary products are sold 
through the e-commerce platform. At present, there are 
many domestic recycling platforms, such as AHS 
DEVICE, Le recycling, Wo recycling. 

In real economic life, the ways of recycling waste 
products are complex and diverse. Therefore, this paper 
studies different recycling modes: manufacturer alone 
recycling mode, e-commerce platform alone recycling 
mode, and manufacturer and e-commerce platform mixed 
recycling mode, and discusses the pricing decision and 

performance of manufacturer and e-commerce platform 
under three different modes. 

The research on an e-commerce platform, EC-CLSC, 
and recycling mode in academic circles has achieved 
fruitful results. It can be elaborated mainly from the 
following aspects :(1) Research on an e-commerce 
platform. Gopalakrishnan et al. [1] defined the optimal 
waste flow by proposing a blockchain platform and 
optimization model to improve the profit of suppliers. 
Aspa et al. [2] studied business models such as C2B and 
B2B2C to allow customers to participate in the company's 
supply chain and business operations. Adrian et al. [3] 
investigated consumers' acceptance of three circular 
economy practices in East and Southeast Asia: using 
shared platforms, purchasing recycled goods, and buying 
secondary products. Dutta et al. [4] studied returns in the 
Indian e-commerce market by proposing a multi-objective 
logistics network model. (2) E-commerce supply chain 
decisions. From the perspective of capital constraint 
electric business platforms operation, Wang [5] studied the 
impact of different capital constraint lifting methods on e-
commerce supply chain pricing and service decisions. 
Xiao [6], on the other hand, focused on a supply chain 
composed of an e-commerce platform and multiple 
retailers and studied how e-commerce platforms use 
digital authorization to promote retailers' sales efforts. (3) 
Decision of EC-CLSC. Wang et al. [7] designed two 
experiments to empirically study the influence mechanism 
of green information on the willingness to participate in 
recycling websites. Wang et al. [8] studied the 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 257, 02019 (2021) https://doi.org/10.1051/e3sconf/202125702019
AESEE 2021



coordination mechanism of low-carbon e-commerce 
closed-loop supply chain, Gong et al. [9] researched the 
impact of deposit refund system on the optimal decision 
and performance of a single network platform and a single 
manufacturer in an EC-CLSC. Suvrat [10] studied the true 
environmental benefits of an online platform in a CLSC in 
the context of an Internet-driven C2C. Jia and Li [11] 
looked at the choice of platform distribution channel 
model and analyzed a CLSC consisting of an e-retailer's 
online marketplace (i.e., platform services) and self-
owned stores. Xiang and Xu [12] studied the CLSC 
dynamic involving Internet service platforms, mainly 
discussing how supply chain members choose the optimal 
cooperation model to achieve Pareto improvement. (4) 
Compare the recycling modes of different channels. 
Literature [13-17] is based on the manufacturer-led single-
channel recycling mode. Savaskan et al. [13-14] studied 
the selection of manufacturer's recycling channels under 
three recycling modes: direct recycling by the 
manufacturer, recycling by the manufacturer entrusted to 
the seller, and recycling by a third party. Huang et al. [15] 
studied the optimal strategy of CLSC with dual recycling 
channels composed of vendors and third parties. Liu et al. 
[16] established three dual recycling modes and concluded 
through analysis that the dual recycling mode of 
manufacturer and seller was the best. Esmaeili et al. [17] 
studied the recycling strategies of the two-level closed-
loop supply chain in the short and long term for 
manufacturer recycling and seller recycling. Hong et al. 
[18] established three models in the CLSC in which 
manufacturers, retailers, and third-party recyclers are 
respectively responsible for recycling, and studied the 
coordination strategy of the system. Zhang [19] considers 
the decision-making of supply chain members in 
decentralized and centralized situations and aims to 
integrate the return problems caused by the product 
quality and quality problems into the design of the dual-
channel coordination mechanism of the CLSC. 

The above studies are of electricity made outstanding 
contributions to the further development of the CLSC, but 
it is insufficient, mainly reflects in: most studies only 
consider EC-CLSC itself, not to other factors into the 
CLSC, did not consider other factors and electric business 
platform at the same time discusses the factors impact on 
the electricity business decisions and performance of 
CLSC. Therefore, this paper, based on the manufacturer as 
the leading, considers the different recycling modes of the 
EC-CLSC, including the manufacturer alone recycling, 
the e-commerce platform alone recycling, and the CLSC 
model of both recycling at the same time, and compares 
and analyzes different recycling modes, to obtain some 
useful conclusions. 

2 Model Building 

Suppose an EC-CLSC consists of a manufacturer and an 

e-commerce platform. The recycling methods of waste 
products can be divided into three categories: 
manufacturers directly recycle at the recycling price of 
𝑃௠

ெ  (M recycling mode), manufacturers entrust e-
commerce platforms to recycle at the recycling price of 
𝑃௘

ா  (E recycling mode), and manufacturers and e-
commerce platforms respectively recycle at the recycling 
price of 𝑃௠

ொ and 𝑃௘
ொ  and simultaneously recycle (ME 

mixed recycling mode), all of which are manufacturer-led. 
Recycled waste products through the above three channels 
are finally handed over to manufacturers for processing 
and remanufacturing, and remanufactured products are 
sold through e-commerce platforms. Manufacturers only 
remanufacture recycled products, not produce new ones. 

The main parameters of this paper are set as follows: 
𝑃௠: Unit recovery price of waste products recycled by 

the manufacturer; 
𝑃௘: Unit recycling price of waste products recycled on 

e-commerce platform; 
𝐶௥: Manufacturer's unit cost of remanufacturing using 

recycled products; 
𝑃: The unit selling price of remanufactured products; 
𝛽: Sensitivity of consumers to product recycling price; 
𝜌: Unit commission given by the manufacturer to the 

e-commerce platform for recovery; 
𝜋௠ and 𝜋௘: represent the profits of the manufacturer 

and the e-commerce platform respectively, and the 
superscript M, E, and ME represent the three recycling 
modes respectively. 

2.1 Manufacturer alone recovery mode 

When the manufacturer recycles the waste products 
separately (as shown in Figure 1), the manufacturer 
decides the recycling price of the waste products——𝑃௠

ெ. 
In this case, the function of recycling quantity is: 𝑞ெ ൌ
𝛼 ൅ 𝛽𝑃௠

ெ. 𝛼ሺ𝛼 ൒ 0ሻ represents the minimum amount of 
recycling in the market, generally refers to the number of 
waste products that consumers voluntarily hand in free of 
charge in environmental awareness, and 𝛽ሺ𝛽 ൐ 0ሻ 
represents the coefficient of the impact of recycling price 
on recycling quantity. In this mode, the manufacturer's 
profit function is 

𝜋௠
ெ ൌ ሺ𝑃 െ 𝐶௥ െ 𝑃௠

ெሻሺ𝛼 ൅ 𝛽𝑃௠
ெሻ         (1) 

Easy to know 𝜋௠
ெ is a concave function of 𝑃௠

ெ, which 
has a maximum. Get 

𝑃௠
ெ ൌ

ሺ௉ି஼ೝሻఉିఈ

ଶఉ
                                       (2) 

Substitute this expression into (1) to get 𝜋௠
ெ ൌ

ሾሺ௉ି஼ೝሻఉାఈሿమ

ସఉ
. 
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Fig 1. Manufacturer alone recovery mode1 

 

2.2 Separate recycling mode on e-commerce 
platform 

In the separate recycling mode of the e-commerce 
platform (as shown in Figure 2), the manufacturer entrusts 
the e-commerce platform to recycle the used products at 
the recycling price of 𝑃௘

ா, and the manufacturer gives the 
e-commerce platform a commission for each unit of 

recycled products, denoted by 𝜌ா. The recycled quantity 
of the e-commerce platform is  𝑞ா ൌ 𝛼 ൅ 𝛽𝑃௘

ா , and the 

operating cost of the e-commerce platform is 𝐶ா ൌ
௞ఘಶమ

ଶ
. 

In this recycling mode, the manufacturer decides the 
recycling price——𝑃௘

ா , and the e-commerce platform 
decides the commission 𝜌ா，according to 𝑃௘

ா. 

 
Fig 2. Individual recycling mode of e-commerce platform 

 
At this point, the profit function of the manufacturer 

and the e-commerce platform are respectively 
𝜋௠

ா ൌ ሺ𝑃 െ 𝐶௥ െ 𝜌ா െ 𝑃௘
ாሻሺ𝛼 ൅ 𝛽𝑃௘

ாሻ        (3) 

𝜋௘
ா ൌ 𝜌ாሺ𝛼 ൅ 𝛽𝑃௘

ாሻ െ
௞ఘಶమ

ଶ
          (4) 

According to the backward induction, the optimal 
decision is  

𝑃௘
ா ൌ

𝑘𝑃𝛽 െ 𝑘𝛽𝐶௥ െ 2𝛼𝛽 െ 𝑘𝛼
2𝛽ଶ ൅ 2𝑘𝛽

 

𝜌ா ൌ
𝑃𝛽 ൅ 𝛼 െ 𝛽𝐶௥

2𝛽 ൅ 2𝑘
 

𝜋௠
ா ൌ

𝑘ሺ𝛼 ൅ 𝑃𝛽 െ 𝛽𝐶௥ሻଶ

4𝛽ሺ𝛽 ൅ 𝑘ሻ
 

𝜋௘
ா ൌ

𝑘ሺ𝛼 ൅ 𝑃𝛽 െ 𝛽𝐶௥ሻଶ

8ሺ𝛽 ൅ 𝑘ሻଶ  

2.3 Mixed recycling mode of manufacturers and 
e-commerce platforms 

When the manufacturer and electric business platform 
recycle at the same time (as shown in figure 3) with 
recycling price respectively 𝑃௠

ொ  and 𝑃௘
ொ . Due to the 

competition between different recycling channels, the 
manufacturer’s recovery quantity function is:  𝑞௠

ொ ൌ
𝛽𝑃௠

ொ െ 𝑠𝑃௘
ொ , the one about the electric business 

platform is:  𝑞௘
ொ ൌ 𝛽𝑃௘

ொ െ 𝑠𝑃௠
ொ . 𝑠  represents to the 

influence degree of the recycling competition between 
parties, the greater 𝑠  said they’re own recycled by the 
greater the competitive impact of the electric business 
platform for recycling. Therefore, to make sense of this 
calculation, let's say, 𝛽 ൐ 𝑠 ൐ 0. 

Now, the manufacturer's profit function is as follows: 
 
𝜋௠

ொ ൌ ሺ𝑃 െ 𝐶௥ െ 𝑃௠
ொሻሺ𝛽𝑃௠

ொ െ 𝑠𝑃௘ሻ ൅ ሺ𝑃 െ 𝐶௥ െ 𝜌ொ െ
𝑃௘

ொሻሺ𝛽𝑃௘
ொ െ 𝑠𝑃௠

ொሻ (5)  

Profit function of e-commerce platform is: 

𝜋௘
ொ ൌ 𝜌ொሺ𝛽𝑃௘

ொ െ 𝑠𝑃௠
ொሻ െ

௞ఘಾಶమ

ଶ
       (6) 

The optimal decision is obtained by backward 
induction 

𝑃௠
ொ ൌ

𝑃 െ 𝐶௥

2
 

𝑃௘
ொ ൌ

𝑃 െ 𝐶௥

2
 

𝜌ொ ൌ
ሺ𝑃 െ 𝐶௥ሻሺ𝛽 െ 𝑠ሻ

2𝑘
 

𝜋௠
ொ ൌ

ሺ𝑃 െ 𝐶௥ሻଶሺ𝛽 െ 𝑠ሻሾ2𝑘 െ ሺ𝛽 െ 𝑠ሻሿ

4𝑘
 

𝜋௘
ொ ൌ

ሺ𝑃 െ 𝐶௥ሻଶሺ𝛽 െ 𝑠ሻଶ

8𝑘
 

 

Fig 3. Mixed recycling mode of manufacturer and e-commerce platform2 
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ொ 𝑃௘

ொ 
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3 Different Recycling Mode Comparative 
Analysis 

The following paragraphs will compare the recovery price 
and commission under the three recovery modes and 
discuss the advantages and disadvantages of the three 
modes. 

Conclusion 1. The recycling price in the mixed 
recycling mode of manufacturer and e-commerce platform 
is higher than that in the single recycling mode of the 
manufacturer and the single recycling mode of e-
commerce platform, i.e. 𝑃௠

ெ ൏ 𝑃௠
ொ, 𝑃௘

ா ൏ 𝑃௘
ொ. 

 
Proof: 𝑃௠

ெ ൌ
ሺ௉ି஼ೝሻఉିఈ

ଶఉ
ൌ

௉ି஼ೝ

ଶ
െ

ఈ

ଶఉ
൏

௉ି஼ೝ

ଶ
ൌ 𝑃௠

ொ , 𝑃௘
ா െ

𝑃௘
ொ ൌ െ

ఉሺ௉ି஼ೝሻሺଶఉା௞ሻାଶఈఉା௞ఈ

ଶఉሺఉା௞ሻ
൏ 0. 

Conclusion 2. In the latter two recovery modes, 
manufacturers give unit commission to the e-commerce 
platform, and the selection strategy of unit commission is 
as follows: 

(1) when 0 ൏ 𝛽 ൏
௦ାට௦మାସሾ௦௞ା௞ఈ

ሺ௉ି஼ೝሻൗ ሿ

ଶ
 , 𝜌ா ൐ 𝜌ொ . 

That is, the unit commission under E recovery mode is 
higher than that under ME mixed recovery mode. 

(2) when 𝛽 ൐
௦ାට௦మାସሾ௦௞ା௞ఈ

ሺ௉ି஼ೝሻൗ ሿ

ଶ
, 𝜌ா ൏ 𝜌ொ. That 

is, the unit commission under E recovery mode is lower 
than that under ME mixed recovery mode.   

Proof: 𝜌ா െ 𝜌ொ ൌ
ሺ௉ି஼ೝሻ൫ିఉమାఉ௦ା௦௞൯ା௞ఈ

ଶ௞ሺఉା௞ሻ
.  According 

to the calculation, when 0 ൏ 𝛽 ൏
௦ାට௦మାସሾ௦௞ା௞ఈ

ሺ௉ି஼ೝሻൗ ሿ

ଶ
 ,  𝜌ா ൐ 𝜌ொ ; when 𝛽 ൐

௦ାට௦మାସሾ௦௞ା௞ఈ
ሺ௉ି஼ೝሻൗ ሿ

ଶ
 , 𝜌ா ൏ 𝜌ொ . This indicates that, for 

the manufacturer, when 0 ൏ 𝛽 ൏
௦ାට௦మାସሾ௦௞ା௞ఈ

ሺ௉ି஼ೝሻൗ ሿ

ଶ
 , 

the unit commission was given by the manufacturer to the 
e-commerce platform is higher than the unit commission 
given by the manufacturer to the e-commerce platform in 
the separate recycling mode than in the mixed recycling 

mode; when 𝛽 ൐
௦ାට௦మାସሾ௦௞ା௞ఈ

ሺ௉ି஼ೝሻൗ ሿ

ଶ
 , the unit 

commission was given by the manufacturer to the e-
commerce platform in the separate recycling mode is 
lower than that in the mixed recycling mode. From the 
perspective of the e-commerce platform, it is the opposite. 

4 Numerical Analysis 

To further describe the above conclusions, this section 
carries out detailed verification through numerical 
analysis. 

Assuming 𝑃 ൌ 3 ,  𝐶௥ ൌ 1 , 𝛼 ൌ 0.4 , 𝑘 ൌ 0.8 , and 
𝑠 ൌ 0.3 is subsumed into the solution of recycling price, 
commission, and profit balance of manufacturers and e-
commerce platforms under different recycling modes. The 
accuracy of the conclusion can be vividly verified by using 

Excel to draw a graph and taking the sensitivity of 
recycling price——𝛽 as a variable. 

By substituting the value into the manufacturer's 

recovery price，we can get 𝑃௠
ெ ൌ

ఉି଴.ଶ

ఉ
  and 𝑃௠

ொ ൌ 1  

under the three recovery modes. Excel is used to draw the 
diagram as shown in Figure 4. It can be seen that the 
manufacturer's recovery price in the ME mixed recovery 
mode is always greater than that in the M recovery mode. 

 
Fig 4. Relationship between manufacturer's recycling 

price under different recycling modes 
 
At this time, the recycling price of the e-commerce 

platform is 𝑃௘
ா ൌ

଴.ସఉି଴.ଵ଺

ఉమା଴.଼ఉ
  and 𝑃௘

ொ ൌ 1 . Excel is used 

to draw the diagram as shown in Figure 5. It is easy to 
know that the recycling price of the e-commerce platform 
under the ME mixed recycling mode is always higher than 
that under the E recycling mode. The comparison between 
Fig. 4 and Fig. 5 shows that the recycling price in the ME 
mixed recycling mode is higher than that in the M 
recycling mode and the E recycling mode. In the ME 
mixed recycling mode, the recycling price of the 
manufacturer and the e-commerce platform is equal. This 
is because when manufacturers and e-commerce platforms 
collect at the same time, there is a competitive relationship 
that can keep prices at a level favorable to both sides. 

 
Fig 5. The relationship between recycling prices of e-

commerce platforms under different recycling modes 
 
Unit commission under E recovery mode and ME 

mixed recovery mode can be expressed as 𝜌ா ൌ
ఉା଴.ଶ

ఉା଴.଼
 

and 𝜌ொ ൌ
ఉି଴.ଷ

଴.଼
. The Excel diagram is shown in Figure 

6. At that time of 0 ൏ 𝛽 ൏ 1.2, the unit commission under 
E recovery mode is higher than the unit commission under 
ME mixed recovery mode. At that time of 𝛽 ൐ 1.2, the 
unit commission under the E recovery mode was much 
lower than the unit commission under the ME mixed 
recovery mode. 
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Fig 6. Relationship between unit commission size under 

different recovery modes 
 
Substitute the value into the manufacturer's profit to 

obtain 𝜋௠
ெ ൌ

ሺଶఉା଴.ସሻమ

ସఉ
, 𝜋௠

ா ൌ
଴.ଶሺ଴.ସାଶఉሻమ

ఉሺఉା଴.଼ሻ
  and 𝜋௠

ொ ൌ
ሺఉି଴.ଷሻሺଵ.ଽିఉሻ

଴.଼
. The Excel diagram is shown in Figure 7. The 

manufacturer's profit under the ME recovery mode is 
always lower than that under the M recovery mode and the 
E recovery mode. At that time of 0 ൏ 𝛽 ൏ 0.719 , the 
manufacturer's profit under E recovery mode is higher 
than that under M recovery mode; at the time of 𝛽 ൐
0.719, the manufacturer's profit under the recycling mode 
E is much lower than that under the recycling mode M. 
Therefore, for the manufacturer, when consumers are less 
sensitive to the recycling price, the manufacturer should 
choose E recycling mode, otherwise, the manufacturer 
should choose M recycling mode. 

 
Fig 7. Relationship between manufacturers' profits under 

different recovery modes 
 
At this point, the profit of the electric business 

platform can be expressed as 𝜋௘
ா ൌ

଴.ଵሺ଴.ସାଶఉሻమ

ሺఉା଴.଼ሻమ   and 

𝜋௘
ொ ൌ

ሺఉି଴.ଷሻమ

ଵ.଺
 . Excel is used to draw the diagram as 

shown in Figure 8. When 0 ൏ 𝛽 ൏ 0.702 , the profit of 
electric business platform under the E recycling mode is 
greater than that under the ME mixed recycling mode; 
when 𝛽 ൐ 0.702 , the profit of the electric business 
platform under the E recycling mode was far less than that 
under the ME mixed recycling mode. Therefore, for the e-
commerce platform, when customers are less sensitive to 
the recycling price, the e-commerce platform should 
choose the E recycling mode, otherwise, it should choose 
ME mixed recycling mode. 

 
Fig 8. Relationship between profit sizes of e-commerce 

platforms under different recycling modes 

5 Conclusion 

To improve the utilization efficiency of waste products, 
the government encourages manufacturers to recycle and 
remanufacture. At the same time, with the development of 
e-commerce platforms, it has become an inevitable trend 
to incorporate e-commerce platforms into CLSC. In this 
background, this paper aimed at a consisting of 
manufacturers and electric business platform, dominated 
by manufacturers of EC-CLSC, through the study of three 
different recovery mode: manufacturers recycling mode 
alone, electric business platform recycling mode alone, 
and manufacturers and mixed electric business platform 
model. We found that no matter how price-sensitive, 
manufacturers and electric business platforms for the 
mixed mode of two recycling prices are higher than the 
other two kinds of recycling mode of the recycling price. 
But manufacturer’s units pay commissions and both 
profits related to the recycling price sensitivity. At that 
time of 0 ൏ 𝛽 ൏ 1.2 , the unit commission under the 
single recycling mode of the electric business platform is 
higher than the unit commission under the mixed 
recycling mode of the manufacturer and electric business 
platform. At that time of 𝛽 ൐ 1.2 , the unit commission 
under the separate recycling mode of the e-commerce 
platform was much lower than the unit commission under 
the mixed recycling mode of manufacturer and e-
commerce platform. When 0 ൏ 𝛽 ൏ 0.719 , the 
manufacturer's profit under the independent recovery 
mode of the e-commerce platform is higher than that under 
the independent recovery mode of the manufacturer. When 
𝛽 ൐ 0.719 , the manufacturer's profit in the separate 
recovery mode of the electric business platform is far 
lower than that in the separate recovery mode. At the 
moment of 0 ൏ 𝛽 ൏ 0.702 , the electric business 
platform’s profit under the independent recycling mode is 
greater than that under the mixed recycling mode of the 
manufacturer and the electric business platform. At the 
moment of 𝛽 ൐ 0.702 , the electric business platform’s 
profit under the separate recycling mode of the e-
commerce platform was far less than that under the mixed 
recycling mode of the manufacturer and the electric 
business platform. For manufacturers and e-commerce 
platforms, the level of profit determines the choice of 
recycling mode. Therefore, the optimal choice for 
manufacturers and the electric business platform is the 
independent recycling mode of e-commerce platforms at 
that time of 0 ൏ 𝛽 ൏ 0.702; the two options differed at 
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the time of 𝛽 ൐ 0.702. Therefore, when 0 ൏ 𝛽 ൏ 0.702, 
to realize the effective recycling and reuse of waste 
products, the independent recycling mode of the electric 
business platform is the best choice of both. 

Based on the analysis of different recycling channels 
of EC-CLSC, this paper doesn’t discuss the advantages 
and disadvantages of different recycling channels under 
different power structures. In the next step, based on the 
research of this paper, it will be further expanded to 
analyze the enterprise decision-making problem of 
different ways of recycling channels under different power 
structures. 
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