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Abstract. To improve the efficiency of recycling strategies in closed-loop supply chain, the
closed-loop supply chain consisting of one manufacturer and one retailer and one third-party is
studied. The cooperative recycling model (R3P mode) is designed whereby the retailer collects
end-of-life products and the manufacturer cooperates with the third-party firm to handle used
products. The two-stage Stackelberg game model of R3P mode is developed under uncertain demand
and manufacturer leading. The optimal results are compared with the third-party firm collection
model (3P mode). Through the analysis, it is shown that the manufacturer prefers R3P mode when the
unit profit of recycling and reusing obsolete products is higher, and the R3P mode’s performance is
superior to the 3P mode when the third-party firm is a non-profit organization.

Introduction

In the new international situation of global positive response to climate warming, attention to the
international energy saving and emission reduction, development of low carbon economy and
circular economy, the closed loop supply chain has become a hot research in academic and enterprise.
The closed-loop supply chain includes forward and reverse logistics in supply chain [1-2], which can
effectively use the resources, alleviating the pressure of environmental pollution. As the world's
largest manufacturing country, the development of closed-loop supply chain in China has just started.
According to the Ministry of commerce data show that the waste products of only five categories,
which are China's color TV, refrigerator, washing machine, air conditioners and computers, has been
a breakthrough million in 2011.With the amount of waste products in China have provided a
abundance of material basis for the formation of the closed-loop supply chain, but the inefficient
recovery strategy causes it is difficult for more and more closed-loop supply chain enterprises to
obtain sufficient stable waste products, it is difficult to form a scale effect and the situation of loss is
in the majority. Therefore, correct selection of a suitable recovery strategy for increasing the
utilization rate of recycling of waste products, and promote the development of closed-loop supply
chain is essential

At present, most relevant research results of the closed-loop supply chain mainly concentrated in
the operation management, such as the closed-loop supply chain network design, production planning,
inventory control. While more and more scholars mainly use the game theory model analysis in the
recovery strategy of closed loop supply chain at present. In foreign countries, Savaskan [3] gave the
earliest application of non-cooperative game method to analyze the structural problems of bilateral
monopoly type recovery strategy of closed loop supply chain. Subramanian [4] analysis the effect of
EPR system on the closed-loop supply chain of recycling. Paksoy [5] studied the effects of different
modes of transport to the closed-loop supply chain recovery performance and environmental
performance. Chen and Chang [10] studied the optimal recovery strategy problem of closed-loop
supply chain in cooperation competition condition, obtained that the mode of cooperation OEM
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operators and third party recycling manufacturers competition mode is better than that of OEM and
the manufacturer collaborative remanufacturing. Zhou Yongsheng and Wang Shouyang [7] gave the
quantitative description of the government monitoring behavior, analysis and comparison of three
kinds of recycling mode. Wang Wenbin and Da Qingli [8] discussed the difference between effort and
product pricing which is based on the model of a closed-loop supply chain decision under the
situation of market subdivision established retailers recycling of waste products and that of the third
part. Xiao Fudong [9] studied the effect to closed-loop supply chain on three kinds of recycling
channel mode of risk aversion degree of different retailer.

From the existing research results, in the recovery strategy of closed loop supply chain, most
analysis the recovery strategy selection and its influence on the performance of closed-loop supply
chain, based on the three kinds of recovery strategy which are manufacturers is responsible for
recycling, the retailer is responsible for recycling and the third party is responsible for the recovery,
and the research consider other types of recovery strategy is relatively less,

So this paper firstly constructed the retailer and the third party collaborative remanufacturing
mode as the research which are object closed-loop supply chain in manufacturers, retailers and third
party components, then analysis the different between it and the non cooperative remanufacturing
mode, and explore the optimal coordinate recovery strategy question of the retailer and the third party,
to effectively improve recovery efficiency and the performance of the closed-loop supply chain.

Problem description

As we known, in the closed-loop supply chain composed of a single manufacturer and a single retailer
and single third party recyclers under the uncertain market demand, new products of manufacturers
can be completely made from the raw materials, or from part or all of the recycling of waste products,
and the quality of both products is no difference.

Based on three basic recovery, this paper design a retailers and the third party coordinate
recovery strategy strategies (R3P model) which is shown in Figure 1: the retailer is responsible for
recycling waste products, and give the recovery of products to third party, then the third party is
responsible for the remanufacturing of waste products, its products are given to manufacturers to
process products. In order to analysis the performance of the R3P model, this paper compared and
analyzed the different between the R3P model and the 3P mode that the third party is responsible for
recycling and remanufacturing. Assume that the unit cost of the manufacturer is C, the wholesale
price of products is W, the market sales price is P, then the market demand function isD(p)=a—-bp |
where a>0, b>0, a is the largest size of the market, B is price sensitive coefficient.

In order to simplify the calculation, the paper only gives static analysis on the use of recycled
products, namely the recycling amount D(p)¢, which € (0<6<1) for recycling rate. According to
Savaskan, the recovery investment cost | can be set tol =c,6°, in which ¢, >0 is investment cost
coefficient. It assumes that the unit gains of the remanufacturing of used products of manufacturer or
third party are the same, namely G. In the 3P and R3P mode, the manufacturer needs to signed a
cooperation agreement with third parties, in which will pay the recovery fixed investment cost to the
third parties. the hypothesis is¢=F&, in which F is the largest transfer payment of manufacturer
when the waste products recycling utilization rate reached 1.

Analysis of Recovery Strategies

Analysis of the 3P mode .In the closed-loop supply chain under the mode of 3P, the manufacturer is
in a dominant position, in which according to their own cost, manufacturers determine the products
wholesale price W and the maximum compensation expenses for third party F, and then the retailer
who accept the manufacturer's wholesale price will determine the market selling price P, third party

decided the recycling rate ¢ according to the manufacturer's compensation. So the profit of
manufacturers, retailers and the third party respectively:
Iy = (a—bp)(w—c)+gé(a—bp)-Fo (1)
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7 = (a-bp)(p-w) (2)
I3 = FO—c,6° (3)
The 3P decision problem model can be used to establish the two stage manufacturer dominated

game model. According to backward induction method of the Stackelberg game theory, firstly to seek

oIy a+bw
X . In the

the the first order conditions for P to (2) and pr =-2b<0, we can conclude that ps = %

2173P

same way as a@ggp =-2c, <0,with seeking the the first order conditions for #to (3), we can conclude

. F
that & =-—

= Then we fed ps; and &, into (1):

rvvixnﬁ,f’ =%(Wa—bwz—ca+cbw)+%(Fga—ngw—2F2) 4)
R

Because0< 4, <1, so 16c, > g’b+g(a—bc). At the same time, 0<6,, <1, thenléc, > g*b+g(a—bc).
-b —gb

4CR b gaZ

= 0

T >0, It means

While a-bc>0, so 16c, >g°b. Then the Hessian matrix of (4) is: b -
r—
that T3} is a concave function on the W and F, which there is a maximum. From the first order
conditions of (1)-(3), we can get the optimal wholesale price, the optimal compensation expenses, the
optimal recycling rate respectively:

W _ 8cza—g’ba+8cybc

5

® 16c, —g°b ()
« 2c,g(a—hc)

F,=—R 2

* 16c, —g%b (6)
« _ g(a-hc)

3P 16cR _ gZb (7)

So the manufacturers, retailers and third party optimal profit in the closed-loop supply chain
2c, (a—bc)? o — 16¢Z(a—bc)’ oF = c.9°(a—bc)?

- - H*3P _
respectively is: T b(6c, —gb)’ "  bbe,—gb)’ (160, —gby

Analysis of the R3P model. In this model, the manufacturer is also in a dominant position as in
the mode of 3P. Firstly, we give the wholesale price of W and compensation expenses of F, then the
retailer decides the selling price of P products and recycling of waste product rate, the third party will
decide whether to accept the recycling protocol cooperation, and assumed the retailers only recovery
the waste products which can be reused, namely t=6. When the waste products are delivered to the
third party, retailers can obtain income units for R, and the third party received unit income is g-r
from the use of waste products. In R3P mode, the manufacturers, the retailers and the third party
profit respectively:

M5 = (a—bp)(w—c)-F@ (8)
I;* = (a—bp)(p—w) +0r(a—bp) - c,6” ©)
5" = FO+6(g—r)(a—bp) (20)

The R3P decision problem model can be used to establish the two stage manufacturer dominated
game model. Because 0< 6, <1, SO 4c, >r(a—bw)+r’b; and froma-bw>0, we get 4c, >r’b. Then

. . . |=2b —rb . ]
the Hessian matrix of (9) is: {_rb e }=40Rb—r2b2 >0, It means that IT;>" is a concave function on
R
the p and ©O©. From the first order conditions of (9), we can get:
. _2cpa—abr’+2cbw . r(a-bw)
Prae = b(4c, —r?b) ' " (4c, —r’b)

Proposition 1: When F >—(g-r)(a—bpg,,), the third party willing to accept the cooperation of the
R3P mode.
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Proof: By type (10), when TI" >0, the third party will accept recycling cooperation, i.e.
F>—(g-r)(@-bpg).

Proposition 1 can explain the contract condition of the manufacturer and the third party
cooperation under R3P mode. When =9, —(g-r)(a—bpg) >0. It means that If the units income of
the retailer recycling of waste products higher than that of recycling and remanufacturing,
manufacturers need to compensate the third party to stimulate the third party willing to engage in
remanufacturing. When " <9, —(g-r)(@a—bpg,,) <0. It means that even if the manufacturer does not
give third party compensation, the third party manufacturing production can reap the rewards in the
recovery, and is willing to recycling coordination of R3P mode in closed loop supply chain. In
proposition 1,we let F=F +& in which F =—(g-r)(@a—bpg),&>0. We fed pye and 6 in (8), and
get:

a—bw)(2c,w—2c.c—Fr

e )(4C:_r2b €~ Fr) a1

And because I3 (F) > II" (F), so when F =—(g-r)(@a-bpg,), The F value reaches the minimum,
the profit of the manufacturer reaches the maximum value.

277R3P

When fed F =—(g-r)(a-bpg,,) into (11), we get d dz[v“; <0, From the first order conditions of

(8)-(10), we can get the optimal wholesale price, the optimal compensation expenses, the optimal
recycling rate respectively:
. A4cbc—Db’c —2arbg +r’ba+4c.a

Wase = b(8c, - 2rgb) (12)
» _C(r—g)(a-bc)

Fose = T -rgh (13)
« _ r(a-bc)

Orse = 8c, —2rgh (14)

So the optimal profit of manufacturers, retailers and third party in the closed-loop supply chain in
Cq (a - bc)z TTReP = Cr (4CR — rzb)(a_ bc)z RSP _

- .. H*RSP —
the R3P model respectively is: I1y 2b(dc, —rgh) " ¥ ab(ac, —rgo)’

Comparative analysis. Proposition 2: when16c,r —8c,g+rg’ >0, 6zsp > 65 .
Proof: from (14) and (7), we get 6 > 6;,, then 16c,r—8c,g+rg’h >0,
Proposition 3: when4r > g 17" > T1,5°

cq (@a—bc)?

i i H *3P
2b(4c, —rgh) in the model of R3P. let it compare with IT,", we can get

Proof: we can get T =

4r>g .

According to proposition 2 and 3, when 4r > g | it is better to implement R3P model than 3P model
for manufacturer, and at the same time, the recovery utilization rate of R3P mode in closed loop
supply chain is better than that of 3P model.

Inference: if r=g, the optimal profit and recovery utilization rate of the R3P model of
manufacturers, in the closed-loop supply chain is better than that of 3P model.

Proof: if r=g, then 4r > g . According to proposition 2 and 3, we get 6ys, > 6, , 11,5 > 1,7 . While if
™% >, then 112c,-r’b>0 . Because when r=g, 0<6,, <1 and 0<6,, <1, we could get
4c,, > r’b ,which can meet the condition of 112c, —r’b >0, s0 T > 1% .

By infer, if the third party as a non-profit organization, uses the R3P model in the closed-loop
supply chain, then the closed-loop supply chain performance, manufacturer optimal profits and
recycling rate is superior to that of the 3P model, which is consistent with the conclusion of the
empirical study of Kumar[10], so the government should encourage and support more third party
nonprofit organizations to participate in closed loop supply chain operation, so as to improve the
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performance of the closed-loop supply chain and enhance the level of energy-saving emission
reduction of closed-loop supply chain.

Conclusion

This paper studies the recovery strategy of closed-loop supply chain. In the closed-loop supply chain
composing by manufacturers, retailers and third party, designed a recycling cooperative mode in
which the retailer is responsible for recycling of waste products, the third party is responsible for
recycling and reuse of waste products (R3P model), compared it with the 3P mode in witch the third
party is responsible for recycling, then respectively, established two order Stackelberg game model to
calculate the optimal decision in closed-loop supply chain of two kinds of mode, through comparative
analysis we found that, manufacturers and more inclined to R3P mode, and when the third party as a
nonprofit organization, the R3P model is better than 3P model, so the government should encourage
and support more third party nonprofit organizations to participate in closed loop supply chain
operation, so as to improve the performance of the closed-loop supply chain and enhance the level of
energy-saving emission reduction of closed-loop supply chain. The recovery strategy research of the
closed loop supply chain in this paper is only consider linear uncertain demand, further in the
multi-stage closed-loop supply chain, competition environment and other uncertain research aspects
and so on can be researched.
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