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Abstract—Under the government subsidy and carbon tax
mechanism, a game-pricing model of government and closed-
loop supply chain members is established for closed-loop
supply chain system consisting of manufacturers, retailers and
third parties. The optimal subsidy intensity and carbon tax
rate are obtained by the maximum social welfare. Then, the
impact of the proportion of waste materials on the subsidy
intensity and carbon tax rate, recycling strategy of waste
products and the profit of remanufacturing closed-loop supply
chain members is analyzed by numerical simulation. The study
shows that the government adopts a low subsidy and low
carbon tax strategy for the raw materials, and adopts a higher
subsidy and a higher carbon tax policy for the discarded goods
in the component level, and adopts a high subsidy and high
carbon tax strategy for the product scrap. Therefore, the
recycling prices of waste products, recovery efforts with the
decline in the quality of waste products are increased. Product
wholesale prices and retail prices are rising with the rise in
product quality.

Keywords-component; closed-loop supply chain; stackelberg
game; prive strategy; subsidy mechanism; carbon tax mechanism

l. INTRODUCTION

In recent years, with the rapid development of science
and technology, the upgrading of electronic products is
becoming more and more frequent. The economic value and
environmental protection of recycling and recycling of waste
products have been widely recognized. In 2012, China
implemented the "Waste Electrical and Electronic Products
Processing Fund Collection and Subsidy Management
Approach”, provides for regular waste electrical recycling
enterprises to give each 35 to 85 RMB subsidy. However,
due to the remanufacturing technology of China's electronics
industry is not very mature and the very original means of
treatment liquid directly into the surrounding environment,
has caused serious ecological consequences. Therefore, in
addition to subsidies for the electronic product
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remanufacturing process, the government should impose a
carbon tax to control its carbon emissions. Based on this,
how to coordinate the subsidy and the carbon tax mechanism
to achieve both incentives to remanufacture and reduce the
remanufacturing process of carbon emissions purposes, and
the pricing decisions based on subsidies and how to make
carbon tax mechanism will be the focus of this study.

At present, many scholars have studied the pricing
strategy of waste materials recycling, the literature studied
the recovery of waste products under the uncertain quality of
the optimal pricing strategy and recovery [1,2,3]. The
literature based on new products and remanufactured
products non-discriminatory pricing, demand and the amount
of recovery under the uncertainty of the pricing strategy
[4,5,6]. The game model of waste product recycling price is
established, and the influence of system parameters on the
pricing decision of closed-loop supply chain members is
analyzed [7,8]. In relation to the CLSC pricing strategy study
involving government participation, Scott Webster and
Supriya Mitra studied the impact of government subsidies on
remanufacturing activities [9,10]. The literature analyzes the
impact of government subsidies and environmental laws on
the pricing of CLSC members [11,12,13,14]. Rui Zhao used
the game theory to consider the environmental risk and the
manufacturer's decision under carbon emission [15]. JB.
Sheu analyzed the impact of government financial subsidies
on the coordination and cooperation of reverse supply chain
members and green supply chain competition [16,17].

In summary, this paper takes the electronic remanu-
facturing enterprises as the research background, based on
the policy of combining government subsidy with carbon tax,
considering the different forms of reuse of waste products,
establishing a two-stage game model between government
and CLSC members, how the government sets up a subsidy
and carbon tax mechanism, and remanufacturing pricing
strategies for members of the CLSC under the mechanism.

Copyright © 2017, the Authors. Published by Atlantis Press.
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Il.  THE MODEL DESCRIPTION AND BASIC ASSUMPTIONS

A. Description of the Problem

Assuming that the government has a subsidy and carbon
tax mechanism to remanufacture CLSC members, the
manufacturer is responsible for the entire production process
of raw materials, parts and components and final products.
The waste products are reclaimed by third parties, tested and
classified, and recycled products are reused characteristics of
dismantling into three level. The remanufactured CLSC
structure thus constructed is shown in Fig.1.

manufacturer
Raw material Component Product .
W Ly P —» Ut L 5 Retailer Customer
level level level
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Figure 1. Remanufacturing the CLSC structure.

B. The Symbolic Agreement

¢ . Reuse of waste materials at different levels, product
layer. c, : Unit level ¢ of the waste product remanufacturing
unit costs of which¢ >¢, >c,- A, The marginal cost of
remanufacturing of waste products at the unit level ¢ ,
and A <A, <A, - l, Unit level of waste products

accounted for the proportion of waste products, of
which L+l +1,=1.p,: Respectively, for new products,

remanufactured products, second-hand products, the unit
retail price. , Respectively, for new products,

remanufactured products, second-hand products, the
wholesale price of the unit. r, The manufacturers buy back

the purchase price of the scrap at the unit level from the third
party. To simplify the model, supposer, = hr,,r; =k, that is
constant. D,=a,-b,p, The demand function of new

product, remanufactured product and used product
respectively, where a,b, is a constant greater than 0, which

a, indicates the market potential demand of the
corresponding product, and b, indicates the sensitivity

coefficient of the consumer to the selling price of the
corresponding product. ¢ : The price of waste recycling unit,

for third-party decision-making variables. € : Third-party
recovery efforts. S, Government subsidies for the unit
level ¢ to give third-party efforts. Likewise, to simplify the
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model, it is assumed s, =15;,55 =755, that x,7 IS constant.
E,q: The carbon emissions of waste products ¢ in the

process of remanufacturing ¢ , $=12 including the
dismantling process and the remanufacturing process. t: The
carbon tax rate, that is, the carbon tax per unit of carbon
emissions. The carbon emissions E;, from the consumer to

the third party E; , from the third party to the
manufacturer E;; , and from the manufacturer to the
retailer E;3 . R=oa+ ff + 1e : Recycling amount of waste
products, which ¢, 8, A is a constant greater than 0, which &
indicates that when the recovery of prices and efforts to zero
the amount of waste supply, indicating that some consumers

are willing to return the amount of waste free of charge,
p, A reflecting the consumer awareness of environmental

protection. Further, this article is used 7;to represent the

profits of CLSC’s member i which is M,R,3P , and,
respectively, said manufacturers, retailers, third parties.

C. The Basic Model

Hypothesis 1: The manufacturer uses the raw material
waste to remanufacture as the new product. Correspondingly,
the spare parts of the parts layer are remanufactured as
remanufacturing, and the product layer of the used product is
remanufactured as second-hand product. These three kinds
of products demand mutual independent and non-consumer
transfer.

Hypothesis 2: The market is fully opened, the CLSC
members are made in the case of information symmetry
decision-making. The market demand for the product is
relatively stable, the situation is similar to each cycle. So this
paper only study single cycle.

I1l.  MODEL ESTABLISHMENT AND SOLUTION

Based on the game between government and enterprise in
remanufacturing CLSC, a two-stage model is established. (1)
Through the social welfare maximization [16,17], we get the
best government subsidies and carbon tax rate.(2) Given

s; and t*, remanufacturing CLSC members to formulate

optimal pricing strategies. In this paper, the reverse induction
method is used to solve the model, that is, to solve the
optimal solution of the second stage, and then find the
equilibrium solution of the government in the first stage.

A. Remanufacturing CLSC Members Optimal Pricing
Decision

Given the government subsidy s, and the carbon tax rate,
the manufacturer determines the wholesale price o, and

repurchase price r, for the Stackelberg leader, the retailer

sets the optimal retail price P, for the given wholesale price,

and the third party recycler decides The optimal recovery
price f and recovery effortse. The solution can be seen as a

406



£

ATLANTIS

PRESS

simultaneous action game. According to the background of
the model, we get the profit function:

3

3 3
Tw = Z (a)w _CW - szt_ Et3t)3w +(Z:1Aw|‘7’]R _leer(/] (1)
P=. =

p=1

”R:Z(pw_a)«))Dca )

3 1 3 2
Tap = Z(Iwr¢ + |¢S¢)R - R 7§C3Pe2 B {Z (Em|¢)+ Z Ewﬁ}Rt @)
p=1

o=1

According to the reverse derivation method, the optimal
retail price of the retailer p;‘,, the optimal recovery price of
the third party f*and the optimal recovery effort e are
determined first. For the given w, as second derivative

?32”; = 2b, <0’ 7rg s strictly convex function(2) on p,, .
P,

There is the optimal solution of function(2).The optimal
response function on

., . &+a7¢ (4)

For the given w, and 7, the second derivatives of (3) on

2
- aafgp =25 <0 _—
fis and the second derivatives of (3) on
2
. @aﬁgp =—C4p <0 ... .
eis oe . 7r4,is joint concave function on f

and e. There is the optimal solution of (3). The optimal
response function on @, and 7, is:

{ZSZ(% + st¢,)—[§3: E,ql, +22: E‘Jt}(capﬁ—lz)—cwa
£ -1 o1 41

; 5)
23 8- Vi
z[i(m +1,8,)8+a- [Zaj E.ql, +§2: ijtﬁ}
oL o1 =l (6)

e= 3
anpﬂ_ﬁ

And then determine the manufacturer's optimal wholesale
price w,, , the optimal repurchase price ;. Substituting (4) ~

(6) into (1), since r, = hry, r; =kr; , therefore, only the
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second derivative 7z, on @, and I, is required. We get

second derivative function @’z _ 2¢,,/5”(l, +hl, +kl,) and

or? A2-2¢,.8
o7, _ 4 _ o-Obviously, when 22 —2c,,5<0, 7, isthe
dw? *
[3
joint concave function on @,, and I, . There is the optimal
solution of (1) which can be obtained by the manufacturer's

optimal wholesale price a)w and the optimal repurchase

price. r;: ooy EptBa, )
Y2 2b 2
w;:&+i+@tiw;:&+&+@t (8) (9)
2 2b, 2 2 2h, 2

[[z Eql, +ZE‘¢}+ZI¢A¢ —(1, +4, +77I3)sl},8—a 10)

o=1 #=1 p=1

2(1, +hl, +kl,)

Ki E.ql, +i|§,¢}+imw —(1,+v, +77I3)sl}ﬂ—a

o=l #=1

(11)

24(1, +hl, +Kl,)

|:[; Ew1|¢ + ; Ew} + ; Iquo - (|1 +u, + I7|3)Sli|ﬂ_a (12)

Pk
i 24(1, +hl, +kl,)

Substituting (7) ~ (9) into (4), the optimal retail price of
retailer is(13)~(15) below:
G, % BBy 0 G 38 Bty
p1—4+4b1+ L 4+4b2+ " t
Substituting (13) ~ (15) into the demand function, the
formulas (16) ~ (17) are substituted into the reclaim function.

G, B EtEy
4 4, 4

|:51(|1 'H'{z +77|3)+ilwAw _[iEmla +ZE,&]‘:lﬁ(capﬂ_f)_a(BCwﬂ_f) (16)

fr=
Zﬁ(ZCSPﬂ—ﬂ,Z)

Z{{ZS:IWA(/, +(1, +vA, +77l,)s, —(Zs: El, + Zzl ijt}/ﬂa}
] g1

. =1 (17)
e =
22¢,,5-7)
oy =& b6 BBy +E), (18)
4 4 4
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D: _3% be, b, (E,, + Ets)t (19)
24 4 4
p: = B BBy +E), (20)
4 4 4

ﬁKZI A, +(1,+4, + 7, sl]ﬂ+a [ZEwll +ZE[¢,} } 1)

R= 220, 7)

From (7) ~ (21), the expected profits of the manufacturer,
the retailer and the third party are:

7[; — i [bfpcz/? ~ a«z + (quz + EtS (pt]z (22)

=1 ()

2 [b,c,~a,+(E, + Em)ba,t]z .

”&:H 8o,
HZ) Ay +(L+vl, +1ly) j [ZEmﬂngjtﬂ*“T (23)
(27
csp{gmﬁ (I +v1, + 77, sl} [ZE@' +ZE(¢]W+“}2 (24)

*_
T3p =

82c,, p- 1)

The wholesale price, retail price and demand for new
products, remanufactured products and second-hand
products are determined by the government's carbon tax for
the remanufacturing and transportation process and the
manufacturers’ own remanufacturing costs. Government
subsidies have nothing to do. As these three types of
products are made of raw materials, components, product
layer of waste products remanufactured, so remanufacturing
costs and processes, respectively, with the quality of
discarded products decreased the quality of the declining
trend. These three types of products wholesale prices and
retail prices were gradually decreased. For consumers, the
psychological expectations of these three types of products
prices also showed a downward trend, therefore, this pricing
method is more realistic. However, with the carbon tax rate
increases, the three types of products, wholesale prices and

retail prices will increase, demand will decline. Based on this,

the government develops carbon tax mechanism, the
products should be considered different carbon emissions
and tax rate, guiding and controlling the use of recycled
waste materials at all levels to carry out the remanufacturing.
For enterprises, should be in the existing based on the
process adjustment, equipment improvement, technology
upgrading, thus reducing the three types of products, the
energy consumption of the unit remanufacturing process,
thereby reducing its carbon emissions.

B. The Optimal Government Subsidies and Carbon Tax
Policy

Suppose the objective function SW mainly includes five
elements: (1) consumer surplus; (2) producer (including
manufacturers, retailers and third parties; (3) government
revenue and expenditure; (4) environmental benefits from
resource recycling; (5) environmental costs due to product
production. Then the objective function can be expressed as:

3
SW =CS+PS+El+EB-EC = Z%

1

4=

3 . 2 3 3 . 3 .
2 MR +{{ZZE¢9+ZEWJ_ZI¢S¢R }—ZKM
#=1 #=1 $=1

9-1 ¢= o1

2 s s s
b,D; +(7zM + 75 +7r3p)+

(25)

[N

The environmental benefit output per unit processed
product J,, obtained from the third-party processing grade ¢

waste product. K, indicates the environmental treatment

cost per unit product produced by the manufacturer using the
grade ¢ discarded product.

To simplify the model, we assume that s, =15,,s; =75,
for the given D) R Ty T s Mg ,according to Hessian matrix
about sw on s; and t.There is the optimal solution of it.

The optimal equilibrium solution s, and t” substitution
into the first stage can determine the optimal decision
o, p, €, frand the optimal profit 7\, , z; , z;, of the

remanufacturing CLSC members. Due to the length of the
relationship, here is no longer open statement.

i(E + E‘s)(aﬂ,b«f —bjc, — 4K b, +6a, —6b¢c¢,)—
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(2cp8-47)
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3
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IV.  NUMERICAL ANALYSIS

Section 2 solves the optimal decision of remanufacturing
CLSC members under subsidy and carbon taxation
mechanism by establishing a two-stage programming model
of government and remanufacturing CLSC members. In
view of the complexity of partial solution, the paper analyzes
the impact of the proportion of waste products at different
levels on government subsidy and carbon tax mechanism,
third party reclamation strategy and recycling volume, CLSC
member profit based on the conclusions drawn in Section 2,
using numerical analysis. An electronic enterprise related
parameters are as follows: ¢, =100, ¢, =80 , c3 = 60 ,

Ay=20 , Ay=40 , A =60 , a, =3000 , b, =10 ,
a, = 4000 , by=20 ,a, =3000 , b;=25, a=2, B=5,
A=10, cp=25, E; =8, Ep=5, Eg=3, Eg=2,

Et2 =1, EI3 =3, ElZ =6, E22 =4 ’ E32:2 ’ J1:100 ’
‘]2:150’ J3:200 ) K1=100| KZ =80, K3 :601 |1:0-2 )
I,=05, l;=0.3, h=5, k=8, v=06,7=0.4. First of all, the

proportion of waste at all levels of government subsidies and
the impact of carbon tax mechanism, so the above data into
(26) ~ (27) available:

XE] Uoqred

06 ; o A
047 — 08
- o=
. o —
The proportion of components 02 \‘\_,.—/ 02

The proportion of raw
of waste products 0 o

materials of waste product

Figure 2. The trend of carbon tax rate with the proportion of each layer of
waste products

As can be seen from Fig.2, with the proportion of raw
materials, waste parts, parts of the increase in the proportion
of waste products, carbon tax rates are reduced. We get
t"=15.26 when (l,,1,)=(1,0) . Third-party recycling of
waste products in the form of raw materials to remanufacture,
the optimal carbon tax rate is 15.26. We get t* =15.36 when
(1,1,)=(0,1). At that time, third-party recycling of all the
waste products in the form of remanufacturing parts, the
optimal carbon Tax rate of 15.36. We get t* =15.40 when
(1,,1,)=(0,0).When the recycling of third-party recycling of
all products in the form of remanufacturing, the optimal
carbon tax rate of 15.40. This is because the product layer of
waste products in the whole process of remanufacturing
carbon emissions is low, lower requirements for
remanufacturing technology, enterprises to obtain higher
profits, so the third party is more willing to recover the
product layer of waste products. The government developed
a higher carbon tax rate. For the raw material layer of waste

Advances in Engineering Research, volume 94

materials remanufacturing process of high carbon emissions,
the government to develop a lower carbon tax rate to guide
enterprises to effectively remanufacture.

3000, [ raw material layer
R ports layer
2000 .| : B product layer

Jo saipisqng

.o B

1anposd spsem

o, .
N o o 08
2 _ 027N el
The proportion of components “\_ﬂf—"’(l;_,

0.4
of waste products S The proportion of raw materials

of waste product

Figure 3. The intensity of the subsidy of waste materials with the
proportion of each layer of waste products trends

Can be seen from Fig.3, with the proportion of raw
materials, waste materials, parts of the proportion of waste
products increased, the intensity of subsidies for all levels of
waste products are reduced. We get s’ =305.96 when
(1,,1,)=(10) At that time, third-party recycling of waste
products in the form of raw materials to remanufacturing,
raw material layer of the optimal subsidy of 305.96.We get
s; =620.64 When (1,1,)=(0,1). At this time the third-party
recycling of all the waste products in the form of
remanufacturing parts, and the subsidy intensity is 620.64.
We get s; =921 when (1,,1,)=(0,0).At that time, the third-

party recycling of all the waste products in the form of
product remanufacturing, product layer optimal subsidy is
921. This is because the government for the raw material
layer of waste products levied a lower carbon tax, product
level waste products for higher carbon tax, so in order to
effectively guide enterprises to use various levels of waste
recycling and remanufacturing. The government developed a
lower raw material level waste subsidy efforts, a higher
product layer of waste products to subsidize efforts.

TABLE I. THE OPTIMAL SUBSIDY INTENSITY AND OPTIMAL CARBON

TAX RATE FOR WASTE MATERIALS IN EACH LAYER

raw materials raw materials
Layer of waste layer layer product layer
Tax rate 305.96 620.64 921
Carbon tax 15.26 15.36 15.40

In summary, the table 1, due to the cost of re-
manufacturing process of waste materials and carbon
emissions at different levels, so the government for the raw
material layer of waste products to take low subsidies, low
carbon tax strategy for the parts of the waste high subsidies,
a higher carbon tax strategy, the product layer of waste
products to take high subsidies, high carbon tax strategy.
This led the remanufacturing enterprises to actively recycle
used products, and invested heavily in dismantling
processing equipment and remanufacturing technology to
reduce carbon emissions from the recycling and
remanufacturing processes.
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Then, we study the influence of the proportion of used
products at different levels on the third-party pricing decision
and CLSC profit. Therefore, the relevant parameters of the
electronic enterprise can be brought into (14) ~ (15) and (21)
~ (24). The following results were obtained.

" The proportion of waste products of
raw material layer

The proportion of waste
products of pans layer

Figure 4. Scrap recycling prices and recovery efforts with the level of the
proportion of waste materials trends

syanpoad asem

92 The proportion of waste products of
raw material layer

The proportion of waste products o -_0_
of parts layer

Figure 5. Recycling of waste products with the proportion of the level of
waste materials trends

1 manufacture
R hicd-party

The propartion of waste products --_05 o
of parts layer

The proportion of waste products of
raw material layer

Figure 6. Manufacturers and third-party profits with the proportion of the
trend of waste

It can be seen from Fig.4 and Fig.5, with the proportion
of raw materials, waste parts, parts of the increase in the
proportion of discarded products, recycling prices of waste
products, recovery efforts have increased, so the recovery of
waste materials with the raw material layer waste the
proportion of parts, parts of the proportion of waste products
increased. This is because when the waste materials into raw
materials in the form of remanufacturing link, the whole
remanufacturing process of carbon emissions is relatively
high, the government in order to guide enterprises to recover,
a lower carbon tax, while the third party also received a

Advances in Engineering Research, volume 94

corresponding subsidy and third parties benefit from this so
the higher the recycling price and the higher recycling effort,
the better the recovery high. When the waste products in the
form of parts or products into the remanufacturing, the entire
remanufacturing process of carbon emissions is relatively
low, the government imposed a higher carbon tax, the third-
party advanced environmentally friendly dismantling
equipment, less investment. As can be seen from Fig.6, with
the proportion of raw materials, waste parts, parts of the
proportion of waste products increased, manufacturers and
third-party profits are rising. This is because the cost of
remanufacturing is high and the carbon emission is high
when the waste products are tested and dismantled into raw
material layers. While improving the quality of low-quality
waste products are not a good recycling phenomenon,
manufacturers and third parties get benefits. When the waste
products dismantle into parts or product layer, the
government take a high subsidy, high carbon tax strategy to
guide enterprises not only use good quality waste
remanufacturing, but take more attention to those poor
quality of waste products in order to achieve low carbon
remanufacture mode.

V. CONCLUDING REMARKS

This paper establishes the two-stage game pricing model
of government and remanufacturing CLSC system, and
obtains the optimal subsidy intensity and the optimal carbon
tax rate with the goal of social welfare maximization. This
paper analyzes the impact of different level of waste
products on the subsidy intensity and carbon tax rate,
recovery price of waste products, recovery efforts, recycling
amount and profit of remanufacturing CLSC members, and
obtains the following results:

1) The government adopts a low subsidy and low
carbon taxation strategy for the raw materials and waste
materials; adopts a high subsidy and a high carbon tax
policy for the discarded goods in the component level; and
adopts a high subsidy and high carbon tax strategy for the
waste products in the product layer.

2) Recycling prices of raw and processed materials >
recycling prices of parts and materials used for recycling>
recycling prices of waste materials at the product level,;
recycling efforts of raw materials and waste materials>
product layer waste product recycling efforts; raw material
layer of waste products repurchase prices> parts layer of
waste products repurchase prices> product layer of waste
products repurchase price.

3) The wholesale price and retail price of the three kinds
of products increase with the increase of the carbon tax rate,
but they are not affected by the subsidy intensity; and the
wholesale price of the new product> the remittance price of
the second-hand product; retail prices> retail prices of
remanufactured products> retail prices of used products.

With the popularization of e-business, considering the
impact of traditional recycling and e-recycling on CLSC
pricing strategy will be the main direction of further research.
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