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ABSTRACT

Aiming at the single-stage closed-loop supply chain system, in the context of the implementation of the “replacement
of old” policy, it is analyzed that the same rebate or differential rebate should be provided to consumers under the
situation that enterprises simultaneously “replace the old for new (re)”. Two models have been designed to explore
how companies plan to rebate consumers to achieve the best benefits of the closed-loop supply chain. Use
Stackelberg's method to discuss the decisions of manufacturers and retailers. The conclusion shows that companies
providing consumers with rebates will increase consumption and expand the company’s market share; moreover,
setting differential rebates within a certain threshold can optimize the profits and total profits of supply chain members,
and the government can give manufacturers corresponding remanufacturing subsidies to promote consumption
Participation in the “replacement of old products for reuse” is conducive to the promotion of reproduced products and

can increase social welfare

Keywords: Trade-old-for-new, Trade-old-for-remanufactured, Business rebates, Government subsidy.

1. INTRODUCTION

Due to the rapid development of social economy, the
environmental and resource problems facing human
beings are becoming more and more severe. Although
the advancement of science and technology has im-
proved people's quality of life, it has also brought many
problems. For example, the continuous upgrading of
electronic products has led to a sharp increase in the
number of waste products. And most of the waste prod-
ucts are directly processed without recycling. How to
properly dispose of waste products is an important issue
that the country needs to face. The correct recycling and
disposal of waste home appliances and reducing elec-
tronic pollution require the joint efforts of the govern-
ment, enterprises and the public [1].

Based on this, the research of closed-loop supply
chain has received widespread attention. Closed-loop
supply chain plays an important role in saving energy
consumption and reducing environmental pollution[2].
It can be realized through the design, control and opera-
tion of the system in the entire life cycle. Maximize the

value of. Many countries around the world have long
been aware of energy shortages and environmental pol-
lution problems, and have long issued policies to im-
plement the recycling of waste products. Japan is cur-
rently the country with the highest recycling rate of
waste home appliances in the world. As early as 2015,
China promulgated the "Remanufactured Products "Re-
placement of Old for Re" Pilot Implementation Plan"
and "Replacement of Old for Renew Policy" [3], and in
2009, it launched the old-for-new activities for used
home appliances and scrapped cars. Give certain subsi-
dies to consumers who participate in trade-in, stimulate
consumers to actively participate in trade-in, promote
the development of the automobile market, facilitate the
upgrading of automobile products, and relieve the envi-
ronmental pressure caused by scrap cars to a certain
extent.

Trade-in has brought certain economic benefits to the
closed-loop supply chain, but the environmental benefits
are relatively weak [4]. Most companies directly treat
the recycled waste products in a unified manner and do
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not reuse them. How to maximize the recycling rate of
recycled materials and maximize the economic benefits
and social welfare of the closed-loop supply chain. Re-
manufacturing is the most effective way to recycle and
reuse products [5, 6]. Remanufacturing refers to profes-
sionally repairing waste products (such as parts and
components, mechanical equipment, etc. ) to make them
the same as new products. The process of quality and
performance [7]. Compared with new products, remanu-
factured products can save materials by 70%, save ener-
gy by 60%, save costs by 50%, and reduce pollutant
emissions by more than 80% [8]. In May 2015, "Made
in China 2025" determined my country’s overall strate-
gy for building a strong manufacturing nation at the
national level, proposed to fully implement green manu-
facturing, vigorously develop the remanufacturing in-
dustry, implement high-end remanufacturing, intelligent
remanufacturing, and in-service remanufacturing to
promote Product certification promotes the sustainable
and healthy development of the remanufacturing indus-
try. As an emerging strategic industry in my country, the
remanufacturing industry is an important part of green
manufacturing and an effective way to achieve energy
conservation and emission reduction and promote the
development of circular economy. Because the govern-
ment strongly supports remanufacturing, many compa-
nies have joined remanufacturing, but because the ac-
ceptance of remanufactured products in the consumer
market is low, the marketing of remanufactured prod-
ucts is a very important issue.

Many scholars at home and abroad have systematical-
ly studied the trade-in and trade-in. The old trade-in
mainly studies pricing decisions and recycling methods.
In the form of recycling, Miao Chaowei et al. [9] based
on the closed-loop supply chain with the participation of
third-party recyclers and discussed three Two-stage con-
sumer purchasing decision behavior in a closed-loop
supply chain of this model, and analyzed the most fa-
vorable model for the closed-loop supply chain system
involving manufacturers and third-party recyclers. Zhu
Xiaodong and Wu Bingbing studied the online and of-
fline dual-channel recycling model and found that the
product recycling price is proportional to the remanufac-
turing ratio in the product[10], and it is also proportional
to the consumer recycling price sensitivity coefficient.
For the pricing decision of trade-in, Yin et al. [11] com-
pared the impact of three trade-in pricing strategies on
corporate profits.

The current research on trade-in is mainly about the
pricing of remanufactured and new products and the
difference in consumers' willingness to pay. Han Xiao-
hua et al. [12] studied the implementation conditions of
the "replacement of old" strategy, and analyzed the pric-
ing and coordination strategies of manufacturers and
retailers. Meng Lijun et al. [13] aimed at the manufac-
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turer's only oligopoly market competition structure and
introduced recycling risks, and established mathematical
models for the closed-loop supply chain of manufactur-
ers (OEMs) recycling waste products by themselves and
the closed-loop supply chain of third-party recyclers
recycling waste products [14]. Analyze the optimal dif-
ferential pricing rules of each enterprise.

There have been some studies on the promotion strat-
egy of trade-in (re). Ma Weimin et al. [15] deeply stud-
ied the impact of trade-in subsidies on various closed-
loop supply chain channels, including consumers, the
scale of the closed-loop supply chain and the impact of
enterprises, and refined four types The closed-loop sup-
ply chain model compares and analyzes the impact of
trade-in subsidies on consumers, supply chains and en-
terprises. Li Xinran, Wu Yibiao et al. [16] based on pre-
vious studies on government incentives for recycling
and remanufacturing of waste products, and based on
the government’s “replacement of old” policy, consider-
ing whether there are reproducts with differential pric-
ing between new products and reproducts under gov-
ernment subsidies. For sales promotion, it analyzes the
optimal pricing decision of a closed-loop supply chain
with or without government subsidies, and discusses the
government's “replacement of old” subsidies. Cao Jian
et al. [17] analyzed the relationship between manufac-
turers' remanufacturing rate and other factors and gov-
ernment subsidies and taxes. [18]Gao Pan and Ding
Xuefeng subdivided consumers into original consumers
and new consumers under the background of “replace-
ment of old” government subsidies, and studied the pro-
duction and pricing strategies of manufacturers.

Different from previous studies, this article analyzes
that under the premise of government subsidies for
manufacturers  participating in  remanufacturing,
companies should give the same rebate or difference
rebate to consumers who participate in the trade-in
(re)consumer. Compare the two models which can bring
more to the closed-loop supply chain. Multi-profit and
maximum environmental benefits.

2. MODEL DESCRIPTION AND BASIC
ASSUMPTIONS

When the initial consumers (who have old products in
their hands) have three strategic choices in the new con-
sumption cycle, the article research company has three
strategic choices. One is to continue to use the old prod-
ucts in their hands; the other is to participate in the "re-
placement of old products”. The old products get a cer-
tain rebate before buying new products. The third is to
participate in the "replacement of old", the enterprise
provides rebates to consumers, whether the government
sets up differentiated rebates under the condition of cer-
tain remanufacturing subsidies to manufacturers, and
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whether the differentiated rebates Can bring more bene-
fits to the closed-loop supply chain, which is the main
problem studied in this article. The market structure is
shown in Figure 1. For the government, in order to reuse
resources and maximize environmental benefits, the
government will provide subsidies to remanufacturers to
actively participate in the production of remanufactured
products; for enterprises, provide consumers with trade-
in) Rebates can stimulate consumer demand, promote
product upgrading, and expand market share; for con-
sumers, the main purpose of participating in trade-in (re)
is to maximize their own interests.

Government

Trade-in-for-subsidy

Wholesal

price Retailer ~ -Rebate»{ Consumers

Manufacturer

x T
I
I— — - Trade-in (re)- — -+

—» Forward supply chain

,,,,,, » Reverse supply chain

Figure 1 Market structure

The initial consumers in the market have already
consumed the product and have an objective evaluation
of the effectiveness of the product. Suppose the initial
consumer's evaluation of the new product isv, (v obeys
the uniform distribution of [0.1], 1 for its greatest value
evaluation), And the consumer’s discount on the value
of the old product is o, Value evaluation is ov ; The con-
sumer’s discount on the value of the reproduced product
iss, Value evaluation is sv. In a closed-loop supply
chain, the costs of new products and re-products are
respectively c.c, , Manufacturers at wholesale prices w,w,
Wholesale new products and remanufactured products
to retailers, Retailers sell to consumers at retail prices
p,P, » And suppose c,>c, >0, Reflect the cost-saving
advantage of rework. In the reverse supply chain, the
manufacturer recycles waste products from the retailer
at a unit recycling price A, and the retailer recycles the
waste products to consumers in the form of rebates. (To
make the retailer profitable, suppose in models, A>s,;

in model D, A>s.and A>s, ), In this article, we use U,,
U,and U, to represent the utility of original consumers
continuing to use old products and participating in
trade-in (re).
The basic assumptions of this article are as follows:
Assumptionl: This article only considers a single

consumer, and the original consumer already owns an
old product and will not give up using the product. The
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role of the waste product is that the consumer can par-
ticipate in the trade-in (re)2:

Assumption2: There is a Stackelberg game relation-
ship between the manufacturer and the retailer, and the
manufacturer is the market leader and the retailer is the
market follower.

Assumption3: The function, quality and utility of the
rework are exactly the same as the new product, but the
rework needs to be affixed with a unique label for the
rework to let consumers know that it is a rework, and
the rework and the new product enter the market in the
same way.

Assumption4: The utility of remanufactured products
to consumers is lower than that of new products, but
higher than that of old products. is0<a<g<1, This
assumption has been adopted in many existing litera-
tures [19-21].

Assumption5: In order to encourage manufacturers to
actively participate in remanufacturing, it is assumed
that the government subsidies to remanufacturers should
be greater than the enterprise's rebates for participating
in trade-in (re)consumersis s, >s,, s, >s, s, >s,

Table 1. Description of symbols in this article

Symbol Symbol Description

U u Consumers continue to use old products and
Y participate in the utility of trade-in (re)

Consumers' evaluation of the value of new

products
a Consumer discounts on old products
S Consumer discounts on reproductive reviews

0 9 Trade-in (re)demand

P. P | New product and remanufactured prices

w. w | Wholesale prices of new products and

, remanufactured products

G G New product and reproduct production cost

Manufacturer's unit recycling price for recycling

A waste products
s In ModelsS, the retailer provides consumers with
2 rebates for participating in the trade-in (re)
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s s In ModelD, the retailer provides consumers with
Y rebates for participating in trade-in (re)respectively
S Remanufacturing subsidies provided by the
g government to manufacturers

3. DECISION, MODEL AND ANALYSIS

This article will set up two different rebate models,
Model s is for consumers to participate in the trade-in

(re)rebate fors, model D shows that the rebate for con-
sumers participating in trade-in is s, the rebate obtained

by consumers participating in the exchange is s,. then

study the same and difference rebate model, which
brings different benefits to the closed-loop supply chain.

3.1. ModelS: The Same Rebate Situation

Suppose the initial consumer’s evaluation of the value
of the new product is\/, then the value utility of con-

sumers buying new products isU,=v-p, (v obeys the

uniform distribution of [0, 1]), and the effect of continu-
ing to use the old product isU, =av («is the value dis-

count of the consumer to the old product), the utility of

initial consumer participation in trade-in is U, =v—p, +s,

In order to encourage consumers to participate in trade-
in and expand the company’s market share, the company
will pay certain rebates to consumers who participate in
trade-in s, Awvailable from U,>0.U,>U,andU, >U,

v<1

can know VZ% due to U, >U,, So the demand for

s PP

1-6

consumers to participate in trade-in is

quﬁn,p,ldv=1—p£_;;r The effect of initial consumer

1-6

participation in trade-in isU, =sv-p, +s, (s is the val-

ue discount of reproducts to new products) . Available

fromu, 20.U, 2U,U, 2U, due to 2% <y<Po= P gnq
, S—a 1-6

Decentralized decision making

When the company sets the same rebate of s, for the
old trade-in (re), under the decentralized decision-
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making model, manufacturers and retailers take their
profit maximization as their decision goals, and the
manufacturer is the stackeberg leader [22]. The decision
sequence is that the manufacturer first determines the
wholesale price of new products and re-products w. w,,

and the retailer determines the selling price p,. p,. Us-

ing the reverse induction method, first consider the re-
tailer’s decision-making problem. The retailer’s objec-
tive function is:

Max 7y = (p, =W, + A—2s,)q, +(p, =W, + A—2s,)q, Q)

PnPr

st.0<q <q,

Omd _ P—2p, —W,+W, 2p, —w, —35,+A

op, 1-5 S-a

Omy _ =2p,+2p, + W, —W, +1-5 )
E 1-6

Available retailer's response function:

s _W,+3s,+1-a+A

2
s_ W35, +0-a+hA 3)
2
Proved:
2 2
H,—[t=9 -6 |__ 2 . 4 0 @
1 2 2| (@1-5)Y (1-8)+(s-a)
1-6 1-8 d-a
and H1=1_—25<0, the Hessian matrix is negative defi-

nite, The profit function is concave, There is an optimal
solution p,, p,, The profit of the manufacturer is the sum

of the profit of new products and remanufactured prod-
ucts, At the same time, the government will give subsi-
dies to remanufacturers s, , The profit function is

g 1
Max;, =(w, —c, - A)q, +(w, —c, +s, - A)q, Substituting the
retailer's reaction function into the manufacturer's profit
function.

According to its first-order conditions, the optimal
wholesale price of the manufacturer's new products and
remanufactured products is:

: ®)

W =Cn75a+(1fa)+2A w2 &% S —a+6+2A
L 2 L 2

Similarly, the Hessian matrix can be used to judge
that there is an optimal solution w,. w,

Substituting the manufacturer’s optimal wholesale
price into the retailer’s response function, calculated by
the Hessian matrix, there is an optimal solution, and the
optimal retail price of new products and re-products can
be obtained:
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s _C+55,+3(1-a) ¢ +5s, -5 +3(5-a)
- 4 SR 4

(6)

Furthermore, the optimal profit of the manufacturer
and retailer can be obtained as

_(L-a)(cr-sg)? N 5. +25,(c,-s,) ¢ -2¢,(1-5+¢, -5,)-2(1-5)s,
" 8(-0)(5-a) 8(6-a) 8(1-5)
Mﬂ”::a—aXu—wY Sf+%AQ—%)+%A4%a—5+9—%%40—®%
o 16(1-0)(0-a)  16(0-a) 16(1-5)

S
Max 7,
[

()
Propositionl: Under the model s, The retail price p,
of new products and the retail price p, of re-products are
increasing functions of the rebate s, , The wholesale
price w, of new products and the wholesale price w, of re-
products are a decreasing function of the rebate s, .

op, _op; _5

ow: _ ow? 1
) = =-=<0
os, 0s, 4 0s 0s, 2

a a a a

Proposition 1 shows that if companies give appropri-
ate rebates to consumers who participate in trade-in
(re)consumers, the retailer's cost will be relatively high-
er, which will lead to higher wholesale prices and sell-
ing prices of new products and re-products. Since ap-
propriate rebates can promote consumer participation in
trade-in (re), and stimulate consumption enthusiasm,
enterprises can occupy more market shares and promote
the upgrading of new products; waste products can be
recycled, energy saving and emission reduction can be
achieved, and energy consumption can be reduced. Re-
duce the burden on the environment. Therefore, compa-
nies should give appropriate rebates to consumers par-
ticipating in the trade-in (re)consumption.

As retailers provide consumers with rebates, operat-
ing costs will increase, but sales will also increase, and
competition among manufacturers increases. Therefore,
the wholesale price given to retailers by manufacturers
will decrease as the rebates increase. This promotes the
virtuous circle of the closed-loop supply chain, both
upstream and downstream of the supply chain are prof-
itable, and it promotes product upgrading.

Proposition2: In the case of the same rebate, Both
the wholesale price w, and retail price p, of new products
have nothing to do with the subsidy s, given to manufac-
turers by the government. The wholesale price w, and
retail price p, of re-products are a decreasing function of
the government subsidy s, to manufacturers.

Prove: It can be seen from the expressions of w, and
p, that bothw, and p, have nothing to do with's_,

s S
WL M1

asg 4 6sg
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Sow,and p, decrease as s, increases.

Proposition 2 explains: When the remanufacturing
subsidy granted by the government to the manufacturer
increases, the manufacturer’s cost of producing remanu-
factured products will decrease. The manufacturer can
wholesale to retailers at a lower price, and the retailer
can also sell to consumers at a lower price. Therefore, it
stimulates consumers to have more choices of trade-in
than trade-in. Since the trade-in activity only encourages
consumers to return old products and simply recycle
waste products, these waste products are not reused, and
remanufacturing can recycle waste products for remanu-
facturing, so the government should participate in re-
manufacturing Certain remanufacturing subsidies to
expand the market for remanufactured products.

Proposition3: The selling price p, wholesale price w,
of the new product and the selling price p, wholesale
price w, of the reproduced product are a decreasing func-

tion of the consumer's discount factor ¢ for the old prod-
uct.
S S s s
Prove: Pn 0P _ 3 _q 0w _ow 1

-=<0
oa Oa 4 oa Oa 2

Proposition 3 shows that the higher the use value of
the old product, the lower the original consumer's need
to participate in trade-in (re)reduction, more consumers
will choose to continue to use the old product, and the
company will appropriately reduce the price incentives
for new products and remanufactured products. Con-
sumers participate in trade-in (re) to gain profits.

Proposition4: The new product's selling price p,

wholesale price w, has nothing to do with the consumer's

discount factor s for reworked products, while the re-
worked product selling price p, wholesale price w, is an

increasing function of the consumer's discount factor for
reworked products s .

op® op® ow® o
Prove: L:0, L:§>o, n -0, M o_1oo
) 5 4 ) L)

Proposition 4 shows that the higher the discount coef-
ficient of re-products, the higher the use value of re-
products, the higher the psychological acceptance of re-
products by consumers, and the higher the price at
which re-products can be sold. However, the wholesale
price of new products is not related to the discount fac-
tor of reproducts.

Proposition 5: Analyze the impact of rebates and
subsidies on the profit of model s

omy, € +s,—S;—(0—a) ory C +S,—s,—(6-)
os, A5 -a) os, 8(5-a)

a
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omy _(A-a)(c.-s) ¢, s,

3, A41-0)0-a) 41-5) 45-a)
omy _(A-a)c, -s) ¢, s,

3.  8(l-0)(5-a) 8(1-5) 80 -a)

9

Analysis of Proposition 5: It can be seen from the
proof that the effect of rebate on profits is not monoto-
nous, whens, >—c, +s,+5—a, Manufacturer’s profit z;,
and retailer’s profit z{ are increasing functions of the
rebate, whens, <—c, +s,+5-a,

Manufacturer's profit = and retailer's profit z are a

decreasing function of the rebate. Therefore, the enter-
prise must provide rebates to consumers who participate
in the trade-in (re)return within a certain range to bring
more profits to the supply chain.

And the remanufacturing subsidy s, granted by the
government to manufacturers is not monotonous. When

5, > 0706t A=0)8 +1=a)C - he profit 45 of the

l-a
manufacturer and the profit zJ of the retailer increase
with the increase of government subsidies. Therefore,
when the government provides subsidies to participating
remanufacturers, it must be above this threshold to bring
profits to the closed-loop supply chain.

3.2. Model b : Under Different Circumstances

Companies are launching two strategies: old-for-new
and old-for-replacement, both of which maximize the
overall benefits of the closed-loop supply chain. The
rebate for trade-in iss , and the rebate for trade-in iss, .

Compare the difference between setting the same rebate
and the difference rebate to the profit of the closed-loop
supply chain. Finally, it analyzes the impact of trade-in-
for-the-old government subsidie s, to manufacturers on

the closed-loop supply chain.

Assuming that the original consumer’s evaluation of
the value of the new product isv , the value utility of the
consumer’s purchase of the new productisU, =v-p,, (v
obeys the uniform distribution of [0, 1]), The utility of
the original consumer continuing to use the old product
is U,=av, (ais the consumer’s discount on the value of
the old product), The utility of original consumers par-
ticipating in trade-in is U ,=v-p,+s, , due to U, >0 ,
U,>U, andu, >U, , The price of the new product is p, , In
order to better encourage consumers to participate in
trade-in and expand the market share of enterprises, the
corresponding enterprises will pay consumers a certain
rebate s, According to the principle of non-negative

utility and the principle of utility maximization, the de-
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mand of consumers to participate in trade-in is

q° = ﬁldv:l—ip"_ Ly
5

The utility of the original consumer's trade-in is
U, =ov-p, +s,, and s is the value coefficient of the re-

produced product to the new product. At this time, sup-
pose the rebate given to the consumer by the trade-in
retailer iss,, (hypothesiss, >s,>s, ), due tou, >U, and

U, >U, , At this time, consumers’ demand for participat-
ing in trade-in is:

Pn—Pr+S =5
D _ 5 1d =pn7pr+sr751_pr75r 8
07 =[os Y 1-6 5-a ®)

S-a

Still making decentralized decision-making, the re-
tailer’s decision problem is:

MaX”}E = (pn - W, _Zst + A)qt +(pr —W, _2Sr + A)qr
Pn Pr

omy _ —2p,+2p, +W, —W, +25, —2s, +1-5

op, 1-o
Omy _2p,—2p, —W, +W, =35, +3s,  2p —w, 35 +A 9)
ap, 1-6 S-a

The retailer’s response function is:

o (1-0)W,—-A+5-a)-(d-a)s +(3-25-a)s,
P= 2(1-5)

o (1-6)(w,— A)+(2+a—35)s +(1-a)(s, +1-5)
P = 2(1-5) (10)

The Hessian matrix of the available profit function is:

2 2
1-5 1-6 4 -2
H,= =~ 50, H,=—-<0.
fl2 2 2| (G-a)(-9) b (1-9)
1-5§ 1-6 6-a
That is, the Hessian matrix is negative definite, the
profit function is concave, and there is an optimal solu-
tion p,p,, The profit of the manufacturer is the sum of

the profit of trade-in products and remanufactured prod-
ucts, and the government will give the manufacturer
subsidies s, ,  The  profit  function is

Maxr,, =(w, —c, — A)q, +(wr -¢, +s,—A)q, In the same way,

the Hessian matrix can be used to judge that there is an
optimal solution w,. w, :

o (C,+2A+1-a)(1-6)+(2-5—-a)s +(1—a)s,
W =

~ 2(1-9)

b (C+2A+6-a-s)1-0)-(6-a)s,+(26-1-a)s,
W =

f 2(1-0)

(11)

Substituting the manufacturer’s optimal wholesale
price into the retailer’s response function, it is known
from the Hessian matrix calculation that there is an op-
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timal solution that can calculate the retailer’s optimal
retail prices for new and remanufactured products.
0° = (@1-9)[c, +31-a)]+3(1-a)s, +(2+3a —55)s,
" 4(1-5)
5 (1—5)[c, -s, +3(§—a)]+(5—§—3a)sr -3(5-a)s,
p =
' 4(1-6)

(12)

Furthermore, the optimal profit of the manufacturer
and the retailer can be obtained respectively as:

Max;r,a = 5 2
PoPr 8(1-0)(0-a) 8(1-9)

an B 2(ch _ Cr)sl + ng (Cn + Sl) (1_ (Z)‘:(Cr - zsg) + Z(Cr - Sg)sr]

8(1-9) 8(1-5)(6-a)
(l-a)s, c,(l+s) +l—a
4(1-9) 4 8
242 2 2 2 2
Maxm?:(l_a) S, —(352—250:—(1 )s, +4sl +2(25+a2_3)s’5‘+
PoPr 16(1-6)*(6 - ) 16(1-5)

an B 2(2Cn _cr)sl + ng (Cn + St) (1—0[)[(Cr - ZSQ)+ 2(cr - Sg)Sr:I
+

16(1-5) 16(1-5)(5 - )
(l-a)s, c,(l+s,) +1—7a
8(1-9) 8 16

(13)

Proposition6: Model D The relationship between the
selling price and wholesale price of new products and
remanufactured products and the rebate of trade-in (re)
is as follows:

Prove:
D D
P, 1 36-a) P, _3(6-a)

= = <0
0s, 2 4(1-06) o5, -4(1-9)

op° 31— o _
P _30-a) o op _1,30-a)
os, 4(1-5) o, 2 4(1-0)

ow’ _2-0+a) _ W 5-qg

- os,  —2(1-5)

<0
0s, -2(1-95)

3WnD_ l-«a S 3W?_ 1+5—a
6s, 2(1-9) 0s, 2 1-6

r

Analysis of Proposition 6:

When 5 < 2237

, the price p, of new products increases

as consumers participate in trade-in rebatess, ; and the
price p, of remanufactured products also increases with
the increase in rebatess,. As retailers provide rebates,

their costs increase, so the price will also increase im-
prove. Retailers give consumers rebates to stimulate
consumer demand to a certain extent, but the selling
price should not be too high, otherwise it will affect
sales. Therefore, retailers should balance the relation-
ship between rebates and selling prices when setting
prices.

_(1-a)’s,* (30" —26a —a®)s] . 452 +2(25 +a -3)s,5, .
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The wholesale price w, of new products decreases as
the consumer participates in the rebate s, of trade-in. At

1+2a
<

) , the wholesale price w, of re-products decreases

as the consumer participates in the rebate s of trade-in.

Due to the increase in rebates, consumers are encour-
aged to participate in the exchange of old (new), and
there is a certain degree of competition among upstream
manufacturers, so manufacturers will lower the whole-
sale prices of new products and remanufactured prod-
ucts.

Both the selling price p,and the wholesale price w, of

re-products decrease with the increase of s . As con-

sumers participate in trade-in rebates, the price of new
products rises. Consumers will choose to participate in
trade-in repurchase of re-products, stimulating re Prod-
ucts gain more market share, so the higher the rebate of
the company to consumers, the higher the demand and
the lower the price.

Both the selling price p, and wholesale price w, of hew

products increase as consumers participate in trade-in
rebatess, . As remanufactured products not only provide

rebates to consumers, the government also provides
subsidies to remanufacturers. There will be a certain
degree of competition in the old-for-new market, so
companies will appropriately increase the prices of new
products in order to make profits.

Proposition7: The selling price of new products p,
wholesale price w, and the selling price p, wholesale
price w, of remanufactured products decrease as consum-
ers increase the discount factor « of old products.

Prove

D D _
apn :apr :_§(1+ Sr st)<0
da O« 4 1-6

D D _

My W _ L, 578 ¢

Ja Oa 2 1-0

Proposition 7 is consistent with the conclusion of

proposition 3, so | will not repeat it.

Proposition8: The selling price of new products p,
wholesale price w, and the selling price of remanufac-
tured products p, wholesale price w, will increase with
the increase of the discount factor s for remanufactured

products by consumers.
ap: _ 3(1_a)(sr _sl) >0

6prD — 3 + 3(1_a)(sr _Sl) >0
05 M(1-0) o5 4

47 41-5)

e _(-a)(s,=8) o P

35~ 20-oy T

201-5)°

L
2

Analysis of Proposition 8: As the use value of re-
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products is higher, consumers’ acceptance of re-
products will become higher and higher, and the market
share of re-products will become larger and larger.
Enterprises will appropriately increase the price of re-
products to obtain more profit. The increase in the use
value of reproducts will, to a certain extent, encroach on
the market share of trade-in, and enterprises will also
increase the price of new products to obtain more profits.

Proposition9: Analyze the impact of rebates and sub-
sidies on the profit of Model s

omy (1-0)(2¢c,—C +5,+a—-2+0)+(-3+20+a)s, +(4-35 - a)s,
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pS = p° = —(5-8-3a)s, +3(0 —a)s, +5(1-9)s,
C 4(1-9)

Analysis of Proposition 11:

3-3a 2+3a-56

when s, > s, S, pS>pP
51-5) 51-5)

when s, > 5-0-3a : _30-a) s, pS>pP,
5(1-5) 51-5)

Since the price is determined by other variables, a
numerical verification analysis is done in Table 2 below.

os, 4(1-6)* 4. NUMERICAL SIMULATION AND
ol (1-6)(2c, —C, +5, + @ —2+5)+(-3+25 + a)s, + (4-35 - a)s, ANALYSIS
o, 8(1—05)°
Through numerical simulation, we will further ana-
or®  (-a)|[(1-a)s, - 1-a)(c,—s,)+8 3—a—25- ) ) - . '
57:” = 4‘2‘1E(§)2:§)_a)“]+( 4(f_)(5)( 59;) - 42_ 5)? a*Z(TC_éIyze the impact of differentiated rebates on the overall

orp _(Q-a)[(l-a)s —a] (Q-a)C-5,)+S 3-sw-26-a

profit of the closed-loop supply chain. At the same time,

» we can verify the relevant propositions in the previous

os,  8(1-6)(s-a) 8(1-5)(5—a) 8(1-5)?
C +S,—S, onf C, +S, =S,

Omy _ G+ _Co+S
3, 4(1-5) 4(1-0)S-a) s, B8(1-5) 8(1L-5)(5-a)

9

Analysis of Proposition 9:

N (1-6)(-2¢c, +¢c, —s, —a+2-06)+(3-26 - a)s,

(4-35-5) ’
manufacturer's profit z> and retailer's profit z? increase
with the increase in the company's rebate s, to consumers
participating in trade-in.

when s,

. (1-06)(2c, —c, +3s, +5, -2+ 5 +a) +(L-a)s,

21-8)+(1-a) '
Manufacturer's profit = and retailer's profit z2 increase
with the increase in the company's rebates s to consum-
ers participating in trade-in.

when s,

when sg>—W+(c,+s,) , the profit of the
—-a
manufacturer z and the profit of the retailer =2 increase
with the increase in the subsidy s, of the manufacturer
participating in the remanufacturing.

Proposition10: Analyze the relationship between
model s and model D demand

s C 455, +3(1-a)  C +55,-5 +3(5-a)
B 4 o 4

o (1-08)[c, +3(-a)]+3(1-a)s, +(2+3a -55)s,
P = 4(1-5)

D

_(@-0)[c,~5,+3(6-a) |+ (5-5-3a)s, ~3(5 - a)s,

4(1-5)
Compared:
s .o_(@A-0)(=¢,+c, +5s,—25)-3(1-a)s, +3(5 —a)s,
PomP = 41-9)

A(1— . : . . . X
@=%rticle. In this section, we will assign certain values to

each parameter based on the assumptions of the article,
and use Maplel9 simulation software to perform numer-
ical simulation.

4.1. Analysis on the Change of Supply Chain

Profit with Rebate * in Model S (Set the Same
Rebate)

The specific parameter settings in this section are as
follows:

Hypothesis
¢,=05,,=035=06a=045,<(0,03),s,€(0.305)

value range meets the article's assumptions 4 and 5)

(The

a

Figure 3 Retailer's profit changes with rebate s,

Figures 3 and 4 can verify the conclusion of proposi-
tion 5 in this article. The impact of the changes in the
profits of manufacturers and retailers with the rebate is
not monotonous, and they all decrease first and then
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increase. The existence of rebates will increase the re-
tailer's cost, but it will also increase consumer demand.
The upstream manufacturers will have a certain degree
of competition, and the wholesale price will decrease
accordingly. It can be seen from this that the establish-
ment of rebates for consumers must be combined with
the actions of other members in the closed-loop supply
chain in order to increase profits in the supply chain.

4.2. Analysis of the Change of Supply Chain

Profit with the Rebate® * in Model S (Setting
the Difference Rebate)

The specific parameter settings in this section are as
follows:
¢,=05,c,=035=06,a=04,5 =055 c(051),s,=(01) (The

value range meets the article's assumptions 4 and 5)

The profit of supply chain manufacturers and
retailers changes with the rebate s, that retailers give to

participate in trade-in, as shown in Figures 4 and 5.

N/

b
o 01 D03 D4 08

004 /
02

Figure 4 Manufacturer's profit changes with rebate s,

008

Figure 5 Retailer's profit changes with rebate s,

Figures 4 and 5 can verify the conclusion of proposi-
tion 9 of this article. The analysis is similar to 5. 1, so
we won't repeat it.

Advances in Social Science, Education and Humanities Research, volume 500

Figure 6 shows the influence of the total profit of the
supply chain, the individual profit of the manufacturer,
and the individual profit of the retailer as the retailer
gives the participation in exchange for rebates.

Figure 6 Changes in total supply chain profits, manfac-
turers profits, and retailer profits with rebatess,

Figure 6 can verify the conclusion of proposition 9 in
this paper. The profit of the supply chain changes with
the influence of rebate s, not monotonous, but all in-

crease with the increase of government subsidys, . In

the setting of rebates, enterprises must combine the be-
haviors of other members of the supply chain to obtain
profits in coordination, so that consumers can actively
participate in the exchange of old products, and the re-
cycling rate and utilization rate of waste products can be
greatly improved. Manufacturers' active participation in
remanufacturing can reduce the price of remanufactured
products and drive demand downstream in the supply
chain. The government should also strongly support
remanufacturing, grant subsidies to manufacturers par-
ticipating in remanufacturing, encourage more compa-
nies to join remanufacturing, and maximize the econom-
ic and environmental benefits of the supply chain.

4.3. Analyze the relationship between model s
and model o optimal selling price

In order to compare the relationship between the op-
timal selling price and the rebate between the two mod-
els, we will enter a deeper analysis and compare the
relationship between the same rebate and the price un-
der the difference rebate. According to the conditions
and assumptions set in this article, the value analysis of
Proposition 11 is carried out.

Table 1 Comparative analysis of the best selling price under different rebate situations

Best selling The rebate given to consumers by the enterprise under the same rebate s,
Model type :
price 0.05 0.1 0.15 0.2 0.25 0.3
Same rebate N 0. 6375 0.7 0. 7625 0. 825 0. 8875 0.95
Same rebate o 0. 2125 0. 275 0. 3375 0.4 0. 4625 0. 525
Trade-old-for-new 5 0.03 0.08 0.13 0.18 0.23 0.28
rebate
Trade-old-for- S 0.06 0.12 0.17 0.22 0.27 0.3
rerebate
Difference rebate [ 0. 6463 0.72 0. 7825 0. 845 0. 9075 0. 9475
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Difference rebate | Py

0. 2588 0.36

0. 5913 0. 5225 0. 6038 0. 3638

Table 2 can verify the conclusion of Proposition 11
through data simulation. When the rebate setting of dif-
ferentiated rebate meets certain conditions, the selling
price of new products and remanufactured products of
model D will be lower than model s . At this time, set-
ting differential rebate is beneficial to closed-loop sup-
ply the healthy development of the chain and the reduc-
tion of prices have increased consumer demand and
increased sales, which is conducive to the development
of the market. The promotion of re-products is condu-
cive to the recovery and reuse of waste products, and the
environmental benefits are improved, which is in line
with the trend of social development. Therefore, when
an enterprise implements a product promotion strategy,
it should set up differentiated rebates within certain
conditions, while obtaining economic and environmen-
tal benefits.

5. CONCLUSION

This article is based on the background of the gov-
ernment's subsidy policy for remanufacturers under the
"old-for-replacement” policy, and by analyzing how to
set the rebate given by the enterprise to consumers when
the company conducts both "old-for-new" and "old-for-
replacement”, the same rebate is established The s mod-
el and the D model of differential rebate, by comparing
the pricing and profit of the two models, draw the fol-
lowing conclusions:

When the rebate is controlled at a certain threshold, it
can increase the profit of the closed-loop supply chain.
The higher the better, the existence of the rebate repre-
sents the increase in the business cost of the enterprise.
For the company’s own interests and survival considera-
tions, the rebate should be set Within the scope of busi-
ness management.

Compared with the same rebate model, the differen-
tial rebate model is more conducive to remanufacturing.
Through comparative analysis, under the differentiated
rebate, the demand for participating in exchange for old
is higher than the demand for participating in exchange
for new, which is more conducive to the marketing of
re-products.

The profits of manufacturers and retailers in the
closed-loop supply chain have increased with the in-
crease in government subsidies for manufacturers to
participate in remanufacturing. Therefore, the govern-
ment should provide greater support when companies
bear the pressure of paying rebates and encourage more
in the market. A wider range of enterprises participate in
remanufacturing, which has increased the recognition of
re-products in the society, and social demand is increas-
ing, so that waste products can be recycled and reused,

resource reuse and environmental protection can be
achieved.

This article also has issues that can be further ex-
plored: in reality, the competition of products on the
market does not stop there, and there are many refur-
bished products on the market that will compete with
remanufactured products. Therefore, the model of the
supply chain in the following research may be more
complicated.
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