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Abstract.In light of government carbon tax and subsidy policies, this paper
builds a manufacturing/remanufacturing game model under outsouring remanu-
facturing, in order to analyze the influence of carbon tax and subsidy policies on
outsourcing remanufacturing. By comparing and analyzing data, the influence of
government carbon tax policies and subsidy manufacturing on outsourcing re-
manufacturing can be effectively promoted. However, when the carbon tax value
is below a certain range, the recycling rate of waste products cannot be improved;
Under government subsidy policies, original manufacturers can reduce the out-
sourcing costs of remanufacturing products in order to obtain profits;Under the
carbon tax policy, Original manufacturers enhances product price to divert loss;
Under the carbon tax policy, it can elevate the profits of remanufacturers. Only
carbon tax amount exceeds a certain value will it increase the profits of original
manufacturers, while subsidy policies can enhance the revenue of both original
manufacturers and remanufacturers. The carbon tax policy has the smallest influ-
ence on environment. When the ratio of the impact of two products exceed a
certain range, under the subsidy policy, the environment is most severely af-
fected.
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1 Introduction

With industrial progress and rapid economic development, the resources required by
humans are increasing. However, resource waste and environmental pollution affect the
environment [1]. Countries and enterprises are increasingly valuing energy and envi-
ronmental issues, and have enacted a series of laws in developed countries such as Eu-
rope to promote sustainable development, recycling, reuse, and recycling. One of the
effective ways to achieve resource recycling and sustainable economic development is
through remanufacturing, which can efficiently achieve resource reuse and recycling[2].

Owing to the lack of specialized skill and equipment by original manufacturers, as
well as a lack of channels for recycling waste products, and compared to new products,
remanufactured products generate less revenue. In general, original manufacturers do
not directly produce remanufactured products. Instead, based on the protection of
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intellectual property rights of the products, they transfer the production of remanufac-
tured products to third parties with technology and recycling equipment, which is out-
sourcing remanufacturing.[3]At present, China is in the primary stage of remanufactur-
ing development. To enhance economic prosperity and technological progress, promote
green consumption, achieve resource recycling, a subsidy policy of exchanging old for
new was adopted in 2013 to promote the sales of remanufactured products. In addition,
in order to make original manufacturers pay attention to environmental protection, the
government levy a portion carbon tax for new products produced by original manufac-
turers, increasing remanufactured items’ basic competitiveness in the remanufacturing
market and subtly altering their market competitiveness.

In the outsourcing remanufacturing model, the original manufacturer sells two prod-
ucts simultaneously, which means that the original manufacturer decides on the prices
of both products. Thus, whether carbon tax or subsidy policy be choosed by govern-
ment, it will directly affect the decision-making behavior of original manufacturers.
Therefore, it is necessary to analyze the differences in decision-making behavior of
original manufacturers under the two policies.

The influence of government carbon tax and subsidy policies on remanufacturing,as
well as the outsourcing of remanufacturing,are the primary subjects of research on the
influence of these policies about remanufacturing. The primary studies on how govern-
ment carbon tax affect remanufacturing are: Wang Y [4]divides carbon emissions into
unconstrained, carbon tax, carbon emission quota, carbon subsidy, and carbon trad-
ing,andanalyzes the impact of carbon reduction policies on manufacturing/remanufac-
turingdecisions. Wang Y [5] constructed a manufacturing/remanufacturing game model
based on carbon emission constraints, and studied the influence of carbon emission
quotas on the recycling rate and pricing of waste products. Ganda F [6]analyzed the
optimal pricing and production decisions for manufacturing/remanufacturing under
carbon tax and financial constraints. The study showed that an increase in carbon tax
would constrain the production of new products and increase the output of remanufac-
tured products. Dou G [7] constructed an optimization model for carbon reduction in-
vestment in steel remanufacturing, and analyzed the influence of carbon quotas, and
carbon reduction investment on the profits and total carbon reduction of steel enter-
prises through data analysis. The study showed that under carbon trading, the profits of
remanufacturing enterprises can be increased. Dou G[7] analyzed the influence of car-
bon tax on carbon reduction ,further, discovered carbon reduction increase in 2nd cycle,
the total carbon reduction in manufacturing/remanufacturing may increase or decrease.
Hu Xu[8] Based on game theory, Building a new model:a closed-loop supply chain.
Carbon tax and carbon trading are treated as condition, and found that carbon trading
can only diminish carbon emissions when the carbon quota level is high. Carbon tax
policy not not enhance social welfare, but aslo consumer surplus.

The research on the influence of government subsidies on remanufacturing mainly
includes: Zhou Xiaodong[9]studied two subsidy models of the government through a
two-stage game model. One is to subsidize consumers who purchase remanufactured
products, and the other is to subsidize consumers who donate waste products. The study
found that government subsidies can raise revenue, and protect the environment. Based
on government subsidies and patent fees, Guo D[10]analyzed the influence of different
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subsidy recipients on patent fees, product recycling rate, product retail price, and sales
profit. Hatcher G D [11]constructed a game model between original manufacturers and
remanufacturers under three types of government subsidy policies, and contrasted and
finded the effection of different allowance on wholesale prices.

The main research on outsourcing remanufacturing includes: Agrawal S [12] pro-
vides decision-makers with an efficient approach by constructing a multi-stage game
model to compare and analyze outsourced remanufacturing and self remanufacturing.
Li C [13]solved the optimal production problem of outsourcing remanufacturing
through genetic algorithm and simulation analysis. Denizci Guillet B [14]used the rev-
enue management method to analyze the necessary conditions for outsourcing reman-
ufacturing, and the study showed that original manufacturers should choose third-party
enterprises when facing market fluctuations. From the perspective of waste product re-
cycling, John S [15]studied different recycling models,including find out their ad-
vantage and shortcoming and analyzed the conditions for outsourcing manufacturing.

From the above literature, it can be seen that domestic and foreign scholars have
summarize a lot of inference on the impact of carbon tax and subsidy policies on the
manufacturing/remanufacturing supply chain, as well as outsourcing remanufacturing
policies, and have achieved many results. However, under outsourcing remanufactur-
ing, there is little research on the comparative analysis of government carbon tax and
subsidy policies. Therefore, this article uses game theory to construct a two cycle game
model between original manufacturers and remanufacturers and the government takes
two policies: carbon tax or subsidy, exploring the influence of adopting two policies on
manufacturing/remanufacturing. Provide reference and basis for government to take
relevant policies. This article mainly analyzes and solves the following problems:

(1) What influence will different policies have on the product recycling rate?

(2)What are the influence of two policies on original manufacturers and remanufac-
turers under the outsourcing remanufacturing model?(price, revenue, sales volume)

(3)What impact will the government have on the environment when adopting no
policy, three policies under the outsourcing remanufacturing model.

2 Model Formulation

2.1  Problem Description

In the Ist cycle. Only new products exist in the market, which means only original
manufacturer is engaged in new product production activities, and its decision variable
is the unit retail price of new products(For the convenience of solving, the relationship
between unit product retail price and demand is utilized in the solving process, and the
decision variable is transformed into requirment for new products). In the 2nd cycle,
There are two types of products in the market: new products and remanufactured prod-
ucts. However, due to the lack of proprietary technology and equipment for remanufac-
turer production by original manufacturers, as well as a lack of comprehensive channels
for recycling waste products, original manufacturers entrust remanufacturer to reman-
ufacturing enterprises with remanufacturing technology and equipment through intel-
lectual property protection, which is outsourcing remanufacturing. The remanufacturer
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first recycles the first cycle of waste products, and then proceeds with the production
of remanufactured products. However, the remanufactured products must be handed
over to the original manufacturer for sale. The government intervenes in remanufactur-
ing through two policies: carbon tax and subsidies. The government can implement two
policies: one is to impose a carbon tax on new products sold by original manufacturers;
The second is to provide subsidies for the products of remanufacturers. According to
the above description, it can be seen that the game diagram of outsourcing remanufac-
turing under two government policies,Please refer to figure 1 for details.

Second cycle

[ New product ] [ Remanufactured product]

First cycle I

Carbon Tax
End of life product New product Original Manufacture B
I

Government

Subsidy
Remanufacturing

Fig. 1. Model diagram

2.2 Decision Sequence

Firstly, in the first cycle, the original manufacturer only needs to decide on the retail
price of the new product for the decision-making unit,In the second cycle,the original
manufacturer decides on new products,remanufactured products,and outsourcing costs
for unit remanufacturing; Secondly, remanufacturers make decisions on the quantity of
old product recycling based on the outsourcing cost of unit remanufactured prod-
ucts(Recycling rate of waste products). Firstly, The quantity of waste products are de-
termined by the remanufacturer. Secondly, the original manufacturer decides on two
product price, outsourcing cost of one remanufacturing product based on the amount of
recycled waste products.

2.3  Model Symbol

Shown in Table 1.1t is model symbol and definition.

Table 1. Notation summary.

Symbol Definition

nr Original Manufacturer, remanufacturer;
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They respectively indicate that the government does not adopt

N5V policies, but adopts carbon tax policies and subsidy policies;
s Adopt carbon tax quota for non remanufactured products;
v When government takes subsidy policies, it provides units with
a quota for remanufacturing products;
e c Unit production cost of new products and production cost of re-
wer manufactured products(c, > ¢,,5 < ¢ — Cp, V < Cp — Cp);
W Under outsourcing remanufacturing, the remanufacturer pays
¢ the original manufacturer outsourcing fees;
Represent the unit retail price and sales volume of two products
Pi1 9qi1 (i € {N,S,V});
Represent the unit retail price and sales volume of two products
Pin Qin Pir» Qir respectively
(LE{N,SV});
Represent the profits of the original manufacturer and remanu-
Tin, Ty facturer respectively

(€N, SV}

24 Model Function

2.4.1. Model Demand Dunction.

Base on reference3, this article uses a relatively reliable demand function, which is
being used by authoritative journals both domestically and internationally. The demand
relationship between unit new products and unit remanufactured products in market
competition is:

Pin = 6(1 = Gin — Gir), Pir = 6(1 — Gin — @ir)i € {N,S,V}

Where 6§ represents the relative discount, and represents the ratio of the price per
unit of remanufactured products to the price per unit of new products. Similarly, the
demand function for new products in the first week is:p, = 1 — q,,.

2.4.2. Model Recycling Function.

Referring to reference 10, the cost of recycling waste products is related to the quan-
tity of waste products recycled, and the cost of waste products is a convex function of
the amountof recycling. The cost of recycling waste products is % (t;9:1)?, T product

recovery rate,k represents the cost of recycling waste products.

2.4.3. Model Assumption.

Based on previous literature, this article assumes that waste products that have not
been involved in remanufacturing do not have economic value. Remanufacturing pro-
cesses the collected waste products.Therefore,q;, = 7;q;1-
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2.5 Research Hypothesis

Hypothesis 1.The original manufacturer uses Outsourcing methods. It gives production
technology to remanufacturers, allowing remanufacturers to make remanufacturing
products.The original remanufacturer pays the relevant outsourcing fees.The activity of
remanufacturers is influenced by outsourcing unit cost.

Hypothesis2.10The impact of new products produced by original manufacturers and
remanufactured products produced by remanufacturers on the environment is different.
Taking the remanufactured engine of a certain enterprise as an example, compared to
new engines, remanufactured engines can reduce carbon emissions by 60% per unit.

Hypothesis 3. Subsidies and carbon taxes are key policies that affect the growth of
manufacturing industry. However, not only carbon taxe and subsidy policies have an
influence on the manufacturing industry.For example carbon trading policy,carbon con-
straint policy,etc.

3 Model Analysis

3.1 Model Construction

Under the carbon tax policy, the profits of original manufacturers are shown in formula
1, The profit of remanufacturing is shown in formula 2.

Tsn = (Ps1 = €n = S)qs1 + (Psn — Cn — S)Gsn + (Psr — Ws)qsr (1)

Tgr = (Ws — Cr)qsr — S (qusl)z (2)

Under the subsidy policy, the profits of the original manufacturer are shown in for-
mula 3, and the profits of the remanufacturer are shown in formula 4.

Tyn = (Ov1 — c)qv1 + Ovn — ) avn 'z (Pvr — Wy)qyr 3)
Ty = Wy — ¢ + V)qyr — 2 (Tyqv1)? 4)

When the government does not provide any subsidies, the profits of the original
manufacturer are shown in formula 5, and the profits of the remanufacturer are shown
in formula 6.

Ttnn = (v — Cn)qnr + @nn — ) qnn + @nr — Wa)dnr (5)

k
Tyr = Wy — ¢ )qnr — E(TNqu)z (6)

3.2  Model Solving

To obtain the optimal solution under three government policies, this article takes the
government's adoption of carbon tax policy as an example.

Lemma 1. rtg, is a concave function for the recovery rate of waste products 75, The
optimal solution obtained through g, is brought into mg,, where mg, is a concave
function with respect to qsq, Gsn, Ws;

Proof. Bringing g, = 7,94, into formula 2:
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k
Tgr = (Ws — €r)Tsqs1 — ;quslz (7
The 1st and 2nd-order of mg, about 74 as below:
Omsr
Tor = s (=6 + Ws) — ki, (8)
9%msy
T = —kad ©)
2
According to formula 9: aaznr L = —kq2, < 0,Itis known that formula 2 is a concave

function for 75. Therefore, the optimal solution for 7 is obtained through formula 7.

—Cp + W
Tg=—
s kqs
o —Crtwyg
By substituting 74 = Ps1 =1—qs1,Psn =1 — qsn — 65, Psr = 6(1 —

kqs1 ’
qsn — qsr), into formula 1, we can obtain:

T[Sr:(1_S_Cn_qsl)CIsl+qsn(1_s_cn_qsn

(= Cr W) (~Ws+8(1-Gsn——2 %))

_ S(—cr+wg)
=)+

(10)
k
The 1st and 2nd order derivatives of g, qsn, W, about 74 as below:
61T5n 627T5n
=1-5—¢,— 2451, —5— = —
6QS1 * “n s 626151
on 26(—c, +wy) 0%m
Snzl—S—Cn—qun— ( T s) Sn=_2

0qsn k " 0%qsn

g, 21
sy k6 + (k + 28)c, — 2k8qsy — 2kw, — 28w, 0%, T

ow, k2 T 02w, k
On the Hessian matrix of qgq qspn, Ws:
-2 0 0
0 5 28
H= k
)
25 2(-1-3%)
k k
Hl, =|-2|=2>0
|72 0_
|H|2—|0 _2|_4>0
-2 0 0
0 2 28 2
- - 8k+d8—-6
[Hl5 = Eo |-
25 2(-1-9)

k k
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Therefore, formula 9 is concave to (g;qsn, Ws - Subsidy policies and non subsidy
policies can also be similarly proven.

The proof of Lemma 1 is completed.

The optimal solution for the government to adopt subsidy policies and the govern-
ment not to adopt policies is the same.

Conclusion 1. Under three policies, the optimal solution is as follows:

Shown in Table 2.1t is optional solution.

Table 2. The optional solution

Equ
ilib-
riu
m Carbon tax policy(i=v) Subsidy policy(i=s) No policy(i=n)
s0-
lu-
tion
w —ks8 — k&c,, — ke, — 28¢, + 28%¢c, kécy, — (k—2(—1+8)8)(v —¢,) —k&c, — ke, — 28¢, + 28%¢,
! 2(k +6 —62) 2(k + 68 — 52) 2(k +8—6%)
Qin —k + ks — 8 + 58 + 6% + ke, + 8¢, — 8¢y —k — 8 + v + 8% + ke, + 8¢, — 8¢, —k — 8+ 8% + ke, + 8¢, — 8¢,
2(k+6—6%) 2(k+6-6%) 2(k+6-6%)
qi1 1 1 1
S=5=a) Sl=e FA=cn);
s§+8cp —cp v+8c, — ¢ (1 =cp)(=6cp +¢p)
i 20k +6 —62) 20k +6 —62) 2(k + 8 — 8%) (=1 +c)
1 1 1
Pin A +s+e) 5 +cn) 5L +cn)
Sk +ks+68—8%+key — (—1+ 8)cy) S(—k+v—8—v5+6%—key+ (=14 8)c,) 8k +8—08%+ ke, — (—1+8)c,)
Pir 2(k+6—6%) 2(k+6—6%) 2(k +6—6%)
1 1 1
Pt 51 +s+cn) 50+ 51+
—s8 — 8¢, + ¢ —v =8¢, +¢p —&cy + ¢y
i (k+0—082)(—1+s+cy) (k+06—082)(—1+cy) (k+06—0%)(-1+cy)
A B c
i 4(k +06—06%) 4(k+06—06%) 4(k+06—06%)
= k(s6 + 8¢y — c;)? k(v + 8¢, — cp)? k(=8c, +¢,)?
" 8(k +06 —0%)? 8(k +06 — 6%)2 8(k +0 —02)2

A=2(k + 6 — 62) + (2k — (=2 + 6)8)C2 + 2 — 2¢,(2(k + § — 62) + 8¢;)

B= 2k + v2 + 28 — 262+ 2k — (=2 + 8)6)c2 — 2vc, + ¢2 — 2¢,(2k —
6(—2+v+28)+bc,

C=2(k + & — %) + (2k — (=2 + 8)8)c2 + ¢Z — 2¢,(2(k + 6 — 62) + 6¢,)

3.3  Model Analysis

Based on conclusion 1, Conclusion 2, Conclusion 3, and Conclusion 4 can be drawn
Conclusion 2. Analysis of the impact of Government Policies on Waste Recycling
Rate:
dtg . 0tg
(1)when 6 > Crigs > 0,otherwise, 5 = 0

oty

2) pb 0
Proof: From conclusion 1, it can be concluded that:

01g 5—cr 07s 0tg

— = hen § — 0,— hend <c,,— < 0.
ds (k+5—62)(—1+s+cn)2’w ¢ e >0, ds > O,whené < c;, s — 0
ity

v (kt6-82)(1-cn) > 0.
From conclusion 2, we can conclude that under the carbon tax policy, both the unit
cost of remanufacturing and relative discount will impact the recycling rate of waste
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products. When relative discount remains fixed, the lower the cost of remanufacturing
products, the more actively remanufacturers are able to carry out waste product recy-
cling, which increases the recycling rate of waste products. When the cost of remanu-
factured products produced by remanufacturers remains fixed, the greater the relative
discount, which means that the circulation between remanufactured products and new
products is stronger, and consumers are more enthusiastic about purchasing remanu-
factured products. The increasing demand from consumers for remanufactured prod-
ucts, so remanufacturers will have greater production enthusiasm and require more raw
materials, which are waste products after the first cycle of use. Finally, the remanufac-
turer increased the recycling rate of waste products. Under the subsidy policy, the re-
cycling rate of waste products will be improved. Because every time a remanufacturer
produces a remanufactured product, the government provides a quota for the unit to
remanufacture the product, which will improve enthusiasm of remanufacturer.In order
to improve profits,remanufacturer will actively increase the waste recycling rate.

Management Implication 1: Although the carbon tax policy can effectively interfere
with remanufacturing production activities, it can also consider how to diminish the
production cost of remanufactured products and enhance relative discounts. For exam-
ple, the government can indirectly improve product recovery rate by purchasing reman-
ufactured products.

Conclusion 3. The influence of carbon tax and subsidy policies on outsourcing costs,
unit product retail prices, and sales volume:

(2% > 0,258 5 0, 2n ¢, B, ¢, 25w <0.
(2)‘9W”< 0, 6”“ _ oo _ o,a”i< o,aﬂ> o,%z 0, a‘“’"< 0.
v ov v ov

From Conclus10n 3, Under carbon tax policy, since remanufacturers are only respon-
sible for producing remanufactured products, and original manufacturers are responsi-
ble for selling two types of products, in order to compensate for the losses caused by
the carbon tax policy, original manufacturers will increase the retail price of new prod-
ucts and transfer their losses to consumers. Moreover, there is a competitive relation-
ship between the two products, and the sales of remanufactured products do not de-
crease but increase, But the sales volume of the new product has decreased. Under the
subsidy policy, original manufacturers will actively reduce outsourcing costs in order
to obtain government subsidies. Subsidy policies are not related to product prices and
sales volume in the 1st cycle, nor on the retail price of new products in the second cycle.
The retail price of remanufactured products will all decreases.Due to the competitive
relationship, thus, the advantage of remanufacturing products has increased their sales
volume, leading to a decline in the sales volume of new products.

Management Implication 2: Original manufacturers can use outsourcing models to
change the effection on themselves with subsidy or carbon tax policies. For example,
under carbon tax policy, although carbon tax policy directly reduce some of the profits
of original manufacturers, original manufacturers can not only divert the cost of carbon
tax to consumers by increasing the retail price of products, but also increase their own
profits by increasing outsourcing costs. Under the subsidy policy, original manufactur-
ers can transfer government subsidies by reducing outsourcing costs, thereby increasing
increased profits. From the perspective of manufacturer profits, although raising the

5q$r aq$1 aQSn

<0,
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price of new products does not affect their own profits, it is not conducive to economic
development in the long run. Therefore, the original manufacturer can bear part of the
product recycling, repackaging the waste products to the remanufacturer, and charging
corresponding fees.

Conclusion 3 leads to inference 1, which is as follows:

Corollary 1. The government policies rank outsourcing costs, unit retail prices, and
sales volume as follows:

(Dws > w, > w,,;

(2)ps1 > pv1 = Pn1;

(3)pSn > Pvn > Dnn

Hav1 = qn1 > qs1;

(S)When§ < ﬁa dNn > qsn > Gyn.otherwise, nn > qyn = qsn;

(6) psr > PNr > Pvn;
(7)When§ > < Gsr > qyr > qnr-otherwise, qyr = sy > gs;-
Conclusion 4: The impact of government policies on returns:

scr 0 o )
whens >1—c, + r__ 775 5 0;0therwise, aj" <0; T[Sr

————- > 0.
2k+28-62 0
a7'[Vr

aT[Vn

>0, > 0.

From conclusmn 4, under carbon tax policy, the profits of original manufacturers
decrease when carbon tax amount figure falls below a certain range. From conclusion
3, it can be concluded that the reason for the profit of original manufacturers is that,
even though the prices of the two products have increased, the sales volume of new
products has decreased, resulting in a decrease in profit from new product sales. More-
over, the decrease in profit from new product sales is bigger than the increase in yield
from remanufactured products, finally leading to a decrease in profit for original man-
ufacturers. On the contrary, when the carbon tax amount adopted by the government
exceeds a certain value, the original manufacturer compensates for the losses caused by
the carbon tax by remanufacturing products, ultimately leading to an overall increase
in profits. For remanufacturers, under carbon tax policy, it will increase outsourcing
costs and ultimately increase the profits of remanufacturers. Under the subsidy policy,
original manufacturers enhance the two product price, while reducing outsourcing costs
to remanufacturers, and the sales volume of both products increases, resulting in in-
creased profits for original manufacturers. For remanufacturers, although the outsourc-
ing costs obtained have been reduced, with government subsidy policies, the profits of
remanufacturers ultimately increase.

Management Implication 3: Under carbon tax policy. Products has significantly in-
creased. This means that remanufacturers has increased motivation. Of course, carbon
tax valve can not necessarily the smaller the better, but outght to exceed a range. How-
ever, the carbon tax can not necessarily the bigger the better. If the carbon tax is too
large, it will lead to the original manufacturer reducing the production of new products
in the 1st cycle, directly leading to the production of remanufactured products in the
2nd cycle, and ultimately affecting the development of the remanufacturing industry.

Corollary 2. Ranking of the effection of three Policies on Income:

s
whens <1-c¢, + T

m,ﬂ'[]n > Ty > 7T5n,0therW156, Tyn = Ty > Tsp.-
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when% > %, gy > My, > Myy,0therwise, Ty, = Mg, > Ty,

In order to facilitate the analysis of the environmental influence of the three pol-
icies, when no policies are adopted iSE,, = e,(qy1 + qnn) + €-qnr; Uner the carbon
tax policy, environmental impact of two products is E; = e,,(qs1 + qsn) + €-qsr; In
addition, Under the subsidy policies, environmental impact of two products is E;,, =
en(qV1 + an) + erqyr-

—k—6+62+kcn+6cn—6cr] (Scn—cr)er

1
(DE, = [E 1—=cp)— 2(k+6-52)

2(k+5-62)
e k—ks+8-58-6%~(k+&)cn+8cr (s6+8cn—cr)er
(2)Es = [2 (A=s—c)t 2(k+8-62) len + 2(k+6-62)
ol _ —k=8+v8+8%+kcn+8cn—cr (v+8cp—cr)er
)E, = [2 (A -cn) 2(k+86-62) len + 2(k+6-62)

Conclusion S: Three policies have environmental impacts:
when:—r > 6, E, > E, > Egotherwise, E,, = E,, > E.

n
Combining Conclusion 3 and Conclusion 5, it can be concluded that carbon tax have

a positive influence on the circumstance. It is not difficult to analyze the reasons behind
it,under carbon tax policy,the new product price will be enhanced, and consumers will
not choose new products in pursuit of cost-effectiveness, ultimately leading to decrease
the quantity of new products new products. Although under carbon tax policy, the price
of remanufactured products has been raised, consumers have not reduced their pur-
chases of remanufactured products due to market competition, the impact of remanu-
factured products on the environment by units is much smaller than that of new products
by units. In the end.Carbon tax policy has the least influence on the environment.

Management Implication 4: When the government needs to govern the environment,
it should adopt effective carbon tax policies, which can effectively diminish the influ-
ence of manufacturing industries on the circumstance. The carbon tax amount should
not be too large or too small, and appropriate values should be adopted to achieve a
win-win situation for all three parties.

4 Numerical Analysis

For the sake of further verify research conclusion of this article, a Chinese company's
remanufactured engine was taken as an example to contrast and find the effection of
two policies on outsourcing remanufacturing decision variables. According to literature
and the actual production situation of enterprises, the production cost of remanufactured
engines per unit was reduced by 50% compared to the production cost of new engines,
the environmental impact was reduced by 60%,c, = 0.5c,,,e, = 0.4e,. Further refer-
ence to literature2,c, = 0.1, ¢, = 0.2, e, = 1, e, = 0.4,k = 1.1. Due to the simplicity
of the first cycle, this article only analyzes the second cycle.
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4.1  The Influence of § / s on Waste Recycling Rate

Fig. 2. The influence of § / s on waste recycling rate.

From Figure 2, it can be analyzed that when carbon tax quota remains fixed, the
higher the relative discount, the higher the recycling rate of remanufacturers. This is
because the carbon tax remains unchanged, and the greater the relative discount, the
higher the circulation between new products and remanufactured products. Remanu-
factured products are recognized by consumers and have higher purchasing enthusiasm,
which leads to remanufactured product quantity will be enhanced, Increased enthusi-
asm among remanufacturers for recycling waste products. When the relative discount
remains fixed, the higher the government's carbon tax amount, the product recycling
rate will be increased. The reason is speculated that, when takes higher tax amount,
non remanufactured products produced by original manufacturers are downstream in
the competitive market, and consumers are more likely to purchase remanufactured
products, leading to remanufactured product quantity will be enhanced. When the gov-
ernment's carbon tax amount and subsidy fees are the same, adopting a subsidy policy
by the government is more conducive to promoting remanufacturers to recycle waste

products.
Corollary 3. The influence of relative discounts on thte product recovery rate is:
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Management Implication 5. Under a certain policy, it should prioritize relative dis-
counts and adopt corresponding policies based on the value of relative discounts. If the
relative discount is less than a certain range, the government should adopt a subsidy
policy, which is more conducive to the recycling of waste products by remanufacturers.
Conversely, if the relative discount exceed a certain range, carbon tax policy should be
given priority consideration.
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4.2 The Influence of 8/ s on Retail Price

Fig. 3. The influence of relative discount § and government carbon tax s on the retail price of
unit remanufactured products.
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Fig. 4. The influence of relative discount § and carbon tax s about retail products price.

From the analysis of Figures 3, 4, carbon tax policy will enhance the two products
price. The specific reason for this is that under carbon tax policy, original manufacturer
is not produce remanufacturing products, but instead adopts outsourcing remanufactur-
ing, and the original manufacturer is responsible for the sales of both products. The
prices of the two products are set by the original manufacturer. At this time, the original
manufacturer will increase the retail price of the new product to transfer the impact of
carbon tax on themselves, let consumers to bear carbon tax. Due to the market compe-
tition, consumers will tend to choose remanufactured products, ultimately the sales of
remanufactured products will enhance, leading to remanufactured products price has
been raised

Corollary 4. The influence of relative discounts on retail prices:
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Management Implication 6. For remanufacturing enterprises, the greater the rela-
tive discount, the stronger the purchasing power of consumers towards remanufactured
products, and the remanufacturing profits will also increase. However, the two products
in the market are in a competitive relationship, and when remanufactured products are
in a strong position, new products are in a weak position, which undoubtedly
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undermines the enthusiasm of original manufacturers for new product production. Re-
manufactured products are waste products from the first cycle of new product elimina-
tion, due to new product reduction,lead to remanufacture product reduction. The gov-
ernment should take appropriate measures to maintain a balance in the quantity of prod-
ucts between the two.

4.3 The Influence of 6 and s on the Profits of Two Manfufacturer

Fig. 5. The influence of relative discounts § and government carbon taxes s on the profits of
original manufacturer

Fig. 6. The influence of relative discounts § and government carbon taxes s on the profits of
remanufacturers

From the analysis in Figures 5 and 6, under carbon tax policy. Although original
manufacturers divert carbon tax amount by improving two products price, the revenue
from the sales volume of remanufactured products is less than the revenue from the
reduction of new products, which is not conducive to the development of original man-
ufacturers and will also undermine their enthusiasm. Under subsidy policies, original
manufacturers transfer government subsidies by increasing retail prices, which can in-
crease the revenue of original retailers. For remanufacturers, when the relative discount
and carbon tax exceed a certain value, regardless of what policies the government
adopts, it will increase the profits of remanufacturers, and the benefits of adopting sub-
sidy policies are more obvious.

Corollary 5. The influence of relative discounts on the profits of two manfufacturer.
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Management Implication 7. Original manufacturers and remanufacturers, in order
to increase their own profits, will find ways to increase relative discounts, such as pro-
moting the quality and performance of remanufactured products through television, or
adopting a seven day no reason return and exchange model when selling remanufac-
tured products, eliminating consumer concerns about remanufactured products, indi-
rectly increasing consumer trust of remanufactured products, and ultimately increasing
relative discounts.
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5 Conclusion

The government's carbon tax and subsidy policies are both effective ways for the gov-
ernment to indirectly participate in remanufacturing. But different policies have differ-
ent effects.. This article constructs a game model of the original manufacturer and re-
manufacturing cycles through two policies, To facilitate contrast and find the influcence
of the different policies on manufacturing/remanufacture. The main conclusions and
management insights obtained through research are as follows:

(1) Under the outsourcing and remanufacturing model adopted by the original man-
ufacturer and under carbon tax policy. Original manufacturer can raise outsourcing
costs to increase the amount of waste recycling for remanufacturers, thereby increasing
their enthusiasm for producing remanufactured products, and ultimately remedy profit
by generating more profits from remanufactured products. Meanwhile, original manu-
facturers transfer some carbon taxes to consumers. Adopting a method of increasing
retail prices. Under the subsidy policy, original manufacturer raises profits by reducing
outsourcing costs and increasing the retail prices of two products in order to obtain
subsidies.

(2) The government's two policies can improve the advancement of manufactur-
ing/remanufacturing industries, simultaneously, diminish their influence on the envi-
ronment. Through comparative analysis, under carbon tax policy.The manufacturing
industry has the lowest influence on the environment. This is because the new products
reduce, while the sales number of remanufactured products enhance, and the influence
of remanufactured products on the environment is lower than that of new products on
the environment.

(3) Management inspiration: Under two policies, original manufacturers can divert
carbon tax or obtain government subsidies by enhancing the retail prices of two prod-
ucts; Under carbon tax policy, it is beneficial to raise the enthusiasm of remanufacturers
to recycle waste products, indirectly promoting the production of remanufactured prod-
ucts. However, the carbon tax collection is not necessarily better, nor is it necessarily
better to be smaller. It should be within a certain numerical range. When the govern-
ment attaches importance to environmental protection issues, priority should be given
to carbon tax policy.
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(4) This article studies subsidy and carbon tax policy, providing relevant reference
basis for the government. In order to achieve higher economic and environmental ben-
efits, the government should choose carbon tax policy. Further refinement of research
can divide manufacturing enterprises into high emission enterprises and low emission
enterprises, adopt historical emission method for high carbon emission enterprises,
adopt benchmark method for low carbon enterprises, and influence and guide low-car-
bon remanufacturing behavior of enterprises through reasonable setting of carbon trad-
ing prices, thereby promoting the good promotion of manufacturing enterprises.

The premise of this study is that remanufactured products and new products have the
same quality and function, and there is no distinction between the two. Further research
and analysis can be conducted on products of different qualities. For the remanufactur-
ing model, further research can be conducted on the impact of authorized remanufac-
turing in the future. Explore the difference between outsourcing and authorization. For
carbon policies, further consideration can be given to carbon trading, the impact of car-
bon quotas on manufacturing, and the impact on the environment in the future.
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