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Abstract

Under resource constraints and environmental degradation, remanufacturing industry has
been increasingly promoted to fasten Green Economy and sustainable growth of the whole
society, which require government subsidies. While the quantitative influence and the
allocation of the subsidies are still uncertain. To help the government maximize the utility of
these subsidies, it seems necessary to measure the outcomes in different cases, and the
observation period should be expanded. Based on these and our prior research of their
relationship, a two-period game model between manufacturers and remanufacturers is
established, which shows their entrance orders. The three cases-a case without subsidies, a
case with subsidies for the remanufacturer, and a case with subsidies for the consumer who
selects the remanufactured product are compared based on this dynamic game model. The
results indicate that government subsidies promote lower retail prices for both products;
remanufactured products have greater price reductions when governments subsidize the
remanufacturer, and brand-new products exhibit lower prices after consumer subsidies;
vicious competition may occur if the government over-subsidizes consumers because brand-
new product manufacturers will adopt a cut-throat strategy to compete with the lower-priced
remanufactured products to survive the competition. Government subsidies cannot exceed
the value of A/2 and recovery rate should be proper. By having clear view of these results,
government subsidies will produce optimal economic outcomes for remanufacturing industry.
Keywords: game theory; government subsidies; remanufacturing; Green Economy;
Sustainability

1. Introduction

With the increment of population, resource
constraints have become serious obstacles for
sustainable development of enterprises, relevant
industries and the whole society. Some countries
which rely heavily on natural resources have suffered
considerable losses in recent age. This is more
significant in China and other developing countries in
rapid Industrial Age Qinghua, et al. (2014),. Since the
1980s, China has had an economic miracle of 7 per cent
annual growth. People's increasing material demand
and the development of supply capacity has not been
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a good match. After large-scale production encounters
resource bottleneck, it appeals "promoting circular
production of enterprises, circular combination of
industries and constructing circular industrial system".

From environmental perspective, considerable
enterprises and industries have to bear inescapable
responsibility for this phenomenon. Traditionally,
"Treatment after Pollution" was an important
guideline in the balance game between economic
development and environmental protection in China,
as the enterprises adhere to the principle of "all is fish
that comes to net". Many manufacturing enterprises
and industries are in pursuit of maximize economic
efficiency, which at the same time failed to protect the
social benefits. For instance, manufacturing industries
produce industrial wastes and poisonous gas annually
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as the results of meeting temporary market demands
(Nordhaus, 1992; Garriga and Domeénec, 2013).

As a result of resource shortages and
environmental degradation, governments, businesses
and the public are devoting increasing attention to
resource sustainability. The purpose of this
sustainability refers to the development situation that
not only meets the needs of the present generation,
but also do no harm to the production and life of future
generations. An effective method of positively
impacting resource sustainability is through
remanufacturing, a process that saves energy and
reduces emissions (Hatcher, ljomah and Windmill,
2011).

Remanufacturing is the key factor of sustainable
development and Green Economy. The conference on
the Human Environment held in 1972 specially
adopted the Declaration on the Human Environment,
which has become a solemn declaration of human
environmental protection for the whole world and
has played an important role in guiding all mankind to
effectively protect the ecological environment. In fact,
the Green Economy is not only the solutions on
environmental pollution, but also the consideration of
restoration and creation of ecological resources
(Garriga and Domeénec, 2013). E.g., in 2015 the
national financial subsidy policy for remanufactured
products in China led by the National Development
and Reform Commission has been fully launched after
a three-month trial operation. Users who purchase
remanufactured products of designated models can
enjoy certain rate of state financial subsidies. The
relevant policy should closely combine population,
resources, environment and development,
coordinate the relations between pollution and
protection, production and consumption, economy
and environment, development and consumption,
and fundamentally solve the environmental and
ecological problems (Abdulrahman, et al., 2014)

To attain these objectives, governments are
developing several relevant policies and launching
activities to promote the remanufacturing industry. For
example, the State Council of China has declared that
the central government should encourage the
development of the remanufacturing industry with
respect to a circular economy; thus, in 2009, the
council launched related laws toward this end. Then
the government has promoted Green Supply Chain and
appealed the public to fill the relevant industries with
Green Energy. Although the thirteen-five project (2016
to 2020) in China emphasizes the importance of
sustainable development, which is regarded as the
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necessary path of upgradings, and provides several
subsidies to promote the selection of remanufactured
products, the sales of remanufactured products in the
market have fallen short of expectations (Cui et al.,
2017a; Cui et al., 2017b). Then Chinese government
has focused its attention on developing the automobile
remanufacturing industry and has thus offered
substantial subsidies to encourage the selection of
remanufactured components. However, there are
debates about who the government should subsidize
(Zzhao and Chen, 2019). The government usually has
two directions: remanufactures and consumers in the
market. Thus, this study aims to develop a two-period
game model based on government subsidies, and then
determine the subsidy object by comparing the three
cases (a case of the government not adopting a subsidy,
a case of the government providing subsidies to
remanufacturers and a case of the government
providing subsidies to consumers).

Government subsidies are regarded as a fiscal
policy tool (Schwartz and Clements, 2010). To
understand how government subsidies affect the
development of remanufacturers, two kinds of
previous studies can be referenced. One investigates
how government subsidies can effectively promote the
development of a new industry. Martin et al. (2008)
adopted a clean development mechanism
tax/subsidies optimization model to identify the
dynamics of launching a government tax/subsidies
program. Based on this model, the economic and
environmental benefits under a clean development
mechanism are considered when searching for an
optimal alternative to a tax/subsidies return.
Toshimitsu (2016) used an environmentally
differentiated duopoly model to analyze a consumer-
based environmental subsidies policy, and the results
indicate that a consumer-based environmental
subsidies policy cannot reach social optimization if the
marginal social value of environmental damage
exceeds a certain value. In other words, the optimal
alternative depends on the degree of the marginal
social value. Lee and Cin (2010) conducted an empirical
study, the results of which indicate that the research
and development of subsidies enables an approach
that involves sharing risks and motivates the research
and development of investments by small- and
medium-sized enterprises in developing countries.
Dahl and Stokkereit (2019) studies a duopoly
investment model with uncertainty, and in this model
two enterprises get a monopoly benefit and
information benefit of cost-reduction respectively in a
certain period. Although evidence is not available to
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support the bundled effects of government subsidies,
these results show that government subsidies may
help to overcome the barriers to research and
development; in addition, the government shares the
risk in the development of small- and medium-sized
enterprises by granting subsidies (Chau et al.,
2005;Zhang et al.,, 2011; Change et al., 2013).
Subsequently, Hong et al. (2012) assessed the
government subsidies effect in a vehicle-to-grid system
using a survey instrument, and the results indicate that
if the Korean government provides annual subsidies
amounting to one trillion Korean yuan, it can generate
1.94 trillion yuan for social welfare and grow the profits
of the vehicle-to-grid service to 1.98 trillion yuan.

The other domain focuses on finding an optimal
method of assisting the government in allocating
subsidies to motivate the development of the
remanufacturing industry. Kreps (1990) and Dockner et
al. (2000) first introduced the concept of differential
games, which are characterized by both multiperiod
and strategic decision making, and this concept is used
for economic modeling and analyzing management
issues. Mitra et al. (2008) employed a two-period game
model to develop three types of models. These models
include giving subsidies to manufacturers, giving
subsidies to remanufacturers and sharing the subsidies
between manufacturers and remanufacturers. Tong,
Zhizhen and Shou (2017) have compared the
consequences of tax and subsidies. They have
concluded that trade-in subsidy can encourage
customers to replace their existing products with new
and remanufactured products; remanufacture subsidy
is beneficial to manufacturer and can further promote
remanufacturing development. The results of their
study indicate that subsidies enable the strengthening
of remanufacturing activities and enhance the profits
of remanufacturers. Furthermore, allocating all
subsidies to remanufacturers would motivate
manufacturers to acquire a share of subsidies so that
manufactures would then produce products that are
more suitable for remanufacturing. Wang et al. (2014)
investigated the effect of subsidies policies on the
Chinese recycling and remanufacturing industries using
a dynamic system approach and introduced four types
of subsidies policies: initial subsidies, recycling
subsidies, research and development subsidies and
production subsidies. Park (2015) analyzes the
efficiency and productivity change within government
subsidy recipients of a national technology innovation
research and development (R&D) program.

These policies have different motivational
objectives and features. For example, initial subsidies
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play an aggressive role in improving remanufacturing
activities and can be launched in the initial stage of
industry development. Liu et al. (2016) adopted a
quality-based price competition model to evaluate the
electrical waste and recycling of electronic equipment
in a dual channel environment that includes formal and
informal sectors, and the findings indicated that the
marginal effect of government subsidies is not
significant because of the higher quality level of waste.
Once government subsidies were not substantial to
balance the high quality of waste, the informal sector
was able to generate a competitive advantage. Zhao et
al. (2018) and Cui et al. (2017b) developed a decision-
making model to consider customer preferences by
investigating the relationship between remanufactured
products and government subsidies, and their findings
indicate that if remanufacturers share subsidies with
customers, customers can be motivated to select
remanufactured products and expand the market size
by generating profits.

This study is an extension of the research on
government subsidies for remanufacturing supply
chains. The paper by Mitra et al. (2008) is related to
ours but differs in that it covers government subsidies
to customers and in its analysis process. Their study
compares the three cases (giving subsidies to
manufacturers, giving subsidies to remanufacturers
and sharing subsidies between manufacturers and
remanufacturers) through simulation analysis, but in
our study, a general conclusion is obtained. Moreover,
compared with Qinghua, et al. (2017), the recovery
rates of the used product and the government
subsidies strategies affecting the environment are also
comparatively analyzed. We consider balancing the
economic production with social strengths and
promote Green Economy based on two-period model.

To achieve the research goals, the remainder of
this paper is organized as follows. Section 2 introduces
the model formulation. This part will show the model
assumptions, notations, and modeling concepts. Three
cases mentioned above will divide the functions and
restraint conditions into three forms. Section 3
analyzes the models applied to the three cases. The
discussion and conclusion are explored in Section 4.

2 Model
2.1 Model Assumptions

As shown in Figure 1, this study adopts a two-
period game theory to analyze the impact of
government subsidies on consumers, remanufactures
and brand-new product manufacturers by comparing
the models under different situations. In this paper,
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“two-period” represents the order of entry into the
product market  for  different  objectives.
Remanufacturers are the latter one who make financial
decisions and obtain resources based on the conditions
of manufactures.

Our past paper hypotheses: at the same stage, the
wholesale prices of new products per unit and
remanufactured products per unit are determined by
the original manufacturers and remanufacturers
respectively under the market competition and the
different strategies adopted by the government (Xi-
Qiang, et.al, 2017 ). However, to clearly test their game
relationship, the premise of this paper is: new products
are prior to remanufactured products.

In the first period, the brand-new product is the
only option available for consumers to purchase. Hence,
the remanufactured is not involved during this period.
Upon reaching the second period, the remanufacturer
enters the market and joins the competition, thus
providing consumers more options when purchasing,

i.e., a brand-new product and a remanufactured
product.

The remanufacturing product in the second
period is restricted by the quantity of recycled used
products from the first period. The decision variables of
the brand-new product manufacturer and
remanufacturer are the retail prices of the brand-new
product and the remanufactured product. Thus, the
decision objective for these two players, i.e., the
manufacturer and remanufacturer, is to maximize
profits. In this respect, the different types of subsidies
offered by the government will influence players’
behaviors in the competition and motivate consumers’
behaviors when selecting the new versus the
remanufactured product.The manufacturer and
remanufacturer are both assumed to be economic
rationalist, as they should respond to the exogenous
shock rationally and maximize their own profits during
the competitions.

Brand-New
First Period Product r---------- New Product——————~|
Manufacturer !
T
| v
: Consumers =
L}
! Y !
! HE
t------ New Product------------ : : !
L}
c
Second Period Government v Case Subsidy: : ,
L}
J -
Subsidy : I
VR Case Remanufactured |
Remanufacturer f--=--- e :
) I
|
L |
e Used Product- - - -

Figure 1. Conceptual model of the two-period game theory under different types of government subsidies

2.2 Notations

As shown in Figure 1, the conceptual model of the
two-period game theory in different subsidies
allocations is established.

While establishing the two-period models, we
give clear definitions of the manufactures and
remanufactures. 1)Manufacture refers to the certain
industries that apply raw materials or components
(homemade or purchased) to make a series of daily
consumer goods through more automated machinery
and equipment and production processes. The product
is always brand-new and original. 2)While
remanufacture shows the process of rejuvenating old
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machinery and equipment. It uses the old machinery
and equipment as the blank, adopts special crafts and
technology to make a new manufacturing on the basis
of the original one, and the performance and quality of
the remanufactured products are as good as the
original new products. Essentially, this process belongs
to recycle and recovery issues.

With the improvement of consumers' recognition
of remanufactured products and the proliferation of
remanufacturing technology, the original
manufacturing industry has faced new conditions:
increasing original equipment manufacturers and
independent remanufacturers are involved in the
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remanufacturing field, which add to the present
competition.
The following is a list of notations used in the

models along with their meanings:

c : manufacturing cost for single brand-new product;
s : savings cost for single remanufactured product;

preference distance for each consumer purchasing

t a single brand-new or remanufactured product;
T : recovery rate of used products in the first period;
e, impact on the environment from a single brand-
new product;
e, impact on the environment from a single remanu-
factured product;
N case with no subsidies;
VR : case of subsidies for the remanufacturer;
vc case of subsidies for the consumer;
demand for brand-new product in the first period
Qin1 when the government chooses strategy i;
demand for brand-new product in the second peri-
Qin2 od when the government chooses strategy i;
demand for remanufactured product in the second
Girz period when the government chooses strategy i;
retail price for a single brand-new product in the first
Pint period when the government chooses strategy i;
retail price for single brand-new product in the
Din2 : second period when the government chooses strate-
gy f;
retail price for single remanufactured product in the
Dir2 : second period when the government chooses stra-
tegy /;
. profits of brand-new product manufacturer when
in the government chooses strategy i;
. profits of remanufacturer when the government
r chooses strategy i;
wherei €{N,VR,VC} as previously mentioned;
the ratio of the retail price of the brand-new product
P . and the retail price of the remanufactured product,

ie,0<p<1

2.3 Modeling Concept

This paper uses the classical demand function
used by Wu (2013). This function could be described
as follows: suppose that there is a preference distance
for consumers when purchasing the product. We
adopt x to represent the preference distance between
the consumer and the remanufactured product,
which is a uniform distribution of [0,1]. The distance
between the consumer and the remanufactured
product is 1-x as displayed in Figure 2. Thus, the utility
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of the consumer receiving the brand-new product is

U =1-t1-x)-
represented as " ( ) P , and the
utility with respect to the remanufactured product is

Ur :p—tX— pr

. Assuming that consumers are

U >U
n ", the consumer
U <U
prefers the brand-new product, and when ~ " r,
the consumer prefers the remanufactured product.

logical and rational, if
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X

0

Remanufacturing Product

!

Remanufacturer

1
Brand-New Product

T

Manufacturer

Figure 2. Competitive relationship between brand-new and remanufactured products

Regardless of whether the government provides
a subsidies to the remanufacturer, the demand
function of the brand-new product in the first period

is expressed as 0,; =1— P;,q, withi e{N,VR}.

In the second period,

Qg = (L+t—p— Py + Pyr2) 1 28

And

Oirp = (-1+t—p— Py + Pyr) 1 2

( with 1 €{N,VR} ) represent the demand
functions of the brand-new product and the
remanufactured product, respectively. However, if the
government subsidizes the consumer, the demand

function of the brand-new product in the first period
must be rewritten as

Qs =1— Pins .

Then, '

Ovenz = L+t ==V = Pycay + Prer) /28
And ’
Overr = (1+t+ p+V = Pycoy + Puera) / 2

represent each demand function of the brand-new
product and the remanufactured product,
respectively, in the second period.

To simplify the derivation of the equation, let
A=-1+p+3t+s and B=tr(l-c)
Accordingly, the profits of the brand-new
manufacturer consist of the sales profits from the first
and second periods. However, the profits of the
remanufacturer are obtained only from the second
period sales, and the remanufactured product supply
is restricted by the quantity of used products recycled
during the first period.

3. Model Analysis

To develop the decision-making models, this
study adopts three cases: the case with no subsidies,
the case with a remanufacturer subsidies and the case

with a consumer subsidies (VC). The three cases are
assumed to be independent and government selects
one certain case during the whole period.

The models below are different from our prior
papers (Qinghua, et al. 2014; Xia, et al., 2015; Qinghua,
et al. 2017), as the past models has not measured and
combined the two-period profits.

The case with no subsidies:

MaX: 7y, = Gy (P —€) + Ghyn(Pan =€) (1)

Phina, Phn2

maxz,, = quZ(erZ —C+ S) (2)

Pnr2

St.Qy,o < 70y (3)
The case with subsidies for the remanufacturer:

MaxX g, = Gypoy (Pyrnz =€) + Gymnz (Pyrnz —C) (4)
Pvrn1: Pvrn2

T/ax Tore = Ovrra (Pugrz —C+S)  (5)

Rr2
St.Ovrro < TCyry  (6)
The case with subsidies for the consumer (VC)

MaX  7yc, = Gyeny (Pvcnt =€)+ Gyenz (Pycnz =€) (7)
Pven1s Pven2

maXx 7z,c, = Oyer2(Pyrz —C+S)  (8)

Pvera
SL.Ovcro < 70 (9)

3.1 Case Without Subsidies

This subsection provides a further discussion of
the relationships between the variables based on the
assumption of no subsidies support. Without any
government financial support, it is assumed that
there merely exist pure market competitions. Their
behavior is regarded as market reactions.

Proposition 1. Equations (1) and (2) are concave
functions that are related to the decision variables
PNn1, PNn2 and PNr2.

Proof: See appendix

The optimal solution, which is displayed in Table
1, could be obtained according to Proposition 1.

Tablel Deduction process of the optimal solution without subsidies
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A

T>2—— =7 O<r<
ti-c) " il
) Lic Lic
Nnl 2 2
Puns 1+3c+§t—p—s at+c—tr(l—c)
] 1-c 1-c
Nnl 2 2
q 1-3t—p-s 2-7(1-c)
Nn2 3 3
q A 7(l—c)
e 6t 2
2 2 2 2
. (1-c) +(1+3t—p—s) (1-c) +t(2+2'c—r)
4 18t 4 2
A’ B(A-2B)
Ty — o St
18t 2t
Puro # -1+3t+p+c—2tr(l-c)

Proposition 2. The preference distance of
purchasing a brand-new/remanufactured product has
significant effects on demand, sales and sales profits.

The effects on the optimal solution with different
preference distances are displayed in Table 2.

Table 2 Scenarios of effects on optimal solution with different preference distances

WhenTZTN,apa%>OandaFi$>0

Once p+5S >1,M>0 andM<0;
ot ot

Scenario 1
otherwise, 0P 2 <0, P nr2 >0 and% - Oy >0
ot ot ot
When0<‘£'<‘L'N,—apan >0 andap’\Ir2 >0;apan = P ez =0;
i 0 ot ot
Scenario 2

Proof: See appendix

Proposition 2 states that the retail price and sales
profits of the brand-new/remanufactured product are
directly proportional to the preference distance.
While the recovery rate is higher than the margin
recovery rate and the summation of the unit
remanufactured product savings cost s and price
discount are greater than 1, the demand for the
brand-new product is directly proportional to the

2020, Vol. XXIX, N°4, 553-569

preference distance; otherwise, the demand for the
remanufactured product is inversely proportional to
the preference distance.

Proposition 3. The competitive relationship in
the market between the brand-new product and the
remanufactured product in the second period
satisfies the following conditions:

Condition 1: When7 =7 and1—S—3t, three
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scenarios must be considered as follows:
O<p<l-s-3t , the
remanufactured product is not available in the market
and7 =0.

Scenario2: 1+3t—S< p <1, the brand-new
product is not available in the market.

Scenario3: 1-S—3t<p<1+3t—s , the

brand-new product and the remanufactured product
are both available in the market.

Condition 2: When 7 < T\ these two products

are both available in the market and all used products
collected in the first period will be remanufactured by
the remanufacturer.

Proof: See appendix

Proposition 3 states that the second period
market competitive relationship between the brand-
new product and remanufactured product is highly
correlated with the recovery rate of used products.

Scenariol:

When the recovery rate is 7 = T, and consumers

consider the ratio of the retail price to be less than
1-s—3t, the sales of the remanufactured product

is zero, which means that the remanufactured
product will disappear in the second period market,
as its price is highly valued. However, when the
consumers perceive the ratio of the retail price to be
greater than1+ 3t — S, they will no longer choose the
brand-new product. When the ratio of retail price
remains in the condition1—S—3t < p <1+3t—s,
the brand-new product and the remanufactured
product are both available in the market.

When the recovery rate of the used product in
the first period is less than T, the demand for the
remanufactured product is greater than the collection
of the used products, which means that all used
products will be remanufactured. However, since the
quantity of the remanufactured product is
constrained by the quantity of the used products,
some consumers will select the brand-new product as
a substitute.

3.2 Case with Subsidies for Remanufacturers

Assuming the government subsidizes the
remanufacturer, the optimal solution is shown as
Table 3.

Table 3 Optimal solutions when the strategy is VR

A+v
TZm=TVR 0<1'STVR
l+c l+c
P Z Z
1+3c+3t—p—-s—v
Pyrnz bk 3p 2t+c—B
Pyrrs A+3C_323_2V ~1+3t+ p+c—2tr(l—c)
] 1-c 1-c
IVRn1 2 2
g 1-3t—p-s—v 2-7(1—c)
VRn2 3 3
q A+vV E
\VRr 2 6t 2t
2 2 2 2
- (1=¢)’ , (+3t-p=s-v) (1—c)® tR+rc—7)
4 18t 4 2
(A+V)? B(A-2B)
TTyrre ~ 7 VAT et
18t 2t

3.3 Case with Subsidies for Consumers
Assuming the government subsidizes the
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consumer to promote the selection of the
remanufactured product, the optimal solution for the
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government is shown in Table 4.

Table 4 Optimal solutions when the strategy is VC

r>—é:l——r O0<7<1
_3'[(1—C) vC = tve
N Lic Lic
Cnl 2 2
1+3c+3t—-p—s-2
Pycn2 LR 3/0 Y 2t+c—B
By —1+3c+3t3+p—25—v “143t+ ptc—2tr(d—c)
] 1-c 1-c
VCnl 2 2
a, 1-3t—p—-s—-2v 2—7(1-c)
Cn2 3 3
9 A+2v B
VCr2 6t 2t
_ 2 _ e 2 _ 2 _ 2
Ao (1-c) +(1+3t p—S—2V) (1-c) Jrt(2+rc 7)
4 18t 4 2
(A-=V)(A+2v) B(A+v-2B)
ﬂ-VCr Ay
18t 2t

Proposition 4. The retail price and the demand
are affected by the government subsidies in the
second period.

Scenario 1: The government subsidizes the
remanufacturer:

0
WhenTZTVR,%<O,

apVRrZ <O aqVan <0 aqVRrZ <O

’ ’

ov ov ov

when? <7,

apVRnZ _apVRrZ _ aqVRnZ _ aqVRrZ :O

ov ov ov ov
Scenario 2: The government subsidizes the
consumer rather than the remanufacturer:

0 0
WhenT > 7, pav\l:nz <0, Puary <0,

ov

aqVRnZ <O aqVRrZ >O
ov "oV

when? <7,
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OP ygn2 _ vgrz _ 00 vz 0
ov ov ov

Proof: See appendix

Proposition 4 states that government subsidies
enable the reduction of the retail price of both the
brand-new product and the remanufactured product

OPvrr2 >0
ov

T2T T2T -
when VR or VC | Government subsidies

lowers the retail price of a brand-new product
because the new product will lose its price advantage
when the price of the remanufactured product is
reduced. Consumers may turn to remanufactured
product and show less demand of new ones.

For the new product to maintain a price
advantage, the manufacturer reduces the retail price
to attract consumers and compete with the

T <T,
remanufactured product. If VR then the

demand for the remanufactured product is greater
than the supply of the used product, and the
government subsidies do not impact the retail price
or demand. However, the second period demand for
the remanufactured product will exceed the quantity

T <T,
of the used product in the first period when ve
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and the government subsidizes the consumer, which
causes the remanufacturer to increase the retail price
to obtain greater profit. In other words, the retail
price of the remanufactured product is increased
based on the amount of the government subsidies. In
response to the sustainability of Green Economy,
government ought to allocate proper amounts of

subsidies to support the competitiveness of
remanufactures in the market, as they are beneficial
to circular economy. Proposition 6 in the latter part
would consider this question.

Proposition 5. The impact of government
subsidies on retail prices and sales of brand-new and
remanufactured products is shown in Table 5.

Table 5 Retail prices and sales of brand-new and remanufactured products under different government subsidies

Conditions Results
r > r (a) pVCnZ < pVRnZ < pNnZ' pVRrZ < pVCrZ < erZ
= Ty
(b) Ovcnz < Ovrnz < Onnzs Anrz < Ovrrz < Overz
(a) Pucnz < Purnz < Pinz;
. <r<r (b)if V>2(3B—A), Pz < Prgrz < Prras
N =T>=Tg .
otherwise, Pygr, < Pycrz < Pz
() Ovenz < Ovrnz < Onnz2: Anrz < Ovrrz < Overz
(a) < “Prnz » < =p
Tue <r< 7, Pycnz pvmz_ Nn2 pVCr_Z Porr2 =Pur2
(b) qVCnZ < qVRnZ_anZI quZ_qVRrZ < qVCrZ
(a) Pucn2 =Pvrn2 =Prnz » Puera > Purea =Pz
T < TVC

(b) qVCnZ < qVRn2 :anZ’ quZ :qVRrZ :qVCFZ

Proof: See appendix

Proposition 5 states that if the used product
recovery rate is7 = Ty, then the optimal decision of
a brand-new product in the second period is
N >VR >VC with respect to the retail price, sales
and profits. For the remanufactured product, if
N >VC >VR is the optimal retail price order, then
the optimal sales rank isVC >VR > N .

In addition, if the recovery rate is Ty <7 < 7y,
then the retail price and sales exhibit the same
changes in the second period. Once the amount of the
government subsidies v is greater than 2(3B — A),
then the retail price of the remanufactured product is

N >VR >VC, and if V<2(3B—A), then the
retail price order becomes N >VC >VR
Subsequently, the second period retail price of a

brand-new product is a special case in condition 2,

where the recovery rate isTyg <7 < 7).

Assuming that 7 <7, - the supply of the

remanufactured product in the second period is
restricted by the quantity of recycled used products in
the first period. Thus, the retail price and the sales of
the remanufactured product are subject to the same
situation as that in the case of N or VR. However,
remanufacturers attempt to increase the retail price
of the remanufactured product by transferring part of
the government subsidies as in the case of VC.
Although the retail price is higher than that of the N
and VR cases, the sales reflect the same situation as
these two cases because the demand for the
remanufactured product is greater than the supply.

Proposition 6. How government subsidies affect
the sales profits of brand-new and remanufactured
products is shown in Table 6.

Table 6 Sales profits of brand-new and remanufactured products under different Government subsidies

Conditions

Results

T 27T,

Tyen < Tygn < Tnp »

when V> 2, 7., <7y, < gy s
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Otherwise, 7T\, < ZTye, < g,

Tyen2 < yrnz < Tz »

Ty ST< T, when 0V <——, 7 <7y, < g, »
Otherwise, 7Ty, < Tyc, < Typ,
Tyen < Tyrn = Tnn ?
< <y 5B~
Tye ST < Ty when 0V < ——— e, = 7y, < Ty, s
Otherwise, e, < Tyg, = 7Ty,
T<Ty yen = vrn = Tnne one = Zvre < ey

Proof: See appendix

Proposition 6 states that the sales profits of
remanufacturer are affected by the amount of the
government subsidies. When the amount of

government subsidies reaches v>Al2 /the
remanufacturer realizes the smallest sales profit.
Furthermore, the reduction range of the retail price
for a brand-new product is greater than that for are
manufactured product (vicious price-competition by
means of cut-throat strategies may occur). Thus, the
remanufactured product does not have a competitive
price advantage in the VC case. In particular, the unit
sales profit of the remanufactured product is reduced
if the amount of government subsidies continues to
increase. Accordingly, the subsidies amount must be

less than Al2 in the VC case for the sales of the
remanufactured product to reach the maximum point
and for the sales profit to exceed that of case N. Once

the subsidies amount exceeds Al2 , although the
sales of the remanufactured product can increase, the
sales profit will be less than that of case N because of
the effect of reducing the price for the brand-new
product. These economic behavior ought to be
adjusted to promote normal competition.
Proposition 7. Different government strategies
affect the recovery rate of the used product

differently, 7y, <7y <TyR.

Proof: See appendix

Proposition 7 states that the margin recovery
rate enables the achievement of the maximum point
in the VR case because the remanufacturer intends to
aggressively promote the recovery rate of the used
product to acquire additional government subsidies.
Accordingly, the government can exploit this point to
encourage the remanufacturer to achieve the

2020, Vol. XXIX, N°4, 553-569

recovery rate Ty and thus attain the subsidies target.

Once the government subsidizes consumers (VC),
the margin recovery rate remains at the minimum
point, although it will still encourage consumers to
select the remanufactured product and promote
consumer recycling behaviors. This effect of VC on
remanufactured product is not precise and accurate,
as the demand of brand-new product is also
increasing. Consequently, the government must
encourage remanufacturers to maintain the highest
recovery rate in the case of VC. Remanufacturers can
even retain the recovery rate as in the N case.

Based on the studies of Geylani et al. (2007) and
Agrawal et al. (2012), the environmental impact e;
can be obtained in the N, VR and VC cases as follows:

€y = €, (Auns + Annz) + €. Onrz
Er =€, (qVRnl + qVan) + € Qe
€c =6, (qVCnl + qVan) +€.0vcr2

Proposition 8. Different government subsidies
strategies will affect the environment.

a)If - 2Ty, By > >6c
b) If Ve ST<Ty, &y =6 6

o’ <Tvcr En =6r =€y

Proof: See appendix

Having considered the economic consequences
in different cases, the effect of government subsidies
on ecology is to be examined. The recovery rate is
supposed to be related to Green Economy.
Proposition 8 indicates that if the recovery rate Tis
greater than typ in the VC case, then the
environmental impact is less than that of any of the
other situations because the subsidies result in an
increase in the sales of the remanufactured product,
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which causes a decrease in the demand for the brand-
new product.

Conversely, case N generates an enormous
environmental impact. In the VR case, if

Ty <7 <74, the demand for the remanufactured

product is restricted by the quantity of the used
product in the first period. Hence, the
remanufactured product is unable to satisfy the
market demand. Therefore, consumers choose to
select the brand-new product as a substitute, thereby
generating a tremendous impact on the environment.

When 7,c £7 <7y , then the supply of the

remanufactured product in the second period is still
restricted by the recycled quantity of the used
product in the first period, although the demand for
the brand-new product and the remanufactured
product face the same situation as in the N and VR
cases, which then results in the same degree of
environmental impact. In other words, N, VC, and VR

have the same environmental impact if 7 < 7,,¢.

4. Conclusions and Discussions
4.1 Conclusions

Considering the importance of social benefits,
Chinese government gradually emphasize more
subsidies on environmental sustainability, and
remanufacturing industry is rising. The game between
manufacturing and remanufacturing industries in the
market has formed. Based on the given condition, this
study adopts the Stackelberg two-period game theory
based on the Chinese government proposed policy
“Exchange your old product for a manufactured one”
to investigate the effects under three cases of
different types of subsidies. The effects are
investigated by developing mathematical models that
incorporate government subsidies, retail prices,
preference  distances, market demand and
environmental impacts. These mathematical
derivations support policy making and can be used to
examine dynamic changes. Also, the results of
derivations offer economic guide to regulators and
entrepreneurship about price competitions and
subsidy utility.

Firstly, government subsidies play an important
role in reducing the retail price of new and
remanufactured products both in the case of
subsidizing the remanufacturer (VR) and the case of

subsidizing consumer (VC). If 7 <7,z , then the

demand for the remanufactured product in the
second period is restricted by the recovery rate of

2020, Vol. XXIX, N°4, 553-569

used products in the first period, and government
subsidies to the remanufacturer will not affect the
demand and retail prices of brand-new and
remanufactured products. When the government

subsidizes consumers and 7<T7, , the

remanufacturer strives to acquire more profits by
increasing the retail price and shifting the government
subsidies. In other words, the retail price of the
remanufactured product depends on the quantity of
subsidies. Although government subsidies are
conducive to promoting the sale of remanufactured
products, remanufacturers also encounter sales profit
margin reductions. Therefore, government subsidy is
restricted by recovery rate in the first period and
ought to balance the conflicts among these objectives.
The enterprises could not ignore the potential risks
and losses made by their actions.

Secondly, government subsidies cannot exceed
the value of A/2. Once the subsidies have exceeded
this value, they will generate vicious competition
between the manufacturers of the new and
remanufactured products, and the remanufacturer
can only receive the minimum sales profit. If the
government subsidizes consumers, then the brand-
new product will cause a greater decrease in the retail
price. In other words, the remanufactured product
will lose its price advantage. Although the
government promotes the sales of remanufactured
products by subsidizing consumers, the sales profits
of the remanufacturer still fail to increase because of
the government subsidies that reduces the retail price.
Therefore, the impact of government subsidy is not
always positive, and rules and regulations require
modifications and improvements.

Thirdly, the findings indicate that adopting
different strategies will generate different impacts on
the environment. If the recovery rate of the
remanufacturers is greater than the government’s
margin recovery rate without government subsidies,
then the case with subsidies for consumers (VC) will
present a significant reduction in the impacts on the
environment. Once the recovery rate of the
remanufacturer is located between the margin
recovery rates of the two cases, i.e., the case with
subsidies for the remanufacturer (VR) and the case

<
without subsidies (N), ( Tve ST<Ty ), then the

government subsidies to consumers can minimize the
environmental impact; otherwise, the same impact is
observed in both cases. In addition, these three cases
have the same impact on the environment when the
recovery rate of the remanufacturer is less than the
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margin recovery rate in the case with subsidies for
consumers. The Green Economy is highly related to
the recovery rate caused by the two period
mentioned above.
4.2 Discussions

Green Economy is a new economic form, which
is market-oriented, based on the traditional industrial
economy and aiming at the harmony between
economy and environment. It is a kind of
development state that the industrial economy
produces and shows to meet the need of human
environmental protection and health.
Remanufacturing industry could reflect the purpose
of Green Economy to a large extent. The rise of this
new industry and government financial support,
however, may even produce adverse effect including
price-competitions and negative marketing strategies.

Then this paper has illustrated the significant
effect of government subsidies on manufacturing and
remanufacturing industries by formula derivation,
which has seen the mathematical logistics. Although
Green Economy has been proposed worldwide, and
governments in different areas have increased
subsidies towards environmental issues, the
efficiency and effectiveness still have to be adjusted
to a new level. The adjustments require clear position
of objectives (who has the priority to receive subsidy)
and accurate measurement of the investment and
changes.  Trade-offs  between  surplus on
remanufactures (e.g., boosting market demand) and
potential losses (e.g., vicious competition with brand-
new product & decline in profits) should be
considered at the same time. Overall, the net surplus,
especially from the perspective of Green Economy,

max m, = (pan _C)(l_ pan) + ( Pnnz —C

Pnn1s Pnn2

Eg. (10) vyields first and second order partial
derivatives and can obtain

Oy =1-2p,,,+C,
OPpns
Oy, _ 1+t+C—p—2Py; + P
Pyy 2t '
o’y _ o’my, _ 1
R
azyan _ 827an

apanapNnZ - apNn26pNn1 -
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requires to be positive.

This study develops an optimal and dynamic
method of managing government subsidies in the
event of a social surplus. Our past papers just analyze
their interactions limited in one period, and this paper
introduces the entrance of remanufacturers in the
next period. Therefore, the results enable us to offer
scientific support to governments when developing
policies about subsidies to augment the development
of the remanufacturing industry. Governments ought
to balance the benefits between social responsibility
and economy; the imposed recovery rate should also
be proper.

Although this study explores government
subsidies, preference distances, demand, sales profits
and environmental impacts in the development of an
extensive model to investigate the effects under
different scenarios, several limitations also exists. For
example, in the case of subsidies how does the
government confirm the group to receive the
subsidies? The precise amount of the subsidies was
not addressed, and it should be discussed further in
future research. To simplify the problem of
government subsidies and optimal solutions, we did
not consider some affected variables and recommend
that they can be included in a future study.

APPENDIX
Proof of Proposition 1
Substituting

1+t_p— p n + p r
anl:l_ Pnts Annz = = N2

2t
into Eq. (1), we obtain
)1+t — P~ Panz2 T Prr2 (10)
2t
Thus,
Oy, O’ my,
Py’ PP 20
J= 2an Nr;l Nn2 — 1 =250
0 7'nn 0 7nn 0 _E
apNnZapan apNnZ2
2
and 8_7{,\,2 = —2 < 0. This confirms that Py,
apan
and Py, are concave functions of Eq. (1).
Subsequently, inserting (y,; =1— Py and
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— _1+t+p+ pNnZ — er2
Nr2 2t

and considering Eq. (3) as a constraint condition, Eq.
(2) is rewritten as a non-constraint Lagrange function,

max z,,, = (erZ _C+S)(_1+t+p+ Prnz — erZ)

Pnr2 2t

into Eq. (2)

=1+t+ p+ Py, = Py
+L[ P thN 2~ Pz =7(1= Pyoy)]
and L > O is a Lagrange multiplier. Accordingly,

T\, is related to the second order function of Py,

2
1

and % = _2_ < 0 .Thus, Eq. (2) is a concave
er2 t

function that relates to Py, . Similarly, these
derivations can be used to show that Eq. (1) is a
concave function with respect to (g, and Q-

and Eq. (2) is a concave function for (,, as well.

Proof of Proposition 2
a) when 7 = T, we know

apNnZ — aerz :1> O

ot ot
Oy, —1+p+s
Considering = 2
ot 6t
and
anrZ — 1- pP—S
ot 6t

we find that when
1%, 0
p+s>1, Dz andM<0;
ot ot

otherwise,

annZ <0 aerZ >0

ot ot
And
orm,, Om,, ([@+3t—p-93)A
= = . >0.
ot ot 18t

b)when 7 <7,

we know a%’\énz = 2—1’(1—C) >0

ang Pz _3_ o010y 50,
ot

since { is notinvolved in Onno and Qo » we

get

annZ — 6qu2 :0_
ot ot '

meanwhile,

Otyn _ (2+7c—1)° -0
ot 2

and

Oy, _ 7(1-c)(3+27Cc—27) 0
ot 2

Proof of Proposition 3
a) Suppose T = Ty - A brand-new product in
the second period market is expressed as
Nn2 — >0,
ot
which means that P <1+3t—S . If
remanufacturing products are in the market, then this

*
situation presents as (., = a > 0, which means

that 1-s—3t < p . Consequently, remanufacturing
products will disappear in the market when
O0<p<l-s—3t.once 0< p<l-s-3t,
a brand-new product will disappear in the market. If
1-s-3t<p<1l+3t—s, the new product

and the remanufactured product can coexist
simultaneously in the market.

b) When 7 < T,
. 2-7(1-c) 1+c
> >

Ongnz = 0,
NRn2 2 2
* T 1_ C
Ungeo = % > 0. This indicates that the

brand-new product and the remanufactured product
coexist in the market.
Proof of Proposition 4

a) When 7 2 Ty,

aR/an — 1<O aF\/er :__2<0

ov 3 ov 3
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aq\/RnZ :__1<0 aq\/RrZ :__1>0

ov 6t ov 6t
However, When 7 <7T\,p , Pyrn2 » Pyrro

Oyrn2 @and Qyg,» have no relations withV, i.e., the

conclusions are correct.
b) The proof of b) is similar to a)o

Proof of Proposition 5
a) When 7 27,5, we obtain (a) and (b) as

follows:
From

Panz = Pyrnz = Purnz — Puen2

_ * * _ * * _ V O'
= erz - pVCr2 - pVCrZ - p\/er - § >
we find that Q/*an < pK/*an < p;nz and

p;er < pCCrZ < p;rz.Thus, the conclusion is

confirmed.

Using the same derivation as above, the

proposition is confirmed.

b) Because conditions 2 to 4 have the same
derivations as condition 1, the proofs are omitted to
avoid redundancy.

c) Condition 5 is confirmed by comparing the
retail price and the demand for the brand-new
product in the first period under different cases.

Proof of Proposition 6,7
The proof of proposition 6 and 7 is proven using
the same derivations as those in proposition 5.
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