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Abstract Currently, the large-scale industrial production

has made mountains of scrapped products and inevitably

exerts irreversible damage to the nature resource and

environment. Under this real situation, remanufacturing

industry is able to provide a new path for government and

enterprises to deal with the scrapped products and find the

new growth point of ecological economy. So, the problem

that how to push forward the development of remanufac-

turing via the regulations of government has become the

focus to the scholars and practitioners of enterprises. In this

paper, the evolutionary game model was established in

order to analyze the optimal strategies for both the gov-

ernment and the enterprises. Based on the obtained results

from evolutionary game model, it shows that when the

revenues gotten from supervision activities surpass the

costs, government will supervise enterprises’ production

pattern positively. Meanwhile, if the profits earned by

polluted production are higher than it in remanufacturing

production, enterprises will keep their patter of production,

although they may face the penalties of government. Then,

a case study based on the long-term perspective was

introduced in order to verify the rationality of the game

model in math. The result of this paper shows that the

regulation of government will exert the significant influ-

ences to firms’ decision about remanufacturing. During the

different periods of remanufacturing industry development,

government regulations will make different influences.

Keywords Government regulation � Green decision �
Evolutionary game � Game theory � Circular economy

1 Introduction

Remanufacturing is able to bring environmental and eco-

nomic benefits to every country. Regarded as the envi-

ronmentally friendly industry, remanufacturing now has

gradually received intense attentions from the researchers

and government agencies. In response to the resource

shortages, excessive energy consumption as well as the

environmental degradation, remanufacturing provides a

viable option for managing the increase in the number of

scrapped products worldwide (Kelly et al. 2017; Cao et al.

2020). Through a series of industrial procedures that may

include inspection, dismantling, repair, and testing,

remanufacturing can restore the used product to the same

capacity as the new products (Gagnon and Morgan 2014;

Sofia et al. 2017). Comparing with the usage of the ‘‘new’’

components for production, remanufactured products can

also reduce electricity consumption by about 60%, metal

materials by 70%, and alleviate the air pollutant emissions

by about 80% (Chang et al. 2015; Kasman and Duman

2015).

The policies of Swap the Old for Remanufacturing and

Pilot Remanufacturing Enterprises, introduced in 2013,

had encouraged and provided impetus to firms enter into

remanufacturing industry. These policies are largely

responsible for the current growth paces of remanufactur-

ing in China. The government selected a set of Pilot

Remanufacturing Enterprises and supported them with

initial capital and expertise in this emerging field (MIIT

2014). These pilot companies were tasked with pioneering

remanufacturing activities. Swap the Old for Remanufac-

turing initiative provides government funded subsidies to

the pilot enterprises. Our research team investigated these

pilot enterprises, and the remanufacturing industry and
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production line in China are shown in Fig. 1. The policy

encourages such enterprise enhancing the recovery scale of

end-of-life (EOL) products (Tian and Chen 2014; Wei

et al. 2015). Policies and practices to advance remanufac-

turing industry have been the focus of researchers and

scholars of circular economy, policy makers, and the

practitioners of remanufacturing enterprises, as well as the

potential customers.

Hence, the governmental measures like policies above

play an important role in the development of remanufac-

turing industry. Meanwhile, remanufacturing industry in

China has undertaken about 2 decades, so how about the

evolution progress of this emerging industry in China?

What measures could the double participants (government

and enterprise) adopt in different periods of remanufac-

turing industry’s development? Thus, deriving from these

problems, we regard government regulation and enterprise

decision as the research target. In this paper, we use evo-

lutionary game models to analyze the relationship between

the government and the manufacturing enterprises and

research on their decisions to prompt remanufacturing

industry. Compared with the traditional game theory,

evolutionary game model can depict the changes and

evolution progress of decisions of participants in the

model. Participants here can adjust their preferable strate-

gies according to the development of China’s remanufac-

turing industry, which is more closing to the practical

operation situations in China. Based on the replicator

dynamics equations, we can obtain the evolutionary

stable strategies (ESS), which are used to get preferable

strategies for the participants (government and enterprise)

in the game model. In order to support the results of evo-

lutionary game model, the practical case study is also

provided in the paper to prove the evolution progress of

China remanufacturing industry.

The rest of the paper is organized as follows: After the

introduction, in Sect. 2, we provide a brief literature

review. In Sect. 3, an evolutionary game model between

the government and firms is developed. An practical case

study based on our field investigations is introduced in

Sect. 4. Finally, in conclusion, Sect. 5 outlines the high-

lights of this paper, gives several practical

recommendations, and discusses future prospects of Chi-

nese remanufacturing industry.

2 Literature review

Regarded as the new research field of circular economy and

renewable business, remanufacturing has attracted the

attentions of academic scholars and practitioners of firms.

During the recent years, a growing number of papers

related to remanufacturing have been published. By the

observations and analysis of the previous papers, the

research methods in the field of remanufacturing are also

diversified. Hence, in this section, the literature review was

analyzed from three parts. Finally, comparing with the

previous literature, we summarized the contributions our

research did to highlight the innovating aspects of this

paper.

2.1 Remanufacturing supply chain management

Research on the remanufacturing supply chain derived

from the paper published via Savaskan et al. (2004) utilized

the Stackelberg game theory to calculate the recovering

rates of the end-of-life products. Since then, study on

remanufacturing has become the hot research topic in cir-

cular economy. Rubio and Corominas (2008) carried out

their research based on Savaskan et al. (2004) to study and

analyze the optimal decisions of the manufacturing–re-

manufacturing in the lean production environment. After-

ward, Wu (2012) established the two-echelon supply chain

model in remanufacturing industry to analyze the effects of

price and service competition in new/remanufactured

products. Taking the uncertainty into consideration, Chen

et al. (2015) adopted a two-stage stochastic supply chain

design model which incorporated uncertainty to analyze

the cannibalization in the OEM or remanufactured pro-

duction markets. The results via their working show that

primary cost in each product was crucial to the cannibal-

ization phenomenon.

A growing number of papers focusing on this emerging

industrial chain have been published during the past

5 years. For instance, Giovanni (2016) assumed a non-

Fig. 1 Remanufacturing industry and production line in China
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incentive scenario to study the profit-sharing contracts

between the manufacturer and retailer, where the former is

the leader and the other is seen as the follower in the game

model. Jin et al. (2017) have explored mobile phone

remanufacturing using a game-based model. They analyze

the impact of third-party remanufacturing. Their model

reveals that entry of a third-party remanufacturer is bene-

ficial for a high ‘‘capability’’ OEM remanufacturer.

Recently, taking the process innovation into the consider-

ation, Reimann et al. (2019) tried to take process innova-

tion as the variable into the math model of remanufacturing

supply chain and analyzed its effects into this sustainable

supply chain.

2.2 Evolutionary game theory in sustainable

industry

As for the new and hot research topic now, there are many

papers which adopted the diverse research methods and

theories to research remanufacturing. Comparing with the

traditional game theory, evolutionary game theory is wel-

comed by more and more researchers, due to its charac-

teristics of limited rationality which is more closer to the

real operation situations in remanufacturing supply chain.

Let’s take a instance, in the reverse logistics, Dong and

Song (2012) proposed an evolutionary game model deriv-

ing from the duplication dynamics, which provided refer-

ences to how suppliers choose their optimal decisions.

Moreover, Ji et al (2015) focused on green purchasing

relationships and analyzed dynamic operations and strate-

gic changes for a long-term green purchasing relationship

between the suppliers and manufacturers. Based on an

evolutionary game model, a replicator dynamic system was

formulated, which helped study different evolutionary

stable strategies of various stakeholders in green supply

chains in diverse periods.

Chen and Hu (2018) utilized evolutionary game theory

to obtain the optimal decision strategies of the manufac-

turers and the government under the background of the

carbon taxation and governmental subsidies. Furthermore,

corporate social responsibility (CSR) is a hot norm in the

field of ecology and environment, and Maryam et al.

(2019) deemed combing of the CSR with evolutionary

game theory would get the new findings. Hence, in their

paper, evolutionary game models were established to

analyze the pricing strategy and long-term behavior of

manufacturers which have the CSR in the daily produc-

tions. Later, Xu et al (2020) focused on governmental

regulations with green supply chain decisions to explore

the relationship between the enterprises and government,

which also provided implication to the establishment of the

game model in this paper.

2.3 Practical case studies on remanufacturing

industry

Case study is another common and practical method in the

researches of circular economy. Both the scholars in China

or the countries have utilized this method to study

remanufacturing and gotten obvious achievements. In the

developing country ‘‘Brazil,’’ Saavedra et al. (2013)

applied a case to show that in Brazil, the cooperation

between the OEM firms with other independent companies

can improve the profits for the both collaborators. Later,

turning the research direction of case study to developed

countries, here are also some distinctive findings. Other

scholars such as Rafiei et al. (2015), they regarded elec-

tronic mechanical as the research objective and utilized the

case studies to survey the remanufactured electronic mills

in Canada to analyze the dynamic safety stocks of the

reman-productions. Researchers are already aware of the

environmental benefits brought via remanufacturing

industry; hence, Liu et al. (2016) selected the remanufac-

tured cylinder of automobiles as practical case to investi-

gate environmental benefits in China. Peters (2016) put

forward to evaluate life cycle assessment (LCA) via the

case studies. Hence, one case study of remanufactured

office equipment like folder inserter was presented to

illustrate the LCA of remanufactured production in Euro-

pean developed countries.

Eco-efficiency is an index to evaluate the environmental

benefits; therefore, case study combing with Eco-efficiency

is a meaningful research direction for scholars. So, Afri-

naldi et al. (2017) utilized the case study of remanufactured

cylinder block to assess this index. Krystofik et al. (2018)

took Davies Office, Inc., as the research object to form the

case which displayed that in the USA, the factors which

influence the economic and the environmental impacts of

remanufacturing office equipment are multidimensional.

Disposed engines now are the major sources for remanu-

facturing in China, and Shi et al. (2019) investigated a real

case study on diesel engines to evaluate greenhouse gas

(GHG) emission situation in northeast of China.

By the reviewing of the literature above, we get the

implications to carry out our research in the paper. Then we

want to present the decision making between the govern-

ment and enterprises clearly and outline the evolution path

of remanufacturing industry in China. In this paper, we

adopted the evolutionary game theory and case study

together to launch the research as introduced in Sect. 3.

Despite the prior researches and literature, remanufacturing

acted as an emerging and hot research topic, and it needs

more various ways to study it.

Based on the literature review above, our paper con-

tributes to the literature in the aspects as follows: (1) There

are few papers which utilize the game theory to research

150 X. Chen et al.

123



the decision making between government and enterprise

with the limited rationality. Hence, our research provided

the macro-decision making from a long-term perspective.

In our game model, the decision will adjust according to

the different periods of remanufacturing development. (2)

Though there are many papers related to case study on

remanufacturing industry, however, there are lack of case

studies to analyze the evolution path between government

and enterprise. Thus, in our paper, we used the case study

via our field investigations to prove and verify the results

we obtained from evolutionary game model. (3) In order to

promote the development of remanufacturing industry, we

also put forward the management insights and policy

suggestions based on our research results which is in line

with China remanufacturing practical situations and can

provide implications to other developing nations.

3 Evolutionary game theoretical model

In this section, we first introduce the participants in the

game model and basic assumptions of the evolutionary

game model. According to the model hypotheses, the

evolutionary game payoff matrix between the government

and the manufacturing enterprises was established, and

then, the actual meanings of each parameter in the model

were explained in details. After solving the model, the

potential stable points of the evolutionary game model

were obtained. Later, the Jacobian matrix judgment method

was utilized to analyze the stability of the obtained equi-

librium points. Finally, according to the obtained stability

points from the evolutionary game, the schematic diagram

of the replication dynamics is given afterward.

3.1 Problem description and model assumptions

In this evolutionary game theoretical model, there are two

game players: One is the manufacturing company, and the

other is an administrative government. At the same time,

both the government and the enterprise as the main players

of the game are based on the assumption of ‘‘Rational

People’’; that is, both participants in the game seek to

maximize their own revenuer or benefits (Smith 2012;

Chen et al. 2020). In the evolutionary game model, both

parties will make decisions at the same time. For manu-

facturing companies, there are two types of decision-

making behaviors: regular (polluted) production and

remanufacturing. The game strategy set can be described

as: (remanufacturing, non-remanufacturing). Another par-

ticipant in the game model, the local government, which

plays the role of administrative supervision, also has two

decision-making behaviors: administrative supervision and

non-supervision. Under the same strategy set, it can be

described as: (supervision, non-supervision). Hence, the

gaming relationship between the government and enter-

prise is presented in Fig. 2 (Table 1).

Meanwhile, the evolutionary game focused on the

decision-making behaviors between different groups.

Therefore, it can be assumed that in the game process: The

proportion of manufacturing enterprises choosing regular

production is x, and then, the proportion of enterprises

choosing remanufacturing production is (1 - x). As far as

local governments are concerned, the proportion that

selects supervision is y, while the proportion that chooses

Enterprise

Remanufacturing

Government

Non-Remanufacturing Non-Supervision

Supervision

Fig. 2 Relationship between government and enterprise in the

evolutionary game model

Table 2 Payoff matrix for government and enterprise

Enterprise

Remanufacturing Non-remanufacturing

Government

Supervision ðV � C � S; pR þ SÞ ðF � V � C;pM � F � DÞ
Non-supervision ðV ; pRÞ ð�V � D;pMÞ

Table 1 Notation and description

Notation Description

V The environmental benefits via remanufacturing

C Cost and expense of supervision via government

S Subsidies on remanufacturing production via government

F Fines on polluted production on the regular production

D Pollution treatment fees via enterprises

pM Revenue of regular production via enterprises

pR Revenue of remanufacturing via enterprises
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non-supervision is (1 - y). Hence, we can get the payoff

matrix between the government and enterprises in Table 2:

3.2 Model calculations and stability analysis

For the government, the expected revenue of supervision

strategy is:

UEY ¼ xðpM þ SÞ þ ð1� xÞpR ð1Þ

Meanwhile, as for the government, expected benefit of

non-supervision strategy can be depicted as:

UGN ¼ yV þ ð1� yÞð�V � DÞ ð2Þ

Hence, we can get the government’s average revenue

function presented as:

UG ¼ xUGY þ ð1� xÞUGN ð3Þ

From Eqs. (1) to (3), using the replicator dynamics

system in Samuelson (1997), Smith (2012) and Xiao et al.

(2018), the equation for government is expressed as:

FðxÞ ¼ dx

dt
¼ xðUMY � UMÞ

Substituting Eqs. (1) to (3) into replicator dynamics

function, it can be obtained that:

FðxÞ ¼ dx

dt
¼ xð1� xÞ½ðF � C þ DÞ � ðF þ Dþ SÞy� ð4Þ

Let Eqs. (4) = 0, we can have the solutions as:

x�1 ¼ 0; x�2 ¼ 1; y0 ¼ ðF�CþDÞ
FþSþD .

Turn the attentions to enterprise, the expected profits of

regular production is:

UEY ¼ xðpR þ SÞ þ ð1� xÞpR ð5Þ

Similarly, the expected profit of enterprise’s remanu-

facturing production is:

UEN ¼ xðpM � F � DÞ þ ð1� xÞpM ð6Þ

Thus, we can get the enterprise’s average revenue

function presented as:

UE ¼ yUEY þ ð1� yÞUEN ð7Þ

From Eqs. (5) to (7), the replicator dynamics function of

enterprises is shown as:

FðyÞ ¼ dy

dt
¼ yðURY � URÞ

Substituting Eqs. (5) to (7) into replicator dynamics

function of enterprise Eqs. (8), it would be transformed to

the function like:

FðyÞ ¼ dy

dt
¼ yð1� yÞ½ðF þ Sþ DÞx� ðpM � pRÞ� ð8Þ

Let Eqs. (8) = 0, we can have the solutions as:

y�1 ¼ 0; y�2 ¼ 1; x0 ¼ pM�pR
FþSþD.

Thus, four potential stable evolutionary strategies (ESS)

with different combinations of the x [ {0,1} and y [ {0,1}

can be obtained. More specifically, the combinations for (x,

y) for these strategies could be: O(0,0); A(1,0); B(0,1);

C(1,1) as well as D pM�pR
FþSþD ;

F�CþD
FþSþD

� �
.

Using methods outlined by Milton Friedman (Ji et al.

2015; Chen and Hu 2018; Maryam et al. 2019), the Jaco-

bian matrix is used for stability analysis by satisfying the

conditions: det J[ 0 and tr J\ 0.

Jacobian ¼

oFðxÞ
ox

oFðxÞ
oy

oFðyÞ
ox

oFðyÞ
oy

2
664

3
775

Substituting the values into the Jacobian matrix, it can

be transformed to:

Using the Jacobian matrix, we can analyze the stability

of four potential points, and the stability analysis is shown

in Table 3. According to the stability analysis, we can get

the related propositions as follows.

From the stability analysis we did in Table 3, it is

convenient for us to observe the preferable strategies for

the two participants in the evolutionary game model. When

the remanufacturing enters into diverse stages, what are the

preferable decisions for the enterprises and the govern-

ment. Meanwhile, the prerequisites of the participants

adopting different strategies are also introduced after the

propositions. By the propositions we obtained as follows,

we can understand in which scenarios the government will

supervise the enterprises and how firms select their

strategies. The threshold conditions for each party’s

behavior are analyzed in Table 3.

According to Table 3, the stability of each equilibrium

point can be analyzed and the following relevant Propo-

sitions can be obtained successively. There are eight sce-

narios with the various prerequisites. Based on the different

scenarios, we can discuss the diverse decision situations

Jacobian ¼ ð1� 2xÞ½ðF þ D� CÞ � ðF þ Sþ DÞy� �xð1� xÞðF þ Sþ DÞ
yð1� yÞðF þ Sþ DÞ ð1� 2yÞ � ½ðpR � pMÞ þ xðF þ Sþ DÞ�

� �
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which the participants in the evolutionary game model will

face and how they select their preferable strategies. When

we obtain the ESS points, the preferable strategies are

presented directly.

Proposition 1 At this time, two cases in the evolution

game system are based on (0,0) as the ESS points, when

conditions F þ D\C and pR\pM, or F þ D\C and

pR þ S\pM � F � D are satisfied. ESS for the government

and enterprise is regarded as (non-supervision, non-

remanufacturing).

Specifically, it means when the profits of enterprises

earning by the regular production are higher than it got in

remanufacturing, the enterprises will continue to make the

production with pollution, although they may face the

Table 3 Stability analysis of

equilibrium point in

evolutionary game

Scenario Conditions Point det J trJ Stability

Scenario I F þ D\C

pR\pM

(0,0) ? - ESS

(1,0) ? ? Unstable point

(0,1) - ± Saddle point

(1,1) ± ± Uncertain point

Scenario II F þ D[C

pR\pM

(0,0) - ± Saddle point

(1,0) ± ± Uncertain point

(0,1) - ± Saddle point

(1,1) ± ± Uncertain point

Scenario III F þ D\C

pR [pM

(0,0) - ± Saddle point

(1,0) ? ? Unstable point

(0,1) ? - ESS

(1,1) - ± Saddle point

Scenario IV F þ D[C

pR [pM

(0,0) - ± Saddle point

(1,0) ? ? Unstable point

(0,1) ? - ESS

(1,1) - ± Saddle point

Scenario V F þ D[C

pR þ S\pM � F � D

(0,0) - ± Saddle point

(1,0) ? - ESS

(0,1) - ± Saddle point

(1,1) ? ? Unstable point

Scenario VI F þ D[C

pR þ S[ pM � F � D

(0,0) ± ± Uncertain point

(1,0) - ± Saddle point

(0,1) ± ± Uncertain point

(1,1) - ± Saddle point

Scenario VII F þ D\C

pR þ S\pM � F � D

(0,0) ? - ESS

(1,0) - ± Saddle point

(0,1) - ± Saddle point

(1,1) ? ? Unstable point

Scenario VIII F þ D\C

pR þ S[ pM � F � D

(0,0) ± ± Uncertain point

(1,0) ? ? Unstable point

(0,1) ± ± Uncertain point

(1,1) - ± Saddle point
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penalty from the government. By contrast, when the

supervision cost of government is higher than the sum of

penalty fees and pollution treatment costs, the government

is supposed to lose the enthusiasm to supervise enterprises’

production behaviors.

Proposition 2 When both the conditions: F þ D[C,

pR þ S\pM � F � D are satisfied, therefore, in this sce-

nario, the ESS for the government and enterprise is (su-

pervision, non-remanufacturing).

This prerequisite denoted that if the government’s pen-

alty fees on the pollution combing with the pollution

treatment cost are higher than the supervision expense, at

that time, the government is expected to take active

supervisions on the enterprises. At the same time, gov-

ernment can reduce it cost in supervisions, encouraging it

to adopt the positive measures. Meanwhile, the profits of

enterprises earning by the regular production are higher

than it got in remanufacturing, leading the firms to continue

their production ways, although it may face the penalties

by government.

Proposition 3 When both the conditions: F þ D\C and

pR [ pM or F þ D[C and pR [ pM are both satisfied,

therefore, in these scenarios, ESS for the government and

enterprise is regarded as (non-supervision,

remanufacturing).

When both the manufacturing enterprises and the gov-

ernment adopt this decision set, it means remanufacturing

in China has stepped into the mature stage. In this period,

due to the more profits brought via remanufacturing pro-

duction, the enterprise will embrace remanufacturing

industry more positively. Meanwhile, with the growing

number of companies entering into remanufacturing, the

government can reduce its supervisions and save more

capitals. However, remanufacturing industry in China is

still at the primary stage, and it is still far away with this

mature and final periods. If we expect China remanufac-

turing entering into this stage, the governmental supervi-

sions at the initial stage as introduced above are necessary.

3.3 Evolution path of remanufacturing strategies

According to the equilibrium point obtained after solving

the evolutionary game model in the previous section, and

after stability analysis, the relevant ESS points can be

obtained successfully. Based on this, the evolution paths

between government and enterprise are shown in Fig. 3. In

order to promote the better development of the remanu-

facturing industry, two cluster evolution paths between the

government and enterprises should be proposed as follows:

I ? III ? IV ? II or I ? IV ? II. This industry is

evolving toward to a more ecologically favorable pattern.

The evolutionary game path starts from the original point

(0,0) and will gradually evolve to the stable state through

an unstable state. During this period, the government needs

to push forward the development of remanufacturing with a

‘‘visible hand.’’

From the initial stage, when the total profit of remanu-

facturing production after receiving government subsidies

is still less than the ‘‘net profit’’ when deducting the

‘‘penalty fees’’ and pollution handling expenses, the man-

ufacturing enterprise will lose the motivation to remanu-

facturing. At the same time, it also means that in the initial

period of the development of the remanufacturing industry,

government subsidies to enterprises are not strong enough.

Subsequently, by the development of industry, the gov-

ernment provided subsidies to the manufacturing enter-

prises which are engaged in remanufacturing production.

And on the other hand, ‘‘levied taxes’’ on the companies

produced pollutant emissions during their regular produc-

tions. Under the guidance of the ‘‘Subsidy-Penalty’’ policy,

although it is able to help protect the environment and

further ease the pressure on environmental protection

nowadays, considering that the subsidy is far from enough

and the punishment is not enough, the manufacturing

companies in the remanufacturing market will still choose

to conduct regular production. Remanufacturing is not their

preferable strategies in this period.

With the increase in the amount of government subsidies

and the growth in the taxation on pollution produced by

enterprises, the expected total profit obtained by the

remanufacturing production for enterprises will continue to

rise. Although the profit under the regular production is still

greater than the remanufacturing production at this period,

some companies will start to turn their directions to

remanufacturing production. At this time, the govern-

ment’s macro-regulatory policies begin to show the effects.

The final stage is the ‘‘best ideal’’ stage of the evolutionary

game. The government’s macro-regulatory policies have

achieved the desired effects. In this scenario, the expected

profits obtained by the manufacturing enterprises by

choosing the remanufacturing production will exceed that

in regular production. Therefore, in the market, more and

more manufacturing companies in China will actively

choose remanufacturing production and actively abandon

the original polluted production. At this time, the govern-

ment does not need to increase its own serious supervision

and can witness the active upgrading and transformation of

manufacturing companies. From the final stage, the struc-

ture of manufacturing industry will change toward to an

eco-friendly direction.
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4 Case study supporting evolutionary game model

Since the 1990s, the number of scrapped products such as

scrapped automobiles and scrapped machinery in China

has shown a breakthrough growth, and how to recover a

large number of scrapped products of this kind has become

one of the key environmental and economic issues of the

government. At the same time, a large number of small-

and medium-sized enterprises have entered the manufac-

turing industry that was dominated by light industry and

supplemented by heavy industry. At this period, the

demand for raw materials such as steel and rare metals has

become increasingly urgent. In order to recover a large

amount of raw materials such as steel and ban illegal

remanufactured products, the Chinese government pro-

mulgated the ‘‘Administrative Measures for the Recycling

of Scrapped Automobiles’’ in June 2001, which stipulated

that the five major components of scrapped automobiles

must be delivered to recycling-and-dismantling sites that

are qualified for the recycling and dismantling, authorized

by the government.

Afterward, the metal recycling company conducts sec-

ondary processing such as metal refining. This measure has

been to a large extent reduced the inflow of secondary

refurbished products on the market, but also caused diffi-

culties in recovering raw materials for the enterprises

which are interested in remanufacturing. From 1990 to

2000, China’s remanufacturing industry was still in the

‘‘primary’’ stage. Most domestic manufacturing companies

such as construction machinery giants: Sany Heavy

Industry, Weichai Power, China National Heavy Duty

Truck, and other manufacturers, were focusing on large

mass production of new products to meet the people’s

growing enthusiasm for production demand under the

background of Reform and Opening Up. At that stage,

enterprises in manufacturing industry were actively pro-

ducing industrial products, driving economic growth across

the country.

While considering economic gains, both enterprises and

governments inevitably ignore the aspects of resource

conservation and environmental protection. Generally

speaking, in the ‘‘primary’’ stage of the development of

China’s remanufacturing industry, for both the government

and enterprises, choosing a business model of mass pro-

duction of industrial products is an ideal development

strategy, and in order to consider the macro-benefits of
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rapidly driving economic growth. The government will

also select a preferable strategy of ‘‘delegating powers’’ for

some pollutant-emitting enterprises, prompting enterprises

to carry out industrial production on a larger scale.

Meanwhile, government in that stage, due to the backward

technologies, if the government wants to supervise the

pollution of enterprises, it only can require the official staff

to take this task. The cost of supervision was too higher

than the penalty fees gotten from the firms. Government

has lack of funds to supervise polluted production posi-

tively. In this period, local governments and enterprises

inevitably took the old path taken by some developed

countries, such as the USA and the UK. When they quickly

entered into industrialization, the phenomenon happened,

‘‘resources for economy, and environment for profits.’’ In

this stage, combining with the model, the preferable strat-

egy set would be regarded as (0,0), which means if the

government does not select supervision, manufacturing

companies will still select polluted production.

In the past decade or so, many cities in China have

begun to be affected by smog, and the deterioration of the

atmospheric environment had aroused social attention to

environmental protection. How to explore China’s future

sustainable development has become a major new chal-

lenge to China. Since 2005, China government’s penalties

for polluting companies have gradually increased. Mean-

while, the environmental law enforcement agencies at all

levels have concerted law enforcement efforts and have

imposed a large number of rectifications and penalties on

manufacturing companies that produce illegal pollutants.

For example, in Liuzhou, a large industrial production city

in China, 12 major polluting enterprises were banned in

2007. Several companies like Liuzhou Non-ferrous

Smelting Company had been listed on the ‘‘Pollution

Remediation List’’ three times during the 2 years and fined

with huge penalty fees.

But what is thought-provoking is this type of company

had been on the list three times during the 2 years, but had

never carried out legal rectification. The most important

internal cause is that the ‘‘destructive production’’ under

pollution discharge has greatly reduced the production raw

costs of these enterprises and brought huge economic

dividends to such polluting enterprises. Therefore, in this

period, most companies started from their economic point

of view, in order to seek the greater ‘‘economic bonuses’’;

manufacturing companies would still select polluted pro-

duction, even though the Chinese government published

the serious regulations on industrial pollution and did

extensive regulatory measures. However, in order to obtain

more profits, most domestic manufacturing companies will

still choose polluted production as their ‘‘preferable’’ pro-

duction strategies. From the perspective of the evolutionary

game model at this stage, the ideal strategy set will be

regarded as (1,0); that is, the government takes the initia-

tives to supervise, and the manufacturing enterprises still

adopt polluted production strategy. It also means when the

penalty fees were higher than supervision expenses for

government, the authority would supervise the polluted

production of firms more positively.

Since then, the international community’s in-depth dis-

cussions on ecological, environmental, and resource issues

have also prompted the Chinese government to become one

of the first countries to introduce the circular economy

policies and regulations at 2008 and subsequently pro-

moted the ‘‘sustainable development’’ strategy in country.

Some companies with advanced production concepts rep-

resented by Shanghai Caterpillar Remanufacturing Co.,

Ltd., have begun to try remanufacturing. The Caterpillar

Remanufacturing Shanghai Plant was formally set up in

December 2005. It is located in the Lingang Industrial

Manufacturing Park in Shanghai, China. It was Caterpil-

lar’s first remanufacturing plant in China and a model

enterprise for Sino-US remanufacturing cooperation. When

the Sino-foreign joint ventures entered, they had began to

attract a small number of domestic manufacturing com-

panies to embrace remanufacturing into their new business

scope.

In this period, the government’s optimal decision was

still maintained under the high-level supervision, and some

companies with leading production concepts, such as

Shanghai Caterpillar and Sany Heavy Industry, had begun

to choose to enter remanufacturing activities. Noting that,

owing to the core technologies they had, remanufacturing

production can bring these companies more profits. So,

small portion of the manufacturing firms would step into

remanufacturing. But at the same time, it should be pointed

out that for most manufacturing companies, their choice of

polluted production could still bring the considerable eco-

nomic dividends. Combined with the evolutionary game

model, the decision set of (1,1) is not a collection of

strategies in a steady state. (A small portion of firms turned

to remanufacturing, but majority of them keep regular

production pattern). While the government was actively

supervising the firms, there were enterprises engaged in

pollutant emission. However, there were also a plenty of

enterprises with the concept of ‘‘green production’’ which

were willing to carry out remanufacturing and change their

preferable decisions.

Since 2013, China’s remanufacturing industry has

entered into ‘‘golden period’’ of development. The joint

launch and implementation of a series of the policies and

measures were encouraging more and more companies to

enter the remanufacturing industry. More than 70 compa-

nies had been selected as the pilot remanufacturing com-

panies, which injected new vitality into this emerging

industry. As a result, a new outlook for the
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remanufacturing industry was launched. It can be foreseen

that in the future development of the remanufacturing

industry, with the implementation of the government’s

remanufacturing incentive policies, the public consumers’

acceptance of remanufactured products, and manufacturing

companies’ deepening concept on green production, a

growing number of companies will begin to independently

carry out remanufacturing productions and practice circular

economy in their daily operations. Due to the governmental

support, the revenue from remanufacturing production will

increase further, which will influence the decision making

of enterprises.

In the future, when the remanufacturing industry arrives

to mature stage, there is no need for the government to

conduct too more supervisions, and the enterprises will

take the initiatives to assume the responsibility for the

environmental protection and actively launch remanufac-

turing activities. The preferable decision of the government

at that time was transformed to ‘‘decentralize power

without supervision,’’ and the preferable decision of the

enterprise is seen as ‘‘actively embrace remanufacturing

production.’’ Moreover, in this period, the governmental

interventions such as subsidy policy like Swap the Old for

Remanufacturing can help the enterprises to reduce the

production cost and make more revenues from remanu-

facturing. So, more and more enterprises will be willing to

turn their operation directions to remanufacturing.

From the comprehensive perspective of evolutionary

game model, the preferable strategy set will be seen as

(0,1) at the mature stage of remanufacturing industry in

China. To sum up, the decision-making evolution in China

remanufacturing industry is presented in Fig. 4. The

prospects for the evolution of remanufacturing decision-

making between government and enterprise are bright, but

at the same time, it needs to be pointed out that in order to

successfully evolve to this ideal stage, close cooperation

between the government and enterprise is needed to

interact with each other. There is still a long way to

undertake before China evolves to the ‘‘ultimate’’ stage of

the remanufacturing industry. Government and enterprises

are expected to union with each other.

5 Conclusions and practical recommendations

This paper established an evolutionary game model of

government behavior and firm’s remanufacturing decision

making and analyzes potential equilibrium point of evo-

lutionary game in different situations. From the results

obtained from math model, it presented clearly that when

government can get the revenue which is higher than its

supervision costs, government will supervise the behaviors

of enterprises positively. On the contrary, government may

not have the enthusiasm to take the supervisions. When it

comes to the another participant in this evolutionary game

model, enterprises only take remanufacturing when the

profits earned via this way excel it gotten in polluted pro-

duction. Otherwise, enterprises will keep polluted produc-

tion though they may face the serious penalties from

government. But, government can take measures like

subsidy to encourage the enterprise to enter into remanu-

facturing. With influences of governmental regulations, a

small portion of enterprises will start remanufacturing as

the bellwethers at first.

Furthermore, in this research, the evolution paths

between the government and enterprise have been depicted

successfully. According to the paths and model analysis,

we introduced a long-term perspective on the evolution of

remanufacturing industry in China and further proved the

rationality of the model through a case study. The practical

case here describing the evolution path between China

government and the enterprises proves that governmental

interventions are supposed to play a crucial role to push

forward the development of remanufacturing industry in

China. Furthermore, the methodology ‘‘evolutionary game

theory’’ differs from the traditional game theory, which

assumed both the participants are under limited rationality.

It means the parties in the game model are able to make

diverse decisions during different periods of this industry.

Comparing with the previous literature, evolutionary game

theory makes the game model more closer to the practical

operations in government and firms.

It can be seen dearly from the research results in this

article that the different regulations and management

methods of the government have a direct effect on the
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evolution progress of the remanufacturing industry. In

different stages of industrial development in China, the

government uses different regulatory methods, which play

a positive role in guiding enterprises to transform and

upgrade toward an eco-friendly direction in the future.

Meanwhile, based on the game model above and case

analysis, the following suggestions can be put forward:

• China is still in the primary stage of green industry

development, and a large portion of the manufacturing

enterprises have insufficient environmental awareness.

Therefore, taking into account this basic domestic

condition, local governments should not relax the

supervision of pollution discharges and other pollution

behaviors and still need to increase the penalty for

pollution behaviors. Meanwhile, government is sup-

posed to actively promote the ‘‘Environmental Tax

Protection Law’’ and other relevant laws as well as the

national regulations, and the pollution behavior shall be

held accountable according to the relevant laws.

• When the government adopts penalties and other

regulatory actions, it needs to accurately investigate

and set different penalties according to the different

pollution discharge conditions of manufacturing enter-

prises and must not use ‘‘one size fits all’’ rectification

methods for all pollution discharges. For some compa-

nies that do have pollutant emissions, but respond to the

related government regulations and actively adopt

environmental governance, government can handle

them as appropriate.

• In order to further accelerate the development of

environmentally friendly industries such as the reman-

ufacturing industry, local governments should set up

the special funds and policy incentives for the enter-

prises engaged in remanufacturing production and

adopt means such as capital subsidies and preferential

taxation to help the growth of small and medium-sized

remanufacturing enterprises. The government’s finan-

cial subsidies will help to inject strong impetus into the

green environmental protection behaviors of enterprises

and lead them to remanufacturing and production.

• The environmental protection concept and the aware-

ness of environmental responsibility of manufacturing

enterprises play a key role in whether they choose

remanufacturing production in their future develop-

ment. Therefore, as the guider of enterprise develop-

ment, the government is expected to increase the

promotion and popularization to manufacturing enter-

prises and actively promote the dissemination of

remanufacturing concepts among manufacturing enter-

prises in China.

Actually, this paper also have the limitations; thus, it can

be extended in several aspects. For the future researches,

this paper can provide several extension directions for

other scholars. Firstly, we built the evolutionary game

model including two participants; hence, the third partici-

pant like customers can also be taken into considerations.

Then, more variables in the playoff matrix can be added

such as tax discount. Thirdly, the system dynamics theory

can be expected to combine with evolutionary game theory

here.

Generally speaking, as an important part of the devel-

opment of ecological economy and sustainable business,

the remanufacturing industry has various difficulties and

obstacles in its continuous development and progress.

Thus, the development of the remanufacturing industry

needs more positive and active guidance from the gov-

ernment. Only, when the remanufacturing enterprises and

the government coexist with each other, they can promote

the continuous progress of the remanufacturing industry

successfully.
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