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Abstract: Based on the positive externalities of prefabricated buildings, this paper constructs an
evolutionary game model between the government and material component vendors and analyzes
the changes in the behavior of the government and component vendors in different stages of the
advancement of prefabricated buildings. Based on data modeling and equation prediction analysis,
it can be found that the expansion of the incremental cost of construction at the initial stage inhibits
the enthusiasm of the government. Thus, the government’s incentive behavior effectively affects the
behavior of component vendors, and fiscal taxation and punishment policies will promote component
vendors to provide prefabricated components. In the development stage, the government’s fiscal
policy influence that weakens and affects component vendors” behavior mainly comes from the
incremental costs and benefits of components. Additionally, the difference between the builder’s
incremental cost and the sales revenue narrowed. At this time, the behavior prediction of both parties
tends to be steady. In the mature stage, prefabricated buildings will mainly rely on market forces,
and the government can gradually withdraw from the market. The cost variable tends to be lower,
and it can be predicted that component vendors tend to supply components, while the government
tends to restrict policies.

Keywords: prefabricated building; evolutionary game; positive externalities; progression stage

1. Introduction

Prefabricated building refers to a building where a large number of on-site operations
in traditional construction methods are transferred to the factory. The walls, beams, slabs,
columns, stairs, and other components in the building are prefabricated in the factory and
transported to the construction site for assembly. This factory-based production method
has significant advantages in dealing with the harsh off-site working environment, waste
of energy materials, and pollution to the surrounding environment. It is in line with the
development direction of green and energy-saving buildings. Prefabricated buildings can
bring additional benefits to society, but this cannot compensate for them. This positive
externality effect will lead to market failure. Only by market regulation is it difficult
for the government to increase market enthusiasm without proper management and in-
centives. [1]. On 30 September 2016, the General Office of the State Council issued the
“Guiding Opinions on Vigorously Developing Prefabricated Buildings”. As an important
measure to promote the supply side structural reform and the development of new urban-
ization, the prefabricated building method has developed fully. Through the prefabricated
building market survey, it is found that public rental housing projects and demonstration
projects mandated by the state account for a large proportion, while the proportion of
civil, residential projects is not high. In some places, to achieve the national target of 30%,
only a few parts use fabricated components, far from reaching the ideal state. The reason
is that industrialized production methods have increased costs in the early stage of the
development of prefabricated buildings, and the increase in component costs is one of the
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main factors that increase the cost of prefabricated buildings. The behavior of material
component manufacturers to provide ordinary building materials or components affects
the development of prefabricated buildings [2].

In research to promote the development of prefabricated buildings, Chen (2018) [3]
constructed a game model between the government, developers, and consumers from the
perspective of the demand side and supply side of prefabricated building development
and concluded that the government’s direct macro-control affects prefabricated buildings.
Development under the influence of many stakeholders is a good way for the government
to indirectly encourage the development of prefabricated buildings through the perspective
of regulatory component suppliers. The government’s regulation of relevant stakeholders
is shown in Figure 1. The government can directly control the development direction
of the construction market from the supply side and the demand side by regulating
developers’ and consumers’ behaviors or indirectly regulating development by regulating
the component suppliers. The behavior of the business, in turn, affects the direction
of the construction market. In an era of vigorously developing prefabricated buildings,
the government can adopt active policies to develop prefabricated buildings and adopt
negative policies to restrain the development of traditional cast-in-place buildings.
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Figure 1. Stakeholder regulation diagram.

2. Literature Review

As a key development direction that the country vigorously promotes, prefabricated
buildings have been studied by many scholars. Chen (2017) [4] used the evolutionary
game method to analyze the influence of different behaviors between the government and
the developer in promoting prefabricated buildings and pointed out that the government
should take measures, and the developers should carry out technological innovation, to
promote development. Wang (2019) [5] analyzed the government subsidies’ perspective on
what policies the local government should implement to enable construction units to coop-
erate better with the construction of prefabricated buildings. Li (2020) [6] pointed out that
the stability of the prefabricated building development system is related to cost increase,
income, and risk, which will affect the behavior of the government and developers. Zhou
(2019) [7,8], starting from the external benefits of prefabricated buildings, using bargaining
games to analyze the external benefit distribution between the government, developers,
and consumers, established a quantitative analysis model and determined quantitative
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indicators of environmental benefits. Through case analysis, it is determined that distribut-
ing the external benefits of prefabricated buildings to the government, developers, and
consumers in proportions of 38%, 35%, and 27%, respectively, is the best distribution of
benefits and stimulates the enthusiasm of relevant personnel. Feng (2017) [9] used the
evolutionary game method to analyze the game behavior between component vendors,
analyzed the behavior change between component vendors under the two additional
incentives, and punishments, and concluded that an effective reward and punishment
mechanism would promote a win-win cooperation situation. Han (2017) [10] established a
Cournot-Stackelberg comprehensive game model based on the perspective of the supply
chain in the market equilibrium of the independent manufacturing of prefabricated com-
ponents and outsourcing in two different situations, analyzed the profit level of the supply
chain companies in changes in the scale of the prefabricated construction market under
different behavioral decisions, and put forward suggestions to strengthen the integration
of the industrial chain and strengthen the guidance of parts factories. The application
of BIM technology in prefabricated buildings can improve the consistency of the system
coordination of prefabricated building facilities and provide a reference for the design of
prefabricated building components. Tang (2019) [11] pointed out that in order to improve
the adoption rate and application level of BIM in facility management, the evolutionary
game theory to be used to analyze the different evolution situations in the cooperative
behavior system, and it was concluded that the behavioral strategy selection of a single
company will be affected by the behavioral decisions of other companies in the group. The
main reason for the limited development of prefabricated buildings is that all the industry
stakeholders that provide prefabricated building construction have not been guaranteed
their profits when facing emerging industries. From previous studies, we have found that
factory-based prefabrication can effectively reduce environmental pollution and improve
people’s quality of life. This is also the reason why the country vigorously promotes
prefabricated buildings. From the perspective of the government, the country, and society,
the social benefits generated by the factory-based production method are higher than the
costs of the stakeholders of the producer; therefore, the industry has positive externalities.

Through the analysis of the literature mentioned above, we found that (1) few scholars
have combined the development process of prefabricated buildings with the government’s
macro-control. At different stages of the development of prefabricated buildings, the
government should adopt different incentive policies for component suppliers to respond
to the development of prefabricated buildings. The positive externality in the process
internalizes the externality, also known as Pigou, means [12]. (2) When researching the
stakeholders involved in assembled buildings, more articles analyze the gaming behavior
between the government and developers without analyzing the impact of advances in
component production technology on the development of assembled buildings from
the perspective of component traders (material suppliers). Therefore, in the context of
positive externalities, this article hypothesizes the development process of prefabricated
buildings [13] and establishes an evolutionary game model to analyze how the government
should adopt policies to stimulate the behavior of component suppliers and indirectly
promote prefabricated buildings at different development stages.

3. Theory and Methodology
3.1. Analysis of Positive Externalities

The construction of prefabricated buildings can provide not only direct economic
benefits to relevant stakeholders but also has significant advantages in protecting the
environment and saving resources. Therefore, it exhibits significant positive externalities,
and the social benefits brought by it are recognized. The incoming incremental costs
need to be borne by the relevant stakeholders. As the main undertaker, component
manufacturers are the main bearers. In the initial stage of prefabricated construction, the
marginal corporate benefits are less than the marginal social benefits. From the principles
of economics, we know that when the marginal corporate benefit is less than the marginal
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social benefit, the allocation of social resources cannot reach the Pareto optimum, and the
behavior of component vendors hinders the development of prefabricated buildings [14].
According to the analysis in Figure 2, point A represents the intersection of the
marginal corporate benefit curve and the supply curve when the company does not consider
external benefits. At this time, the number of components produced by the component
manufacturer is Q1, and the production cost is C2; when external benefits are considered,
the supply curve and the marginal social benefit curve intersect at point B. Currently, the
society’s demand for components is Q2, the production cost is C3, and the incremental
cost AC is generated. When a component company makes a production decision, it only
considers its benefits, does not consider social benefits, and finally positions its output at
Q1. At this time, from the perspective of society as a whole, it has not reached the Pareto
optimum. If the overall social benefits are considered optimal, component companies must
increase output to Q2, at which time the cost will be compressed to C1. In the early stage of
developing prefabricated buildings, it is difficult to reduce the cost of immature technology.
Government policy support is needed to internalize the social benefits of externalities, to
improve the output of component manufacturers, and achieve the best social benefits.

CA cost
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Figure 2. Externality analysis of prefabricated buildings.

3.2. Analysis of Development Stages

Externality reduces the market efficiency of prefabricated buildings and hinders
the promotion and development of prefabricated buildings. Zheng [15] pointed out in
the post-evaluation process of studying green buildings that the development of green
buildings should aim at solving externalities, making up for market failures, and improving
efficiency, and divides the target efficiency into conversion efficiency, operational efficiency,
and financial efficiency. Based on the above research, according to the development
characteristics of prefabricated buildings, the development process is divided into three
stages, as shown in Figure 3, start, development, and maturity.
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Figure 3. Analysis of the development stage of prefabricated buildings.

Conversion efficiency refers to the development of more and more prefabricated
buildings. The conversion efficiency of ordinary cast-in-place buildings to prefabricated
buildings will become lower and lower over time. It also shows that the efficiency of the
internal transformation of externalities increases with prefabricated buildings. With the
increase in the number of buildings, the pressure from externalities on component vendors
is gradually distributed to the general public, the relevant stakeholders, and the conversion
efficiency is gradually decreasing; the operating efficiency reflects the maturity of the
development of prefabricated buildings, and the operating efficiency is marginal with a
time decrease but has been increasing, indicating that the development of prefabricated
buildings is gradually maturing; and the financial efficiency measures the rewards that
stakeholders obtain from prefabricated buildings, including government fiscal tax subsidies
and other incentives. With the gradual maturity of the market, the “market failure” will
gradually disappear, the market will determine the final transformation, and financial
efficiency will first increase and then decrease.

In the initial stage, the operating efficiency increased rapidly, and the conversion effi-
ciency was higher than the financial efficiency. At this time, the government adopted active
incentive policies. The component manufacturers mainly provided traditional cast-in-place
materials and began to try to provide prefabricated components. The production cost of
prefabricated components was high. In the development stage, operational efficiency is
further improved, technology development costs are reduced, and financial efficiency is
higher than the conversion efficiency. At this time, the government adopts a prudent incen-
tive policy, component vendors mainly provide components, and prefabricated buildings
are well developed. In the mature stage, the operating efficiency gradually rises but the
trend is flat, the technology is more mature, the cost is reduced, and the financial efficiency
declines gradually to zero. At this time, the government withdrew and the market played
the role of resource allocation.

3.3. Evolutionary Game Models

In the course of repeated games, when all the information is not available, both sides
of the game will adjust their strategies at the margins in their interest. After improving their
situation and their choice of behavior, they will eventually approach equilibrium, and no
party will change its behavioral choices. The strategy adopted by the players at this point
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is the evolutionary stabilization strategy, a process known as an evolutionary game [9].
The evolutionary game consists of the following two core concepts: the evolutionary stabi-
lization strategy and the replicator dynamics equation. The basic idea of the evolutionary
stability strategy is that when a group chooses a way of behaving without mutating, this
must be the way that will lead to higher payments, and as the evolutionary game continues,
the most mutated group will disappear. The original group chooses the evolutionarily
stable strategy, and the equilibrium, in this case, is known as the evolutionarily stable
equilibrium. Replicator dynamics: the difference between the utility gained by adopting a
strategy and the average utility is the growth rate of the number of people choosing that
strategy. If the utility gained by a group by adopting a strategy exceeds the average utility
of the group as a whole, then the number of people adopting that strategy will increase. If
the group’s utility from adopting a strategy is lower than the overall average utility, then
the number of people adopting the strategy will decrease [16].

4. Model Assumptions, Construction, and Analysis
4.1. Basic Assumptions of the Model

Based on the investigation and analysis of the actual situation, this paper assumes
that the two parties of the evolutionary game are the government and prefabricated build-
ing component business groups. Government groups refer to the various government
organizations involved in the construction process of prefabricated buildings” whole life
construction cycle. The government groups can be divided into central government and lo-
cal government from government attributes, power size, and hierarchical relationship [16].
From the perspective of the life cycle of construction projects, the government can be
divided into urban planning government departments, land management government
departments, housing, urban-rural construction government departments, finance and
taxation government departments, environmental protection government departments,
safety construction government departments, etc. The government involved in the devel-
opment, design, construction, and environmental protection of prefabricated buildings
is itself a group organization, not an individual. For different types of governments, the
behavioral strategies for prefabricated building component manufacturers are different.
In order to promote the construction of prefabricated buildings, some governments will
take some positive measures to encourage development or take punitive measures to curb
the environmental pollution caused by the development of traditional buildings. Another
part of the government department showed no concern about the behavior of component
vendors or implement a mere formal incentive, such as verbal praise. The component
merchant group refers to the producers of the prefabricated building components produced
during the development of the market economy. With the development of science and
technology and innovation, the scale, the mastery of core technology, and the produc-
tion cost vary among enterprises, which has created groups of enterprises with different
competitiveness. When facing the new construction model that the government actively
promotes development, various enterprise groups show different attitude types, mainly
divided into actively responding to the government’s call to produce components and not
producing components to provide ordinary building materials.

The behavioral strategy choices of the government and the material component sup-
pliers influence each other [17], which is an evolutionary game process. Based on the
theoretical characteristics of the two-party evolutionary game [18], the following assump-
tions are made:

Hypothesis 1 (H1). The government and the component business represent two different game
groups, they will not be fully rational, and both are bounded rationality. The main goal of the
government is to promote prefabricated buildings, and the main goal of component manufacturers is
to make profits. Both will continue to change their strategies over time;
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Hypothesis 2 (H2). Component vendors have the following two choices: provide common building
materials and provide fabricated components, among which the fabricated components are not
distinguished by assembly rate. The government first formulates incentive policies to promote
prefabricated buildings, including the implementation of effective incentive policies, such as R&D
subsidies, tax reductions, exemptions, and other substantive incentive policies, such as tax increases
and environmental fines. Other incentive policies that are mere formalities or do not implement
incentive policies will be treated as such. Treated as no incentive;

Hypothesis 3 (H3). The two strategies that the government can choose are incentive (x) and non-
incentive (1 — x); the two strategies that component vendors can choose are provide prefabricated
components () and provide common materials (1 — y).

4.2. Variable Selection and Model Construction

Eq: The net income obtained by the component supplier from providing ordinary
building materials;

Ej: The government’s income when the component supplier provides ordinary materials;

E3: Incremental income obtained by component vendors providing the fabri-
cated components;

E4: The government’s incremental benefits due to the popularization of prefabri-
cated buildings;

Cy: The component supplier provides the incremental cost of the fabricated component;

Cy: Losses caused by unresponsive government incentives;

B: Government subsidies for component vendors who actively respond to policies to
develop new technologies;

F: The government’s punishment for component vendors who do not actively respond
to the policy.

Based on the setting of the above variables, a game matrix between the government
and component vendors is constructed, as shown in Table 1.

Table 1. Game payment matrix between the government and material component suppliers.

Government
Incentive (x) Non-Incentive (1 — x)
Provide prefabricated E;+E3—C;+B Ei+E—C
components (y) E, +E,—B Ey +E4
Component quotient ;
Provide common E;—F E;
materials (1 —y) E,—Cy+F E,

4.2.1. Expected Benefits of Component Vendors

The expected benefits of the component provided by the component supplier are
as follows:
pi1 =x(Ey+E3—=C1+B)+ (1 —x)(E1 + E3 — Cy) @

The expected benefits of component vendors providing common materials are as follows:
w2 =x(Ey —F) + (1 —x)E; )
The average expected return of component business is as follows:

w1 =yp1u + (1= y)p12 3)
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The copy dynamic equation of the component supplier is as follows:

Fl(y) = % = y(u1 — p)
=y(1—y) (k1 — p12) @)
=y(1=y)[x(B+F) +E —C]
Let F/(y) = 0,0btainy; =0,y =1, x* = Cé;%; at this time, the game is in a stable
equilibrium state. The ratio of component suppliers to provide the fabricated components
and common materials is in a stable and balanced state.

4.2.2. The Government’s Expected Income

The expected benefits of government incentive policies are as follows:
pon =Y(E2+ Es = B) + (1 -y)(E2 = C2 + F) ®)

The expected benefits when the government does not adopt incentive policies are
as follows:

po =y(Ex+E4) +(1—-y)Ey (6)

The average expected income of the government is as follows:

Ho = xpp1 + (1 — x)pux (7)

The government’s replication dynamic equation is as follows:

F(x) = % = x(uz1 — p2)
x(1—x)(p21 — p22) (8)
=x(1-x)[y(C,—B—F)—Cy+ F|

Let F/(x) = 0, obtain x; = 0, x, = 1, y* = CZCEEEF; at this time the proportion of
the government adopting incentive policies and not adopting incentive policies is in a
stable equilibrium.

In summary, there are five local equilibrium points of the game matrix composed of
the government and the component merchants, which, respectively, are O (0,0), A (1,0),
B (0,1),C (1,1),and D (42, o250 )

4.3. Analysis of Model Results

According to Hirshleifer theory, the Jacobian matrix can be used to analyze the local
stability of the evolutionary system at the above five equilibrium points. According to the
dynamic replication equation, the Jacobian matrix is obtained [19].

-1¢ o]

o(x)  9(y)
9F(y)  9F(y)

JoF(x)  9F(x)
] B {

ax)  ay)

Then, the trace of the matrix is tr] = A + D.

The determinant of the Jacobian matrix and the sign of trace can determine whether the
above five equilibrium points are stable strategies (ESS). When tr] < 0 and det] = |]J| > 0
are satisfied, the equilibrium point reaches a stable state and finally becomes a stable strategy.

Based on dividing the target efficiency of the prefabricated buildings into conversion
efficiency, operation efficiency, and financial efficiency, and according to the analysis of the
development stage, the following conclusions are drawn:

In the initial stage, from the perspective of component vendors, a lack of experience
and the immaturity of technology directly lead to the incremental cost of providing compo-
nents greater than the incremental benefits of their sales, namely C; > Ez. The government,
when designing tax and other fines policies, should consider that the costs incurred by its
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incentives and the costs incurred in environmental governance can be compensated, that
is C; < F. At the same time, it is also necessary to ensure that the subsidy provided can
make the overall profit of the component business positive and stimulate the enthusiasm
of the component business, that is C; — E3 + B > 0. Based on the above hypothesis, when
x > x* and F'(y) < 0,y = 11is an evolutionary stable equilibrium solution; when x < x*
and F'(y) < 0, y = 0 is an evolutionary stable equilibrium solution. In the same way, it can
be concluded that when y > y* and y < y*, the evolutionary stable equilibrium solution
isx = 1and x = 0. In the initial stage, the replication dynamic phase diagram of the
government and component vendors is shown in Figure 4.

Do
W
>

—_
N

>
0 x* 1 X
Figure 4. Copy the dynamic phase diagram in the initial stage.

The two stable equilibrium solutions are (0,0) and (1,1). The initial conditions deter-
mine the direction of evolution. When the initial conditions fall in area one, the evolutionary
stability strategy is to provide ordinary materials and goverment no incentives, when the
initial conditions fall in area two, the strategy is to provide components with incentives.
Therefore, increasing the area of area three will be more conducive to the development of
prefabricated buildings. At this time, the value should be reduced (xx*, y*). The solution
strategy is to reduce the incremental costs, increase the incremental benefits, and strengthen
the incentives.

In short, in the initial stage of prefabricated buildings, due to the immaturity of
external conditions such as technology, management, and policies, the development of
prefabricated buildings is restricted by factors such as cost. When facing the choice of
producing components and providing traditional materials, the manufacturers of prefab-
ricated building components face differences in costs and differences in profits. The vast
majority of component merchants will choose to provide traditional materials, while a
small number of component merchants that respond to the government’s call will provide
components to promote the development of prefabricated buildings. As the market devel-
ops, manufacturers that provide components will find that the profits generated by the
provision of components are less than the profits generated by the provision of traditional
materials in the early stages of development. The strategic choices gradually shift from
providing components to providing traditional materials. At this time, the government
had to encourage component manufacturers to produce components to promote prefabri-
cated buildings in the face of the environmental pollution caused by traditional buildings.
Therefore, in the early stage of development, if there are no government active measures,
the component suppliers who choose to provide components will gradually transform to
providing traditional materials, and the development of prefabricated buildings will be
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hindered. The government’s incentive policy of rewards and punishments is an effective
means to break the barriers to the development of prefabricated buildings.

In the development stage, the incremental cost of the component business is still
greater than the incremental income brought by the production and sale of components, but
the difference between the two is relatively close, namely C; > E3. From the government’s
point of view, in the initial stage, strong incentive policies have prompted component
vendors to provide components, and prefabricated buildings have been fully developed.
At this time, the government’s fiscal and taxation policies need to be slowed down to allow
the market to play a certain role. Only use funds to control the industry, namely C, > F.
According to the above analysis, two situations can be drawn, namely C, > F + B and
Cy < F 4 B. The two situations show the different degrees of the government’s fiscal and
taxation policy incentives, with the former more prominent in the role of market allocation.
Based on the above assumptions, it can be concluded that the replication dynamic phase
diagram of the government and component vendors in the development stage is that
shown in Figure 5.

VA yA
1

A

\/

y¥4----- = - y¥A----- p----- =
1! 4 1) 4
< -
0 X 1 x O X* 1 x

Figure 5. Copy dynamic phase diagram during development.

The analysis shows that the final evolutionary stable equilibrium point is determined
by the component vendor behavior in the initial state. The government’s incentive policy
is in a “half-failure” state at this stage, and the entire industry is in a state of turbulence.
Material component merchants who tend to prefabricated or traditional buildings will
stick to their original choices. In this case, minimizing the value of y* will increase the
proportion of components provided by the component supplier.

Therefore, in the development stage, prefabricated buildings are in a period of rapid
development. The increase in experience and technology has reduced the production cost
of components, and the profits of component manufacturers have gradually increased.
According to Figure 3, the financial efficiency gradually increased to the maximum and
began to show a downward trend. In contrast, the operating efficiency continued to rise,
which shows that at this stage, the penetration of new technologies, new management
models, and new development concepts has gradually replaced the effects of financial
subsidies. According to the above analysis conclusions, the government’s incentive strategy
should be reduced from fiscal subsidies to fines. Cost is no longer the main factor that
restricts component suppliers from providing components. The government does not need
to provide too many subsidies to guide and encourage the production of components.
Instead, the idea should be changed to increase the fines for providing traditional materials
and components for environmental governance.

In the mature stage, the operating efficiency is further improved, the prefabricated
building technology is more mature, the component cost is reduced, and the development
of prefabricated buildings is more profitable than traditional cast-in-place buildings, that
is C; < Ea. The government has the following three choices at this stage: adopt strong
incentive policies, adopt general strong measures, and not adopt incentive measures,



Information 2021, 12, 284

110f 14

yA

namely C; < F\C < F 4+ B\C, > F + B. The third party puts more emphasis on the role
of market deployment. It can also be seen that the development of prefabricated buildings
can be determined by the market at this moment, and the behavior of the government
will not affect the development of final prefabricated buildings too much. The replication
dynamic phase diagram of the government and component vendors based on the above
assumptions is shown in Figure 6.

YA Vi

1 T 1

\J

|

y*H----- g tsi y*4----- s = y*o{----- o= -
] ! 1! 4 1! 4
= — = R = | .
0 x* 1 x O X [ x O x* I X

Figure 6. Replicating the dynamic phase diagram at the mature stage.

In the maturity stage, the profit of component suppliers will exceed the traditional
way of providing materials, and the final result will be that component suppliers provide
components. At this stage, the government’s incentive policies will not play a role, the
financial efficiency will be minimized, and the government will change from incentives
to not adopting incentive policies. The suppliers that provide traditional materials in the
development stage have the following two options: provide components or be eliminated.
The role of the market has been brought into full play. Therefore, in the mature stage of
industry development, the final stabilizing strategy for component vendors is to provide
components. The government’s policy change in the development of the entire industry
sees the incentive policy of “subsidies as the main and fines supplemented” transformed
into the restrictive policy of “fines as the main subsidy and supplemented”. Finally, under
the conditions of technological progress and cost reduction, it is transformed into a policy
of “market supervision” by the market to play a role.

5. Advancing Strategy Suggestions at Different Stages

Based on the analysis of the externalities of prefabricated buildings, the government
should play different roles to balance the benefits between relevant stakeholders at dif-
ferent stages of the development of prefabricated buildings. From the perspective of the
stakeholders directly related to supply and demand [3], the government must not only
encourage the transformation of the real estate development industry but also vigorously
promote and actively guide consumers to purchase. From the perspective of material com-
ponent suppliers, the problem can be solved fundamentally only by reducing incremental
costs and increasing incremental revenue. According to the above analysis of evolutionary
game behavior, governments at three different stages should adopt different incentive
policies to promote component vendors to develop technology and provide components.
At different stages, government incentives have different effects on the development of
prefabricated buildings.

5.1. Initial Stage

It can be seen from Figure 4 that the evolutionary and stable equilibrium results of the
government and component vendors in the initial stage of development are to provide com-
ponents with incentives) and provide ordinary materials with no incentives. Combining
Figure 3 shows that the initial transformation efficiency is the highest, and the govern-
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ment’s effective incentive policies can internalize the external benefits of prefabricated
buildings with the greatest efficiency. Financial efficiency plays an increasingly important
role in the entire operation process, increasing the efficiency. Technological progress and
the accumulation of management experience in the development process have promoted a
steady increase in operating efficiency. At this time, the government should provide policy
subsidies to component vendors to encourage them to develop new technologies to reduce
costs and increase profits. The government imposes penalties on material vendors who do
not provide components for environmental maintenance.

5.2. Development Stage

In the rapid development stage of prefabricated buildings, the operating efficiency is
further improved, the production process of prefabricated components is more refined and
exemplary, and the cost is further reduced. The number of stakeholders who develop and
purchase prefabricated buildings in the market has increased, and the external benefits
generated by prefabricated buildings are digested by the relevant stakeholders who enjoy
external benefits. The conversion efficiency is reduced, and the financial efficiency reaches
its peak. After analysis, the government’s incentives should be reduced at this stage, the
incentives and punishments for component vendors should be reduced, and the govern-
ment’s incentives should gradually be replaced by market forces. At the same time, the
government should focus its incentives on stimulating component vendors to innovate in
component technology.

5.3. Mature Stage

After the first two stages of development, the operating efficiency of prefabricated
buildings has reached the highest level, and the technology is mature. The incremental
benefits brought by the provision of prefabricated components exceed the incremental costs.
All the material component manufacturers actively produce and provide components. The
positive external effects generated by all the prefabricated buildings on the market are
digested by consumers. The government’s financial strength has reached the lowest level,
the financial efficiency has gradually become zero, and the conversion efficiency is borne
by the existing ordinary building inventory. According to the analysis in Figure 6, the three
incentive policies of a solid or weak government will not change the behavior of component
vendors, and ultimately achieve a state where component vendors take the initiative to
provide components. The government does not need incentives to be completely regulated
by the market.

6. Conclusions, Deficiencies and Inspiration

The development of prefabricated buildings is inseparable from the support of the
relevant stakeholders. In the context of significant positive externalities, the government’s
behavior determines the development process of prefabricated buildings. When analyzing
the relevant stakeholders that affect the development of prefabricated buildings, a compre-
hensive analysis must be carried out, not only considering the influence of direct actors
such as supply and demand but also the influence of indirect actors. In the future, the
development of prefabricated buildings must be the direction of incremental cost reduction,
an incremental revenue increase, and an operational efficiency increase.

This article analyzes the development process of prefabricated buildings from the
perspective of the government and component vendors. In the design part of the article
model, we can find that the government’s macro-control is the binding force for companies
to enter the market, and it is also the critical force for component vendors to change their
attitudes from providing ordinary materials to providing components. In the development
process of prefabricated buildings, technological progress and cost reduction are the core
of the development process, and the government’s incentive policies are used as auxiliary
forces to stimulate the development of prefabricated buildings. At different stages, govern-
ment policies on incentives and penalties should have their focus. In the initial stage, to
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encourage component vendors to enter the market, the government should adopt incentive
policies such as fiscal subsidies, tax reductions, and exemptions. In the development stage,
the cost reduction allows component manufacturers to produce components independently.
Therefore, the government’s main goal at this stage is to suppress the provision of ordinary
materials, which can be achieved using increasing taxes and fines. In the maturity stage, the
reduction in costs and the technology maturity make component manufacturers profitable
and exceed the profits of providing ordinary materials. At this time, the government can
gradually withdraw from the market and play a decisive role in the market.

Based on the above analysis, it is concluded that the incremental cost seriously affects
the development stage of prefabricated buildings. In order to promote the development of
prefabricated buildings, it is necessary to use BIM technology to optimize from component
design, production, transportation, installation, and other aspects, while increasing the
experience of management personnel and improving corresponding laws, regulations and
incentive policies. At the same time, the digitization and modeling ideas are more deeply
implemented into the production of prefabricated components to achieve the goal of the
rapid maturity of prefabricated buildings.

Through the analysis of the article, we have concluded that the development of
prefabricated buildings can be promoted by adjusting the behavior of component suppliers.
However, we only analyze the different behavior choices of component vendors in the
development stage of prefabricated buildings under the macro background of government
control at the theoretical level. In the following research, we can start from the actual
construction projects and the deterministic government policies, increase the specific
amount of government subsidies and fines, and quantitatively analyze the actual case of
the model.
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