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transformation from building material industry
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The building materials industry ranks first in terms of carbon emissions and energy con-

sumption within the industrial sector. To achieve the goal of reducing carbon emissions, the

development of the green intelligent building materials (GIBMs) industry has become a

strategic priority and major demand for the country. Government support plays a vital role in

promoting the growth of the GIBMs industry. This paper utilizes evolutionary game theory

and Matlab software to analyze the impact of government regulations on the development of

the GIBMs industry. The research findings indicate the following. i) Appropriate government

control over building materials enterprises is beneficial for the advancement of the GIBMs

industry. A balance is necessary, as both excessive control and weak control hinder the

industry’s development. ii) Increased financial assistance from the government to enterprises

producing GIBMs has a positive influence. This support enables building materials enterprises

to overcome technical barriers, drive technological innovation, and encourage construction

developers to actively purchase these materials. iii) Stronger government punishment for

pollutant emissions by building materials enterprises serves as a catalyst for the production

of GIBMs. Stricter penalties motivate these enterprises to adopt more environmentally

friendly practices. iv) Moderate to strong government investment in infrastructure has a

significant impact. It prompts construction developers to actively choose and purchase

GIBMs. In response to government regulations and market demand, building materials

enterprises are inclined to produce these environmentally friendly materials. This study

emphasizes the importance of government regulations and support in promoting the growth

of the GIBMs industry. By implementing appropriate control measures, providing financial

assistance, imposing punishments for pollution, and investing in infrastructure, the govern-

ment can effectively encourage the development of the GIBMs industry. These measures

contribute to achieving the double carbon goals and fostering a more sustainable built

environment.

https://doi.org/10.1057/s41599-024-02988-5 OPEN

1 College of Economics and Management, Hebei Agricultural University, Baoding 071001, China. 2 School of Economics and Management, Harbin Engineering
University, Harbin 150001, China. ✉email: shyshi0314@163.com

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:468 | https://doi.org/10.1057/s41599-024-02988-5 1

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-024-02988-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-024-02988-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-024-02988-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-024-02988-5&domain=pdf
http://orcid.org/0000-0001-6885-7412
http://orcid.org/0000-0001-6885-7412
http://orcid.org/0000-0001-6885-7412
http://orcid.org/0000-0001-6885-7412
http://orcid.org/0000-0001-6885-7412
mailto:shyshi0314@163.com


Introduction

W ith the development and progress of economy, the
environmental problem and the greenhouse effect
have aroused wide social concern. The seriousness and

urgency of climate change is shared by all countries in the world
(Park et al., 2023). Therefore, all countries are adhering to the
principle of sustainable development. People gradually realize the
influence of various factors on the environment and climate,
among which the influence of building materials cannot be
ignored (Dong et al., 2023a). The rapid economic development
has promoted the rapid development of the building industry.
Currently, the Chinese construction industry heavily relies on
traditional building materials, which are known for their high
energy consumption and significant environmental pollution. The
widespread use of these materials has led to severe ecological
degradation and pollution (Qian et al., 2023). Traditional building
materials hinder the further development of the construction
industry. In order to reduce resource consumption and protect
the ecological environment, the government should take mea-
sures to limit the use of traditional building materials and actively
promote the use of low-energy, green and environmental pro-
tection building materials. Green intelligent building materials
(GIBMs) is the inevitable trend of the development of building
materials in the world today (Liu and Guo, 2021).

The raw materials used in traditional building materials are
often from various substances in nature, which are classified as
organic materials and inorganic materials after factory processing,
and sold to construction enterprises for the use of construction
projects. The chemical substances used in the processing of tra-
ditional building materials, after a period of evaporation expo-
sure, will cause significant damage to human health and cause
serious environmental pollution. Common traditional building
materials are asphalt concrete, polystyrene insulation board and
so on. The so-called GIBM refers to the use of clean production
technology in the production process, the use of urban or
industrial solid waste produced by no radioactivity, no pollution,
non-toxic and harmless, environmental protection and human
health are beneficial to the new building materials (Sandanayake
et al., 2020). Common GIBM are solar panels, intelligent envir-
onmental protection lamps and so on. GIBMs offer several
advantages over traditional building materials. Firstly, they are
energy-efficient. The production of these materials primarily
relies on utilizing tailings, waste slag, garbage, waste liquids, and
other waste materials as raw materials. This approach helps to
reduce the consumption of natural resources (Zhang et al., 2018).
Secondly, GIBMs aid in reducing carbon emissions. During their
production, building material companies utilize non-toxic and
harmless raw materials and employ low-energy consumption
production technologies that do not cause environmental pollu-
tion. As a result, the air quality and pollutant emissions comply
with the relevant standards. This reduction in carbon emissions
contributes to the overall goal of environmental sustainability
(Roh et al., 2018). Thirdly, safety is a critical aspect that must be
considered. It is imperative to ensure the safety and standardi-
zation of the production process to enhance the overall produc-
tion environment and guarantee that products do not pose any
risks to human health. GIBMs provide several functions that
contribute to safety, including fire prevention, flame retardation,
and heat preservation (He, 2019). The fourth advantage lies in the
convenience. GIBMs products are designed and manufactured
with a modular approach, making them easy to install. The uti-
lization of GIBMs during the construction process eliminates the
generation of dust and environmental pollution, not to mention
the use of organic solvents that can harm the ecological envir-
onment (Wen et al., 2020). Fifthly, it is important to highlight the
renewable nature of GIBMs. The concept behind these materials

emphasizes their recyclability, which helps to prevent environ-
mental pollution and damage caused by the production and use
of non-renewable materials (Morales et al., 2021).

To achieve peak carbon neutrality is a major strategic decision
made by our country. Promoting the development of GIBM
industry is an important part of it. With the improvement of
people’s environmental awareness and the increasing require-
ments of society for energy conservation and emission reduction,
the application of GIBM has become an important development
trend in the construction industry (Dong et al., 2023a). In the
traditional building construction, due to excessive reliance on
traditional materials, such as brick, cement, etc., the construction
industry is faced with problems such as high energy consumption
and serious environmental pollution (Qian et al., 2023). GIBM
can not only reduce the energy consumption and pollutant
emissions of buildings, but also improve the comfort and health
of buildings. These materials typically have features such as lower
pollutant emissions, longer service life and renewability (Dong
et al., 2023a). In building construction, choosing appropriate
GIBM is one of the important means to achieve sustainable
development. Therefore, exploring how to promote the devel-
opment of GIBM has become an important issue in the con-
struction industry. Green and low-carbon practices have emerged
as a prominent trend in various industries, including the building
materials sector. The widespread adoption of green, envir-
onmentally friendly, and renewable intelligent building materials
is poised to become a significant trend in the industry (Liu and
Guo, 2021). This development has the potential to effectively
alleviate energy and environmental pressures. By promoting the
green transformation and upgrading of building materials
enterprises, GIBMs can serve as a new driver of economic growth
in China. Their utilization not only aligns with environmental
sustainability goals but also enhances the overall efficiency and
competitiveness of the industry. Consequently, this trend presents
an opportunity for both economic and environmental benefits
(Mofidi and Akbari, 2020). Last century in 1990’s, China began
the in-depth study of GIBMs, and in the late stage of this period,
carried out the certification of building materials green environ-
mental protection (Sánchez Cordero et al., 2019). So far, China in
GIBMs research and promotion has made some achievements.
However, as a new type of building material, the development
and application of GIBMs are still in their infancy, and their
development has been hindered to some extent (Wu et al., 2019).
One of the challenges in the adoption of GIBMs is the limited
number of enterprises involved in their production. Currently,
there is a scarcity of enterprises specializing in the manufacturing
of these materials (De Luca et al., 2017). A significant portion of
building materials companies continues to produce conventional
construction materials. However, there are some enterprises that
are in the process of transitioning from traditional materials to
green and intelligent alternatives. Only a few enterprises have
prioritized research, development, and production of GIBMs.
These forward-thinking companies actively explore and tap into
the sales market for these innovative materials. Their efforts
contribute to the expansion of this niche market and the pro-
motion of sustainable building practices. Engaging more enter-
prises in the production of GIBMs would further accelerate the
industry’s development and availability of these eco-friendly
options (Wuni et al., 2019). Another challenge in the realm of
GIBMs is the relatively slow progress in technical research and
development. These materials represent a unique category of
functional building materials, capable of not only creating sus-
tainable structures but also positively influencing human health
and well-being. However, compared to traditional building
materials, the advancement of GIBMs in terms of technical
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research is lagging behind. Further research and development
efforts are needed to enhance their functionality, durability, and
cost-effectiveness. By focusing on improving the performance and
features of these materials, we can fully capitalize on their
potential to create healthier and more environmentally friendly
living and working environments. It is essential to invest in sci-
entific studies and collaborations between researchers, manu-
facturers, and other stakeholders to bridge this gap and maximize
the benefits of GIBMs (Remizov et al., 2021). GIBMs are a kind of
new functional materials with excellent performance such as
demagnetization, noise reduction, dimming, temperature regula-
tion, heat insulation, fire prevention, antistatic. It can not only
provide a better living and living environment for human beings,
but also create a unique experience (Hu et al., 2023).

Currently, there is a growing demand for building materials
with specific functions, such as those produced through clean
manufacturing processes. However, the GIBMs industry in China
is still in its early stages. This is primarily due to insufficient
investment from the government, scientific institutions, and local
enterprises in research and development. The industry faces
challenges including low technological advancements, a shortage
of skilled personnel, and low research output efficiency. These
factors contribute to the slower progress and limited availability
of GIBMs in the market (Munaro et al., 2020). The lack of suf-
ficient investment and attention from the Chinese government,
local units, scientific research institutions, and building materials
enterprises has hindered the progress of GIBMs in China.
Insufficient funding has resulted in a slow pace of research and
development, impeding the advancement of technology in this
field. This lack of support and attention has become a serious
obstacle to the development of GIBMs. Without adequate
resources and focus, researchers and scientists are unable to
explore and innovate in this domain. The consequence is a sig-
nificant delay in the development and implementation of these
materials in the construction industry. In addition, the require-
ments of GIBMs technology are very high (Hossain et al., 2020).
Throughout their entire life cycle, green building materials offer
significant environmental protection benefits by reducing pollu-
tion and resource consumption. They also prioritize the creation
of built environments that are conducive to human health and
ecological harmony. Additionally, there is an inadequate level of
policy guidance and incentives provided by the government to
foster the growth of the GIBMs industry. Without clear directives
and support, the enthusiasm amongst construction developers to
purchase and utilize these materials remains low, resulting in a
sluggish development of the industry (Opoku, 2019). Currently,
GIBMs are still in their early stages and have not been widely
adopted. The existing government measures to promote the use
of these materials are also lacking in effectiveness. The lack of
widespread acceptance of GIBMs in society can be attributed to
several factors, including the imperfect promotion measures
undertaken by the government and limited efforts by enterprises
in promoting these materials (Abu-Jdayil et al., 2019). GIBMs
have social benefit attribute and environmental friendly attribute.
Construction developers are not motivated to buy GIBMs because
they cannot see the profits brought by GIBMs. It is true that some
enterprises may avoid using GIBMs due to a lack of under-
standing or concerns about high prices (Debrah et al., 2022).

In developed countries across Europe and the United States,
the focus on green materials has shifted from a “passive waste
management” approach to a more proactive emphasis on
“environmental coordination.” This shift has led to a growing
popularity of various types of green materials, including new
material structures, wall materials, chemical environmental pro-
tection materials, and efficient functional materials (Colangelo
et al., 2021). By adopting the development approach embraced by

developed countries, China has the opportunity to fundamentally
transform the high energy consumption and high pollution
characteristics of its building materials industry. The key lies in
choosing an environmentally-friendly, low-pollution, low-energy
consumption, and technology-driven development model.
Moreover, it is essential to integrate the construction industry
with ecological protection and pollution control, fostering joint
development. To achieve this, China can promote the use of
environmentally-friendly materials that have a lower carbon
footprint and reduce pollution during the manufacturing process.
This includes investing in research and development to create
innovative materials that are sustainable, energy-efficient, and
recyclable. By prioritizing the use of these materials in con-
struction projects, China can significantly reduce environmental
impacts (Maraveas, 2020). In the Netherlands, Germany, France
and other developed countries, the government has taken GIBMs
as an economic development strategy, and actively promoted the
development of the industry through the implementation of fiscal
subsidies, tax incentives and other policies (MacAskill et al.,
2021).

Currently, the GIBMs industry in China is still in its early
stages of development. Recognizing the importance of this sector,
the government has been implementing measures to address the
challenges hindering its progress. However, despite the intro-
duction of various policies, including purchasing subsidies and
tax incentives, the overall impact has been less than satisfactory,
resulting in a slow development of the GIBMs industry. To
accelerate growth in this industry, it is crucial to identify and
tackle the specific obstacles that are impeding progress. One
significant challenge lies in the high production costs of GIBMs
compared to traditional alternatives. This cost disparity often
deters developers and builders from opting for these
environmentally-friendly materials, as they prioritize the
immediate economic gains over long-term sustainability benefits
(Xu et al., 2020). The GIBMs industry in China currently faces
challenges as many building materials enterprises remain in a
wait-and-see state when it comes to producing these
environmentally-friendly materials. Furthermore, certain enter-
prises have resorted to fraudulent practices by deceiving the
government to obtain financial subsidies (Darko et al., 2019).
Furthermore, there seems to be a disconnect between the gov-
ernment’s optimistic expectations regarding the satisfaction of
construction developers and the actual demand for GIBMs. This
has resulted in a noticeable gap between the projected purchase of
these materials and the reality of their uptake in the market
(Zhang et al., 2019). The development of GIBMs industry in
China has also come to the key stage. Green building and GIBMs
have gradually become an important factor to be considered in
construction in China (Li et al., 2020). As the basis of green
building, the development of GIBMs has become the key to the
development of green building industry. Therefore, how to
encourage more building materials enterprises to produce
GIBMs, more construction developers to buy GIBMs, and how to
regulate the GIBMs market order, are the key issues that gov-
ernment needs to solve in promoting the development of GIBMs
industry (Liu et al., 2019a).

The development of the GIBMs industry is a result of colla-
boration between the government, construction developers, and
building materials enterprises in an emerging sector with vast
market potential and intense competition. Building materials
enterprises play a pivotal role as innovative entities driving the
advancement of GIBMs. The government’s financial support,
infrastructure development, and regulatory measures provide a
solid foundation for the growth of this industry, while the
demand from construction developers acts as a catalyst for its
progress (Yin et al., 2019a). The application of evolutionary game
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theory in analyzing the dynamics and behaviors of the govern-
ment, construction developers, and building materials enterprises
in the green intelligent materials industry provides valuable
insights into their decision-making processes. By considering
bounded rationality, this paper aims to analyze and predict the
collective behaviors of these three parties. Through the lens of
bounded rationality, the paper examines the decision-making
processes of building materials enterprises and construction
developers in the game of the GIBMs industry. By using evolu-
tionary game theory, a three-party game model is constructed to
analyze the behavioral evolution of these stakeholders under
government regulations. This model allows for a deeper under-
standing of their interactions and strategic choices. By conducting
numerical simulations based on the game model, the study aims
to derive policy suggestions that promote the development of the
GIBMs industry. These suggestions are grounded in the analysis
of the behavioral evolution of building materials enterprises and
construction developers under government regulations. The
simulations provide insights into the potential outcomes and
dynamics of the industry, enabling policymakers to make
informed decisions. This paper offers a comprehensive analysis of
the dynamics and behaviors of the government, construction
developers, and building materials enterprises in the GIBMs
industry. Through the construction of a three-party game model
and numerical simulations, the study provides policy recom-
mendations for promoting industry development. The findings
contribute to a better understanding of the decision-making
processes and interactions within this industry, facilitating the
formulation of effective policies.

The remaining sections of this paper are structured as follows.
“Literature review” elaborates on relevant research literature.
“Construction of tripartite game model of GIBMs” industry
constructs a three-party game model for the GIBMs industry and
sets the parameters accordingly. “Tripartite game stability ana-
lysis of GIBMs industry” analyzes the game stability of the GIBMs
industry. “Tripartite game simulation analysis of GIBMs indus-
try” applies Matlab software for simulation analysis of GIBMs.
Finally, based on the research findings, policy recommendations
are proposed to promote the development of the GIBMs industry.

Literature review
The current research by scholars on the development of the
GIBMs industry under government regulation can be categorized
into two areas. The first area focuses on the government’s
incentive policies towards the industry. The second area studies
the impact of government control measures on the GIBMs
industry.

Incentive policies and GIBMs industry. The government should
formulate and implement appropriate subsidy policies based on
the specific development situation of the GIBMs industry. This
will further promote the use of GIBMs and harness their role in
environmental protection. Therefore, when the market share of
GIBMs is low in the construction materials market, the govern-
ment should provide policy support. Financial subsidies from the
government can propel the development of the GIBMs industry
14. Zhang et al. found that the effect of dynamic subsidy policies
adopted by the government is better than that of static subsidy
policies (Zhang et al., 2015). Therefore, the government should
fully consider the actual situation of industrial development and
dynamically adjust the intensity of financial subsidies according
to the actual level of building materials enterprises when for-
mulating financial support policies for the GIBMs industry. With
the development of GIBMs industry, building materials enterprise
technology and research and development gradually become the

focus of government financial support (Shurrab et al., 2019).
Zhang believed that the high price of GIBMs hinders the devel-
opment of GIBMs (Zhang, 2022). Enterprises can reduce the
production cost of environmentally-friendly and intelligent
building materials by incorporating foreign advanced production
technology, equipment, and well-established production lines. By
acquiring advanced production technology, it is possible to
achieve a reduction in the production cost of environmentally-
friendly and intelligent building materials through technological
innovation. This, in turn, promotes the stable development of the
environmentally-friendly and intelligent building materials
industry and facilitates the emergence of more green buildings in
people’s perspective (Woodhouse et al., 2019). In addition, the
government should provide tax incentives, subsidies, and other
policies to construction developers who use GIBMs in order to
stimulate their enthusiasm for purchasing. Government depart-
ments should leverage the influence of the media, cultivate strong
connections with the public, create a comprehensive and multi-
faceted platform to promote green building materials, and
effectively guide public sentiment (Yin et al., 2019b). At the
fundamental level, we should promote the utilization of GIBMs
and enhance public awareness of their benefits. The government
can enhance purchase subsidies for GIBMs, encouraging their
market circulation and fostering the growth of the GIBMs
industry (Zhao et al., 2023). Dong believed that the differentiation
of government financial support policies should be improved.
Compared with general enterprises, enterprises producing GIBMs
should be given greater financial subsidies, tax incentives and
other support (Dong et al., 2023b). Chen believed that the lack of
GIBMs industry technology and research and development limits
the application and promotion of GIBMs. The government
should give policy support in technology and research and
development (Chen, 2020). The reform from traditional building
materials to GIBMs is a significant industrial revolution in the
building materials industry (Meddah et al., 2020). Among them,
technological innovation is the key to promote the development
of GIBMs industry. Enterprises involved in the production of
GIBMs should actively engage with relevant preferential policies
introduced by the government. It is crucial for them to take
advantage of these policies to promote their research and devel-
opment efforts in GIBMs production technology. By actively
investing in the development of basic technology for GIBMs,
enterprises can contribute to the advancement and innovation
within the industry. Continuous research and development
should be pursued to enhance the selection of raw materials,
improve the preparation process, and enhance the performance of
GIBMs. This entails a commitment to exploring new materials,
refining production techniques, and optimizing product char-
acteristics. By prioritizing research and development, enterprises
can enhance the quality, durability, functionality, and sustain-
ability of their GIBMs (Sun et al., 2020). It is crucial for the
government to allocate funds to support building materials
enterprises in establishing research laboratories specifically
dedicated to GIBMs. These laboratories will serve as hubs for
innovation, research, and development, facilitating the advance-
ment of the industry. By providing financial support, the gov-
ernment can help enterprises overcome financial barriers and
incentivize them to invest in cutting-edge research (Nußholz
et al., 2019).

Government control behavior and GIBMs industry. The
increase of carbon tax and pollutant discharge charge by the
government and the strengthening of control can promote
building materials enterprises to choose to produce GIBMs (Li
et al., 2022). Liu et al. believed that due to the lack of government
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regulation and control, some substandard GIBMs flowed into the
market, which seriously hindered the development of GIBMs
industry (Liu et al., 2019b). Effective regulation of the building
materials market is imperative for ensuring the healthy and
sustainable development of the industry. The government should
enhance its regulatory efforts to curb undesirable practices and
promote the use of qualified GIBMs. A zero-tolerance approach
towards unqualified materials must be adopted to establish a
favorable market environment (Qiao et al., 2022). Jiang et al.
found through research that with the strengthening of govern-
ment punishment, building materials enterprises gradually tend
to choose to produce GIBMs (Jiang et al., 2022). At present,
government’s policy to promote the development of GIBMs
industry is not perfect, and the implementation of the policy is
not ideal, which leads to difficulties in the practical promotion of
GIBMs (Feng et al., 2020). The government should establish and
improve laws and regulations related to the GIBMs industry,
protect the rights and interests of all parties, and regulate the
GIBMs market (Wang et al., 2022). Especially for the production
and sale of building materials with high energy consumption and
serious environmental pollution, the government should intro-
duce corresponding policies as soon as possible (He and Chen,
2021). In addition, the government should also stipulate the
proportion of GIBMs used in construction projects and provide
preferential policies for enterprises producing GIBMs and con-
struction developers purchasing GIBMs (Liu et al., 2022). In the
research on the development of GIBMs industry under govern-
ment regulation and control, some scholars adopt Gini coefficient
decomposition method to analyze the effect of the government’s
implementation of the regulation of GIBMs industry, some
scholars use game model to explore the law of the development of
GIBMs industry, and some scholars construct vector auto-
regressive model to analyze the promoting effect of government
procurement on the innovation of GIBMs. Wang et al. built a
dynamic game model and used panel data of listed companies to
analyze the impact of government subsidies on strategic emerging
industries (Wang et al., 2014). Through this study, it can be
concluded that the government’s financial support for GIBMs can
improve the research and development efficiency of the industry
and expand the market. However, at present, the government still
has problems such as difficulties in control and lack of punish-
ment for building materials enterprises (Gao et al., 2022).

The above highlights various studies conducted by many
scholars on the government’s control of green intelligent
buildings. However, these studies have some limitations, which
this paper aims to address. One of the shortcomings is the lack of
consideration for the government’s role in providing public goods
and services to the GIBMs industry. Existing research primarily
focuses on the government’s control over building materials
enterprises and financial subsidies, neglecting the broader
perspective of public support for the industry. Another limitation
is the reliance on static analysis methods in examining the
development of the GIBMs industry under government regula-
tion. The static approach fails to capture the dynamic
characteristics and laws governing the industry’s development
process. Additionally, while some scholars have examined the
game between the government and building materials enterprises,
they have not taken into account the significant role of
construction developers as major players within the industry.

To overcome these gaps, this paper proposes the use of
evolutionary game theory to construct a game model that
explicitly reveals the dynamic evolution process among the
government, developers, and building materials companies in the
GIBMs industry. By considering bounded rationality, the analysis
predicts the collective behavior of these three parties involved in
the game. The objective is to provide insights on the behavioral

evolution process of building materials companies and constrac-
tion developers under regulation. Based on the constructed three-
party game model, this study aims to conduct numerical
simulations to analyze behavioral patterns and recommend
policies that promote the development of the GIBMs industry.
By considering the complex interactions and dynamics in the
industry, this approach offers a comprehensive understanding of
the industry’s evolution and informs policy decisions. In
summary, this paper addresses the limitations of previous
research by adopting an evolutionary game theory approach to
construct a three-party game model for the GIBMs industry. The
objective is to analyze the behavioral evolution of building
materials companies and developers under regulation and
provide policy recommendations through numerical simulations.

Construction of tripartite game model of GIBMs industry
Analysis of the interests of various actors. The game model of
GIBMs industry contains three subjects, namely the government,
construction developers and building materials enterprises. In the
evolutionary game, the government can choose positive regula-
tion or negative regulation, construction developers can choose to
buy GIBMs or not, and building materials enterprises can choose
to produce GIBMs or not. The game relationship among the three
is shown in Fig. 1.

(1) The game between the government and building materials
enterprises
The government plays a role in promoting and supervising
the development of GIBMs industry. In the process of
evolutionary game, the government chooses negative
regulation or positive regulation strategy. When the
government chooses negative regulation, the government
provides technical and research and development subsidies
to enterprises engaged in the production of GIBMs, so as to
encourage them to produce GIBMs. At the same time, the
government is actively building and improving infrastruc-
ture such as water, electricity and roads, and encouraging
construction developers to buy GIBMs (Dong et al., 2023b).
Under positive regulation, in addition to the above
incentive policies, the government will also control the
behavior of building materials enterprises. In the produc-
tion process of GIBMs, some enterprises engaged in the
production of GIBMs may cheat subsidies through the
government’s financial support policies, and put some
substandard GIBMs into the market, thus causing chaos in
the market order. Therefore, the government will severely
crack down on the behavior of building materials
enterprises cheating subsidies. At the same time, the non-
green manufacturing behavior of building materials enter-
prises shall be punished to guide building materials
enterprises to develop towards the direction of producing
GIBMs. Driven by government policies, enterprises will
choose corresponding strategies according to their own
interests.

Fig. 1 . Tripartite game relationship of GIBMs industry.
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(2) The game between the government and construction
developers
The government guides construction developers to buy
GIBMs, and grants subsidies and tax incentives to those
who buy GIBMs, so as to stimulate their consumption. We
will increase investment in water, electricity and roads,
improve infrastructure, and encourage construction devel-
opers to buy GIBMs. Under the guidance of the govern-
ment, construction developers will weigh the pros and cons
and choose whether to buy GIBMs.

(3) Game between building materials enterprises and construc-
tion developers

As buyers and sellers of GIBMs market, construction
developers and building materials enterprises choose different
strategies which will bring different impacts on their income. If
building materials enterprises choose to produce GIBMs,
construction developers will bring additional benefits to building
materials enterprises when they buy GIBMs (MacAskill et al.,
2021). construction developers will also choose whether to buy
GIBMs based on the products and services provided by building
materials companies.

Basic assumptions and parameter settings. Hypothesis 1: The
system constituted by the government, building materials enter-
prises and construction developers is regarded as a complete
system without considering other constraints under the “natural
environment”. In the evolutionary game model, it is assumed that
the government, building materials enterprises and construction
developers participating in the game are all in the primary stage
of the game, and all participants are bounded rationality (Remi-
zov et al., 2021). The information grasped by the government,
building materials enterprises and construction developers par-
ticipating in the game is not completely symmetrical, and the
influence of other players on the players participating in the game
is not considered in the game process.

Hypothesis 2: The government, construction developers and
building materials enterprises participating in the game should
dynamically adjust their own strategies in different stages of the
development of GIBMs industry. Given the overall low level of
development in the GIBMs industry in China, it becomes
imperative for the government to provide necessary policy
support to ensure its rapid and healthy growth. Policy interven-
tions can create a favorable environment for the development and
adoption of GIBMs. This can include incentives such as tax
breaks, grants, and subsidies for building materials enterprises
that invest in research and development, production, and
promotion of such materials. Additionally, the government can
establish regulations and standards that require the use of GIBMs
in construction projects, stimulating demand and encouraging
market acceptance. Moreover, the government can facilitate the
exchange of knowledge and technology by establishing research

and development centers, encouraging collaboration between
academia, industry, and research institutions (Hossain et al.,
2020). This would foster innovation and accelerate advancements
in GIBMs. By providing policy support, the government can pave
the way for the rapid and healthy development of the GIBMs
industry in China. This will not only contribute to sustainable
construction practices but also drive economic growth and
enhance the overall competitiveness of the building materials
sector.

Hypothesis 3: In the evolutionary game model, when the
government actively regulates, it will control the subsidy cheating
behavior of building materials enterprises and impose penalty H;
if the government control intensity is α, the loss of building
materials enterprises is αH; if building materials enterprises
choose not to produce GIBMs, the government will punish
building materials enterprises; if the emission charge and carbon
tax F are imposed, the penalty intensity is θ. The penalty fee that
the building materials enterprise needs to pay is θF. When the
government has negative regulation, the government will support
building materials enterprises to produce GIBMs and give
financial subsidy V to technological research and development
of building materials enterprises. If the government subsidy
intensity is β, then the financial subsidy for building materials
enterprises is βV. In addition, in order to promote GIBMs, the
government will invest P in water, electricity, roads and other
infrastructure. If the investment intensity is γ, the government
will invest γP in infrastructure. In addition, the government gives
tax incentives to construction developers who buy GIBMs.

Hypothesis 4: The direct economic benefit of building materials
enterprises producing GIBMs is R1, and the direct economic
benefit of building materials enterprises not producing GIBMs is
R2. The construction developer’s purchase of GIBMs brings r1
extra income to building materials enterprises. For building
materials enterprises, the R&D cost of GIBMs is C1.

Hypothesis 5: The construction developer’s direct income from
purchasing GIBMs is R3. The direct income of construction
developers who do not buy GIBMs is R4; the government’s
construction of water, electricity, road and other infrastructure
brings additional income γP to the construction developers who
buy GIBMs; and the government’s active regulation brings
additional income δR to the construction developers who
buy GIBMs.

Hypothesis 6: The strategy selection probabilities of govern-
ment, construction developers and building materials enterprises
participating in the evolutionary game of GIBMs industry are x, y
and z, and, and x; y; z 2 ½0; 1�, time are all functions of t.

Payment matrix and strategy solution of tripartite game of
GIBMs industry. Based on the above assumptions, the evolu-
tionary game payment matrix of government, construction
developers and building materials enterprises is constructed. (See
Table 1).

Table 1 Tripartite game payment matrix of building developers buying GIBM under government regulation.

Government Construction
developer

Building materials
enterprises

Payment of building materials
enterprises

Payment by the
construction developer

Government payment

Positive
regulation
(x)

Purchase(y) Production(z) R1 þ βV þ r1 � αH� C1 R3 þ δRþ γPþ L αH� βV � γP� L
Not production(1-z) R2 � θF 0 θF � γP

Not purchase(1-y) Production(z) R1 þ βV � αH� C1 R4 αH� βV � γP
Not production(1-z) R2 � θF R4 θF � γP

Negative
regulation
(1-x)

Purchase(y) Production(z) R1 þ βV þ r1 � C1 R3 þ γPþ L �βV � γP� L
Not production(1-z) R2 0 �γP

Not purchase(1-y) Production(z) R1 þ βV � C1 R4 �βV � γP
Not production(1-z) R2 R4 �γP
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The average expected revenue of the government is

E1 ¼ E11x þ E12ð1� xÞ ð1Þ
Expected benefits of positive government regulation is

E11 ¼ ðαH � βV � γP � LÞyz þ ðθF � γPÞð1� zÞy
þ ðαH � βV � γPÞzð1� yÞ
þ ðθF � γPÞð1� zÞð1� yÞ

ð2Þ

Expected benefits of negative government regulation is

E12 ¼ ð�βV � γP � LÞyz � γPð1� zÞy
�ðβV þ γPÞzð1� yÞ � γPð1� yÞð1� zÞ ð3Þ

The replication dynamic equation of government regulation is

U1ðxÞ ¼ xð1� xÞ½ðαH � θFÞz þ θF� ð4Þ
Average expected revenue of construction developers is

E2 ¼ E21y þ E22ð1� yÞ ð5Þ
The expected income of construction developers purchasing

GIBMs is

E21 ¼ ðR3 þ δRþ γP þ LÞxz þ ðR3 þ γP þ LÞ½ð1� xÞz� ð6Þ
construction developers do not buy GIBMs expected revenue is

E22 ¼ R4½xz þ ð1� xÞz þ ð1� zÞx þ ð1� xÞð1� zÞ� ð7Þ
The replication dynamic equation for construction developers

is

U2ðyÞ ¼ yð1� yÞ½δRxz þ zðR3 þ γP þ LÞ � R4� ð8Þ
Average expected income of building materials enterprises is

E3 ¼ E31z þ E32ð1� zÞ ð9Þ
Expected income of building materials enterprises choosing to

produce GIBMs is

E31 ¼ ðR1 þ βV þ r1 � αH � C1Þxy
þðR1 þ βV � αH � C1Þð1� yÞx
þ ðR1 þ βV þ r1 � C1Þð1� xÞy
þðR1 þ βV � C1Þð1� xÞð1� yÞ

ð10Þ

Expected income of building materials enterprises not choosing
to produce GIBMs is

E32 ¼ ðR2 � θFÞ½xy þ xð1� yÞ� þ R2½ð1� xÞy þ ð1� xÞð1� yÞ�
ð11Þ

The replication dynamic equation of building materials
enterprise is

U3ðzÞ ¼ zð1� zÞ½r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1�
ð12Þ

Tripartite game stability analysis of GIBMs industry
Solving the equilibrium point of evolutionary game. In order to
find the equilibrium point of the tripartite evolutionary game, let

U1ðxÞ ¼ 0

U2ðyÞ ¼ 0

U3ðzÞ ¼ 0

9
>=

>;
ð13Þ

Then Eq. (13) has 8 equilibrium points on
R ¼ fðx; y; zÞj0≤ x ≤ 1; 0≤ y ≤ 1; 0≤ z ≤ 1g, A0 (0,0,0), A1 (1,0,0),
A2 (1,1,0), A3 (0,1,0), A4 (0,1,1), A5 (1,1,1), A6 (1,0,1), A7 (0,0,1),
Eðx*; y*; z*Þ are also in the above solution domain. And satisfies

Eq. (14)

r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1 ¼ 0

δRxz þ zðR3 þ γP þ LÞ � R4 ¼ 0

ðαH � θFÞz þ θF ¼ 0

9
>=

>;
ð14Þ

By solving Eq. (14), we can obtain

x* ¼ R4ðαH � θFÞ
δRð�θFÞ � R3 þ γP þ L

δR
ð15Þ

y* ¼ C1 þ R2 � R1 � βV
r1

þ R4ðαH � θFÞ2
r1δRð�θFÞ

� ðαH � θFÞðR3 þ γP þ LÞ
r1δR

ð16Þ

z* ¼ θF
θF � αH

ð17Þ

According to evolutionary game theory, when
U1

0ðxÞ< 0;U2
0ðyÞ< 0;U3

0ðzÞ< 0, then Eðx*; y*; z*Þ is the tripartite
game stability strategy (ESS) of the government, construction
developers and building materials enterprises, and

U1
0ðxÞ ¼ ð1� 2xÞ½ðαH � θFÞz þ θF� ð18Þ

U2
0ðyÞ ¼ ð1� 2yÞ½δRxz þ zðR3 þ γP þ LÞ � R4� ð19Þ

U3
0ðzÞ ¼ ð1� 2zÞ½r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1�

ð20Þ

Stability analysis of evolutionary game. According to Eqs. (18),
(19) and (20), when U1

0ðxÞ< 0;U2
0ðyÞ< 0;U3

0ðzÞ< 0, x*, y* and
z* respectively represent the stable strategies that the government,
construction developers and building materials enterprises should
choose in the process of evolutionary game.

(1) Analysis of the gradual stability of the government
In formula (18),

ðαH � θFÞz þ θF ¼ 0

Denotes the boundary between steady states, if

ðαH � θFÞz þ θF > 0

So U1
0ð0Þ> 0;U1

0ð1Þ< 0, which means that the government
chooses positive regulation as the stable state, and chooses
negative regulation as the unstable state. If

ðαH � θFÞz þ θF < 0

U1
0ð0Þ< 0;U1

0ð1Þ> 0, indicating that the government
chooses negative regulation as the stable state, and chooses
positive regulation as the unstable state. When x 2 ð0; 1Þ,
U1ðxÞ> 0, the evolution phase diagram of its stability
depends on the shape of line ðαH � θFÞz þ θF ¼ 0.

(2) Analysis of the progressive stability of construction developers
Similarly, in Eq. (19),

δRxz þ zðR3 þ γP þ LÞ � R4 ¼ 0

Denotes the boundary between steady states, if

δRxz þ zðR3 þ γP þ LÞ � R4 > 0

U2
0ð0Þ> 0;U2

0ð1Þ< 0, indicating that construction devel-
opers choose to buy GIBMs is stable state, choose not to
buy GIBMs is unstable state; if

δRxz þ zðR3 þ γP þ LÞ � R4 < 0
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Then U2
0ð0Þ< 0;U2

0ð1Þ> 0, which means that the con-
struction developer chooses not to buy GIBMs is a stable
state, and chooses to buy GIBMs is an unstable state. When
y 2 ð0; 1Þ, U2ðyÞ>0, the evolution phase diagram of its
stability depends on the shape of the conic
δRxz þ zðR3 þ γP þ LÞ � R4 ¼ 0.

(3) Analysis of progressive stability of building materials
enterprises

Similarly, in Eq. (20),

r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1 ¼ 0

Denotes the boundary between steady states, if

r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1 > 0

U3
0ð0Þ> 0;U3

0ð1Þ< 0, indicating that the enterprise chooses to
produce GIBMs is stable state, choose not to produce GIBMs is
unstable state. If

r1y þ ðθF � αHÞx þ βV þ R1 � R2 � C1 < 0

Then U3
0ð0Þ< 0;U3

0ð1Þ> 0, indicating that building materials
enterprises choose not to produce GIBMs is a stable state, and
choose to produce GIBMs is an unstable state. When z 2 ð0; 1Þ,
U3ðzÞ> 0, the evolution phase diagram of its stability depends on
the shape of the conic r1y þ ðθF � αHÞx þ βV þ R1 � R2�
C1 ¼ 0.

Tripartite game simulation analysis of GIBMs industry
In order to more intuitively and clearly reflect the dynamic
evolutionary behavior of the government, construction developers
and building materials enterprises, it is necessary to conduct
numerical simulation of the evolutionary behavior of the gov-
ernment, construction developers and building materials enter-
prises. Based on the replicated dynamic equation of the
government, construction developers and building materials
enterprises and according to the simulation requirements, dis-
cretization of Eqs. (4), (8) and (12) is carried out to analyze the
progressive and stable operation trajectory of the tripartite evo-
lutionary game of GIBMs. If the time step is set as ΔT , then
according to the reciprocal definition:

dxðTÞ
dT

� xðT þ ΔTÞ � xðTÞ
ΔT

ð21Þ

dyðTÞ
dT

� yðT þ ΔTÞ � yðTÞ
ΔT

ð22Þ

dzðTÞ
dT

� zðT þ ΔTÞ � zðTÞ
ΔT

ð23Þ

Parameter design. Obtaining relevant data for research can
oftentimes be challenging due to various constraints. In this
particular study, given the difficulty in acquiring data, alternative
approaches will be utilized to address the research objectives. To
overcome data limitations, this paper will refer to existing
research on the policies surrounding the GIBMs industry as
documented in the reference literature. This will provide a basis
for understanding the current state of the industry and the policy
landscape. Additionally, the basic methodology for setting
simulation parameters will utilizing the questionnaire method to
gather insights from experts in relevant fields. By consulting these
experts, valuable information on the industry can be obtained,
and the parameters for the simulation study can be established
based on their input. This approach ensures that the simulation

model reflects expert opinions and accounts for important factors
influencing the industry’s dynamics. Furthermore, a practical case
study will be included in the research to verify the conclusions
drawn from the simulation analysis. This case study will serve as
an empirical example, demonstrating the real-world applicability
of the simulation model. By examining how the conclusions
derived from the simulation align with the outcomes of the
practical case study, the validity and effectiveness of the research
findings can be confirmed.

Questionnaire design and data. Based on relevant literature both
domestically and internationally, and following mature ques-
tionnaire design methods, this paper adopts a semi-open ques-
tionnaire for investigation. The questionnaire consists of three
main parts: the first part captures basic information about the
experts; the second part focuses on the assignment of basic
parameters and variable parameters of the payment matrix, such
as the setting of tax incentives, financial support, penalty costs,
and additional income. It also includes the value range of change
parameters for subsidy, input, control, and punishment intensity
(low, medium, and high), as well as the parameter setting under
different strengths. The third part consists of open-ended ques-
tions, where experts provide their opinions on the impact of
changing parameters (funding, input, control, punishment) on
the GIBMs industry.

To ensure the rationality and scientificity of the simulation
parameters, and the credibility and generalizability of the research
conclusions, 100 experts were invited to participate in the
consultation through real-name questionnaires, the internet, and
social media. The 100 experts mainly include technical profes-
sionals and managers in the GIBMs industry, experts in related
fields from universities, and experts in public management. The
survey was conducted from October 2022 to April 2023, during
which time 100 questionnaires were sent out, and 92 ques-
tionnaires were collected, resulting in a recovery rate of 92%.
After collecting the questionnaires, the results provided by each
expert were simulated and tested. Following verification, 86 valid
questionnaires were obtained, which were consistent with reality.
Within the valid questionnaires, 72.09% were male, and 27.91%
were female. Additionally, 40.70% held doctorate degrees, 46.51%
held master’s degrees, and 12.79% had bachelor’s degrees or
lower. In terms of work experience, 37.21% had worked for less
than 5 years, 41.86% had worked for more than 5 years but less
than 10 years, and 20.93% had worked for 10 years or more. In
terms of the types of institutions, 34.88% belonged to enterprises,
38.37% belonged to universities and scientific research institu-
tions, and 26.75% belonged to government departments. The
basic characteristics of the sample enterprises are presented in
Table 2.

Analysis of questionnaire results. Through sorting out the results
of the questionnaire and combining the opinions and suggestions
of most experts, the simulation parameters are set.

① In the development process of GIBMs industry, government
control is an essential element. The government’s control
intensity varies from strong to weak, and different control
intensity will have different effects on industrial development.
The high level of control means that the government establishes a
strict pre-access and post-control mechanism for the GIBMs
industry, that is, the government establishes a high-standard
market access system. When building materials enterprises cheat
subsidies, the government will reduce the support funds, and take
measures to cancel the eligibility for capital subsidies and give up
government procurement of other building materials for serious
cases. Low control intensity means that the government lowers
the threshold of access before and control intensity after. Experts
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differ on whether intensive control can promote the development
of GIBMs industry. Some experts believe that high-intensity
control is conducive to the development of GIBMs, while others
believe that high-intensity control will inhibit the development of
GIBMs industry. Some experts believe that only when the control
is controlled within a certain range will it affect the development
of GIBMs industry. Experts suggest that the control intensity
should be distinguished when setting parameters. The control
intensity of low intensity should be less than 0.3, the control
intensity of medium intensity should be set at about 0.5, and the
control intensity of high intensity should be greater than 0.7.
According to the results of the questionnaire survey, most experts
choose 0.2 to represent the intensity of low-intensity control, 0.5
to represent the intensity of medium-intensity control, and 0.8 to
represent the intensity of high-intensity control. Therefore, 0.2,
0.5 and 0.8 are selected in this paper to represent the low,
medium and high-intensity control intensity of the three
participants in the GIBMs industry.

② The government’s punishment will have an impact on the
behavior of the building materials enterprises. The punitive
measures taken by the government are to protect the ecological
environment and achieve the goal of double carbon. The
government can punish the non-green manufacturing behaviors
of building materials enterprises in the name of carbon tax and
pollutant discharge charges. Low-intensity control means low-
ering tax rates and reducing taxes, while high-intensity control
means raising tax rates and increasing taxes. According to this
characteristic, experts suggest that parameter setting should
reflect the selective production behavior of building materials
enterprises under different punishment intensity as much as
possible. In order to intuitively distinguish the impact of different
control efforts, experts suggest that the government should set the
medium-intensity punishment intensity at about 0.5, lower than
0.5 means low-intensity punishment intensity, and higher than
0.5 means high-intensity punishment intensity. According to the
results of the questionnaire survey, most experts chose 0.3 for
low-intensity punishment, 0.5 for medium-intensity punishment,
and 0.7 for high-intensity punishment. Therefore, 0.3, 0.5 and 0.7
are selected in this paper to represent the low, medium and high
intensity punishment of the three parties involved in the GIBMs
industry.

③ Government support refers to the financial support given by
the government to building materials enterprises on technology
and research and development. High support strength indicates
that the government’s financial support of building materials
enterprises more investment, wide range. Experts believe that
different levels of support will have different impacts on
participants in the GIBMs industry, and the parameter setting

should reflect this difference. The government should, as far as
possible, provide technical and R&D financial support to
enterprises producing GIBMs, so as to help enterprises overcome
technical difficulties and carry out technological innovation
activities. Experts suggest that the government’s medium-
intensity support should be set at about 0.5, with a level below
0.5 indicating low-intensity support and a level above 0.5
indicating high-intensity support. According to the results of
the questionnaire survey, most of the experts chose 0.2 to indicate
low-intensity support intensity, 0.5 to indicate medium-intensity
support intensity, and 0.9 to indicate high-intensity support
intensity. Therefore, 0.2, 0.5, and 0.9 are selected in this paper to
represent the low, medium and high strength support of the three
parties involved in the GIBMs industry.

④ The government’s investment in water, electricity, roads and
other infrastructure affects the development of GIBMs industry.
High investment means that the government is actively building
infrastructure such as water, electricity and roads. The strength of
investment determines the trend of GIBMs industry market.
Experts suggest that when setting parameters, the input strength
of low intensity should be less than 0.2, the input strength of
medium intensity should be set at about 0.5, and the input
strength of high intensity should be greater than 0.7. According to
the results of the questionnaire survey, most experts choose 0.1 to
represent low-intensity input intensity, 0.5 to represent medium-
intensity input intensity, and 0.9 to represent high-intensity input
intensity. Therefore, 0.1, 0.5 and 0.9 are selected in this paper to
represent low, medium and high-intensity input strength
respectively. ⑤ Select the value agreed by most experts for
parameter setting in the payment matrix of the evolutionary game
of GIBMs industry. See Table 3 for details.

Simulation analysis. In this paper, matlab software is used for
simulation analysis to discuss the influence of government con-
trol, punishment, financial support and infrastructure investment
on the GIBMs industry.

Influence of control intensity α on the tripartite game evolution
behavior of GIBMs industry. α values are 0.2 (red), 0.5 (blue) and
0.8 (green), respectively representing the government’s low,
medium and high intensity control on the GIBMs industry. The
results of its evolutionary game are shown in Fig. 2.

When the control intensity is low or medium, the govern-
ment’s control will promote the development of GIBMs industry.
Therefore, the government will continue to choose the active
control strategy. If the control of the GIBMs industry is too
strong, the government’s control will promote its development to
some extent at the beginning. With the passage of time, too
strong control will in turn inhibit the development of GIBMs
industry. Therefore, the government is gradually no longer
inclined to choose positive regulation, and gradually shifts the
support focus to the construction of water, electricity, road and
other infrastructure and technology research and development,
giving up high-intensity control and punishment.

When the government adopts low or medium control,
construction developers are more inclined to buy GIBMs. When
the government chooses the high-intensity control, the

Table 3 Simulation parameter setting.

Category Weak Middle Strong

Control Strength 0.2 0.5 0.8
Punishment Strength 0.3 0.5 0.7
Support Strength 0.2 0.5 0.9
Input Strength 0.1 0.5 0.9

Table 2 Sample characteristics.

Statistical content Frequency Percentage

Types of
institutions

Enterprises 30 34.88%
Universities and scientific
research institutions

33 38.37%

Government departments 23 26.75%
Working time Less than 5 years 32 37.21%

More than 5 years or less
than 10 years

36 41.86%

10 years or more 18 20.93%
Gender Male 62 72.09%

Female 24 27.91%
Education
degree

Doctor’s degree 35 40.70%
Master’s degree 40 46.51%
Bachelor’s degree or less 11 12.79%
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construction developers will initially choose the strategy of
purchasing GIBMs, and the proportion of construction devel-
opers choosing to purchase GIBMs gradually increases. Despite
strict control measures, building materials enterprises with strong
core competitiveness can still produce high-quality GIBMs to
meet the demands of construction developers. These enterprises
possess the necessary resources, technology, and expertise to
develop and manufacture sustainable and environmentally
friendly building materials. While increased control measures
may discourage some enterprises from initially venturing into the
production of GIBMs, it is important to note that over time, the
market demand for materials is likely to grow. As environmental
awareness continues to rise and construction developers place
increasing emphasis on sustainable practices, the demand for
GIBMs will become more prevalent. Therefore, it is essential for
the government to create a supportive environment that
incentivizes building materials enterprises to invest in research
and development, foster innovation, and prioritize the production
of GIBMs. By doing so, the government can help accelerate the
development and adoption of these materials, contributing to
more sustainable and eco-friendly construction industry. con-
struction developers can enjoy a good use experience and make
more money. However, after a period of development, under the
inspection of the government, some building materials enterprises
were exposed to defraud the government financial subsidies. This
behavior leads to the continuous decline and loss of market share
and customer groups, and eventually leads to building materials
enterprises to give up the production of GIBMs. Due to the
cheating behavior of these enterprises, construction developers
have doubts about the quality and safety of GIBMs products, thus
affecting the purchase decision of construction developers and
increasing the risk of GIBMs market. At this point, core building
materials enterprises will eventually give up the production of
GIBMs, and construction developers will choose not to buy
GIBMs. Therefore, the government and building materials
enterprises have the responsibility to promote and educate the
construction developers about GIBMs, and help them to have
more understanding of the technical indicators and safety
common sense of GIBMs, so as to promote the development of
the GIBMs industry. To sum up, low intensity control will disturb
the market order of GIBMs, medium intensity government
control can promote the healthy development of GIBMs industry,
while high intensity control will inhibit the development of
GIBMs industry.

When the intensity of government control is weak, building
materials enterprises are more inclined to produce GIBMs.

When the government adopts moderate control, some building
materials enterprises will choose not to produce GIBMs for a
period of time, and wait and see for a period of time. With the
passage of time, the market environment of GIBMs under the
control of the government has been gradually improved. With
the support of government policies, more and more building
materials enterprises produce GIBMs that meet the technical
standards and safety requirements, and bring them to the market
in time with the help of the government. At the same time, the
number of construction developers who buy GIBMs is also
gradually increasing, which also has a certain impact on the
purchasing behavior of other construction developers. Thus, the
market demand for GIBMs has increased, and most building
materials enterprises choose to continue to produce GIBMs. The
Ministry of Finance has made it clear that it will raise the subsidy
threshold for GIBMs and cancel financial assistance for some
building materials with low technical indicators. These measures
will certainly play a positive role in promoting the development
of GIBMs industry. At present, the development of China’s
GIBMs industry is still in the early stage of the development,
many building materials enterprises in the GIBMs technology is
not very mature, therefore, the appearance of some unqualified
product. However, after seeing its huge market potential, they
will choose to try to produce new products. If the government’s
control is too strict, building materials enterprises can hardly
meet the technical and quality requirements stipulated by the
government in the short term. Therefore, after weighing the
advantages and disadvantages, building materials enterprises will
choose to give up the production of GIBMs.

Influence of penalty intensity θ on the tripartite game evolution
behavior of GIBMs industry. When the penalty intensity θ is 0.3
(red), 0.5 (blue) and 0.7 (green), the corresponding evolutionary
game results are shown in Fig. 3.

As can be seen from Fig. 3, with the increase in punishment, the
speed of the government’s evolution towards positive regulation is
also accelerating. The government’s low-intensity punishment is
not enough to restrict the production of building materials
enterprises. When the punishment is strong enough, the
environmental pollution behavior of building materials enterprises
can be restricted, and then promote the promotion of GIBMs, so
that more building materials enterprises choose to produce
GIBMs. Therefore, the stronger the punishment of the
government, the more conducive to the development of GIBMs
industry.

Fig. 2 . Evolution trajectory of tripartite game of GIBMs industry under
different control efforts.

Fig. 3 . Evolution trajectory of tripartite game of GIBMs industry under
different penalty intensity.
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When the punishment is weak, the number of construction
developers who buy GIBMs will increase at the beginning, but
after a period of growth, the number of construction developers
who buy GIBMs will decline and eventually develop towards the
direction of not buying GIBMs. This is mainly related to the
strategy of building materials enterprises not to produce GIBMs
under government control. When the penalties increase,
construction developers will eventually move toward buying
GIBMs. With the increase of punishment, construction devel-
opers to buy GIBMs, the faster the evolution of the direction.
Therefore, the government should punish the non-green
manufacturing behavior of enterprises, so as to promote the
production of GIBMs and constantly improve the technical level,
bring more benefits to the construction developers, and promote
the development of GIBMs industry.

Building materials enterprises often choose not to produce
GIBMs when the penalties for non-compliance are insignificant.
This is due to the fact that the green intelligent materials industry
in China is still in its early stages of development, while
traditional building materials continue to generate high profits
and hold a significant market share. Although there may be
penalties for producing traditional building materials, the
relatively small punishments make it more appealing for building
materials enterprises to continue manufacturing them rather than
venturing into the production of green intelligent materials. On
the other hand, if the penalties are significantly increased, there
will likely be a decline in the number of enterprises producing
GIBMs in the early stages. This could result in a prolonged period
of market depression. However, over time, building materials
enterprises will eventually transition towards the production of
green intelligent materials, albeit at a slow pace. It is important to
strike a balance in the level of penalties imposed on non-
compliant enterprises to incentivize the production of GIBMs
without causing significant disruptions to the market. This will
promote the development and adoption of more sustainable and
environmentally friendly building materials in the long run.

When the punishment is strong, the proportion of enterprises
that choose to produce GIBMs will increase, and eventually
building materials enterprises will develop towards the direction
of producing GIBMs and choose to produce all GIBMs.
Therefore, in view of the non-green manufacturing behavior of
enterprises that do not produce green building materials, the
government should increase its pollution penalty fee, so as to
promote the industrial transformation of building materials
enterprises. Energy conservation, pollution reduction and pollu-
tion control are important measures for China’s sustainable
economic development. The Chinese government has adopted
more fiscal and tax policies to support the development of energy
conservation and environmental protection industries, and
gradually improved the standards of GIBMs. Enterprises produ-
cing traditional building materials must constantly meet the
national demand for green development, increase investment in
technological innovation, and at the same time bear the risk of
being punished for producing substandard products. Therefore, it
is a wise choice for building materials enterprises to choose
GIBMs that produce low carbon and meet market standards and
social needs.

Influence of support intensity β on tripartite game evolution
behavior of GIBMs industry. When the value of support strength
β is 0.1 (red), 0.5 (blue) and 0.8 (green), the evolutionary game
simulation results of GIBMs industry are shown in Fig. 4.

As can be seen from Fig. 4, with the gradual enhancement of
government support, the development rate of government
towards positive regulation becomes slower and slower. In order
to support the technology and research and development of

building materials enterprises, it is crucial for the government to
closely monitor their activities and regulate the market. By doing
so, the government can ensure continuous improvement in the
research and development capabilities of these enterprises, while
making the most effective use of its financial resources. When
government support is strong, with the continuous maturity of
building materials enterprises’ research and development tech-
nology, the GIBMs market develops in a healthy and orderly
direction. At this point, the government will give up high-
intensity penalties and controls, thus slowing the rate of
government’s evolution toward positive regulation. The govern-
ment’s technology and research and development support to
building materials enterprises affects the construction developers’
purchase behavior of GIBMs products. When the government
support is weak, the enthusiasm of construction developers to buy
GIBMs is also low. When government support is strong,
construction developers will be encouraged to buy GIBMs, thus
promoting the development of GIBMs market.

When the government’s support for technology and research
and development of building materials enterprises is weak,
building materials enterprises will choose to give up the
production of GIBMs. One of the main reasons for the limited
production of GIBMs in China is the relatively late start of the
industry, resulting in immature technology. The high cost of
research and development for key technologies, coupled with a
lack of standardization within the industry, makes it difficult for
enterprises to shoulder the expenses associated with research and
development. As a result, many companies choose not to
manufacture GIBMs. When the government supports technology
and research and development of building materials enterprises, it
can reduce the research and development cost of building
materials enterprises, stimulate the original innovation of
technology, and promote building materials enterprises to choose
to produce GIBMs products. Therefore, in addition to providing
direct financial support and purchase subsidies, the government
should also pay attention to the technological innovation of the
GIBMs industry, and provide financial support for building
materials enterprises to overcome the core technical difficulties
and key parts, so as to promote the development of our GIBMs
industry.

Influence of input intensity γ on the tripartite game evolution
behavior of GIBMs industry. When the input intensity γ is 0.1
(red), 0.5 (blue) and 0.9 (green), the evolutionary game simula-
tion results of GIBMs industry are shown in Fig. 5.

Fig. 4 . Game evolution trajectories of the three parties of GIBMs industry
under different levels of support.
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As can be seen from Fig. 5, no matter whether the government’s
investment in the GIBMs industry is strong or weak, the
government will always choose the positive regulation strategy.

Construction developers are direct beneficiaries of the govern-
ment’s efforts to build and improve infrastructure such as water,
electricity and roads. When the government’s investment in water,
electricity, road and other infrastructure is relatively low, that is,
when the infrastructure is not perfect, construction developers will
choose the direction of purchasing GIBMs in the early stage. Over
time, construction developers will move towards not buying
GIBMs due to the high cost of using GIBMs. When the
government’s investment in infrastructure such as water, elec-
tricity and roads is moderate or strong, construction developers
will choose to buy GIBMs, and the higher the government’s
investment in infrastructure such as water, electricity and roads,
the faster the development of construction developers will buy
GIBMs. Therefore, the government actively promotes the
construction of water, electricity, roads and other infrastructure,
which is conducive to the development of GIBMs industry.

The market of GIBMs is depressed in the context of low
government investment in water, electricity, road and other
infrastructure construction and imperfect supporting facilities,
which are difficult to meet the needs of construction developers.
Therefore, building materials enterprises develop towards the
direction of not producing GIBMs. When the government’s
investment in infrastructure such as water, electricity and roads is
at medium or high intensity, building materials enterprises will
initially choose not to produce GIBMs due to the time lag of
investment effect in infrastructure such as water, electricity and
roads. With the continuous appearance of investment effect and

the continuous improvement of water, electricity, road and other
infrastructure, the enthusiasm of construction developers to buy
GIBMs is rising. Building materials enterprises will change the
product strategy to produce GIBMs direction.

Simulation discussion. Based on the analysis of the above four
aspects, the findings of this study are shown in Table 4.

i. It can be seen that GIBMs can develop healthily and orderly
only under the proper control of the government. When the
government takes appropriate control, building materials
enterprises tend to choose the strategy of producing
GIBMs, while construction developers choose to buy
GIBMs. When the government controls the GIBMs
industry too much, building materials enterprises are more
inclined to choose not to produce GIBMs strategy, and
construction developers choose not to buy GIBMs strategy.
At this point, the government cannot promote the
development of GIBMs industry through regulation.

ii. In the case of weak punishment from the government,
building materials enterprises evolve towards not producing
GIBMs, while construction developers choose not to buy
GIBMs and finally maintain stability. If the punishment
intensity is increased, enterprises will choose to produce
GIBMs, construction developers will buy GIBMs, and the
government regulation effect is significant.

iii. Different levels of government support have different
effects on the development of GIBMs industry. When the
government’s financial support is weak, building materials
enterprises develop towards the direction of not producing
GIBMs, and construction developers develop towards the
direction of not buying GIBMs, and finally maintain
stability. When the government’s financial support is
strong, building materials enterprises choose to produce
GIBMs, construction developers buy GIBMs, government
regulation effect is significant.

iv. When the government’s investment in infrastructure
construction such as water, electricity and roads is weak,
building materials enterprises evolve towards not producing
GIBMs, while construction developers develop towards not
purchasing GIBMs, and finally maintain stability. When the
government has strong investment in water, electricity,
road and other infrastructure construction, building
materials enterprises will choose to produce GIBMs, and
construction developers will buy GIBMs. Government
regulation has a significant effect.

Conclusions
This study examines the evolution of participants in the GIBMs
industry, taking into account the concept of limited rationality in

Fig. 5 . Game evolution trajectories of three parties of GIBMs industry
under different investment intensity.

Table 4 Summary and discussion of the simulation analysis results.

Main parameter Simulation analysis results

Control intensity α Appropriate government control over building materials enterprises is beneficial for the advancement of the GIBMs industry. A
balance is necessary, as both excessive control and weak control hinder the industry’s development.

Penalty intensity θ Increased financial assistance from the government to enterprises producing GIBMs has a positive influence. This support enables
building materials enterprises to overcome technical barriers, drive technological innovation, and encourage construction
developers to actively purchase these materials.

Support intensity β Stronger government punishment for pollutant emissions by building materials enterprises serves as a catalyst for the production
of GIBMs. Stricter penalties motivate these enterprises to adopt more environmentally friendly practices.

Input intensity γ Moderate to strong government investment in infrastructure has a significant impact. It prompts construction developers to
actively choose and purchase GIBMs. In response to government regulations and market demand, building materials enterprises
are inclined to produce these environmentally friendly materials.
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the game. The study establishes a game model and conducts a
numerical simulation using MATLAB to analyze the behavior of
building material companies and construction developers in
response to government regulations.

The research findings indicate that a moderate level of gov-
ernment control over building material companies is vital for the
healthy development of the GIBMs industry. This approach
ensures an orderly market while allowing for growth. On the
contrary, weak government control disrupts market order, while
excessive control stifles the industry’s progress. The study also
demonstrates the importance of government support in terms of
funding and technology for research and development. This
assistance enables building material companies to overcome
technical challenges, make breakthroughs in technological inno-
vation, and facilitate the scalability of the GIBMs industry.
Moreover, such support encourages construction developers to
actively purchase these materials. Infrastructure construction also
plays a significant role in shaping the industry. When the gov-
ernment invests insufficiently in critical infrastructure like water,
electricity, and roads, construction developers may choose not to
invest in GIBMs. However, moderate to high levels of govern-
ment investment prompt construction developers to actively seek
these materials. Consequently, building material companies adapt
their focus towards producing green intelligent materials in
response to government regulations and the purchasing decisions
of construction developers. Additionally, the article emphasizes
the importance of a robust punishment mechanism. Imposing
stricter penalties on building material companies for pollutant
emissions creates a more favorable environment for these com-
panies to transition towards producing GIBMs. Overall, this
research highlights the significance of government regulations
and their impact on the evolution of the GIBMs industry. By
maintaining moderate control, providing support for research
and development, investing in infrastructure, and implementing
effective punishment mechanisms, governments can promote the
growth of this industry and foster a more sustainable built
environment.

Based on the research findings mentioned above, we can draw
the following implications.

i. Establish and enhance the management and control system
of building materials enterprises, strengthen supervision to
prevent cheating behavior, and impose severe penalties on
companies producing substandard GIBMs. For serious
cases, immediate corrective measures should be taken, and
thorough exposure and appropriate actions should be
carried out. Additionally, a set of rules and regulations
should be developed to ensure the healthy and orderly
growth of the GIBMs market.

ii. Harness the government’s leading role in promoting
research and development of GIBMs technology. Formu-
late supportive policies and recommendations to facilitate
the industry’s development. Establish a collaborative
innovation alliance between industry, academia, and
research institutions. Strengthen the construction of a
cooperative operational mechanism within the alliance.
Simultaneously, expedite breakthroughs in GIBMs produc-
tion technology. Encourage cooperation between research
institutes, large and medium-sized enterprises, and uni-
versities to establish open and shared technology innova-
tion platforms and focus on key technological
advancements. Furthermore, increase financial investment
in GIBMs technology and research and development, with
financial support optimizing the role of market resource
allocation and enhancing enterprises’ independent innova-
tion capabilities.

iii. Create an effective reward and punishment mechanism and
implement a “credit score” system to incentivize enterprises
to meet GIBMs standards. This will encourage improve-
ment in production technology. Furthermore, the govern-
ment should establish and refine environmental protection
laws and regulations and strengthen enforcement. With this
in place, more building materials enterprises will opt for
producing GIBMs, leading to industrial transformation.

iv. Prioritize the construction and enhancement of infrastruc-
ture. The government should provide convenient access to
water, electricity, roads, and other infrastructure for
construction developers who choose to purchase GIBMs.
This will incentivize developers to actively adopt these
materials and subsequently encourage building materials
enterprises to produce GIBMs.

Based on the evolutionary game theory, this paper simulates
the government, construction developers and building materials
enterprises participating in the evolutionary game of GIBMs
industry, and draws some important conclusions, but there are
still some shortcomings. Firstly, due to the limitation of payment
matrix parameters in evolutionary game, all factors affecting the
development of GIBMs industry are not taken into account.
Secondly, limited by survey objects and conditions, the parameter
setting of payment matrix lacks the support of real data, so it can
only reflect the general situation. In the future research, the above
deficiencies can be further studied to make the research conclu-
sions more constructive and targeted.

Data availability
The datasets generated during and analyzed during the current
study are not publicly available due to data protection obligations
but are available from the corresponding author upon reasonable
request.
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