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As a national pillar industry, the carbon emissions generated by the construction industry
have received significant attention. As a large developing country, China has unbalanced
regional development and imperfect modern energy infrastructure in some regions, leading
to a prominent problem of energy poverty in China. Therefore, this study constructs the
index system of energy poverty using panel data of 30 provinces and cities from 2004 to
2016. This article analyzes the influence of energy poverty on carbon intensity of the
construction industry and constructs the influence model of carbon intensity of the
construction industry. The results show that 1) the carbon intensity of the construction
industry increases by 1.683 units per unit increase of energy poverty, showing a positive
impact. 2) Energy consumption structure has a mediating effect on the impact of energy
poverty on carbon intensity of the construction industry. 3) The technological level plays a
moderating role in the main effect of energy poverty and carbon intensity in the
construction industry; the degree of marketization plays a moderating role in the
indirect effect of energy consumption structure and carbon intensity of the
construction industry. These results offered valuable policy recommendations for
sustainable industrial growth.
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1 INTRODUCTION

As the world’s second largest economy and largest energy consumer, China is the world’s largest
carbon emitter. At the seventy-fifth Session of the United Nations General Assembly in 2020, it was
proposed to enhance the “nationally determined contribution” and strive to reach the peak of carbon
dioxide emissions by 2030 and achieve carbon neutrality by 2060. China is still in a medium-high
speed of economic development, and the pace of industrialization cannot be slowed down.Weighing
economic development and carbon emissions is worth thinking about. As the largest developing
country in the world, China has a large population, uneven resources, and economic development
among regions, leading to energy poverty as some people cannot fairly obtain and safely consume
adequate, affordable, high-quality, environmentally friendly, and potential energy. Regional energy
poverty will lead people to prefer cheaper but environmentally unfriendly energy production
activities such as firewood and coal when making energy consumption choices. In the long run,
air pollutants such as smog, dust, and inhalable particles will increase, and the environmental
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carrying capacity will reach the red line. In addition, the excessive
use of non-clean energy will also lead to the rise of greenhouse gas
emissions, such as climate change caused by excessive carbon
dioxide emissions. According to the fifth assessment report of the
United Nations Intergovernmental Panel on Climate Change
(IPCC, 2013), the national average surface temperature has
increased by 0.89°C (IPCC, 2013). Climate change is closely
related to energy consumption. Acaroğlu (2022) explored the
causal relationship between climate change, economic growth,
and energy consumption in Turkey and found that the use of
renewable energy can help reduce temperature (Acaroğlu and
Güllü, 2022). The global spread of COVID-19 also affects the
relationship between carbon dioxide and energy consumption.
Adebayo (2022) takes the United Kingdom as the background to
explore the impact of renewable energy, non-renewable energy,
and COVID-19 on carbon dioxide emissions and finds that the
positive transformation of the development of renewable energy
reduces CO2 emissions, and the positive impact of fossil fuel
energy has increased CO2 emissions (Adebayo et al., 2022).
Global warming has become a serious environmental problem
so far. Countries around the world have reached a consensus on
“curbing temperature rise and reducing carbon emissions” and
taken effective measures. The United Nations Framework
Convention on Climate Change (UNFCCC), adopted by the
Intergovernmental Negotiating Committee of the United
Nations in 1992, became the first international convention for
international cooperation to deal with the control of greenhouse
gases such as carbon dioxide and global warming. The UNEP
study concludes that the building sector accounts for a similar
proportion of total energy consumption to carbon emissions.
Therefore, the study of carbon emissions is closely related to
energy consumption and emissions in the construction industry.

With the advancement of urbanization in China, the
consumption of building materials and new floor space in
China has become the first in the world. The construction
industry accounts for about 35–50% of total emissions (Zhou
et al., 2018). In recent years, with the strong support of the
government and the promotion of low-carbon economic
development, energy conservation, and emission reduction
work, the construction industry has made good progress, and
the carbon emission intensity of the construction industry has
been declining year-by-year. On 22 April 2020, the World
Meteorological Organization (WMO) said that the reduction
in global carbon dioxide emissions this year due to the
pandemic will be the largest annual decrease since World War
II, but this is not enough to curb global warming, and the building
sector still has great potential for energy conservation and
emission reduction. China’s vast territory and uneven
distribution of abundant energy reserves have led to irrational
energy consumption structure in some regions, resulting in huge
waste and resulting in energy poverty. What is the impact of
energy poverty on energy consumption and carbon emissions of
local construction industries? What are the effects of
marketization and technological level? Based on this, this
article uses the panel data regression model to analyze the
mechanism of energy poverty, carbon emissions of the
construction industry, and energy consumption structure in 30

provinces and cities (autonomous regions and municipalities
directly under the Central Government) from 2004 to 2016
and discusses the mechanism and relationship of energy
consumption structure, marketization degree, and
technological level. The evolution mechanism of carbon
emissions in the construction industry is deeply analyzed in
order to provide practical reference suggestions for the future
energy conservation and emission reduction and sustainable
development of the country and region.

Existing studies focus on the relationship between carbon
emissions and climate change, energy relationship and climate
change, but there are few studies on the logical relationship
between energy poverty and carbon intensity and their impact
paths. Compared with the existing articles, the contribution of
this article is as follows: 1) based on the existing research, we
measured and calculated the energy poverty at provincial level in
China, and found that the energy poverty will increase the carbon
intensity of the construction industry. 2) This article will start
with the logical relationship between energy poverty, energy
consumption structure, and carbon emissions, and elaborate
the path of energy consumption structure that energy poverty
affects the carbon intensity of the construction industry. This
article theoretically explores the influence path of energy
relationship and carbon emission, strengthens the logical chain
of energy relationship, carbon emission and climate change, and
provides new ideas for regional governments to formulate energy
conservation and emission reduction policies.

The structure of the article is as follows: 1) to sort out the
research on energy poverty and carbon emissions by domestic
and foreign scholars and determine the theoretical basis of the
research. 2) Calculate the energy poverty index of 30 provinces
and cities in China and build the influence model of carbon
intensity of the construction industry to analyze the impact of
energy poverty on carbon emissions of the construction industry.
3) Test the empirical results to ensure the accuracy of the results.
4) Conclusion and revelation.

2 LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

2.1 Literature Review
Energy has brought convenience to human production and life.
However, the traditional energy development model also brings
energy exhaustion, climate change, and other problems.
Therefore, most scholars at home and abroad have carried out
relevant studies on energy poverty, mainly focusing on the
definition, measurement, and influencing factors of energy
poverty. Martina (2019) created a Structural Energy Poverty
Vulnerability Index (SEPV) and explored the association
between SEPV and EP morbidity, as well as excess winter
mortality. Finally, the energy poverty vulnerability index was
established by principal component analysis, and the correlation
between the index and excess winter mortality was analyzed. The
results found that the most vulnerable countries showed
statistically higher rates of energy poverty and excess risk of
winter mortality (Recalde et al., 2019). Raúl (2020) found that
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many people in Southern European countries live in cold and
inefficient environments, unable to meet their energy needs for
comfort and warmth, and are therefore at risk of cold-related
diseases (Castaño -Rosa et al., 2020). Abidah (2020) found that
the deployment of renewable energy in many remote areas could
provide opportunities for significant and rare complementarities
between energy security, energy access, and climate change
mitigation (Setyowati, 2020). In order to assess the impact of
the economic crisis on energy poverty in Europe, Halkos (2021)
uses consensus methods and comprehensive measures to
calculate energy poverty and identifies the price of electricity
as the main driver of energy poverty (Halkos and Gkampoura,
2021). According to the current situation of China’s rural energy
poverty, Zhao (2018) constructed an index system of China’s
rural energy poverty, used Theil index and spatial autocorrelation
analysis to describe the spatial-temporal evolution characteristics
of China’s rural energy poverty, and analyzed the influencing
factors (Zhao et al., 2018). There are significant differences not
only between urban and rural areas but also between regions in
energy poverty. Cai (2021) studied the spatio-temporal evolution
pattern and influencing factors of energy poverty in 30 provinces
of China and found that energy poverty improved significantly
during the research period, with huge differences among
provinces. Energy poverty was the most serious in the western
region, followed by the central region. Energy poverty has
significant spatial correlation characteristics, and the spatial
development pattern shows a trend of rising first and then
falling (Cai et al., 2021). In this study, the definition of energy
poverty in China is based on the concept of Nussbaumer (2012)
and Li et al. (2014): energy poverty is defined as the difficulty in
equitable access and safe consumption of adequate, affordable,
high-quality energy with development potential (Nussbaumer
et al., 2012; Li et al., 2014).

The international community has been struggling to reach a
consensus on tackling global warming and reducing carbon
emissions. At present, studies on carbon emissions at home
and abroad focus on the influencing factors of carbon
emissions and the relationship between carbon emissions and
climate change. Research on the influencing factors of carbon
emissions focuses on energy intensity (Greening et al., 1998; Tang
et al., 2021), energy structure (Li et al., 2022;2021), per capita
GDP (Hatzigeorgiou et al., 2011; Işık, 2013; Azam et al., 2021),
and green tech innovation (Razzaq et al., 2021; Sun and Razzaq,
2022; Sun et al., 2022a). Işık (2017) examined the dynamic causal
relationship between economic growth, financial development,
international trade, tourism expenditure, and carbon dioxide
emissions in Greece from 1970 to 2014 and found that
tourism as the leading sector of the Greek economy has a
serious negative impact on the Greek environment (Işik et al.,
2017). Alisa (2020) analyzed the feasibility of using carbon tax
revenue to finance energy efficiency and renewable energy
projects based on the case of Switzerland. The study showed
that such policy could not only reduce carbon emissions but also
help reduce the cost of home heating (Freyre et al., 2020).
Rehman (2021) explored the interaction between carbon
dioxide emissions and industrialization, energy imports,
carbon intensity, economic development, and total capital by

using data from 1971 to 2019 in Pakistan (Rehman et al., 2021).
Nguyen (2021) made use of the data from 1978 to 2014 of the
group of six countries and found that there was insufficient
evidence for the environmental Kuznets curve, while economic
growth, capital market expansion, and trade opening were the
main drivers of carbon emissions (Nguyen et al., 2021). Solomon
(2009) believes that climate change due to increased Co2
concentration is basically irreversible within 1,000 years after
cessation of emissions; After emissions stop, the removal of
carbon dioxide from the atmosphere reduces radiative forcing,
but is largely compensated for by a slow loss of heat to the ocean,
so atmospheric temperatures will not drop significantly for at
least 1,000 years (Solomon et al., 2009). Since then, the
relationship between carbon emissions and climate change has
also become the focus of research, and it is found that energy
poverty will also affect climate change through carbon emissions.
Ürge-Vorsatz (2012) suggested that alleviating energy poverty
and slowing down climate change are difficult goals, or both can
be coordinated, if the internalization of external costs for carbon
emissions cannot be offset by efficiency gains, so a strong action
on climate change could lead to higher energy poverty levels, the
most significant synergies deep found in building energy
efficiency (Ürge-Vorsatz and Tirado Herrero, 2012). Shoibal
(2013) found that policies to eliminate energy poverty would
increase global end-use energy consumption by 7%, while
generating a large amount of carbon emissions, and the
additional energy facilities needed to eliminate energy poverty
would increase global temperature by 0.13°C at most
(Chakravarty and Tavoni, 2013). Hassan (2022) estimated the
impact of energy poverty, education, income inequality, and
globalization on carbon emissions in BRICS countries from
1989 to 2016, looking at carbon emissions and climate change
from the relationship between energy security and energy poverty
(Hassan et al., 2022). Wang (2014) discussed the impact of
climate change by sorting out policies related to energy
poverty. It found that improving household energy efficiency
and promoting the development and utilization of renewable
energy or other energy policies could help alleviate energy poverty
and reduce carbon emissions (Wang et al., 2014). Liu (2022)
analyzed the effect of an individual carbon trading mechanism on
improving energy poverty by constructing an individual carbon
trading model and using the latest public data of China’s
household energy consumption survey, and designed the core
parameters of the individual carbon trading mechanism such as
quota and price (Liu et al., 2022). The research on energy poverty
and carbon intensity of the construction industry, which is
directly related to the core issue of this article, needs to be
further studied. At present, the research on energy poverty
and carbon emissions focuses on the causal relationship
between renewable energy and non-renewable energy, climate
change, and carbon emissions (Sun et al., 2022b). Işik (2019)
examined the environmental Kuznet curve hypothesis for the ten
states with the highest carbon dioxide emissions in the
United States, using independent variables such as real GDP,
population, and renewable and fossil energy consumption (Işık
et al., 2019). Montoya (2021) found that renewable and non-
renewable energy in Brazil would have an impact on global
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climate change through international trade (Montoya et al.,
2021). Gernaat (2021) uses climate and integrated assessment
models to estimate the impact of climate change on key renewable
energy sources, with the availability of bioenergy increasing under
the baseline warming scenario (Gernaat et al., 2021). Therefore, in
order to clarify the energy relationship and the impact path of
climate change, this article explores the relationship between
potential energy poverty and carbon emissions, so as to make the
path and relationship of energy, carbon emission, and climate
change clearer.

2.2 Research Hypothesis
2.2.1 Impact of Energy Poverty on Carbon Intensity of
the Construction Industry
With the rapid development of China’s economy, while rapidly
promoting urbanization and increasing infrastructure
construction, China also faces the problem of increasing
carbon emissions from the construction industry caused by
excessive energy consumption and low efficiency of energy
use. Ürge-Vorsatz (2012) found that improving building
energy efficiency could reduce carbon emissions while
alleviating energy poverty (Ürge-Vorsatz and Tirado Herrero,
2012). Energy poverty is a unique form of poverty. The
unbalanced economic development between provinces in
China, on the one hand, shows that people in some areas of
China cannot afford the living energy, which makes people prefer
to use traditional biomass coal, which directly leads to the
increase of carbon emissions. On the other hand, inadequate
access to electricity is manifested, which is more serious in
developing countries. The lack of electricity service means the
lack of access to clean energy, which leads to the characteristics of
high carbonization and non-clean energy consumption of
residents. By constructing an energy poverty index and
comparing the energy poverty in China and Germany, Bonatz
(2018) found that the development of China’s low-carbon
strategy can improve energy efficiency and alleviate energy
poverty. At this time, we will find that energy poverty and
carbon emissions will affect each other, and most low-carbon
development policies are consistent with energy poverty policies,
which will reduce carbon emissions while alleviating energy
poverty (Bonatz et al., 2019). McGee (2019) finds through
research that renewable energy can alleviate energy poverty to
a certain extent and has significant energy saving and emission
reduction effects. But further study found that the correlation
between renewable energy consumption and carbon emissions
fell sharply as the income share of the top 20 percent of earners
grew (McGee and Greiner, 2019). Therefore, the research
hypothesis is proposed.

H1: Energy poverty increases construction intensity.

2.2.2 Mediating Effect of Energy Consumption
Structure
The energy consumption structure is the ratio of individual
energy consumption to the total energy consumption. From
the perspective of energy consumption structure, traditional
biomass energy and electricity are two main types of energy
consumption. With the national emphasis on energy

conservation and emission reduction and the implementation
of relevant policies, Hao and Yin (2014) found that during the
decade from 1998 to 2007, the proportion of traditional biomass
energy in residential energy consumption continued to
decline, while the proportion of electricity consumption
kept rising, effectively alleviating the energy poverty in
China (Hao et al., 2014). But some parts of China suffer
from severe energy poverty due to its vast territory. Chen
(2019) made an empirical analysis of the dynamic cross-
sectional data of 30 provinces in China and found that
technological innovation, economic growth, and energy
consumption structure would have a significant positive
effect on the increment of carbon emissions (Chen, 2019).
Xu (2020) made scenario prediction of carbon peak and found
that carbon emissions would not reach the peak under normal
circumstances, but after reasonable planning of energy
structure, carbon emissions would reach the peak in 2030,
and under low-carbon energy structure, it would reach the
peak in 2025 (Xu et al., 2020). Zhao (2021) reestimated the
impact of energy poverty on CO2 emissions by using the
systematic generalized moment method, and found that
there is a two-way causal relationship between energy
poverty and CO2 emissions in regions with high energy
poverty in China, while there is a one-way causal
relationship between energy poverty and CO2 emissions in
regions with low energy poverty (Zhao et al., 2021). Therefore,
it is speculated that energy consumption structure also has a
certain influence mechanism on energy poverty and carbon
emissions of the construction industry, and the hypothesis is
proposed as follows:

H2: Energy consumption structure has a mediating effect on
the impact of energy poverty on carbon intensity of the
construction industry.

2.2.3 The Moderating Effect of Marketization Degree
and Technological Level
Technological progress will bring about the improvement of labor
productivity, making the production of products of the same
value consume fewer resources, and reduce carbon emissions
from the perspective of reducing energy consumption. Wei
(2010) analyzed the influencing factors of China’s
interprovincial carbon emissions from 1997 to 2007 and
proposed that technological progress played a significant role
in promoting China’s carbon emissions, showing obvious
regional differences (Wei and Yang, 2010). Li (2019) uses the
IPCC calculation method to calculate China’s carbon emissions,
and the STIRPAT model to analyze the impact of factors such as
total population, technological level, and industrial structure on
carbon emissions, and finds that improving the technological
level can effectively control carbon emissions (Li et al., 2019). Li
(2020) constructed the super-era total factor carbon emission
performance index of the construction industry in 30 provinces,
and concluded that the growth of NMTCPI was mainly caused by
technological progress, but the regional technological gap
gradually widened after 2011 (Li et al., 2020a). Zhao (2022)
investigated the mediating effect of technological innovation
on the relationship between energy poverty and green growth,
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and found that eliminating energy poverty and increasing
technological innovation can effectively promote national
green growth, and the interaction between energy poverty and
technological innovation has a positive impact on green growth
(Zhao et al., 2022). Technological innovation plays an important
role in the process of energy saving and emission reduction and
promoting green growth.

H3a: The technology level plays a moderating role in the
relationship between energy poverty and carbon intensity of the
construction industry.

Marketization degree refers to the sensitivity of the market to
the changes of supply and demand. According to the relevant
theories of Western economics, the higher the marketization
degree of enterprises, the more efficient the allocation of
market resources. At the same time, relevant literature has also
studied the influence of marketization degree on carbon emission
of the construction industry. Hu (2015) found that the increase of
marketization degree would have a negative impact on carbon
emissions, and found that in areas with high marketization
degree, the marketization degree had a more obvious impact
on carbon emissions. However, in places with low degree of
marketization, the impact of marketization on carbon emissions
was not obvious (Hu andWang, 2015). For a long time, in China’s
construction industry, compared with other industries, the
degree of marketization has been low. However, since the
establishment of the market economy system in 1992, the
rapid development of the market economy has made the
resource allocation of the construction industry optimized.
Therefore, the improvement of marketization degree will
accelerate the optimization of energy consumption structure
and reduce the carbon emission of the construction industry.
Hence the hypothesis is proposed.

H3b: The marketization degree plays a moderating role in the
relationship between energy consumption structure and carbon
intensity of the construction industry.

3 DATA SOURCES, VARIABLE
DESCRIPTION, AND MODEL
ESTABLISHMENT
3.1 Data Sources
Limited by the availability of data, annual data of 30 Chinese
provinces from 2004 to 2016 were selected. The carbon
emission data and energy consumption of the construction
industry are from the China Carbon Emission database. The
total output value of the construction industry from the
Statistical Yearbook of the construction industry. The
original data of energy consumption structure came from
the energy balance sheet of the China Carbon Emission
database. The degree of marketization data comes from the
marketization composite index in The Report of
Marketization Indexes by Provinces in China. R&D
expenditure comes from the official website of the National
Bureau of Statistics, Statistical Bulletin and China Statistical
Yearbook. The total population and GNP come from China
Statistical Yearbook, and the GDP of the construction

industry comes from the Statistical Yearbook of China
Construction Industry.

3.2 Variable Description
1) Dependent variable: The dependent variable in this article is

carbon intensity (CI) of the construction industry. In this
article, the carbon emission intensity of the construction
industry is expressed by the ratio of carbon emission to the
total output value of the construction industry (Feng et al.,
2017).

2) Independent variable: Energy poverty (EP) based on the
Multidimensional Energy Poverty Index and the energy
poverty assessment system is constructed by Li et al.
(2014); this article builds China’s regional energy poverty
system from two aspects of energy access and energy service.
Energy access refers to the provision of modern energy
services, such as electricity, to all people. Modern energy
services specifically refer to access to electricity and clean
kitchen appliances in homes. For regional energy poverty,
urban and rural areas should be considered at the same time,
so indicators representing urban and rural areas are selected in
terms of energy access and energy services.

The aforementioned indicators are standardized, and the
calculation formula is as follows:

yij � maxxij − xij

maxxij −minxij
. (1)

In Eq. 1, yij is the standardized value of item j of province i; xij
is the actual value of the j item in province i. Through
standardization, each index can be expressed as a value
between 0 and 1. A simple arithmetic average method was
used to calculate the energy poverty index of different
provinces. The basic formula is as follows:

EPij � ∑
J

j�1
yij × wij. (2)

In Eq. 2, EPij is the energy poverty index of item j in province i.
yij is the standardized value of the j item in province i; Take 0.125
as wij. The higher the energy poverty index, the more serious the
energy poverty in the region.

3) Intermediate variable: Energy consumption structure (ES). In
the research of energy consumption structure in recent years,
most scholars use the proportion of electricity consumption in
total energy consumption or coal consumption in total energy
consumption to express energy consumption structure (Gao
et al., 2020; Wang, 2020; Zhang et al., 2021). Since carbon
emissions are studied in this article, all the energies in the
energy consumption structure will be considered
comprehensively. Therefore, all energies are multiplied by
correlation coefficients and converted into standard coal for
subsequent research.

4) Moderating variables: Technical level (Tec) and marketization
degree (Mar). Nowadays, it is not enough to control carbon
emissions only by optimizing the energy structure and
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optimizing the allocation of market resources. Technology will
also play a certain role. Through the introduction of advanced
processes to improve the energy efficiency of equipment and
reduce pollution emissions, carbon emissions can be
directly reduced. This article adopts R&D/GDP (Li
et al., 2020b). The index of marketization degree can be
expressed by the ratio of the total output value of non-
state–owned construction enterprises and the total output
value of the construction industry in the region (Zhang
et al., 2019). You can also use Fan Gang et al.ʼs China
Marketization Index: Report on the Relative Progress of
Marketization in Different Regions in 2009 (Fan et al.,
2010). Considering the authority and universality of
application, this article chooses the latter.

5) Control variables: Total population, energy intensity, and
industrial structure. In order to exclude the influence of
other influencing factors on carbon emissions of the
construction industry, this study controls the total
population, energy intensity, and industrial structure of the
region, so as tomeasure the impact of energy poverty on carbon
emissions of the construction industry more accurately (Jiang
et al., 2016; Song et al., 2018; Cheng et al., 2019).

The variable definitions are shown in Table 1.

3.3 Model Establishment
This section uses panel data to analyze the impact of energy poverty
on carbon intensity of China’s construction industry. Eq. 3 is a
regressionmodel of the impact of energy poverty on carbon intensity
of the construction industry, which is used to verify hypothesis H1.

CIit � α0 + α1EPit +∑
J

j�1
αjControlijt +∑

T

t�1
δtYeart + εit. (3)

Equation 4 is the regression model of the impact of energy
poverty on energy consumption structure, and Eq. 5 is the
regression model of the impact of energy poverty on carbon
intensity of the construction industry after the addition of energy
consumption structure, used to test hypothesis H2.

ESit � β0 + β1EPit +∑
J

j�1
βjControlijt +∑

T

t�1
δtYeart + εit (4)

CIit � γ0 + γ1EPit + γ2ESit +∑
J

j�1
γjControlijt +∑

T

t�1
δtYeart + εit.

(5)
Eqs 6–8 is the regression model of the moderating effect

of technology level on energy poverty and carbon intensity of
the construction industry, which is used to verify
hypothesis H3a.

CIit � λ0 + λ1EPit + λ2Tecit + λ3EPpTecit +∑
J

j�1
λjControlijt

+∑
T

t�1
δtYeart + εit, (6)

ESit � φ0 + φ1EPit + φ2Tecit + φ3EPpTecit +∑
J

j�1
φjControlijt

+∑
T

t�1
δtYeart + εit, (7)

CIit � ϕ0 + ϕ1EPit + ϕ2Tecit + ϕ3EPpTecit + ϕ4ESit + ϕ5ESpTecit

+∑
J

j�1
ϕjControlijt +∑

T

t�1
δtYeart + εit.

(8)

Eqs 9–11 is the regression model of the moderating effect of
the marketization degree on energy poverty and carbon intensity
of the construction industry, which is used to verify
hypothesis H3b.

CIit � η0 + η1EPit + η2Marit + η3EPpMarit +∑
J

j�1
ηjControlijt

+∑
T

t�1
δtYeart + εit, (9)

TABLE 1 | Variable definition table.

Variable Abbreviation Description

Carbon intensity in the construction
industry

CI Construction industry carbon intensity = construction industry carbon emissions/total output value of the
construction industry

Energy poverty EP EPij � ∑J
j�1yij × wij

Energy consumption structure ES Energy consumption structure = (raw coal *0.7143 + washed coal *0.9 + other washed coal *0.2857 + bridle
coal *0.6 + coke *0.9714 + coke oven gas *6.143 + Other gas *3.5701)/total energy consumption

Technological level Tec R&D expenditure input intensity = R&D expenditure/GNP
Marketization degree Mar Fan Gang marketization index
Population density TP Population density = LN (total population)
Industrial structure IS Industrial structure = LN (total output value of construction/GROSS national product)
Energy intensity EI Energy intensity = LN (total energy consumption in the construction industry/GROSS national product)

Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China.
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ESit � ι0 + ι1EPit + ι2Marit + ι3EPpMarit +∑
J

j�1
ιjControlijt

+∑
T

t�1
δtYeart + εit, (10)

CIit � κ0 + κ1EPit + κ2Marit + κ3ESit + κ4ESpMarit

+∑
J

j�1
κjControlijt +∑

T

t�1
δtYeart + εit, (11)

where εit is the residual; αj, βj, γj, λj,φj, ϕj, ηj, ιj, κj are regression
coefficients; δt is the regression coefficient of dummy variables of
year; i for province; j is the control variable; t is the year; EP stands
for energy poverty; ES is energy consumption structure; CI stands
for carbon emission intensity of construction industry; Tec stands
for technical level; Mar stands for marketization degree; EP*Tec
represents the cross term of energy poverty and technological
level; and EP*Mar is the cross term of energy poverty and
marketization degree.

4 ANALYSIS OF EMPIRICAL RESULTS

4.1 Descriptive Statistics
After sorting out the data, in order to have a more intuitive
understanding of the impact of energy poverty on construction
intensity, descriptive statistical analysis of relevant variables of
390 valid samples in 30 provinces and cities from 2004 to 2016
was conducted. The results are shown in Table 2.

According to the results of descriptive statistical analysis in
Table 2, the mean value of CI is 0.93, the minimum value is 0, and
the maximum value is 5.15, which indicates that the overall
carbon intensity is good during the sample period, but there
are still large differences among provinces and cities. The value of
carbon intensity is 0 because the carbon emission in some areas is
less than 0.001 mt, and the value becomes 0 after two decimal
digits are reserved. The reason why the energy consumption
structure appears 0 is that in some areas, such as Hainan in 2013,
the main energy consumption is electricity and the coal
consumption is 0, so the energy consumption structure is 0.
The mean value of EP is 0.661, the minimum value is 0.153, and
the maximum value is 0.935, indicating that the energy poverty

degree is not bad during the sample period. On the whole, the
standard deviations of all variables in the sample are less than the
mean, indicating that the statistical characteristics of variables are
good on the whole.

4.2 Correlation Analysis
The correlation between variables is shown in Table 3. Table 3
shows that there is a correlation between the main variables, and
the variance inflation factor (VIF) calculated is significantly less
than 10, indicating that there is no serious multicollinearity
problem in regression analysis.

4.3 Analysis of Model Estimation Results
The regression results of the impact of energy poverty on carbon
intensity of the construction industry are shown in Table 4. The
OLS method and the 2SLS model were used to test the impact of
energy poverty on carbon intensity of the construction industry
in this study.

Column 2 shows the regression results made by OLS. There is
a positive correlation between energy poverty and carbon
intensity of the construction industry, and the carbon intensity
of the construction industry increases by 1.683 units for every
increase of energy the poverty level by one unit. R2 reflects the
explanatory effect of independent variables of the model on
dependent variables, while F-statistics represents the overall
significance index of the model. R-square is 0.592, indicating
that the degree of explanation of the model reaches 59.2%.
F-statistic is 13.961 and significant at 1%, indicating that the
overall significance of the model is good.

Column 3 is regression using 2SLS. In this study, the existence
of endogenous variables is confirmed by the Hausman test, which
conforms to the idea of the model. The model reported chi-square
statistics, and the comparison p value was 0.000, indicating that
the model had a good fitting effect.

The regression results of the aforementioned two models are
consistent, that is, energy poverty increases the carbon intensity
of the construction industry, so the hypothesis H1 is valid. Then
the mediating effect model of Wen (2004) is used to analyze the
mediating effect of energy consumption structure (Wen et al.,
2004). Models (1)–(2) in Table 4 are regression of the impact of
energy poverty on carbon intensity of the construction industry;
Model (3)–(4) is the regression of the impact of energy poverty on
energy consumption structure; Model (5)–(6) is the regression of
the impact of energy poverty on carbon intensity of the
construction industry after the addition of energy
consumption structure.

As can be seen from Column (3), the regression coefficient of
energy poverty on energy consumption structure is
significantly positive (β1 = 0.459, t = 8.41, p < 0.01),
indicating that the higher the energy poverty index is, the
more unbalanced the regional energy consumption structure
is, and the more inclined the region is to use coal and other
non-clean energy. Column (4) adopts the 2SLS model for
testing and presents consistent results. Energy poverty has a
positive impact on energy consumption structure, which is
significant at the level of 1%. When the energy consumption
structure is included in column (5), the impact of energy

TABLE 2 | Descriptive statistical results.

Variable Number Mean Std Min Max

CI 390 0.930 0.876 0 5.153
EP 390 0.661 0.153 0.277 0.935
ES 390 0.180 0.174 0 0.806
Tec 390 1.377 1.057 0.179 6.077
Mar 390 6.413 1.862 2.330 11.71
TP 390 8.167 0.750 6.290 9.306
IS 390 7.568 1.761 3.633 12.21
EI 390 4.716 0.712 2.494 6.020

Original data sources: China Carbon Emission database, Statistical Yearbook of the
Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of
China, and Statistical Yearbook of the Construction Industry in China
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poverty on carbon intensity of the construction industry is
significantly positive (γ1 = 1.146, t = 4.90, and p < 0.01). Energy
consumption structure has a positive influence on carbon
intensity of the construction industry (γ2 = 1.172, t = 5.57,
and p < 0.01). In Column 6, the 2SLS model is used to test the
consistency. After the addition of energy consumption
structure, energy poverty still has a positive impact on
carbon intensity of the construction industry. γ1 is 1.146,
the coefficient is positive, the coefficient of β1* γ2 is
positive, and the coefficient direction is consistent,
belonging to the partial mediation effect. Therefore, we
accept hypothesis H2 that energy consumption structure
has a partial intermediary effect on the impact of energy
poverty on carbon intensity of the construction industry.
Combined with theoretical analysis, it can be seen that
energy poverty has a positive impact on energy
consumption structure, that is, the more serious the energy
poverty is in this province, the more dependent the energy

consumption structure is on traditional non-clean energy. The
structure of energy consumption has a positive impact on the
carbon emissions of the construction industry. The
unbalanced structure of energy consumption and the high
dependence on coal will lead to the increase of regional carbon
emission intensity. Therefore, in order to reduce carbon
emissions, it is necessary to reduce regional energy poverty
and adjust the energy consumption structure to clean and high
energy efficiency energy types.

To test whether the moderating effect of technical level
exists, this study applies Wen’s (2014) moderated mediation
model to test (Wen and Ye, 2014). The first step is to examine
whether the direct effect of energy poverty on carbon intensity
is moderated by the technology level. The second step is to test
whether the mediating effect of energy consumption structure
on the impact of energy poverty on carbon intensity is
adjusted by the technology level. The results are shown in
Table 5.

TABLE 3 | Pearson correlation coefficients.

Variable CI EP ES Tec Mar TP IS EI

CI 1
EP 0.391*** 1
ES 0.553*** 0.429*** 1
Tec −0.320*** −0.721*** −0.195*** 1
Mar −0.378*** −0.701*** −0.293*** 0.555*** 1
TP −0.429*** −0.0300 −0.092* 0.0250 0.354*** 1
IS 0.318*** 0.359*** 0.106** −0.379*** −0.482*** −0.469*** 1
EI 0.638*** 0.197*** 0.422*** −0.127** −0.364*** −0.416*** 0.262*** 1

*, **, and *** represent significant at the statistical level of 10, 5, and 1% respectively.
Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China

TABLE 4 | Main effect and mediation effect test results.

Variable CI ES CI

(1) OLS (2) 2SLS (3) OLS (4) 2SLS (5) OLS (6) 2SLS

EP 1.683*** 1.629*** 0.459*** 0.457*** 1.146*** 1.004***
(7.59) (7.57) (8.41) (8.54) (4.90) (4.48)

ES - - - - 1.172*** 1.369***
(5.57) (6.58)

TP −0.302*** −0.302***(−6.29) 0.003 0.011 −0.305*** −0.316***
(−6.12) (0.21) (0.89) (−6.44) (−7.00)

IS −0.052*** −0.066*** −0.019*** (−3.48) −0.016*** −0.030 −0.044**
(−2.36) (-3.07) (−2.98) (−1.39) (−2.16)

EI 0.581*** 0.534*** 0.096*** 0.097*** 0.469*** 0.402***
(11.96) (11.20) (8.02) (8.16) (9.24) (8.17)

Year Yes Yes Yes Yes Yes Yes
Constant 0.468 0.211 −0.365** −0.557***(−3.86) 0.897 0.974*

(0.76) (0.36) (−2.40) (1.50) (1.75)
N 360 332 360 332 360 332
R2 0.592 0.575 0.377 0.375 0.626 0.624
F 31.139*** 12.971*** - 33.692*** -
Chi - 448.249*** - 200.651*** - 550.886***

1) The t values of the regression coefficients are reported in parentheses.
2) *, **, and *** represent significant at the statistical level of 10%, 5%, and 1%, respectively.
Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China
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As can be seen from columns (1)–(2) in Table 5, EP*Tec is the
cross product of adding Tec and moderating effect test. Energy
poverty had a significant positive effect on carbon intensity in the
construction industry, while EP*Tec had a significant negative
effect on carbon intensity in the construction industry (λ3 =
−1.031, t = −4.19, and p < 0.01). The technology level reduces the
positive impact of energy poverty on carbon intensity of the
construction industry. Then the adjusting mechanism of the
technical level in the intermediary role was tested. In columns
(3)–(4), energy poverty has a positive and significant effect on
energy consumption structure, while EP*Tec has no significant
effect on energy consumption structure (φ3 = −0.038, t = −0.62,
and p > 0.1). Columns (5)–(6), then when we add ES and ES*Tec,
energy poverty has a significant positive effect on carbon
intensity of the construction industry, energy consumption
structure has a significant positive effect on carbon intensity
of the construction industry, and EP*Tec has a significant
negative effect on carbon intensity of the construction
industry (ϕ3 = −0.443, t = −1.81, and p < 0.1). ES*Tec
negatively affected the carbon intensity of the construction
industry (ϕ5 = −1.784, t = −6.03, and p < 0.01). Therefore,
the technology level plays a moderating role between the main
effect of energy poverty and carbon emissions from the
construction industry, and between the indirect effect of
energy consumption structure and carbon intensity of the
construction industry. The theory of technological innovation
explains that technological innovation follows market rules and
meets social needs. In order to reduce the cost of resource waste
and pollution emission, enterprises will improve energy
efficiency and reduce carbon emission through technological
progress. The excessive use of non-clean energy and pollution
emissions caused by energy poverty can be improved through
technological innovation, and the positive effect of energy

poverty on carbon intensity of the construction industry can
be indirectly weakened.

Similarly, to test whether the moderating effect of the degree of
marketization exists, the first step is to test whether the direct
effect of energy poverty on carbon intensity is regulated by the
degree of marketization. The second step is to test whether the
mediating effect of energy consumption structure on energy
poverty on carbon intensity of the construction industry is
regulated by the degree of marketization. The test results are
shown in Table 6.

In columns (1)–2) of Table 6, after adding EP*Mar, the cross
product of Mar and moderating effect test, energy poverty has a
positive and significant effect on carbon intensity of the
construction industry, while EP*Mar has no significant effect
on carbon intensity of the construction industry (η3 = −0.094, t =
−0.72, and p > 0.1). It can be seen that marketization degree has
no moderating effect on the main effect of energy poverty and
carbon intensity of the construction industry and then the degree
of marketization in the intermediary role of the adjustment
mechanism test. It can be seen from columns (3)–(4) that
energy poverty has a positive and significant effect on energy
consumption structure. The effect of EP*Mar on energy
consumption structure is not significant in the OLS model,
but is significant in the 2SLS model (ι3 = −0.069, T = −1.76,
and p < 0.1). In columns (5)–(6), we add ES and ES*Mar, and
energy poverty has a significant positive effect on carbon intensity
of the construction industry, energy consumption structure has a
significant positive effect on carbon intensity of the construction
industry, and ES*Mar has a significant negative effect on carbon
intensity of the construction industry (κ4 = −0.624, t = −5.46, and
p < 0.01). Therefore, the degree of marketization plays a negative
moderating role in the indirect effect of energy consumption
structure and carbon intensity of the construction industry.

TABLE 5 | Test of moderating effect of the technical level.

Variable CI ES CI

(1) OLS (2) 2SLS (3) OLS (4) 2SLS (5) OLS (6) 2SLS

EP 2.253*** 2.116*** 0.602*** 0.693*** 0.775** 0.653*
(5.95) (5.50) (6.38) (7.15) (2.06) (1.73)

Tec 0.293*** 0.266*** 0.024 0.054** 0.217** 0.185**
(2.91) (2.67) (0.94) (2.16) (2.39) (2.09)

EP*Tec −1.031*** −0.980*** −0.038 −0.039 −0.443* −0.441*
(−4.19) (−4.05) (−0.62) (−0.64) (−1.81) (−1.89)

ES - - - - 3.204*** (8.77) 3.176*** (8.96)
ES*Tec - - - - −1.784*** (−6.03) −1.624*** (−5.61)
TP −0.231*** (−4.42) −0.229*** (−4.46) 0.004 (0.32) 0.019(1.48) −0.276*** (−5.82) −0.278*** (−6.10)
IS −0.069*** (−3.13) −0.081*** (−3.84) −0.015*** (−2.67) −0.012** (−2.19) −0.030 (−1.49) −0.046** (−2.40)
EI 0.597*** (12.59) 0.550*** (11.86) 0.096*** (8.13) 0.099*** (8.48) 0.439*** (9.38) 0.385*** (8.50)
Year Yes Yes
Constant −0.098 (−0.14) −0.211 (−0.31) −0.565*** (−3.18) −0.863***(−5.04) 1.050* (1.61) 1.072* (1.72)
N 360 332 360 332 360 332
R2 0.617 0.602 0.401 0.399 0.693 0.690
F 30.561*** 12.666*** 38.261***
Chi 499.617*** 223.957*** 739.116***

1) The t values of the regression coefficients are reported in parentheses.
*, **, and *** represent significant at the statistical level of 10, 5, and 1%, respectively.
Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China
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Therefore, hypothesis H3b is accepted, indicating that the degree
of marketization weakens the mediating role of energy
consumption structure in the relationship between energy
poverty and carbon emissions from the construction industry.

4.4 Robustness Test
To ensure the robustness of the empirical results, this study tested
the validity of the “weak instrumental variable,” and the result
showed that the F-statistic was greater than 10, so there was no
“weak instrumental variable.” Using the finite information
maximum likelihood method (LIML) regression, the positive
impact of energy poverty on carbon intensity of the
construction industry still exists. The regression coefficient
between LIML and 2SLS did not change significantly. Based
on this, it can be considered that the conclusion of this study
is robust. The test results are shown in Table 7.

4.5 DISCUSSIONS

Based on the interprovincial panel data of China from 2004 to
2016, this article conducts an empirical analysis on the impact of
energy poverty and energy consumption structure on carbon
emissions of the construction industry and finds that energy
poverty has a significant positive impact on carbon intensity. The
viewpoint of Ürge-Vorsatz (2012) that improving building energy
efficiency can alleviate energy poverty and reduce carbon
emissions also confirms this point (Ürge-Vorsatz and Tirado
Herrero, 2012). At the same time, the path of energy poverty
affecting carbon intensity of the construction industry was
explored, and it was found that energy poverty has an impact
on carbon intensity of the construction industry through energy
consumption structure, and energy consumption institutions
play an intermediary role. Furthermore, the moderating effect

TABLE 6 | Test of the moderating effect of the marketization degree.

Variable CI ES CI

OLS (1) 2SLS (2) OLS (3) 2SLS (4) OLS (5) 2SLS (6)

EP 2.452** (2.55) 2.487** (2.07) 0.565** (2.39) 0.845*** (2.85) 1.280*** (3.48) 1.239*** (3.48)
Mar 0.070 (0.84) 0.074 (0.72) 0.007 (0.32) 0.030 (1.17) 0.103*** (2.68) 0.096*** (2.61)
EP*Mar −0.094 (−0.72) −0.117 (−0.74) −0.025 (−0.79) −0.069* (−1.76) - -
ES - - - - 5.147*** (6.83) 4.877*** (6.67)
ES*Mar - - - - −0.624*** (−5.46) −0.559*** (−5.00)
TP −0.299*** (−5.35) −0.291*** (−5.35) 0.010 (0.71) 0.024* (1.79) −0.337*** (−6.84) −0.344*** (−7.29)
IS −0.050** −0.066*** (−2.90) −0.021*** (−3.61) −0.019*** (−3.34) −0.018 (−0.83) −0.034* (−1.62)

(-2.11)
EI 0.583*** (11.59) 0.532*** (10.80) 0.093*** (7.48) 0.091*** (7.49) 0.424*** (8.36) 0.369*** (7.53)
Year Yes Yes Yes Yes Yes Yes
Constant −0.171 (−0.17) −0.430 (−0.40) −0.399* (−1.65) −0.791***(−2.97) 0.460 (0.66) 0.459 (0.71)
N 360 332 360 332 360 332
R2 0.593 0.574 0.379 0.380 0.657 0.651
F 27.613*** - 11.578*** - 34.248*** -
Chi2 - 448.098*** - 204.850*** - 619.795***

1) The t values of the regression coefficients are reported in parentheses.
*, **, and *** represent significant at the statistical level of 10, 5, and 1%, respectively.
Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China

TABLE 7 | Robustness test results of the LIML replacement method.

Variable Main effect Mediating effect A Mediating effect B Moderating effect
Tec

Moderating effect
Mar

EP 1.629*** 0.457*** 1.004*** 0.653* 1.239***
(7.57) (8.54) (4.48) (1.73) (3.48)

ES - - 1.369*** - -
(6.58)

EP*Tec - - - −0.441* (−1.89) -
ES*Mar - - - - −0.559***

(−5.00)
Others Yes Yes Yes Yes Yes
R2 0.575 0.375 0.624 0.690 0.651
Chi2 448.249*** 200.651*** 550.886*** 739.116*** 619.795***

1) The t values of the regression coefficients are reported in parentheses.
*, **, and *** represent significant at the statistical level of 10, 5, and 1%, respectively.
Original data sources: China Carbon Emission database, Statistical Yearbook of the Construction Industry, Market Index Report by Provinces in China, Statistical Yearbook of China, and
Statistical Yearbook of the Construction Industry in China
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of the external market environment and the industrial technology
level on the influencing path was considered. It was found that the
technology level has a moderating effect on the energy
consumption structure and building carbon intensity. The
market degree has a moderating effect on the relationship
between energy consumption structure and carbon intensity of
the construction industry.

The limitations of this study are also the focus of future
research in two aspects 1) this article explores the impact of
energy poverty on carbon intensity of the construction
industry, and the research object was limited to the
construction industry. This may restrict the impact path
between energy relationship and carbon emissions by the
construction industry, and the industrial heterogeneity path
will be studied in the future. 2) This article studied the
relationship between energy poverty and carbon emissions,
and may further extend the research chain in the future to
explore the impact pathways of energy poverty, carbon
emissions, and climate change.

5 RESULTS AND POLICY IMPLICATIONS

5.1 Results
This article analyzes the influencing mechanism of carbon
intensity in the construction industry. First, the energy
poverty index of each province in China is measured in
Section 3.3. Second, in Section 4.3, the regression model is
used to test the mediating effect and the moderating effect of
the technology level and the marketization degree on the
influence mechanism of energy poverty on carbon
emissions from the construction industry through energy
consumption structure. The main research conclusions are
as follows: 1) energy poverty has a positive impact on carbon
intensity of the construction industry, and the carbon
intensity of the construction industry increases by 1.683
units per unit increase of energy poverty. Regression
analysis shows that energy poverty has a positive impact on
carbon intensity of the construction industry. Energy poverty
is severe in the region, and access to clean, safe, and
consumable energy is difficult. This situation leads to the
construction industry and other industries tend to use coal
and other primary energy. However, the extensive use of
energy will lead to low energy efficiency and a large
number of carbon emissions. 2) Energy consumption
structure plays a mediating role in the influence of energy
poverty on carbon intensity of the construction industry. 3)
The moderating effect of the technology level and the
marketization degree exists. The technology level will
reduce the positive impact of energy poverty on carbon
intensity of the construction industry, that is,
technologically advanced areas where carbon dioxide
emissions are reduced through carbon capture,
sequestration, and advances in production technology. The
improvement of marketization degree of the construction
industry enables construction enterprises to strive to
improve their core competitiveness in the market close to

perfect competition, including but not limited to the use of
green technology innovation to improve energy utilization
efficiency, development of carbon capture, carbon
sequestration, carbon secondary utilization, and other
technologies to reduce carbon dioxide emissions.

5.2 Policy Implications
From the outbreak of COVID-19 in 2019 to the current
pandemic, social and economic uncertainties have
increased, which in turn affects the macro economy (Işık
et al., 2020; Ahmad et al., 2021). Macroeconomic
fluctuation makes the economic parameters of the
construction industry fluctuate as well, which affects the
production cost of the construction industry. This will
theoretically affect the choice of energy sources and energy
efficiency in the construction industry. The effective utilization
of energy is related to the construction industry energy
conservation, and emission reduction target can be achieved
smoothly. Based on the analysis of the research results, the
following policy recommendations are put forward: 1)
industrial low-carbon and clean energy consumption
structure transformation in coordination. The normalized
development trend of COVID-19 poses severe challenges to
energy conservation and emission reduction. The public’s
requirements for buildings and structures tend to be green,
energy saving, and environment friendly, making construction
enterprises aware of using cleaner energy in production.
However, the difficulty of obtaining clean energy in
different regions leads to the difference in energy use cost
of construction enterprises. Therefore, local governments
should be urged to make full use of their resource
endowment and location advantages, focus on project
construction according to local conditions, and effectively
change the mode of economic development. We will give
appropriate subsidies and policy support to enterprises for
clean energy, and effectively guide the coordinated
development of the low-carbon construction industry and
clean energy consumption structure. 2) Introduce and
localize carbon reduction technologies. At present, the
building materials and energy used in China’s construction
industry are highly carbonized. In order to achieve the goal of
reducing carbon dioxide in the context of the COVID-19
pandemic, it is suggested that the construction sector take
the lead in introducing foreign advanced carbon emission
reduction technologies and clean energy acquisition
technologies. At the same time, increase investment in
green technology, research low-carbon, or carbon-free
building materials. Use BIM technology to simulate
construction, encourage the recycling of building materials,
and promote the use of recycled cement, recycled concrete, and
other recycled building materials. 3) Accelerate the
establishment of a national carbon emission trading market.
With the carbon market as the starting point, the construction
enterprises with high emissions and high pollution will be
forced to retire or transform their development, the
transformation of energy structure will be accelerated, the
innovation of low-carbon technology will be promoted, and
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the market will play an effective role in the allocation of
resources, so as to effectively reduce carbon emissions.
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