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ABSTRACT
Energy demand and carbon emission in building construction and utilization have presented an 
increasing trend with urbanization development and improvement of living standard. Improving the 
carbon emission efficiency of the construction industry is a precondition for allocating carbon emission 
reduction objectives and interregional experience exchange over carbon emission reduction. An input-
output index system was first constructed in this study to obtain the carbon emission efficiency of the 
construction industry. Carbon dioxide emission of the construction industry was taken as unexpected 
output, and the super efficiency slack-based measure-data envelopment analysis (SBM–DEA) model 
was used to estimate the carbon emission efficiency of the construction industry in Henan Province, 
China during 2008-2019. Finally, treatment measures were proposed to retard the rising trend of 
carbon emission in the construction industry. Results showed that the mean carbon emission efficiency 
of the construction industry in Henan Province during 2008-2019 is 1.007 and the carbon emission 
efficiency of the construction industry reaches the minimum value of only 0.807 in 2012. The carbon 
emission efficiency of the construction industry in Henan Province demonstrated an overall rising 
trend with a small amplitude during the investigation period. The results of this study can provide a 
reference for exploring the efficiency of the construction industry in Henan Province under carbon 
emission constraint, analyzing and identifying efficiency improvement objectives and methods for the 
construction industry, and facilitating its sustainable development.   

INTRODUCTION

China is in the high-speed development phase of 
industrialization, urbanization, and modernization at 
present. Although the country’s economy maintains a fast 
growth trend, serious and realistic problems, such as high 
energy consumption and emission, still persist. As the pillar 
industry of national economic development that plays a 
crucial role in China’s economic construction process, 
the construction industry has progressed considerably in 
recent years while imposing non-negligible environmental 
stress on economic development. Moreover, this industry 
is closely related to national economic development and 
the improvement of people’s livelihood. The construction 
industry has boosted the national economic development, 
promoted social progress, and provided job opportunities and 
material support to relevant national economic sectors with 
consideration for its industrial characteristics. Meanwhile, 
building energy conservation demonstrates high potential in 
solving the future global energy plight and realizing carbon 
emission reduction. All levels of the Chinese government 
have aggressively supported the development of a low-

carbon economy and promotion of green buildings in the 
construction industry in recent years. Different regions 
have achieved an evident decrease in carbon emission 
intensity and satisfactory progress in energy conservation 
and emission reduction in the construction industry, with a 
substantial decrease in the number of heavy pollution days 
and improved overall air quality. 

The construction industry is a typical energy-intensive 
field characterized by high energy consumption, high 
emission, and low efficiency. As shown in Fig. 1, the gross 
domestic product (GDP) of the construction industry in 
Henan Province, China is steadily increasing from RMB 
282,405,000,000 in 2008 to RMB 1,270,168,000,000 in 
2019, with an annual average growth rate of up to 16.19%. 
However, this industry still maintains an extensive develop-
ment pattern of high input and output that results in inefficient 
resource utilization, increasing pollutant emissions, and 
surplus carbon emission. The development pattern of the 
construction industry in Henan Province must be transformed 
to enhance its efficiency and maintain pace with the rapid 
social development and needs of the general public. The 
production efficiency of this industry must be improved to 
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acquire high output while reducing the cost; reach the optimal 
input-output relation; and use the sustainable, efficient, and 
energy-saving development approach to replace the extensive 
development pattern. 

PAST STUDIES

The current carbon emission of the construction industry 
is mainly calculated from microscopic and macroscopic 
angles. The carbon emission of the construction industry is 
accounted for with a specified area from the macroscopic 
angle. Domestic (Chinese) and foreign scholars have 
analyzed environmental influencing factors by focusing on 
the industrial field as well as technical efficiency, carbon 
emission efficiency, and economic growth of the industry. 
Many methods have been proposed to determine the carbon 
emission efficiency of the construction industry. Cole, R. 
J. provided a detailed calculation method for analyzing the 
energy consumption and greenhouse gas emission induced by 
field construction in the construction industry (Cole 1999). 
Chau et al. evaluated the building efficiency of construction 
companies in Hong Kong and revealed that high technical 
efficiency benefits from cost-effectiveness, large scale, low 
degree of subcontracting of construction companies, and low 
proportion of intermediate input consumption (Chau et al. 
2001). Ramanathan used data envelopment analysis (DEA) to 
examine associations among gross national product (GNP), 
energy consumption, and carbon emission and showed 
that the carbon emission efficiency varies occasionally 
(Ramanathan 2006). Colombier et al. expounded on 
construction energy conservation technology featured by low 
carbon emission and sustainable development considered 
the urban construction industry in China as the study object 
and demonstrated that this technology can reduce the carbon 
emission and decelerate climatic changes (Colombier et 
al. 2009). Fan et al. indicated that building construction 
exerts a very important influence on the environment and 
a considerable amount of energy will be consumed while 

substantial greenhouse gases will be emitted in the production, 
transportation, and installation of construction materials and 
subsequently conducted a case study on greenhouse gas 
emission in building construction; the results showed that 
greenhouse gas emissions of construction materials account 
for 82%–87% of the total (Fan et al. 2010). Monahan et 
al. put forward process-based life cycle assessment (LCA) 
method to estimate carbon emissions of China’s construction 
industry and pointed out that the total energy consumed by 
the industry is 411 million tce in 2016 and construction 
activities of city residential, public, and commercial buildings 
replace rural residences to become the main source of energy 
consumption and emission (Monahan et al. 2011). Acquaye 
et al. identified and analyzed emission “hotspots” in the 
product life cycle using different intervention schemes in 
the supply chain to reduce greenhouse emissions (Acquaye 
et al. 2015). Wang et al. proposed a method for calculating 
emissions in the total life cycle of China’s construction 
industry and introduced multicriteria Gini coefficient as 
an index of emission permit allocation; the results showed 
that the overall emission in China’s construction industry 
is increasing, with the maximum emission amount in the 
building production phase (Wang et al. 2017). Huang et 
al. stated that the construction industry consumes a large 
quantity of nonrenewable energy resources and the total 
CO2 emission of the global construction industry has reached 
5.7 billion tons, which accounts for 23% of the total CO2 
emission from global economic activities in 2009 (Huang 
et al. 2018). Li et al. calculated direct and indirect carbon 
emissions during the building foundation and structural 
construction processes and determined carbon emission 
sources in the two important construction phases (Li et al. 
2017). Cai et al. pointed out that the energy consumption 
of the construction industry is calculated as a dependent-
energy consumption type and should be divided and blended 
into other industries of China’s statistical system and 
subsequently proposed a concrete method for estimating 
the carbon emission of the construction industry (Cai et al. 
2018). Fang et al. demonstrated that the construction industry 
can realize clean and sustainable building production and 
construction and proposed a method for measuring carbon 
emissions in the construction phase due to the difficulty in 
calculating carbon emissions from complicated construction 
processes and numerous participators (Fang et al. 2018). Du 
et al. investigated club convergence and spatial distribution 
dynamics of carbon intensity in China’s construction industry 
during 2005-2014; the results showed that carbon intensities 
of the construction industry in different provinces of China 
present a “convergence club” characteristic during the study 
period; extremely low or high level of convergence club 
indicates strong stability (Du et al. 2018). Zhou et al. showed 
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Fig. 1: Gross Output Value and Growth Rate of the Construction Industry in Henan Province During 2008-2019. 
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that the construction industry is the primary source of carbon 
emissions in China’s economy and used the superslack-based 
measure-data envelope analysis (super-SBM-DEA) method 
to estimate the total-factor carbon emission efficiency of the 
construction industry during 2003-2016; the results showed 
that the low carbon emission efficiency in China’s construction 
industry presents a declining trend (Zhou et al. 2019). Lu et 
al. critically reviewed and summarized carbon emissions of 
green buildings and proposed a comprehensive life-cycle 
carbon-emission evaluation model (Lu et al. 2020). These 
studies showed that the production in the construction industry 
needs a considerable amount of labour, material, and financial 
inputs, including energy sources and technologies. Studies 
on the efficiency evaluation of the construction industry have 
considered labour force, capital, and technology while neglecting 
environmental factors. Accordingly, the carbon emission of 
the construction industry was taken as the unexpected output 
based on the life cycle theory of the construction industry and 
the slack-based measure-data envelope analysis (SBM-DEA) 
model was used in this study to estimate the carbon emission 
efficiency of the construction industry in Henan Province, China 
during 2008-2019. The SBM-DEA model can scientifically 
and effectively measure the carbon emission efficiency of 
the construction industry in Henan Province to realize energy 
conservation and emission reduction and improve the efficiency 
of the construction industry. This study can provide a theoretical 
basis for relevant departments in the construction industry and 
guidance in the production process of this industry. 

MODEL PROFILE AND INDEX SELECTION 

SBM-DEA Model

The super-efficiency SBM-DEA model developed from the 
DEA method is a nonparametric technical efficiency analysis 
method based on comparisons of evaluation objects. Input 
minimization and output maximization assumptions of the 
traditional DEA model have restricted its application in 
solving problems that consider unexpected outputs. Apart 
from expected outputs, practical production is usually accom-
panied by unexpected outputs, such as pollutant discharge 
and carbon emission. Tone combined the traditional DEA 
method, introduced the slack variable in the objective func-
tion, and proposed the SBM model containing unexpected 
outputs to solve the efficiency evaluation problem effectively 
while considering unexpected outputs (Tone 2001). 

We assume that n decision-making units (DMU) exist 
and each DMU is composed of three parts, namely, m input 
indexes (x), S1 expected outputs (yd), and S2 unexpected out-
puts (yu), which can be expressed by the following matrix: 
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where λ is the non-negative weight vector that expresses 
returns to scale while ignoring the production. 

Slack variables S-, Sd and Su are added based on the tradi-
tional DEA model to express the input, expected output, and 
unexpected output slack variables, respectively, and form the 
following SBM efficiency evaluation model:
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where ρ is the carbon emission efficiency with a value range of 0-1. The efficiency value is 
equal to 1 when S- = Sd = Su = 0, and the carbon emission of this DMU is considered efficient. 
DMUs with an efficiency value of 1 in the last calculation step should be further processed to 
distinguish multiple DMUs with an efficiency of 1. The super-efficiency SBM model is expressed 
as follows: 
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where small inputs and unexpected outputs indicate high expected outputs and efficiency 
value ρ*.  
Index Selection  
The construction of the efficiency evaluation index system for the construction industry must 
incorporate not only the uniqueness of the construction industry but also combine national 
environmental protection policies and stipulations for energy conservation and emission reduction. 
The scientific and reasonableness of input and output indexes are closely related to those of 
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system. The efficiency of the constructed index system varies due to the different preferences of 
people. Second, if the evaluation index system used is unreasonable, then the obtained result will 
remarkably deviate from the true value. The efficiency evaluation of the construction industry is 
affected by traditional factors, such as capital, equipment, and labour force. Finally, energy 
consumption and carbon emission also influence the construction industry because of the 
international situation and policies regarding energy conservation, emission reduction, and 
experimental protection. Hence, these factors must be considered in the selection of input and 
output indexes. The input-output index system shown in Table 1 is established by combining 
index systems in the existing literature and the data accessibility of the construction industry in 
Henan Province.  
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international situation and policies regarding energy conservation, emission reduction, and 
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Index Selection 

The construction of the efficiency evaluation index system 
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uniqueness of the construction industry but also combine 
national environmental protection policies and stipulations 
for energy conservation and emission reduction. The sci-
entific and reasonableness of input and output indexes are 
closely related to those of follow-up work, such as efficiency 
evaluation. First, theory constantly differs from practice. Spe-
cifically, subjective factors affect input and output indexes 
selected and the constructed index system. The efficiency 
of the constructed index system varies due to the different 
preferences of people. Second, if the evaluation index system 
used is unreasonable, then the obtained result will remarkably 
deviate from the true value. The efficiency evaluation of 
the construction industry is affected by traditional factors, 
such as capital, equipment, and labour force. Finally, energy 
consumption and carbon emission also influence the con-
struction industry because of the international situation and 
policies regarding energy conservation, emission reduction, 
and experimental protection. Hence, these factors must be 
considered in the selection of input and output indexes. The 
input-output index system shown in Table 1 is established 
by combining index systems in the existing literature and 
the data accessibility of the construction industry in Henan 
Province. 

The labour-intensive construction industry highly pro-
motes China’s economic development and provides many 
employment positions to employees of construction enter-
prises (X1) (Table 1). The quantity of employee inputs can 
reflect the industry’s development status. The efficiency level 
of the construction industry analyzed through the number of 
employees can measure the effectiveness of inputs. The la-
bour productivity of construction enterprises (X2) calculated 
according to the gross output value of this industry measures 
the output quantity under the given labour input. The ratio 
of gross output value to quantity of employees in a specific 
period is generally defined as labour productivity. This index 
reflects the improvement or degradation of efficiency based 
on the increase or decrease in the output value of construction 

products caused by the labour input in different periods. 
Labour productivity represents technological progress. All 
kinds of materials, including mechanical production facil-
ities and construction components, must be inputted in the 
production process of the construction industry to measure 
the technical equipment rate of construction enterprises 
(X3). The input of construction materials can reflect the 
efficiency status of the construction industry. However, the 
selection of construction materials to reflect the efficiency 
of the construction industry is not universally applicable 
because processes and management concepts used as well 
as the input quantity varies in each region. The index of total 
profits and taxes of construction enterprises (Y2) is used 
to investigate profits and taxes. Y2 sums profits and taxes 
to reflect all actual profits generated in different regions in 
the corresponding period and the quantized value of social 
obligations as well as manifests social benefits from the 
construction industry. Y2 is the index used to measure the 
output of the construction industry directly and represent 
construction products produced by the construction industry 
in one period in the form of total currency. The total output 
value of the construction industry in different regions can 
appropriately reflect the market occupancy and economic 
benefit of the construction industry in a specific region. The 
house construction area of the construction industry (Y3) 
reflects the total area output of building construction in the 
investigation period as an index directly used to measure the 
output of the construction industry. CO2 emission (Y4) is 
an unexpected output index generated by energy use in the 
construction industry. Y4, which was taken as the unexpected 
output in the SBM-DEA model in this study, is an important 
index used to measure the carbon emission efficiency of the 
construction industry.

All index and other data for the investigation period of 
2008-2019 were derived from China statistical database. 
The CO2 emission was calculated following Guidelines for 
National Greenhouse Gas Inventories. 

Table 1: Input-Output index system.

Index type Index (unit) Index code

Input Employees of construction enterprises (10,000 people) X1

Input Labour productivity of construction enterprises calculated according to the gross output value of the construction 
industry (yuan/person)

X2

Input Technical equipment rate of construction enterprises (yuan/person) X3

Output Total profits and taxes of construction enterprises (¥ 100 million) Y1

Output Gross income of construction enterprises (¥ 100 million) Y2

Output House construction area of the construction industry (10,000 m2) Y3

Unexpected output CO2 emission (10,000 tons) Y4
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RESULT ANALYSIS 

Correlation coefficients among seven input and seven output 
indexes of the construction industry in Henan Province are 
listed in Table 2.

Table 2 presents that seven variables are highly corre-
lated. The carbon emission efficiency of the construction 
industry in Henan Province during 2008-2019 was estimated 
using Formulas (1)–(4). Fig. 2 shows the 2008-2019 values 
calculated using DEA-SOLVER PRO software. 

Fig. 2 shows the declining overall efficiency after 
the CO2 emission is taken as an unexpected output and 
included as an evaluation index for the construction 
industry in Henan Province. This finding indicated that the 
efficiency of the construction industry is affected by energy 
conservation and emission reduction policies. However, 
with ever-deepened importance attached by the nation and 
people to the environment, the efficiency evaluation of the 
construction industry that neglects environmental factors 
failed to conform with the practical situation. The carbon 
emission efficiency in Henan Province declined from 1.059 
to 1.009 during 2008–2009 likely because the growth rate 

of the gross output value was small under the influence of 
the financial crisis in 2008. The increase of carbon emission 
efficiency from 1.010 to 1.011 during 2009-2010 showed 
a slow-growth trend likely due to the increase of the gross 
output value of the construction industry among inputs and 
outputs. Preparations for the “12th Five-Year Plan” in 2011 
were conducted in the previous year. Energy conservation 
and emission reduction policies were carried out, and Henan 
Province achieved satisfactory progress in developing the 
construction industry under the controlled carbon emission. 
The efficiency value declined again in 2012 and reached the 
minimum value of 0.807 during the investigation period. 
This finding indicated that “Central Plains Economic Zone 
Planning” promoted the urbanization construction in Henan 
Province and drove the rapid development of the construction 
industry. However, the province failed to achieve the timely 
transformation to adapt to such development speed and 
requirements, and the past production pattern unsuccessfully 
maintained the effective status of the construction industry. 
However, the increase of efficiency again in 2013 manifested 
that the adaptability of the construction industry in Henan 
Province to the development was slightly enhanced, timely 
adjustments were performed after the efficiency dropped, 

Table 2: Correlation coefficients among seven input and seven output indexes

X1 X2 X3 Y1 Y2 Y3 Y4

X1 1 0.857 0.257 0.957 0.934 0.916 0.949

X2 0.857 1 0.373 0.93 0.961 0.954 0.888

X3 0.257 0.373 1 0.326 0.422 0.507 0.431

Y1 0.957 0.93 0.326 1 0.986 0.971 0.97

Y2 0.934 0.961 0.422 0.986 1 0.991 0.956

Y3 0.916 0.954 0.507 0.971 0.991 1 0.953

Y4 0.949 0.888 0.431 0.97 0.956 0.953 1

in Henan Province are listed in Table 2. 
Table 2: Correlation coefficients among seven input and seven output indexes 
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Table 2 presents that seven variables are highly correlated. The carbon emission efficiency of 
the construction industry in Henan Province during 2008-2019 was estimated using Formulas 
(1)–(4). Fig. 2 shows the 2008-2019 values calculated using DEA-SOLVER PRO software.  
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Fig. 2: Carbon emission efficiency of the construction industry in Henan Province During 2008-2019. 

Fig. 2 shows the declining overall efficiency after the CO2 emission is taken as an unexpected 
output and included as an evaluation index for the construction industry in Henan Province. This 
finding indicated that the efficiency of the construction industry is affected by energy conservation 
and emission reduction policies. However, with ever-deepened importance attached by the nation 
and people to the environment, the efficiency evaluation of the construction industry that neglects 
environmental factors failed to conform with the practical situation. The carbon emission 
efficiency in Henan Province declined from 1.059 to 1.009 during 2008–2009 likely because the 
growth rate of the gross output value was small under the influence of the financial crisis in 2008. 
The increase of carbon emission efficiency from 1.010 to 1.011 during 2009-2010 showed a 
slow-growth trend likely due to the increase of the gross output value of the construction industry 
among inputs and outputs. Preparations for the “12th Five-Year Plan” in 2011 were conducted in 
the previous year. Energy conservation and emission reduction policies were carried out, and 
Henan Province achieved satisfactory progress in developing the construction industry under the 
controlled carbon emission. The efficiency value declined again in 2012 and reached the minimum 
value of 0.807 during the investigation period. This finding indicated that “Central Plains 
Economic Zone Planning” promoted the urbanization construction in Henan Province and drove 
the rapid development of the construction industry. However, the province failed to achieve the 
timely transformation to adapt to such development speed and requirements, and the past 

Fig. 2: Carbon emission efficiency of the construction industry in Henan Province During 2008-2019.
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and measures were taken to improve the efficiency. The 
carbon emission efficiency reached its peak at 1.094 in 
2018 due to the enhancements applied by the Chinese 
government in environmental protection while developing 
the national economy. Multiple plans were formulated for 
the construction industry to cope with the increasingly 
enhanced environmental protection effectively. Henan 
Province actively carried out national policies to determine 
suitable development patterns. The overall efficiency of 
the construction industry during this process increased, but 
the small increase amplitude reflected a large improvement 
space for the carbon emission efficiency of the construction 
industry in the province. Moreover, measures related 
to energy conservation and emission reduction in the 
construction industry should continue to boost sustainable 
development. 

TREATMENT MEASURES 

Improve the Energy Utilization Efficiency and 
Optimize the Energy Consumption Structure 

China’s construction industry is typically characterized by 
the rapid growth of economic aggregate and continuous 
increase of energy consumption and carbon emission. The 
energy intensity effect inhibits the growth process of carbon 
emission intensity in China’s construction industry. Hence, 
the energy utilization efficiency must be improved to reduce 
the energy intensity effect, enhance the low-carbon con-
sciousness of constructors, reasonably utilize energy sources, 
reduce the low-efficiency utilization and consumption of 
energy sources during the construction process, and pro-
mote their effective and cyclic utilization. The coal-centred 
energy consumption in China determines the unreasonable 
energy consumption structure of the construction industry. 
The carbon emission coefficient of coal is higher and more 
carbon is generated during its utilization process compared 
with those of other energy sources. The energy structure 
plays an inhibitory role in the growth process of carbon 
emission intensity. Thus, the energy consumption structure 
of the construction industry must be further optimized, the 
consumption of structure of various energy sources should 
be reasonably planned, and coal utilization should be applied. 
Moreover, the innovation level of low-carbon technologies 
should be elevated to accelerate the development and utili-
zation of sustainable and green energy sources. 

Optimize the Utilization of Construction Materials and 
Enhance the Scientific and Technological Strength of 
Construction Enterprises 

The high carbon emission of the construction industry is 
mainly ascribed to the large usage amount of construction 

materials. The utilization of green construction materials 
should be promoted to improve energy utilization efficiency 
and reduce carbon emissions effectively. The government 
can encourage construction enterprises to utilize new-type, 
energy-saving, and renewable construction materials as well 
as encourage and support construction material manufac-
turers to produce green construction materials, transform 
relevant applied technologies, and improve the technological 
innovation level and competitiveness of construction enter-
prises in Henan Province further. Furthermore, the recycling 
of construction solid wastes should be reinforced. Technol-
ogies that realize the resource utilization of construction 
wastes should be aggressively developed, with emphasis on 
the treatment and recycling of construction wastes. Produc-
tion technologies and processes of renewable construction 
materials should be updated. Enterprises must be supported 
for technological innovation of green construction materials. 
The design of high-efficiency equipment should be improved 
to solve the recycling problem of construction solid wastes 
effectively and promote the green and energy conservation 
development of the construction industry in Henan Province 
further. The current energy structure of the construction 
industry in Henan Province focuses on coal and petroleum 
utilization, and coal resources play a decisive role in the 
industrialization development of the construction industry. 
Hence, the utilization and innovation of coal desulfuriza-
tion, clean coal, and energy recycling technologies should 
be strengthened to improve the utilization efficiency and 
recycling rate of energy sources, such as coal, substantially. 
The production equipment and processes can be improved 
through low-carbon technological innovation and the devel-
opment of new-type materials that can replace energy sources 
while reducing the utilization rate of fossil fuels. 

Strengthen the Pollutant Discharge Management of 
the Construction Industry and Improve the Resource 
Utilization Efficiency 

The low comprehensive carbon emission efficiency of the 
construction industry in Henan Province indicated that the 
resource utilization efficiency of the industry requires urgent 
improvement and the management level of construction 
remains unchanged. Therefore, the management level of the 
construction industry in Henan Province should be improved 
to enhance resource utilization efficiency. The government 
can first reinforce the guidance of the construction industry 
by optimizing the system. Construction enterprises should 
then improve their management level internally and conduct 
appropriate adjustments in their organizational structure 
depending on actual conditions. Although the comprehensive 
efficiency of the construction industry in Henan Province is 
generally low, the relatively efficient level can be reached 
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by altering the management pattern, adjusting inputs and 
outputs, and introducing relevant technical equipment. 
The input scale of the construction industry in Henan 
Province is enlarged, but the scale efficiency demonstrates 
disproportionate growth. Hence, the scale is independently 
expanded while the sustainable efficiency improvement of 
the construction industry is unrealized. This finding indicated 
that the efficiency improvement of the construction industry 
in Henan Province can be achieved by expanding not only 
its industrial-scale but also transforming the extensive input-
driven economic growth mode, with emphasis on improving 
technologies in the construction industry and elevating 
technological content. 

Enhance the Propaganda of Building Emission 
Reduction Policies and Improve the Autonomous 
Emission Reduction Awareness of the General Public 

The promoting effect of per capita building area is demon-
strated by the improvement of building carbon emission 
efficiency under the enlarged per capita area. However, the 
energy utilization mode of the general public will make a 
difference and acceptable energy utilization behaviour can 
reduce building carbon emissions. The increase of building 
carbon emissions during the urbanization progress due to 
the increasing proportion of urban population indicated 
that the energy utilization mode of the urban population 
must continue to improve. A low-carbon society should 
be continuously advocated, and low-carbon economic de-
velopment should be encouraged. Low-carbon economic 
development can be combined with a low-carbon lifestyle 
to improve population quality, drive the recycling efficiency 
of resources, mitigate the environmental pollution status, 
improve environmental conditions, and reduce building 
carbon emissions. The operation phase of building carbon 
emission during the development process is integrated with 
the energy utilization of the general public, and the energy 
utilization mode and habit directly influence the amount of 
building carbon emissions. Therefore, building emission 
reduction and environmental awareness of people should 
be enhanced continuously, the green energy consumption 
habit must be upheld, and repeated consumption should be 
avoided. Relevant sectors must reinforce the propaganda 
of low-carbon lifestyle, popularize low-carbon knowledge, 
formulate incentive measures for adopting a low-carbon 
lifestyle, and gradually enhance the awareness of public 
autonomous emission reduction in the improvement of public 
autonomous emission reduction awareness. 

CONCLUSION 

The construction industry is one of three major fields that 

generate greenhouse gas emissions worldwide. The propor-
tion of energy consumption in industrial production will 
decline while that of construction energy consumption will 
continue to grow with the continuous progress of industrial 
technologies and the elevation of residential living standard. 
Improving the carbon emission efficiency of the construction 
industry is the precondition for reducing the total carbon 
emissions of the construction industry and promoting the 
reasonable establishment of the building carbon trading 
mechanism. The CO2 emission of the construction industry 
was taken as the unexpected output and then incorporated 
into the super efficiency SBM-DEA model to measure the 
carbon emission efficiency of the construction industry in 
Henan Province, China in the study period of 2008-2019. 
The results showed that the mean carbon emission efficiency 
of the construction industry during 2008-2019 is 1.007 and 
reached the minimum (0.807) in 2012. The carbon emission 
efficiency of the construction industry in Henan Province 
realized an overall rising trend during the investigation peri-
od, but the amplitude was small. Accordingly, the following 
treatment measures were proposed: improve the energy 
utilization efficiency, scientific and technological strength 
of construction enterprises, resource utilization efficiency, 
propaganda of building emission reduction policies, and pub-
lic autonomous emission reduction awareness; optimize the 
energy consumption structure and utilization of construction 
materials; and reinforce the pollutant discharge management 
of the construction industry. An in-depth study can be carried 
out in the future from the following aspects: accounting scope 
of building carbon emission, carbon emission database of the 
construction industry, influencing factors of building carbon 
emission, and digging of the emission reduction potential of 
the construction industry. 
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