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Abstract The construction industry is one of the largest energy consumers in China. It not only

uses energy directly but also consumes a large amount of embodied energy hidden in intermediate

goods and services from other industries. This paper utilizes the multi-regional input-output (MRIO)

model to measure the embodied energy consumption in China’s construction industry at the province

level. To quantify the backward and forward linkages between the construction industry and other

industries, the energy-driven and energy-driving abilities of the construction industry are investigated

for 30 provinces. The results show that the values of the energy-driven coefficients are significantly

larger than the energy-driving coefficients, indicating that the construction industry is highly dependent

on products from other industries and other regions, not vice versa. The construction industries in

the southwest and northwest regions of China have the highest energy-driven coefficients, showing

that the construction industries in west China heavily rely on indirect energy embodied in goods and

services. This particularly applies in Guangxi and Hainan provinces, which have the highest energy-

driven abilities and the lowest energy-driving abilities. The findings can facilitate the policy-makers to

examine the critical energy-saving paths.
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1 Introduction

China is currently in a rapid urbanization stage led by the 60% urbanization rate target
as a part of the 13th Five-Year Plan released by the central government[1]. As a result, the
number and the scale of China’s cities are continually increasing, leading to significant growth
in construction activities. Since the construction industry is a typical energy-intensive industry,
the rapid urbanization process stimulates a large amount of energy consumption and carbon
emissions, placing much stress on the environment and the economy[2,3]. Generally, in compar-
ison with direct energy consumption by the construction activities, more energy is consumed
through the utilization of intermediate goods and service in the upstream supply chain, which
is referred to as embodied energy[4−6]. Liu, et al. also pointed out that embodied energy
consumption is dramatically larger than the direct energy consumption in the construction
industry[7].

Most previous studies focused on direct energy consumption of on-site production activities
in the construction industry, neglecting the embodied energy consumed in the entire industrial
chain[8−12]. Some recent investigations explored the embodied energy consumption at multi-
ple scales, based on various lifecycle assessment tools[13,14]. For example, Lin, et al. studied
the embodied energy of the construction industry in China by using the single region input-
output (SRIO) model[15]. Dixit and Singh investigated the embodied energy consumption of
five higher education buildings based on IO-based hybrid (IOH) model[16,17]. Han, et al. mea-
sured the embodied energy for building construction engineering based on the bill of quantities
(BOQs)[18]. Biswas provided life-cycle embodied energy analysis using a life-cycle assessment
(LCA) methodology[19]. However, although embodied energy consumption in the construction
industry has been widely investigated in these studies, insufficient insights have been provided
into the energy flows through interregional trade from the industrial and multiregional perspec-
tives. The SRIO model, the BOQ, and the process-based LCA all fail to examine the concealed
relationships along the economic network and inter-regional energy flows. It is important to
account for distinct regional characteristics to track crucial disparities and linkages.

Recent developments in multi-region input-output (MRIO) models can facilitate the assess-
ment of inter-regional embodied energy flows. The MRIO model can reflect economic inter-
actions and regional characteristics and has been applied extensively. For example, embodied
energy use and carbon emissions within a target country have been quantified based on MRIO
models[20−24]. Another strand of research uses the MRIO model to explore the energy consump-
tion embodied in the international trade along the global energy networks[25−29]. However, only
a few national investigations have considered the interregional flows of energy resources between
diverse industries. For example, Liang, et al. applied the MRIO model and scenario analysis to
investigate the energy requirements in eight economic regions in China[30]. Meng, et al. ana-
lyzed the growth trend and spatial distribution of CO2 emissions and pointed out that emission
transfer distorted regional emissions and the intensities[31]. Guo, et al. analyzed the carbon
emissions from a provincial perspective, indicating that the eastern provinces had larger CO2

emissions resulted from their international trade . Other studies have explored China’s regional
and sectoral GHG emission patterns[32−35] and their driving forces[36], carbon emissions em-
bodied in trade[37], as well as the energy consumption and carbon print of specific buildings[38].
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Although these studies have considered embodied energy and the energy flows from the inter-
regional and industrial perspective, only a few of them have explored the embodied energy
and energy flows in the construction industry, the most energy-intensive industry. Hong, et al.
have studied the embodied energy consumption in construction industry from the perspective
of inter-regional trade of China’s construction industry[39,40]. The embodied energy accounting
and resource-dependent geographical distribution are completed from a quantitative point of
view. However, due to the large gap between the geographical area, industry scale, population,
and economic level of each region, it is unreasonable to compare the quantity of direct energy
consumption without considering the regional disparities and temporal differences.

To fill these gaps in the literature, this study evaluates the embodied energy consumption in
the construction industry from an inter-regional perspective based on the MRIO model. After
that, the energy-driving and energy-driven abilities in the construction industry are examined
over the entire industrial chain to show the backward linkages and forward linkages between
the construction industry and other industries. To do this, a model of energy-driving and
energy-driven coefficients is established.

The rest of the paper is organized as follows. Section 2 provides the methodology for iden-
tifying the energy-driving and energy-driven abilities in the construction industry. In Section 3,
the data sources and processing are described. Section 4 demonstrates the empirical results. In
Section 5, the findings are further discussed. Section 6 provides conclusions and recommenda-
tions.

2 Methodology

In this study, the direct energy consumption of the construction industry refers to the
energy consumed by on-site construction activities. The embodied energy consumption covers
not only the energy consumed by on-site construction activities but also the energy consumed
by upstream energy consumption activities that support the on-site activities. To reflect the
real and complete energy consumption levels of the construction industries in 30 regions, their
energy-driving and energy-driven abilities are explored. The framework of this study is shown
in Figure 1.

Figure 1 The research framework
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2.1 The Definitions of Energy-Driving and Energy-Driven Abilities

The total energy-consumption coefficient of the industry i is the amount of energy consumed
by industry i to produces per unit goods or services; the total energy-distribution coefficient
of the industry i is the amount of energy distributed to other industries when the industry i

produces per unit goods or services[41]. The total energy-consumption coefficient represents the
backward linkages so it is used to measure the energy-driven abilities of a certain industry. The
total energy-distribution coefficient reflects the forward linkages and can be used to measure
the energy-driving abilities[42]. However, the total energy-consumption and energy-distribution
coefficient cannot represent these two influential abilities of the construction industry on the
entire industrial system. Therefore, this paper employed the energy sensitivity coefficient and
energy influence coefficient to reveal the construction industry’s energy-driven and energy-
driving ability on the entire industrial chain.

2.2 The Measurement of Energy-Driven Ability

The energy-driven ability is measured by the sensitivity coefficient, which is calculated based
on the total energy-consumption coefficient. The fundamental equation of the MRIO model is
detailed as follows[43].

B = (I − A)−1F, (1)

B =

⎡
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B is the total output vector. BS
l represents the total output of industry 1 in region s. I

is the same order identity matrix. (I − A)−1 is the Leontief inverse matrix. The technical
coefficient sub-matrix Ars =

(
ars

ij

)
is given by ars

ij = zrs
ij /xs

j · zrs
ij is the monetary flows from

industry i in region r to industry j in region s. xs
j is the total output of industry j in region

s. F = (f rs
i ) is the final demand matrix. f rs

i is the final demand for the industry i in region s

from region r.
To calculate the energy embodied in goods and services, the energy intensity (E) needs to

be computed as follows:

E = er
i /Xr

i , (3)

where er
i is the energy consumption of industry i in region r. Xr

i is the total output of industry
i in region r. The total energy-consumption coefficient (TEC) can be obtained as follows:

TEC = E(I − A)−1F. (4)

Based on the concept of sensitivity coefficient, the energy-driven coefficient Fj is shown in
Equation (5).

Fj =
1
n

∑n
i=1 tecij

1
n2

∑ ∑
tecij

=
∑n

i=1 tecij

1
n

∑ ∑
tecij

, j = 1, 2, · · · , n. (5)
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In Equation (5), Fj is the energy-driven coefficient of industry j, which reflects the energy-
driven ability on the whole industrial system. tecij is the total energy-consumption coefficient.
If Fj > 1, the energy-driven ability of industry j is over the average level of the energy-driven
abilities of all industries.

2.3 The Measurement of Energy-Driving Ability

The energy-driving ability is measured by the influence coefficient, which is calculated based
on the total energy-distribution coefficient. The structure is symmetrical between the total
energy-distribution coefficient and the total energy-consumption coefficient[44−47]. The total
energy-distribution coefficient (TDC) can be obtained as follows.

TDC = E(I − C)−1F, (6)

C =

⎡
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where the technical coefficient sub-matrix Crs =
(
crs
ij

)
is given by crs

ij = zrs
ij /ys

i . zrs
ij is the

monetary flows from industry i in region r to industry j in region s. ys
j is the total input of

industry j in region s. F = (f rs
i ) is the final demand matrix. f rs

i is the final demand for
industry i in region s from region r.

D is the total energy-distribution coefficient matrix. The energy-driving coefficient Fi can
be calculated as follows:

Fi =
1
n

∑n
j=1 tdcij

1
n2

∑ ∑
tdcij

=

∑n
j=1 tdcij

1
n

∑ ∑
tdcij

, j = 1, 2, · · · , n. (8)

In Equation (8), Fi is the energy-driving coefficient of industry i, which reflects the energy-
driving ability on the whole industrial system. tdcij is the total energy-distribution coefficient.
If Fi > 1, the energy-driving ability of industry i is larger than the average level of the energy-
driving abilities of all industries.

3 Data Sources and Processing

3.1 Multi-Regional Input-Output Table

In this study, the total consumption and total distribution coefficient are calculated based
on the MRIO table which is derived from the China Emissions Accounts & Datasets (CEAD).
The MRIO table in 2012 is the most up-to-date table covering 30 separate economic sectors in
30 provinces and municipalities[48,49]. The relevant industries and their codes are listed in the
datasets of CEAD and Appendix A.

3.2 The Construction Industry Impact on Energy Consumption of 30 Industries
in 30 Regions

The raw data for energy consumption in this study comes from the China Energy Statistical
Yearbook Tables of 30 Regions in China, China’s Statistic Yearbook, and China’s Regional
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Statistic Yearbook. The energy consumed by primary industries and the tertiary industries
can be derived from the statistical yearbook directly. However, the unavailability of direct
energy data that specifically matched the secondary industry classifications in the MRIO table
was a major obstacle. Moreover, the formation of the data in the regional statistic yearbook
for different regions is inconsistent. To obtain the data with the same caliber and specifically
matching the industrial classifications in the MRIO tables, this study employs the “adjustment
weight method” adopted by [50, 51].

First, the energy intensity of the industrial sectors is computed at the national level as
shown follows.

AECi =
Ei

Gi
, (9)

where AECi and Ei are the energy intensity and the energy consumption of sector i at the na-
tional level, respectively. Gi is the total output of sector i at the national level. The adjustment
weight can be calculated as:

AWj =
ej

NGj
, (10)

N =
E

G
. (11)

In Equations (10) and (11), AWj is the adjustment coefficient for region i. ej is the actual
energy consumption of the secondary industry in region j. N is the national energy intensity
of the secondary industry. Gj is the total output of the secondary industry in region j. E

and G are the energy consumption and total output of the secondary industry in the country,
respectively.

AECij = AECi × AWj , (12)

AECij is the average energy consumption coefficient of sector i in region j. Furthermore, we
can get the direct energy consumption of sector i in region j as follows.

Eij = AECij × Gij . (13)

4 Results

4.1 Total Energy-Consumption Coefficient and Energy-Driven Coefficient

The results of the total energy-consumption and energy-driven coefficients for the construc-
tion industry in 30 regions of China are shown in Table 1.

As shown in Table 1, the total energy-consumption coefficient for the construction industry
is greater than 1 in 28 provinces. Only the total energy-consumption coefficients of Hubei and
Fujian are below 1. In particular, the total energy-consumption coefficient for the construction
industry in Guangxi is 17.005, far exceeding the other provinces. Hainan also shows a high total
energy-consumption coefficient at 12.5. Among the other areas, the total energy-consumption
coefficients of Yunnan and Guizhou are around 6.0 and that of Chongqing is about 3.8. In the
other 25 provinces, the total energy-consumption coefficients are all below 3.0. As for the energy-
driven coefficient of the construction industry, Guangxi has the largest energy-driven ability,
with an energy-driven coefficient of more than 6.8, far exceeding that of the other regions.
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Hainan province is the second-largest influential region, with an energy-driven coefficient of
more than 1.1. The energy-driven coefficients for the construction industries in Yunnan and
Guizhou are larger than 0.5. For other 26 regions, all energy-driven coefficients are below 0.35.

Table 1 Total energy-consumption and energy-driven coefficients in the construction industry

Region Total energy-

consumption

coefficient

Energy-driven

coefficient

Region Total energy-

consumption

coefficient

Energy-driven

coefficient

Beijing 1.465 0.130 Henan 1.293 0.115

Tianjin 1.417 0.126 Hubei 0.982 0.087

Hebei 1.986 0.176 Hunan 2.045 0.182

Shanxi 2.142 0.190 Guangdong 1.870 0.166

Inner Mongolia 1.002 0.089 Guangxi 17.005 6.836

Liaoning 1.739 0.154 Hainan 12.509 1.110

Jilin 1.704 0.151 Chongqing 3.892 0.345

Heilongjiang 1.649 0.146 Sichuan 1.590 0.141

Shanghai 1.567 0.139 Guizhou 5.895 0.523

Jiangsu 1.490 0.132 Yunnan 6.021 0.534

Zhejiang 1.410 0.125 Shaanxi 2.435 0.216

Anhui 1.984 0.176 Gansu 2.482 0.220

Fujian 0.848 0.075 Qinghai 2.804 0.249

Jiangxi 1.689 0.150 Ningxia 2.687 0.239

Shandong 1.386 0.123 Xinjiang 2.737 0.243

Note: Tons of standard coal equivalent/104 RMB.

4.2 Total Energy-Distribution Coefficient and Energy-Driving Coefficient

The results of the total energy-distribution coefficients and the energy-driving coefficients
for the construction industry in 30 regions are listed in Table 2.

Compared with the total energy-consumption coefficients, the total energy-distribution
coefficients for the regional construction industries are significantly lower. There are three
provinces, Hubei, Shanxi, and Guizhou, where the total energy-distribution coefficients are
over 0.1. Among the other provinces, 28 of the 30 have a total energy-distribution coefficient
below 0.1. Guangxi is the only province with a total energy-distribution coefficient below 0.03.
Similarly, the energy-driving coefficient of Hubei is the highest. The energy-driving coefficients
in Shanxi, Shandong, Guangdong, Guizhou, Inner Mongolia, Ningxia, Tianjin, Hebei, Hunan,
and Sichuan are greater than 0.01. Except for the construction industries in these regions, the
energy-driving coefficients of the construction industries in the other 19 regions are less than
0.01. In particular, the energy-driving coefficients in Guangxi and Hainan are the smallest
among all 30 regions at 0.002 and 0.004, respectively.
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Table 2 Total energy-distribution and energy-driving coefficients in the construction industry

Region Total energy-

distribution

coefficient

Energy-

driven

coefficient

Region Total energy-

distribution

coefficient

Energy-

driving

coefficient

Beijing 0.064 0.008 Henan 0.047 0.006

Tianjin 0.082 0.010 Hubei 0.131 0.016

Hebei 0.082 0.010 Hunan 0.082 0.010

Shanxi 0.112 0.013 Guangdong 0.096 0.012

Inner Mongolia 0.093 0.011 Guangxi 0.016 0.002

Liaoning 0.054 0.007 Hainan 0.034 0.004

Jilin 0.044 0.005 Chongqing 0.066 0.008

Heilongjiang 0.035 0.004 Sichuan 0.085 0.010

Shanghai 0.064 0.008 Guizhou 0.100 0.012

Jiangsu 0.037 0.004 Yunnan 0.059 0.007

Zhejiang 0.055 0.007 Shaanxi 0.056 0.007

Anhui 0.041 0.005 Gansu 0.064 0.008

Fujian 0.050 0.006 Qinghai 0.072 0.009

Jiangxi 0.031 0.004 Ningxia 0.088 0.011

Shandong 0.098 0.012 Xinjiang 0.059 0.007

Note: Tons of standard coal equivalent/104RMB.

4.3 Direct Energy Consumption in the Construction Industry in 30 Regions

The detailed information of direct energy consumption in the construction industry of 30
regions is listed in Table 3.

Table 3 shows that direct energy consumption in 20 provinces is larger than 1.50 Mtce. The
construction industry in Guangdong is the highest energy consumer with 7.1546 Mtce energy
resources used in one year. The region with the second-highest value is Shandong province,
where the construction industry consumed 6.38 Mtce in 2012. The energy consumed by the
construction industries in Zhejiang and Sichuan ranks third and fifth, with energy consumption
amounts to 4.37 Mtce and 4.19 Mtce, respectively. The construction industries of Hebei, Hunan,
Inner Mongolia, Hubei, and Jiangsu are important energy consumers with consumption between
3.50 Mtce and 4 Mtce in 2012. By contrast, the energy consumption in the construction
industries in Guangxi, Qinghai, and Hainan did not reach 0.50 Mtce in 2012.
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Table 3 Direct energy consumption in the construction industry in 30 regions

Region Energy (Mtce) Region Energy (Mtce)

Beijing 1.5045 Henan 1.6994

Tianjin 2.1918 Hubei 3.56

Hebei 3.9699 Hunan 3.7217

Shanxi 1.6368 Guangdong 7.1546

Inner Mongolia 3.5691 Guangxi 0.4550

Liaoning 2.2364 Hainan 0.3098

Jilin 0.9744 Chongqing 2.5059

Heilongjiang 0.5460 Sichuan 4.19

Shanghai 2.1475 Guizhou 0.85

Jiangsu 3.5574 Yunnan 1.8956

Zhejiang 4.3693 Shaanxi 1.9450

Anhui 1.5506 Gansu 0.9988

Fujian 2.0828 Qinghai 0.3707

Jiangxi 0.7479 Ningxia 0.7437

Shandong 6.3800 Xinjiang 0.9802

5 Discussion

5.1 Comparison of Energy-Driving and Energy-Driven Coefficients

To assess the relationship and difference between the energy-driving coefficients and energy-
driven coefficients in the 30 regions, charts displaying the trends in the energy-driven coeffi-
cients and energy-driving coefficients were drawn with the energy-driven coefficients sorted in
descending order. The details are shown in Figure 2.

Figure 2 The trends of the energy-driven and energy-driving coefficients in 30 regions
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Figure 2 shows that there is no obvious correlation between the energy-driving coefficients
and the energy-driven coefficients in the construction industries of these 30 regions. When the
energy-driven coefficients decrease, the energy-driving coefficients show irregular fluctuations.
Notably, the energy-driven coefficients in the construction industries in Guangxi and Hainan
are the highest while their energy-driving coefficients are the lowest, which indicates that the
construction industries in these regions have the most significant energy-driven impact and the
least energy-driving impact on the entire industrial system.

More importantly, the values of the energy-driven coefficients in the 30 regions are far larger
than the energy-driving coefficients in the construction industries, which shows the construction
industry highly depends on intermediate products from other industries and other regions, not
vice versa.

5.2 Spatial Analysis of Energy-Driven Abilities in 30 Regions

According to the total energy-consumption coefficients and energy-driven coefficients, these
30 provinces were classified into 7 groups, including the southwest region (1), the northwest re-
gion (2), the second eastern coastal areas (3), the northeast region (4), the northeast-southeast-
southwest triangular (5), the eastern coastal areas (6), and others (7). The detailed information
of geographic distribution are shown in Table 4.

Regions of group 1© are mainly in the southwest of China. This group includes Guangxi,
Hainan, Yunnan, Guizhou, and Chongqing, where the total energy-consumption coefficients
and energy-driven coefficients are the highest. Regions of group 2© are located in the northwest
region of China, including Qinghai, Xinjiang, and Ningxia, where the total energy-consumption
coefficients and energy-driven coefficients are the second highest. The third group, including
Hunan, Hebei, Anhui, and Guangdong, is called the second eastern coastal area since it is jux-
taposed with group 6©. Group 6© includes provinces located in the eastern coastal areas. They
have the second-lowest total energy-consumption coefficients and energy-driven coefficients.
Liaoning and Jilin are provinces included in group 4©, the northeast region of China, with the
fourth-highest total energy-consumption coefficients and energy-driven coefficients. The fifth
group includes Jiangxi, Heilongjiang, and Sichuan, located in the northeast, southwest, and
northwest of China. The three provinces form the three vertices of the triangle. Therefore,
group 5© is called the northeast-southeast-southwest triangular. The other provinces are classi-
fied into the last group, with the lowest total energy-consumption coefficients and energy-driven
coefficients. The detailed information for each group is shown in Table 4.

Table 4 shows that the construction industries in the southwest region of China are most
energy-intensive, using the largest amount of indirect energy embodied in goods and services
from other sectors. Similarly, the construction industries in the northwest region of China
are also significantly energy-intensive than other regions, inducing a lot of indirect energy
production to support their own development. By contrast, the construction industries in the
eastern coastal areas and Henan, Inner Mongolia, Hubei, and Fujian have the lowest total
energy-consumption coefficients and energy-driven coefficients, indicating that the construction
industries in these regions consume less embodied energy compared with other regions.
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Table 4 The provinces classification according to energy-driven abilities

Group Province Energy-driven

coefficient

1 (Southwest region) Guangxi, Hainan, Yunnan, Guizhou,

Chongqing

0.345–6.836

2 (Northwest Region) Qinghai, Xinjiang, Ningxia, Gansu,

Shaanxi, Shanxi

0.190–0.249

3 (The second Eastern coastal ar-

eas)

Hunan, Hebei, Anhui, Guangdong 0.166–0.182

4 (Northeast region) Liaoning, Jilin 0.151–0.154

5 (Northeast-Southeast-Southwest

triangular)

Jiangxi, Heilongjiang, Sichuan 0.141–0.150

6 (Eastern coastal areas) Shanghai, Jiangsu, Beijing, Tianjin,

Zhejiang, Shandong

0.123–0.139

7 (Others) Henan, Inner Mongolia, Hubei, Fujian 0.075–0.115

5.3 Spatial Analysis of the Energy-Driving Abilities in 30 Regions

According to the total energy-distribution coefficients and energy-driving coefficients, the
30 provinces were classified into 8 groups. Hubei is the only province classified into group 1
with the highest energy-driving ability in the construction industry. The second group includes
Shanxi, Guizhou, Shandong, and Guangdong, with total energy-distribution coefficients ranging
from 0.096 to 0.112 and energy-driving coefficients ranging from 0.012 to 0.013. Inner Mongolia,
Ningxia, Sichuan, Hunan, Hebei, and Tianjin constitute group 3©. Three municipalities, i.e.,
Beijing, Shanghai, Chongqing, and Qinghai and Gansu are classified into group 4©. Yunnan,
Xinjiang, Shaanxi, Zhejiang, and Liaoning, constitute the group 5©. Group 6© includes Fujian,
Henan, Jilin, and Anhui. Jiangsu, Heilongjiang, Hainan, and Jiangxi are in group 7©. Guangxi
is the only province classified in group 8©, with the lowest total energy-distribution coefficient
and energy-driving coefficient. The details are shown in Table 5.

Table 5 The group classification according to energy-driving abilities

Group Province Energy-driving coefficient

1 Hubei 0.016

2 Shanxi, Guizhou, Shandong, Guangdong 0.012–0.013

3 Inner Mongolia, Ningxia, Sichuan, Hunan, Hebei, Tianjin 0.010–0.011

4 Qinghai, Chongqing, Gansu, Shanghai, Beijing 0.008–0.009

5 Yunnan, Xinjiang, Shaanxi, Zhejiang, Liaoning 0.007–0.007

6 Fujian, Henan, Jilin, Anhui 0.005–0.006

7 Jiangsu, Heilongjiang, Hainan, Jiangxi 0.004–0.004

8 Guangxi 0.002

As shown in Table 5, the geographic distribution of the provinces with similar energy-driving
abilities in the same groups is irregular. There is no obvious relationship between adjacent
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regions. Furthermore, the total energy-distribution coefficients and energy-driving coefficients
are relatively small, which further underscores the immobility characteristic of the construction
industry’s products.

5.4 Comparison of the Direct Energy Consumption and Energy-Driven Abilities
in the Construction Industry

To highlight the mismatch in the direct energy consumption and energy-driven abilities in
the construction industries in the 30 regions, a scatter plot of the energy-driven abilities in the
different groups was drawn (see Figure 3).

Figure 3 The distribution of energy-driven abilities in 30 regions

According to Figure 3, although the direct energy consumption in groups 1 and 2 are
the lowest, the energy-driven abilities of the construction industries in these regions are the
most striking. By contrast, the construction industries in Guangdong, Hebei, Hunan, Hubei,
Shandong, Zhejiang, and Sichuan consume a great deal of direct energy although they do not
cause a significant increase in energy consumption in other industries inside or outside the
region. Therefore, different energy-saving strategies should be adopted in regional construction
industries. To improve energy-resource structures and customized energy regulation policies,
with both energy-driven and energy-driving characteristics considered, is crucial for alleviating
the energy crisis and related environmental issues.

6 Conclusion

Due to China’s rapid urbanization and the associated demand for new construction, more
energy and resources are needed to support the entire construction industry value chain. How-
ever, there is insufficient information on the embodied energy consumed along the interregional
and intersectoral trade network, which may result in unwise or irrational policies. To fill this
gap, this paper uses the MRIO model to investigate the embodied energy in China’s regional
construction industries. The total energy-consumption coefficients and total energy-distribution
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coefficients in different regions are presented to capture the embodied energy consumption, as
well as cross-regional energy, flows in the construction industry. Furthermore, the coefficients of
energy-driving and energy-driven are calculated to measure the forward and backward impacts
of the construction industry on the entire industrial system. The results offer a sound reference
and insights into the embodied energy consumption of the construction industry across China.
The major findings are as follows:

1) Guangxi had the highest significant energy-driven ability, with an energy-driven coef-
ficient reaching more than 6.8, far exceeding that of other regions. Hainan province was the
second-highest region. As for the energy-driving ability, the total energy-distribution coeffi-
cients in Hubei, Shanxi, and Guizhou were the highest. The energy-distribution coefficients in
other provinces were below 0.1. In particular, Guangxi had the lowest energy-driving ability
with the energy-distribution coefficient below 0.03.

2) Guangxi and Hainan had the highest energy-driven coefficients and the lowest energy-
driving coefficients. This showed that the construction industries in Guangxi and Hainan use
more embodied energy from the goods or services from other industries and regions to support
their own construction activities. By contrast, the products and services from the construction
industries in Guangxi and Hainan had no significant influence on other industries.

3) The energy-driven coefficients were significantly larger than the energy-driving coefficients
in the construction industries of 30 regions. This indicates the unique characteristics of the
products and services provided by the construction activities. In general, construction products
mainly exist in the form of fixed assets and are unsuitable for long-distance transportation.
However, the construction industry is highly depended on intermediate products and services
from other industries and regions.

4) The construction industries in the southwest and northwest regions of China are the most
embodied energy-intensive and, therefore, induce significant intermediate goods and services
produced from other industries. By comparison, the construction industries in eastern coastal
areas and Henan, Inner Mongolia, Hubei, and Fujian have the lowest energy-driven coefficients.

The energy-saving and emissions-reduction targets have been the critical tasks in the “13th
five-year plan” in China. As the results show, the regional construction industries are impor-
tant energy consumers and have different energy-driving abilities. It is essential to promote
technology-based efficiency improvement of energy consumption in these construction indus-
tries, especially in the southwest and northwest regions in China. Energy-saving strategies
should not only focus on the reduction of direct energy consumption, but also consider the
management of indirect energy flows. The varying forward and backward linkages of the con-
struction industries should be emphasized for differential strategy-making in different regions.
Further research is needed to improve specific efficiency promotion pathways as well as to ex-
plore the multiregional energy trade patterns considering the backward and forward linkages
between the construction industry and other industries.
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Appendix A Multi-input-output table Department and code

Province Code Sector Code

Beijing A Agriculture 1

Tianjin B Coal mining 2

Hebei C Petroleum and gas 3

Shanxi D Metal mining 4

Inner Mongolia E Nonmetal mining 5

Liaoning F Food processing and tobaccos 6

Jilin G Textile 7

Heilongjiang H Clothing, leather, fur, etc. 8

Shanghai I Wood processing and furnishing 9

Jiangsu J Paper making, printing, stationery, etc. 10

Zhejiang K Petroleum refining, coking, etc. 11

Anhui L Chemical industry 12

Fujian M Nonmetal products 13

Jiangxi N Metallurgy 14

Shandong O Metal products 15

Henan P General and specialist machinery 16

Hubei Q Transport equipment 17

Hunan R Electrical equipment 18

Guangdong S Electronic equipment 19

Guangxi T Instrument and meter 20

Hainan U Other manufacturing 21

Chongqing V Electricity and hot water production and supply 22

Sichuan W Gas and water production and supply 23

Guizhou X Construction 24

Yunnan Y Transport and storage 25

Shaanxi Z Wholesale and retailing 26

Gansu AA Hotel and restaurant 27

Qinghai AB Leasing and commercial services 28

Ningxia AC Scientific research 29

Xinjiang AD Other services 30


