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Abstract

China has set ambitious targets to reduce its carbon intensity by 2020. Improved energy efficiency is an important strategy to
achieve this goal. However, the rebound effect may act as a major obstacle to fully realizing the potential for energy savings. As
one of three major energy consumption sectors in China, the construction industry is vital to reducing carbon emissions. This
paper established a static computable general equilibrium (CGE) model to study the rebound effect of different energy sources
used in the construction industry. The main energy sources used in the construction industry are coal, oil, natural gas, and
electricity, and the conclusions show that the largest rebound effect was found for improvements in natural gas efficiency, with
an average of 99.20%, while the lowest was for improvements in electricity efficiency, with an average of 83.47%. Moreover, the
rebound effect of the primary energy sources (coal, oil, natural gas) was greater than the rebound effect of the secondary energy
source (electricity). Our conclusions indicate that improving the energy efficiency in the construction industry will have a positive
impact on GDP and on the mitigation of carbon emissions, and the presence of the rebound effect is significant, especially with
regard to electricity sources. The implications of the results are that policymakers should primarily focus on improving the
efficiency of electricity. In addition, this paper suggests that the rebound effect can be reduced by removing fossil fuel subsidies
and imposing a carbon tax.
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Introduction

With the process of industrialization and urbanization in China,
industrial demand for energy continues to increase, and the

Responsible editor: Muhammad Shahbaz country’s economic development is increasingly dependent on
energy sources. However, excessive use of fossil energy, such
>J Zhe Li as coal and crude oil, has led to high amounts of carbon emis-

zhe_li@chd.edu.cn sions. As aresult, China’s carbon emissions surpassed America

Qiang D as the world’s largest carbon emitter in 2006 (Yuan et al. 2018).

1an, . . . .

q.duéchl(li.edu.cn In 2017, China’s primary energy consumption increased by
2.6% over the previous year, reaching 3.13 million tons of oil

?1{}1/1]2@1 chd.educn equivalent, accounting for 27.6% of global energy consumption
o (BP 2018). Faced with this problem, the 13th (2016-2020)
Libiao Bai

Five-Year Plan has established goals to reduce the country’s

hanshannuanyang @chd.edu.cn energy intensity (energy consumed per unit of GDP) by 15%

Jingtao Li and its carbon intensity (CO, emissions per unit of GDP) by
lijingtao @chd.edu.cn 40-45% compared with the levels set in 2005 (Zhang and Lin
Xiao Han 2018). Additionally, in the USA-China Joint Announcement on
hanxiao852@chd.edu.cn climate change, 2014 (Jiang et al. 2016), the Chinese govern-

ment has promised that its carbon emissions would peak in

School of Economics and Management, Chang’an University, approximately 2030. To achieve the goal of reducing emissions

Xi’an 710064, Shaanxi, China

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-019-04612-5&domain=pdf
http://orcid.org/0000-0001-5282-5133
mailto:zhe_li@chd.edu.cn

12218

Environ Sci Pollut Res (2019) 26:12217-12226

and saving energy, the government is eager to find ways to save
energy, maintain its high economic growth rates, and ensure
environmental sustainability (Lin and Tian 2016). In addition,
Lin and Zhao (2015) found that energy conservation is crucial
to slowing the growth of overall energy consumption and
achieving energy efficiency through energy-saving technolo-
gies is often one of the most popular measures that the govern-
ment considers.

However, China’s improvements in energy efficiency have
not always reached expectations because increasing the
country’s energy efficiency through an energy transition stim-
ulates the use of new sources of energy. This so-called the
rebound effect can partially or entirely neutralize the potential
for energy conservation and can even exceed the energy-
saving effect in the worst cases (Broberg et al. 2015), which
is referred to as “backfire” (Sorrell et al. 2009). China’s eco-
nomic development requires substantial energy inputs; thus,
research is necessary on the rebound effect in the construction
industry-one of the economy’s key sources of energy con-
sumption and carbon emissions (Huang et al. 2017).

The construction industry consumes a substantial amount
of energy while generating significant carbon emissions.
Chang et al. (2010) estimated that CO, emissions in the
China’s construction industry accounted for 25% of the total
national CO, emissions. In 2015, the construction industry’s
total energy consumption was 857 million tons of standard
coal, reaching 20% of the national energy consumption. In
the context of the country’s increasing energy shortages and
the need for sustainable development, the construction indus-
try is facing considerable energy constraints. The Chinese
construction industry has a major challenge for efficient re-
source allocation and maximizing energy efficiency. The need
to improve energy conservation and improve energy efficien-
cy is unavoidable. However, the existence of the rebound
effect may hinder the effectiveness of technological progress,
and it therefore should be considered when formulating ener-
gy conservation and emission reduction policies.

The energy rebound effect research in specific industries is
mainly focused on econometric models (e.g., Ouyang et al.
2010; Chen et al. 2011; Freire-Gonzalez 2011; Wang and Lu
2014; Dasgupta and Roy 2015; Moshiri and Aliyev 2017;
Sorrell and Stapleton 2018). However, due to the limitations
of'these models, they cannot simulate the impact of policies on
the macroeconomic and the economy-wide rebound effect,
nor can they distinguish the rebound effect of different energy
types. To address this research gap, this paper uses the com-
putable general equilibrium (CGE) model to simulate the mac-
roeconomic, environmental impacts of different energy effi-
ciency improvement and the economy-wide rebound effect in
construction industry. Based on previous research (Lu et al.
2017; Zhou et al. 2018), this study identified four energy sources,
separately as coal, oil, natural gas, and electricity, and simulated
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the macroeconomy and the economy-wide rebound effect of the
construction industry.

The remainders of this study proceed as follows: the litera-
ture on the rebound effect is provided in “Literature review.”
We describe the CGE model and the calculation of the rebound
effect in “Methodology.” “Simulation results and analysis”
presents the results and discussion, while “Discussion” pro-
vides a discussion, then “Conclusions and policy suggestions”
presents the conclusions and policy suggestions.

Literature review

Jevons was the first observer to the phenomenon of the re-
bound effect in The Coal Question (Jevons 1865). He pro-
posed that energy efficiency improvements can be achieved
through technological progress, but energy consumption had
not necessarily decreased due to the rebound effect.
Specifically, when energy efficiency caused by technological
advances is increased by 1%, energy consumption is not re-
duced by 1% due to the rebound of energy consumption.
Khazzoom was the first to investigate this phenomenon
(Khazzoom 1980). He argued that the anticipated reduction
in energy consumption through improved energy efficiency
may change consumers’ consumption habits and led to in-
creased energy consumption. Brookes further concluded that
energy efficiency increases may lead to economic growth, and
economic growth returns to stimulate the increase in energy
consumption, this so-called Khazzoom-Brookes (KB) hy-
pothesis (Brookes 1990). Based on the KB hypothesis, the
number of scholars studying the rebound effect has increased
sharply (Sorrell 2007; Madlener and Alcott 2009; van den
Bergh 2011; Gillingham et al. 2016).

Greening et al. (2000) proposed the classification to the
rebound effect; the four types are the direct rebound effect,
the secondary fuel use effect, the economy-wide effect, and
the transformational effect. Subsequently, more scholars have
examined the mechanism of the rebound effect (Sorrell and
Dimitropoulos 2008; Gillingham et al. 2013). Currently, the
most accepted classification of the rebound effect divides the
mechanism into three categories. The direct rebound effect is
the first category, which refers to the decline of effective en-
ergy prices caused by the advancement of energy conservation
technologies, and is divided into income effect and substitu-
tion effect. The direct rebound can be calculated by quasi-
experimental research or econometric analysis (Sorrell and
Dimitropoulos 2008; Zhang et al. 2015; Stapleton et al.
2016). The indirect rebound effect, which can be explained
as follows. The price of the overall commodity declines as the
energy price decreases, and the household becomes relatively
affluent and can consume more commodities, which in turn
stimulates an increase in energy use during production and
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transportation. The indirect rebound effect can be addressed
using input-output models (Kok et al. 2006; Thomas and
Azevedo 2013a, b). The economy-wide rebound effect refers
to that after energy efficiency increased, the investment in
energy is reduced, and the cost is reduced, thereby increasing
the profit of high-energy consumption industries, stimulating
the development of energy-intensive industries, and increas-
ing energy demand; at the same time, energy efficiency im-
provement may also drive the growth of the macroeconomic;
itwill in turn increase energy consumption; this rebound effect
includes the direct and indirect rebound effect (Sorrell 2007).
The CGE model is widely used in analyses of the economy-
wide or macro-level rebound effect (Washida 2004; Allan
et al. 2009; Hanley et al. 2009) because in this context, the
CGE model can reflect their multi-sectoral nature of the issue
and the fully specified supply side, which makes it easier to
analyze the effects of economic and environmental policies
(Hanley et al. 2009).

China’s energy rebound effect has examined since in ap-
proximately 2005. Glomsred and Wei (2005) established a
CGE model to study the impact of improvements in coal’s
energy efficiency improvement on carbon emissions and
found that the rebound effect was greater than 100%. Zha
and Zhou (2010) used the CGE model to simulate the energy
efficiency increased 4% in seven sectors and found the re-
bound effect to be 32-33%. Shao et al. (2014) estimated the
China’s rebound effect over the period from 1954 to 2010; the
average rebound effect between these periods was 39.73%
and it decreased yearly. Zhang et al. (2015) found that the
energy efficiency improvement of the transportation industry
would mitigate energy consumption and the rebound effect. Li
et al. (2016) used an output distance function to estimate the
rebound effect in various industries, and found the average
rebound effect between the periods from 1998 to 2011 was
88.42%.

Based on the analysis of the existing literature for the re-
bound effects in Chinese various industries, there is lack of
research in China’s construction industry, with the exception
of the empirical study by Du et al. (2017). This method was
used for studying the direct rebound effect. However, the di-
rect rebound effect is only one category of the rebound effect,
which consists of the direct rebound, the indirect rebound, and
the economy-wide rebound effects, and the economy-wide
rebound effect includes the direct, indirect, and macroeco-
nomic rebound effects (Wei and Liu 2017). As a result, given
its substantial energy consumption and the status of the con-
struction industry in China’s economy, it is necessary to cal-
culate the economy-wide rebound effect in the construction
sector and propose policy suggestions to balance economic
growth and energy conservation.

Therefore, this paper establishes a static CGE model to
study the economy-wide rebound effect in China’s construc-
tion industry; the contribution of the literature is in the

following aspects. First, we use the CGE model to study the
impacts of technological progress in China’s construction in-
dustry on macroeconomics and the environmental. Second,
this paper distinguishes the rebound effect of different energy
types including coal, oil, natural gas, and electricity through
three simulation scenarios, and it targets energy conservation
policies for China’s construction industry.

Methodology
Calculation of the rebound effect

Following previous studies (Turner 2009; Hanley et al. 2009),
the CGE model can be used to present of the measurement
specification for the rebound effect because it distinguishes
the physical unit and the efficiency unit from the energy mea-
sured. Therefore, with an efficiency improvement of p, the
economy-wide rebound coefficient RE can be calculated as:

REz[l—k%} % 100 (1)

E= % denotes the percentage change of energy corre-
sponding to the energy efficiency improvement p. If RE < 0,
the energy savings due to technological progress are more
than theoretical energy savings. If RE = 0, there is no rebound;
the expected energy consumption is equal to the actual con-
sumption. When 0 < RE < 1, the energy savings are indeed
effective but do not achieve the expected results. Thus, if the
energy efficiency improved by 5%, and it leads to a 3% re-
duction in the energy input, then the corresponding rebound is
40%. RE = limplies that the energy savings are fully offset by
the rebound mechanism. Finally, if RE > 1, which is called a
“backfire,” the higher energy efficiency stimulates consump-
tion and increases energy use.

The CGE model description

To assess the impact of energy efficiency improvements on
the macroeconomy and the economy-wide rebound effect of
the construction industry, a CGE model is established. The
economy is divided into 9 sectors, as shown in Table 1, and
four basic modules: the production module, income and ex-
penditure module, trade module, and equilibrium module.

Production module

In order to reflect and deal with the substitution relationship
between various inputs, this paper uses a constant elasticity of
substitution (CES) function, and a six-layered nested structure
represents different substitution relationships between various
inputs. Figure 1 shows the production module. At the first
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Table 1 Description of sectors

Sectors Description of sectors

AGRIC Agriculture, forestry, hunting, and fishing
COAL Coal mining and washing

OIL Extraction and processing of petroleum
GAS Extraction and processing of natural gas
ELEC Production and supply of electric power
OTHH Other heavy industry

OTHL Other light industry

CONS Construction

SERV Service

level, the total output consists of an energy-capital-labor com-
posite and a non-energy intermediate input. The second layer
of energy-capital-labor composite consists of labor and
energy-capital bundles. The third layer consists of intermediate

Fig. 1 Nesting production
function structure

inputs of energy composite and capital. The next layer is consists
of fossil energy bundles and electricity. The fifth layer is coal and
oil and natural gas. In the last layer, oil and natural gas bundles
are divided into specific resources.

Income and expenditure module

There are four types of agents described in the income and
expenditure module, including households, enterprises, gov-
ernment, and foreign countries.

Household’s revenues are form labor income as well as
government, enterprises, and foreign transfer payments.
After tax payment, they are free to distribute revenue for con-
sumption or savings.

The enterprises’ income comes from the return on invest-
ment and the government’s transfer payment. After paying the
income tax and transferring it to the household, the company’s
income can be used for expenses.

Total outputs

0=0.30

Labour composite

Energy-Capital- Non-energy

intermediate inputs

6=0.91
Labour Energy-Capital
composite
6=0.30
Capital Energy composite
6=0.50
Fossil Electricity
0=1.25
Coal Oil & Natural gas
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The government’s income comes from households, enter-
prises, and other various taxes and customs duties; its expen-
ditures include subsidies, transfer payments, and consump-
tion, with the remainder saved.

Foreign countries’ income comes from China’s investment
endowments and exports to china; their expenditures are used
to purchase imported product and the remainder for savings.

Trade module

Domestic goods come from domestic production and import
channels. In order to save cost, rational consumers will opti-
mize the combination of domestic products and imported
goods when purchasing goods. Therefore, the Armington as-
sumption is adopted in the model, the imported products are
not completely replaced with the domestic products, and the
CES function is also used to construct the domestic sales. In
this model, the assumption of a small country is adopted, the
price of an imported commodity is given exogenously, deter-
mined by the world price of the commaodity, and the importer
is the recipient of the price.

Domestic goods have two flows, domestic sales or exports.
In order to maximize sales revenue, producers choose the
optimal sales ratio between domestic sales and exports.
Under the assumption of small countries, exports of goods
only account for a small part of the world market, and the
export prices of goods are determined by world market prices.

Equilibrium module

In this model, including product market equilibrium, factor
market equilibrium, and government budget equilibrium.
Revenues from other parts of the world come from China’s
imports and China’s transfer payments to these regions, in-
cluding spending on Chinese exports, transfers to Chinese
residents, and savings. Domestically sold goods come from
domestic production and imports, and commodities are used
for intermediate inputs, government and household consump-
tion, total social fixed inventory, and investment.

Data and scenario design

The main data sources of social accounting matrix (SAM)
used in this model are based on the 2012 input-output table
(National Bureau of Statistics of China 2016). The other data
are derived from the China Energy Statistics Yearbook 2013
and the China Financial Statistics Yearbook 2013. The

substitution and Armington elasticity in this paper come from
He et al. (2002), Ma et al. (2008), and Bao et al. (2013).

Energy efficiency can be set to exogenous and no cost.
Previous studies by scholars have also used this exogenous
energy efficiency to represent a pure energy rebound effect
(Wei and Liu 2017). So, in this model, we assume the costless
energy efficiency improvement is ¢, and incorporates € into
the CES production function, indicating that in the case of
energy efficiency improvement, the same energy input will
affect the production and will bring more output. We specify
four energy sources: coal, oil, natural gas, and electricity. The
different scenarios are shown in Table 2.

These three scenarios are compared with the benchmark
scenario with unchanged energy efficiency. Then, we calcu-
late the macroeconomic impact and the energy rebound effect.

Simulation results and analysis
Macroeconomic impacts and environmental impacts

Under different scenarios, as deviations from the baseline,
Table 3 shows the main macroeconomic results from simula-
tions of illustrative 1%, 3%, and 5% exogenous increases in
energy efficiency for China’s construction industry. Efficiency
improvements within all energy types generate positive envi-
ronmental impacts in Table 4.

The simulation shows that an improvement in the efficien-
cy of each energy type has a significant influence on not only
reducing energy consumption but also mitigating carbon
emissions. For example, compared with scenarios 1, 2, and
3, a reduction in carbon emissions is positively related to an
improvement in energy efficiency, and an increase in electric-
ity efficiency has a strong impact on carbon emissions. In
scenario 3, the carbon emissions of the four energy sources
are reduced by 0.4%, 0.02%, 0.3%, and 1.3%. In addition,
with improved energy efficiency, the energy intensity and car-
bon intensity generally decrease, and increased coal efficiency
has a significant effect on reducing the energy intensity, and
for carbon intensity, the efficiency of oil and natural gas plays
a positive role.

Furthermore, the influences of macroeconomic factors are
investigated because energy efficiency improvements not only
have significant impacts on mitigating energy consumption
and its associated carbon emissions but also help to stimulate
the macroeconomics due to energy efficiency investments.

Table 2 Different scenarios

assumption Scenarios S1

S2 S3

Description
1%

Energy efficiency increased

Energy efficiency increased Energy efficiency increased
3% 5%
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Table3  Macroeconomic impacts of energy efficiency improvement for
different energy types (percentage compared with the 2012 database)

Energy types Macroeconomic impacts
GDP Imports Exports Investments

Coal S1 0.02023 —0.03422 —0.00035 —0.02033
S2  0.06166 —0.10430 —0.00103 —0.06195
S3  0.10444 —0.17667 —0.00167 —0.10492
Gas S1  0.00730 —0.01736 0.00659 —0.00736
S2  0.02210 —0.05262 0.02003  —0.02230
S3  0.03718 —0.08859 0.03382  —0.03751
Oil S1  0.11723  —0.22942 0.03929 —0.11797
S2  0.35423  —0.69086 0.11679 —0.35646
S3  0.59469 —1.15610 0.19319 —0.59842
Elec SI  0.09752 —0.12141 -0.05918 —0.09771
S2  0.29886 —0.37153 —0.18202 —0.29943
S3  0.50907 -0.63191 -—-0.31119 —0.51004

First, improved energy efficiency is equivalent to techno-
logical progress and therefore has a positive impact on GDP.
The three scenarios have positive impacts on economic activ-
ities in China’s construction industry, but the third scenario
has the most positive effect on GDP. In this scenario, increased
oil efficiency will produce the fastest economic growth be-
cause the construction industry has the greatest demand for
oil, as oil accounts for approximately 48% of the construction
industry’s total energy consumption (2013 China Energy
Statistics Yearbook). The economic stimulus from natural
gas is minimal because natural gas is the least important
source of energy in China’s construction industry.

Table 4 Environmental impacts of energy efficiency improvement for
different energy types (percentage compared with the 2012 database)

Energy types Environmental impacts
Energy Carbon Energy Carbon
Consumption Emissions Intensity  Intensity
Coal S1 —0.08581 —0.07787 —0.06559 —0.05765
S2 —-0.26119 —0.23676 —0.19965 —0.17520
S3  —0.44141 —0.40020 —0.33733 —0.29607
Gas S1  —0.00785 —0.00443 - 0.00055 0.00287
S2 —0.02390 —0.01322 —0.00180  0.00838
S3  —0.04030 -0.02218 —0.00313 0.01500
Oil S1  —0.10928 —0.06153 0.00796  0.05577
S2  —0.32495 —0.18235 0.02938 0.17250
S3  —0.53629 —0.30035 0.05875 0.29610
Elec S1  —0.16260 —0.26878 —0.06514 —0.17142
S2  —0.49595 -0.81784 —0.19768 —0.52054
S3  —0.84023 —1.38297 —0.33285 —0.87837
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Second, total exports and total imports are decreasing be-
cause energy resources are the most important commodities of
the construction industry. When energy efficiency increases,
the demand for energy sources decreases, and energy-
intensive products become more competitive, which helps to
reduce imports. Furthermore, due to economic expansion,
capital and labor become more expensive and costs increase
and exports therefore decrease. Nevertheless, natural gas and
oil are exceptions, as improving the energy efficiency of oil
and natural gas has a positive impact on exports. However,
this does not mean that an increase in production costs from
the use of oil and natural gas to increase their efficiency makes
construction goods uncompetitive. In addition, all of the sce-
narios show that investments in the construction industry will
reduce, and this impact becomes more apparent when energy
efficiency increases.

Rebound effect in the construction industry

The simulation results from the last subsection show that the
impact of improving energy efficiency on energy consump-
tion is not obvious. To further compare the ratio of actual to
expect energy savings, the rebound effect for different energy
sources is discussed.

Energy rebound effect for different energy types

The energy rebound effect under different levels of efficiency
improvements and energy types are shown in Table 5. This
result shows that the energy demand of the construction in-
dustry shows a slight rebound effect. The difference in re-
bound effect depends on the level of improving energy effi-
ciency and the results infer a non-linear relationship between
the autonomous energy efficiency improvement parameter
and the rebound effect. The efficiency improvement gain of
different energy sources for specific energy sources does not
always decrease or increase with efficiency. In addition, for
different energy types, the energy rebound effect varies from
51.82 to 164.10%, and the results show that coal and natural
gas generally have larger rebound effect. While the “backfire”
effect indeed exists, for example, with improvements in oil
efficiency, the rebound effect of using coal and natural gas
exceeds 100%.

Improved energy efficiency reduces energy consumption.
Through our simulation, there are three rebound mechanisms
to stimulate new energy demand and promote energy con-
sumption. First, increased energy efficiency will reduce ener-
gy prices and thereby increase energy consumption to replace
other energy inputs, which is the so-called substitution effect.
Second, the income effect means that cheaper energy prices
will lead to more commodity products due to cost savings.
Third, energy efficiency improvement will drive the growth
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Table 5 Rebound rate for different energy sources from different energy improvements (% change from the baseline)

Coal Gas Oil Elec

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3
Coal 68.99 68.60 68.20 102.82 102.84 102.87 162.63 163.36 164.10 96.52 96.41 96.29
Gas 99.33 99.43 99.41 55.66 55.47 55.21 137.97 138.39 138.70 96.96 96.87 96.79
Oil 98.65 98.59 98.55 97.92 97.86 97.83 52.02 51.90 51.82 96.21 96.06 95.93
Elec 95.70 95.66 95.59 99.70 99.73 99.73 95.26 95.23 95.18 53.68 53.10 5247

of the macroeconomic; it will in turn simulate new energy
demand.

The alternatives between energy sources make a dramatic
difference in the rebound effect. Based on the analysis, the oil
used in the construction industry can be replaced by coal and
natural gas and also stimulate the consumption of more coal
and natural gas. However, given the small amount of natural
gas used in total energy consumption in the construction in-
dustry, a huge rebound effect of the natural gas supply may not
have a significant impact on the total amount. Therefore, the
substitutability of energy sources in the construction industry
is a key factor in the rebound effect.

Energy rebound effect for the construction industry

The energy rebound effect for the construction industry is
shown in Fig. 2. The results infer a non-linear relationship
between the autonomous energy efficiency improvement pa-
rameter and the rebound effect. At the macro level, due to the
rebound effect, in some cases improving energy efficiency can
effectively reduce energy consumption in the construction
sector. The rebound effect in Chinese construction industry
is fluctuating between 83.20 and 99.22%, and the rebound
effect between different energy types varies widely. Among
them, the rebound effect caused by improvements in natural
gas efficiency is the largest, with an average of 99.20%, and

sl
I s2
2 i s;

J
S
B

Coal Gas Oil Elec
Energy types
Fig. 2 Rebound effect in the construction industry

99.22
99.2
99.19

N

91.42
91.29
91.17
89.07
89.17
89.27
83.74

Rebound effect (%)

the rebound effect caused by improvements in electricity effi-
ciency is the smallest, with an average of 83.47%.

Furthermore, we can conclude that the rebound effect of
the secondary energy (electricity) is less than the rebound
effect of the primary energy (coal, natural gas, oil). In addi-
tion, the rebound effect of the primary energy is generally
larger than the secondary energy’s rebound effect because
the primary energy accounts for a large share of the interme-
diate inputs in the final energy production; thus, the more
efficient use of the primary energy increases the production
of the final energy and in turn increases the primary energy
demand. On the other hand, economic expansion increases the
demand for the final energy, which in turn increases the de-
mand for the primary energy. Therefore, the rebound effect for
electricity is larger than the rebound effect for the other energy
types.

For the same energy sources, different efficiency improve-
ments lead to slight differences. The magnitude of the rebound
effect caused by improvements in electricity efficiency is
0.54%, while the magnitudes of the energy rebound effect
across the other energy types are 0.20% for oil, 0.03% for
natural gas, and 0.25% for coal. At the same time, the results
show that with the improvements in oil energy efficiency, the
rebound effect tends to increase, which indicates that in the
construction industry, improving the efficiency of oil is not
necessarily an active energy conservation measure. With re-
gard to electricity, natural gas, and coal, the rebound effect
declines with improvements in energy efficiency, especially
for electricity. Therefore, it is possible to consider increasing
the efficiency of these types of energy, particularly the effi-
ciency of electricity.

Discussion

In the construction industry, when energy efficiency is im-
proved, it has a positive impact on GDP while reducing car-
bon emissions; however, the energy rebound effect indeed
exists and cannot be ignored. Based on the simulation, the
minimum rebound effect is 83.2%. Compared with the previ-
ous studies that estimate the energy rebound effect in Western
countries (Moshiri and Aliyev 2017; Freire-Gonzalez 2017),
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this result indicates that the rebound effect in China’s con-
struction industry is more remarkable than those in the con-
struction industries of Western countries. Considering that
China is still in the development stage of urbanization and
industrialization, compared with some developed countries,
its energy-saving technology is still in the beginning stages;
therefore, these results are reasonable. In addition, Li et al.
(2016) found that the average rebound effect in 36 industrial
sectors in China from 1998 to 2011 was 88.42%, which also
confirms the credibility of our simulation results.

Furthermore, we found that the smallest rebound effect
average is 83.5%, and the rebound effect from improved nat-
ural gas efficiency is the largest, with an average of 99.2%.
These results indicate that the primary energy (coal, oil, natu-
ral gas) rebound effect is larger than the secondary energy
(electricity) rebound effect, which is close to the results ob-
tained by Lu et al. (2017), who explored the average rebound
effect in 135 sectors in the context of 5% improvements in
energy efficiency. The conclusions showed that in scenarios in
which inter-fuel substitutability between energy sources was
allowed or not allowed, natural gas efficiency improvement
had the largest rebound effect in the short term, at 51.2%. This
result is due to the natural gas supply and other energy inputs
have larger substitution, which is the main reason for its larger
rebound effect.

Moreover, this result is larger than that found by Du et al.
(2017) for China’s construction industry, which was 59.5%
during the period from 1991 to 2014. The authors found that
the energy rebound effect varied tremendously over the study
period, ranging from 10 to 96%. The reason for the difference
in the results of this study is that conducting simulations using
the CGE method reflects economy-wide rebound effect that
take into account the impacts of various sectors on the overall
macroeconomy. The empirical analysis used in the former
study is only for direct rebound effect in the construction
industry. Wei and Liu (2017) argues that economy-wide re-
bound effect refers to the sum of direct, indirect, and macro-
economic rebound effects.

In addition, our results are close to those of Li et al. (2017),
who found that the rebound effect to China’s energy input has
a partial rebound effect, and the rebound coefficient is approx-
imately 83.3-95.8%. However, considering that the construc-
tion industry is one of the top three energy-consuming sectors
in China, its huge size should indicate good energy-savings
potential, but our results show that the construction industry
has a large rebound effect. To explain this reason, we propose
several analyses as follows:

(1) We believe this is related to the position of the construc-
tion industry in the industry. Although the energy consumed
by the construction industry’s production activities produces
little carbon dioxide emissions, according to Du et al. (2018),
the indirect carbon emissions of the construction industry in-
creased from 375,859/1 0% in 2005 to 1,266,768/104 tin 2014;
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the construction industry consumes huge energy resources in
other industries has a strong industrial driving effect.
Therefore, the overall industry’s energy efficiency is im-
proved; the energy consumption of various industries will
increase to a certain extent. Due to the construction sector is
a key industry in the network, the construction industry is
more sensitive to changes in energy consumption of other
industries, and thus consume more energy.

(2) We believe that this is inseparable from the national-
level policy on the construction industry. Since the govern-
ment began constructing commercial housing in 1998, the
construction industry, which is closely tied to real estate, has
developed rapidly. The expansion of the construction industry
has increased the demand for energy and promoted technolog-
ical changes. Although technological changes in the construc-
tion industry that improve energy efficiency will play a posi-
tive role in energy conservation and low carbon development,
the construction industry is huge, and the country’s investment
in the industry is increasing. Since the 2008 financial crisis,
the Chinese government has invested 4 trillion RMB. The
market has further stimulated the development of the con-
struction industry. In recent years, the development of the
construction industry has increased further due to urban in-
dustrialization. At the same time, in economic downturns,
local governments rely heavily on real estate to develop the
local economy. In such an environment, China cannot simply
rely on improving the country’s energy efficiency to reduce its
energy consumption and carbon emissions. Instead, the
government must combine energy efficiency policies with
other policies. As van den Bergh (2011) argued, China’s re-
bound effect cannot be ignored; it requires carefully designed
energy efficiency policies and the resulting macroeconomic
impacts.

Conclusions and policy suggestions

The impact of energy rebound effect needs to be considered
when developing energy efficiency policies. This paper esti-
mates the economy-wide rebound effect of China’s construc-
tion sector and contributes to the literature in two respects.
First, we use the CGE model to simulate the macroeconomic
impact and rebound effect of China’s construction industry.
Second, we distinguished among different energy sources
(i.e., coal, oil, natural gas, and electricity) in the model.
Through this simulation, it is shown that the energy effi-
ciency improvement of the four energy sources will promote
the improvement of GDP, and the effect of improving oil
efficiency is most obvious. Increasing the efficiency of gas
and oil will provide positive shocks to exports, while imports
will decrease in all scenarios, but mostly for improvements in
the efficiency of electricity. All the scenarios lead to reduced
investment, with the strongest effect for oil, followed by
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electricity, coal, and natural gas. Improved energy efficiency
will have positive effects on energy use and carbon emissions.
Improvements in electricity efficiency have the greatest effect
on reducing energy consumption, followed by oil, coal, and
natural gas. The same results apply to carbon emissions. With
regard to energy intensity, coal has the greatest weakening
effect, followed by electricity, oil, and natural gas. However,
improvements in the efficiency of oil in particular as well as
natural gas play a positive role in reducing carbon intensity.

With the rebound effect, there exists a “backfire” effect;
however, with improvements in coal efficiency, the gas re-
bound effect is the highest, followed by oil, electricity, and
coal. With improvements in natural gas efficiency, the re-
bound effect of coal is greater than 100%, which is so-called
tempering effect, followed by electricity, oil, and natural gas.
With increases in oil efficiency, the rebound effect of coal and
natural gas is greater than 100%. With increases in electricity
efficiency, the rebound effect of natural gas is the highest,
followed by coal, oil, and electricity. Rebound effect in
China’s construction industry is between 83.20 and 99.22%.
The same energy but energy efficiency increase in different
proportions, the rebound effect is almost close, but the differ-
ence in rebound effect due to different energy efficiencies is
especially large. Among them, the rebound effect caused by
improvements in natural gas efficiency is the largest, with an
average of 99.20%, while the rebound effect caused by im-
provements in electricity efficiency is the smallest, with an
average of 83.47%.

Therefore, when formulating and implementing energy
conservation and emission reduction policies, the government
should consider the rebound effect. Moreover, face with mac-
roeconomic and policy changes, China’s construction industry
should seriously address the contradiction between energy
conservation and economic growth. Based on the above re-
sults, we can make the following recommendations to the
construction industry.

First, increasing the efficiency of different energy sources
will have different economic impacts and rebound effect. In
our research, improving power efficiency seems to be a better
policy choice because it has the least rebound effect and the
best energy saving effect, and it will also promote GDP. This
implies that the type of energy is a key factor in the effective-
ness of energy efficiency policies. Therefore, to reduce energy
consumption by improving the level of energy efficiency, the
secondary energy should be the first choice.

Second, reducing the rebound effect can be achieved
by removing fossil fuel subsidies and applying carbon
taxes. Increased energy efficiency leads to lower energy
service prices, which are the origin of the energy re-
bound effect. Policies such as removing fossil fuel sub-
sidies and implementing carbon taxes can be used to
increase energy costs, and thus offset the energy re-
bound effect.
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