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Abstract

Based on relevant data of the Guangxi construction industry from 2008 to 2016, including the regional GDP, the construc-
tion industry GDP, the energy consumption in the construction industry, and other indicators, this study analysed the
relationship between the energy consumption in the construction industry and economic growth. The Tapio decoupling
model and ecological efficiency evaluation model were applied to analyse the above data. Empirical tests revealed that
there exists a weak decoupling relationship between the energy consumption and economic growth in the construction
industry of Guangxi. Despite the weak decoupling relationship, the ecological efficiency value is only 0.1012. This result
proves that the development level of the circular economy in the construction industry of Guanxi is below the average
level, and the sustainable utilization of energy is insufficient. At the end of this article, based on the decoupling effect
and production efficiency from 2009 to 2016, suggestions are formulated, including prioritizing the development of the
construction industry and increasing the economic input to promote industrial upgrading.
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JEL Classification Q01 - Q56
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1 Introduction new development concept of practising green develop-

ment, which advocates a green, low-carbon, circular and

After 40 years of rapid development, China has become
the largest energy consumer in the world while grow-
ing into an economic giant. Industrialization has created
unprecedented wealth along with irreparable ecological
damage. The new concept of green development advo-
cates a green, low-carbon, circular, and sustainable way
of production and living while strengthening the coop-
eration in ecological protection and establishing an eco-
logical civilization [1]. According to the environmental and

sustainable production approach and lifestyle, thereby
strengthening the cooperation in ecological environ-
ment protection and the establishment of an ecological
civilization, domestic and foreign scholars have also con-
ducted in-depth discussions and studies on economic
growth and environmental issues. Among them, the
construction industry, as an essential industrial sector
with high consumption and carbon emission levels, is a
critical area of research. The fifth assessment report of the
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Intergovernmental Panel on Climate Change (IPCC) reports
a total of 365 billion metric tonnes of carbon emissions
due to the fossil fuel and cement utilization in the con-
struction industry [2], which confirms the environmental
impact from the energy consumption and carbon emis-
sions of building-related aspects, including building mate-
rials and manufacturing and construction processes.

In industrial and regional development, researching the
carbon emissions in the construction industry against the
background of economic growth greatly influences the
examination of the practices and methods of the indus-
trial recycling economy. As one of the pillar industries of
the national economy, the construction industry should
be regarded as a key industry for sustainable develop-
ment and circular economy attainment. It is of consider-
able importance to focus on the relationship and effect
between energy consumption and economic growth in
the construction industry.

The remainder of the study is organized as follows:
Sect. 2 reviews the literature. Section 3 explains the theory
and methodology adopted for analysis. Section 4 presents
the discussion, and Sect. 5 concludes the article by provid-
ing conclusions and policy recommendations.

2 Literature review

In terms of previous research and achievements, schol-
ars at home and abroad have mainly adopted the carbon
emission level as an evaluation index of energy consump-
tion and have investigated its relationship with economic
growth. Ugur Soytasa’s primary research was on the degree
of correlation and causal relationship between Turkey’s
macroeconomic growth and the carbon emissions gener-
ated by the energy consumed in the production process,
and they reported a notable causal relationship between
carbon emissions and energy consumption based on the
Granger causality test [3]. Nevertheless, through cointe-
gration and Granger causality tests of the relation between
India’s power supply and GDP from 1970 to 2006, Sajal
Ghosh obtained the opposite result whereby no causal-
ity was observed between national economic growth and
power supply [4]. With the Multi-Criteria Decision Analysis
(MCDA) methodology, Imran Khan analysed 19 indicators
in the social, environmental, and economic dimensions
to address the lack of consideration of sustainable devel-
opment in Bangladesh’s 2016 Power System Master Plan
(PSMP) [5]. Balsalobre-Lorente et al. [6] found that natural
resources, economic growth, and renewable electricity
are significant determinants of CO, emissions. Wang et al.
[7] reported a weak decoupling between the economic
growth and energy consumption in most regions of China
and conducted Markov chain modelling to predict China’s
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carbon intensity by 2020, and they established a quantita-
tive relationship between economic growth and energy
structure. Mohiuddin et al. [8] used Pakistan panel data
from 1971 to 2013 to demonstrate that the energy pro-
duction from oil (EPL) and energy production from coal
(EPC) exert an adverse effect on carbon dioxide emissions,
whereas the energy production from gas (EPG) and GDP
imposes a positive impact. The Kuznets curve hypothesis
is also currently used to describe the relationship between
economic growth and energy consumption [9]. Studies
incorporated the resource rent into previous carbon emis-
sion models, and the results showed that there is a nega-
tive balance between CO, and available urban resource
consumption, both in the long and short terms [10]. The
reason why developed countries are less vulnerable to
climate change is their high economic, governance, and
social adaptation readiness [11]. Furthermore, the interna-
tional commitment from developed countries to develop-
ing countries is fundamental [12]. Evidence indicated that
the relation between energy consumption and economic
growth exhibits a U-shaped pattern in the long run [13].

Hu et al. [14] applied the TodaYamamoto program to
analyse the causal relationship between China’s energy
consumption and economic growth, as well as its carbon
emissions, and concluded that economic growth and
energy consumption increased the carbon dioxide emis-
sions, while the increase in carbon dioxide emissions did
not necessarily correspond to economic growth or an
increase in energy consumption. Zhang et al. [15] focused
on Shaanxi Province as the first batch of low-carbon pilot
provinces and adopted the economic growth and energy
consumption indicators of Shaanxi Province from 2000 to
2011 to calculate the decoupling elasticity coefficient. The
degree of correlation between economic growth revealed
that the degree of decoupling between the economic
growth and energy consumption in the construction
industry in Shaanxi Province was developing in a positive
direction, indicating that the carbon emissions in the con-
struction industry in Shaanxi Province were controlled to
a certain degree. Feng et al. [16] utilized the logarithmic
mean Divisia index (LMDI) factor decomposition model to
decompose and analyse the carbon emissions in China’s
construction industry from 2004 to 2011 and not only
determined the carbon emissions fluctuations at different
stages of China’s construction industry but also calculated
the results of decoupling effects in various regions. Certain
provinces were in the weak decoupling state of carbon
emissions and remained optimistic about the complete
decoupling of carbon emissions from construction indus-
try output growth in the future.

A large number of studies have examined the relation-
ship between energy consumption and economic growth,
providing evidence that economic growth exerts a positive
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or negative one-way impact on energy consumption, or
there exists a feedback causal relationship between these
two aspects [17]. In contrast, other studies indicated no
causal relationship. The contribution of this study to the
existing literature is as follows: This is the first study to
examine the relationship between economic growth and
energy consumption in the construction industry from
the perspective of the circular economy [18]. Second, in
contrast to previous studies, the decoupling model is com-
bined with the ecological efficiency to evaluate the low-
carbon construction industry. Finally, this study chooses
China’s particular regional location with its national char-
acteristics of international trade and economic coopera-
tion. This study can help decision-makers formulate more
informed decisions on the sustainable development of the
construction industry in developing countries [19].

3 Theory and methodology
3.1 Circular economy

The so-called circular economy originated from the space-
ship theory in the 1960s by Kenneth E. Boulding. This eco-
nomic theory states that the Earth system as a whole is
similar to a spacecraft in space, without the burden of
energy consumption for production, with the limited
resources running out sooner or later over the journey.
In addition, in the process of resource depletion, large
amounts of waste are produced, thereby affecting the
original ecosystem and even creating a toxic environ-
ment, which will destroy the original ecosystem of the
spacecraft, causing collapse [20]. To prevent this from
occurring, many experts and scholars proposed the theo-
retical system of the circular economy ideology shifting
the economic growth model from a linear consumption

Fig. 1 The circular power

Energy consumption

open model to a cyclic ecological production model and
converted the open linear model with a large amount of
waste into a closed-loop cycle [21].

At present, the proposed sustainable economic devel-
opment model of China is based on the theoretical basis
of the circular economy [22]. Furthermore, the construc-
tion industry, as an essential raw material production and
processing sector, is fully accounted for. The construc-
tion of urban infrastructure and the improvement of the
material living standards of the population cause a series
of building production needs, which increase the energy
consumption of the production of raw building materials
and products and buildings themselves, thus imposing an
enormous pressure on the ecological environment [23].

From 2009 until now, through the review of relevant
documents and the statistical calculation of resource data,
it is determined that the overall theoretical research of the
circular economy in China has not yet established a com-
plete set of systems [24], nor has a valid circular economic
path been adopted by the industry to conduct integration
and planning, which is in the drifting state. Many theoreti-
cal research aspects need to be deepened and integrated
[25]. Typical circular economy research primarily evalu-
ates the ecological efficiency, such as the steel industry
circular economy research based on the circular economy
efficiency and quality [26]. The establishment of an eco-
nomic efficiency evaluation index as part of dynamic and
static evaluation involves the construction of a quality
evaluation system, which affects the relationship between
research and environmental assessment. In view of evalu-
ating the decoupling effect of energy consumption and
economic growth, this paper examines the circular econ-
omy of the construction industry, and it also constructs the
optimal path according to the decoupling situation in the
region [27]. Figure 1 shows the relevant circular economy
relations.
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From the perspective of the value flow path, it follows
that energy consumption (input) drives the growth of
economic indicators. Nevertheless, the optimal state is
that of strong decoupling, namely, the growth (decline)
of economic indicators is completely independent of the
increase (decrease) in energy consumption. This can be
achieved by increasing the financial investments in indus-
trial upgrading, improving the production efficiency, uti-
lizing various types of wastewater and waste gas, and
generating resource-based products through technol-
ogy. Hence, renewable resources (recycling and resource
recovery) can be maintained. It is valid to form a virtuous
cycle in each process of the construction industry. Decou-
pling energy consumption from economic indicators can
produce effective feedback. The value flow of this industry
and economic structure fully reflect the closed-loop idea
of the circular economy.

3.2 Tapio decoupling model

The concepts and theoretical basis of decoupling were
proposed by the International Organization for Economic
Cooperation and Development (OECD) [28] in 2002 in the
research on environmental quality and the interactional
relationship between inhibiting environmental quality
damage and promoting macroeconomic development.
Moreover, this concept has been adopted by an increas-
ing number of scholars and experts, e.g., in the analysis
and monitoring of a certain industry or region and even in
the determination of the correlation between a country’s
economic development and environmental damage based
on the decoupling index. The decoupling theory refers to
the degree of environmental damage caused by resource
consumption, which does not always exhibit a tendency
of increasing with increasing economic development,
and an inverse trend can occur. Its practical significance
is that economic growth does not necessarily depend on

the consumption of a large amount of energy; in other
words, energy consumption may occur that is dispropor-
tionate to the degree of economic growth, or energy con-
sumption can even be reduced with increasing economic
growth. This phenomenon is consistent with the original
concept of a circular economy, which refers to decreasing
the degree of environmental damage and pressure on the
ecosystem while ensuring economic growth. According
to the Tapio decoupling theory and the definition of the
decoupling elastic value, the decoupling states are divided
in the eight states listed in Table 1 [29].

The above indicators demonstrate that to achieve the
ideal state of the circular economy and the goal of the low-
carbon economic era, the most ideal state is the strong
decoupling of economic growth and energy consump-
tion, namely, energy consumption should decrease with
increasing economic growth (elastic value e < 0).

This paper concentrates on the causal chain relation-
ship of energy consumption—regional construction
growth—regional economic growth, which follows the
micro-meso-macro path. The well-defined decoupling
models are as follows:

1. Industrial energy decoupling coefficient

DE lina elastici M NEIJ Gl,
(coupling elasticity) = M x G_IJ X Yohmiei
The above refers to the ratio of the elasticity of
the energy consumption index (El)) to the economic
growth index (Gl) of the construction industry in a par-
ticular region, which reflects the degree of decoupling

of energy consumption and economic growth.
2. Energy decoupling elasticity of the construction indus-

try

M =El,/Gl, 2)

Table 1 The eight different
decoupling states of the Tapio
decoupling model

Decoupling state

Value of the decou-
pling elasticity

Energy consumption Economic growth

Negative decoupling
Expansive negative decoupling
Weak negative decoupling
Strong negative decoupling
Recessive decoupling

Decoupling
Weak decoupling

strong decoupling

Connection
Growing connection
Decreasing connection

e>1.2 Increase (+) Increase (+)
0<e<0.8 Decrease (-) Decrease (-)
e<0 Increase (+) Decrease (-)
e>1.2 Decrease (-) Decrease (-)
0<e<0.8 Increase (+) Increase (+)
e<0 Decrease (-) Increase (+)
0.8<e<1.2 Increase (+) Increase (+)
0.8<e<1.2 Decrease (-) Decrease (-)
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This refers to the ratio of the energy consumption
index (El)) to the growth of the output value (Gl)) in
the construction industry, which reflects the degree
of decoupling of the energy consumption within the
industry and the growth of the industry output.

3. The elasticity of industrial decoupling

N =Gl)/Gl 3)

The above refers to the ratio of the industry output

(Gl)) to the total output of a region (GlI).
4. Economic growth index

This refers to the relative amount of economic
growth, by assessing the difference between two con-
secutive years. To avoid unnecessary influences and
deviations on the calculation results caused by the unit
and magnitude of the original data, the underlying
data are nondimensionalized first in the decoupling
model calculation, which implies that in terms of the
raw data of a certain year, the raw data of that year
is set to 1. Moreover, the relative calculation amount
depends on the GDP growth in the subsequent years
with the aforementioned year as the basis, i.e.:

GlL=1+ GDP, — GDPyy05 @
GDP2008
5. Energy consumption index
The above refers to the increasing relative amount
of energy consumption, as mentioned above, for the
sake of avoiding unnecessary impacts and deviations,
and the original data are nondimensionalized, i.e.:

EC, — EC
El, =1+ —" 2008 5)
ECyo08

3.3 Ecological efficiency evaluation modelling

Based on the OEDC's definition of the ecological efficiency,
the calculation equation of the production efficiency is
defined as follows:

_ (aGDPPEC + ﬁCPCI) X /1
B aFl + pPI

EE

(6)

where EE—ecological efficiency (Eco-efficiency); GDPpe—
GDP/energy consumption per tonne; CP—investment in
pollution control projects in the current year; El— energy
consumption index;

Pl—production input index; a and B—weight coeffi-
cients, and in this paper; a==0.5 to account for the impact
of balancing the energy input and output on the economy;
and A ratio of the GDP as the energy consumption per tonne
to the proportion of investment in pollution control projects
of the construction industry.

Based on the relationship between the GDP of the con-
struction industry and the gross regional product (GRP) of
Guangxi, the A values are listed in Table 2.

The research model has a wide range of applicability.
By simply adjusting the indexes in the decoupling model
equation and the ecological efficiency equation, they can
be applied to different industries, such as the steel industry
and the construction industry in different regions, such as
Thailand.

4 Discussion

4.1 An Overview of the current situation in Guangxi
(PRC)

Guangpxi is located in Southwest China, one of the five ethnic
autonomous regions in China, and is the permanent host of
the China-ASEAN Exposition (CAEXPO). It plays a vital role
in the economic and trade exchange with Southeast Asian
countries. According to 2016 statistics, the GDP of Guangxi
ranked 17th among 31 provinces and cities in China, of
which the gross output of the construction industry ranked
20th, and the proportion of the construction industry output
ranked 24th. Guangxi is a crucial hub area for the energy
restructuring of China [30].

In this study, we consider that the current economic
development of Guangxi is a high-energy consumption
model, which consumes a large amount of expensive energy.
The characteristic of this mode is the promotion of a rapid
development of the economy, which completely depends
on a high resource consumption. In the long run, the disad-
vantages of this development model will gradually emerge,
thereby causing the social ecosystem to rapidly deteriorate
in a short time, which will result in a series of social problems,
while the industrial and regional economies, and even the
Chinese economy, will fall into a cycle of a high input with a
low output. Therefore, it is necessary to establish the circular
economic development model characterized by the cycle of
alow input with a high output.

Table2 Values of A

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016
A 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
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4.2 Analysis of the energy consumption
and economic growth of the construction
industry

In 2008, the Development Planning of the Guangxi Beibu
Gulf Economic Zone was approved by the state council,
which was a major strategic decision by the central com-
mittee of the Communist Party of China (CPC) and the
state council to improve the regional economic layout
and promote coordinated development and open coop-
eration across China after the strengthening of the west-
ern development strategy [31]. Owing to this policy, the
economy of Guangxi was granted a great opportunity for
overall economic development relying on the success of
the Beibu Gulf Economic Zone. After the policy implemen-
tation, the economy of Guangxi developed very rapidly,
while a quantum jump in the total energy consumption
occurred. Based on data consistency and stability, this
paper analyses data from 2008 to 2016 relevant to the
economic development of Guangxi by consulting rel-
evant data sources and literature. As obtained from the
Guangkxi Statistical Yearbook and the China Energy Statisti-
cal Yearbook, the related energy and economic indices of
the Guangxi construction industry from 2008 to 2016 are
listed in Table 3.

The above data and corresponding chart reveal the eco-
nomic and construction industry growth in Guangxi from
2008 to 2016. Figure 2 shows that the growth of the output
of the local construction industry conforms to the local
economic growth to a certain degree, which is relatively
similar to the growth rate.

However, based on the energy consumption curve
in Fig. 3, a similar increase relation between the overall
energy consumption and economic growth of Guangxi
is observed, indicating that the overall economic growth
is accompanied by an increase in energy consumption.
In 2015, the growth rate of energy consumption in the

[—m— GRP (Guangxi) |
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o
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Fig.2 Line chart of the GRP and GRP in the construction industry in
Guangxi from 2008 to 2016

construction industry surpassed that of the total energy
consumption. However, the output level of the construc-
tion industry in the same year did not sharply increase,
indicating that the increase in energy consumption did not
promote economic growth. In contrast, it can be assumed
that the increases in the output level of the construction
industry and the GDP of Guangxi in that year did not nec-
essarily depend on an increase in energy consumption,
which supports the possible realization of the low-carbon
goal of the circular economy.

According to calculations based on the above data and
equations, Table 4 is generated.

According to the calculation results listed in Table 4, it is
found that the energy decoupling elasticity values of the
construction industry are all smaller than 1 and exhibit a
decrease trend year by year. According to the causal chain
of the construction industry—construction industry out-
put level—GRP—energy consumption, with the use of the

Table 3 List of the regional GRP, construction industry GRP, regional energy consumption and energy consumption in the construction

industry of Guangxi Province, PRC

Year  GRP (100 million RMB)  GRP of the construction Regional energy consumption Energy consumption in the construction
industry (10 thousand (10 thousand tonnes standard industry (10 thousand tonnes standard
RMB) coal) coal)

2008 7021 7,532,102 6497 41.45

2009 7759.16 9,343,756 7075 35.9

2010 9569.85 12,223,126 7919 37.14

2011 11,720.87 15,530,712 8591 40.83

2012 13,035.102 18,670,580 9155 42.65

2013  14,449.904 22,898,810 9100 46.47

2014 15,672.893 26,089,057 9515.34 50.54

2015 16,803.12 29,534,213 9761 59.9

2016 18,317.64 34,491,858 10,092 62.06
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Fig.3 Line chart of the regional energy consumption and energy
consumption in the construction industry of Guangxi from 2008 to
2016

Tapio model for further analysis, the following decoupling
evaluation data are presented, which are contrasted to the
decoupling states of the Tapio model, as summarized in
Table 1.

As indicated in Table 5, the decoupling relationship
between the energy consumption in the Guangxi con-
struction industry and its output level is determined
based on 2008 data, revealing a weak decoupling rela-
tionship from 2010 to 2016. In particular, with increasing
energy consumption in the Guangxi construction indus-
try, the output level also increases year by year. However,
the increase in the output level of the Guangxi construc-
tion industry is more substantial than the increase in
the energy consumption in the construction industry,
indicating that the output level increase of the Guangxi
construction industry is not entirely dependent on the
energy consumption rise. Moreover, the decoupling
coefficient shows a decrease trend year by year from
2010 to 2016. According to the definition of the energy

Table 5 List of the decoupling elasticity coefficients of the con-
struction industry economic growth against the construction
industry energy consumption from 2008 to 2016

Year M El (10 thousand Gl (10 thousand RMB) ED
tonnes standard
coal)

2008 1.00 - - -

2009 0.70 -5.55(-) 1,811,654 (+)

2010 0.55 1.24(+) 2,879,370 (+) Weak
decou-
pling

2011 0.48 3.69(+) 3,307,586 (+) Weak

2012 0.42 1.82(+) 3,139,868 (+) Weak

2013 037 3.82(+) 4,228,230 (+) Weak

2014 035 4.07 (+) 3,190,247 (+) Weak

2015 037 9.36(+) 3,445,156 (+) Weak

2016 033 2.16(+) 4,957,645 (+) Weak

decoupling coefficient of the construction industry,
compared to the Tapio decoupling model, it is found that
the elastic coefficient approaches 0, and a strong decou-
pling trend is indicated when the energy consumption
and output level increase related to this coefficient are
both definite. According to the definition of decoupling,
the optimal state is attained when the output of the con-
struction industry increases but the energy consump-
tion decreases, and the decoupling coefficient is smaller
than 0. Therefore, it can be inferred that the relationship
between the energy consumption and output level of
the Guangxi construction industry is being developed
in a sustainable manner. Nevertheless, it is worth noting
that in 2009, the Guangxi construction industry energy
consumption decreased 55,500 tonnes of standard coal,
while the construction industry output level increased
18.11654 billion yuan. With the dimensionless calcula-
tion equation, the decoupling coefficient is 0.7, which is
higher than that of the increasing energy consumption
and construction industry output from 2010 to 2016.

Table 4 List of the decoupling

elasticity coefficients of the Year Gl Gl EI Bl M N DE
economic growth, construction 5003 1.00 1 1.00 1.00 1.00 1.00 1.00
;”nd d“::grggt&“rfs'ggggfn - 2009 1.11 125 1.09 0.87 0.70 0.99 0.78
Guangxi Province from 2008 2010 136 1.62 1.22 0.90 0.55 0.89 0.66
t0 2016 2011 1.67 2.06 132 0.99 0.48 0.79 0.59
2012 1.86 2.48 141 1.03 0.42 0.76 0.55
2013 2.06 3.04 1.40 1.12 0.37 0.68 0.54
2014 2.23 3.46 146 1.22 0.35 0.66 0.55
2015 2.39 3.92 1.50 145 0.37 0.63 0.60
2016 2,61 458 1.55 1.50 0.33 0.60 0.57
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Table 6 The decoupling elasticity coefficient of the energy con-
sumption from the economic growth of the Guangxi Province con-
struction industry in 2009

Year Energy Ratio of Ratio of Evaluation of
decoupling energy con-  economic decoupling
elasticity sumption growth state
coefficient M

2009 -0.56 13.39% (-) 24.00% (+) Strong

decoupling

This shows that the calculation of the decoupling coef-
ficient is more impacted in terms of the relative value
rather than the absolute value for a particular year. For
this specific case in 2009, under the basic definition of
the unified decoupling models for the various data types
with different units, different rates are obtained with the
original data.

In 2009, there existed a strong decoupling relation
between the decrease in energy consumption and the
increase in output level of the Guangxi construction
industry, as shown in Table 6.

Referring to Tables 7 and 8, in 2009, the construc-
tion industry energy consumption in Guangxi is 55,500
tonnes of standard coal lower than that of the previous
year, while the regional economy increases 73.816 billion
yuan. Through the dimensionless calculation equation,
the decoupling coefficient is 0.8, which is higher than
the decoupling coefficient of the increase in construction
industry energy consumption and total power generation
from 2010 to 2016. These results demonstrate that for any
given year, the calculation of the decoupling coefficient
is affected more by the relative value rather than by the
absolute value. For the unique case of 2009, the different
ratios are obtained with the original data under the basic
definition of the decoupling model unifying the units of
the different data types.

Table 9 indicates the active decoupling state of the
energy consumption in the construction industry rela-
tive to its growth based on the decrease in energy con-
sumption in the construction industry relative to the GDP
in 2009. In addition, the absolute value of the industrial
decoupling energy coefficient (=1.27) is higher than
that of the decoupling energy elasticity coefficient of

Table 7 List of the decoupling

-7 . Year Decoupling Economic growth of the con- Economic growth  Evaluation of the
eIastlat){ coefficients of the elasticity coef- struction industry (10 thousand (100 million RMB)  decoupling state
economic growth of the ficient N RMB)
construction industry from the
economic growth of Guangxi 2008 1.00 _ _ _

Province from 2008 to 2016 2009 0.9 1,811,654 (+) 738.16 (+) Growing connection
2010 0.89 2,879,370 (+) 1810.69 (+) Growing connection
2011 0.79 3,307,586 (+) 2151.02 (+) Weak
2012 0.76 3,139,868 (+) 1314.232 (+) Weak
2013 0.68 4,228,230 (+) 1414.802 (+) Weak
2014 0.66 3,190,247 (+) 1222.989 (+) Weak
2015 0.63 3,445,156 (+) 1130.227 (+) Weak
2016 0.60 4,957,645 (+) 1514.52 (+) Weak

Table 8 List of the decoupling elasticity coefficients of the energy consumption against the economic growth of the construction industry

of Guangxi Province from 2008 to 2016

Year Industrial energy decou- Energy consumption growth of the construction Economic growth Evaluation of the
pling coefficient DE industry (10 thousand tonnes standard coal) (100 million) decoupling state

2008 1.00 - - -

2009 0.78 —5.55(-) 738.16 (+)

2010 0.66 124 (+) 1810.69 (+) Weak

2011 0.59 3.69 (+) 2151.02 (+) Weak

2012 0.55 1.82 (+) 1314.232 (+) Weak

2013 0.54 3.82(+) 1414.802 (+) Weak

2014 0.55 4.07 (+) 1222.989 (+) Weak

2015 0.60 9.36 (+) 1130.227 (+) Weak

2016 0.57 216 (+) 1514.52 (+) Weak
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Table9 The decoupling elasticity coefficient of the energy con-
sumption in the construction industry against the economic
growth of Guangxi in 2009

Year Industrial Ratio of the  Ratioof the  Evaluation of
energy energy con-  economic the decou-
decoupling  sumptionin  growth (100 pling state
coefficient DE the construc- million)

tion industry
(10 thousand
tonnes stand-
ard coal)
2009 -1.27 13.39% (-) 10.51% (+) strong

the construction industry (-0.56), which shows that the
marginal benefits to the regional economy due to the
energy consumption increase are superior to those due
to the industrial economic growth. However, it cannot be
asserted that increasing the GRP is more effective than
promoting the regional construction industry output
level, and the relationship between the local construction
industry output level and total investments should be con-
sidered. By analysing the data in Table 7, the relationship
between these two aspects is a trend of mutual increase,
which definitely plays a promoting role in the growth of
indicators due to the increase in other indicators, and it
can be concluded that the increase in the output level of
the Guangxi construction industry enhances the GRP of
Guangxi.

4.3 Analysis of the decoupling of the energy
consumption in the construction industry
from the regional economic growth

After calculations with and modification of the above data,
the analysis results based on the data in Tables 3,4, 5, 6, 7,
8 and 9 are as follows:

1. From 2008 to 2016, except for the reduction in the
energy consumption in the construction industry in
2009 and the economic growth in Guangxi, the indus-
trial energy decoupling coefficient was -1.27, which
was the only negative value in the nine years. In the
other years, the decoupling coefficient was between
0 and 0.8 based on the 2008 data, indicating a weak
decoupling effect, and the industrial energy decou-
pling coefficient decreased year by year. From the data
analysis in Table 10 and Fig. 4, it can be concluded that
the construction industry has an increasing influence
on the regional economic development. Moreover, the
growth rate of energy consumption is lower than that
of the industrial and regional economic output levels,
indicating that the economic growth of Guangxi is

Table 10 Ratio of the output level of the Guangxi construction
industry to the GRP from 2008-2016

Year GRP in construc- GRP (100 million Percentage Trend

tion (10 thousand  RMB)

RMB)
2008 7,532,102 7021 10.73 (+)
2009 9,343,756 7759.16 12.04 (+)
2010 12,223,126 9569.85 12.77 (+)
2011 15,530,712 11,720.87 13.25 (+)
2012 18,670,580 13,035.102 14.32 (+)
2013 22,898,810 14,449.904 15.85 (+)
2014 26,089,057 15,672.893 16.65 (+)
2015 29,534,213 16,803.12 17.58 (+)
2016 34,491,858 18,317.64 18.83 (+)

gradually becoming independent of the energy con-
sumption in the Guangxi construction industry.

2. Table 4 indicates that from 2008 to 2016, M, the energy
decoupling elasticity coefficient was between 0 and
1, in addition to N, the industrial decoupling elasticity
coefficient, and DE, the industrial energy decoupling
coefficient of the construction industry, and these
three indexes exhibited a decrease trend year by year.
The relationship among them is shown in Fig. 5:

From Fig. 5, the trend of the three indexes is basically
consistent, which illustrates a good coupling degree and
correlation. The construction energy decoupling coeffi-
cient decreases more notably than the other two indexes,
implying that the energy consumption increases the least.
Therefore, the increase in construction industry output
level and regional economy is not entirely dependent on
the increase in energy consumption.

)—l— the proportion of construction output value in Guangxi’s GRP‘

0.20 1
0. 18 1
0. 16 1
0. 14 1

0.12 1 /.

0. 10 T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

year

_—

he proportion of construction output value in Guangxi’s GRP (%)

Fig.4 Trend chart of the proportion of the construction industry
output level in the GRP of Guangxi from 2008 to 2016
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—#— M(energy decoupling elasticity)
—@— N(industrial decoupling elasticity)
—&— DE(energy decoupling coefficient in construction industry)
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Fig.5 Comparison of the trends of M, the energy decoupling elas-
ticity coefficient, N, the industrial decoupling elasticity coefficient,
and DE, the construction industry energy decoupling coefficient,
from 2008 to 2016

3. In 2009, the negative coefficient of M, the decoupling
elasticity coefficient of the construction industry
energy consumption, and the decoupling coefficient
of the overall industry energy consumption all indi-
cated robust decoupling effects, while the decoupling
coefficient of the industrial energy consumption was
more notable than the former. Therefore, it can be con-
cluded that although the proportion of the construc-

tion industry output in the total economic output has
increased after 2009, the increase in energy consump-
tion has substantially decreased. The industrial output
level and district economy have improved dramati-
cally, which conforms to the ideal state in the Tapio
model. In 2009, good results have been obtained in
controlling the Guangxi construction industry energy
consumption, thus achieving the goal of sustainable
development.

4.4 Ecological efficiency evaluation
of the construction industry

The concept of the ecological efficiency (Schaltegger,
1990) was utilized in the earliest circular economy assess-
ment. In 1998, the Organization for Economic Coopera-
tion and Development (OECD) defined the ecological effi-
ciency of ecological resources in satisfying human needs,
which is a form of the output-input ratio. Consequently,
the data in Table 11 were classified and defined, and the
resource costs were established, including the energy and
economic costs, after considering the OECD definition of
the ecological efficiency. The resource output includes
the GDP (yuan) per tonne of energy consumption and the
investments in pollution control projects completed in a
given year (10 thousand yuan). Based on the above con-
siderations, the circular economy system evaluation index
of the value stream can be deconstructed according to the
characteristics of the construction industry, as summarized
inTable 11.

Table 11 Production efficiency

L Year  Resource input
evaluation index table

Resource output

energy cost (El) production cost (PI) GRP/energy con- Investments in pollution
(10 thousand yuan)  sumption pertonne  control projects (10 thousand
(yuan) yuan)
2008 41.45 6,661,335 10,806 149,751
2009 359 8,249,579 10,967 117,118
2010 37.14 10,605,139 12,000 92,845
2011 40.83 12,778,993 13,643 129,745
2012 42.65 14,623,569 15,280 127,329
2013 46.47 18,397,299 15,799 183,218
2014 50.54 21,417,909 16,156 178,909
2015 59.9 23,553,984 17,215 247,151
2016 62.06 25,954,335 18,078 130,442

The above data are all collected within the Guangxi construction industry. The energy cost refers to the
energy consumption in the Guangxi construction industry (in ten thousand tonnes of standard coal). In
the statistics of Guangxi, the GRP (yuan) realized by the energy consumption per tonne and the invest-
ment amount in pollution control projects completed in a given year are not included in the list. The
percentage of the aggregate data in the Guangxi Statistical Yearbook is separately accounted for. In the
statistical data, the production cost data for 2008 are missing. Through data comparison, it is found that
the data from 2005 to 2016 show linear characteristics. Therefore, the linear interpolation method is
applied to calculate the data for 2008
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Table 12 Efficiency index of

. . . Year Resource input Resource output
the dimensionless ecological
evaluation Energy cost (El) Production ~ GRP/energy consump- Investments in pollution
cost (PI) tion per tonne (yuan) control projects (10 thousand
yuan)
2008 1.00 1.00 1.00 1.00
2009 0.87 1.24 1.01 0.78
2010 0.90 1.59 1.1 0.62
2011 0.99 1.92 1.26 0.87
2012 1.03 2.20 1.41 0.85
2013 1.12 2.76 1.46 1.22
2014 1.22 3.22 1.50 1.19
2015 1.45 3.54 1.59 1.65
2016 1.50 3.90 1.67 0.87
Table 13 Eco-efficiency from Year 2008 2009 2010 2011 2012 2013 2014 2015 2016
2008 to 2016
EE 0.1073 0.1028 0.0888 0.0972 0.1006 0.1096 0.1010 0.11145 0.0888
5 Conclusions and policy recommendations
—s— Eco—efficiency] 5.1 Conclusions
0- 1157 n By evaluating the data of the energy cycle production
efficiency and decoupling coefficient of the Guangxi
01107 A construction industry from 2008 to 2016, the follow-
50' 105 \ /\ ing conclgsions can be draw.n regarding the energ){
2 consumption and the economic growth of the Guangxi
a;:) 0. 100 - . construction industry from the perspective of the circu-
?; / lar economy, as summarized in Table 14.
s 0,005 - The ecological efficiency value of 0.490 from 2006 to
2015 in Guangxi is based on the evaluation and research
0,090 - on the influencing factors of the regional economic and
. . ecological efficiencies conducted by Guo and Huang
0.085 . . . . . [32]. However, in this paper, the ecological efficiency
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 value from 2009 to 2016 is 0.1012. It can be concluded
Year

Fig.6 Line chart of the Guangxi construction industry energy cycle
production efficiency from 2009 to 2016

For the purpose of correcting the differences
between the different units and facilitating calculations,
the data of 2008-2016 are nondimensionalized based
on the data of 2008, and Table 12 is thus obtained.

According to Eqgs. 3-6, the energy cycle production
efficiency of the construction industry in each year from
2008 to 2016 is calculated, as summarized in Table 13
and shown in Fig. 6.

that the level of circular economic development of the
Guangxi construction industry is lower than the aver-
age level of other industries, and the Guangxi circular
economy still has much room for improvement.

From 2009 to 2016, the energy consumption in the
construction industry of Guangxi exhibited a weak
decoupling from the economic growth of the region,
which indicates that the economic growth had a slightly
negative impact on the energy consumption. Especially
in 2009, strong decoupling occurred, in which the eco-
nomic growth in that year was not wholly dependent
on the energy consumption, basically reaching the ideal
decoupling state. However, the ecological efficiency was
very low in 2009. In the process of energy consumption,
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Table 14 Guangxi construction

. ) Year Industrial energy Evaluation of the Production  Circular economy assessment
'”dus“Y circular economy decoupling coefficient  decoupling state efficiency
evaluation DE
2008 1.00 - - -
2009 -1.27 Strong 0.1028 Relatively low circular efficiency
2010 0.66 Weak 0.0888 Low
2011 0.59 Weak 0.0972 Low
2012 0.55 Weak 0.1006 Relatively low
2013 0.54 Weak 0.1096 Relatively low
2014 0.55 Weak 0.1010 Relatively low
2015 0.60 Weak 0.1145 Relatively low
2016 0.57 Weak 0.0888 Low

sustainable development had not yet achieved the per-
fect cycle of energy consumption reduction, reuse, and
recycling. The production efficiency in the other years is
generally lower than 0.2, and only the production effi-
ciency in 2013 is slightly higher than 0.2, which is the
peak value in the 8-year period. Moreover, in addition
to attaining the lowest value, the energy decoupling
coefficient analysis reveals that the decoupling and
cycle efficiency are both optimal in 2009. In 2016, the
production efficiency is 10% lower than that in the pre-
vious year and 7% lower than the average value, which
is the lowest value in this eight-year period. At the same
time however, it is found that the decoupling coeffi-
cient in that year is close to the value in previous years.
Although there is no distinct connection between the
regional economic growth and construction industry
energy consumption growth, the recycling efficiency has
steeply decreased, and no energy recovery and sustain-
able construction industry development occur in 2016.

On the whole, the Tapio model examines the decou-
pling effect between the Guangxi construction industry
energy consumption growth and regional economic
growth. Based on the Guangxi decoupling coefficient,
Guangxi does not rely on industrial energy consumption
to drive the regional economy. Combined with the pro-
duction efficiency index calculated from the perspective
of the circular economy, it is concluded that the energy
recycling efficiency of the Guangxi construction industry
is very low, and the energy sustainable utilization capacity
is insufficient.

5.2 Policy recommendations

Based on the dimensionless data from 2008 to 2016, this
paper calculated the decoupling coefficient and pro-
duction efficiency from 2009 to 2016 and evaluated the
decoupling effect and production efficiency. In this sec-
tion, specific suggestions are proposed:

SN Applied Sciences
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1. Prioritizing the development of the construction

industry and strengthening its pillar role
Based on the above data and indices, the develop-

ment of the construction industry in Guangxi increases
year by year. Its role in promoting the economic devel-
opment of Guangxi is very clear. With the develop-
ment of the economy of Guangxi and the need for
urban infrastructure construction, the proportion of
the Guangxi construction industry in the regional
economic output will gradually increase. Despite the
increasing concerns about its benign development
and pillar role, the construction industry has an essen-
tial impact on the economic development of Guangxi.

2. Increasing the economic input and promoting indus-
trial upgrading

We find that the Guangxi construction industry is

rapidly developing with a low energy cycle efficiency,
which is at the moderate-low level in China based on
data computation. From the assessment of the eco-
logical evaluation system, Guangxi has a moderate to
high ecological efficiency at present. The economic
development of Guangxi should be realized not only
by improving the economic indicators but also by opti-
mizing the ecological indicators. As a tourism province,
the development of Guangxi should rely on the pro-
tection and sustainable development of its ecologi-
cal resources. For the sake of developing the Guangxi
construction industry in a virtuous cycle of low energy
consumption and high output, the outdated produc-
tion capacity should be actively eliminated, economic
investments should be increased, construction indus-
try upgrading should be promoted and the energy
cycle efficiency of the Guangxi construction industry
should be improved.

3. Strengthening the awareness of sustainable develop-
ment and establishing the ideas of the circular econ-
omy
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For the construction industry, we should attach impor-
tance to policy guidance and standardize the green con-
struction, energy conservation and emission reduction
measures of construction-related enterprises by establish-
ing relevant industry standards. In addition, the release of
policy documents encourages construction-related enter-
prises to save energy and reduce emissions and promotes
technological upgrading and transformation.
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