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a b s t r a c t

Electric power plays an important role in the economic development of a nation and in improving hu-
man life. Since China is the world’s largest electricity consumer, an understanding of the factors influ-
encing the growth in the consumption of electricity would help Chinese leaders design appropriate
energy savings strategies and economic policies. Using the Logarithmic Mean Divisia Index (LMDI)
method based on the Kaya identity, this study takes China’s non-residential power consumption from
2007 to 2016 as its research subject and decomposes the influencing factors into population size, eco-
nomic development, regional economic structure, regional industrial structure, and electricity con-
sumption intensity. We find that economic growth is the main factor influencing the growth of non-
residential power consumption, mostly in the eastern region; moreover, the increased intensity of po-
wer consumption inhibits the growth of non-residential power consumption, with the suppression effect
being more significant in the secondary industry. Population growth plays a small role in promoting
electricity consumption. Regional economic structure has a negative effect on power consumption,
showing a significant difference between provinces. From these results, regional differences and in-
dustrial structure are factors to be considered for the development and management of electricity.
Therefore, technological innovation and management need to be strengthened, with focus on industrial
structure adjustment and promotion of energy conservation technology in the central and western
regions.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Electricity is the foundation of economies and human life [1],
with the consumption of electricity having high impact on energy
transition in global economies [2]. However, in recent years, weak
global economic recovery, the continuous promotion of energy and
resources savings, and improved energy efficiency have enhanced
or decreased the primary energy and electricity consumption of
some major economies [3]. Because electricity plays a fundamental
role in energy production, a better understanding of the impact
mechanism of power consumption has great significance for
improving efficiency, controlling the growth rate, and maximizing
Resources and Hydropower
lation of Water Cycle in River
economic benefit, which have always been the focus of interna-
tional research [4].

The remarkable increase in China’s electricity consumption in
order to support its economic growth has made China the world’s
largest power consumer. According to the June 2018 BP Statistical
Review of World Energy, the total electricity production in 2017
was only 2.8% higher than that in 2016. As the world’s leading
electricity producer, China has contributed the largest increase ever
in 2017: 6495.1 TWh of electric power; this was 6.2% higher than its
2016 production, and 25.4% more than the rest of the world’s
production. However, China’ electricity generation from coal
accounted for 72% of its total generation in 2017, according to the
National Bureau of Statistics. Its electricity consumption is targeted
to grow by 3.6e4.8% over the period of its 13th Five-Year Plan for
Electricity Power Development (2016e2020) [5]. China’s economy
has entered “a new normal,” introducing major changes in terms of
growth rate, development model, economic structure, and growth
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Nomenclature

LMDI Logarithmic Mean Divisia Index
GDP Gross Domestic Product
IDA Index Decomposition Analysis
IPCC Intergovernmental Panel on Climate Change
Q The CDP
Y The per capita GDP
Si The economic contribution of i province in China
Mij The economic contribution of j industry in i

province
Uij The electric power intensity of j industry in i

province
DE Total electricity consumption change
DP Population effect
DY Economic development effect
DS Regional economic structure effect
DM Regional industrial structure effect
DU Electricity intensity effect
r Contribution rate
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drivers, and making it worth to estimate the influencing factors of
electricity consumption and control it.

The consumption of electricity, as the main component of en-
ergy use, has been increasing in tandem with the high rate of
economic growth [6]. Osman et al. indicated a long-run equilibrium
relationship between electricity consumption and economic
growth in the Gulf Cooperation Council countries [7]; however, an
inconsistency was reported between economic growth and elec-
tricity consumption in China, probably due to an increase in in-
ventory, fixed capital, or industrial power consumption [8], or
inventory investment adjustment shock and electricity consump-
tion structural shock on the deviation [9]. Furthermore, Liu et al.
found that at the aggregate level, there is a unidirectional causality
running from economic growth to electricity consumption [10].
These studies indicate a significant relationship between power
consumption and economic growth, but with several factors
influencing electricity consumption. Previous studies proposed
many determinants of electricity consumption in Jordan from 1986
to 2015, such as GDP, electricity prices, population, urbanization,
economic structure, and aggregate water consumption [11]. Fobi
et al. suggested that developing economies show rapid growth in
the number of customers with electricity access [12]. Karanfil et al.
[13] found that the electricity consumptionegrowth nexus is highly
sensitive to regional differences, country income levels, urbaniza-
tion rates, and supply risks, using panel unit root, cointegration,
and causality tests and considering 160 countries for causality.
Zaman et al. [14] found that the determinants of electricity con-
sumption in Pakistan cointegrated, with the influx of foreign direct
investment, income, and population growth positively related to
electricity consumption. Extant studies show various influencing
factors, differing by country, economy, and level of economic
development. However, there is a need for studies that examine
electricity consumption at the national level, because little is
known about how changes in customer behavior affect electricity
consumption in the different regions of a country.

Numerous scholars in this field use causality tests to explain the
characteristics of electricity consumption. Bah et al. [15] used the
Toda and Yamamoto Granger causality test to estimate a vector
autoregressive model in level variables; this test reduced the risk of
wrongly identifying the order of integration. They found no cau-
sality between electricity consumption and economic growth. Jamil
et al. [44] found a unidirectional causality from economic activity to
electricity consumption in Pakistan using the Johansen maximum
likelihood approach; this method involved two likelihood ratio
tests based on trace and maximum eigenvalue statistics. However,
these studies could conduct only cointegration analysis. The most
common method to analyze the influencing factors of research
objectives is factor decomposition; this method decomposes fac-
tors considering the target direction and degree [16]. Index
Decomposition Analysis (IDA) is similar to the index number theory
in economics which consistency in aggregation and perfect
decomposition are particularly important. Van Megem et al. [17]
used multilevel IDA in a comparative framework to disentangle the
effects of changes in economic structure, overall economic activity,
and structure-corrected energy intensity on electricity consump-
tion in Geneva and Switzerland, to find effective national energy
efficiency policies in place since 2001.

LMDI is an important branch of IDA, with features such as no
residuals or residual values, total decomposition, ease of use, and
multiplication decomposition with addition [18,19]. In terms of
energy analysis, Lu et al. [20] decomposed the changes in total
energy consumption in the construction industry using the LMDI
model, and suggested that the area, structure, population, value
and energy intensity are key influencing factors. Belloumi and
Achour [21] identified the influencing factors of transportation
energy consumption, and measured their corresponding contri-
butions, in Tunisia using the LMDI model. They indicated that,
overall, economic output, transportation intensity, population
scale, and transportation structure have a positive effect on energy
consumption, whereas energy intensity has a negative effect.
Chong et al. [22] used an LMDI decomposition method to analyze
the energy consumption growth in Guangdong Province, finding
GDP per capita and population growth to be dominant factors
influencing consumption growth. LMDI analysis has been widely
used to explain changes in electricity-related CO2 emission
changes. Chong et al. [23] introduced an LMDI decomposition
method based on energy allocation analysis. They indicated that
population, GDP per capita, and energy intensity are still the main
factors influencing changes in energy-related CO2 emissions in
Malaysia, thus suggesting the increasing influence of technical
driving factors. De Oliveira-De Jesus [24] studied the effect of
electricity generation capacity factors and evolution on carbon
emission intensity in Latin America and the Caribbean. Chen et al.
[25] analyzed the factors affecting CO2 emissions in the OECD
countries, and showed that energy intensity and per capita GDP are
the main influencing factors. In terms of water resources manage-
ment, Zhang et al. [26] used the LMDI decomposition method and
showed that the crop-planting scale, cropping pattern, irrigation
quota, and irrigation efficiency of different crops are the influencing
factors of agricultural water use in the Heihe River basin of China.
Yao et al. [27] decomposed the temporal-spatial differences in
water intensity into intensity and structure effects in the Yangtze
River Economic Zone, to find that industrial water intensity and
industrial structure can reduce the water intensity.

Therefore, an analysis of the influencing factors of electric power
consumption growth based on LMDI can help improve electricity
efficiency and allow policymakers to control the growth of elec-
tricity consumption. Fang et al. [28] studied the influencing factors
of China’s electricity consumption using the ST-LMDI model, which
is the LMDI model integrating spatial and temporal analyses into a
single analytical framework, to indicate that economic growth has a
strong impetus for power consumption whereas technological
progress can effectively curb it. Using the LMDImethod, Ach~ao et al.
[29] showed that activity, structure and intensity affects caused
electricity consumption of the Brazilian residential sector from
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1980 to 2007. Gonz�alez [30] and Inglesi-Lotz [31] also applied the
same method to analyze electricity consumption in Spain and
South Africa. From the extant research, the main influencing factors
of electricity consumption are economic growth, industrial struc-
ture, and technological advancement, irrespective of the regional
heterogeneity in electricity consumption changes. This is of great
significance for a country like China that has a large gap in social
and economic development, it is necessary to study the effects of
regional heterogeneity on electricity consumption changes.

For China to maintain a sustained and rapid economic growth, it
needs to analyze the characteristics and differences of its sectoral
electricity consumption. Understanding the influencing factors and
characteristics of power consumption based on the LMDImodel can
be helpful to design appropriate energy savings strategies. In view
of the large differences in economic development of China’s regions
and power efficiency of its different industries, this paper applies
the Kaya identify and combines the LMDI model to decompose the
influencing factors of the growth of power consumption into
population size, economic development, economic structure, in-
dustrial structure, and intensity of electricity consumption for three
industry types across the 31 Chinese provinces. In contrast to the
extant studies, this paper decomposes the influencing factors of
China’s non-residential power consumption at the national, pro-
vincial, and sectoral levels from 2007 to 2016, to explore the
dependence of the regional and sectoral development on the non-
residential power consumption, and thus make the policy recom-
mendations more reasonable and accurate.

The remainder of this paper is structured as follows: Section 2
introduces the economy development and power consumption in
China. Section 3 presents the method and data used, and de-
composes the influencing factors of non-residential power con-
sumption based on the Kaya-LMDI model. Section 4 decomposes
non-residential power consumption year by year from 2007 to
2016, and analyzes the effect of influencing factors on non-
residential power consumption in different provinces and the in-
dustrial structure. Section 5 discusses the reasons for the difference
in non-residential power consumption between the eastern, cen-
tral, and western region. Finally, Section 6 concludes the paper and
presents policy implications.
2. Electricity consumption and economic growth

As Fig. 1 shows, the economic development of China indicates a
steady and progressive trend. Its GDP has increased by approxi-
mately 7.4 times in the past 20 years, at an average annual growth
rate of 10.5%. With the development of new industries and formats,
China’s power consumption increased from 1134.2 TWh in
1997e5974.7 TWh in 2016, that is, by 5.3 times, at an average
Fig. 1. Electricity consumption and GDP in China during 1997e2016.
growth rate of 8.7%. However, both the GDP and electricity con-
sumption of China increased significantly during this period, but
the growth rate of GDP was higher than that of electricity con-
sumption. While the growth rate of consumption in China has
slowed down since 2007, showing an average rate of 6.2%, the
economic growth rate of China has increased slightly. A similar
trend can be seen between economic growth and electricity
consumption.

From the electricity consumption structure of China, non-
residential power consumption, included the primary, secondary
and tertiary industrial power consumption, accounted for approx-
imately 90% and 86.5% of the total power consumption in 1997 and
2016, respectively, thus playing a leading role in China’s increased
electricity consumption. As Fig. 2 shows, the China provinces show
great differences, with those consuming more electricity concen-
trated in the eastern region, such as Hebei, Jiangsu, and Guangdong.
Provinces in the western region account for more than 80% of the
non-residential power consumption; these include Shanxi, Xin-
jiang, and Ningxia provinces.

This study considers the Chinese mainland, which includes 31
provinces, autonomous regions, and municipal cities, and performs
a quantitative analysis of the influencing factors of non-residential
power consumption in different regions from 2007 to 2016. Ac-
cording to the Chinese National Bureau of Statistics, the western
region comprises 12 provincesdSichuan, Chongqing, Gui zhou,
Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang,
Guangxi, and Neimongol; the central region comprises eight
provincesdShanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan,
Hubei, and Hunan; and the eastern region comprises 11 prov-
incesdBeijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhe-
jiang, Fujian, Shandong, Hainan, and Guangdong.
3. Method and data

3.1. Method

3.1.1. Kaya identity for influencing factors
The Kaya identity was introduced by Yoichi Kaya in 1989, and is

widely used to study the influencing factors of the energy economy
and environment because of its simple structure and easy-to-
understand concept [32]. Robalino-L�opez et al. used Kaya compo-
nents to analyze the convergence process of CO2 emissions per
capita in 10 South American countries [33]. The Fourth Assessment
Report of the IPCC also used the Kaya to identify the influencing
factors of greenhouse gas emissions [34]. Cicea et al. [35] used an
econometric model along with Kaya identity to analyze the envi-
ronmental efficiency of investments in renewable energy. Gudipudi
et al. [36] applied the urban Kaya relation to examine the intrinsic
factors determining the emission efficiencies of large cities. This
study accordingly considered five influencing factors of electricity
consumption growth in three production industries across 31
provinces of China, to obtain the Kaya identity model as follows:

E¼
X
ij

Ei;j ¼
X
i;j

P
Q
P

Qi

Q
Qi;j

Qi

Ei;j
Qi;j

¼
X
i;j

P$Y$Si$Mi;j$Ui;j; (1)

where subscript i represents the province, i ¼ 1,2, … … 31, and j
represents the type of production industry, j ¼ 1,2,3 [the primary
industry includes farming, forestry, animal husbandry, and fishery;
the secondary industry includes construction, manufacturing (du-
rable and nondurable goods manufacturing), utilities (electricity,
gas, and water), and mining; and the tertiary industry includes
wholesale and retail trade, transportation and warehousing, in-
formation, finance and insurance, real estate and rental and leasing,
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professional and business services, educational services, health
care and social assistance, arts, entertainment and recreation, ac-
commodations and food services, and the government].

In Eq. 1 E represents the total industrial electricity consumption;
Ei,j represents the electricity consumption of j industry in i prov-
ince; P stands for total population; Q is the GDP; Qi is the total GDP
of i province; and Qi,j is the j industrial production value of i
province. Furthermore, Y ¼ Q/P is the per capita GDP representing
the economic development index; Si ¼ Qi/Q the economic contri-
bution of i province in China, representing the regional economic
structure index; Mij ¼ Qij/Qi the structure of production, repre-
senting the regional industrial structure; and Uij ¼ Eij/Qij the elec-
tric power intensity of j industry in i province, representing the
technical index.
3.1.2. LMDI method of electricity consumption growth in three
industries

According to the Kaya identity, the influence on electricity
consumption can be divided into five parts. This study follows Ang
et al. [18,19,37], to build the LMDI-I model, which can be described
as

DE ¼ Et-E0 ¼ DPþDYþDSþDMþDU, (2)

Where Et and E0 represent the total electric power consumption for
non-resident in periods T and 0, respectively, and DP, DY, DS, DM,
and DU represent the population effect, economic development
effect, regional economic structure effect, regional industrial
structure effect, and electricity intensity effect, respectively. This
study uses the LMDI-I addition model decomposition, which can be
calculated as follows:

DP¼
X31
i¼1

X3
j¼1

�
Etij � E0ij

�
�
lnEtij � lnE0ij

� ln
 
Pt

P0

!
(3)

DY¼
X31
i¼1

X3
j¼1

�
Etij � E0ij

�
�
lnEtij � lnE0ij

� ln
 
Yt

Y0

!
(4)

DS¼
X31
i¼1

X3
j¼1

�
Etij � E0ij

�
�
lnEtij � lnE0ij

� ln
 
Sti
S0i

!
(5)

DM¼
X31
i¼1

X3
j¼1

�
Etij � E0ij

�
�
lnEtij � lnE0ij

� ln
 
Mt

ij

M0
ij

!
(6)

DU¼
X31
i¼1

X3
j¼1

�
Etij � E0ij

�
�
lnEtij � lnE0ij

� ln
 
Ut
ij

U0
ij

!
(7)
1) Population effect (DP). While the growth of population leads to
large explorations of resources, the safe and stable supply of
electricity is closely related to the population and resources.
How to match electricity consumption with the population
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trends has become a focal issue. DP is the effect of population
growth.

2) Economic development effect (DY). With the constant rise in
economic development and living standards, people demand
higher electricity supply and reliability. Electricity consumption
and the social economy depend and rely on each other to move
forward. DY represents the effect of economic development on
electricity consumption.

3) Regional economic structure effect (DS). As a large developing
nation, China faces a major issue in the process of economic
development, that is, the economic development of the different
regions is not balanced. Therefore, DS is one factor to be
considered as affecting electricity consumption.

4) Regional industrial structure effect (DM). The industrial struc-
ture affects economic growth and the staying power, besides
seriously affecting the quality of economic development. This is
an important factor of regional economic development. There-
fore, DM indicates the regional industrial structure effect on
electricity consumption.

5) Electricity intensity effect (DU). Improving the efficiency in end
use of electric power can contribute to the goal of saving energy
and optimizing electricity utilization. DU evaluates the effect of
the technology efficiency improvement of various sectors on
electricity consumption.
3.1.3. Contribution rate
Contribution rate is an indicator of economic benefit. It is the

ratio of effective or useful results to total consumption, that is, the
ratio of output to input, or income to cost [38]. In this paper,
contribution rate (r) illustrates the ratio of electric power con-
sumption change due to influencing factors (D) to the total elec-
tricity consumption change (DE) in the production industry from
base year 0 to target year t.

r¼ D

DE
� 100% (8)
Fig. 3. The effect of different factors based on the LMDI-I addition model.
3.2. Data

The study period chosen is 2007e2016, with the total popula-
tion, gross national product, GDP, and industrial added value of
each province obtained from the China Statistical Yearbook; the
values for different years are converted to the constant price of
2007. The provincial and industrial electricity consumption levels
are derived from the Compilation of Statistics on the Power In-
dustry. The relevant indexes are explained as follows:

(1) Population data: The resident population data reflect the
demographic status of a region more accurately. This paper
considers resident population as an index.

(2) Economic data: The three industrial added values of each
province are adjusted to the constant 2007 price to eliminate
the influence of price factors; GDP is the sum of the three
adjusted industrial added values.

(3) Electricity consumption data: The electricity consumption of
each province is divided into non-residential and residential
electricity. This paper focuses on non-residential power
consumption, including primary, secondary, and tertiary
industries.
4. Results

4.1. Influencing factors of non-residential power consumption based
on the Kaya-LMDI model

We use the LMDI-I addition model to analyze the influencing
factor effects on the non-residential electricity consumption
changes from 2007 to 2016, such as the population, economic
development, regional economic structure, regional industrial
structure, and electricity intensity effects. From Fig. 3, population
and economic development showed a positive effect on non-
residential power consumption for the study period, while and
economic development was the primary factor for non-residential
power consumption growth from the perspective of maximum
value. After three decades of reform and opening up, China was
maintaining its high-speed economic development, but its growth
rate began to decline in 2008 on account of the international eco-
nomic environment and, worst of all, the 2008 American economic
crisis. In order to address its financial crisis, China set out on a
proactive fiscal and loose monetary policy, and thus expanded its
domestic demand, maintained a stable economic environment, and
took an economic uptrend. However, this was affected by the in-
ternational economic development as well as internal self-
regulation policy factors, and the economic growth rate slowed
down after 2008. Furthermore, along with the changing economy,
the non-residential power consumption changed accordingly.
Moreover, the growth of China’s total population slowed down,
thus contributing feebly to power consumption.

Conversely, the increase in electricity efficiency could reduce
electricity use. This was one main factor restraining the growth of
non-residential power consumption. Especially, the 11th Five-Year
Plan’s single control (of only energy intensity) was upgraded to
comprehensive control over both energy intensity and total energy
consumption under the 12th Five-Year Plan, and this “double con-
trol” action (of both total energy consumption and intensity) was
finally implemented in the 13th Five-Year Plan. The main purpose
was to improve energy efficiency by forcing the transformation of
the economic development mode and promoting continuous
optimization and upgrading of the industrial structure, hindering
the growth of power consumption to a large degree. The regional
industrial structure has a feeble negative effect on power con-
sumption; this effect is gradually strengthened through industrial
restructuring by the local government. Regional economic struc-
ture has the weakest effect; it is gradual and negative owing to the
narrowing economic development gap among the eastern, central,
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and western regions.

4.2. Decomposition of non-residential power consumption by time
scale

From Eqs. (2)e(7), the national non-residential power con-
sumption increased by 2143 TWh during the 2007e2016 period
(see Table 1). The consumption increased by 3770.6 TWh as a result
of economic development, and by 220.2 TWh as a result of
increased population size. The r of economic development and
population size are 176% and 10.3%, respectively. Adjustments to
regional economic and industrial structures reduced the non-
residential power consumption by 234.5 TWh and 416.2 TWh,
respectively. The optimization of power consumption intensity in
different industries also decreased the non-residential power
consumption by 1408.2 TWh; the r of power consumption intensity
was�65.7%. Growth in economic development and population size
during the different periods have always increased the non-
residential power consumption. However, in 2014e2015, elec-
tricity consumption intensity generally inhibited non-residential
power consumption, with the regional industrial structure and
economic structure effects changing from promotion to inhibition
in 2011 and 2012, respectively. However, the impact was relatively
small.

4.3. Regional analysis of non-residential power consumption

From Table 2, the effects of electric power decomposition factors
show provincial differences, with the non-residential power con-
sumption of Shandong increasing themost, by 271.6 TWh, followed
by Guangdong, where consumption increased by 165.5 TWh; the
growth in non-residential power consumption in Tibet was insig-
nificant. While the provinces showed large differences in non-
residential power consumption growth, population size and eco-
nomic development remained the main influencing factors of
increased non-residential power consumption; economic devel-
opment contributed the most to non-residential power consump-
tion in Guangdong and Jiangsu. Except for in Liaoning, the
optimization of power consumption intensity had a negative effect,
indicating that improved power consumption efficiency is the main
factor curbing the growth of non-residential power consumption.
The final consumption of Jiangsu province is 245 times that of Tibet,
Table 1
Decomposition factor effect of non-residential power consumption in China from 2007 t

Year DE

Change in non-residential power consumption (108 KWh) 2007e2008 128
2008e2009 171
2009e2010 494
2010e2011 434
2011e2012 156
2012e2013 300
2013e2014 183
2014e2015 841
2015e2016 172
2007e2016 214

r（%） 2007e2008 100
2008e2009 100
2009e2010 100
2010e2011 100
2011e2012 100
2012e2013 100
2013e2014 100
2014e2015 100
2015e2016 100
2007e2016 100
indicating great differences in the regional power consumption
intensity, which in turn inhibits industrial power consumption
growth; this is related to the electricity efficiency of different
industries.

Non-residential power consumption in the eastern, central, and
western regions of China increased by 1806.7, 454.9, and
601.4 TWh, respectively. In most provinces of the eastern region,
such as Shandong, Guangdong, Zhejiang, Liangning, and Hebei, the
non-residential power consumption increased by more than
100 TWh. Economic development is the influencing factor of power
consumption growth in the eastern, central, and western regions.
The increase in non-residential power consumption due to eco-
nomic development completely offset the inhibiting effects of
regional industrial structure and power consumption intensity
optimization. Regional economic structure has a subtle negative
effect on non-residential power consumption from 2007 to 2016,
with large differences between provinces. While the regional eco-
nomic structure of most provinces in the eastern advanced region
restrained the growth of non-residential power consumption, for
example, the Liaoning, Guangdong, and Zhejiang provinces, that of
most provinces in the central andwestern region showed a positive
effect on non-residential power consumption. Thus, economic
development of the central and western regions depended strongly
on electricity.

4.4. Industrial structure analysis of non-residential power
consumption

The non-residential power consumption growth from 2007 to
2016 due to regional industrial structure and power consumption
intensity differs by industrial type. Regional industrial structure led
to a consumption decreases of 20.1 TWh in the primary industry, a
consumption decreases of 501.7 TWh in the secondary industry,
and a consumption increase of 105.6 TWh in the tertiary industry.
Thus, regional industrial structure obviously inhibits the increase in
electricity consumption in the secondary industry. Adjusting the
primary industrial structure has little effect in restraining the
growth of industrial power consumption, whereas increasing the
tertiary industry promotes electricity consumption. As regards the
variation trend due to regional industrial structure in the three
industry types, the secondary industry curbed the consumption of
power the most after 2011, while the tertiary industry promoted
o 2016.

DP DY DS DM DU

3.13 235.52 4954.49 122.87 237.71 �4267.46
3.96 238.18 2616.00 �74.55 �407.49 �658.18
6.35 243.56 5918.29 64.81 546.31 �1826.63
4.63 191.95 6705.72 91.37 100.74 �2745.14
5.61 235.61 4023.79 17.57 �577.42 �2133.93
9.69 242.07 4056.89 �27.69 �1157.28 �104.3
7.83 255.96 3359.03 �103.50 �601.02 �1072.64
.50 302.79 2381.57 �229.11 �1959.15 345.40
8.01 329.95 3534.22 �309.63 �1269.28 �557.25
29.69 2201.97 37706.02 �234.49 �4161.99 �14081.8

18.4 386.1 9.6 18.5 �332.6
13.9 152.6 �4.3 �23.8 �38.4
4.9 119.6 1.3 11.0 �36.9
4.4 154.3 2.1 2.3 �63.2
15.0 257.0 1.1 �36.9 �136.3
8.0 134.8 �0.9 �38.5 �3.5
13.9 182.8 �5.6 �32.7 �58.4
36.0 283.0 �27.2 �232.8 41.0
19.1 204.5 �17.9 �73.5 �32.2
10.3 176.0 �1.1 �19.4 �65.7



Table 2
Decomposition factor effect on the non-residential power consumption of each province in China from 2007 to 2016 (Unit: 108 KWh).

Region Provinces DE DP DY DS DM DU

Eastern region Beijing 411.99 38.42 657.97 �45.76 �71.61 �167.02
Tianjin 120.85 32.24 552.03 113.77 �99.71 �477.48
Hebei 1006.32 129.31 2214.27 �384.38 �176.97 �775.90
Liaoning 1165.18 83.39 1427.91 �495.23 �264.72 413.83
Shanghai 393.92 61.69 1056.40 �231.37 �232.85 �259.94
Jiangsu 860.76 206.90 3542.88 235.83 �592.14 �2532.71
Zhejiang 1513.90 146.55 2509.51 �262.73 �352.45 �526.97
Fujian 906.45 66.27 1134.82 129.71 14.13 �438.47
Shandong 2716.47 194.23 3325.99 �189.28 �562.51 �51.95
Guangdong 1655.41 213.64 3658.40 �345.92 �344.45 �1526.27
Hainan 115.55 8.84 151.38 23.04 �15.44 �52.27

Central region Shanxi 642.33 81.84 1401.33 �365.23 �454.16 �21.44
Jilin 202.37 26.39 451.92 1.27 8.78 �285.98
Heilongjiang 207.41 34.85 596.75 �155.65 �250.86 �17.68
Anhui 603.45 57.41 983.02 175.70 51.89 �664.57
Jiangxi 437.00 37.26 638.03 88.42 �23.86 �302.86
Henan 1459.46 117.34 2009.26 �70.10 �218.36 �378.67
Hubei 587.52 63.19 1082.14 253.73 15.64 �827.18
Hunan 409.59 50.35 862.14 161.20 5.91 �670.01

Western region Neimongol 406.03 95.99 1643.77 20.39 �83.61 �1270.52
Guangxi 411.15 45.88 785.67 97.67 54.94 �573.01
Chongqing 439.56 30.59 523.85 166.44 �34.02 �247.31
Sichuan 856.41 74.53 1276.17 147.11 �40.04 �601.35
Guizhou 406.51 44.61 763.94 300.69 10.37 �713.10
Yunnan 525.24 51.14 875.79 95.30 �71.15 �425.84
Tibet 18.85 1.22 20.86 4.09 3.01 �10.34
Shaanxi 967.34 47.21 808.46 157.91 �27.69 �18.55
Gansu 464.77 42.99 736.19 �35.04 �172.68 �106.69
Qinghai 243.16 23.83 408.07 61.41 �29.27 �220.88
Ningxia 489.98 35.00 599.40 131.21 �32.22 �243.42
Xinjiang 784.73 58.85 1007.71 �18.68 �175.89 �87.25
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power consumption.
Consumption intensity reduced the consumption of power by

51.9 TWh, 1202.4 TWh, 153.9 TWh, respectively, in the three in-
dustry types (see Table 3). Improvement in efficiency of the sec-
ondary industry contributed most to reducing electricity
consumption, while improvement in power consumption intensity
in the primary industry contributed little to curbing power con-
sumption. As regards the change in power consumption due to
optimization of electricity consumption intensity in the three in-
dustry types, the increase in efficiency of electricity consumption in
the tertiary industry suppressed the growth of non-residential
power consumption from 2007 to 2016. Besides, in 2012e2013
and 2014e2015, the efficiency of electricity consumption in the
secondary industry contributed the most to reducing non-
residential power consumption.
Table 3
Decomposition factor effect of industrial structure on non-residential power consumptio

Year Regional industrial structure effect

Primary industry Secondary industry Tertiary indus

2007e2008 �28.00 281.17 �15.46
2008e2009 �16.48 �516.44 125.42
2009e2010 �26.20 648.99 �76.47
2010e2011 �41.68 134.28 8.14
2011e2012 �4.38 �714.98 141.94
2012e2013 �38.45 �1427.87 309.04
2013e2014 �21.94 �727.97 148.89
2014e2015 �9.54 �2336.56 386.95
2015e2016 �28.02 �1520.57 279.31
2007e2016 �201.33 �5016.56 1055.89
5. Discussions

5.1. Non-residential power consumption in China

Economic development is the most important influencing factor
for the growth of electricity consumption, with a similar trend
between electricity consumption of the industry and economic
growth, but with no synchronization, which is consistent with
Zhang et al. [39]. They show that the deviation between electricity
consumption and economic growth is in line with the general laws
of economic development. Furthermore, intensity of power con-
sumption holds back the power consumption growth rate; this
agrees with the findings of Yu et al. [40] based on input-output
analysis. In terms of industrial structure, the effect of change in
the secondary industry is more than that in the primary and ter-
tiary industries. Zhang et al. further indicate diversity and aggre-
gation in the secondary industry [1].
n China from 2007 to 2016 (Unit: 108 KWh).

Electricity intensity effect

try Primary industry Secondary industry Tertiary industry

�114.48 �3916.97 �236.01
0.21 �649.72 �8.67
�114.78 �1527.30 �184.55
�103.77 �2503.38 �137.98
�109.65 �1943.65 �80.63
�33.18 225.91 �297.04
�65.41 �763.36 �243.87
�2.21 618.43 �270.82
14.75 �515.80 �56.20
�519.25 �12023.60 �1538.95



Fig. 4. Decomposition factor effect of electric power consumption growth in the
eastern, central, and western regions.
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5.2. Decomposition factor effect in the eastern, central, and western
regions

Economic development is the decisive factor in the growth of
non-residential power consumption in the three regions (seen in
Fig. 4), with the economic development effect on electricity con-
sumption growth largest in the eastern region, followed by the
western region. The smallest effect is in the central region. This is
related to the rapid economic development of the eastern region.
The lower initial economic levels of the western provinces have
great potential for development. The effect of electricity con-
sumption intensity was greater than that of regional industrial
structure optimization in the three regions. The economic structure
of the eastern region suppressed its non-residential power con-
sumption, which is related to the ongoing decline in its share of
total income; the regional economic structural effects in the central
and western regions promoted the growth of non-residential po-
wer consumption, because the central and western regions accel-
erated in development as the gap between China’s regional
economies narrowed down.
5.3. The effect of industrial structure and power consumption
intensity in regions

From Fig. 5, the industrial structure gradually adjusted itself,
with the primary and secondary industries adjusting to the tertiary
industry. This explains why a negative effect on the growth of non-
Fig. 5. Industrial differences in the decomposition factor
residential power consumption in the primary and secondary in-
dustries led to growth in the tertiary industry. The regional in-
dustrial structure effect has hindered the growth, with the largest
impact in the eastern region, followed by the central region. The
smallest impact is in the western region. For the secondary in-
dustry, the eastern and western regions have greater inhibitory
effect, indicating that the efficiency of power consumption in the
secondary industry has gained attention in the eastern and western
regions. Similarly, improving the intensity of power consumption in
the tertiary industry has a far more inhibitory effect on the growth
of non-residential power consumption in the eastern region than in
the central and western regions. The impact of consumption in-
tensity in the three industrial types on the growth of non-
residential power consumption is most significant in the eastern
region, indicating that energy-saving technologies and manage-
ment are strongly promoted there.
5.4. Implications for policy

China’s economy is facing a period of slow economic growth, but
the local economies maintain rapid growth. The economy of the
eastern region particularly shows an overall stable and superior
situation, resulting in increased non-residential power consump-
tion. Lack of primary energy resources in the eastern area has made
it important to convert the northwest coal resources and the
southwest hydropower resources into power resources and trans-
port them to the eastern region, where electricity is scarce. China
will vigorously develop renewable energy and adjust the energy
structure of electric power to achieve low carbon and the sustain-
able development, as a result that renewable installed capacity and
electricity generation accounts for 38.3% and 26.7% in 2018,
respectively [41]. However, the growth rate of wind and solar po-
wer consumption are slower than the rate of wind and solar
installed capacity due to curtailment issues [42,43]. Expanding the
WesteEast Power Transmission scale will ensure that the eastern
region’s future electricity demand is met. The 13th Five-Year Plan
for Power Development (2016e2020) has set the target to enhance
the power transmission capacity from 1.4 � 108 kW in 2015 to
2.7 � 108 kW in 2020 [5]. Simultaneously, the western region’s
share of the national economy has gradually increased, bringing
more pressure on the region to produce more electric power to
meet the region’s power needs. Thus, the positive effect of an in-
crease in non-residential power consumption has been highlighted
in the western region, and it is necessary to reduce the proportion
effect on power consumption growth in 2007e2016.
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fossil-fuel power in some regions of the West with serious wind
and solar energy curtailment problem.

6. Conclusions

As an important factor for economic development, economic
scale expansion inevitably leads to increased power consumption.
Connecting LMDI method with Kaya identity is an analytical
approach, the reliability has been examined by previous studies in
decomposing the influence factors of energy or environmental
management in many countries. The availability of quality data is
the requirement for good empirical analysis, Kaya-LMDI method is
not only feasible applied in decomposition analysis of power con-
sumption in China, but also can be easily reapplied in other coun-
tries with credible data. Moreover, this study explores the regional
structure and industrial characteristics, as well as the regional in-
dustrial structure and power consumption intensity effect on
China’s non-residential electricity consumption. The main conclu-
sions of the study are as follows:

The study decomposes the growth of non-residential power
consumption in China into five factors, population size, economic
development, regional economic structure, regional industrial
structure, and electricity intensity, to find that economic growth
and population size are the influencing factors of non-residential
power consumption, increasing consumption by 3770.6 TWh and
2202 TWh, respectively. The growth due to rapid economic
development and population increases has offset the negative ef-
fect of regional structure, industrial structure, and utilization
efficiency.

Spatially, the growth of non-residential power consumption of
the eastern region was 1.8 times that of the western region and 2.4
times that of the central region, with particularly higher con-
sumption in Guangdong, Shandong, and Jiangsu provinces. Eco-
nomic development effect led to a 2023 TWh increase in the
eastern region. However, power consumption intensity showed a
pronounced inhibitory effect, to the tune of 639.5 TWh.

The effects of regional industrial structure and power con-
sumption intensity were generally greatest in the secondary in-
dustry, with positive and negative values determining the
promotion and inhibition effects, respectively. Because of the
increasing share of the tertiary industry, the regional industrial
structure in the tertiary industry could influence the growth of
non-residential power consumption by 66 TWh in the eastern re-
gion, 23 TWh in the central region, and 16 TWh in the western
region.

The regional industrial structure effect could reduce the non-
residential power consumption by a certain extent, but it was
weaker than the power consumption intensity optimization effect,
particularly in the secondary industry. Industrial structure can
easily be adjusted to inhibit the growth of non-residential power
consumption. In the long term, the regional industrial structure can
be upgraded to reduce non-residential power consumption. In
particular, it would be beneficial to optimize the economic struc-
ture, guide the industry to transform and upgrade from a high-
energy-consuming secondary industry to a low-energy-
consuming tertiary industry, encourage the development of high-
value-added high-tech enterprises, and reduce overall power
consumption.

Implementation of the Western Development and Rise of Cen-
tral China strategies could increase the central and western
regional economic proportions within the national economy. Eco-
nomic development could increase the non-residential power
consumption of the central and western regions. However, the
spatial pattern of the Chinese economy has not changed, with less
control on growth in the central and western regions than in the
eastern region. The expansion of the West-to-East Power Trans-
mission scale could bring more pressure on electricity production
of the western region. Therefore, the central and western regions
need to strengthen their technological and management capabil-
ities in the field of energy conservation and consumption reduction.
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