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ABSTRACT

The rapid development of urbanization has led to a rapid increase in total energy consumption. The proportion of
domestic energy consumption to total energy consumption has gradually increased and has become the major
driving force for energy consumption. With the pressure from urbanization and domestic energy consumption,
it is necessary to study the impact of urbanization on domestic energy consumption of the regional level and to
explore the function paths of these two factors. The findings are helpful to realize sustainable development based
on the actual situation analysis, horizontal survey data and statistical yearbook panel data. The current situation
and changing trends in domestic energy consumption of Shandong Province are systematically examined through
field investigation and survey questionnaire. The time-series econometric model is applied to analyze the relation-
ship between urbanization rate and total domestic energy consumption. The research results show that the total
domestic energy consumption and urbanization rate of Shandong are generally increasing. The urbanization rate
development and domestic energy consumption have a long-term stable and balanced relationship. An increase in
urbanization rate can cause an increase in domestic energy consumption. There is a slight difference between the
average total energy consumption levels of urban and rural residents, but their energy consumption structures
differ a lot. These findings provide basic data support and reference for local governments to formulate energy-
conservation and emission-reduction policies.
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1 Introduction

With the development of the economy and urbanization, the proportion of citizens’ direct energy
consumption continues to expand. In 2009, the direct energy consumption of residents in the United
States accounted for 22% of total energy consumption [1]. China’s urbanization process is accelerating
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with the urbanization rate increasing at an average annual rate of 1.2%, from 17.9% in 1978 to 60.6% in
2019, while the urban population has increased from 172 million to 848 million. Domestic energy
consumption is the second largest area of energy consumption of China, with direct domestic energy
consumption accounting for about 10% of total energy consumption, gradually increasing in recent years
to 12.8% in 2017 and becoming the main growth point in energy consumption. An average increase of
1 percentage point in the rate of urbanization will lead to an increase in energy intensity of between
0.753% and 1.473% for electricity and coal intensity, respectively [2]. While the rapid development of
urbanization has led to a swift increase in total energy consumption, the energy consumption structure
has evolved slowly [3], thereby putted tremendous pressure on energy supply. However, for a long time,
a focus on improving energy efficiency and reducing energy intensity has been placed on industry and
the research on residential energy consumption has not been thorough. Urbanization and total energy
consumption control are the two major tasks of China’s current development. It is of great practical
significance to explore the paths of these two in order to realize sustainable development.

Shandong is a province with large energy consumption. Coal consumption accounts for 80% of primary
energy consumption and thermal power generation accounts for 90% of its total installed capacity. The
emissions of sulfur dioxide, carbon dioxide, and dust are large, and the need for environmental governance
is becoming increasingly severe. The urbanization rate of Shandong’s permanent population increased from
31.90% in 1995 to 61.51% in 2019, with an average annual increase of 1.18%. Urbanization has brought
huge energy pressure and it also will inevitably lead to changes in the energy supply and consumption
structures. Currently, understanding in depth the impact of urbanization on domestic energy consumption
and promoting the green development of new urbanization in a proactive way with the opportunity to
realize the conversion of new and old kinetic energy are major issues. Therefore, discussing the changing
trend of domestic energy consumption in the process of urbanization, analyzing the impact of urbanization
on energy consumption of China, and identifying the spatial path by which urbanization affects energy
consumption has important policy values and practical significance for clarifying the development of
urbanization and formulating energy-saving policies in the process of urbanization.

Shandong Province ranks second from the perspective of population, but its urbanization rate ranks 11th.
Urbanization and the demand for domestic energy consumption will be major long-term problems. Taking
direct domestic energy consumption as the research object, this study selects 5 districts and 8 county-
level cities in Shandong for field surveys, horizontally analyzes the current status and change trends of
domestic energy consumption, and longitudinally analyzes the impact of urbanization on domestic energy
consumption using the Shandong Provincial Statistical Yearbook. This paper aims to explore the impact
of urbanization on the changing trend of domestic energy consumption and provide a theoretical basis for
optimizing the structure of domestic energy consumption.

2 Literature Review

Urbanization in foreign countries started early and much research on the relationship between
urbanization and energy consumption has been carried out. Owing to the rapid increase in China’s
urbanization level and the national conditions of a major energy-consuming country, research on the
relationship between urbanization and energy consumption has also received extensive attention from the
academic community in recent years. Relevant research results cover the correlation between urbanization
and energy consumption, the causal relationship between urbanization and energy consumption, and the
regional differences in the impact of urbanization on energy consumption.

There is no consensus on whether the impact of urbanization on energy consumption is ultimately
reflected in a negative aggregation effect or a positive promotion effect. Regarding the impact of
urbanization on domestic energy consumption, the existing literature is mainly developed based on two
aspects. The first are empirical analyses of the correlation and causality between urbanization and
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domestic energy consumption. Wang et al. [4] confirmed that the relationship between urbanization and
residential energy consumption varied at different stages. Haouraji et al. [5] found the GDP and
urbanization are the predominant variables affecting the three energy sources consumed in residential
sector. Sainu et al. [6] empirically studied the temporal, dynamic, and causal relationship between
urbanization, energy consumption & emissions, and found that urbanization increased energy
consumption and could trigger an energy crisis. The second research aspect is quantitative analysis of the
contribution of urbanization to changes in domestic energy consumption. The research of Fan et al. [7]
showed that from 1996 to 2012, urbanization contributed 15.4% to the growth in energy consumption of
Chinese citizens. Khuong et al. [8] studied the quantitative relationship between urbanization and energy
demand and found that urban populations and non-agricultural workers decreased by 0.1% annually and
the energy demand of these groups was reduced by 1.4% and 2.6%, respectively.

There are two different views on the correlation between urbanization and energy consumption. One is
that energy consumption is positively related to urbanization. Zhao et al. [9] used the LMDI decomposition
method to study domestic energy consumption and found that urbanization, rising income levels, and
increased ownership of energy consumables all considerably boosted the growth in energy consumption
of Chinese urban residents. Wang et al. [10] constructed a fixed-effect panel model and found that the net
effect of China’s urbanization on energy consumption was positive. Bilgili’s et al. [11] researches on the
impact of urbanization on energy intensity showed that urbanization variables had significant impacts on
energy intensity in the short and long term. Sheng et al. [12] used data from 78 countries to study the
impact of urbanization on energy efficiency. The results show that the process of urbanization led to
substantial increases in actual energy consumption and optimal energy consumption, but utilization
efficiency declined. Lv et al. [13] used spatial Durbin modeling and a decomposition method to study the
dynamic impact of China’s urbanization on classified energy consumption. The impact of population
growth on energy and electricity was significantly positive, whereas its impact on coal consumption was
negative. Du et al. [14] found that urbanization had a significant positive impact on vehicle energy
consumption and urbanization continuously promoted an increase in total vehicle energy consumption
and per capital energy use.

Most studies have shown a positive correlation between energy consumption and urbanization, while the
other view is that energy consumption is negatively related to urbanization. Ewing et al. [15] found that
urbanization had a negative impact on energy consumption. Xiao [16] used the spatial Dubin panel-data
model and found that every 1% increase in the level of urbanization reduced energy consumption by
0.089%. Based on panel data from 30 provinces in China, Wang [17] found that energy consumption was
more efficient under the effect of economies of scale and urbanization reduced energy consumption demand.

Regarding the causal relationship between urbanization and energy consumption, most scholars believe
that urbanization is the Granger cause of energy consumption growth [18-20]. Some scholars have also
found that some cities have an one-way Granger causality from urbanization to energy consumption,
while other cities have an one-way Granger causality from energy consumption to urbanization [21].

The regional differences in the impact of urbanization on energy consumption have also been explored
by many researchers. Lenzen et al. [22] explored the impact of urbanization on energy consumption of
Australia, Brazil, Denmark, India, and Japan. Al-Mulali et al. [23] analyzed the relationship between
energy consumption, carbon dioxide, and urbanization in the Middle East and North Africa. Cheng et al.
[24] believed that the impact of urbanization on energy consumption in eastern, central, and western
China showed a gradual decrease. Zhang et al. [25] noted that urbanization in the backward areas of
western China reduced energy consumption, whereas urbanization in the central and eastern regions
increased energy consumption. Ding [26] believed that the impact of urbanization on areas with low
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energy consumption intensity was not significant, but the impact on areas with high energy consumption
intensity was very obvious.

After analyzing the domestic and foreign literature and related research results, the current research
mainly focuses on the relationship between urbanization, and total energy consumption and uses macro-
national statistical data as the object of analysis. Analysis of micro-survey data and meticulous research
on the relationship between urbanization and domestic energy consumption is lacking. Given the
differences in time frame and regions, research conclusions on the correlation and causality between
urbanization and energy consumption are inconsistent. Although foreign scholars have carried out
comparative analyses of energy consumption in the process of urbanization in developed and developing
countries, there are few studies on the impact of urbanization on domestic energy consumption. There are
huge differences in the levels of urbanization in different regions of China and the energy consumption
situation caused by these differences may also be different. Therefore, this study takes Shandong
Province as the research object, analyzes the relationship between urbanization and domestic energy
consumption at the regional level according to field survey data, and provides a decision-making
reference tolocal authorities to formulate energy and energy-conservation policies.

3 Research Methods

3.1 Time-Series Econometric Model

To explore the relationship between the level of urbanization and the total consumption of domestic
energy, this study uses a time-series econometric model to conduct an empirical analysis of the
equilibrium relationship and causality between urbanization and domestic energy consumption in
Shandong Province. The modeling process is shown in Fig. 1. Initially, the ADF unit root test is used to
test the data stationarity and the urbanization rate and domestic energy consumption are non-stationary
series. Next, the Johansen method is used to test the cointegration of these two variables. Finally, Granger
causality is used to test the existence of one-way Granger causality between urbanization and domestic
energy consumption.
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Figure 1: Time-series econometric model of the relationship between urbanization and domestic energy
consumption
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3.1.1 ADF Test
The ADF test was proposed by Dicky et al. [27]. It is achieved through the following three models:

Model 1:

AX, = 6% 1 + 3 FAXi s+ 0
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Model 2:
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i=1
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T in Model 3 is a time variable and the null hypothesis is Hy: 6 = 0.

The test starts with Model 3, followed by Model 2, and then Model 1. Under the established significance
level, if't statistics > critical value, then H, holds, that is, the time series is a unit root process / (1); otherwise,
the test rejects H, and considers the time series to be a stationary process / (0) [28,29].

3.1.2 Johansen Cointegration Test
If the time series is a unit root process, then a cointegration test can be performed. The Johansen
cointegration test is a test method for multivariate analysis [30]. The basic idea is as follows:

The k-order vector y, and d-order vector x, are unit root processes that construct the following VAR
model:

p—1
Ay, = Hyz—l + Z DAy + Bx, + & “4)
1
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where II = Zf:l A, —1,T;=— J’.’:i 11 4;. If the rank of matrix IT satisfies 0 <7 < k, then the cointegration
combination between variables is a stable process. The eigenvalue trace test and maximum eigenvalue test
can be performed at this time and the corresponding statistics are as follows:

k
n,=-TY In(1—74), r=0,1,. .. k-1 (5)
i=r+1
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where 4 is the eigenvalue, T is the total number of samples and £ is the total number of variables. If the trace
test or the maximum eigenvalue test is less than the critical value under the established significance level,
then the null hypothesis is accepted, that is, there is no cointegration relationship between the variables;
otherwise, the null hypothesis is rejected, that is, there is at least one cointegration relationship between
the variables.

3.1.3 Granger Causality Test
For two variables Y and X, the Granger causality test requires an estimation of the following regression
model:
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The Granger test is completed by the restricted F test [31]. For example, for the assumption that the
parameters before the lag term X in Eq. (7) are O as a whole, regressions with and without the lag term X
are performed, recording the residual sum of squares of the former as RSSu and the residual sum of
squares of the latter as RSSk. The calculation of F statistics is as follows:

(RSSg — RSS,)/m

F = Rssuin— k) ©)

where m is the number of lags of X, n is the sample size, and k is the number of parameters of the
unconstrained regression model to be estimated, including possible constant terms and other variables.

If the calculated value of Fis greater than the corresponding critical value of the distribution of ' under
the given significance level F,(m, n — k), then the null hypothesis is rejected and X is the Granger cause of Y.

3.2 Data Sources
The data of this study are mainly sourced from a survey questionnaire and statistical yearbook.

According to the Provincial Capital, the Jiaodong and Lunan economic circles were proposed in the
implementation plan for implementing the views of the CPC Central Committee and the State Council on
establishing a more effective new mechanism for the coordinated development of Shandong Province. In
2016, field surveys were conducted in five districts and cities, including Jinan of the Provincial Capital
economic circle, Qingdao and Weifang of the Jiaodong economic circle, Jiningand Heze of the Lunan
economic circle and eight counties (cities), Zhangqiu, Jimo, Jiaozhou, Shouguang, Zhucheng, Zoucheng,
Qufu and Yuncheng. Representative cities with high, general, and low urbanization levels are selected as the
survey sites, which are shown in Fig. 2. The respondents are selected randomly. The questionnaires are
distributed and collected face-to-face. A total of 6 research teams with 3 persons in each group were sent
out for 10 days and 5200 questionnaires were distributed, of which 2600 were distributed in urban areas
and 2600 in rural areas. The questionnaire response rate was 100%. After the validity of each questionnaire
was verified and invalid questionnaires were excluded, 4617 valid questionnaires (effective rate of 88.79%)
were finally obtained, including 2316 from urban areas (89.08%) and 2,301 from rural areas (88.50%). The
types of domestic energy consumption involved in the field investigation included coal, pipeline natural gas,
canned liquefied petroleum gas, electricity, heat, fuel oil, firewood, straw and biogas.

The statistical yearbook data mainly come from the Shandong Statistical Yearbook. The composition of
energy consumption of the statistical yearbook mainly includes coal, gasoline, liquefied petroleum gas and
electricity.

4 Results and Discussion

4.1 Current Status of Energy Consumption in Shandong Province
4.1.1 Domestic Energy Consumption of Urban and Rural Residents

According to the survey statistics, the total energy consumption per capita of urban residents is
380.22 kg of standard coal, while that of rural residents is 367.97 kg of standard coal. The total energy
consumption per capita of urban residents is 12.25 kg of standard coal higher than that of rural residents.
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Figure 2: Distribution of survey sites

From the perspective of per capita consumption of various energy types (Fig. 3), the per capita energy
consumption of urban residents ranked from high to low is heat, gasoline, electricity, natural gas, coal and
liquefied petroleum gas, corresponding to 124.04, 110.66, 53.12, 41.41, 36.99 and 14.01 kg of standard coal,
respectively. With the improvement in urban residents’ living standards, the use of straw and firewood
(mainly firewood) in cities has disappeared. The per capita energy consumption of rural residents ranked
from high to low is coal, gasoline, electricity, straw and firewood, liquefied petroleum gas, heat, natural
gas, and biogas, corresponding to 164.03, 68.89, 44.62, 35.35, 23.55, 21.13, 9.93, and 0.47 kg of
standard coal, respectively. Urban residents have higher per capita consumption of electricity, natural gas,
heat, and gasoline than rural residents, especially heat and gasoline. Winter heating and private cars have
become the main forms of energy consumption in large households of urban residents. However, in terms
of coal, straw, firewood, liquefied petroleum gas and biogas, rural residents have higher consumption than
urban residents, especially coal products, straw and firewood. In winter, coal-fired heating is a major
energy consumer for rural residents.

4.1.2 Dypes of Energy Consumption of Urban and Rural Residents

Through the analysis of residential energy types of the surveyed areas, electric energy is found to be the
most necessary energy for both urban residents and rural households, with a utilization rate of 100%. In terms
of cooking energy, urban residents mainly use natural gas and some liquefied petroleum gas, while rural
residents use liquefied petroleum gas, natural gas, and coal as the main cooking fuels. Liquefied
petroleum gas is the most important cooking fuel to rural residents. The proportion of urban residents that
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use clean energy (natural gas, liquefied petroleum gas and electricity; 97.97%) is 1.39 times the proportion of
rural residents who use clean energy (natural gas, liquefied petroleum gas, electricity and biogas; 70.23%).
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Figure 3: Comparison of per capita energy consumption in urban and rural areas

In terms of heating methods in winter, urban residents mainly use central heating, accounting for 79.92%
of the survey samples, while rural residents mainly use coal-fired heating stoves, accounting for 68.80%. At
the same time, 14.81% of urban residents use coal-fired heating stoves in winter and 15.21% of rural
residents use central heating. Electric heating is used to some extent in both urban and rural areas,
accounting for 4.23% and 10.60%, respectively.

In terms of domestic hot water, urban residents use solar energy and electric water heaters, accounting
for 94.52%, while rural residents use solar energy and coal-fired stoves, accounting for 83.22%.

In terms of transportation mode, electric bicycles, private cars and buses are the main modes for urban
residents, accounting for 90.93%, while, the daily travel of rural residents mainly includes electric bicycles,
private cars and motorcycles, accounting for 81.61%. The proportion of rural residents that use electric
bicycles to travel is nearly 9% higher than that of urban residents, while the proportion of urban residents
that use private cars to travel is 7% higher than that of rural residents. Car ownership per 100 households
among urban residents are 1.56 times than among rural residents. Urban residents also rate higher than
rural residents in terms of average vehicle exhaust and annual average mileage. Due to the universality
and convenience of urban buses, the proportion of urban residents that use buses to travel is 2.13 times
that of rural residents. As for the motorcycle travel mode, the proportion of rural residents is 9 times that
of urban residents.

4.1.3 Residential Energy Consumption Structure of Urban and Rural Residents

In terms of the energy consumption structure of urban residents, heating in winter is the largest energy
consumption, accounting for 32.62% of total per capita domestic energy consumption, while gasoline and
electricity consumption rank second (29.11%) and third (13.97%), respectively. Following close behind are
natural gas (10.89%) and coal (9.73%). Note that although natural gas and central heating have been
popularized in urban areas, coal consumption still accounts for a certain proportion of total energy
consumption. In this proportion, the contribution rate of coal consumed by coal-fired heating stoves is
91.00% and that of cooking coal is 9.00%. Given the popularity and price advantage of natural gas in
urban areas, the use of liquefied petroleum gas has decreased and its per capita consumption only
accounts for 3.68% of total per capita energy consumption.

In the energy consumption structure of rural residents, coal is the largest energy consumption. Per capita
coal consumption accounts for 44.58% of total per capita domestic energy consumption, of which per capita
coal consumption for domestic heating accounts for 36.54% and the remaining 8.03% is coal consumed for
cooking. Gasoline consumption ranks second, with per capita gasoline consumption accounting for 18.72%



EE, 2021, vol.118, no.5 1403

of total domestic energy consumption. Electricity consumption ranks third, accounting for 12.13%.
Following close behind are straw and firewood and liquefied petroleum gas, which respectively account
for 9.61% and 6.40% of total domestic energy consumption. Heating consumption accounts for 5.74% of
total domestic energy consumption. In rural survey areas, biogas is not widely used.

From the perspective of the difference in energy consumption structure between urban and rural
residents, heat, gasoline, electricity and natural gas are important components of urban residents’ energy
consumption, although, coal cannot be ignored in the composition of urban residents’ energy
consumption. The energy consumption structure of rural residents mainly includes coal, gasoline and
electricity, supplemented by traditional biomass energy (straw and firewood) and liquefied petroleum gas.
Traditional fuels such as coal, firewood, and straw still account for a large proportion of rural household
energy use. According to the survey, the reasons that rural residents use more coal, firewood and straw
are as follows. First, the price of coal is low, and local firewood and straw are easy to obtain and do not
need to be purchased. Second, the rural residents are elderly people who prefer to use traditional energy
because of their long-term use of coal, firewood, and straw.

4.1.4 Analysis of Relationship between Urbanization Rate and Domestic Energy Consumption in Surveyed
Cities

In 2016, the urbanization rates of Jinan, Qingdao, Weifang, Jining, and Heze were 69.46%, 71.53%,
58.15%, 55.25%, and 47.36%, respectively, and their per capita domestic energy consumption was 328.9,
368.6, 423.91, 405.85, and 309.91 kg of standard coal, respectively. The results show that: the per capita
energy consumption of Jinan and Qingdao with high urbanization rates is lower than those of Weifang
and Jining with medium urbanization rates, and the per capita energy consumption of Heze with a low
urbanization rate is the lowest. It can be seen that in the early stages of urbanization, domestic energy
consumption increases with the urbanization rate, while in the middle and late stages of urbanization, due
to the emphasis on efficient use of energy and the improvement of urbanization quality, the impact of
urbanization on domestic energy consumption is negative [32].

4.2 Change Trend in Domestic Energy Consumption
4.2.1 Change Trend in Domestic Energy Consumption Amount

Along with the continuous improvement in people’s living standards, their total energy consumption has
increased rapidly, from 3,846,100 tons of standard coal in 1995 to 25,411,100 tons of standard coal in 2016,
with an average annual growth rate of 9.41%. At the same time, total energy consumption has increased from
99.39 million tons of standard coal in 1995 to 387.23 million tons of standard coal in 2016, with an average
annual growth rate of 6.69%. The growth rate of domestic energy consumption has exceeded that of total
energy consumption. However, the proportion of domestic energy consumption of Shandong Province
has increased from 3.87% in 1995 to 6.56% in 2016, with an average annual increase of 2.54%. The
growth rate of domestic energy consumption is not fast.

4.2.2 Change Trend in Types of Domestic Energy Consumption

Fig. 4 shows that the consumption of coal in Shandong’s domestic energy consumption showed a
fluctuating upward trend increasing from 3.376 million tons in 1995 to 6.574 million tons in 2016, with
an average annual increase of 152,200 tons. Gasoline consumption showed a rapid increase, from
158,100 tons in 1995 to 4.613 million tons in 2016, a 28-fold increase. The number of family cars owned
by urban and rural residents in Shandong Province has also grown rapidly. The number of family cars
owned by urban residents has increased from 4.47 cars per 100 households in 2005 to 55.60 cars per
100 households in 2016, an increase of 11.4 times. The number of rural residents’ family cars has
increased from 1.07 vehicles/100 households in 2005 to 29.40 vehicles/100 households in 2016, an
increase of 26.5 times. The rapid growth in private car ownership has driven the rapid growth in
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household gasoline consumption. Liquefied petroleum gas shows a trend of first increasing, then decreasing,
and then increasing again. From 1995 to 2010, the consumption of liquefied petroleum gas increased from
130,900 tons to 1,330,400 tons, with an average annual increase of 80,000 tons; after 2010, it began to
decrease and fell to 410,000 tons in 2014, a decrease of 920,400 tons in four years. It began to increase
again from 2015 and increased to 498,000 tons in 2016. Electricity consumption has also shown an
increasing trend, from 7.954 billion kWh in 1995 to 55.44 billion kWh in 2016, with an average annual
increase of 2.261 billion kWh. Moreover, consumption has increased nearly 6 times in 20 years. The
popularization of various household appliances and vehicles, such as battery-powered vehicles, has led to
a rapid increase in domestic electricity consumption [33].
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Figure 4: Change trend in domestic energy consumption and the types

4.2.3 Change Trend in Structure of Domestic Energy Consumption
In order to compare different types of energy, this study converts the consumption of coal, gasoline,
liquefied petroleum gas, and electricity into the equivalents of standard coal.

From the perspective of changes in the proportion of various energy sources in total domestic energy
consumption of Shandong Province, from 1995 to 2016, the percentage of coal in total domestic energy
consumption fell from 62.71% to 24.52%, with an average annual decrease of 4.37%. The proportions of
gasoline and liquefied petroleum gas increased from 6.05% in 1995 to 37.54% in 2014 and then
decreased to 35.44% in 2016. The proportion of liquefied petroleum gas increased from 5.83% in 1995 to
17.55% in 2006 and then decreased to 4.46% in 2016. The proportion of electricity rose from 25.41% in
1995 to 35.58% in 2016, with an average annual growth rate of 1.62%.

From the perspective of change in energy consumption structure, in 1995, coal and electricity occupied
the main positions in energy consumption, accounting for 62.71% and 25.41%, respectively; in
2016 electricity and gasoline were the main types of energy used in daily life, accounting for 35.58% and
35.44%, respectively. The energy consumption of residents in Shandong Province has gradually broken
the traditional pattern of coal-based consumption and is shifting toward high efficiency and cleaner
energy. The structure of domestic energy consumption has shown the growth trends of petrochemical and
electric power.
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4.3 Relationship between Urbanization and Domestic Energy Consumption

From 1995 to 2016, the total domestic energy consumption and urbanization rate of the permanent
population of Shandong showed overall increasing trends. The total consumption of domestic energy
increased from 3.8461 million tons of standard coal in 1995 to 25.411 million tons of standard coal in
2016, a total increase of 21.5649 million tons of standard coal and an average annual increase of
1.0269 million tons of standard coal. The urbanization rate of the permanent population increased from
31.90% in 1995 to 59.02% in 2016, an increase of 27.12% and an average annual increase of 2.97%
(Fig. 5). According to preliminary calculations, for every 1% increase in the urbanization rate of the
province, the consumption of domestic energy will increase by 795,200 tons of standard coal. From
2005 to 2010, domestic energy consumption increased rapidly; In 2005, the energy consumption even
doubled compared with that in 2004.
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Figure 5: Total domestic energy consumption and trend of urbanization rate

4.4 Cointegration Test Analysis of Urbanization Rate and Total Domestic Energy Consumption
The ADF unit root method is used to test the stability of variables, the optimal lag order is determined by
the AIC minimum criterion, and the ADF test is realized by EViews [34]. The test results are shown in Tab. 1.

Table 1: Unit root test results for urbanization rate and natural logarithm of domestic energy consumption

Variable  ADF test value Critical value at each level of significance P-value Test result
1% 5% 10%
LUR —1.963 998 —3.788 030 -3.012363 -2.646119 0.2990 Non-stationary
LEN —0.600 798 -3.788 030 -3.012363 -2.646119 0.8505 Non-stationary
D(LUR)  -3.151 457 —3.808 546 -3.020 686 —2.650413 0.038 7 Stationary
D(LEN)  -5.152 712 —3.808 546 -3.020 686 -2.650413 0.000 6 Stationary
D(LUR,2) -6.612 475 -3.831 511 -3.029970 -2.655194 0.0000 Stationary
D(LEN,2) —4.377 765 —3.920 350 -3.065 585 -2.673459 0.004 2 Stationary

Note: D(LUR) and D(LEN) represent the first-order difference, while D(LUR,2) and D(LEN,2) represent the second-order difference.
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The results of the ADF test (Tab. 1) show that the time series of urbanization rate and domestic energy
consumption in Shandong Province from 1995 to 2016 have unit roots under the significance level of 10%,
that is, the original time series of urbanization rate and domestic energy consumption are non-stationary. The
first-order difference series D(LUR) and D(LEN) both reject the unit root hypothesis at the 10% significance
level. Therefore, the LUR and LEN time series can be considered first-order single-integer series, denoted 1
(1), which meet the requirements of the cointegration test.

The following uses Johansen’s method for the cointegration test. Before the cointegration test, according
to the likelihood ratio (LR) test method, the AIC standard, and the SC standard, the optimal lag order is
determined to be 1. The Johansen test results are shown in Tab. 2.

Table 2: Cointegration test results between urbanization rate and domestic energy consumption

Null hypothesis Eigenvalue Trace statistics 0.05 critical value P-value
No* 0.526394 15.13925 13.42878 0.0565
At most one 0.009536 0.191642 2.705545 0.6615

Note: * indicates that the null hypothesis is rejected at the 5% level.

The results of the cointegration test reveal that at a significance level of 10%, there is the only
cointegration relationship between urbanization rate and domestic energy consumption in Shandong.
Specifically, from 1995 to 2016 a long-term and stable equilibrium relationship existed between
urbanization rate and domestic energy consumption in Shandong. A cointegration relationship between
variables can only indicate that there is a long-term causal relationship between variables, but cannot
determine the direction of the causal relationship. Therefore, the following is a causality test on the
urbanization rate and domestic energy consumption.

4.5 Granger Causality Test Analysis of Urbanization Rate and Total Domestic Energy Consumption
The Granger causality test is an analysis method to judge whether a causal relationship exists between
two variables. The results of the Granger causality test for LUR and LEN are shown in Tab. 3.

Table 3: Granger causality test between urbanization rate and domestic energy consumption

Null hypothesis F-statistics P-value
LUR is not the Granger cause of LEN 5.37636 0.0174
LEN is not the Granger cause of LUR 2.91861 0.0850

From the Granger causality test, it can be seen that LUR is the Granger cause of LEN, while LEN is not
the Granger cause of LUR, that is, the urbanization rate is the cause of the increase in domestic energy
consumption, but the increase in domestic energy consumption does not contribute to urbanization. This
result shows that there is an one-way Granger causality between urbanization rate and energy
consumption in Shandong Province. An increase in urbanization rate can promote an increase in domestic
energy consumption, but an increase in domestic energy consumption cannot promote an increase of
urbanization rate.

5 Conclusions

Urban and rural residents differ in their choice of domestic energy types. There is slight difference
between the average total energy consumption of urban and rural residents, and electricity is an essential
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energy source for all households. The proportion of urban residents that use clean energy is 1.39 times that of
rural residents. In terms of heating method, urban residents mainly use central heating, while rural residents
mainly use coal-fired heating stoves. Heating energy consumption is the largest energy consumption for both
urban and rural residents, followed by gasoline and electricity. The rural energy consumption structure needs
to be further optimized.

The total domestic energy consumption and urbanization rate of the permanent population of Shandong
are both significantly increasing. As the urbanization rate increases by 1%, the domestic energy consumption
increases by approximately 795,200 tons of standard coal. The cointegration test analysis indicates that at a
significance level of 10%, the only cointegration relationship exists between urbanization rate and domestic
energy consumption in Shandong. There is a long-term and stable equilibrium relationship between
urbanization rate and domestic energy consumption.

From the Granger causality test, it can be seen that urbanization is the cause of the increase in domestic
energy consumption, but the increase in domestic energy consumption does not contribute to urbanization.
There is an one-way Granger causality between urbanization rate and domestic energy consumption in
Shandong Province. Among the factors affecting domestic energy consumption, the contribution of
urbanization and the change in residents’ consumption structure are increasing. In the early stage of
urbanization, due to the improvement in urban living standards and the increase in energy consumption
demand, the domestic energy consumption increases significantly with the increase in urbanization rate.
By the middle stage of urbanization, the domestic energy consumption gradually reaches its peak and
tends to become stable. In the late stage of urbanization, because of the aggregation effect and the
adjustment of the energy consumption structure, the domestic energy consumption decreases with the
increase of urbanization rate.

Based on the above research results, the following suggestions are proposed to reduce the impact of
urbanization on energy consumption and promote energy conservation, First, the energy supply structure
should be optimized through energy supply-side reform. Increase the utilization of new energy, and build
a diversified energy supply system. Improve the construction of urban heating network facilities and
explore possible central heating in town centers of rural areas.Vigorously promote the construction of
charging infrastructure, with family charging piles as the main body and public charging facilities as the
auxiliary, to form an electric vehicle charging infrastructure system. Promote the use of solar heating,
promote centralized hot water projects in industries, businesses and public services and carry out solar
heating pilot projects. Second, the relevant energy policies should also vary with time and local
conditions, and local governments should be encouraged to formulate energy policies with regional
characteristics. For regions with high urbanization level, give full play to the agglomeration effect and
encourage the use of clean energy and efficient energy through fiscal subsidies, tax relief and other
policies. For areas with low urbanization levels, it is necessary to plan first, optimize urban planning and
urban transportation planning, and provide infrastructure guarantees for new energy supply and
application. The findings can be useful reference to policy makers.
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