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Abstract: A simple model was built to predict the national and regional electricity demand by
sectors under China’s new normal situation. In the model, the data dimensionality reduction method
and the Grey model (GM(1,1)) were combined and adopted to disaggregate the national economic
growth rate into regional levels and forecast each region’s contribution rate to the national economic
growth and regional industrial structure. Then, a bottom–up accounting model that considered
the impacts of regional industrial structure transformation, regional energy efficiency, and regional
household electric consumption was built to predict national and regional electric demand. Based
on the predicted values, this paper analyzed the spatial changes in electric demand, and our results
indicate the following. Firstly, the proposed model has high accuracy in national electricity demand
prediction: the relative error in 2017 and 2018 was 2.90% and 2.60%, respectively. Secondly, China’s
electric demand will not peak before 2025, and it is estimated to be between 7772.16 and 8458.85 billion
kW·h in 2025, which is an increase of 31.28–42.88% compared with the total electricity consumption
in 2016. The proportion of electricity demand in the mid-west regions will increase, while the eastern
region will continue to be the country’s load center. Thirdly, under China’s new normal, households
and the tertiary industry will be the main driving forces behind the increases in electric demand.
Lastly, the drop in China’s economy under the new normal will lead to a decline in the total electricity
demand, but it will not evidently change the electricity consumption share of the primary industry,
secondary industry, tertiary industry, and household sector.

Keywords: China’s new normal; electricity demand; industrial structure transformation; spatial
distribution; data dimensionality reduction

1. Introduction

Electric power is one of the most important secondary energy sources, and it is crucial to national
economic development. Besides, more than 40% of the total carbon emissions in China comes from
the electrical power industry [1,2], which is also a major participant of the Chinese carbon trading
market. Therefore, accurately forecasting future electricity demand is not only very important for
electric power production, construction, and supply: it also has great practical significance for reducing
carbon emissions in China.
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Up to now, there have been many studies on electricity demand forecasting. Generally, the methods
used to forecast the electricity demand can be divided into two major categories: the data-driven
model and the mechanism model.

The data-driven method can be classified into three subcategories. The first subcategory is the
econometric model. Econometric methods, such as the co-integration test model and the multivariate
linear regression model [3–5], are widely used to forecast electric demand. For example, Lin [6]
used power prices, population, industrial structure, and energy efficiency as explanatory variables to
predict the power demand growth rate. Joilson [7] proposed a new model, the Spatial Autoregressive
Integrated Moving Average (ARIMASp) model, which applied spatiotemporal dynamics to project
Brazil’s electricity demand. In another study, Carolina’s study respectively forecasted the electric
power demand with vector autoregressive forecasting model (VAR) and interval multi-layer perceptron
(iMLP) and compared the results of the two methods [8].

The second subtype of the data-driven methods is based on modern optimization algorithms
and computer simulations, such as the artificial neural network (ANN) [9,10], system dynamic
(SD) [11], and policy simulation [12]. Modern optimization algorithms are usually used for forecasting
daily, weekly, monthly, and yearly electricity power demand in a given electric market [9,10,12,13].
Computer simulations are usually used for analyzing the effects of consumer behavior changes, policy
changes, and external shocks on electric power demand [14–17].

The last subcategory of the data-driven methods is the ‘bottom–up’ accounting model, which is
similar to the Long-range Energy Alternative Planning model (LEAP) [18]. Compared with econometric
methods, modern optimization algorithms, and computer simulations, ‘bottom–up’ models usually
need more input data, which need to be very specific.

Mechanism models are built on economic theories, such as the computable general equilibrium
(CGE) model [19] and input–output (IO) model [20]. Compared with data-driven methods,
the advantage of the mechanism models lies in its interpretability. Researchers and decision makers
can know why electric consumption will increase or decrease in the future from the aspects of economic
theories. The mechanism models also have some shortcomings. Take the CGE model as an example.
When using the CGE model to do predictive analysis, many exogenous variables are usually needed,
and most of the historical data of exogenous variables cannot be easily obtained.

Economic growth has been one of the most important factors that have affected electricity
demand [21]. From 1978 to 2012, China’s annual gross domestic product (GDP) growth rate averaged
around 10%, and its electricity demand had correspondingly experienced a similar changing trend [22].
However, China’s economy has entered a new ‘normal’ phase, and the speed of China’s economic growth
has declined in the past decade. ‘China’s new normal’, as proposed by Jinping XI, is a description of the
current situation of China’s economic and social development. In this article, the new normal mainly
refers to the new normal in China’s economy. Meanwhile, there are significant social and economic
development differences among the different provinces in mainland China [23,24]. The slowdown of
the national economy in the new normal development path will have different impacts on regional
economic development [25], which will ultimately affect electricity demand.

However, most data-driven models usually only consider the whole nation or only a region [5–7,18].
Although some bottom–up accounting models can forecast the national and regional electricity power
demand, the input data of the whole nation and regions are relatively independent in most bottom–up
models (to our knowledge) [26,27]. They cannot reveal the relationship between the new normal
national and regional development path and the effects of the new normal on regional electricity
power demand in China. For the mechanism model, it’s also very hard to estimate the values of the
key exogenous variables under the new normal phase, such as the elasticity coefficient, total factor
productivity, and so on. Meanwhile, there are very limited studies that explore China’s electricity
power demand in this new normal phase from the perspective of the whole nation and different regions.

Although the new normal state of China’s economy is full of uncertainty, many economists believe
that it has three important characteristics. The first feature is that China’s economy will decline steadily,
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changing from high-speed growth to medium-high-speed growth, but the possibility of economic crisis or
economic setback is very small. The second character is that China’s industrial structure will continue
to optimize under the new normal situation. The last feature is that the economic growth will change
from factor-driven and investment-driven to innovation-driven, and productivity will subsequently
improve [28–32]. The steadiness of the economy is a necessary condition for our analysis. So, under the
new normal situation, the economic system can be regarded as a black box, and the national economic
growth rate can also be treated as a complex consequence of the economic system. The future relationship
between national economic growth and regional economic growth can be studied with experimental
methods based on the historical data from the latest years. If an economic crisis or recession occurs,
the stability of the economic system will be destroyed, and the proposed method will not be applicable.

Based on the assumption of the stable operation of the national economy, the characteristics of
the new normal, and the requirement for energy saving, this study explores the relationship between
national and regional economic development and forecasts the electricity demand under the economic
new norm. Firstly, in this paper, the data dimensionality reduction method and the Grey model
(GM(1,1)) model are combined and used to break down the national economic growth goal into
regional levels according to previous studies. Then, a bottom–up accounting model, which considers
the influence of regional GDP growth, regional industrial structural, energy efficiency, and population,
is built to project the electricity demand of the whole country and each province under the new norm.
There are three key contributions in this paper:

1. Disaggregating the national economic growth into all provinces, except Taiwan, Hong Kong,
and Macao. Based on the time series data of national and regional GDP (source: http://data.
stats.gov.cn/), the regional contribution rate to national economic development is calculated
by province. Then, the future regional contribution rate to national economic development is
forecasted with the data dimensionality reduction method and the GM(1,1) model. Additionally,
literature research and the scenario analysis method are combined to design the national economic
growth rate under the new norm.

2. Model industrial structure and electricity consumption per unit of GDP for primary industry,
secondary industry, and tertiary industry by province. The data dimensionality reduction method
and GM(1,1) model are also used to project the industrial structure in different provinces based
on the historical data. Electricity consumption per unit of GDP of the three industries in different
regions are forecasted with the GM(1,1) model and regression model up until 2025.

3. Forecast the regional residential household electricity demand up until 2025. In this part,
a multivariate linear regression model, which considers the influences of regional GDP and
population, is applied to predict the regional electricity power demand of households. The next
section introduces the model framework and underlying theories applied to the study.

2. Methods

2.1. Model Framework

The evaluation model is divided into two parts (see Figure 1): electricity demand forecasting and
spatial distribution analysis. Regarding electricity demand forecasting, three economic growth scenarios
are designed; then, data dimensionality reduction and the Grey model are used to forecast the national and
regional electricity demand under the three scenarios. Regarding spatial distribution analysis, we study the
spatial distribution of electricity demand under the new normal; then, we compare the spatial distribution
with the distribution in 2016 to obtain the effects of new normal on electric power demand and some
suggestions. To simplify the analysis, the import and export of electricity were not considered, as the
electricity import and export made up less than 1% of the overall electricity consumption according to
the historical data from 2000 to 2016 (source: http://data.stats.gov.cn/). The total electricity demand is

http://data.stats.gov.cn/
http://data.stats.gov.cn/
http://data.stats.gov.cn/
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constituted by the demand of the primary, secondary, and tertiary industry, as well as households [33,34].
The electricity demand of region i in year t (di,t) can be expressed as:

di,t = c1,i,t + c2,i,t + c3,i,t + cR,i,t (1)

where c1,i,t is the electricity consumption of the primary industry of region i in year t; c2,i,t is the
electricity consumption of the secondary industry of region i in year t; c3,i,t is the electricity consumption
of the tertiary industry of region i in year t, and cR,i,t is the electricity consumption of households of
region i in year t.
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Figure 1. Model framework.

Regarding the economic structure and electricity consumption per unit of GDP, c1,i,t, c2,i,t, and c3,i,t
also can be expressed as:

c1,i,t = GDP1,i,t ×
c1,i,t

GDP1,i,t
= α1,i,t · e1,i,t ·GDPi,t

c2,i,t = GDP2,i,t ×
c2,i,t

GDP2,i,t
= α2,i,t · e2,i,t ·GDPi,t

c3,i,t = GDP3,i,t ×
c3,i,t

GDP3,i,t
= α3,i,t · e3,i,t ·GDPi,t

(2)

where GDPi,t refers to the GDP of region i in year t. α1,i,t, α2,i,t, and α3,i,t represent the proportion of
primary, secondary, and tertiary industry of region i in year t, respectively. e1,i,t, e2,i,t, and e3,i,t represent
the electricity consumption per unit of GDP of the primary, secondary, and tertiary industry of region i
in year t, respectively.

When forecasting the residential power demand, GDP, per capita income, power price,
and population are the typical main factors considered [35–37]. In order to simplify the analysis and
decrease the degree of multicollinearity, in this paper, we mainly focus on the impacts of GDP and
population when calculating the household power demand of each region. Thus, the household electric
power demands of region i in year t (cR,i,t) can be expressed as:

cR,i,t = f (GDPi,t, pi,t) (3)
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where pi,t is the natural population growth rate of region i in year t, and f refers to the functional
relationship among cR,i,t, GDPi,t, and pi,t. By combining Equations (1)–(3), the electricity demand of
region i in year t can be expressed as:

di,t = GDPi,t

3∑
j=1

α j,i,t · e j,i,t + f (GDPi,t, pi,t) (4)

From Equation (4), we can observe that the GDP of region i in year t is the most important
parameter ultimately affecting regional electricity power demand. In this paper, GDPi,t is projected
based on the national economic growth rate and the contribution rate of region i to the national growth.
If both values are known, the GDP of region i in year t + 1 (GDPi,t+1) can be expressed as:

GDPi,t+1 = ∆GDPt+1 · θi,t + GDPi,t = GDPt ·ωt · θi,t + GDPi,t, t = 1, 2, · · · , N (5)

where GDPt is the national GDP in year t; ωt represents the growth rate of national GDP in year t;
θi,t refers to the contribution rate of region i in year t; and N is the predicted number of years. θi,t is
estimated with the data dimensionality reduction method and the GM(1,1) model. More details will be
given in the following text. By combining Equations (4) and (5), the electricity demand of region i in
year t + 1 (di,t+1) can be expressed as:

di,t+1 = (GDPt ·ωt · θi,t + GDPi,t)
3∑

j=1

α j,i,t · e j,i,t + f (GDPt ·ωt · θi,t, pi,t) (6)

where j represents different industries. When j = 1, it refers to the primary industry, and so on.
Then, based on the calculated electricity demand, we will analyze the influences of China’s new

economic norm on the national and regional electricity power demand by drawing a spatial distribution
map of electricity demand.

In this paper, 2016 is chosen as the benchmark year, and the actual electric consumption in 2017
and 2018 are chosen as the control values to validate the proposed method. The Grey model is suitable
for short-term and medium-term prediction instead of long-term prediction. Besides, there are many
uncertainties regarding economic development in the new economic norm. Due to these reasons,
we only forecasted electricity demand from 2017 to 2025.

2.2. Method and Theory

2.2.1. Data Dimensionality Reduction Method

The model results are very uncertain when data analysis is carried out with the original time series,
as time series have the characteristics of short-term fluctuations and many external contextual factors.
Traditional econometrics methods are usually applied to eliminate the influences of these factors
before forecasting. However, it is difficult to handle the high-dimensional time series with traditional
econometrics methods, as traditional economics methods usually require independence between
variables. In this paper, the time series of the industrial structure and each province’s contribution rate
to the national growth are all high dimensional, and there are complex relationships among the GDP
shares of each industry. Therefore, traditional econometrics methods are not suitable for the modeling
work carried out in this paper.

In recent years, data dimensionality reduction has been widely used in many scientific fields that
require forecasting, such as air pollution [38], wind resources [39], solar radiation [40,41], and so on [42–44].
Data dimensionality reduction can remove irrelevant data, promote the classification of high-dimensional
data, and improve result comprehensibility. At the same time, it is also used in economics to forecast the
daily stock market [45], analyze the prospects of world trade [46], and so on [47].
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So far, many different methods [48–52] have been proposed to reduce the data dimensionality,
including principal component analysis (PCA), multidimensional scaling (MDS), isometric mapping,
locally linear embedding (LLE), and Laplacian eigenmaps. As all regions’ economic development
contributes to the national economic development, so the sum of regional contribution adds up to the
total national economic development rate. Additionally, only the primary industry, secondary industry,
and tertiary industry are considered in this paper, so the sum of each industry’s proportion of the GDP
is also one. Therefore, the MDS method is chosen to reduce the data dimensionality in this paper.

The high-dimensional data obtained in chronological order can be expressed as:

Xt =

(xt
1, xt

2, · · · , xt
p

)∣∣∣∣∣∣∣∣
t∑

j=1

xt
j = 1, 0 ≤ xt

j < 1, j = 1, 2, · · · , p

, t = 1, 2, · · · , T (7)

where Xt is the high-dimensional data set, which is arranged in chronological order, and xt
p is the

element of the p-dimension in time t. In order to forecast the compositional data in time t + l (Xt+l),
a simple non-linear transformation of the sample is needed. The transformation is calculated using the
following formula:

yt
j =

√
xt

j, j = 1, 2, · · · , p; t = 1, 2, · · · , T (8)

where yt
j is the transformed element. Therefore, the set after the non-linear transformation can be expressed

as: Yt =
(
yt

1, yt
2, · · · , yt

p

)
. From the transformation formula, we know that ‖Yt

‖
2
=

p∑
j=1

(
yt

j

)2
= 1. That is,

for any t, the elements of Yt are distributed on the p-dimensional hyperspheres whose radius is one.
Therefore, when we transform Yt from a Cartesian coordinate system to a spherical coordinate system,
the mapping relation between the two systems can be expressed as:

yt
1 = sinθt

2 · sinθt
3 · sinθt

4 · · · sinθt
p

yt
2 = cosθt

2 · sinθt
3 · sinθt

4 · · · sinθt
p

yt
3 = cosθt

3 · sinθt
4 · sinθt

5 · · · sinθt
p

· · · · · ·

yt
p−2 = cosθt

p−2 · sinθt
p−1 · sinθt

p

yt
p−1 = cosθt

p−1 · sinθt
p

yt
p = cosθt

p

(9)

where θt
p is the rotation angle, and 0 < θt

j ≤ π/2, j = 2, 3, · · · , p. According to Equation (9), we can
calculate the rotation angle as follows:

θt
2 = arccos

[
yt

2/
(
sinθt

3 · sinθt
4 · · · sinθt

p

)]
θt

3 = arccos
[
yt

3/
(
sinθt

4 · sinθt
5 · · · sinθt

p

)]
· · · · · ·

θt
p−2 = arccos

[
yt

p−2/
(
sinθt

p−1 · sinθt
p

)]
θt

p−1 = arccos
(
yt

p−1/sinθt
p

)
θt

p = arccosyt
p

(10)

From Equation (10), θt
p can be calculated because yt

p is known. After calculating θt
p, we can

figure out other rotation angles individually; then, the set of rotation angles can be expressed as:{
θt

j, t = 1, 2, · · · , T
}
, j = 2, 3, · · · , p. Thus, the rotation angle in time t + l(θt+l

j ) can be forecasted by the

GM(1,1) model. According to Equations (9) and (10), we do the inverse operation and obtain the
high-dimensional data in time t + l(Xt+l).
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2.2.2. The GM(1,1) Model

The GM(1,1) model is widely used in short to middle-term forecasting due to its high
prediction accuracy, easy calculation, and convenient statistical test. The calculating method
and testing steps are as follows. Suppose that the original series data with w samples is
expressed as Z(0) =

{
z(0)(1), z(0)(2), · · · , z(0)(w)

}
, where the superscript (0) of Z(0) represents

the original series. The first-order accumulated generating operating (AGO) of Z(0) can be
expressed as Z(1) =

{
z(1)(1), z(1)(2), · · · , z(1)(w)

}
. The elements of Z(1) are generated from Z(0),

where z(1)(k) =
∑k

i=1 z(0)(i), k = 1, 2, · · · , w.
The basic form of GM(1,1) is expressed as z(0)(k) + cz(1)(k) = d, where z(1)(k) = 0.5(z(1)(k) +

z(1)(k− 1)); c and d respectively represent the developing coefficient and endogenous control obscure
number. According to the least square estimation method, the parameter vector of GM(1,1) can
be expressed:

α̂ = [c, d]T = (BTB)
−1

BTY, Y =


z(0)(2)
z(0)(3)

...
z(0)(w)

, B =


−z(1)(2) 1
−z(1)(3) 1

...
...

−z(1)(w) 1

 (11)

By converting Equation (11), the albinism differential equation can be expressed as: dz(1)
dt + cz(1) = b.

By solving the equation, the solution at time k + 1 can be expressed:

ẑ(1)(k + 1) =
(
z(0)(1) −

d
c

)
e−ck +

d
c

(12)

Through an inverse accumulated generating operation, the last forecasting sequence is: ẑ(0)(1) = z(0)(1)
ẑ(0)(k) = (1− ec)

(
z(0)(1) − d

c

)
e−a(k−1), k = 2, 3, · · · , w

(13)

2.3. Input Data and Calculations

2.3.1. Data Sources

The primary data used in this study are from the National Bureau of Statistics of (National data:
http://data.stats.gov.cn/). Data from other sources are otherwise indicated in the paper. Due to the
differences in data collection methods, our research only covers mainland China, not including Taiwan,
Hong Kong, and Macao.

2.3.2. National Economic Growth Rate Design

Some researchers [28–32] from authoritative institutions of Chinese economy research have
projected China’s economic growth rate under the new normal development pathway, but the results
vary from study to study. Therefore, based on these studies, the scenario analysis method was adopted
to design the economic growth rate, and three scenarios were designed: an optimistic scenario, general
scenario, and pessimistic scenario. The economic growth rates of China’s economy from 2017 to 2025
under different scenarios are displayed in Table 1.

Table 1. Estimated national economic growth rate during 2017–2025.

Parameter Scenario 2017–2020 2021–2025 References

Economic growth
rate

Optimistic scenario 7% 6.5%
[28–32]General scenario 6.5% 6%

Pessimistic scenario 6% 5%

http://data.stats.gov.cn/
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2.3.3. Forecasting of Each Province’s Contribution Rate to the National Economic Growth

Since the national economic growth rate is the sum of all the provinces, the contribution rate of
each province to the national economic growth can be expressed as:

γt
p =

(
GDPt

p −GDPt−1
p

)
/
(
GDPt

−GDPt−1
)
, p = 1, 2, · · · , 31 (14)

where γt
p refers to the contribution rate of the pth province in year t, and GDPt

p and GDPt are the GDP
of the pth province and the national GDP in year t, respectively. The value ‘31’ refers to the total
number of provinces in mainland China. According to Equation (14), the contribution rate of each
province from 1994 to 2016 was calculated based on the original GDP data of China and each province
from 1993 to 2016.

The ultimate results after dimensionality reduction will change as the order of elements changes
(see Formula 9). However, the elements’ order change will not change the inherent economic
relationship between the regions and the nation. In order to simplify the calculating operation,
the elements of Xt were sorted by province. For example, the first element of Xt refers to Beijing’s
contribution rate to the national economic development, and so on. The order of elements in Xt is as
shown in the column named p in Table 2.

Table 2. Predicted regional contribution rate to national economy in 2017, 2020, 2023, and 2025.

p Province 2017 2020 2023 2025 p Province 2017 2020 2023 2025

1 Beijing 3.55 3.51 3.47 3.42 17 Hubei 4.93 5.02 5.12 5.21

2 Tianjin 3.15 3.21 3.26 3.31 18 Hunan 4.63 4.71 4.78 4.86

3 Hebei 2.80 2.66 2.52 2.38 19 Guangdong 9.46 9.35 9.24 9.12

4 Shanxi 0.68 0.62 0.56 0.51 20 Guangxi 2.78 2.85 2.91 2.98

5 Nei Monggol 2.36 2.36 2.37 2.37 21 Hainan 0.62 0.63 0.65 0.66

6 Liaoning 2.67 2.59 2.51 2.44 22 Chongqing 2.69 2.76 2.82 2.88

7 Jilin 1.80 1.79 1.78 1.76 23 Sichuan 4.52 4.57 4.62 4.68

8 Heilongjiang 0.90 0.83 0.76 0.70 24 Guizhou 2.13 2.21 2.29 2.37

9 Shanghai 2.80 2.71 2.62 2.53 25 Yunnan 1.93 1.94 1.96 1.97

10 Jiangsu 11.15 11.24 11.32 11.40 26 Tibet 0.17 0.17 0.18 0.18

11 Zhejiang 5.41 5.33 5.25 5.18 27 Shaanxi 2.83 2.88 2.94 2.99

12 Anhui 3.18 3.19 3.21 3.22 28 Gansu 0.59 0.57 0.55 0.53

13 Fujian 3.79 3.79 3.80 3.80 29 Qinghai 0.39 0. 40 0. 41 0. 42

14 Jiangxi 2.59 2.62 2.65 2.68 30 Ningxia 0.47 0.48 0.49 0.50

15 Shandong 8.94 8.94 8.93 8.93 31 Xinjiang 1.03 1.02 1.01 0.99

16 Henan 5.07 5.06 5.05 5.04 Unit %

Based on the above two steps and the computational procedures of data dimensionality reduction
and GM(1,1), we forecasted the contribution rate of each province from 2017 to 2025. The final
computation results are shown in Table 2 and discussed in the results section. In terms of the
accuracy of the method, we compared the forecasted values with the real values during 1995 and 2015,
and calculated the relative errors of all the observations (630 observations). The distribution of relative
errors is shown in Figure 2. Most (86.83%) of the observations’ relative errors were less than 5%; 96.35%
of the observations’ relative errors were less than 10%; only 1.90% of the observations’ relative errors
were more than 15%.
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angles. Then, the GM(1,1) model was used to forecast the rotating angle from 2017 to 2025. Then, we 
carried out an inverse operation. The final forecasting results are shown in Appendix A Table A3. We 
also compared the forecasted values with the real values during 1994 and 2015 and calculated the 
relative errors of all the observations (1364 observations). The distribution of relative errors is shown 
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2.3.4. Regional Industrial Structure Design

Regional industrial structure data from 1993 to 2015 were chosen as the sample data. Firstly, the data
dimensional reduction method was used to translate the sample data into the sets of rotating angles.
Then, the GM(1,1) model was used to forecast the rotating angle from 2017 to 2025. Then, we carried
out an inverse operation. The final forecasting results are shown in Appendix A Table A3. We also
compared the forecasted values with the real values during 1994 and 2015 and calculated the relative
errors of all the observations (1364 observations). The distribution of relative errors is shown in Figure 3.
Most (75.51%) of the observations’ relative errors were less than 5%; 94.35% of the observations’ relative
errors were less than 10%; only 2.49% of the observations’ relative errors were more than 15%.
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2.3.5. Per Unit GDP Electric Consumption Design

In China, the central government and the local government have active policies for industrial
energy efficiency improvement. It is very hard for us to evaluate the effects of these policies on the
different industry by region in this model. Thus, we regard the function mechanism of policies for



Energies 2019, 12, 2220 10 of 28

energy efficiency improvement as a ‘black box’, and the trend extrapolation method is used to predict
the per unit GDP electric consumption by region and industry in this paper. Compared with the other
provinces in China, Tibet’s electricity consumption data were sparse and not consistently collected on
an annual basis. In addition, compared with the national electricity consumption, Tibet’s total electricity
consumption is negligible, accounting for less than 1% of the national total electricity consumption.
Therefore, Tibet’s electricity consumption over the period of 2017–2025 was estimated based on the
provincial government plan [53].

For the rest of the provinces, the per unit GDP electric consumption of the primary
industry, secondary industry, and tertiary industry were predicted by trend extrapolation methods.
Here, we synthetically considered the effects of long-term and short-term trends on the estimation.
The specific prediction process is as follows: (1) forecasting the electricity consumption of per unit GDP
under long-term trends. The electricity consumption data of per unit GDP of the primary industry,
secondary industry, and tertiary industry from 1995 to 2016 were chosen as the input data. Simple linear
regression was used to estimate the electric consumption of per unit GDP by province and industry; (2)
forecasting the electricity consumption of per unit GDP under short-term trend. Four kinds of GM(1,1)
models were built based on the historical data between 2012–2016, 2010–2016, 2008–2016, and 2006–2016
by province and industry; and the GM(1,1) models built based on the historical data from 2012 to 2016
were chosen to estimate the electric consumption of per unit GDP, as the average relative error was
the smallest compared with the other three kinds of GM(1,1) models; (3) calculating the average of
the predictions from long-term trends and short-term trends by province and industry. The electric
consumption of per unit GDP of each industry by province is shown in Appendix A Table A4.

2.3.6. Household Electricity Consumption Design

The relationship between household electricity consumption and regional GDP and the regional
population was explored with a multiple-regression model using sample data from 1995–2016;
the sample regression models for different provinces are shown in the Appendix A Table A2.

When we forecasted regional household electricity consumption, the predicted input regional
GDP from 2017 to 2025 was calculated by Equation (5). The predicted population of each province
from 2017 to 2025 was calculated based on the natural population growth rate and the population in
2016 (see Appendix A Table A1). The predicted household electricity consumption of each province
from 2017 to 2025 is shown in Appendix A Table A5.

3. Results

3.1. National Electric Power Demand

In 2025, the national total electricity demand in the three scenarios respectively are 8458.85 billion
kW·h in the optimistic scenario, 8198.41 billion kW·h in the general scenario, and 7772.16 billion kW·h
in the pessimistic scenario. The share of electricity consumption for the primary, secondary, and tertiary
industry and households in 2025 under the three scenarios respectively was estimated to be: 1.87%,
60.71%, 21.53%, and 15.89% under the optimistic scenario; 1.88%, 60.70%, 21.52%, and 15.91% under
the general scenario; and 1.88%, 60.66%, 21.49%, and 15.97% under the pessimistic scenario. In general,
the drop in China’s economy under the new normal will lead to a decline in the total electricity demand,
but it will not evidently change the electricity consumption share of the primary industry, secondary
industry, tertiary industry, and household sector under the three scenarios (see Figure 4).

Over time, the electricity demand of the primary industry will increase under the three scenarios
at about 3.94% a year under the optimistic scenario, 3.56% a year under the general scenario, and
2.92% a year under the pessimistic scenario. The electricity demand for the secondary industry will
grow slowly under the three scenarios at about 1.25% a year under the optimistic scenario, 0.85% a
year under the general scenario, and 0.17% a year under the pessimistic scenario. Compared with the
secondary industry, the growth rate of household electricity demand and tertiary industry electricity
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demand will be the fastest growing. The average annual electricity demand growth rate of the tertiary
industry is estimated to be 9.65%, 9.21%, and 8.48%, respectively, under the optimistic, general, and
pessimistic scenarios. The average annual growth rate of household electricity demand is estimated
to be 5.85%, 5.45%, and 4.80%, respectively under the optimistic, general, and pessimistic scenarios.
Although the electricity consumption for the secondary industry is expected to increase from 2017 to
2025, the share of electricity consumption proportion of the secondary industry is expected to decrease
from 2017 to 2025 under the three scenarios, due to the rapidly increasing electricity demand of the
tertiary industry and household sector. The electricity demand of the whole nation and different
sectors from 2017 to 2025 are indicated in Table 3.

Table 3. Electric consumption of the whole nation and different sectors (Unit: billion kW·h). OS:
optimistic scenario, GS: general scenario, PS: pessimistic scenario.

Scenario Sector 2017 2018 2019 2020 2021 2022 2023 2024 2025

OS

Primary industry 116.22 120.31 124.82 129.96 134.81 140.06 145.74 151.77 158.30

Secondary industry 4650.36 4686.57 4753.93 4818.67 4871.44 4929.81 4991.70 5060.98 5135.27

Tertiary industry 871.30 956.26 1052.86 1158.29 1268.75 1389.06 1520.45 1664.13 1820.95

Household 852.85 903.53 957.50 1015.13 1072.87 1134.37 1199.91 1268.96 1344.33

Total 6490.73 6666.67 6889.11 7122.05 7347.87 7593.30 7857.80 8145.84 8458.85

GS

Primary industry 116.22 120.31 124.31 128.91 133.16 137.78 142.78 148.06 153.79

Secondary industry 4650.36 4686.57 4732.96 4776.13 4806.84 4842.61 4881.33 4926.74 4976.44

Tertiary industry 871.30 956.26 1048.19 1148.00 1251.81 1364.32 1486.58 1619.64 1764.15

Household 852.85 903.53 950.71 1004.20 1057.30 1113.60 1173.32 1235.88 1304.03

Total 6490.73 6666.67 6856.17 7057.24 7249.11 7458.31 7684.01 7930.32 8198.41

PS

Primary industry 116.22 120.31 123.80 127.85 130.99 134.42 138.15 142.08 146.36

Secondary industry 4650.36 4686.57 4711.98 4733.79 4721.58 4713.99 4708.89 4709.81 4714.31

Tertiary industry 871.30 956.26 1043.51 1137.76 1229.47 1327.84 1433.68 1547.74 1670.39

Household 852.85 903.53 943.95 993.37 1038.14 1085.12 1134.51 1185.62 1241.10

Total 6490.73 6666.67 6823.24 6992.77 7120.18 7261.37 7415.23 7585.25 7772.16
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3.2. Spatial Variations of Electricity Demand in Provinces

Appendix A Table A6 presents the share of electricity demand for different provinces in 2017, 2020,
and 2025 under the optimistic, general, and pessimistic scenarios. Shandong, Jiangsu, Guangdong,
Zhejiang, Henan, and Xinjiang are the major provinces that consume a great deal of electricity among
the provinces in mainland China under the three scenarios, respectively, accounting for 9.83%, 9.67%,
9.55%, 7.18%, 5.24%, and 5.19% of the total under the optimistic scenario; 9.83%, 9.64%, 9.58%, 7.20%,
5.25%, and 5.21% under the general scenario; and 9.83%, 9.57%, 9.61%, 7.24%, 5.24%, and 5.25% under
the pessimistic scenario in 2025. On the other hand, the share of Hainan and Tibet is the lowest,
respectively being 0.67% and 0.06% under the optimistic scenario, 0.67% and 0.06% under the general
scenario, and 0.66% and 0.07% under the pessimistic scenario.

Meanwhile, the electricity consumption share of most of the eastern and three northeast provinces
are expected to decrease from 2017 to 2025 under the three scenarios, except for Beijing, Jiangsu,
Zhejiang, Fujian, and Shandong. On the contrary, the electricity consumption share of most of the
western provinces is projected to increase from 2017 to 2025 under the three scenarios, including
Guangxi, Chongqing, Guizhou, Tibet, Shaanxi, Ningxia, and Xinjiang. For most of the central provinces
(Anhui, Hubei, Jiangxi, and Hunan), the electricity consumption is expected to increase from 2017 to
2025 under the three scenarios, but the share of electricity consumption in central provinces relative
to the whole country will be relatively stable under the three scenarios. The electricity consumption
shares of the central provinces during 2017 to 2025 is estimated to be between 18.23% and 19.15%
under the optimistic scenario, between 18.21% and 19.15% under the general scenario, and between
18.18% and 19.15% under the pessimistic scenario.

Among all the provinces, the electricity consumption in Jiangsu province increases the most rapidly
under all three scenarios, mainly because the contribution rate of Jiangsu to the national economic
development is the largest under the new normal development path. Jiangsu’s contribution rate to
the national economy is also estimated to increase from 2017 to 2025 (see Table 2). For Guangdong
province, the share of electricity consumption is estimated to increase from 2017 to 2020; then, it is
projected to decrease from 2021 to 2025. At the same time, the regional economic development under
the new normal also impacts electricity consumption in most western provinces, including Guangxi,
Chongqing, Guizhou, Shaanxi, and Ningxia. The contribution rate of these regions to the national
economy is expected to increase (see Table 2), and the share of electricity consumption in of these
provinces also will likely increase from 2017 to 2025 because of the increase of the contribution rate to
the national economic development (see Appendix A Table A6).

3.3. Regional Electricity Consumption Structure

There are no obvious differences in the electricity consumption share of the primary industry,
secondary industry, tertiary industry, and the household sector at the national level under the three
scenarios. The electricity consumption shares of the primary industry, secondary industry, tertiary
industry, and households in 2025 respectively is estimated to be 1.87%, 60.71%, 21.53%, and 15.89%
under the optimistic scenario; 1.88%, 60.70%, 21.52%, and 15.90% under the general scenario; and 1.88%,
60.66%, 21.49%, and 15.97% under the pessimistic scenario. Meanwhile, the electricity consumption
proportion of the secondary industry is expected to decrease rapidly. On the contrary, the electricity
consumption proportion of the tertiary industry and households will likely increase steadily from
2017 to 2025 under the three scenarios. The share of the four sectors under the three scenarios in 2017
respectively is 1.79%, 71.65%, 13.42%, and 13.14%.

Appendix A Table A7 shows the electricity consumption structure of different provinces in 2025
under the three scenarios. The electricity consumption structure of different provinces under the three
scenarios also will have no great differences from 2017 to 2025. Among all the studied provinces,
Beijing is the only region in which the electricity consumption share of the tertiary industry is greater
than 60% in 2025. Except for Beijing, the electricity consumption shares of the secondary industry in the
other regions will be the largest; the proportion will be greater than 50% in most regions in 2025, and the
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share can be above 80% in some regions. For instance, in Ningxia and Xinjiang, the secondary industry
makes up about 86.54% and 87.92% of the total electricity consumption, respectively. Comparing with
the other three sectors, the proportion of electricity consumption of the primary industry will be the
smallest, and in most of the provinces, the rates will be below 5%. For households, only four regions’
consumption proportions are expected to be under 10% of the total electricity consumption, including
Nei Monggol, Liaoning, Qinghai, Ningxia, and Xinjiang. Fourteen provinces’ household electricity
consumption proportions will be between 10% and 20%. For another nine provinces, the proportion of
residential electricity consumption will be between 20% and 35%. Only Hunan’s residential electricity
consumption rate is greater than 25% under the three scenarios, respectively, at about 29.15%, 28.98%,
and 28.77%.

3.4. Average Electricity Consumption Growth Rate

As shown in Figure 5, the national average electricity consumption growth rate of the primary
industry, secondary industry, tertiary industry, and households from 2017 to 2025 respectively will be
3.94%, 1.25%, 9.65%, and 5.85% under the optimistic scenario; 3.56%, 0.85%, 9.22%, and 5.45% under
the general scenario; and 2.92%, 0.17%, 8.48%, and 4.80% under the pessimistic scenario. The data
in Figure 5 reveals that the economic slowdown in the new norm development pathway will cause
a decrease in the electricity consumption growth rate of the primary industry, secondary industry,
tertiary industry, and households.
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Figure 5. National and regional average electricity consumption growth rate of different sectors by 
scenario. 

4. Discussion 
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Figure 5. National and regional average electricity consumption growth rate of different sectors
by scenario.

For the primary industry, the electricity consumption growth of Qinghai, Guizhou, Beijing, Hainan,
Ningxia, and Nei Monggol will be the fastest, and is forecast to be 20.73%, 13.58%, 11.11%, 9.85%, 8.84%,
and 8.27% under the optimistic scenario; 20.16%, 12.97%, 10.66%, 9.33%, 8.34%, and 7.84% under the
general scenario; and 19.18%, 11.89%, 9.89%, 8.43%, 7.46%, and 7.11% under the pessimistic scenario.
For Shanghai, Henan, Hubei, Hunan, Sichuan, and Gansu, the average electricity consumption growth
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rate of the primary industry will be negative from 2017 to 2025 under the optimistic scenario and
the general scenario. The average electricity consumption decrease rate of the above six provinces
is estimated to be 3.04%, 2.16%, 0.23%, 8.06%, 0.19%, and 2.79% under the optimistic scenario; and
3.33%, 2.54%, 0.69%, 8.48%, 0.62%, and 3.04% under the general scenario. Under the pessimistic
scenario, the average primary industry electricity consumption growth rate of Tianjin, Shanxi, Shanghai,
Zhejiang, Henan, Hubei, Hunan, Sichuan, and Gansu is estimated to be negative, respectively about
−0.76%, −0.16%, −3.82%, −0.44%, −3.20%, −1.50%, −9.21%, −1.37% and −3.45%. From the above data,
the national economic slowdown will have different effects on the provinces. For the provinces with
positive average growth rates, the economic slowdown will only lower the electricity consumption
growth rate of the primary industry. For the provinces with negative growth rates, the national
economic slowdown will accelerate the decrease of electricity consumption in the primary industry.

For the secondary industry, electricity consumption is expected to experience a negative growth
rate in 14 provinces (Beijing, Tianjin, Hebei, Shanxi, Jilin, Heilongjiang, Shanghai, Henan, Hunan,
Chongqing, Sichuan, Yunnan, Gansu, and Qinghai) under the optimistic scenario; 15 provinces
(Beijing, Tianjin, Hebei, Shanxi, Nei Monggol, Jilin, Heilongjiang, Shanghai, Henan, Hunan, Chongqing,
Sichuan, Yunnan, Gansu, and Qinghai) under the general scenario; and 17 provinces (Beijing, Tianjin,
Hebei, Shanxi, Nei Monggol, Jilin, Heilongjiang, Shanghai, Jiangxi, Henan, Hubei, Hunan, Chongqing,
Sichuan, Yunnan, Gansu, and Qinghai) under the pessimistic scenario. Among the provinces with
negative average growth rates, the average electricity consumption decrease rate of the secondary
industry for Heilongjiang, Gansu, and Jilin will be the most rapid, and is estimated to be 11.78%, 7.66%,
and 6.82% under the optimistic scenario; 11.92%, 7.90%, and 7.17% under the general scenario; and
12.15%, 8.29%, and 7.76% under the pessimistic scenario. On the contrary, in the remaining provinces
(except for Nei Monggol, Jiangxi, and Hebei), the electricity consumption will experience growth
under three scenarios. Among these provinces, the average electricity consumption growth rate of
the secondary industry in Xinjiang, Tibet, Shandong, Guizhou, and Hainan will be the fastest, and is
estimated to be 8.22%, 4.94%, 4.60%, 4.36%, and 4.25% under the optimistic scenario; 7.85%, 4.94%,
4.18%, 3.80%, and 3.75% under the general scenario; and 7.22%, 4.94%, 3.45%, 2.89%, and 2.81% under
the pessimistic scenario. In Qinghai and Hebei, the average electricity consumption growth rate of
the secondary industry is positive under the optimistic scenario, but negative under the general and
pessimistic scenarios. In Hubei and Jiangxi, the average electricity consumption growth rate of the
secondary industry is negative under the pessimistic scenario, but is positive under the optimistic and
general scenarios. The slowdown of the national economy will have the same effect on the primary
and the secondary industry’s average electricity consumption growth rate.

The average electricity consumption growth rate of the tertiary industry will be positive in all
the provinces under the three scenarios. Under the optimistic scenario, only three provinces’ average
electricity consumption growth rates of the tertiary industry are below 5% (Hebei, Shanxi, and Tibet),
while 14 provinces’ growth rates are estimated to be between 5% and 10% (Beijing, Nei Monggol,
Liaoning, Jilin, Heilongjiang, Shanghai, Zhejiang, Fujian, Shandong, Guangdong, Guizhou, Shaanxi,
Gansu, and Xinjiang), 12 provinces’ growth rates are estimated to be between 10% and 15%
(Tianjin, Jiangsu, Anhui, Henan, Hubei, Hunan, Guangxi, Hainan, Sichuan, Yunnan, Qinghai,
and Ningxia), and only two provinces’ growth rates will be greater than 15% (Chongqing and
Jiangxi). Under the general scenario, the average electricity consumption growth rate of the tertiary
industry will be below 5% in three provinces (Hebei, Shanxi, and Tibet), 16 provinces’ growth rates will
be between 5% and 10%, 10 provinces’ growth rates will be between 10% and 15%, and the average
growth rates in Jiangxi and Chongqing also will be greater than 15% (15.48% and 15.25%, respectively).
Under the pessimistic scenario, five provinces’ electricity consumption growth rates for the tertiary
industry will be less than 5% (Hebei, Shanxi, Shanghai, Guizhou, and Tibet), 16 provinces’ average
growth rates are estimated to be between 5% and 10%, and the remaining nine provinces’ average
growth rates will be between 10% and 15%.
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For households, the average electricity consumption growth rate of all the provinces under the
three scenarios is positive. Under the optimistic scenario, the average electricity consumption growth
rate of households in Hainan and Guizhou will be greater than 8% (9.65% and 9.09%, respectively),
the growth rates in 19 provinces (Guangxi, Henan, Nei Monggol, Hunan, Chongqing, Shaanxi, Jiangxi,
Hubei, Qinghai, Shandong, Jiangsu, Yunnan, Xinjiang, Fujian, Tianjin, Sichuan, Ningxia, Anhui, and
Guangdong) will be between 5% and 8%, and for the remaining 10 provinces, the average growth
rates are estimated to be below 5% (Zhejiang, Hebei, Beijing, Gansu, Jilin, Shanghai, Shanxi, Tibet,
Heilongjiang, and Liaoning). Under the general scenario, the average electricity consumption growth
rate of households in Hainan and Guizhou also will be greater than 8% (9.27% and 8.45%, respectively);
the growth rates in 18 provinces (Guangxi, Henan, Nei Monggol, Hunan, Chongqing, Shaanxi, Jiangxi,
Hubei, Qinghai, Shandong, Jiangsu, Yunnan, Xinjiang, Fujian, Tianjin, Sichuan, Ningxia, and Anhui) are
estimated to be between 5% and 8%, and the growth rates in the remaining 11 provinces (Guangdong,
Zhejiang, Hebei, Beijing, Gansu, Jilin, Shanghai, Shanxi, Tibet, Heilongjiang, and Liaoning) will be
below 5%. Under the pessimistic scenario, the average electricity consumption growth rates of 17
provinces will be below 5% (Xinjiang, Fujian, Tianjin, Sichuan, Ningxia, Anhui, Guangdong, Zhejiang,
Hebei, Beijing, Gansu, Jilin, Shanghai, Shanxi, Tibet, Heilongjiang, and Liaoning), 13 provinces’ growth
rates are estimated to be between 5% and 8% (Guizhou, Guangxi, Henan, Nei Monggol, Hunan,
Chongqing, Shaanxi, Jiangxi, Hubei, Qinghai, Shandong, Jiangsu, and Yunnan), and Hainan will
be the only province in which the growth rate of households will be greater than 8%: about 8.65%.
The economic slowdown will have negative effects on the average electricity consumption growth
rate of the household sector, and the growth rate decreases as China’s economic growth rate declines.
In contrast, the average electricity consumption growth rates of the provinces in middle and western
China are greater than those of the provinces in eastern China.

4. Discussion

4.1. Comparison to the Actual Electric Consumption in 2017 and 2018

The total electricity consumption of China in 2017 was about 6307.7 billion kW·h, and the electricity
consumption of the primary industry, secondary industry, tertiary industry, and households in 2017 was
about 115.5 billion kW·h, 4441.3 billion kW·h, 881.4 billion kW·h, and 869.5 billion kW·h, respectively [54].
The total electricity consumption in 2018 was about 6844.9 billion kW·h, and the electricity consumption
of the primary industry, secondary industry, tertiary industry, and households was about 72.8 billion
kW·h, 4723.5 billion kW·h, 108.01 billion kW·h, and 968.5 billion kW·h, respectively [55]. The electricity
consumption of the whole nation and different sectors that we projected with the proposed method is
very close to reality, except for the electricity consumption of the primary industry in 2018 (see Table 3).
After comparing with the primary electricity consumption in 2017 and 2018, we were confused about
the data in 2018. The report [55] pointed out that the primary industry’s electricity consumption in
2018 increased by 9.8% compared with the consumption in 2017. However, the electricity consumption
of the primary industry in 2017 was 115.5 billion kW·h. If the electricity consumption growth rate
was correct, the electricity consumption of the primary industry in 2018 would be 126.82 billion kW·h.
Our prediction is 120.31 billion kW·h, which is very close to 126.82 billion kW·h.

Figure 6 shows the relative errors of regional electric power consumption in 2017 and 2018
(except for Tibet). The average relative errors of regional electricity consumption in 2017 and 2018 were
4.84% and 6.70%, respectively. In 2017, 20 provinces’ relative errors were less than 5%; eight provinces’
relative errors were between 5% and 10%; and only two provinces’ (Tianjin and Xinjiang) relative errors
were more than 10%. In 2018, 11 provinces’ relative errors were less than 5%; 15 provinces’ relative
errors were between 5% and 10%; and four provinces’ (Tianjin, Nei Monggol, Jilin, and Xinjiang)
relative errors were greater than 10%. Generally, the prediction accuracies for the eastern provinces
were better than those for the western and northeastern provinces. This is because the economic
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development of eastern provinces is much more stable, while the western and northeastern provinces
fluctuate greatly in industrial structure and economic development.
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Figure 6. Relative errors of different provinces in 2017 and 2018.

4.2. Comparison to Other Studies

We compared the results in this paper with similar studies from two perspectives: the national
level and the provincial level. Appendix A Table A8 presents the results from a selection of similar
studies mentioned in our literature review and some official reports. The national total electricity
demand that we predicted in this paper was well within the (wide) range of results from other studies.
Compared with Hu’s [56] and He’s [57] studies, the national GDP growth rate in their studies was much
higher, which accounts for the reason why our results on electricity consumption are much smaller
than those in their studies. Shan [58] estimated electricity demand with the CGE model, in which the
elasticity between GDP and electricity consumption was invariable. That is to say, the improvement of
energy efficiency was not considered in their paper.

For regional electricity demand, we only found four studies that predicted the electricity demand
of Beijing, Tianjin, Jiangsu, and Ningxia under the new normal. The electricity demand values of
Beijing, Jiangsu, and Ningxia that we predicted in this paper are very close to the similar studies.
However, the estimated electricity demand of Tianjin is much smaller than that in He’s study. This is
because many high and new technology industries in which there are some high electricity consuming
industries were considered in his study.

4.3. The Changes in Electricity Demand under the New Economic Normal

In the new economic normal development pathway, the slowdown of the national economy will
reduce the total demand for electricity (see Table 3). The level of economic development is different
among the provinces, which leads to different impacts on regional economic development. Between
2017 and 2025, the contribution rates to the national economic development of most mid-west provinces
are expected to increase. However, the contribution rates of the three Manchurian provinces and
some eastern provinces are expected to decrease (see Table 2), which will likely decrease the electricity
demand in the provinces. This situation has an increasing contribution rate to the national development
and special distribution change of electricity demand dimension. In general, the proportion of the
electricity consumption of the mid-west provinces will increase, and the eastern provinces will maintain
the identity of the national load center from 2017 to 2025.
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There is expected to be considerable changes in the regional industrial structures from 2017 to
2025. The most economically developed provinces in eastern China will still be undergoing a process
of industrial restructuring, and the proportion of secondary industry of these eastern provinces will
reach a peak and then fall or continue falling from 2017 to 2025, as seen in the provinces of Jiangsu and
Tianjin. However, in some of the mid-west provinces, the proportion of secondary industry continues
to increase, but is not expected to peak by 2025, as seen in the provinces of Guangxi, Guizhou, and Tibet
(see Appendix A Table A3). The differences in industrial structure between the eastern and mid-west
provinces will lead to a decreasing growth rate for electricity consumption in some eastern provinces
and an increasing growth rate in some mid-west provinces, although advances in technologies will
likely reduce the electricity consumption per unit of GDP. The reason is that the electricity consumption
of per unit GDP of the secondary industry is much higher than the consumption of the primary or
tertiary industry in all the provinces (see Appendix A Table A4).

In high-income countries, such as the United States (USA) and some European countries, household
consumption typically accounts for about 30% of the national electricity consumption. Comparing
with the electricity consumption share of households in high-income countries, almost all the Chinese
provinces’ household electricity consumption rates account for less than 30% of the total predicted
provincial electricity consumption from 2017 to 2025, especially the provinces in mid-west China
(see Appendix A Table A7). In the foreseeable future, the household electricity consumption will likely
experience a growth trend, because the central government is promoting the usage of the electric car.
Also, due to the restructuring of the industrial sector, there will be an increase in the proportion of
national tertiary industry and a reduction in the proportion of national primary and secondary industry
between 2017 and 2025. Thus, the growth rate of electricity consumption in the tertiary industry is
expected to be greater than the growth rate of the secondary industry. The above analysis shows
that the tertiary industry and residential household consumption will be the two main sectors that
contribute to the increase in electricity consumption in the new normal development pathway.

5. Conclusions

In this paper, combining the characteristics of the new normal state of China’s economy, a simple
bottom–up accounting model was proposed to forecast the electric power demand between 2017
and 2025. We mainly estimated the electricity demand of the whole nation, different regions,
different industries, and the living sector, and discussed the impacts of the economic growth rate,
industrial structure transformation, population, and technical progress on the spatial distribution of
electricity demand. Based on the structure of the electricity industry and future electricity demand,
the main conclusions are as follows:

1. This model was proven to be highly reliable. Compared with the actual national electric power
consumption in 2017 and 2018, the prediction error of the proposed method is 2.90% and 2.60%,
respectively. The average prediction error of regional electric consumption in 2017 and 2018 is
4.84% and 6.70%, respectively.

2. In the optimistic scenario, general scenario, and pessimistic scenario, the electricity demand in
2025 will be 8458.85 billion kW·h, 8198.41 billion kW·h, and 7772.16 billion kW·h, respectively.
Although the total electricity demand will increase, it will not peak between 2017 and 2025.
Additionally, electricity consumption in the mid-west provinces will increase, and the eastern
provinces will continue to be the country’s load center.
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3. Under the situation of China’s new normal, the electricity demand is expected to increase slowly
in the secondary industry; the average electric demand growth rate between 2017 and 2025
respectively is 1.25%, 0.85%, and 0.17% under the optimistic scenario, general scenario, and
pessimistic scenario. However, the electricity consumption growth rate will be much higher
in the tertiary industry and household sector, and the predicted growth rates under the three
scenarios are 9.65%, 9.22%, and 8.38% for the tertiary industry, and 5.85%, 5.45%, and 4.80% for
the household sector, respectively. Besides, the respectively electricity growth rates of the primary
industry are 3.94%, 3.56%, and 2.92% under the three scenarios.

Compared with the data-driven models, the advantage of the method proposed in this paper
lies in that it can estimate the future demand of different provinces and industries while forecasting
the national electric power demand. Compared with the mechanism models, the method has the
advantages of simple operation and small data demand. Although the proposed model has the
advantages mentioned above, there are still some shortcomings in its interpretability and systematic
error. In the future, based on the proposed model framework, we will explore new methods to reduce
system errors and improve the accuracy of the predictions of regional electricity demand.
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Appendix A

Table A1. Population and natural population growth rate in 2016 by province.

Province Population (×104)
Natural

Population
Growth Rate (%�)

Province Population (×104)
Natural

Population
Growth Rate (%�)

Beijing 1961.20 4.12 Hubei 5723.77 5.07
Tianjin 1293.82 1.83 Hunan 6568.37 6.56
Hebei 7185.42 6.06 Guangdong 10430.03 7.44
Shanxi 3571.21 4.77 Guangxi 4602.66 7.87

Nei Monggol 2470.63 3.30 Hainan 867.15 8.57
Liaoning 4374.63 −0.18 Chongqing 2884.00 4.53

Jilin 2746.22 −0.05 Sichuan 8041.82 3.49
Heilongjiang 3831.22 −0.49 Guizhou 3476.65 6.50

Shanghai 2301.39 4.00 Yunnan 4596.60 6.61
Jiangsu 7865.99 2.73 Tibet 300.21 10.68

Zhejiang 5442.00 5.70 Shaanxi 3732.74 4.41
Anhui 5950.10 7.06 Gansu 2557.53 6.00
Fujian 3552.00 8.30 Qinghai 562.67 8.52
Jiangxi 4456.74 7.29 Ningxia 630.14 8.97

Shandong 9579.31 10.84 Xinjiang 2181.33 11.08
Henan 9402.36 6.15
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Table A2. Sample regression models of residential household electric consumption.

Province Sample Regression Model Province Sample Regression Model Province Sample Regression Model

Beijing cR = −81.88
(−2.2046)

+ 0.0805
(2.3358)

· P + 0.0008
(2.1811)

·GDP/P R2 = 0.9928
F=617.2028 Zhejiang cR = −209.75

(−2.9879)
+ 0.0084

(16.6458)
·GDP + 0.055

(3.4884)
· P R2 = 0.9974

F=1756.83 Hainan ln cR = −35.70
(−3.2155)

+ 0.6429
(3.9410)

· ln GDP + 5.0216
(2.7624)

· ln P R2 = 0.9886
F=387.3788

Tianjin ln cR = 3.98
(2.2886)

+ 0.7367
(13.3798)

· ln GDP− 0.9146
(−2.9569)

· ln P R2 = 0.9944
F=801.5943 Anhui

cR,t =

400.3
(1.7077)

+ 0.006
(1.6616)

·GDP− 0.0625
(−1.6408)

· P + 0.4552
(1.3599)

· cR,t−1 R2 = 0.9922
F=339.5302

Chong-qing cR = 172.46
(2.7729)

+ 0.008
(17.6566)

·GDP− 0.0484
(−2.2283)

· P R2 = 0.9762
F=161.7988

Hebei cR = −873.16
(−3.9645)

+ 0.0072
(6.8194)

·GDP + 0.1342
(4.1162)

· P R2 = 0.9973
F=1663.4406 Fujian cR = −468.05

(−5.9663)
+ 0.0102

(17.5448)
·GDP + 0.1481

(6.2742)
· P R2 = 0.9974

F=1705.0054 Sichuan cR = 772.75
(5.6181)

+ 0.0091
(34.7795)

·GDP− 0.086
(−5.1888)

· P R2 = 0.9958
F=950.9900

Shanxi ln cR = −20.53
(−1.3487)

+ 0.6941
(5.4504)

· ln GDP + 2.3048
(1.3515)

· ln P R2 = 0.9916
F=532.0553 Jiangxi cR = −450.51

(−4.1113)
+ 0.0077

(9.7606)
·GDP + 0.1104

(4.1797)
· P R2 = 0.9947

F=839.5921 Guizhou ln cR = −34.41
(−3.5326)

+ 1.0851
(22.5446)

· ln GDP + 3.6631
(3.1499)

· ln P R2 = 0.9859
F=311.9185

Nei
Monggol cR = 17.01

(3.9784)
+ 0.0441

(1.6263)
·GDP− 0.0096

(−1.4081)
·GDP/P R2 = 0.9831

F=259.8179 Shan-dong cR = −1299.46
(−2.886)

+ 0.0043
(4.4556)

·GDP + 0.1556
(3.0360)

· P R2 = 0.9879
F=365.5370 Yunnan cR = −261.41

(−2.1690)
+ 0.0121

(7.2763)
·GDP + 0.0642

(2.2157)
· P R2 = 0.9772

F=190.2395

Liaoning cR = −1364.91
(−5.7771)

+ 0.0021
(3.3382)

·GDP + 0.3465
(6.0648)

· P R2 = 0.9875
F=353.5730 Henan ln cR = −34.66

(−3.6975)
+ 0.8707

(45.7717)
· ln GDP + 3.4443

(3.3474)
· ln P R2 = 0.9961

F=1161.6378 Shaanxi ln cR = −30.48
(−1.3834)

+ 0.6684
(11.3530)

· ln GDP + 3.5268
(1.3872)

· ln P R2 = 0.9940
F=745.9858

Jilin cR = −448.53
(−4.0822)

+ 0.0037
(8.2097)

·GDP + 0.1837
(4.4378)

· P R2 = 0.9775
F=193.5270 Hubei cR = 774.8

(3.7872)
+ 0.0091

(27.5375)
·GDP− 0.128

(−3.593)
· P R2 = 0.9884

F=379.6359 Gansu cR = −64.21
(−1.3555)

+ 0.0092
(26.8042)

·GDP + 0.0301
(1.5886)

· P R2 = 0.9964
F=1242.2691

Heilong-jiang cR = −724.28
(−3.7099)

+ 0.0079
(19.3684)

·GDP + 0.2014
(3.8897)

· P R2 = 0.9891
F=404.5808 Hunan cR = 638.71

(3.7601)
+ 0.0116

(28.0426)
·GDP− 0.0952

(−3.6159)
· P R2 = 0.9908

F=482.5036 Qinghai cR = −43.16
(−6.8079)

+ 0.0051
(9.9162)

·GDP + 0.0905
(7.2373)

· P R2 = 0.9937
F=709.7573

Shanghai ln cR = −8.57
(−1.6698)

+ 0.5738
(2.1618)

· ln GDP + 1.0445
(1.3470)

· ln P R2 = 0.9905
F=468.1641 Guang-dong cR = −53.05

(−1.3902)
+ 0.0096

(30.7653)
·GDP + 0.0174

(3.4415)
· P R2 = 0.9985

F=2944.4270 Ningxia cR = −31.65
(−4.2910)

+ 0.0034
(4.8077)

·GDP + 0.0664
(4.8969)

· P R2 = 0.9849
F=290.6331

Jiangsu cR = −645.54
(−2.7886)

+ 0.0061
(13.0517)

·GDP + 0.0974
(3.0345)

· P R2 = 0.9943
F=783.1870 Guangxi ln cR = −21.45

(−1.6177)
+ 0.7512

(19.8292)
· ln GDP + 2.3043

(1.4643)
· ln P R2 = 0.9793

F=210.2290 Xinjiang cR = 10.91
(4.9008)

+ 0.0167
(3.5424)

·GDP− 0.0022
(−1.9808)

·GDP/P R2 = 0.9965
F=1268.1284

* The significance level of each regression coefficient at least is 10%.
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Table A3. Industry structure of different provinces in 2017, 2020, 2023, and 2025.

Province Beijing Tianjin Hebei Shanxi Nei Monggol Liaoning Jilin Heilongjiang Shanghai

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017* 0.5 19.3 80.2 1.2 40.8 58.0 10.9 47.6 41.5 5.2 41.3 53.5 10.2 39.8 50.0 9.1 39.3 51.6 9.3 45.9 44.8 18.3 26.5 55.2 0.4 29.8 69.8

2017 0.9 18.7 80.3 0.9 44.0 55.1 11.4 48.8 39.7 5.9 41.9 52.2 10.9 42.1 47.0 8.9 42.9 44.2 9.7 47.7 42.5 19.0 29.1 51.9 0.5 29.6 69.9

2020 0.9 17.0 82.2 0.7 39.7 59.6 11.1 47.1 41.9 5.7 38.1 56.2 9.4 41.3 49.3 8.7 39.5 51.8 8.8 45.0 46.2 21.0 22.5 56.5 0.4 25.1 74.5

2023 0.8 15.4 83.9 0.6 35.7 63.7 10.7 45.3 44.0 5.6 36.6 57.8 9.3 36.7 54.0 8.6 36.2 55.2 7.9 42.3 48.6 22.3 18.3 59.4 0.3 21.2 78.5

2025 0.8 14.4 84.9 0.5 33.2 66.3 10.5 44.2 45.3 5.5 35.3 59.2 9.3 33.8 56.9 8.5 34.1 57.4 7.4 40.6 52.0 23.0 16.4 60.6 0.2 18.9 80.9

Province Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan Hubei Hunan

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017* 4.7 45.0 50.3 3.9 43.4 52.7 9.5 49.0 41.5 7.6 48.8 43.6 9.4 47.9 42.7 6.7 45.3 48.0 9.6 47.7 42.7 10.3 44.5 45.2 10.7 40.9 48.4

2017 4.9 44.5 50.6 3.5 45.7 50.9 10.2 51.2 38.7 7.4 50.8 41.8 11.0 48.3 40.7 7.7 45.8 46.5 10.9 48.9 40.2 10.6 45.0 44.3 10.6 42.8 46.7

2020 4.4 41.4 54.2 3.0 43.4 53.6 9.0 49.8 41.3 6.8 50.3 42.9 11.0 44.9 44.1 7.0 42.8 50.1 9.9 46.1 44.0 9.6 42.9 47.5 9.1 40.0 50.8

2023 3.9 38.5 57.6 2.6 41.1 56.3 7.9 48.3 43.8 6.2 49.7 44.1 10.9 41.6 47.4 6.5 39.9 53.6 8.9 43.4 47.7 8.7 40.7 50.6 7.9 37.4 54.8

2025 3.6 36.6 59.8 2.3 39.7 58.0 7.2 47.3 45.5 5.8 49.4 44.9 10.9 39.5 49.6 6.1 38.0 55.9 8.3 41.6 50.1 8.1 39.3 52.6 7.1 35.6 57.3

Province Guangdong Guangxi Hainan Chongqing Sichuan Guizhou Yunnan Tibet Shaanxi

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017* 4.2 43.0 52.8 14.2 45.6 40.2 22.0 22.3 55.7 6.9 44.1 49.0 11.6 38.7 49.7 14.9 40.2 44.9 14.0 38.6 47.4 9.4 39.2 51.4 7.9 49.8 42.3

2017 4.1 44.5 51.4 14.7 46.9 38.4 20.6 24.5 54.8 6.6 44.5 49.0 10.5 42.2 47.3 14.6 41.6 43.8 15.6 38.3 46.1 7.8 39.2 53.0 8.5 49.3 42.2

2020 3.7 42.6 53.7 13.1 48.1 38.7 18.4 23.4 58.2 5.7 41.5 52.8 8.8 37.1 54.1 15.4 42.8 41.7 15.7 35.8 48.6 6.2 41.4 52.4 7.9 45.9 46.2

2023 3.3 40.8 55.9 11.7 49.2 39.1 16.4 22.2 61.4 5.0 38.7 56.4 7.4 32.3 60.3 16.3 44.1 39.6 15.8 33.3 50.9 4.9 43.2 51.9 7.4 42.7 49.9

2025 3.0 39.6 57.4 10.9 49.9 39.3 15.2 21.4 63.4 4.5 36.8 58.7 6.6 29.4 64.0 16.8 44.9 38.2 15.8 31.7 53.5 4.2 44.3 51.5 7.1 40.6 52.3

Province Gansu Qinghai Ningxia Xinjiang

PI SI TI PI SI TI PI SI TI PI SI TI

2017* 13.9 33.4 52.7 9.9 44.7 46.3 7.6 45.8 46.6 15.5 39.3 45.2

2017 13.4 34.4 52.1 8.8 45.9 45.2 8.4 46.2 45.4 16.1 38.5 45.4

2020 13.0 28.7 58.3 8.4 39.6 52.0 8.4 44.2 47.4 15.4 35.1 49.4

2023 12.5 23.6 63.8 8.0 33.9 58.1 8.4 42.2 49.4 14.8 32.0 53.3

2025 12.2 20.6 67.2 7.7 30.4 61.9 8.4 40.9 50.7 14.3 30.0 55.7

PI is short for primary industry; SI is short for secondary industry; TI is short for tertiary industry; the datum in the line of ‘2017*’ is the actual proportion of each industry in 2017; Unit: %.
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Table A4. Regional electric consumption of per unit gross domestic product (GDP) of the primary industry, secondary industry, and tertiary industry in 2017, 2020,
2023, and 2025.

Province Beijing Tianjin Hebei Shanxi Nei Monggol Liaoning Jilin Heilongjiang

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017 1400.7 495.9 252.5 688.4 789.5 161.6 345.7 1590.6 279.1 515.8 2701.6 253.0 286.7 2719.5 146.9 143.0 1551.1 240.9 87.8 522.1 189.7 159.3 1121.0 164.2

2020 1699.6 419.4 251.3 690.9 644.5 157.3 353.0 1430.6 272.9 500.9 2483.3 250.3 304.6 2548.8 147.0 154.0 1486.0 245.4 98.3 374.1 186.2 169.5 986.3 183.2

2023 2069.9 355.5 250.1 693.2 528.7 153.1 362.7 1295.7 267.0 484.8 2284.0 247.7 324.5 2393.4 147.0 166.5 1424.7 249.9 111.0 271.0 182.8 180.4 863.4 209.7

2025 2365.1 318.6 249.3 694.5 464.6 150.4 370.5 1216.2 263.2 474.4 2159.3 246.0 339.0 2297.7 147.1 175.6 1383.2 252.8 120.9 219.9 180.6 187.9 788.6 232.4

Province Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017 557.8 953.8 238.8 110.0 1241.9 181.1 113.8 1403.0 237.1 63.1 993.9 240.5 95.1 945.5 229.2 56.7 846.0 234.1 198.8 1305.4 157.0 206.9 1242.2 247.9

2020 636.6 894.2 232.8 120.6 1146.9 190.6 114.1 1370.4 254.0 68.2 881.6 268.5 98.5 847.7 236.9 49.5 756.1 275.8 206.3 1329.8 159.2 179.6 1062.7 266.2

2023 726.9 837.1 226.9 133.6 1061.2 200.6 114.2 1339.6 272.1 73.9 783.8 299.6 102.2 762.5 244.9 43.2 676.6 325.0 214.6 1346.6 161.5 155.3 914.3 283.3

2025 795.2 800.4 223.1 143.8 1008.1 207.5 114.2 1319.0 284.8 78.0 725.1 322.4 105.0 711.2 250.3 39.4 628.6 362.6 220.8 1356.9 163.1 141.0 829.7 294.4

Province Hubei Hunan Guangdong Guangxi Hainan Chongqing Sichuan Guizhou

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

2017 72.4 919.2 183.7 60.0 743.4 175.5 260.1 1071.2 252.4 100.0 1113.3 229.2 158.9 1554.8 356.4 31.8 714.5 242.3 32.5 1039.1 200.9 30.1 2036.1 197.0

2020 63.2 787.9 184.4 41.5 609.2 185.3 269.3 993.4 252.2 104.1 938.3 246.0 188.0 1474.9 363.8 35.0 556.6 279.7 31.4 835.4 209.9 31.6 1708.2 189.8

2023 55.8 678.6 184.6 30.5 502.2 195.6 279.0 924.0 252.1 108.4 794.1 263.9 222.6 1398.3 371.4 38.3 436.2 322.8 30.3 676.2 219.4 33.6 1441.9 183.3

2025 51.3 615.4 184.6 25.4 443.0 202.8 285.8 881.3 252.0 111.3 712.0 276.6 249.3 1349.5 376.6 40.7 372.7 355.2 29.6 589.2 225.9 35.3 1291.4 179.1

Province Yunnan Shaanxi Gansu Qinghai Ningxia Xinjiang Unit

PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI PI SI TI

kW·h/(104 Yuan)
2017 64.6 2057.5 231.6 239.3 942.5 259.1 509.2 3393.0 326.6 98.9 4755.2 257.9 669.7 5876.4 280.2 838.1 5257.0 255.6

2020 62.8 1737.6 250.8 216.0 904.9 255.3 430.6 2882.8 326.0 139.4 3867.2 272.7 690.8 5476.1 311.1 822.8 6259.6 251.0

2023 61.3 1487.2 274.4 194.9 870.3 251.8 367.3 2459.7 325.4 207.4 3187.8 288.8 712.4 5118.6 345.3 811.6 7470.4 247.1

2025 60.4 1349.2 292.5 182.0 846.6 249.5 331.5 2219.1 325.1 280.8 2820.6 300.1 727.3 4902.2 370.2 807.5 8419.2 244.9

* In order to meet the requirement of accuracy, the original data are processed with logarithms. GDP per year is calculated at 2016 constant prices.
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Table A5. Regional household electricity consumption under different scenarios.

Province Beijing Tianjin Hebei Shanxi Nei Monggol Liaoning Jilin Heilongjiang

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 195.9 195.9 195.9 96.2 96.2 96.2 381.3 381.3 381.3 149.4 149.4 149.4 143.3 143.3 143.3 202.7 202.7 202.7 114.1 114.1 114.1 167.9 167.9 167.9

2020 220.2 218.4 216.6 115.9 114.4 112.9 433.4 430.9 428.3 162.5 161.9 161.3 179.6 177.4 175.3 211.6 210.9 210.2 126.3 125.3 124.4 178.0 177.1 176.3

2023 245.9 241.8 235.8 137.5 134.1 129.0 484.2 478.6 470.7 174.8 173.5 171.8 223.3 217.7 209.7 221.0 219.3 216.8 139.7 137.5 134.3 186.6 184.8 182.3

2025 264.8 258.8 249.4 153.9 148.9 140.9 518.1 510.3 498.5 182.6 181.0 178.4 258.4 249.8 236.3 227.7 225.3 221.5 150.0 146.7 141.6 191.8 189.4 185.8

Province Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 240.7 240.7 240.7 656.2 656.2 656.2 561.6 561.6 561.6 294.7 294.7 294.7 433.4 433.4 433.4 218.1 218.1 218.1 585.1 585.1 585.1 510.8 510.8 510.8

2020 265.8 264.2 262.6 791.2 781.5 771.8 651.0 644.7 638.6 349.0 345.4 341.7 520.0 514.5 509.1 267.3 264.5 261.6 708.0 702.5 697.2 643.3 635.9 628.5

2023 290.6 287.1 281.9 946.0 922.2 887.5 747.3 732.7 711.6 406.6 396.6 382.4 616.8 603.6 584.3 323.1 316.1 305.7 841.9 828.8 809.8 801.4 782.9 755.7

2025 307.8 302.8 295.1 1067.4 1031.4 975.1 819.2 797.6 764.1 452.3 436.6 412.5 690.8 670.9 639.9 366.3 355.5 338.7 941.0 921.4 890.9 928.1 899.4 854.5

Province Hubei Hunan Guangdong Guangxi Hainan Chongqing Sichuan Guizhou

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 348.8 348.8 348.8 392.0 392.0 392.0 978.4 978.4 978.4 264.6 264.6 264.6 55.3 55.3 55.3 182.6 182.6 182.6 391.3 391.3 391.3 286.0 286.0 286.0

2020 424.0 417.4 410.9 482.4 474.5 466.7 1147.7 1135.2 1122.8 333.1 329.1 325.2 73.1 72.4 71.6 222.6 219.4 216.2 462.2 456.2 450.3 372.5 365.9 359.4

2023 515.8 499.4 475.4 591.6 572.2 543.8 1332.2 1302.7 1259.9 416.4 406.4 391.6 96.1 94.2 91.2 271.2 263.3 251.5 546.3 531.7 510.3 481.5 464.6 439.6

2025 592.0 566.8 527.3 681.6 651.9 605.2 1471.4 1427.6 1359.8 484.1 468.8 444.3 115.6 112.4 107.4 311.4 299.1 279.7 614.6 592.3 557.4 573.8 547.2 505.2

Province Yunnan Tibet Shaanxi Gansu Qinghai Ningxia Xinjiang Unit

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

102 million kW·h
2017 246.2 246.2 246.2 7.0 7.0 7.0 197.6 197.6 197.6 85.2 85.2 85.2 25.8 25.8 25.8 25.6 25.6 25.6 90.8 90.8 90.8

2020 296.4 293.0 289.7 7.6 7.6 7.6 240.8 238.3 235.9 96.0 95.3 94.6 31.1 30.8 30.5 30.0 29.7 29.5 108.7 107.6 106.4

2023 353.6 345.4 333.5 8.1 8.1 8.1 291.7 285.6 276.7 106.8 105.2 102.9 37.1 36.4 35.3 34.9 34.4 33.5 129.0 126.3 122.3

2025 398.2 385.8 366.5 8.5 8.5 8.5 332.0 322.9 308.3 114.3 112.0 108.5 41.9 40.8 39.0 38.9 37.9 36.5 144.7 140.6 134.1

* OS is short for optimistic scenario; GS is short for general scenario; PS is short for pessimistic scenario.
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Table A6. Electric consumption share of each province under the three scenarios.

Province Beijing Tianjin Hebei Shanxi Nei Monggol Liaoning Jilin Heilongjiang

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 1.57 1.57 1.57 1.48 1.48 1.48 5.33 5.33 5.33 2.88 2.88 2.88 4.35 4.35 4.35 3.17 3.17 3.17 1.00 1.00 1.00 1.34 1.34 1.34

2020 1.65 1.65 1.65 1.42 1.41 1.41 4.97 4.99 5.01 2.41 2.43 2.44 4.13 4.13 4.13 3.13 3.13 3.14 0.87 0.88 0.88 1.12 1.13 1.13

2025 1.76 1.76 1.76 1.32 1.31 1.29 4.28 4.34 4.43 1.74 1.78 1.84 3.72 3.72 3.71 2.93 2.95 2.98 0.75 0.75 0.75 0.88 0.90 0.93

Province Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 2.38 2.38 2.38 9.19 9.19 9.19 6.67 6.67 6.67 2.86 2.86 2.86 3.40 3.40 3.40 1.88 1.88 1.88 8.47 8.47 8.47 5.59 5.59 5.59

2020 2.25 2.26 2.26 9.43 9.41 9.40 6.93 6.93 6.94 2.93 2.93 2.93 3.51 3.51 3.51 1.97 1.96 1.96 9.11 9.11 9.11 5.42 5.42 5.42

2025 2.00 2.02 2.05 9.68 9.64 9.57 7.18 7.20 7.24 3.05 3.04 3.03 3.63 3.62 3.62 2.18 2.17 2.16 9.83 9.83 9.83 5.24 5.24 5.24

Province Hubei Hunan Guangdong Guangxi Hainan Chongqing Sichuan Guizhou

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

2017 3.23 3.23 3.23 2.70 2.70 2.70 9.52 9.52 9.52 2.30 2.30 2.30 0.49 0.49 0.49 1.56 1.56 1.56 3.50 3.50 3.50 2.29 2.29 2.29

2020 3.24 3.23 3.23 2.69 2.68 2.67 9.63 9.63 9.64 2.41 2.41 2.40 0.56 0.56 0.56 1.59 1.58 1.58 3.22 3.22 3.21 2.45 2.44 2.43

2025 3.27 3.25 3.20 2.76 2.74 2.71 9.56 9.58 9.61 2.60 2.59 2.56 0.67 0.67 0.66 1.80 1.79 1.76 3.01 3.00 2.98 2.71 2.68 2.61

Province Yunnan Tibet Shaanxi Gansu Qinghai Ningxia Xinjiang Unit

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

%2017 2.59 2.59 2.59 0.06 0.06 0.06 2.19 2.19 2.19 1.75 1.75 1.75 1.02 1.02 1.02 1.55 1.55 1.55 3.69 3.69 3.69

2020 2.45 2.45 2.45 0.06 0.06 0.06 2.33 2.32 2.32 1.40 1.41 1.41 0.87 0.87 0.86 1.61 1.60 1.60 4.24 4.25 4.26

2025 2.32 2.31 2.31 0.06 0.06 0.07 2.52 2.51 2.49 0.99 1.00 1.02 0.69 0.68 0.68 1.68 1.67 1.66 5.20 5.21 5.25
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Table A7. Electric consumption structure of each province by scenario in 2025.

Province Beijing Tianjin Hebei Shanxi Nei Monggol Liaoning Jilin Heilongjiang

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

PI 5.35 5.34 5.32 1.18 1.17 1.17 4.79 4.78 4.78 2.76 2.76 2.76 3.24 3.24 3.24 2.14 2.14 2.13 3.55 3.54 3.53 11.50 11.50 11.50

SI 13.66 13.64 13.59 51.70 51.65 51.55 66.22 66.17 66.08 68.06 68.05 68.02 79.92 79.93 79.94 67.85 67.74 67.55 35.42 35.36 35.22 25.33 25.33 25.32

TI 63.18 63.08 62.86 33.37 33.34 33.27 14.70 14.69 14.67 16.76 16.76 16.75 8.64 8.64 8.64 20.84 20.81 20.75 37.26 37.19 37.04 37.51 37.51 37.49

Household17.81 17.95 18.22 13.76 13.83 14.01 14.30 14.36 14.48 12.41 12.43 12.47 8.21 8.19 8.19 9.17 9.31 9.57 23.77 23.92 24.21 25.65 25.66 25.69

Province Shanghai Jiangsu Zhejiang Anhui Fujian Jiangxi Shandong Henan

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

PI 0.40 0.40 0.40 0.90 0.90 0.90 0.33 0.33 0.33 0.94 0.94 0.94 1.00 1.00 1.00 0.79 0.79 0.79 1.92 1.92 1.92 1.83 1.83 1.83

SI 37.12 37.07 36.97 64.41 64.40 64.36 65.51 65.49 65.44 57.10 57.13 57.13 57.95 57.90 57.78 46.04 45.99 45.88 73.74 73.64 73.45 54.13 54.13 54.10

TI 44.29 44.22 44.10 21.65 21.65 21.64 20.67 20.66 20.65 24.41 24.42 24.42 18.54 18.52 18.48 33.30 33.26 33.18 13.02 13.01 12.97 23.09 23.09 23.07

Household18.20 18.31 18.54 13.04 13.05 13.11 13.49 13.51 13.58 17.55 17.51 17.51 22.52 22.58 22.74 19.87 19.96 20.15 11.31 11.43 11.66 20.95 20.95 21.00

Province Hubei Hunan Guangdong Guangxi Hainan Chongqing Sichuan Guizhou

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

PI 0.95 0.95 0.95 0.47 0.47 0.47 1.42 1.42 1.42 1.98 1.98 1.97 5.33 5.32 5.30 0.42 0.42 0.42 0.46 0.46 0.46 0.68 0.68 0.68

SI 55.40 55.47 55.55 40.55 40.64 40.77 56.83 56.84 56.83 58.20 58.13 57.97 40.71 40.62 40.45 31.40 31.42 31.42 41.12 41.14 41.14 66.46 66.53 66.59

TI 22.25 22.28 22.31 29.84 29.91 30.00 23.55 23.56 23.55 17.81 17.79 17.74 33.64 33.57 33.43 47.70 47.72 47.73 34.27 34.28 34.29 7.84 7.85 7.86

Household21.41 21.30 21.19 29.15 28.98 28.77 18.20 18.18 18.20 22.01 22.10 22.32 20.32 20.49 20.82 20.48 20.44 20.43 24.16 24.12 24.11 25.02 24.94 24.87

Province Yunnan Tibet Shaanxi Gansu Qinghai Ningxia Xinjiang Unit

OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS OS GS PS

%
PI 1.29 1.29 1.29 5.83 5.83 5.83 2.22 2.22 2.22 4.87 4.87 4.87 1.88 1.88 1.88 2.64 2.64 2.64 4.03 4.03 4.03

SI 57.66 57.65 57.58 48.54 48.54 48.54 59.60 59.52 59.35 55.15 55.15 55.13 74.71 74.65 74.54 86.54 86.50 86.44 87.92 87.92 87.92

TI 20.71 20.71 20.69 29.13 29.13 29.13 22.62 22.59 22.53 26.29 26.29 26.28 16.19 16.18 16.15 8.09 8.09 8.09 4.76 4.76 4.76

Household20.33 20.35 20.44 16.50 16.50 16.50 15.55 15.67 15.90 13.70 13.70 13.73 7.22 7.29 7.43 2.73 2.76 2.84 3.29 3.29 3.29
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Table A8. Comparison to similar studies. CGE: computable general equilibrium.

Reference Region Method Electricity Demand GDP growth rate Industrial Structure

This paper Nation Proposed method Please see Table A6. Please see Table 2.
PI: 7.36% in 2020 and 6.49% in 2025

SI: 40.89% in 2020 and 36.79% in 2025
TI: 51.75% in 2020 and 56.72% in 2025

Jiang Lin et al.
[59] Nation Linear regression

The electricity demand in 2020 and 2025 is
estimated to be 6696 billion kW·h and 8323 billion

kW·h, respectively.

National GDP growth rate used in this study
is 7.0% from 2016 to 2020 and 5.9% from 2021

to 2025.

Tertiary GDP share is about 51.6% in 2020, and
56.1% in 2025

Zhaoguang Hu
et al. [56] Nation ANN and simulation

The electricity demand is estimated to be
7407–7734 billion kW·h in2020 and 8446~8789

billion kW·h in 2025.

National GDP growth rate used in this study
is 7.9% from 2016 to 2020 and 5.4% from 2021

to 2025.

PI: 6.8% in 2020 and 6.3% in 2025
SI: 44.5% in 2020 and 42.1% in 2025
TI: 48.7% in 2020 and 51.6% in 2025

International
Energy Agency

(IEA) [60]
Nation Not mentioned The electricity demand is estimated to be between

7330 and 8224 billion kW·h in 2025.
The average annual GDP growth rate from

2016 to 2025 is 5.8%. The service sector rises to 56% by 2025.

Xiaoping He et
al. [57] Nation Co-integration model

High scenario: 8094.7 billion kW·h in 2020
Middle scenario: 7527.3 billion kW·h in 2020

Low scenario: 6994.8 billion kW·h in 2020

High scenario: 8% from 2016 to 2020
Middle scenario: 7% from 2016 to 2020

Low scenario: 6% from 2016 to 2020

The proportion of the secondary industry is 50%
in 2020.

Baoguo Shan
[58] Nation CGE

High scenario: 7583 billion kW·h in 2020
Middle scenario: 7301 billion kW·h in 2020

Low scenario: 7027 billion kW·h in 2020

High scenario: 6.8% during 2016 to 2020
Middle scenario: 6.6% during 2016 to 2020

Low scenario: 6.5% during 2016 to 2020

High scenario: 6.6% (PI), 43.1% (SI), 50.3% (TI)
Middle scenario: 6.7% (PI), 40.2% (SI), 53.1% (TI)
Low scenario: 6.0% (PI), 37.8% (SI), 56.2% (TI)

This paper Beijing Proposed method OS 117.63 billion kW·h in 2020
GS: 116.55 billion kW·h in 2020

OS: 6.64%
GS: 6.14%
PS: 5.34%

Please see Table 3.

Bin Wang et al.
[61] Beijing Incremental dynamic

analysis (IDA)

The electricity demand for Beijing in 2020 is
estimated to be between 112.37 and 116.68 billion

kW·h.

Beijing’s annual GDP growth rate is
estimated to be 6.5% from 2016 to 2020.

PI: 0.5% in 2020
SI: 16.0% in 2020
TI: 83.5% in 2020

This paper Tianjin Proposed method
OS: 100.9 and 111.9 billion kW·h in 2020 and 2025
GS: 99.7 and 107.6 billion kW·h in 2020 and 2025
PS: 98.5 and 100.6 billion kW·h in 2020 and 2025

OS: 7.54%
GS: 6.93%
PS: 5.93%

Please see Table 3.

Yongxu He [11] Tianjin SD 116.62 billion kW·h in 2020 and 128.59 billion
kW·h in 2025 No more details about the GDP growth rate. The proportion of the secondary industry is

about 40% in 2020 and 38% in 2025.

This paper Jiangsu Proposed method
OS: 671.25 billion kW·h in 2020
GS: 664.31 billion kW·h in 2020
PS: 657.40 billion kW·h in 2020

OS: 7.30%
GS: 6.76%
PS: 5.88%

Please see Table 3.

Jing Shi et al.
[62] Jiangsu Linear regression 655 billion kW·h in 2020 Jiangsu’s annual GDP growth rate is

estimated to be 7.5% from 2016 to 2020.
No more details about the changes in the

industrial structure.

This paper Ningxia Proposed method
OS: 114.45 billion kW·h in 2020
GS: 113.26 billion kW·h in 2020
GS: 112.07 billion kW·h in 2020

OS: 7.78%
GS: 7.21%
PS: 6.28%

Please see Table 3.

Xing Tian et al.
[63] Ningxia Grey Verhulst 105.08 billion kW·h in 2020 No more details about the GDP growth rate. No more details about the changes in the

industrial structure.
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