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Abstract

In order to predict China’s electricity consumption demand under situation
of fast growth of the new infrastructure, a medium- and long-term electricity
consumption demand prediction model based on LEAP is proposed, which
calculates the overall electricity consumption of the country according to the
activity level and intensity of typical new infrastructure and other sectors.
Five different scenarios are set for comparison. The results show that under
the basic scenario, China’s electricity consumption will reach 7408 billion
kWh in 2035, in which the consumption of new infrastructure accounts for
31.31%.While under the other four scenarios, China’s electricity consump-
tion will reach to the minimum of 7319 billion kWh under the scenario
of improvement of energy-saving technology, and the maximum of 7525
billion kWh under the scenario of fast development of the new infrastruc-
ture, with higher contributions of the consumption of commercial charging,
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data centers and 5G base station. Relevant suggestions are put forward
from the aspects of new infrastructure construction, development of clean
energy and technical standards to reduce the electricity consumption of new
infrastructure.

Keywords: New infrastructure, leap model, electricity consumption predic-
tion.

1 Introduction

Since the reform and opening up, China has made great achievements in
economic development and maintained rapid economic growth for more
than 30 years, which objectively caused great pressure on resources and
environment. The need to pursue higher-quality development in the new era
has prompted China’s economy to shift from a high-speed growth stage to
a high-quality development stage, and the corresponding economic system
also needs to shift from a traditional economic system to a modern economic
system. The report of the 19th National Congress of the Communist Party of
China pointed out that “China’s economy has shifted from a stage of high-
speed growth to a stage of high-quality development, and is in a critical period
of transforming its development mode, optimizing its economic structure,
and transforming its growth momentum” [1]. The important role played by
the digital economy in this critical period has become increasingly evident.
The scale of the digital economy continues to expand and its contribution
continues to increase. In 2019 and 2020, the scale of China’s digital economy
reached RMB 35.8 trillion and 39.2 trillion, accounting for 36.2% and 38.6%
of GDP respectively [2]. The digital economy is accelerating its take-off
against the trend, because it is in line with the current trend of China’s
economic development, especially high-quality development [3].

In recent years, the rapid development of the digital economy has
promoted the explosive growth of data volume, driving up the energy con-
sumption of data transmission, storage, computing, application links and
interconnected equipment to a large extent, and digital infrastructure has
increasingly become a major consumer of electricity. New infrastructures,
such as 5G base station, new energy vehicle charging piles, big data cen-
ters, are all the big electricity consumer, and if the infrastructures cannot
overcome the “energy consumption” threshold, it will not only be conducive
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to the achievement of China’s carbon peak and neutral goal as sched-
uled, but will also greatly reduce the comprehensive benefits of the new
infrastructure.

From the national level, China’s new infrastructure construction has
a good foundation for development. In recent years, China has incorpo-
rated “new infrastructure” into its national development strategy, and has
clearly proposed to build a modern infrastructure system that is intensive,
efficient, economical, smart, green, safe and reliable based on the con-
struction of new infrastructure, and the contributions of this figuration in
helping China to achieve a high-quality economy has begun to emerge.
Scholars have compared the use of digital technologies and responses to
COVID-19 in Singapore, Hong Kong and mainland China, and explores the
impact of digital infrastructure [4]. The impact of digital surveillance and
other digital infrastructures during COVID-19 has also been studied [5].
These studies demonstrate that digital infrastructure plays an important role
in times of pandemic. New infrastructure has became the main drive of
China’s post-epidemic economic recovery during the “14th Five-Year Plan”
period, and the realization of innovative and high-quality development. As
a result of this, the new infrastructure is going to be the focus of future
investment [6].

The fast growth of new infrastructure will bring great pressure to the
current electricity supply, as almost all digital infrastructure is supported by
electricity and needs to run 24 hours a day. In particular, the widely used
5G technology has a significant increase in energy consumption per station
compared to 4G, and the data centers consume much more electricity than
everyday consumer electronics. With the increase of sales of new energy
vehicles, the number of charging piles in China is also increasing year by year.
Both relevant government departments and private capital are vigorously
developing charging piles. The data shows that the total amount of charging
nationwide in 2020 will reach 824 million kWh, and the total amount of
charging nationwide in the first half of 2021 will be about 921 million kWh.
Because of this kind of importance, in December 2021, China’s National
Development and Reform Commission and the National Energy Administra-
tion officially urged that by 2025, all the data centers and 5G stations should
basically form a green and energy-efficient operation pattern, which means
the electricity utilization efficiency and renewable energy utilization rate of
new infrastructure will be significantly improved [7].
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Although scholars have realized the importance of the new infrastructure
to China’s future energy consumption pattern, so far there is no specific
research to quantify it from the perspective of quantitative analysis, and the
purpose of this paper is to solve this problem. The subsequent structure of this
paper is as follows: Section 2 introduces the model used in this paper and the
structure of the LEAP model under the new infrastructure. Section 3 explains
the parameters in the model, Section 4 briefly describes the main scenarios,
Section 5 analyzes the model prediction results and Section 6 summarizes the
research.

2 Methodology

2.1 LEAP Model

The Long Term Energy Alternative Program (LEAP) system is an inte-
grated energy-economic-environment modeling platform based on scenario
analysis. LEAP model is mainly used in national or regional medium-
and long-term energy planning to analyze energy demand through energy
supply, energy processing and conversion, terminal energy demand and
other links. Some scholars have used the LEAP model to conduct energy
demand forecasting research. Based on the model, the energy demand and
carbon emission trends in Zhangjiakou, Hebei Province were simulated
and predicted [8]. Using LEAP, Muhammad et al. simulated Pakistan’s
electricity system from 2016 to 2040 and forecast its provincial electricity
demand [9]. Some scholars have combined LEAP and other methods to
generate a new model to measure energy demand. For example, an integrated
approach was developed based on LEAP and LCA to quantitatively assess
Jinan’s energy demand and environmental co-benefits under three policy
scenarios [10].

Traditional electricity consumption forecasting methods often rely on
historical data, while new infrastructure appears late and does not have
too much historical data, so it is impossible to use traditional forecasting
methods to predict the medium- and long-term electricity consumption of
new infrastructure. For this kind of medium- and long-term power con-
sumption prediction with large uncertainty and large time span, simulation
has its unique advantages. The simulation, especially bottom-up summation
simulation, can accurately describe the overall impact of changes in the
power consumption behavior of each unit of the system on the electricity
consumption of the entire system. Common bottom-up models include the
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MESSAGE model, the LEAP model, the AIM/Enduse model, the MARKAL
model, and the TIMES model. Except for the LEAP model, most of the other
models are optimization models, that is, to optimize the target by minimizing
the cost under certain constraints. Therefore these models are not suitable for
this study.

LEAP adds up the electricity consumption of each department to calculate
the total electricity consumption. The calculation formulas of the electricity
consumption of each sector and the total electricity consumption are as
follows:

EDNI i = NNI i ∗ EINI i (1)

IED i = IS i ∗GDP ∗ IEN i (2)

RED i = Population ∗ PCEI i (3)

TED = EDNI + IED + RED (4)

where EDNI i represents the electricity demand of the i-th new infrastructure,
NNI i and EINI i represent the number and electricity intensity of the i-th
new infrastructure respectively; IED i represents the electricity demand of
the i-th industry, IS i and IEN i represent the share and electricity intensity
of the i-th industry respectively; RED i represents the residential electricity
demand, PCEI i represents the per capita electricity intensity; TED is the
total electricity demand.

2.2 Structure of the New LEAP Model for China

Figure 1 describes the structure of our LEAP model.
In terms of main assumptions, we input the main variables used to calcu-

late the activity level and electricity intensity of each sector, including GDP,
population, new infrastructure, industrial structure and electricity intensity.
The demand department is divided into household, primary industry, sec-
ondary industry, new infrastructures including data centers, 5G base stations,
charging piles and other tertiary industries except the new infrastructures.
Considering the existence of self-generation in terminal electricity consump-
tion, we further assume that part of the electricity consumption of residential
life, data centers, 5G base stations and charging piles comes from the main
grid, and part of it comes from solar photovoltaic self-generation.
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Figure 1 The structure of the LEAP model under the new infrastructure.

3 Main Parameter Description

3.1 GDP

According to China’s “14th Five-Year Plan” and the outline of the long-term
goals for 2035, China’s per capita GDP will reach the level of moderately
developed countries by 2035, and China’s total economic output and per
capita GDP will be doubled, which means that in order to achieve this goal,
China must achieve annual economic growth of more than 4.7% between
2020 and 2035 [11]. The Blue Book predicts that in the medium and long
term, the economic growth rate during the 14th Five-Year Plan period can
reach more than 5.0% under the condition of effectively preventing and
defusing public risks [12]. Based on this, we assume that the average annual
GDP growth rates in 2021–2025, 2026–2030, and 2031–2035 are 5.5%, 5%,
and 4.5%, respectively.

3.2 Population

The National population Development Plan (2016–2030) puts forward that
the main goal of the total population is to reach about 1.42 billion by 2020
and about 1.45 billion by 2030. China’s population development not only
accords with the general law of the world, but also has its own characteristics
and the main trend of population change in the next 15 years is that the
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inertia of total population growth weakens, reaching a peak around 2030 [13].
The Green Paper of the Chinese Academy of Social Sciences (2019) predicts
that China’s population will reach a peak of 1.442 billion in 2029, enter
a sustained negative growth from 2030, and decrease to 1.364 billion in
2050 [14]. Therefore, we assume that the population will increase at an
annual growth rate of 0.3% from 2021 to 2030, and decline annually at
−0.31% from 2031 to 2035.

3.3 New Infrastructure Scale

3.3.1 Data centers
According to the Data Center Application Development Guidelines, the num-
ber of racks in China’s data centers in 2019 is 3.15 million [15]. The number
of racks in the data center will be 4.286 million in 2020. By the end of 2021,
the rack size of data centers in use in China has reached 5.2 million, with
an average annual compound growth rate of more than 30% in the past five
years. The number of racks in the data center is expected to reach 6.7 million
in 2022 [16]. Zhiyan Consulting predicts that the number of racks in China’s
data centers in 2025, 2030 and 2035 will be 7.593 million, 11.252 million and
14.911 million respectively [17], we use these data for predicting the growth
of Data centers’ scale in our simulation.

3.3.2 5G base stations
According to the statistics of the Ministry of Industry and Information Tech-
nology, by the end of 2019, more than 130000 5G base stations have been
built in China. In 2020, according to the principle of moderate advance, more
than 600000 new 5G base stations have been built [18]. By the end of 2021,
1.425 million 5G base stations have been built in China. It is speculated that
the period of 5G communication technology is 10 years, and the construction
of base stations will be basically completed in 2025. The number of base
stations will increase at a compound growth rate of 63.6% from 2021 to 2025.
The number of 5G base stations will begin to decline gradually in 2030, and
the number of 5G base stations in China is expected to be about 7.58 million
in 2035 [19], we use these data for predicting the growth of 5G base stations’
scale in our simulation.

3.3.3 Charging piles
The “New Energy Vehicle Industry Development Plan (2021–2035)” issued
by the Ministry of Industry and Information Technology proposes that it
is estimated that the number of charging piles will reach 6.543 million
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in 2025, with a compound annual growth rate of 25.7% from 2021–2025.
The number of new energy vehicles in China will reach 64.2 million by 2030.
According to the construction goal of a vehicle-to-pile ratio of 1:1, there
will be a gap of 63 million charging piles to be constructed in the next ten
years [20]. According to the medium- and long-term development plan of the
automobile industry and industry consensus, the development of automobile
electrification will accelerate in the next 15 years, and the market share will
increase rapidly. It is estimated that in 2025, the number of new energy
vehicles will exceed 25 million; in 2030, the number will exceed 80 million;
in 2035, the number will exceed 160 million [21]. Taking into account the
limited land area, it is conservatively estimated that the vehicle-to-pile ratio
will be maintained at the level of 1.5:1 from 2031 to 2035.

3.3.3.1 Private charging piles
In recent years, the proportion of private charging piles has increased to
more than 50%. As of June 2021, the number of private charging piles has
reached 1.024 million, accounting for about 58%. Among them, there are
about 497,000 shared private piles, accounting for 48.53% [22]. Based on this
we suppose that by 2025, 2030 and 2035, the proportion of private charging
piles will be about 65%, 60% and 55% respectively, and the number of private
charging piles will be 4.25 million, 48 million and 58.66 million respectively.

3.3.3.2 Public charging piles
Public charging pile is a kind of charging pile which provides charging
service for all or part of electric vehicles used for commercial purpose. The
number of public charging piles in China in 2019 and 2020 is 516000 and
807000 respectively [23]. By 2035, pure electric vehicles will become the
mainstream of new sales of vehicles, and vehicles in the public domain will
be fully electrified [24]. Based on the above estimation of the share of private
charging piles, we assume that by 2025, 2030 and 2035, the proportion of
public charging piles will be about 35%, 40% and 45% respectively, and the
number will be 2.29 million, 32 million and 48 million respectively.

3.4 Industrial Structure

Industrial structure refers to the proportion of agriculture, industry and ser-
vice department in a country’s economic structure. We assumed that with
the growth of China’s economy, the share of the primary industry will
gradually decline, assuming at an annual rate of 0.1%. We used Xia and Xu’s
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forecasting to define the proportion growth of service department from 2021
to 2035, which is expected to reach 60.98% by 2035 [25].

3.5 Electricity Intensity

3.5.1 For the electricity intensity of household, primary industry,
secondary industry and tertiary industry except the new
infrastructures

We forecast it will grow at the rate the same as it grew in 2001–2020
using data collected from China’s Statistical Yearbook [26]. In 2021, the
electricity consumption intensity of residents’ living will be 780 kWh/person,
and the electricity consumption intensity of each sector in the primary,
secondary and tertiary industries (except new infrastructure) will be: 0.00118
kWh/yuan, 0.05235 kWh/yuan, and 0.00726 kWh/yuan. By 2035, the res-
idential electricity consumption intensity will be 1257 kWh/person, and
the electricity consumption intensity of the primary, secondary and tertiary
industries (except new infrastructure) will be 0.00068 kWh/yuan, 0.03657
kWh/yuan, and 0.00105 kWh/yuan respectively.

3.5.2 Data centers
In 2020, the total energy consumption of Chinese data centers is 150.7 billion
kilowatt-hours (kWh), and the energy consumption of single rack is about
35161 kWh. With the development of energy-saving technology slowing
down and local applications on the ground, the total energy consumption of
data centers in China in 2035 will be about 485.5 billion kWh [27], which is
7.3978% lower than that in 2020. The energy consumption of single rack is
about 32560 kWh. We assume that data center energy consumption will not
change for several years, so we assume that data center single rack energy
consumption is 35161 kWh in 2021–2025, 33860 kWh in 2026–2030, and
32560 kWh in 2031–2035.

3.5.3 5G base stations
In 2020, the electricity consumption of single station is about 6711 W/h.
China Mobile estimates that device-level electricity consumption will
decrease by an average of 10% per year between 2021 and 2023 and with
the development of energy-saving technology, it is estimated that in 2030, the
electricity consumption of main equipment of 5G stations will be reduced by
0.5% on the basis of 2025, and the proportion of air conditioning, electricity
distribution and other energy consumption can be reduced to 52%. Take all
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the considerations, it is estimated that the electricity consumption of single
station is about 4921 W/h in 2025 and 4701 W/h in 2035 [19]. The above data
is the hourly energy consumption of a single base station. According to the
annual operation of the base station, the annual operation time is 24 hours/day
* 365 days = 8760 hours. Therefore, the annual electricity consumption of a
single base station can be obtained by multiplying the two data.

3.5.4 Charging piles
3.5.4.1 Private charging piles
The General Office of the State Council recently issued the New Energy
vehicle Industry Development Plan (2021–2035), which proposes that the
average electricity consumption of private electric vehicles will be reduced to
12.0 kWh/100 km by 2025 [24]. So we assumed that before 2025, the electric-
ity consumption of a private charging station is 13 kWh/100 kilometers and
after that time will be reduced to 12.0 kWh/100 km. We assumed that private
users use electric vehicles for 18, 20 and 22 days per month in 2025, 2030
and 2035 and drive about 50 kilometers per day, the average annual mileage in
2025, 2030 and 2035 will be 10800, 12,000 kilometers and 13,200 kilometers
respectively. The annual electricity consumption of a single private charging
pile will be 1404 kWh, 1440 kWh and 1584 kWh in 2025, 2030 and 2035,
respectively.

3.5.4.2 Public charging piles
The monthly charging capacity of public piles is basically stable, rising
slightly from 1044 kWh/month in December 2018 to 1155 kWh/month in
December 2019. Taking into account the increase in travel after the end of
the epidemic and the full electrification of vehicles in the public sector, it
is assumed that the monthly charging capacity of a single pile in 2030 will
increase significantly and remain at 1400 kWh/month. In 2035, it will double
from 2025 to 1600 kWh/month.

3.6 Solar Sources

In 2020, the electricity consumption of the whole society was 7.511 trillion
kWh, an increase of 3.1% over the same period last year [28]; Solar power
generation reached 261.1 billion kWh, an increase of 37.1 billion kWh [29].
In 2019 and 2020, solar power generation accounted for 3.07% and 3.5%
of the country’s total electricity consumption, respectively. From January to
November 2021, it is forecasted the national solar power generation will
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reach 300.9 billion kWh, accounting for about 4% of the total electricity
consumption of the whole society [30].

The Energy Bureau has put forward the overall requirement that in 2021,
the proportion of wind power and photovoltaic power generation in the
electricity consumption of the whole society will reach about 11%, and then
increase to 16.5% by 2025 [31]. Photovoltaic power generation is expected
to rely on the advantages of cost and low carbon, with a compound annual
growth rate of 12% in 2020–2050 and accounting for about 40% of national
electricity generation in 2050 [32]. We take this trend as baseline for the
growth of the proportion of photovoltaic power generation in the overall
electricity consumption for household and new infrastructure departments.

4 Scenario Development

According to the existing policy objectives and development trends, we
first set a basic scenario (2019–2035) as the benchmark for the other four
scenarios, namely, the expansion of new infrastructure, the development
of energy-saving technologies, and the increase in the proportion of solar
self-power generation and the mixed scenario combining all the above
scenarios.

4.1 Basic Scenario (BA)

In this scenario, we assume that the scale of future data centers, 5G base
stations and charging piles will develop in accordance with the current policy,
and the policy changes and industry development in the future to 2035 will be
consistent with the current developing trend. All the parameters are set based
as assumed in the III parts.

4.2 Rapid Development of New Infrastructure (RDNI)

In this scenario, we assume that the growth scale of the new infrastructure
will exceed the development rate of the new infrastructure in the BS scenario
in 2030 and 2035, by 5% per year, while other parameters are all same as BA.

4.3 Energy-saving Technology Improvement (ESTI)

In this scenario, we assume that the energy-saving technology of data centers
and 5G base stations will be improved, the energy consumption of a single
device will be reduced, and other variables will remain unchanged.
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4.3.1 Data centers
With the rapid development of energy-saving technology and large-scale
popularization in China, the total energy consumption of data centers in 2035
is expected to be 450.5 billion kWh [27], which is 14.0735% lower than that
in 2020. We assume that the energy consumption of the data center will not
change in the near five years, and after 2025 will decrease by 14.0735% in
2035.

4.3.2 5G base stations
With the rapid development of energy-saving technology and large-scale
popularization in China, it is estimated that in 2030, the electricity con-
sumption of China’s main equipment can be reduced by 1% compared with
2025, the proportion of air conditioning, electricity distribution and other
energy consumption can be reduced to 50%. It is estimated that in 2035, the
electricity consumption of main equipment can be reduced by 2% compared
with 2025, the proportion of air conditioning, electricity distribution and other
energy consumption can be reduced to 40% [19].

4.4 Increase in the Proportion of Solar Photovoltaic
Self-generation (IPSP)

Due to the high electricity consumption of 5G base stations and data centers,
both require higher electricity flexibility, so we assume that the proportion of
photovoltaic energy storage may be higher, and in this scenario, we assume
that the proportion of solar power generation will increase by 3% each year
from 2023.

4.5 Comprehensive Scenario (CO)

In this scenario, we combine all the assumptions in BA, RDNI, ESTI
and IPSP, which means that all policies, including building more equip-
ment, improving electricity efficiency and increasing the proportion of self
generated electricity, will be implemented.

5 Results

5.1 Results of the Scenario BA

The simulation results of medium- and long-term electricity consumption
prediction under the BA (Figure 2) show that with the continuous growth of
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Figure 2 Energy demand of all sectors under the scenario BA.

China’s GDP and the number of infrastructure, the electricity consumption
under the new infrastructure continues to rise to 2035. There will be 6901.34
billion kWh of electricity demand by 2035, of which the electricity consump-
tion of new infrastructure is 1812.17 billion kWh, accounting for 26.26% of
the total electricity consumption of the whole society.

With the optimization and adjustment of industrial structure, the propor-
tion of primary industry in electricity consumption has decreased year by
year. Electricity consumption in the primary industry is expected to increase
from 2021, peaking at 9.91 billion kWh in 2027. After 2027, the overall
electricity consumption will show a downward trend. By 2035, the electricity
consumption of the primary industry will reach 9.63 billion kWh. The elec-
tricity consumption of residents, secondary industry and tertiary industry
under BA will maintain a clear upward trend before 2035. The new infras-
tructure accounts for a relatively large proportion of electricity consumption
in the tertiary industry. The electricity consumption of other tertiary industries
maintains a steady growth trend, and there will be 556.84 billion kWh of
electricity consumption by 2035. It can also be found that the electricity
consumption of data centers and charging piles will increase significantly
after 2025. By the end of 2035, the proportion of data centers in total elec-
tricity consumption will increase to 7.03%, which is higher than that in 2025
(5.77%) and also higher than that in 2030 (6.61%). The share of charging
piles will increase to 14.7%, much higher than that in 2025 (0.66%) and 2030
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Table 1 Proportion of solar power generation in each scenario
Years

Scenarios 2020 2025 2030 2035
BA 1.3% 2.8% 5.6% 10.3%
RDNI 1.3% 2.9% 5.6% 11.0%
ESTI 1.3% 2.8% 5.5% 10.1%
IPSP 1.3% 3.7% 7.2% 13.3%
CO 1.3% 3.7% 7.2% 14.1%

(10.52%). In particular, the electricity consumption of 5G base stations will
increase rapidly after 2021, reaching 461.52 billion kWh by the end of 2025,
which is more than five times that of 2021. With the advancement of energy-
saving technologies and the slowdown in the construction of 5G base stations,
electricity consumption will decline after 2025, reaching 312.15 billion kWh
by 2035, which accounts for 4.52% of the total electricity consumption of the
whole society. In general, The scale growth of new infrastructure has driven
the proportion of its electricity consumption to increase from 7.75% in 2021
to 26.26% in 2035.

China’s medium- and long-term electricity consumption under the sce-
nario BA is increasing year by year. Increasing the proportion of solar power
generation (or the scale of other clean energy use) is helpful to reduce the
pressure of power generation and electricity consumption. By 2030, solar
photovoltaic power generation will provide 5.6% of electricity consumption
for the whole society; solar energy will provide 10.3% of the electricity con-
sumption in 2035 (Table 1), which will alleviate the electricity consumption
pressure of 710.84 billion kWh in the whole society.

5.2 Results of the Scenario RDNI

Under the scenario RDNI, China’s medium- and long-term electricity con-
sumption is expected to continue to grow steadily and be significantly higher
than the scenario BA after 2025 (Figure 3). This means that under the
condition that other variables remain unchanged, the increase in the scale
of the new infrastructure will obviously lead to an increase in overall elec-
tricity consumption. According to the simulation results, the total electricity
consumption in 2035 is about 7524.59 billion kWh, which is 9.03% higher
than that in the BA scenario. All these are brought about by the 5% annual
increase in the scale of the new infrastructure on the basis of the scenario BA.

In fact, due to the increase in electricity consumption in the new infras-
tructure while the electricity consumption of other sectors has not changed,



Medium- and Long-term Forecast of China’s Electricity 717

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Comparison of electricity consumption of all sectors in all scenarios.

this will inevitably lead to an increase in the proportion of electricity
consumed by new infrastructure and a decrease in the share of electricity
consumption in other sectors. From the data point of view, the proportion of
electricity consumption of new infrastructure in 2030 and 2035 will increase
to 23.99% and 32.37%, which are 0.88% and 6.11% higher than the scenario
BA, respectively.

However, since the share of solar resources has been set to a fixed
proportion in Section 3.6, the electricity it can provide is only related to the
annual residential electricity consumption and the electricity consumption of
the new infrastructure. In the scenario RDNI, there is no change in residential
electricity consumption, and the increase in the electricity consumption of the
new infrastructure increases the electricity consumption of the whole society
by 8.28%. Compared with the scenario BA, solar energy provides 11.0% of
the electricity consumption of the whole society in 2035 under the scenario
RDNI, and the share of solar power generation does not increase significantly
(10.3% in the scenario BA).

5.3 Results of the Scenario ESTI

In the scenario ESTI, due to the improvement of energy-saving technolo-
gies, the energy consumption of a single device in the new infrastructure
will be reduced (which means that its electricity consumption intensity will
decrease), so China’s medium- and long-term electricity consumption will be
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lower than the scenario BA and RDNI. It is expected that the growth of total
electricity consumption for new infrastructure will slow down significantly
after 2030 under the scenario ESTI. In 2035, the electricity consumption will
reach 6780.61 billion kWh, which is 120.74 billion kWh lower than that
in the scenario BA and 743.98 billion kWh lower than that in the scenario
RDNI. If the energy-saving technology of the new infrastructure is improved
to a greater extent, then the electricity consumption of the new infrastructure
will also be reduced, which will lead to a greater reduction in electricity
consumption in China.

The electricity consumption of the whole society is slightly reduced
because only the electricity intensity of the new infrastructure is reduced
in this scenario, and the share of solar energy in the ESTI scenario is not
significantly reduced compared with the BA scenario.

5.4 Results of the Scenario IPSP

In this scenario, the increase in the proportion of solar power generation
can only alleviate the electricity pressure, but can not fundamentally reduce
the overall electricity consumption, so it is consistent with the electricity
consumption in the scenario BA. In Figure 3, the electricity consumption
curve of scenario BA overlaps with that of scenario IPSP.

Except for the total electricity consumption, the electricity consumption
of each sector is consistent with that under the scenario BA. The only
difference is that the proportion of solar energy resources in residential
electricity consumption and new infrastructure electricity consumption has
increased compared with the scenario BA. Under the scenario IPSP, solar
power will provide 3.7%, 7.2%, and 13.3% of electricity consumption in
2025, 2030 and 2035, respectively, which is 0.9%, 1.6%, and 3.0% more than
the scenario BA.

5.5 Results of the Scenario CO

In this scenario, we assume that the rapid development of new infrastruc-
ture, the improvement of energy-saving technologies and the increase in the
proportion of solar photovoltaic power generation occur at the same time,
and apply to our medium- and long-term electricity consumption forecasting
model in China. The national electricity consumption from 2026 to 2035 is
still expected to increase slightly compared with the scenario BA (Figure 3),
reaching 7384.30 billion kWh in 2035, which is 482.96 billion kWh more



Medium- and Long-term Forecast of China’s Electricity 719
and improve the overall energy saving level.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4 Electricity consumption of each sector under the scenario BA and CO in 2035.

than the scenario BA. This means that developing in line with current policy
goals will not significantly reduce China’s total electricity consumption.

Although the improvement of energy-saving technologies in 5G base
stations and data centers reduces their energy consumption (scenario RDNI),
which offsets the increase in electricity consumption caused by the increase
in the number (scenario ESTI), so that their electricity consumption is lower
than that in the scenario BA, the substantial increase in the number of
charging piles has led to an increase in electricity consumption (Figure 4).
This brings the electricity consumption of the new infrastructure higher than
that under the scenario BA. As in the scenario IPSP, the electricity provided
by solar energy increases from 1.3% in 2020 to 14.1% in 2035 (Table 1).

6 Conclusions

This study establishes a LEAP-based medium- and long-term electricity
consumption forecast model in China considering the rapid development of
new infrastructure to determine the impact of new infrastructure on future
electricity consumption. From Figures 5 and 6, it can be seen that the rapid
development of new infrastructure has increased its proportion from 16.41%
to about 26.25% in 10 years. Among them, the proportion of charging piles
increased from 0.66% to about 14.7%. The proportion of data centers and
5G base stations decreased from 15.57% to about 11.55%. We find that the
proportion of electricity consumption of new infrastructure in the scenario
ESTI is the lowest, encouraging all parties to actively explore and solve the
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Figure 5 The share of electricity consumption of each sectors in each scenario in 2025.

Figure 6 The share of electricity consumption of each sector in each scenario in 2035.

energy consumption problem of digital new infrastructure and improve the
overall energy saving level.

This measure is very effective in reducing electricity consumption.
However, with the development of the economy, the number of new

infrastructure is bound to increase. If the number is not controlled, the
overall electricity consumption cannot be significantly reduced. Therefore,
it is encouraged to optimize the construction layout of new infrastructure,
strengthen management, and improve the utilization efficiency of new infras-
tructure. Although increasing the proportion of solar power (or clean energy)
cannot help China reduce total electricity consumption, it can help China
reduce the pressure on electricity consumption. Encouraging the use of
renewable energy such as wind and solar energy and adjusting the power
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structure can solve the energy consumption and carbon emission problems
of new digital infrastructure and raise the level of green electricity use.
Implementing any one policy alone will hardly lead to a substantial reduction
in overall electricity consumption. Only when these policies are implemented
simultaneously, reducing electricity consumption while increasing the gen-
eration of clean energy can keep China’s electricity consumption within an
affordable level and reduce the pressure on electricity consumption.
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