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Figure 1 Evolution trend of China’s total primary energy consumption and its composition in 2020-2060
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Figure 2 Evolution trend of China’s power source composition in 2020-2060. (a) Installed capacity; (b) power generation
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Table 1 Major indicators of the new energy & power system
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Figure 3 Conceptual diagram of the integrated energy production unit (one scheme)
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Prospect of China’s energy and power system under dual
carbon goals
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Based on the strategic goals of China’s energy transformation, this paper performs a scenario analysis of China’s energy
and power system in 2020-2060, with a particular focus on the composition of the primary energy consumption and power
supply. A preliminary analysis of the development scenario of China’s energy and power system has revealed that the
installed wind and solar power capacity in China will continuously rise from 2020 to 2060, exceeding 50% of the total by
2035, becoming the main installed capacity, and accounting for over 70% by 2050. The installed capacity of nonfossil
energy power generation has gradually increased with the rapid development of wind and solar power generation, reaching
over 85% by 2050 and over 90% by 2060. Furthermore, the installed capacity of coal-fired power will decline after 2030,
with the decline rate slowing down after 2050. Approximately 300 million kW of coal-fired power plants are proposed to be
retained from 2055 to 2060, providing important support for a safe and stable power system operation. In terms of power
generation, the share of nonfossil energy power generally shows a continuous upward trend of up to more than 50%
between 2030 and 2035. Moreover, between 2045 and 2050, the annual wind and solar power generation will account for
over 50% of the total generation, becoming the main electricity source. The annual power generation of coal-fired power
has been showing a downward trend since 2030 and may fall below 1 trillion kWh after 2050. The power system exhibits a
substantially high proportion of new energy characteristics.

China’s new energy power system is proposed to have the following six features: (1) High proportion of renewable
energy; (2) high proportion of power electronic equipment; (3) multienergy complementary integrated energy; (4) cyber-
physical and smart energy; (5) clean, efficient, and low-/zero-carbon; and (6) highly resilient and intrinsically safe and
reliable. The revolution trends of five core indicators, including the share of nonfossil energy in primary energy
consumption, total carbon dioxide emissions of the energy and power system, and the share of electric energy in final
energy consumption, are emphatically analyzed. From 2050 to 2060, the power system will still need some coal- and gas-
fired power plants to provide flexibility and help ensure a safe power supply under extreme conditions. The simultaneous
adoption of zero- and negative-carbon technologies, such as carbon capture, usage, storage, and biomass, will help achieve
net zero CO, emissions. With the continuous electrification efforts, the share of electricity in the final energy consumption
of China will reach approximately 50% by 2040 and over 70% by 2060. Furthermore, despite the decrease in the total
primary energy consumption after 2030, effective energy consumption will retain steady progress due to the rapid
improvement of energy efficiency. The total electricity production efficiency will increase by approximately 15% from
2030 to 2050 due to the rapid renewable deployment in the power sector.

To address the adjustment and power supply problems of new power systems with high renewable penetration, special
attention should be paid to 10 key technologies, including renewable energy generation and comprehensive utilization, new
energy storage, theory and operational control of new power systems, etc. The concept and the basic framework of the
integrated energy production unit (IEPU) are proposed as an effective measure of facilitating the transformation of coal
power units. The IEPU can realize a large-scale time—space migration of energy with a strong positive and negative two-
way flexible adjustment ability and basically unrestricted duration time. The efficient usage of the IEPU is expected to
improve system flexibility and resiliency. The economy and related technological innovation of the IEPU still need further
study.

scenario analysis, the primary energy consumption mix, power source composition, major indicators of the new
power system, key technologies, integrated energy production unit
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