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The green development of electric power is a key measure to alleviate the shortage of energy supply, adjust the energy

structure, reduce environmental pollution and improve energy efficiency.
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1. Introduction

Energy is an essential material foundation for the human to achieve economic development and improve living standards

, which is particularly important for modern economy . In the face of growing energy shortages and environmental

problems, the main strategies of most countries in the world are to develop and utilize renewable energy, promote the

construction of a clean, low-carbon, safe, and efficient energy system dominated by renewable energy , adopt energy-

saving and emission reduction strategies , and develop renewable energy technologies . The existing energy system

in China has provided the inexhaustible impetus for its economic rise . According to OECD (Organization for economic

cooperation and development) statistics; China has become the largest primary energy consumer and greenhouse gas

emitter in the world. With the ever-increasing constraints on energy resources, the contradiction between extensive use of

energy and ecological civilization’s construction has become increasingly irrational . Resource and environmental

problems have become the key to restrict China’s social development, so it is urgent to control greenhouse gas emissions

. Green and low-carbon development has become a significant strategy for China’s economic and social development

and a critical approach to ecological civilization construction . The power industry is at the core position in the modern

energy system. As a significant industry of energy consumption and pollutant emissions, it needs transformation and

upgrading and plays a vital role in reducing greenhouse gas emissions . Efforts should be made to develop green

power  (refers to renewable energy power supply, which is easier to obtain than traditional power , with wind power,

solar energy, and biomass energy as the core). However, due to the randomness, volatility, intermittency, and uncertainty

of renewable energy power generation, large-scale access brings severe challenges to the stable and safe operation of

the power system , which restricts the green development of China’s power industry. Therefore, it is urgent to study

the weak links in the green development path of China’s electric power, promote the transformation and upgrading of

China’s power green, and make remarkable contributions to building a beautiful China and promoting the construction of a

community of shared future for humanity.

2. Green Development Status of Electric Power in China

2.1. Brief Description of China’s Electric Power

2.1.1. The Proportion of Clean Energy Consumption Is Increasing

During the “13th Five-Year Plan” period, China’s energy consumption growth has gradually slowed down, and the overall

consumption structure has been optimized. China is on the road to “building a clean, low-carbon, safe, and efficient

energy system” and gradually promotes a clean and low-carbon consumption model.

2.1.2. The Green Transformation of the Power Supply Structure Continued

To prevent and resolve the risk of coal-fired power overcapacity and accelerate the green development of electric power,

the growth rate of the new installed capacity of China has gradually slowed down, and the power structure has been

continuously optimized. Wind power and photovoltaic power generation (PV) have gradually become an important part of

renewable energy . Since 2010, the ratio of installed thermal power in China has been gradually decreasing and

the proportion of installed non-fossil energy has been increasing gradually. Installed wind power, photovoltaic, and other

new energy power generation have been multiplying, becoming the new main force of power supply, and the installed

structure of power supply has been constantly optimized. The form of China’s installed generating capacity from 2010 to

2018 is shown in Figure 1 .
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Figure 1. The installed power-generating capacity structure 2010–2019 in China.

2.1.3. The Electricity Consumption Structure Presents a Clean and Low-Carbon Trend

As a clean and efficient final energy, electric energy will play an essential role in China’s future energy structure. The

proportion of electricity in the final energy consumption is a vital indicator to measure a country’s final energy consumption

structure and degree of electrification. Increasing the proportion of electric energy in final energy consumption is a vital

measure to optimize China’s energy consumption structure. In 2019, the electricity consumption of the whole society in

China was 7225.5 billion kWh. In terms of industry types, the primary industry’s electricity consumption is 78 billion kWh,

and the electricity consumption of the secondary sector is 4936.2 billion kWh. The electricity consumption of the tertiary

industry and residents’ daily life is an essential driving force for the continuous and rapid growth of the whole society’s

electricity consumption, which will still maintain double-digit growth in 2019. According to the trend of China’s energy

policy, it is the primary trend of future energy development to improve the level of final energy electrification. Electric

energy substitution measures can be implemented to replace coal and oil with electricity to increase the proportion of

electricity in final energy consumption.

2.1.4. Power Consumption and Environmental Indicators Are Gradually Optimized

The power industry actively responds to climate change and adopts various effective measures to reduce energy

consumption and line loss rate . In 2018, the national average standard coal consumption of thermal power plants of

6000 kilowatts and above was 307.6 g/kWh, and the coal consumption of coal-fired power generation units remained

advanced in the world; the plant power consumption rate is 4.70% (including hydropower 0.26% and thermal power

5.81%); the national line loss rate is 6.21%; the hydro consumption per unit power generation of thermal power plants in

China is 1.23 kg/kWh; the comprehensive utilization rate of fly ash and desulfurization gypsum is 71% and 74%

respectively, and the total utilization capacity continues to increase. The emission of pollutants was further reduced. The

emissions of soot, sulfur dioxide, and nitrogen oxides in China were about 210,000 tons, 990,000 tons, and 960,000 tons

respectively, which were 19.2%, 17.5%, and 15.8% lower than that of the previous year; the emissions of soot, sulfur

dioxide, and nitrogen oxides per kilowatt-hour of thermal power generation are about 0.04 g, 0.20 g, and 0.19 g; the waste

water discharge per unit of thermal power generation is 0.06 kg/kWh. The carbon dioxide emission per unit of thermal

power generation is about 841 g/kWh, a decrease of 19.4% compared to 2005, which has contributed to China’s early

realization of its carbon emission commitments.

2.2. Necessity of Green Power Development

2.2.1. The Embodiment of Active International Responsibility

As the largest developing country globally, China has pledged to reduce its carbon emission intensity by 40–45% by 2020

compared with 2005, and by 2030 it will reduce its carbon intensity by 60–65% compared with 2005. To realize its carbon

emission commitment, China has made great efforts to develop an economic model with efficient use of resources and

environment friendly as the core and the principle of “3R” (reduce, reuse, resources), actively promote energy substitution

and optimize energy consumption structure to improve the increasingly severe environmental problems ; meanwhile,

China will improve the policies of energy policy including energy tax policy, energy investment policy, industrial policy and

energy consumption policy, and propose quota, and emission trading plan. In December 2017, taking the power

generation industry as a breakthrough point, the national carbon emission trading system was officially launched by the

national development and Reform Commission. Other high energy consuming and high emission industries were

gradually having to expand the market coverage . This system is expected to include more than 3 billion tons of carbon

emissions, surpassing the EU carbon emissions trading system, and becoming the world’s largest carbon market .
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Whether China can achieve the goal of carbon emission intensity by 2030 has been highly concerned. Relevant scholars

make reasonable predictions based on China’s national conditions, and the prediction of carbon emission intensity target

is relatively ideal . However, to achieve the goal of carbon emission intensity smoothly, China still needs to play

the role of government supervision and policy guidance .

2.2.2. A Vital Measure to Achieve National Macro-Strategic Goals

The energy white paper published in 2007, “China’s Energy Situation and Policy” started China’s energy change . At

present, China’s energy strategy is to promote the transformation of the energy development mode. By 2020, a “safe,

green, and efficient” energy system should be initially constructed and formed by 2030. There are many macro

development strategic plans in China have put forward explicit constraints on energy structure and consumption, as

shown in Table 1. The implementation of the first energy law is accelerating, and renewable energy is about to become a

priority area for energy development.

Table 1. National macroscopic strategy planning.

China’s Economy Has Entered a
Period of New Normal

The Growth Rate of Primary Energy Demand Remains at a Single-Digit Percentage
Level.

The 13th Five-Year Plan for Energy
Development, Strategic Action Plan

for Energy Development (2014–2020)

During the 13th Five-Year Plan period, the proportion of non-fossil energy power
generation will reach 31%; during the 13th five-year plan and the medium and long
term, the growth rate of China’s energy consumption will further slowdown, and it

will get the peak of energy consumption in 2040.

Energy Production and Consumption
Revolution Strategy (2016–2030)

In 2020, the balance of non-fossil energy will reach 15%; from 2021 to 2030, the
proportion of non-fossil energy consumption will reach20%; in 2050, the ratio of non-

fossil energy will exceed 50%

Medium and Long Term Development
Plan of Renewable Energy (2007–

2020)

By 2020, the proportion of non-fossil energy in primary energy consumption will
reach 15%.

13th Five Year Plan for Renewable
Energy Development

By 2020 and 2030, the proportion of non-fossil energy in primary energy
consumption will reach 15% and 20%.

3. Challenges of Green Development of Electric Power in China

3.1. Resource Endowment Restricts the Space for Carbon Emission Reduction

Under the influence of the resource endowment characteristics of “rich coal, lack of oil, and less gas” in China, thermal

power will still be a primary supporting power source for a long period and the rapid development of wind power and solar

energy will not be enough to change this power generation pattern. After 2020, China’s renewable energy will have market

competitiveness , and after 2030, China’s thermal power industry will gradually enter into a recession . At present,

China’s power supply structure is dominated by thermal power generation. Coal accounts for a relatively large proportion

of energy consumption , accounting for 57.7% . The study confirms that increased energy consumption is the main

cause of increased carbon emissions . To realize the promise of carbon emission reduction in 2030, it is urgent to

change the current coal-based energy consumption structure through the green transformation of electricity.

3.2. Energy Efficiency Still Needs to Be Improved

During the “13th five-year plan” period, China implemented the “double control” action of total energy consumption and

intensity, requiring that the energy consumption per unit GDP by 2020 be reduced by 15% compared with that in 2015,

and the total energy consumption should be controlled within 5 billion tons of standard coal. In 2018, China’s energy

consumption per unit GDP was 2.41 tons of oil equivalent/10,000 US dollars . Compared with the average world and

developed countries, China’s energy consumption intensity is still on the high side, as shown in Figure 2. Moreover, the

primary energy consumption is highly dependent on coal, and there is much room for improvement. Energy efficiency has

become a significant challenge for the green transformation of electric power.
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Figure 2. Energy consumption per unit GDP of major countries in the world in 2018.

3.3. The Contradiction between the Development and Utilization of New Energy

In 2019, the national average abandonment rate of wind and solar was 4% and 2%, respectively, and the phenomenon of

abandoning wind and solar still exists. By 2020, China aims to install 350 million kilowatt-hours of hydropower, 200 million

kilowatt-hours of wind power, and 110 million kilowatt-hours of solar power, respectively. It is urgent to solve the

contradiction between the development and consumption of new energy. Otherwise, the phenomenon of energy

abandonment will be further aggravated. For many years, to promote the development of the renewable energy industry,

China has been adopting the mode of “benchmarking electricity price + government financial subsidy.” The subsidy fund

comes from the renewable energy price surcharge, which is charged with the electricity fee. With the rapid growth of wind

power and photovoltaic installed capacity, the subsidy gap continues to expand. The existing pricing mechanism of new

energy products has defects and the evaluation mechanism is not perfect, which is not conducive to the balanced

development of the new energy industry . The “Notice on Matters Related to Photovoltaic Power Generation in 2018”

(Fagai Energy [2018] No. 823) stated that the principle of “reduction of both ordinary photovoltaic and distributed

photovoltaic” was determined in the electricity price, and the scale of photovoltaic construction was reduced. The decline

of new energy subsidies has brought great difficulties and uncertainties to the development of wind power and

photovoltaic industries. The reduction of new energy subsidies has brought more significant problems and tension to the

development of wind power and photovoltaic industries.

The distribution of renewable energy such as hydro energy, wind energy, and solar energy is highly concentrated in China

and the resource-rich areas are in reverse distribution with the load centers; 60% of China’s hydro energy resources are

concentrated in the southwest, and the areas with better development conditions such as wind power and photovoltaic

power are concentrated in the West and North. However, the eastern coastal areas, where the power load accounts for

more than 2/3 of the total load in China, are economically developed, but energy resources are relatively scarce. It is

difficult to flexibly dispatch thermal power generation . There is a lack of gas turbine power station with fast-tracking

load adjustment and pumped storage power station (PSPS) with flexible peak regulation and frequency modulation in

resource-rich areas. The overall accommodation conditions are insufficient, which restricts the utilization of renewable

energy.
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