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Abstract

:

To reach the peak of carbon emission in China, the energy and power industry has the most arduous task and the heaviest responsibility. It should not only ensure efficient economic development, but also complete the arduous task of energy conservation and emission reduction. It is the main force in helping reach the peak of carbon emission. Taking the achievement of carbon peak in China’s power industry as the research object, this paper utilizes time series analyses to establish CO2 emission prediction models for China and its power industry under two scenarios: with and without a carbon peak target. The paper analyzes the current status of achieving carbon peak in China’s power industry and puts a forward CO2 emission reduction scheme for China and its power industry in the future. On this basis, countermeasures for China’s power industry to deal with carbon peak are explored.
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1. Introduction


As the world’s largest energy consumer and greenhouse gas emitter, China has been actively participating in the global response to climate change. In 2017, its carbon emission amounted to 9.258 billion tons, accounting for 28.19% of the world’s total carbon emission [1]. China’s CO2 emission reduction plays a vital role in global carbon peak and carbon neutrality. Therefore, it is important to explore ways for China to achieve net-zero carbon emission by the middle of the 21st century. While coping with climate change has become the biggest challenge for China to achieve modernization, it has also become the biggest opportunity for China to achieve green industrialization, urbanization and agricultural and rural modernization.



In September 2020, the Chinese government announced that China will strive to reach its peak in carbon emissions by 2030 and carbon neutrality by 2060, demonstrating China’s commitment to flight global climate change as a responsible member of the global community [2].



As a cornerstone of China’s economic development, it should not only reduce its own carbon emission, but also help optimize the energy structure [3,4] in China. The carbon reduction path in China’s energy sector mainly includes energy conservation and development of non-fossil energy. Given electricity is an important form of energy conversion, the power industry needs to promote use of low-carbon fossil fuels and clean energy [5,6]. At the technical level, it is necessary to improve total factor productivity and the energy efficiency of generator sets; to further advance carbon capture, storage and secondary utilization technologies; to adopt multi energy complementary coupling technology; to actively develop distributed energy technology, terminal power substitution, and hydrogen energy; and to reduce energy consumption through digitization, regional chain and the Smart grid [7,8].



Since September 2020, carbon peak and carbon neutrality have become hot issues in China. There are many relevant studies, but they mainly focus on the qualitative description of the path, ideas and measures to achieve carbon peak and carbon neutrality [9,10]. There are few quantitative studies on the power industry. Based on the historical data published in the Yearbook of China Statistics and the Yearbook of China Electricity Council, this study quantitatively predicts the development trend of China’s total CO2 emissions, power generation of China’s power industry and total CO2 emissions of China’s power industry in the process of pursuing carbon peak. Also, the study puts forward the CO2 emission reduction scheme for China and its power industry in the following years. Based on the above analyses, the countermeasures of China’s power industry to deal with the carbon peak goal are explored.




2. National Requirements and Current Situation for Power Industry Facing Carbon Peak


2.1. Current Situation for China’s Power Industry


The process of carbon peak in developed countries is generally a natural process of economic and social development. The industrialization, urbanization process, and the economic transformation of the world’s major developed countries were completed earlier than those of other countries. Therefore, carbon peak was also achieved earlier. For example, Britain achieved carbon peak in 1973, France, Germany and Sweden achieved carbon peak in 1978, and the United States achieved carbon peak in 2007. United States, Canada and Australia are the biggest emitters with a peak emission per capita of about 20 tons. Germany, Britain, Belgium and a few other countries have a peak per capita emission of 10–15 tons. These countries are pioneers in emission reduction and were able to balance economic development and emission reduction. With per capita emission below 10 tons, countries such as Italy and Spain have even lower emissions than Britain and Germany because their economies are less developed. All these countries have already completed industrialization and have entered the information age. Their economic growth does not depend on the growth of energy consumption anymore. The installed capacity or power generation has been at a relatively stable level for many years [9].



In November 2019, the EU issued The European Green Agreement, aiming to reduce emissions by 55% by 2030 compared with 1990 levels and achieve the goal of carbon neutrality by 2050. In 2018, California proposed that 60% of electricity will come from renewable energy by 2030 and only “carbon free energy” will be used for power generation by 2045. Since many developed countries have already reached their carbon peak, China is under pressure to achieve its own carbon peak. While China needs to continue to grow its economy, it also needs to implement carbon emission reduction measures and achieve carbon peak and carbon neutralization, especially in the energy industry.



Compared with developed countries in the world, China has not yet completed industrialization, and the growth of GDP still depends on the growth of energy consumption. Therefore, while China’s power industry have to reduce CO2 emissions, it also needs to meet the increasing demand for electricity. However, the study points out that the reduction of carbon emissions is directly proportional to the reduction of GDP, that is, the more carbon emissions are reduced, the greater the reduction of GDP [11]. Achieving carbon peak and carbon neutralization requires broad and profound economic and social changes. China’s efforts to achieve carbon peak by 2030 and carbon neutralization by 2060 are a major strategic decision made by the Chinese government after careful consideration and are key to the sustainable development of China and the world.



According to the statistics of the International Energy Agency in 2017, the carbon emission of the global power industry was 13.451 billion tons, accounting for 40.59% of the total global carbon emission. The carbon emission of China’s power industry was 4.558 billion tons, accounting for 49.23% of China’s total carbon emission. It accounts for 33.88% of carbon emissions of the global power industry and 13.87% of the total global carbon emissions. China’s power industry is less efficient and accounts for a disproportionate amount of emissions in China, and it therefore should take greater responsibility for carbon reduction [1].




2.2. Predicted Total CO2 Emissions at Carbon Peak in China


At the 2020 climate summit, China announced that by 2030, CO2 emissions per unit of GDP will be reduced by more than 65% compared with 2005. In order to achieve the goal of carbon peak by 2030, China’s carbon emissions in 2030 should not exceed 11.094 billion tons. Therefore, 11.094 billion tons has become the target value of total CO2 emissions when China reaches the peak.



Figure 1 shows the development trend of China’s total CO2 emissions under the no carbon peak target scenario from 2000 to 2018. The data are from China’s Statistical Yearbook. As shown in Figure 1, China’s total CO2 emissions increased from 3.099 billion tons in 2000 to 9.528 billion tons in 2018. The emission level began to grow rapidly in 2003 and plateaued in 2013. Overall, the emission level has shown a trend of rapid growth, which is in line with the rapid development of the Chinese economy. Based on the data in Figure 1, the development trend of total CO2 emissions is predicted to show the total CO2 emission until 2030 without a carbon peak target. The fitting model is as follows:


  y = 0.0021  x 4  − 0.0998  x 3  + 1.4078  x 2  − 1.8446 x + 31.484 (  R 2  = 0.99 )  



(1)




(y is the predicted total CO2 emission of China without a carbon peak target (100 million tons); x is the year).



In Figure 1, the correlation coefficient R2 of the fitting model reaches 0.99. In order to further verify the formula, the predicted total CO2 emission of China in 2019 is 9.531 billion tons. According to the China Statistical Yearbook, the actual total CO2 emission of China in that year is 9.809 billion tons, and the error of the predicted value is only 2.8%, indicating that the fitting effect of the model is good and it can be used to predict the total CO2 emission in 2030 without a carbon peak goal, and the predicted value is 29.344 billion tons.



According to Equation (1), without a carbon peak target, China’s total CO2 emissions in 2030 would far exceed the target value of China’s total CO2 emission at the peak (11.094 billion tons), which is completely inconsistent with China’s vision of achieving carbon peak in 2030 and carbon neutrality in 2060. Therefore, China must start carbon emission reduction immediately. Based on the target value of total CO2 emissions in 2030, in conjunction with China’s total CO2 emissions data from 2000 to 2018, the revised fitting model is as follows:


  y = − 0.1076  x 2  + 6.1481 x + 21.315 (  R 2  = 0.98 )  



(2)




(y is the projected total CO2 emission in China with a carbon peak target value (100 million tons); x is the year).



As shown in Figure 1 and Figure 2, according to the Equation (1), without a carbon peak target, China’s total CO2 emissions would show a rapid upward trend in the future, growing to 29.344 billion tons in 2030. Based on Equation (2), China’s total CO2 emission in the future would have a relatively slow rising trend. Combining the results of Equations (1) and (2), the annual CO2 emission reduction in China in the future (2022~2030) is predicted (see Table 1). From Table 1, it can be seen that the predicted amount of emission reduction increases rapidly year over year, from 100 million tons of CO2 emission reduction in 2022 to 18.511 billion tons in 2030.




2.3. Predicted CO2 Emissions of China’s Power Industry at Carbon Peak


The main emission source of CO2 in China is the consumption of coal. In China, coal is mainly used in four industries: coal-fired power generation, steel, chemical industry and building materials. In 2019, the power industry accounted for 52% of total coal consumption, the steel industry accounted for 17%, the chemical industry accounted for about 7%, and other industries accounted for 11%. The thermal power industry is the biggest consumer of coal. In 2018, the CO2 emission of thermal power plants (about 90% of which is coal-powered) in China accounted for 43% of the total national emission and is the largest single source of CO2 emission [12]. Therefore, it is necessary to reduce CO2 emissions from China’s power industry. China is committed to reach carbon peak by 2030. To achieve that goal, the power industry not only needs to reach carbon peak, but also needs to do so before 2030 [1]. China now has the ability to develop green power at a large scale, so the power industry has great potential to contribute to achieving the goals of carbon peak and carbon neutralization [13].



Figure 3 shows the data of China’s total power generation from 2000 to 2018 and its development trend. The data are derived from the Statistical Yearbook of China Power Council. As shown in Figure 1, China’s total power generation shows an upward trend year by year, from 1355.6 billion kWh in 2000 to 7166.1 billion kWh in 2018, 5.5 times that in 2020. Based on the above data, the trend fitting is carried out to predict China’s total power generation in the future. The fitting model is as follows:


  y = 3328.6 x + 6444.2 (  R 2  = 0.99 )  



(3)




(y is the predicted value of China’s total power generation (100 million kWh); x is the year).



In Figure 3, the correlation coefficient of the fitting formula reaches 0.99. In order to further verify the model, China’s total power generation in 2019 predicted by the formula is 730.62 billion kWh. According to the Statistical Yearbook of China Electric Power Council, China’s actual total power generation in that year is 7503.43 billion kWh, and the error between it and the predicted value is only 2.7%. This shows that the model can be used to predict China’s total power generation. The model predicts that China’s total power generation will be 10,963.08 billion kWh in early 2030.



All forms of power generation emit CO2. In April 2021, the Chinese government indicated that China would limit new coal power projects, strictly control the growth of coal consumption during the 14th Five Year Plan period, and gradually reduce coal consumption during the 15th Five Year Plan period. It can be inferred that the installed capacity of coal power plants will increase before 2030. Some studies have predicted that the peak CO2 emission from China’s thermal power sector is 15% higher than 2018 levels, or about 4.7 billion tons [13]. In this study, 4.7 billion tons is selected as the CO2 emission target value for the power industry when China’s carbon peak is reached.



Figure 4 shows the development trend of actual annual CO2 emissions from 2000 to 2018. The data are from China’s Statistical Yearbook. As shown in Figure 4, the CO2 emissions of China’s power industry increased rapidly from 2003 to 2013. While the growth slowed after 2013, including a modest decline from 2014 to 2015. Overall, there is an upward trend, which is consistent with the rapid increase of installed capacity since 2003. Based on the data in Figure 4, the CO2 emission trend of China’s power industry until 2030 without a peak emission target is predicted. The fitting model is as follows:


  y = − 0.0344  x 2  + 2.67 x + 9.93 (  R 2  = 0.98 )  



(4)




(y is the predicted CO2 emissions of China’s power industry without a peak emission target (100 million tons); x is the year).



According to the formula, without a peak emission target, the CO2 emission of the power industry will be 5.968 billion tons in 2030. A comparison of Figure 1 and Figure 4, shows that while China’s total CO2 emission and CO2 emission from China’s power sector have a similar trajectory, there are also differences, resulting in great differences in the development trend in the figure. The fitting curve for China’s overall CO2 emission shows exponential growth in the coming years, while the fitting curve of power industry CO2 emission is flatter. This difference may be caused by the fact that China’s power industry, especially the thermal power industry, has begun to undertake initiatives to conserve energy and reduce carbon emission. For example, the upgrade of existing subcritical steam generators can increase the coal consumption efficiency to a level that is on par with ultra-supercritical level, greatly reducing coal consumption and CO2 emission. Similarly, CO2 capture and utilization in coal-fired power plants can contribute to CO2 reduction. The existing CO2 capture technology can be divided into three categories, pre-combustion capture, oxygen enriched combustion and post combustion capture. Among them, post combustion capture technology is most mature at present and researchers are focused on improving efficiency and reducing operation cost [14].



According to the Equation (4), the rise of CO2 emissions of China’s power industry is relatively slow. The predicted value by 2030 is 5.968 billion tons, which is still much higher than the target value of CO2 emission of China’s power industry when the carbon peak is reached (4.7 billion tons). According to the target emission value, based on the CO2 emission data of China’s power industry from 2000 to 2018, the fitting model is as follows:


  y = − 0.0613  x 2  + 3.1755 x + 8.3364 (  R 2  = 0.98 )  



(5)




(y is the CO2 emission of China’s power based on the carbon peak target value (100 million tons); x is the year).



It can be seen from Figure 4 and Figure 5 that according to the Equation (4), the predicted value of China’s power CO2 emission in 2030 with a peak emission target is 5.968 billion tons. Based on Equation (5), under a carbon peak target, the CO2 emission of China’s power industry should exhibit a downward trend in 2030, and the predicted value is 4.787 billion tons. Combining results of Equations (4) and (5), the amount of annual CO2 emission reduction China’s power industry needs to achieve is predicted (see Table 2). From Table 2, it can be seen that the predicted CO2 emission reduction increases year over year, from 422 million tons in 2022 to 1.182 billion tons in 2030.





3. Measures and Policy to Deal with Carbon Peak in Power Industry


In the next 10 years, should China adopt our CO2 emission reduction plan, China will be able to reach its peak carbon emission as scheduled. Reducing energy consumption should be the primary path to reach the goal. The key is to substitute fossil fuel with clean energy. To accomplish that, we put forward the following policy recommendations.



3.1. Reducing Energy Consumption Is the Primary Path for Carbon Peak


In 2019, fossil fuel accounted for 85.7% of primary energy consumption, and coal-fired power generation and fossil fuel consumption accounted for 88% of the total CO2 emission in China. It is expected that before achieving carbon peak, China will still rely heavily on fossil energy. Reducing energy consumption has become the primary measure to reduce CO2 emissions.



At present, China’s dependence on coal and oil is 14.0% higher than the world average, and the energy consumption per unit of GDP is ~50% higher than the world average. It is estimated that if China was to reach the world average, it could save 1.3 billion tons of standard coal every year, resulting in CO2 emission reduction of 3.4 billion tons, which is equivalent to about 1/3 of China’s total emission in 2020. Therefore, for the electric power industry, energy conservation and efficiency improvement are the best ways to reach carbon peak and carbon neutrality compared with other methods (such as CO2 capture and utilization). Reducing energy consumption is still the primary method for carbon emission reduction.



The electric power industry is a key industry in China. Thermal electric power generation is the main power generation mode at present. Taking coal-fired power plants as an example, the energy conversion efficiency varies greatly, ranging from less than 30% to 45% or more. High efficiency power generation (HELE) technologies such as ultra-super critical technology can significantly improve the conversion efficiency, which results in less CO2 emissions for the same amount of power produced. All else being equal, CO2 emissions of an ultra-super critical power plant can be 25% lower than subcritical power plants. If HELE units as a proportion of total install capacity in China was to increase from the current 43% to 70%, carbon emission could be reduced by 250 million tons [15]. While carbon capture and storage technology can reduce the CO2 emission of coal-fired power plants by 80~90%, the operational cost of such technology is much higher. Therefore, wider adoption of HELE technology can help reduce the cost of emission reduction for power plants. In addition, coal fired co-generation units can also replace heating boilers and coal-fired home heat. If the proportion of efficient heating was to increase from the current 55% to 95%, CO2 emissions of more than 50 million tons can be eliminated in northern China alone [16]. In addition, other technologies in energy production, such as pyrolysis, circulating fluidized bed boiler used in thermal power generation, and fluidized pyrolysis combustion, are effective means for the power industry to reduce pollutant emissions and improve efficiency [17]. Therefore, thermal power plants need to fully embrace the concept of energy conservation and emission reduction and optimize its production process accordingly. Through the application of technical innovations such as co-generation technology, electrical system transformation technology, steam turbine system transformation technology and boiler transformation technology, the energy consumption and CO2 emission generated in the production process of thermal power plants can be reduced [18].




3.2. Elevate the Role of Renewable Energy in Energy Structure to Reduce Emission


Large scale deployment of clean energy in the power industry to replace fossil energy will further strengthen the role of renewable energy such as onshore wind power, offshore wind power and photo-voltaic power generation. Photo-voltaic power generation and wind power will eventually replace coal as the main energy source. Some studies have found that grid-connected solar power generation can eliminate 119,000 metric tons of CO2 emissions per year [19]. The exploitable amount of land-based wind energy resources at 70 m height is 7.2 billion kW, and at least 700 million kW of offshore wind energy resources has development potential [20]. The solar energy rich areas such as Qinghai Tibet Plateau, Gansu and Xinjiang have a total annual solar radiation of 40 billion hours [21]. The maximum potential installed capacity in the hydropower sector is 540 million kW [22]. Figure 6 shows the annual power generation in China from renewable energy from 2011 to 2020. The data are from the Statistical Yearbook of China Electric Power Federation. As shown in Figure 6, China’s wind power, solar power and nuclear power generation have increased significantly, while the increase in hydropower generation is more modest. At present, the power generation capacity of renewable energy is close to the global average, and China ranks first in the world in terms of installed capacity of wind power, solar power and hydropower.



Based on the annual power generation data of renewable energy in Figure 6, The trend fitting is carried out one by one (the fitting model is not given). As shown in Table 3, the predicted power generation from wind power, solar power, hydropower and nuclear power will be 13,979, 12,971, 15,213 and 1105.3 billion kWh, respectively, by 2030, accounting for 13.7%, 12.7%, 14.9% and 10.8% of total power generation. The total power generation from renewable energy will reach 5321.7 billion kWh, accounting for 52% of total electric power generated. Our result is similar to Qu et al. (2021), which projected that the proportion of electric power produced from non-fossil fuel will reach 49% in 2030 [23]. In the next 10 years, assuming an annual growth rate of 10%, the average annual new power generation in China will reach 2600 kWh [24], and the incremental power generation will be mainly come from by wind, photovoltaic, conventional hydropower and nuclear power.



There is a need to strengthen biomass power generation and alternative fuels [25,26]. The main advantage of coal and biomass coupled co-combustion power generation is that is allows solid biomass fuel to partially or completely replace coal, significantly reducing the CO2 emissions of the original coal-fired power plant. The proportion of biomass fuel involved in co-combustion can be adjusted within a wide range (usually 5~20%), allowing power plants to adapt to fluctuation in biomass fuel supply chain [27].



Pumped storage and other energy storage technology enable flexible operation of the power system. The adoption of energy storage and hydrogen fuel will improve the reliability of renewable energy and enable the transformation of the power allocation mode from one-way to multi-way.



Even after the carbon peak, it is still necessary to further develop clean and renewable energy and reduce the reliance on thermal power. Guo et al. (2021) predicted the proportion of power generated from various sources in China during the carbon neutralization period (see Table 4) [24].




3.3. Promoting the Use of Nuclear Power as Supplement to Other Clean Energy Sources in Power Generation


Since wind power and photo-voltaic are unstable power sources, if a certain area depends solely on wind power and photo-voltaic, it is possible that no power may be generated at a given point in time. In that scenario, energy storage cannot support the whole power system. Therefore, other stable energy sources must be used as the base load power supply for the safety and stability of the power system. Under the goal of “carbon peak”, coal power will be gradually phased out, and nuclear power is the most feasible substitute for coal power [24]. According to IAEA statistics, by the end of June 2019, there were 449 nuclear units in operation across 30 countries around the world, with total installed capacity of nearly 400 million kW. There are another 54 units under construction, with an installed capacity of about 55 million kW. According to the annual report of the World Nuclear Association, global nuclear power generation exceeded 250 billion kWh in 2018, accounting for 10.5% of the total global power supply. There are 47 nuclear power units operating in mainland China today, with an installed capacity of 48.73 million kW; there are 11 additional units under construction with an installed capacity of about 11.34 million kW, ranking first in the world for many years [28].



In 2018, there were 44 commercial nuclear power units in mainland China, with a total installed capacity of 44.64516 million kW, accounting for 2.35% of the total installed capacity of power in China. The annual nuclear power generation was 286.511 billion kWh, accounting for about 4.22% of the national cumulative power generation, lower than the international average. The annual average utilization hours of nuclear power equipment was 7499.22 h, and the average utilization rate of equipment was 85.61%. Producing the same amount of energy would consume 88.2454 million tons of standard coal and result in 231.2029 million tons of incremental CO2 emission. Figure 7 shows the annual change and trend forecast of China’s nuclear power generation from 2011 to 2020. As shown in the figure, China’s nuclear power generation has been increasing year over year, from 79.493 billion hours in 2011 to 382.967 billion hours in 2020, with an average annual growth rate of 16%. Based on the trend fitting of the above year by year data, it is predicted that China’s nuclear power generation will reach 120 million hours in 2030. Therefore, in order to ensure a smooth carbon peak, we need to continue to develop nuclear power efficiently along the coast in a safe manner. It is estimated that the installed capacity of nuclear power will reach more than 320 million kW in 2060, that is, more than five nuclear power units will start every year before 2060 [24].



Replacing part of coal-fired power with nuclear power not only plays a key role in meeting China’s growing energy demand, optimizing energy structure, reducing dependence on fossil energy, and overall high-quality development strategy, but also reduces carbon and nitrogen emissions. The statistical report of China’s Nuclear Energy Industry Association shows that safe and efficient development of nuclear power is one of the most effective ways to achieve short-term carbon peak and long-term carbon neutrality.




3.4. Emphasis on the Development of Energy Storage System to Ensure the Utilization of Renewable Energy


Given the increasing popularity of new energy sources and the urgent needs for peak regulation, stability and quality improvement in power grid, the development of electric storage system has become increasingly important. The development of clean energy is the key to achieve carbon peak in 2030 and carbon neutrality in 2060 (The 30·60 goal). The development of electrochemical energy storage is instrumental to the sustainable development of clean energy and renewable energy. Energy storage overcomes issues with wind power and solar energy and addresses their impact on the power grid. Internationally, many countries have carried out pilot projects such as compressed air energy storage on the basis of electrochemical energy storage. Projects such as flywheel energy storage will be carried out in China. In recent years, the new installed capacity of electrochemical energy storage in China has also increased significantly. By the end of 2019, China’s installed capacity of photo-voltaic power, wind power and solar thermal power are 206 GW, 210 GW, and 420 MW, respectively, and it collectively represents over 20% of installed capacity [29].



In terms of using electric energy as substitute for other source of energy in China, coal-fired power plants, industrial manufacturing and auxiliary electric power are further along, while household electrification, electric vehicles and oil to electricity transformation have lagged [30]. With the rapid development of electric energy substitution, the primary goal is to accommodate distributed power sources and to further develop energy storage technology.



During the 14th Five-Year Plan period, it is necessary to make breakthroughs in the development of energy storage technologies, with a focus on upgrading targeted energy storage technologies and the integration of energy storage system and power grid access needs.




3.5. R&D and Utilization of Hydrogen Energy to Minimize Pollution and CO2


The poor synchronization between power generation and consumption is a challenge for utilization of wind and solar energy. Meanwhile, there is also the problem of disconnection between power station and the center of power consumption. Hydrogen energy storage technology, which transforms electricity into hydrogen, can enable the large-scale development of renewable energy power generation and enable carbon reduction [31].



As the “ultimate energy in the 21st century”, the development and utilization of hydrogen energy has become an important topic for a new round of world energy reform. Hydrogen produced from renewable energy, known as “green hydrogen”, has achieved “zero carbon emission” in its production process. Given’s China’s focus on renewable energy utilization, hydrogen energy storage has become a key technology to absorb excess electricity generated from wind power and solar energy. Electrolyzing water to produce hydrogen using the power of wind and light can effectively reduce pollutant emissions and increase the benefits of renewable energy [31]. At present, alkaline water electrolysis technology is commonly used in hydrogen cooling of steam turbines in coal-fired power plants. In the future, we need to make breakthroughs in a number of key areas, such as use of renewable energy in electrolytic water hydrogen production, liquid hydrogen production and hydrogen fuel cell system. Hydrogen based power generation is a powerful supplement to clean energy, promoting low-carbon transformation and accelerating the optimization of the energy structure. This technology also enables provision of power generation and hydrogen energy to small communities in remote areas [32].




3.6. Build a Smart “Wind-Solar-Nuclear Storage” Hybrid Power Generation System


With the rapid increase of the capacity of power generated from wind power, photovoltaic and other new energy sources in the power grid, the joint operation and coordinated control among various power sources has become a key problem in the operation of modern power grid. The joint operation of nuclear power units and other peak load regulation power sources in the system, and the coordinated dispatching and intelligent control of a wind-solar-nuclear storage hybrid power generation system are key for the utilization of nuclear power in power grid of the future.



The effective operation of a wind-solar-nuclear storage hybrid power generation system relies on the application of advanced technologies such as internet, cloud computing and big data. Through the development of smart energy management system platform, we can carry out the construction of energy network and smart regional energy supply system [11].




3.7. Improve the Management of Carbon Trading and Carbon Finance


Research shows that the earlier the peak of carbon emissions is achieved, the greater the negative impact is on economic growth. Different carbon peak scenarios can significantly reduce government revenue. Therefore, we need to carry out research on how to maintain China’s robust economic development while reducing carbon emissions at the same time under the 2030 carbon peak goal [32].



China should speed up the construction of a national trading market for energy use rights and carbon emission rights, improve the dual control system of energy consumption, speed up the research on the carbon emission trading market mechanism, effectively promote the construction of the carbon market in combination with the startup and operation of a national carbon emission trading market, and vigorously develop low-carbon green finance in line with the “30·60” goal, and build a mature green financial system including a carbon trading and carbon tax system, green financial standards, incentive mechanisms and product systems as soon as possible [33,34]. At the same time, it is necessary to combine the medium and long-term green development plan and regional layout of energy industries with carbon trading and carbon finance, prepare investment and financing plans for green industries and key projects, and establish a dynamic coordination mechanism between green industry planning and green financial development planning [35,36].





4. Conclusions


Taking the realization of carbon peak in China’s power industry as the research object, this study established several prediction models of CO2 emissions in China and China’s power industry in the absence or existence of the carbon peak and carbon neutrality goal with time series analysis. The predicted amount of CO2 emissions in 2030 in the absence of carbon peak and carbon neutrality are 29.344 billion tons, while the predicted amount of CO2 emissions in 2030 under the goal of carbon peak and carbon neutrality are 10.834 billion tons. It is predicted that the total CO2 emission reduction in 2030 will be 18.511 billion tons. The predicted CO2 emissions of China’s power industry in 2030 in the absence of carbon peak goal are 5.968 billion tons, while it is predicted to be 4.787 billion tons under the goal of carbon peak. The CO2 emission reduction of the power industry in 2030 is predicted to be 1.182 billion tons.



Based on the CO2 emission reduction plan, seven countermeasures were put forward: reducing energy consumption, strengthening the role of renewable energy in energy structure, promoting the use of nuclear power, focusing on the development of energy storage to support the use of renewable energy, R&D and utilization of hydrogen energy, building a smart “wind-solar-nuclear storage” hybrid power generation system, and improving the management of carbon trading and carbon finance. These measures promise to ensure China’s achievement of carbon peak in 2030 on schedule.
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Figure 1. Development trend of annual total CO2 emissions in China from 2000 to 2018 without a peak emission target. 
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Figure 2. Development trend of total CO2 emissions in China with a carbon peak target and the amount of CO2 emission reduction required per year. 
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Figure 3. Development trend of China’s total power generation from 2000 to 2018. 
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Figure 4. Development trend of annual CO2 emissions of China’s power industry from 2000 to 2018 without a peak emission target. 
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Figure 5. Development trend of annual CO2 from China’s power industry with a peak emission target and the amount of emissions reduction required per year. 
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Figure 6. Annual power generation of wind power, solar power, hydropower and nuclear power in China from 2011 to 2020. 
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Figure 7. Annual change and development trend of China’s nuclear power generation from 2011 to 2020. 
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Table 1. To successfully reach carbon peak, total CO2 emission reduction required in China by year (2022~2030).
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	Year
	Predicted Total CO2 Emissions without Carbon Peaking Target Value

(100 Million Tons)
	Predicted Total CO2 Emission Based on Carbon Peak Target Value

(100 Million Tons)
	Predicted Emission Reduction

(100 Million Tons)





	2022
	107.18
	106.18
	1.00



	2023
	115.20
	107.22
	7.98



	2024
	126.18
	108.04
	18.14



	2025
	140.76
	108.64
	32.13



	2026
	159.63
	109.01
	50.61



	2027
	183.52
	109.17
	74.34



	2028
	213.22
	109.12
	104.10



	2029
	249.57
	108.84
	140.73



	2030
	293.45
	108.34
	185.11
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Table 2. China’s power industry CO2 emission reduction plan in the future (2022~2030) to successfully achieve peak emission target.
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	Year
	Predicted CO2 Emission of Electric Power under no Carbon Peak Target Value

(100 Million Tons)
	Predicted CO2 Emission of Electric Power Based on Carbon Peak Target Value

(100 Million Tons)
	Predicted Emission Reduction

(100 Million Tons)





	2022
	48.95
	53.17
	4.22



	2023
	49.24
	54.22
	4.98



	2024
	49.41
	55.21
	5.8



	2025
	49.46
	56.13
	6.67



	2026
	49.39
	56.98
	7.59



	2027
	49.19
	57.76
	8.56



	2028
	48.87
	58.47
	9.59



	2029
	48.43
	59.11
	10.68



	2030
	47.87
	59.68
	11.82
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Table 3. Electric power generation based on renewable energy source at carbon peak.
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	Energy Source
	Predicted Power Generation at Carbon Peak

(100 Million kWh)
	Proportion (%)





	Wind power
	13,979
	13.7



	Solar energy
	12,971
	12.7



	Hydropower
	15,213
	14.9



	Nuclear power
	11,053
	10.8



	Total
	53,217
	52.0
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Table 4. Estimated proportion of power generation based on various energy sources in China in 2060.
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	Energy Source
	Proportion (%)





	Wind power, photo-voltaic
	45~55



	Hydropower (excluding pumped storage)
	14~16



	Nuclear power
	15~22



	Thermal power
	15~22
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