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Preface  

On 22 September 2020, at the general debate of the 75th session of the United Nations 

General Assembly, President Xi Jinping made a significant announcement, that China will 

ȰÁÉÍ ÔÏ ÈÁÖÅ #/2 ÅÍÉÓÓÉÏÎÓ ÐÅÁË ÂÅÆÏÒÅ ΨΦΩΦ ÁÎÄ ÁÃÈÉÅÖÅ ÃÁÒÂÏÎ ÎÅÕÔÒÁÌÉÔÙ ÂÅÆÏÒÅ ΨΦάΦȱȢ 

Over the past four years, various regions and departments in China have comprehensively 

advanced efforts to reach carbon peaking and carbon neutrality. Through the robust 

implementatioÎ ÏÆ ÔÈÅ ȰÔÅÎ ÍÁÊÏÒ ÐÅÁËÉÎÇ ÃÁÒÂÏÎ ÄÉÏØÉÄÅ ÅÍÉÓÓÉÏÎÓ ÁÃÔÉÏÎÓ΅ȟ #ÈÉÎÁ ÈÁÓ 

undergone unprecedented changes in various aspects of the economy and society. 

At the same time, the situation of global climate change has become increasingly severe 

in recent years. Frequent extreme weather events, such as floods and heatwaves, are 

threatening the economic and social development, livelihoods, and secure electricity 

supply of many countries, including China, and are disrupting daily life. We call on all 

countries to fully recognize the severity of the global climate crisis and the urgency of 

global energy transformation. Practical and effective measures must be taken to unite 

and collectively combat climate change to safeguard our planet. 

The China Energy Transformation Outlook 2024 (CETO 2024) reflects China's latest 

development situation and, while analysing China's path towards achievement of its peak 

carbon and carbon neutrality targets, explores the potential impact of enhanced 

international cooperation on China's energy transformation. Through two scenarios, the 

report examines the technological pathways and prospects of China's energy 

transformation under different international cooperation environments. In addition to 

the scenario analyses, CETO 2024 also carries out thematic studies on hot topics such as 

building a new energy system, low-carbon industrial transformation of industry, and P-t-

X. International partners, including Danish Energy Agency (DEA) and the Centre for 

Global Energy Policy (CGEP) of Columbia University provided technical support for the 

model analyses and thematic studies, providing important support for China to 

understand the latest progress of the global energy transformation and learn from the 

latest international experience. 

CETO 2024 is an annual think-tank research report that is consistently updated to reflect 

the latest developments in China and incorporate the most recent assessments of future 

technological advancements. I sincerely hope that this report will serve as a useful 

reference for both China and the global community in formulating strategic energy 

strategies and major policies. By doing so, it can help countries reduce disputes, 

strengthen cooperation among countries, and collaboratively address the global 

challenge of climate change. 

I would like to express my sincere gratitude to entire team of the Energy Research 

Institute  (ERI) and other Chinese participating organizations for their unremitting efforts 

in researching and drafting this report. Special thanks go to the relevant departments of 

the National Development and Reform Commission (NDRC) and the National Energy 

Administration  (NEA), for their valuable feedback and suggestions, which significantly 
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enhanced the report. I also extend my sincere appreciation to the Danish Energy Agency, 

the Centre for Global Energy Policy of Columbia University, and Ea Energy Analyses 

(Ea) for their strong support and insightful contributions to this research. Lastly, I deeply 

thank our long-term partner, the Children's Investment Fund Foundation (CIFF), for 

their ongoing financial support to the Energy Research Institute to conduct this work over 

years. 

 

Lyu Wenbin 

Director General, Energy Research Institute,  
China Academy of Macroeconomic Research  
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Reading guid ance  for the China Energy 

Transformation Outlook 2024  

The China Energy Transformation Outlook 2024 (CETO 2024) consists of a summary and 

three major sections (download website https://www.cet.energy). 

The Summary of China Energy Transformation Outlook 2024 encapsulates the main 

report's key findings and communicates the core essence, allowing it to be read 

independently. 

 

In the full report 

Part I provides a brief analysis of the global climate change and energy transformation 

landscape (Chapter 1) and reviews the significant changes in China's system of energy 

production and consumption over the past decade (Chapter 2). 

Part II presents scenario analyses of the outlook for China's energy system 

transformation up to 2060, with the goal of achieving carbon neutrality.1 This section is 

divided into four chapters. Chapter 3 summarises the outlook for China's energy system 

transformation, including the scenario design and main conclusions. Chapter 4 explores 

the outlook for energy transformation for end-use sectors, including industry, buildings, 

and transportation. Chapter 5 analyses the outlook for power sector transformation, with 

a focus on focusing on the development prospects of renewable energy and flexible 

resources. Chapter 6 examines the impact of China's energy transformation on its 

economic transformation and social development. 

Part III addresses key topics that have undergone significant changes in recent years and 

attracted widespread attention in China. It is divided into nine chapters. Chapter 7 

ÄÅÓÃÒÉÂÅÓ ÔÈÅ ÎÅ× ÅÎÅÒÇÙ ÍÏÄÅÌÓ ÁÎÄ ÎÅ× ÂÕÓÉÎÅÓÓ ÆÏÒÍÓ ÒÅÌÁÔÅÄ ÔÏ #ÈÉÎÁȭÓ ÅÆÆÏÒÔÓ ÔÏ 

build a new energy system. Chapter 8 discusses how to build a power market compatible 

with a high penetration of renewable energy. Chapter 9 showcases the latest 

developments in the production of Power to X (incl. hydrogen, ammonia, and methanol 

fuels) in China and globally. Chapter 10 analyses the prospects for low-carbon, zero-

carbon industrial transformation in China. Chapter 11 examines the pathways for low-

carbon transformation of space ÈÅÁÔÉÎÇ ÉÎ #ÈÉÎÁȭÓ ÂÕÉÌÄÉÎÇÓȢ #ÈÁÐÔÅÒ ΧΨ ÓÈÏ×ÃÁÓÅÓ ÔÈÅ 

latest policies and cases of China's promotion of digital and intelligent development in 

the energy sector. Chapter 13 evaluates the synergies of the effects of key technologies 

in reducing environmental pollution and carbon emission. Chapter 14 introduces the 

typical approaches taken by two provinces in central and western China (Shanxi and 

 
1 Unless otherwise stated, the relevant data in Part II of the report (including base year data) are based on the 
CETO database and model measurements. 

https://www.cet.energy/
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Yunnan) in promoting the energy transformation. Finally, Chapter 15 analyses the key 

areas of China's international cooperation in strengthening the energy transformation.  

The analyses in Part III provide more extensive policy, information and technical support 

for the model development and transformation pathway analysis in Part II. 

Figure 1  Structure of the China Energy Transformation Outlook 2024 

 

For readers interested in the modelling analysis, Part II of CETO 2024 provides a more 

comprehensive and in-depth exploration of the analysis process and detailed conclusions 

for each key sector. For those interested in specific topics, Part III offers standalone 

chapters that can be read individually. Chapters 9, 10, and 11 are fully translated to 

English. Summaries are provided for the other chapters in Part III. For details, please refer 

to the Chinese version of this report. 

We hope our outlook report helps you better understand the latest developments in 

China's energy transformation and discover new opportunities for enhanced cooperation. 

Enjoy your reading! We warmly welcome your feedback on the report's content. Please 

send your comments to ceto2024@cet.energy. 

 

 

 

 

 

 

The CETO24 report reflects the research findings of the China Energy Transformation 

Outlook (CETO) project team and does not represent the views or positions of the 

supporting organisations or governments.  

mailto:ceto2024@cet.energy
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Summary: Key findings and recommendations of the 

scenario analysis  

2ÅÓÅÁÒÃÈ "ÁÃËÇÒÏÕÎÄ 

The China Energy Transformation Outlook 2024 (CETO 2024) investigates the pathway 

and prospects for China's energy transformation up to 2060. China has set the strategic 

goal of building a fully modernised socialist society by mid-century. The first stage is to 

basically realise socialist modernisation from 2020 through 2035. The second stage is to 

build China into a great modern socialist country that is prosperous, strong, democratic, 

culturally advanced, harmonious, and beautiful from 2035 through the middle of this 

century. With its vast population, China aims to achieve common prosperity for all while 

emphasising the balance between material and spiritual progress, harmony between 

humans and nature, and a commitment to peaceful development. As a result, China's 

modernisation shares common traits with other countries but also includes unique 

aspects based on its national conditions. 

China is committed to reaching peak carbon dioxide emissions before 2030 and achieving 

carbon neutrality before 2060. This commitment is an important component of China's 

modernisation strategy and an important contribution to addressing global climate 

change. The promotiÏÎ ÏÆ #ÈÉÎÁȭÓ energy transformation is both an effective response to 

the climate change challenge and an opportunity to transform its economic structure and 

enhance industrial competitiveness, making China's modernisation more harmonious, 

prosperous and sustainable. This study details the blueprint for building a new energy 

system by integrating China's energy transformation with its modernisation in Chinese 

fashion. It draws on the best international experience and integrates this with China's 

economic and social development and carbon emission targets and visions.  

CETO 2024 reviews China's energy transformation over the past decade, highlighting its 

latest achievements. It systematically analyses the prospects for the transformation of 

energy production and consumption while exploring pathways and technological 

solutions for achieving net-zero carbon emissions under different scenarios. 

#ÏÎÓÉÄÅÒÉÎÇ #ÈÉÎÁȭÓ ÓÐÅÃÉÆÉÃ ÃÉÒÃÕÍÓÔÁÎÃÅÓȟ ÔÈÅ ÒÅÓÅÁÒÃÈ ÇÒÏÕÐ ÕÓÅÄ ÔÈÒÅÅ ÍÏÄÅÌÓɂ

China's End-Use Energy Demand Analysis Model (ERI-LEAP), the Electricity and District 

Heating Optimisation Model (ERI-EDO), and the Energy Transformation Socio-Economic 

Impact Assessment Model (CETPA)ɂto analyse the impacts of end-use energy 

consumption, power and heat supply, and the socio-economic and environmental effects 

of the energy transformation. The overall aim is to support the fulfilment of simultaneous 

imperatives of economic development, social development, energy security, and carbon 

emission reduction. 

  



 Summary: Key findings and recommendations of the scenario 
analysis 

ΧΩ 

 

4×Ï ÓÃÅÎÁÒÉÏÓ ÆÏÒ ÔÈÅ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ 

The Project Team set up two scenarios for its analysis of China's energy transformation 

towards 2060. Both scenarios share the goal of China reaching peak carbon emissions 

before 2030 and achieving carbon neutrality before 2060. Given the growing urgency of 

global climate change and the increasing complexity and volatility of the international 

political and economic landscape, the group developed the Baseline Carbon Neutrality 

Scenario (BCNS) and the Ideal Carbon Neutrality Scenario (ICNS).  

The Baseline Carbon Neutrality Scenario (BCNS) envisions that, with significant 

efforts, China will achieve its medium- and long-term development goals, including the 

dual carbon objectives. The international political and economic landscape grows more 

complex with recurring geopolitical conflicts. In some countries, addressing climate 

change may become a lower priority. Climate-change-related trade disputes will likely 

rise, complicating agreements. Collaboration on low-carbon and zero-carbon 

technologies will face significant challenges. It is more difficult to reduce the cost of new 

technologies due to global market segmentation. In this international environment, 

China stays committed to its goals of peaking CO2 emissions before 2030 and achieving 

carbon neutrality before 2060. By advancing its medium-and-long term efforts, Chinaȭs 

energy transformation makes a decisive contribution to reaching a carbon-neutral 

society. 

The Ideal Carbon Neutrality  Scenario (ICNS) envisions that, through substantial 

ÅÆÆÏÒÔÓȟ #ÈÉÎÁȭÓ ÍÅÄÉÕÍ- and long-term economic and social development goals, along 

with its carbon neutrality and peak emissions targets, are achieved on schedule. The 

severity of global climate change has spurred a strong international response, with 

countries prioritising accelerated energy transformation despite occasional political and 

economic conflicts in certain regions. Despite occasional political and economic conflicts 

in certain regions, most countries remain committed to addressing climate change by 

enhancing cooperation in areas such as politics, economics, trade, industry, technology, 

finance, human resources, and knowledge and data sharing. This collective effort aims to 

reduce the cost of developing low-carbon, zero-carbon, and carbon-negative 

technologies, enabling their large-scale adoption sooner and at a lower cost. This will also 

ÓÕÐÐÏÒÔ ÄÅÖÅÌÏÐÉÎÇ ÃÏÕÎÔÒÉÅÓ ×ÉÔÈ ÌÉÍÉÔÅÄ ÃÁÐÁÃÉÔÙȟ ÒÅÉÎÆÏÒÃÉÎÇ #ÈÉÎÁȭÓ ÒÏÌÅ ÁÓ an 

important player in global cooperation. !Ó Á ÍÅÍÂÅÒ ÏÆ ÔÈÅ ȰÇÌÏÂÁÌ ÖÉÌÌÁÇÅȱȟ #ÈÉÎÁ ×ÉÌÌ 

provide technology, equipment, and capacity-building support to other countries to the 

best of its ability. Together, these efforts will drive the global energy transformation and 

preserve the shared home of humankind. 
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-ÁÉÎ ÆÉÎÄÉÎÇÓ 

The main conclusions of the group through the scenario analysis are as follows: 

With significant efforts, the energy transformation can make a decisive contribution 

to China's efforts to achieve a carbon-neutral society before 2060. By 2060, China's 

economy should grow between 3.3 to 3.6 times its 2020 level. Total primary energy 

consumption (accounted using the calorific value method) first increases and then 

decreases, with consumption falling by about one-third from its peak by 2060. Under the 

Baseline Carbon Neutrality  Scenario (BCNS) and the Ideal Carbon Neutrality  Scenario 

(ICNS), with the accelerated development of energy transformation  technologies 

(including negative carbon technologies such as carbon capture) and related 

industries, China's energy system can achieve net-zero carbon emissions before 2060, 

paving the way to make the Chinese society as a whole carbon neutral before 2060. 

Through modelling analysis and thematic research, the group came to five important 

conclusions: 

I. Energy conservation and efficiency are prerequisites for the energy 

transformation , and sustained electrification is an effective way to move towards 

carbon neutrality. 

Without effective energy conservation, the energy transformation would demand 

significantly greater deployment of green energy sources, making it difficult to achieve 

the necessary pace. Therefore, energy conservation and efficiency are essential 

prerequisites and the foundation for the successful energy transformation. In the context 

of energy conservation and efficiency, the narrow definition focuses on improving the 

technical efficiency of energy supply and utilisation, while the broader definition 

encompasses enhancing the economic efficiency of energy, reducing the dependence of 

economic growth on energy consumption. China's primary energy consumption 

(calculated using the calorific value method) will first rise and then fall, and primary 

energy consumption will drop by about one-third from the peak by 2060. In terms of 

electrification , direct electrification refers to the direct use of electricity in the end-use 

sector, and electrification  in a broader sense includes secondary electrification, e.g. 

the use of electricity to produce synthetic fuels, or commercialised heat supply generated 

from electricity, to satisfy end-use demands for energy. In 2023, China's direct 

electrification and broad electrification rates were around 28%, and it is projected that 

China's direct electrification rate in 2060 will increase to between 59% and 62%, while 

the broad electrification rate will increase to between 79% and 84%. The 

transportation sector will experience the fastest growth in electrification, while the 

building sector will achieve the highest overall electrification rate. In 2060, some fossil 

fuels will still be needed to support certain industries, freight transport, and aviation, 

these fields with the greatest difficulty in reducing emissions. Based on the modelling 

results, enhancing international cooperation on the energy transformation will help 

promote the latest energy-efficient and electrification technologies both in China and 
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globally, accelerating the low-carbon transformation in the industrial, building, and 

transport sectors.  

II. Building a power system with wind and solar as the mainbody is a necessary choice 

for energy transformation.  

Decarbonising the energy supply is a key of energy transformation, and replacing fossil 

fuel power with non-fossil sources is the core priority. In 2023, non-fossil sources 

comprised 53.9% of China's power generation capacity, while fossil sources accounted for 

46.1%. By 2060, China's total installed power generation capacity needs to reach 

between 10,530 GW and 11,820 GW, about four times the 2023 level. The installed 

renewable energy power capacity will reach about 96%, and the renewable share of 

power generation will reach 93%-94%. In 2060, the installed capacity of nuclear power 

and pumped storage will be needing to reach 180 and 380 GW, respectively. Bioenergy 

with Carbon Capture and Storage (BECCS) will have an installed capacity of more than 

130 GW. Energy transformation should always adhere to ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ Ȱestablishing the 

new before abolishing the oldȱ, on the basis of the growth of new and renewable energy 

power generation capacity and the gradual enhancement of power system control 

capabilities, coal power gradually shifts from a baseload source to a regulating and 

backup power source while being naturally decommissioned. Modelling results show that 

strengthening international cooperation on energy transformation will help China to 

further improve its non-fossil energy supply capacity and grid security.  

III. Building a highly intelligent power grid is a central measurement to establishing a 

new type of power system.  

The construction of a new power system is a core component of China's energy 

transformation. A coordinated nationwide approach must be adopted, integrating all 

resourcesɂgeneration, grid, demand, storage, and hydrogenɂto create a power grid 

that enables large-scale interconnection as well as lower-level balancing. Firstly, the grid 

layout shall be optimised, with the completion of the national backbone grid by 2035, 

enabling West-to-East and North-to-South power transmission with inter-regional 

mutual support. By utilising digital and intelligent technologies, the grid will be able to 

adapt flexibly to changes in power supply and demand. By 2060, the total scale of 

electricity exports from the Northwest, Northeast, and North China regions will increase 

by 140% to 150% compared to 2022. Secondly, continuously enhancing the 

construction of distribution grids to adapt large-scale distributed new energy and 

promote the transformation of distribution grids from a unidirectional distribution grid 

without power resources into a two-way interactive systems with power resources, 

focusing on locally consumed renewable energy sources for industrial, agricultural, 

commercial and residential use, to create numerous zero-carbon distribution grid hubs to 

provide strong support for the development of more than 5,000 GW of distributed wind 

power and solar PV. Thirdly, coupling of multiple energy networks will be advanced, 

drawing on international cooperation experiences to create a new-type energy network 
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where electricity and hydrogen serve as key hubs, fully integrating power, heat, and 

transportation systems. By 2060, the scale of green hydrogen will need to reach 340ɀ420 

million tonnes of coal equivalent (Mtce), with hydrogen and e-fuel production through 

electrolysis will become an important means to support grid load balancing and facilitate 

seasonal grid balancing. Chemical storage capacity will reach 240ɀ280 GW, and the 

number of electric vehicles will reach 480ɀ540 million, with vehicle-to-grid interaction 

capacity reaching 810ɀ900 GW, providing real-time responsiveness to the power system. 

IV. Scientific and technological innovation is the driving force of the energy 

transformation, and new energy productivity breeds vast market opportunities.  

The development of new productivity is a distinctive feature of China's energy 

transformation. Low-carbon, zero-carbon, and negative-carbon technologies, 

equipment, and industries related to energy production and consumption offer broad 

market potential and present significant investment opportunities. From the perspective 

of energy equipment demand, by 2060, China's installed wind and solar power capacity 

is expected to reach around 10,000 GW. The annual investment demand for power supply 

and heat supply equipment such as wind power, solar power and heat pump equipment 

in China will grow from approximately 2 trillion RMB per year in 2023 to around 6 trillion 

RMB per year by 2060, with cumulative investment needs over the next 30 years 

exceeding 160 trillion RMB. From the perspective of energy-using equipment demand, 

the energy transformation will require China to update or retrofit energy-using 

equipment across various sectors, including industry, buildings, and transportation, over 

the next 30 years. Low-carbon and zero-carbon equipment such as electric arc furnaces 

for steel production, hydrogen-based steelmaking furnaces, green hydrogen chemical 

processes, ultra-low energy buildings, high-efficiency heat pump heating systems, 

electric vehicles, and fuel cell vehicles will generate unprecedented market demand. 

From the perspective of zero-carbon and negative-carbon technologies needed to 

achieve carbon neutrality, the development of technologies such as carbon capture and 

storage (CCS) and industrial carbon dioxide recycling is an essential means of reaching 

carbon neutrality. Research and planning for these technologies must begin now. Over 

the next 30 years, ChinaȭÓ ÅÎÅÒÇÙ ÓÙÓÔÅÍ ×ÉÌÌ ÅÎÔÅÒ ÁÎ ÁÃÃÅÌÅÒÁÔÅÄ ÐÈÁÓÅ ÏÆ ÅÑÕÉÐÍÅÎÔ 

upgrades and retrofits, with the scale of demand for such improvements continuing to 

grow, providing sustained driving force ÆÏÒ #ÈÉÎÁȭÓ ÅÃÏÎÏÍÉÃ ÇÒÏ×ÔÈȢ 3ÔÒÅÎÇÔÈÅÎÉÎÇ 

international cooperation on the energy transformation will help China and other 

countries reduce the manufacturing, service, and usage costs of new energy 

transformation technologies, enabling both China and the world to achieve carbon 

neutrality sooner. 
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V. Energy system and mechanism reforms must continue to deepen while 

simultaneously establishing a legal framework to drive the energy 

transformation .  

The energy transformation requires reforms in the energy system as a fundamental 

prerequisite. From the perspective of energy legislation, the laws and regulations 

developed during the era of fossil fuel dominance are no longer adequate for the needs 

of the energy transformation. A new legal system aligned with the goals of peak carbon 

and carbon neutrality must be established, with clear accountability, strengthened legal 

obligations, and formulation of incentive and penalty mechanisms. From the perspective 

of energy market reform, it is necessary to break down regional barriers, establish a 

unified national power market, and gradually build a market system that accommodates 

the characteristics of high renewable energy penetration. From the perspective of 

energy price reform, carbon pricing should play a guiding role in directing energy 

activities, while reforms in the pricing of electricity, coal, oil, and natural gas should 

continue. From the perspective of foundational systems like energy statistics, there is 

a need to improve data and statistics for non-fossil energy sources such as renewable 

energy power and heat, biomass, and hydrogen. The green electricity certificate system 

must be refined, and certification systems for green hydrogen, green ammonia, and 

green methanol should be established. Strengthening international cooperation on the 

energy transformation will benefit China to facilitate in-depth exchanges with countries 

around the world on legislative and energy governance, providing better policy support 

for Chinaȭs energy transformation. 

China faces a series of difficulties and challenges in advancing its energy 

transformation . The main ones include: First, the weight of heavy industries in the 

economic structure. Energy-intensive industries such as steel, cement, and chemicals 

hold a significant position in China's economy, making economic restructuring and 

industrial transformation both difficult and demanding. Second, coal-dominated 

energy structure. !Ó ÔÈÅ ÌÁÒÇÅÓÔ ÅÎÅÒÇÙ ÃÏÎÓÕÍÅÒ ÉÎ ÔÈÅ ×ÏÒÌÄȟ ÍÏÒÅ ÔÈÁÎ ÈÁÌÆ ÏÆ #ÈÉÎÁȭÓ 

energy consumption comes from coal. There is no historical precedent for bypassing the 

"oil and gas era" and directly replacing coal on a large scale with new and renewable 

energy sources. Third, rapid power demand growth  increases the difficulties of  power 

system transformation. )Î ÒÅÃÅÎÔ ÙÅÁÒÓȟ #ÈÉÎÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÄÅÍÁÎÄ ÈÁÓ ÇÒÏ×Î ÒÁÐÉÄÌÙȢ 

The power system must not only become greener and more low carbon but also ensure 

security and affordability. Particularly in recent years, while power demand has surged, 

renewable energy development is constrained by limited land availability, insufficient 

system capacity for integrating renewable energy, and relatively high storage costs, 

making further acceleration difficult. Fourth, the market-driving force of energy 

transformation needs to be strengthened. For a long time, carbon-intensive energy 

products in China have been relatively cheap, while low-carbon energy is more expensive, 

with significant regional differences in energy prices. Using market mechanisms to drive 

the energy transformation is a particularly challenging task. 
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Looking ahead, there are uncertainties about China's low-carbon energy 

transformation . The main uncertainties are: Firstly, there is significant uncertainty 

around future adjustments to the industrial structure. Changes in the production of 

energy-intensive products such as steel, cement, electrolytic aluminium, and chemicals 

×ÉÌÌ ÈÁÖÅ Á ÍÁÊÏÒ ÉÍÐÁÃÔ ÏÎ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ supply, demand, and transformation 

prospects, making accurate predictions difficult at this stage. Secondly, the extent to 

which digitalisation and smart technologies will drive electricity demand growth in China 

and the scale of power consumption related to these technologies is currently hard to 

assess. Thirdly, the maturity, security, and economics of zero-carbon and carbon-

negative technologies in the medium and long term remain uncertain and difficult to 

predict. Fourthly, the prospects for industrial development, international trade and 

industrial chain supply chain development related to international cooperation on energy 

transformation are still subject to certain uncertainties. 

)Î ÓÕÍÍÁÒÙȟ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÓ Á ÌÏÎÇ-term and challenging societal 

project. Unlike Europe and the United States which have long since peaked their carbon 

emission and are moving towards carbon neutrality, within less than forty years, China 

must first surpass its peak carbon emissions and then achieve carbon neutrality. The 

challenges are immense, and it is a difficult task. This requires policymakers to face these 

challenges head-on, find solutions, and seek clarity amid uncertainty, ensuring that 

China's energy transformation stays on the right path and progresses steadily. 

China must simultaneously advance its energy transformation across five areas: 

electrify energy consumption and improve energy efficiency, decarbonise energy 

supply, enhance interaction between energy supply and demand, commercialise 

energy technologies, and modernise energy governance. At the same time, China 

should strengthen international cooperation on energy transformation, exploring 

pathways together with the global community. In doing so, China will not only ensure 

the smooth progression of its own energy transformation but also contribute 

significantly to the global effort.  
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China  energy flow charts  

Figure 2 China energy flow chart in 2022 
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Figure 3 China energy flow chart in 2060 ɀ BCNS 
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Figure 4 China energy flow chart in 2060 - ICNS 
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1 Progress in g lobal energy transformation  

1.1 Global climate change situation and its impact on energy  

'ÌÏÂÁÌ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÓÉÔÕÁÔÉÏÎȡ ÔÅÍÐÅÒÁÔÕÒÅ ÒÉÓÅ ÁÃÃÅÌÅÒÁÔÅÄ ÁÎÄ ÉÍÐÁÃÔ ÉÎÔÅÎÓÉÆÉÅÄ 

Global climate change is one of the major challenges faced by the world today. In early 

2024, the World Meteorological Organisation (WMO) issued a press release formally 

recognising 2023 as the hottest year since meteorological records began. In March, the 

WMO released its Global Climate Situation 2023 report, which showed that the global 

average temperature in 2023 will be 1.45°C higher than pre-industrial levels, and that 

records for greenhouse gas (GHG) levels, surface temperature, ocean heating and 

acidification, sea level rise, and retreat of Antarctic marine ice caps and glaciers are once 

again being broken, in some cases dramatically, and the rate of change is set to accelerate 

(as shown in Figure 1-1). In June, the Global Annual to Decadal Climate Update (GADC) 

report released by WMO projected that global average near-surface temperatures will be 

between 1.1°C and 1.9°C above the 1850-1900 baseline each year from 2024 to 2028. 

According to the fifth generation European Centre for Medium-range Weather Forecasts 

(ERA5) dataset, the global daily average temperature on 22 July reached a record high of 

17.15°C, beating the previous record of 17.09°C set on the previous day and the record of 

17.08°C set a year earlier on 6 July 2023. On 4 July, the China Meteorological 

Administration (CMA) released the China Climate Change Blue Book (2024), which noted 

that China's average temperature also reached a record high since complete 

meteorological observations were made. The National Climate Centre (NCC) predicts 

that the average temperature in the next 30 years will reach a record high. The NCC 

predicts that over the next 30 years, China's regional average extreme maximum 

temperatures will increase by 1.7 to 2.8°C, with the largest increases in eastern China and 

western Xinjiang, and that the average number of days with high temperatures and heat 

waves in China will increase by 7 to 15 days. 

The acceleration of global temperature rise indicates an accelerating process of climate 

change, and the 15 tipping point markers delineated by the Intergovernmental Panel on 

Climate Change (IPCC) continue to be activated. Nine have been activated as early as 

2020, including Arctic sea ice, boreal taiga, Greenland ice sheet, permafrost, Amazon 

rainforest, Atlantic meridional overturning circulation, West Antarctic ice sheet, warm-

water corals, and parts of the East Antarctic. Judging from the current trend, the only six 

remaining tipping points, including accelerated extinction of species, depletion of 

groundwater, melting of alpine glaciers, spatial fragmentation, intolerable high 

temperatures, and uninsurable future are also very difficult for humans to hold on to. 

Once all 15 climate tipping points are breached, mankind will be confronted with global 

temperature anomalies, and the frequency of extreme weather events will become more 

frequent and disorderly, and even no longer suitable for human survival. 
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Figure 1-1 Global temperature rise after industrialisation (compared to the average level 
between 1850 and 1900) 

 
Source: China Blue Book on Climate Change (2024) 

In fact, since 2024, the frequency, scope and intensity of extreme weather occurrences 

have further expanded globally. On April 17, Dubai was hit by the worst rainstorm in 75 

years, with rainfall in one day equal to the local average of a year and a half, leading to 

the closure of the Dubai International Airport for three days. On April 27, Guangzhou was 

hit by strong thunderstorms, locally heavy rainfalls, and tornadoes, which led to five 

deaths and 33 injured and 141 factories damaged. In northern India, high temperatures in 

June approached 50 degrees Celsius, with the capital New Delhi experiencing 38 

consecutive days of highs of 40 degrees Celsius or more since May 14, resulting in more 

than 40,000 people suffering from suspected heatstroke and at least 110 deaths. on June 

23, the Saudi government issued a news release stating that 1,300 people had died in the 

country during the Hajj pilgrimage due to the extreme heat, with peaks of temperatures 

in July and August forecast to soar above 50 degrees Celsius. In July, Brazil's 

southernmost state, Rio Grande do Sul, was hit by " 80-year floods" that left at least 171 

people dead, more than 800 injured and more than 60 missing. Overall, the frequent 

occurrence of extreme weather events in the world in 2024 has not only caused huge 

losses to human society, but also sounded the alarm for addressing climate change. The 

latest Global Risks Report released by the World Economic Forum (WEF) bluntly states 

that in the next 10 years, the top global risk is not armed conflict or social polarisation, 

but extreme weather events. 

Asia is the region of the world most affected by climate change, with floods and storms 

causing the highest number of casualties and economic losses, and the impacts of heat 

waves are being further exacerbated. China has also endured huge economic losses and 

even human casualties. According to the statistics of the Ministry of Emergency 

Management (MEM), all kinds of natural disasters in China throughout the year of 2023 

caused 95,444,000 person-time to be affected to varying degrees, with 691 dead and 

missing as a result of the disasters, and 3,344,000 people were relocated in emergencies; 
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209,000 houses collapsed, 623,000 were seriously damaged, and 1,441,000 were 

generally damaged; 10,539,300 kilo hectares were affected by crops; and the direct 

economic losses were RMB 345.45 billion. Policy action to mitigate climate change is 

urgent. 

#ÁÒÂÏÎ ÄÉÏØÉÄÅ ÅÍÉÓÓÉÏÎÓ ÆÒÏÍ ÇÌÏÂÁÌ ÅÎÅÒÇÙ ÁÃÔÉÖÉÔÉÅÓȡ ÁÐÐÁÒÅÎÔ ÒÅÂÏÕÎÄ ÁÎÄ 

ÃÏÎÔÉÎÕÅÄ ÇÒÏ×ÔÈ 

Human activities are an important cause of climate change, the highest share of GHGs, 

carbon dioxide, is mainly a product of burning fossil energy, and the long-life 

infrastructure of fossil fuels puts enormous pressure on the clean and low-carbon 

transformation of the energy system (as shown in Figure 1-2). 

Figure 1-2 Energy consumption and human activities are the primary contributors to global 
climate change  

 

Source: Climate Change 2023 Synthesis Report, Intergovernmental Panel on Climate Change (IPCC) 

According to the Emissions Gap Report 2023 published by the United Nations 
Environment Programme (UNEP), energy consumption contributes 86% of global carbon 
dioxide emissions. To limit global temperature rise to 1.5°C and not exceed, or only 
marginally exceed, this range, GHG emissions would need to peak by 2025 at the latest, 
and then decline rapidly, by 43% by 2030 compared to 2019 levels, and by 60% by 2035. 
However, future CO2 emissions from existing and planned fossil energy long-life 
infrastructure globally (around 850 Gt CO2) already exceed the total cumulative net CO2 
emissions to reach the 1.5°C target and are close to the mean cumulative emissions to 
achieve the 2°C target. Fossil energy long-life infrastructure will lock society into carbon-
intensive lifestyles and practices, affecting the speed of the transformation (as shown in  
Figure 1-3). 
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Figure 1-3 Technology lock-in effects affect the speed of energy transformation and climate 
change 

 

Source: Emissions Gap Report 2023, United Nations Environmental Programme (UNEP) 

Global CO2 emissions from energy activities experience a significant decline in 2020 under 

the influence of weakened global economic activity caused by the COVID epidemic and, 

in particular, a significant reduction in the use of fossil fuels. However, with the gradual 

containment of the epidemic and economic recovery, global CO2 emissions rebound 

significantly in 2021 and continue to grow in subsequent years (as shown in Figure 1-4). 

Figure 1-4 Global energy-related CO2 consumptions 
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The main drivers of the rebound in CO2 emissions due to global energy activities include 

the following: 

Á First, the economy is recovering rapidly. As the global economy recovers rapidly 

from the COVID epidemic, the demand for energy is increasing rapidly, especially the 

use of fossil fuels, which is directly contributing to increased carbon dioxide 

emissions. 

Á Secondly, there has been a significant increase in demand for electricity and an 

increase in the use of coal. Increased emissions from the power system and a shift 

from natural gas to coal in many regions as a result of soaring natural gas prices have 

led to a significant increase in coal consumption. 

Á Thirdly,  the growth of renewable energy is insufficient. Renewable energy is not 

growing fast enough to cover the increase in energy demand and thus displace fossil 

fuels, so carbon dioxide emissions are still on an upward trend. 

Á Fourth is the recovery of transport activities. With the gradual relaxation of outbreak 

control measures, there has been a gradual resumption of activities in the transport 

sector, in particular the recovery of international aviation, which has led to an 

increase in demand for oil and a corresponding increase in carbon dioxide emissions. 

Á Fifth is the growth in emissions from the industrial and construction sectors. Globally 

increased economic activity in the industrial and construction sectors has led to a 

corresponding increase in CO2 emissions. 

Á Sixth is the impact of climate extremes and unusual weather. Unfavourable climatic 

and weather conditions exacerbate energy demand while reducing the level of 

renewable energy output, for example, droughts reduce hydropower generation and 

require more thermal power to supplement the electricity supply, further increasing 

electricity-related emissions. 

)ÍÐÁÃÔ ÏÆ ÇÌÏÂÁÌ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÏÎ ÅÎÅÒÇÙ ÄÅÖÅÌÏÐÍÅÎÔȡ ÄÅÍÁÎÄ ÇÒÏ×ÔÈ ÁÎÄ 

ÐÒÅÓÓÕÒÅ ÏÎ ÓÕÐÐÌÙ  

The energy sector is both a major source of GHGs contributing to climate change and a 

vulnerable sector to climate change, especially as extreme weather phenomena result in 

increased demand for cooling and heating, tight supply and demand, and pressure on 

power grids, which challenge the safe and stable operation of energy systems. 

Since 2024, extreme weather events have become more frequent and more intense 

globally, adversely affecting power supply. Beginning in January, South America was hit 

by a severe drought, which led to a significant reduction in power generation from 

hydropower plants. Major hydropower plants in Brazil and Paraguay experienced record 

lows in power generation due to reduced precipitation and runoff. In February, a cold snap 

in Texas, the United States, drastically reduced natural gas production, resulting in 

soaring natural gas and electricity prices, and fossil-fuelled power systems struggled to 
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secure supply due to disruptions in transport and production. In April, extreme rainfall and 

flooding in Europe and East Asia not only impacted hydropower generation, but also 

caused direct damage to power infrastructure. In Germany and Belgium, severe flooding 

forced many power facilities to shut down, and in June, high temperatures led to the 

collapse of power grids in many countries in the Balkans, paralysing power outages and 

traffic. For China, climate change has reduced annual precipitation in the eastern and 

southern parts of the southwestern region, while Sichuan and Yunnan, as large 

hydropower provinces, have a high proportion of hydropower in their energy mix, 

resulting in insufficient local power supply and limited electricity for domestic and 

industrial use. China's summer 2024 northern regions have recently experienced 

widespread high temperatures, and the nation's highest power load is expected to 

increase by more than 100 GW year-on-year, placing some pressure on power supply. 

Heavy rainfall and triggered flooding in Dongting Lake in Hunan Province from June to 

July caused severe damage to power facilities, with power grids in several areas damaged, 

resulting in power outages and difficulties in power supply. 

From a demand perspective, extreme weather events brought about by climate change, 

such as extreme heat, cold, heavy rainfall and blizzard disasters, on the one hand result in 

a surge in direct energy or power demand for a short period of time for cooling or heating, 

and on the other hand, the recovery of the industrial chain and the supply chain in the 

wake of a disaster implies a large demand for energy. Therefore, global climate change 

puts higher demands on the resilience of the power system to adapt to dramatic 

fluctuations in power demand. From the perspective of supply, under the existing 

technical conditions, renewable energy generation, such as solar PV, wind power or 

hydropower, is highly dependent on weather and climatic conditions, and weather 

conditions such as irradiance, wind speed and precipitation directly determine the level 

of output of wind, solar and hydropower generation; and the security of supply of 

conventional energy sources is likewise threatened by the obstruction of fuel supply 

under extreme climatic conditions. Catastrophic weather conditions such as typhoons, 

high winds, strong convection, rain, snow and ice can even affect the safety of power 

generation equipment and energy supply networks, and renewable energy power supply 

is highly unstable. Electricity and energy supplies need to be made more stable and 

flexible, while increasing their resistance to extreme weather disasters. 

Energy transformation is therefore a key way for the world to address climate change and 

achieve low-carbon development, while climatic conditions equally constrain the energy 

transformation process. While promoting the energy transformation, the world is 

strengthening the resilience of energy systems to ensure a smooth and sustainable 

energy supply under complex and volatile climatic conditions. These additional measures 

will require the investment of significant financial and technological resources, which will 

raise the cost of the energy transformation. 
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1.2 Progress and prospects for the global energy transformation  

'ÒÅÅÎ ÁÎÄ ÌÏ×ȤÃÁÒÂÏÎ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ ÇÌÏÂÁÌ ÅÎÅÒÇÙ ÓÙÓÔÅÍȡ Á ÇÒÏ×ÉÎÇ ÔÒÅÎÄ 

ÔÈÁÔ ÃÁÎÎÏÔ ÂÅ ÒÅÖÅÒÓÅÄ 

Under the dual pressures of addressing climate change and energy security, and in order 

to stimulate economic development and create more employment opportunities, 

governments and multilateral organisations are actively promoting a green and low-

carbon energy transformation and implementing international commitments under the 

Paris Agreement, a trend that has become a global consensus. Major countries or 

economies, represented by the European Union, China and the United States, have 

adopted multi-level, multi-disciplinary and all-encompassing policies and actions to 

accelerate the green and low-carbon energy transformation. 

The EU has legally recognised its Nationally Determined Contributions (NDCs) with the 

Green Deal, and has proposed a ȰFit for 55ȱ package and a ȰREPowerEUȱ programme, 

among others. The latter directly sets out a 13% energy efficiency improvement target 

and renewable energy development targets, including a 13% energy efficiency 

improvement target for 2030 (compared to the 2020 reference scenario), a 45% share of 

renewable energy target in energy consumption, an increase in installed power 

generation capacity to 1,236 GW, as well as reductions in demand for natural gas and 

mandatory reductions in peak electricity use, and is implemented through diversification 

of the energy supply, securing affordable energy supplies, saving energy and investing in 

renewable energy. The EU integrates multi-channel funds from state aid programmes, 

the European Investment and Development Bank, carbon trading revenues and 

mobilisation of private sector investment, and introduces fiscal and financial incentives 

to motivate countries and enterprises to take positive action, while strengthening 

international cooperation to safeguard and accelerate the green and low-carbon 

transformation in energy. Through the Justice Transition Programme under the Invest EU 

programme, the Justice Transition Fund (JTF), and the Public Sector Loan Facility (PSLF) 

supported by the European Investment Bank (EIB), EU will help to mitigate the negative 

impacts on the interests of the regions, industries, citizens and workers within the EU 

member states that are affected by the low-carbon transformation, and to ensure a 

smooth transformation for the economy and the society. In 2023, the EU's installed 

renewable energy power generation capacity reached 614 GW, with a 44% share of total 

electricity generation. 

In 2021, in its latest NDC submission, China proposed a target of carbon peaking before 

2030 and further emphasised its commitment to achieving carbon neutrality before 2060, 

and also raised its carbon intensity reduction target for 2030 from 60%-65% to more than 

65% (compared to the 2005 level) , while the share of non-fossil energy sources in primary 

energy consumption reaches around 25%, and the installed capacity of wind and solar 

power reaches 1,200 GW above. China will lead the overall green transformation of the 

economy and society with the dual-carbon control target (i.e. total energy consumption 
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and energy consumption per RMB 10,000 of gross domestic product (GDP)), build a "1+N" 

policy system of carbon peak attainment and carbon neutrality, strengthen strategic 

planning and institutional construction, and adhere to the simultaneous efforts from both 

the production side and the consumption side, so as to accelerate the green and low-

carbon transformation of the energy system. In 2023, China gradually shifted from dual-

control targets for energy consumption to dual-control targets for carbon emissions, 

leaving more space for the development of low-carbon energy and accelerating the green 

and low-carbon transformation. In 2023, China's total installed capacity of renewable 

energy reached 1,470 GW, and the share of power generation reached 31.8%, highlighting 

the results of China's energy restructuring and green and low-carbon transformation. 

In 2021, the United States returned to the Paris Agreement and submitted an updated 

NDC, committing to reduce GHG emissions by 50%~52% of 2005 levels by 2030, and to 

achieve net-zero emissions in the power sector by 2035. To support these goals, the 

United States passed the Infrastructure Investment and Jobs Act (IIJA), the Inflation 

Reduction Act (IRA) and other legislation under the macro-policy framework of the 

Investing in America Agenda (IAA), to ensure the achievement of the above goals and 

stimulate economic growth and employment, of which the former focuses on 

infrastructure construction, such as transportation and power grids, and the latter focuses 

on supporting the innovation and industrialisation of clean energy technology and the 

transformation of traditional energy communities to promote the transformation of the 

United States to a cleaner and low-carbon energy system. Specific initiatives include 

direct investment, tax subsidies, preferential loans and loan guarantees. Funding sources 

include the United States Government's USD 2 trillion infrastructure programme, 

investments by the United States Department of Energy, and the mobilisation of private 

sector investment, of which USD 173 billion has been invested in electric vehicles and 

batteries, USD 77 billion in clean energy manufacturing and infrastructure, and USD 155 

billion in clean power. 

!ÃÈÉÅÖÅÍÅÎÔÓ ÉÎ ÔÈÅ ÇÌÏÂÁÌ ÇÒÅÅÎ ÁÎÄ ÌÏ×ȤÃÁÒÂÏÎ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎȡ Á ÇÒÅÁÔ 

ÄÅÁÌ ÔÏ ÂÅ ÁÃÈÉÅÖÅÄ ÁÎÄ Á ÐÒÏÍÉÓÉÎÇ ÆÕÔÕÒÅ ÔÏ ÌÏÏË ÆÏÒ×ÁÒÄ ÔÏ 

Countries around the globe have taken a series of policy actions and international 

cooperation to change their energy production and consumption patterns and accelerate 

their own green and low-carbon energy transformation, and have achieved impressive 

results in the control of total carbon emissions, the reduction of fossil energy 

consumption, the development of renewable energy sources and technological 

innovation. 

The most significant results of the global energy transformation are reflected in the 

renewable energy power generation and electric vehicle sectors, where renewable energy 

development and electric vehicle sales are growing rapidly, and the costs of renewable 

power generation and electric vehicles are gradually becoming competitive. According to 

the Clean Energy Market Monitor report released by the International Energy Agency 

(IEA), global clean energy deployment reached a new high in 2023, solar PV and wind 



  Progress in global energy transformation 

ΩΩ 

 

power grew by 85% and 60% respectively compared to 2022, and new installed capacity 

reached nearly 540 GW; electric vehicle sales increased by 35%; heat pump sales grew for 

two consecutive years in 2021 and 2022, reaching record levels in 2022 but declining 

slightly (3%) in 2023; and global installed capacity of hydrogen production electrolysers 

exceeded 1 GW, reaching 1.3 GW, a growth rate of 360%. While China has long led the 

way in renewable energy development and electric vehicle sales growth, the EU also 

presented satisfactory results. According to the Renewable Energy Target Achievement 

Report for 2020 published by EU in 2022, the EU exceeded its target, with the share of 

renewable energy in total end-use energy consumption reaching 22.1%. 

Although total global carbon emissions and energy-related carbon emissions are still on 

an upward trend, developed economies such as the European Union, the United States 

and Japan have already achieved a certain degree of reduction in total carbon emissions, 

and emerging economies such as China and Brazil are basically showing a downward 

trend in carbon emission intensity. According to Ember data, EUȭs carbon emissions 

reduced by 19% year-on-year in 2023, with the power sector accounting for only 4.6% of 

global emissions. According to the analysis of the Energy Information Administration 

(EIA) of the United States, the countryȭs energy-related carbon emissions in 2023 were 

reduced by 3%, of which the power sector emissions were cut by 7%, contributing to 80% 

of the reduction, mainly due to the substitution of solar energy and natural gas power 

generation resulting in the reduction of coal-fired power generation. China's carbon 

emission intensity has maintained a downward trend for ten consecutive years. 

The importance of fossil energy in the energy mix is gradually declining as the share of 

renewable energy increases and the electrification of end-use energy increases. From 

2015 to 2022, coal power generation in advanced economies represented by the G7 

countries decreased by 35%, with the UK and France leading the way with 93% and 63% 

decreases, respectively; although the G7 countries' reliance on natural gas remains high, 

the growth rate has slowed down, especially as the gas crisis of 2022 has made the G7 

countries realise the vulnerability of natural gas supplies and reconsider their 

dependence. 

'ÌÏÂÁÌ ÇÒÅÅÎ ÌÏ×ȤÃÁÒÂÏÎ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎȡ ÉÎÓÕÆÆÉÃÉÅÎÔ ÓÙÎÅÒÇÉÅÓȟ ÎÅÅÄ ÆÏÒ 

ÉÎÃÒÅÁÓÅÄ ÃÏÎÓÅÎÓÕÓ 

As the most important means of combating climate change, countries' commitments to 

a green and low-carbon energy transformation fall far short of temperature rise control 

targets. Climate Action Tracker analyses show that the gap between scenario emission 

pathways constructed according to the NDCs submitted by countries to the United 

Nations Framework Convention on Climate Change (UNFCCC) by December 2023 and 

the 1.5°C-compatible pathway in 2030 is between 19,000~22,000 million tonnes of CO2-

equivalent (MtCO2e) (the target gap, as illustrated in Figure 1-5).The First Global 

Stocktaking Report released by UNFCCC in 2023 states that even if all current NDC targets 

are fully implemented, the global average temperature rise in 2100 can only be contained 

within the range of 2.1 to 2.8°C, and that global GHG emissions would need to be reduced 
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by 43% and more than 60% in 2030 and 2035, respectively, on a 2019 basis, in order to 

achieve the goal of keeping temperature rise in the 1.5°C range (as shown in Figure 

1-6).The Emissions Gap Report 2023 published by the UNEP gives similar estimates of the 

need for further emission reductions. 

Figure 1-5 Gaps between countries' commitments and action pathways and 1.5°C compatible 
pathways 

 

Source: Climate Action Tracker  

Figure 1-6 Achieving 2/1.5°C will require further emission reduction efforts 

 

Source: Technical Report on the First Global Stocktaking, United Nations Framework Convention on 
Climate Change (UNFCCC)  
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The actual policies and actions taken by some countries are also insufficient to support 

the achievement of their NDC targets. As most countries' climate commitments are not 

translated into actual strategies and plans and implemented through policies and 

regulations, the gap between current actions and the two pathways of the NDC target 

scenarios will reach 24,000~27,000 MtCO2e by 2030. The International Renewable Energy 

Agency (IRENA) predicts that this gap will continue to widen and even reach 34,000 

MtCO2e by 2050, further highlighting the urgency of comprehensive action to accelerate 

the transformation. Therefore, countries need to make concerted efforts to raise the goal 

of combating climate change and a green and low-carbon energy transformation, and 

more importantly, to strengthen practical policies and actions. 

The global green and low-carbon energy transformation is a complex process that 

requires the full cooperation of all countries around the world in terms of finance, 

technology and capacity-building, but international cooperation on the global energy 

transformation faces many conflicts and challenges because it involves the distribution of 

responsibilities among countries. Whether for climate change mitigation or adaptation, 

the importance of finance is self-evident, but developing countries are under great 

pressure for economic development and are less likely to be able to afford climate 

expenditures, and developed countries, which have the obligation to provide financial 

support to developing countries, have failed to honour their commitments to climate 

financing. Under the Cancun Agreements, developed country parties committed to a goal 

of mobilising USD 100 billion a year in climate finance by 2020, but in reality, according 

to the Organization for Economic Cooperation and Development (OECD) calculations, 

developed countries have provided and mobilised a historic high of USD 83.3 billion in 

2020, below the pledged target, and the "cumbersome systems and bureaucracy" made 

it difficult for the least development countries (LDCs) to access funds. The innovation 

cooperation and technology transfer in the context of Ȱgreat power gamesȱ and Ȱcounter-

globalisationȱ are even more fraught with obstacles. Under the influence of geopolitical 

interference, conflicting economic interests and legal restrictions, the politicisation of 

science and technology, the prevalence of trade protectionism, the misuse of technology 

bans and other behaviours have hindered cooperation in technology research and 

development (R&D), large-scale deployment and innovation in business application 

models, limiting the further improvement of the level of innovation and productivity in 

the industry, and inadvertently increasing the cost of the global energy transformation to 

a cleaner and lower-carbon environment. 
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0ÅÒÓÐÅÃÔÉÖÅÓ ÏÎ ÔÈÅ ÇÌÏÂÁÌ ÇÒÅÅÎ ÁÎÄ ÌÏ×ȤÃÁÒÂÏÎ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎȡ ÆÏÃÕÓÉÎÇ ÏÎ 

ÁÃÔÉÏÎȟ ÆÏÃÕÓÉÎÇ ÏÎ ÃÏÍÍÉÔÍÅÎÔ 

According to the Climate Action Trackerȭs assessment, only a few economies such as 

Norway, Ethiopia, Morocco, Nigeria and others with a very low contribution to GHG 

emissions are able to support their NDC targets with domestic policy actions, while the 

sum of all the countries' efforts falls short of the strength required for a 1.5°C compatible 

pathway. Therefore, all parties around the world need to strengthen their sense of 

responsibility, increase their commitment, enhance their domestic policy efforts, and 

raise the level of international cooperation in order to promote a just, orderly and 

equitable green and low-carbon transition of the energy system. 

Policy support is the basic guarantee for promoting a green and low-carbon energy 

transformation. Countries should improve their domestic institutional systems and 

formulate specific transformation goals, strategies and action plans to give stakeholders 

clear policy expectations. They should effectively promote the development of 

renewable energy and energy efficiency and provide incentives through fiscal and tax 

incentives to encourage participation in the transformation, especially by the private 

sector. In addition, governments should optimise regulatory and support mechanisms to 

create an innovation-friendly environment, and the impact on innovation and 

competition should be fully considered in the process of policy formulation and 

adjustment, encouraging potential new entrants and leading established players to 

develop more promising innovative and transformative technologies and business 

models, so as to make the policy better serve the deployment of technological innovation 

and commercialisation. 

Upgrading technology and achieving leapfrog breakthroughs is a fundamental way to 

achieve a green and low-carbon transformation of energy. According to the Net Zero by 

2050: A Roadmap or the Global Energy Sector issued by the IEA, although it is possible to 

achieve the 2030 emissions reduction target by relying on existing technologies, if the 

2050 net-zero emissions target is to be achieved, half of the emissions reduction must 

come from technologies that are currently still in the demonstration or prototype stage, 

especially in areas that are difficult to reduce emissions, such as heavy industry and long-

distance transport, where the problem is more prominent. In terms of long-term 

development, countries across the globe should act to encourage and support 

technological innovation and large-scale application in sectors such as energy, industry 

and transport, including key segments or areas such as power generation, power 

transmission and distribution, energy storage, energy conversion, green hydrogen, and 

key minerals. 

Reforming and rebuilding the financial system are an indispensable support for achieving 

a green and low-carbon energy transformation. According to estimates by the 

International Monetary Fund (IMF) and Deloitte, to achieve net-zero emissions by 2050, 

investment in the low-carbon transition will need to increase to USD 5-7 trillion per year, 

while current investment in this area is less than USD 2 trillion per year, and investment 
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in the low-carbon transformation is facing a huge shortfall. According to the IMF and the 

Price Waterhouse Coopers (PwC), developing countries face a larger and growing 

financing gap due to higher investment risks and lower investor interest. The IEA 

estimates that emerging market and developing economies will need to invest USD 2 

trillion per year by 2030 to achieve net-zero emissions by 2050, while the United Nations 

Conference on Trade and Development (UNCTAD) estimates that the investment gap in 

the energy sector alone is as high as USD 2.2 trillion per year. Therefore, countries should 

fully mobilise investment in energy transformation and developed countries in particular 

should demonstrate their responsibility and accountability by strengthening financial 

transfers to developing countries to support their energy transformation and climate 

change mitigation. PwC believes that there is limited room for growth in public 

investment, and that the private sector must make a significant contribution by providing 

80% of the required investment. It is necessary for countries and multilateral cooperation 

platforms to set up a transformation-friendly financial framework system, build a 

financial incentive mechanism for low-carbon transformation, and innovate diversified 

financial products, so as to mobilise the private sector to participate in the energy 

transformation investment. 

Strengthening international cooperation is an effective path to improving the efficiency 

of energy transformation efforts, including but not limited to dimensions such as 

improving policies, technological R&D and promoting investment. Countries and 

international multilateral organisations should help countries and regions with urgent 

transformation needs to strengthen capacity building, especially in the formulation of 

systems and standards, so as to provide a better environment for industrial 

transformation; developed countries should accelerate the transfer of financial resources 

to developing countries, expand the public sector's commitment to climate finance and 

strengthen the fulfilment of targets; promote technology transfer to developing 

countries, giving full consideration to the situation of local energy transformation, and 

cooperate in promoting the implementation of technically effective and economically 

viable technologies. 
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2 Progress in China õs energy transformation  

On June 13, 2014, General Secretary Xi Jinping pointed out at the Sixth Meeting of the 

Central Leading Group for Finance and Economics that China is facing challenges such as 

huge pressure on energy demand, more constraints on energy supply, serious ecological 

and environmental damage caused by energy production and consumption, and a 

general backwardness in the level of energy technology. At the meeting, General 

Secretary Xi Jinping put forward a five-point request on promoting a revolution in energy 

production and consumption: first, promote a revolution in energy consumption and curb 

unreasonable energy consumption. Second, promote the energy supply revolution and 

establish a diversified supply system. Third, promote the energy technology revolution, 

drive industrial upgrading. Fourth, promote the energy system revolution, and open the 

fast track of energy development. Fifth, strengthen international cooperation in all 

aspects to achieve energy security under open conditions. 

Over the past decade, China has promoted energy transformation in five areas: energy 

consumption, energy supply, energy technology, energy institutions and international 

energy cooperation; the dependence of economic development on energy consumption 

has steadily declined; the capacity of energy supply has been significantly improved; the 

capacity of energy science and technology and industry has been markedly strengthened; 

energy market-oriented reforms have been pushed forward in a solid manner; and 

international energy cooperation has been deepened in a comprehensive manner. 

2.1 Energy consumption revolution 

3ÔÅÁÄÙ ÄÅÃÌÉÎÅ ÉÎ ÄÅÐÅÎÄÅÎÃÅ ÏÎ ÆÏÓÓÉÌ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ ÆÏÒ ÅÃÏÎÏÍÉÃ 

ÄÅÖÅÌÏÐÍÅÎÔ 

From 2014 to 2023, China's average annual growth rate of energy consumption of 3.2% 

supports the average annual growth rate of China's economy of 6.0%. In 2023, China's 

GDP reached RMB 126.1 trillion, energy consumption reached RMB 5,720 Mtce, and 

energy consumption per unit of GDP was 0.48 tonnes of standard coal (tce)/RMB 10,000 

(at comparable prices in 2020); in 2013, China's GDP was RMB 59.3 trillion, energy 

consumption was 4,170 Mtce, and energy consumption per unit of GDP was 0.62 tce/RMB 

10,000. Using 2013 as the base year, the cumulative decrease in energy consumption per 

unit of GDP in 2023 reached 23.2% (as shown in Figure 2-1), creating a cumulative energy 

saving of 1,220 Mtce. Against the backdrop of the global move towards carbon neutrality, 

China's economic development has gradually reduced its dependence on fossil fuel 

consumption. from 2014 to 2023, China's GDP grew by 78.5%, but fossil energy 

consumption only grew by 37.2%, and fossil fuel consumption per unit of GDP declined 

from 0.53 tce/RMB 10,000 in 2013 to 0.35 tce/RMB 10,000 in 2023, a decline of 33.7%. The 

intensity of fossil fuel consumption has been reduced by more than one third, and the 

dependence of economic development on fossil fuel consumption has continued to 

decrease. 
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Figure 2-1 Changes in China's energy consumption per unit of GDP in the past ten years 

 

The structure of energy consumption continues to improve. From 2014 to 2023, the 

share of non-fossil energy in China's primary energy consumption increased from 10.2% 

in 2013 to 17.9% in 2023, an increase of 7.7 percentage points. Among them, the share of 

coal in primary energy declined from 67.4% in 2013 to 55.3% in 2023, a decrease of 12.1 

percentage points (as shown in Figure 2-2). 

Figure 2-2 Share of non-fossil energy and share of coal in total primary energy consumption in 
China in the past ten years 

 

3ÔÅÁÄÙ ÉÍÐÒÏÖÅÍÅÎÔ ÉÎ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ 

Energy efficiency in key industrial sectors has steadily improved. The industrial sector 

is an important pillar of China's economic development, accounting for more than 30% of 

its GDP; at the same time, industry is the most important area of China's energy 

consumption, accounting for more than 60% of China's total energy consumption in the 
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long term. In the past ten years, China has, on the one hand, continued to phase out 

backward production capacity, accelerated the development of advanced manufacturing 

capacity, and promoted the upgrading of industrial structure to high-end, green and 

digital. On the other hand, China has continued to promote energy-saving and low-

carbon technologies, replacing traditional technologies with advanced and efficient 

technologies. In 2022, China's coal consumption per kilowatt-hour (kWh) of power 

generation in thermal power plants and the overall energy consumption per tonne of 

cement production decreased by 7.4% (as shown in Figure 2-3) and 9.5%, respectively, 

compared with 2013. The overall energy consumption per tonne of steel production and 

the overall electricity consumption per tonne of electrolytic aluminium of medium and 

large-sized enterprises (as shown in Figure 2-4) in China both have already reached the 

world's advanced level. 

Figure 2-3 Coal consumption per kWh of power generation in China's thermal power plants in 
the past ten years 

 

Figure 2-4 Overall electricity consumption per tonne of electrolytic aluminium in China  
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!ÃÃÅÌÅÒÁÔÅÄ ÇÒÅÅÎ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÏÆ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ 

The promotion of electric vehicles has been accelerated. Energy consumption in the 

transport sector accounts for about 10% of China's total energy consumption. As a 

transport alternative to petrol and diesel vehicles, China's ownership of new energy 

vehicles has continued to increase from about 20,000 in 2013 to 20.41 million in 2023, 

which is about 1,000 times that of 2013. In 2023, China's production of new energy 

vehicles reached 9.51 million, ranking first in the world, and the market penetration rate 

has already exceeded 30% (as shown in Figure 2-5 and Figure 2-6). Matching this, China's 

charging infrastructure has grown from almost negligible in 2014 to 8.6 million units in 

2023, and the convenient charging infrastructure has effectively increased Chinese 

consumers' acceptance of electric vehicles (EVs). 

Figure 2-5 Stock of new energy vehicles in China in the past ten years 

 

Figure 2-6 Market penetration rate of new energy vehicles in China in the past ten years 
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2.2 Energy supply revolution 

3ÉÇÎÉÆÉÃÁÎÔ ÉÎÃÒÅÁÓÅ ÉÎ ÎÅ× ÅÎÅÒÇÙ ÇÅÎÅÒÁÔÉÏÎ ÃÁÐÁÃÉÔÙ 

China's new and renewable energy power generation has been growing at a rapid 

pace. over the past ten years, the installed capacity of renewable energy power 

generation in China has maintained a high annual average growth rate of close to 15%. In 

2023, China's installed capacity of renewable energy power generation has historically 

surpassed that of thermal power capacity, and its share in total installed power 

generation capacity exceeded 50%. In 2023, the share of China's non-fossil energy power 

generation capacity including renewable energy and nuclear power has reached 53.9% of 

total installed power generation capacity (as shown in Figure 2-7). 

Figure 2-7 China's total installed power generation capacity and the share of non-fossil fuels 
and share of renewable energy in the past ten years 

 

solar PV and wind power have been the hotspots of China's new energy development 

in the past ten years. in the ten years from 2013 to the present, China's installed capacity 

of wind power has continuously ranked first in the world; since 2015, China's installed 

capacity of solar PV has remained the world's first for eight consecutive years, and the 

installed capacity of biomass power has ranked the world's first for seven consecutive 

years. In 2023, the total installed capacity of hydropower including pumped storage 

reached 420 GW, 1.5 times that of 2013; the installed capacity of wind power reached 441 

GW, 5.8 times that of 2013; the installed capacity of solar PV reached 609 GW, 38.4 times 

that of 2013; and the installed capacity of biomass reached 44 GW, 5.7 times that of 2013 

(as shown in Figure 2-8). 
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Figure 2-8 Installed capacity of various types of renewable energy power generation 
technologies in China in the past ten years 

 

Renewable energy power generation has grown from very minor to provide one-third 

of the country's power generation. In 2023, China's renewable energy power generation 

has exceeded 3,000 TWh, accounting for about one-third of the total electricity 

consumption of the whole society (as shown in Figure 2-9). From 2014 to 2023, the 

average annual growth rate of China's wind and solar PV power generation has remained 

above 10 percentage points for ten consecutive years. In 2023, the sum of China's wind 

and solar PV power generation reached 1,450 TWh, or about 16% of the total electricity 

consumption of the whole society, which equivalent to the 1.4 billion people in China, who 

consumed 1,000 kWh of wind and solar PV power per person per year. 

Figure 2-9 China's renewable energy generation in the past ten years 

 

!ÃÃÅÌÅÒÁÔÅÄ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÎÕÃÌÅÁÒ ÅÎÅÒÇÙ ÁÎÄ ÎÁÔÕÒÁÌ ÇÁÓ 

Nuclear power plays an important supporting role in meeting the growth of power 

loads in coastal areas. Nuclear power is a power generation source with high energy 

density, good stability and low carbon emissions, and its large-scale development is 

crucial to optimising the power mix of China's coastal areas, enhancing the ability to 
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secure power supply and lowering carbon emissions in coastal areas. From 2014 to 2023, 

China's installed nuclear power generation capacity continued to increase. In 2023, China 

had a total of 55 nuclear power units in operation, with an installed capacity of 56.91 GW, 

accounting for about 2% of the country's installed power generation capacity. In 2023, 

China's installed nuclear power capacity grew by 42.25 GW compared to 2013, with the 

installed capacity reaching 3.9 times that of 2013 (as shown in Figure 2-10). China's 

installed nuclear power capacity in operation ranks third in the world after the United 

States and France. In addition, the installed capacity of nuclear power units under 

construction in China is 43.42 GW, ranking first in the world. 

Figure 2-10 Installed capacity of nuclear power in China in the past ten years 

 

Figure 2-11 China's nuclear power generation and its share in national power generation in the 
past ten years 

 

Natural gas plays an important role in replacing coal. Natural gas is a clean and low-

carbon fossil energy source, and from 2014 to 2023, China has regarded the development 

of natural gas as an important solution for replacing coal, and has formulated a number 

of policies such as the Air Pollution Prevention and Control Action Plan, the Three-year 
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Action Plan for Defending the Blue Sky, and the Implementation Plan to Facilitate Clean 

Heating in the Northern Region, and has completed the world's largest engineering project 

of Ȱreplacing coal with gasȱ. China's natural gas consumption has rapidly increased from 

170.5 billion cubic metres (bcm) in 2013 to 401.7 bcm in 2023, a 136% increase in ten years, 

with an average annual increase of 23.1 bcm. The scale of China's natural gas market has 

achieved a Ȱthree-stage jumpȱ in the past decade, crossing the three big steps of 200 bcm, 

300 bcm and 400 bcm consecutively. China has become the world's third largest natural 

gas consumer. At the same time, China's natural gas production has also continued to 

increase. In 2023, the national natural gas production reached 232.4 bcm, 1.9 times that 

of 2013, almost doubling its production in ten years (as shown in Figure 2-12). 

Figure 2-12 China's natural gas production and natural gas consumption in the past ten years 

 

#ÏÎÔÉÎÕÅÄ ÄÉÖÅÒÓÉÆÉÃÁÔÉÏÎ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ ÓÕÐÐÌÙ 

The diversification of power supply has increased significantly. After ten years of 

development, the power structure has changed from the past pattern of Ȱcoal power as 

the mainstay and hydropower as a supplementȱ to a new pattern of Ȱaccelerated 

development of renewable energy, nuclear power and gas power, supported by grid 

interconnection, energy storage and demand-side response, and with thermal power 

providing ancillary services and being the ballast stone of power supplyȱ. In the past ten 

years, China's renewable energy has accelerated its development, with the installed 

capacity of wind and solar power developing from 92 GW in 2013 to 1,050 GW in 2023. 

China's natural gas power generation capacity reached 125 GW in 2023, which was mainly 

distributed in the power load centres such as the Pearl River Delta, Yangtze River Delta, 

Beijing-Tianjin-Hebei region and Sichuan-Chongqing. Gas power plays an important role 

in enhancing the power supply capability during peak load periods in the local areas (as 

shown in Figure 2-13). 
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Electricity flexibility resources have become more abundant. By the end of 2023, the 

installed capacity of China's pumped storage power plants had reached 50 GW, about 

double that of 2012, with 160 GW approved and under construction, and the installed 

pumped storage capacity built and under construction ranked first in the world. In 2023, 

the installed capacity of China's lithium-ion battery storage, compressed air energy 

storage, and other new-type energy storage projects has reached 31.39 GW/ 66.87 GWh 

(the average energy storage duration is more than 2 hours), which has completed the 

planning target of 30 GW in 2025 three years ahead of schedule (as shown in Figure 2-14). 

China's thermal power plants have accelerated the implementation of Ȱthree retrofitsȱ 

including energy-saving and carbon-reducing retrofit , flexibility retrofit , and heat supply 

retrofit . The country launched flexibility retrofit  pilots for 17 GW of coal power units in 

2016, followed by a comprehensive promotion of the Ȱthree retrofitȱ. From 2020 to 2022, 

China cumulatively implemented the flexibility retrofit  of 188 GW of coal power units, 

completing about 90% of the Five-Year Plan target. After the retrofit , the load regulation 

capacity of coal power units has been greatly improved, providing important support for 

renewable energy development and grid security. 

Figure 2-13 Electricity generation mix in China in the past ten years 

 

Figure 2-14 Development of new-energy storage in China in the past ten years 
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2.3 Energy technology revolution 

"ÒÅÁËÔÈÒÏÕÇÈÓ ÉÎ 2Ǫ$ ÏÆ ÎÅ× ÔÅÃÈÎÏÌÏÇÉÅÓ 

In the last decade, China has made a series of new achievements in renewable energy 

technological innovation . In 2023, the efficiency of crystalline silicon-calcite cells 

independently developed by Chinese solar PV enterprises achieved the world's highest 

PV power generation efficiency record of 33.9%. With the development of N-type cell and 

large-size wafer technology, the single-chip power of PV modules was upgraded from 600 

W to more than 700 W in 2023 (as shown in Figure 2-15). 

Figure 2-15 Variation in efficiency of crystalline silicon solar cells 

 
Source: China Photovoltaic Industry Association 

The world's first commercial demonstration of the fourth -generation nuclear power 

technology. High-temperature gas-cooled reactor (HTGR) is a fourth-generation nuclear 

power technology with unique Ȱinherent safetyȱ of no leakage, no loss of control and no 

meltdown. In 2023, the world's commercial HTGR nuclear power plant - Shandong Shidao 

Bay HTGR demonstration project was officially put into operation, marking China's 

fourth-generation nuclear power technology in R&D and application reaching the world's 

leading level. At the same time, China has made positive progress in the R&D of multi-

purpose small reactors and micro-reactors, which indicates that China's R&D of new-

generation nuclear energy systems is basically in sync with that of the United States, 

Russia and Europe. 

New-type power transmission technologies are constantly making breakthroughs. In 

terms of flexible direct current (DC) transmission, in the past ten years, China has built 

and put into operation flexible DC transmission projects such as Hebei Zhangbei and 

Jiangsu Rudong projects. Unlike traditional DC transmission, flexible DC transmission can 

realise the decoupling control of active power and reactive power, and independently 

regulate voltage and frequency, which can better adapt to the fluctuation and uncertainty 
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of new energy power generation. In addition, it has the characteristics of small line loss, 

long transmission distance and strong environmental adaptability of flexible DC 

transmission, which can operate stably in more complex environments. Flexible DC 

transmission technology continues to make breakthroughs and lays a solid foundation for 

the enhancement of renewable energy transmission and grid regulation ability. 

3ÉÇÎÉÆÉÃÁÎÔ ÉÍÐÒÏÖÅÍÅÎÔ ÉÎ ÅÎÅÒÇÙ ÅÑÕÉÐÍÅÎÔ ÍÁÎÕÆÁÃÔÕÒÉÎÇ ÁÎÄ ÐÒÏÊÅÃÔ 

ÅÎÇÉÎÅÅÒÉÎÇ ÃÁÐÁÂÉÌÉÔÙ 

In the past ten years, China's renewable energy equipment manufacturing capacity 

has improved significantly. In terms of wind turbine manufacturing, China has mastered 

the manufacturing technology of 15 MW onshore and 22 MW offshore ultra-large-

capacity wind turbines, and the low wind speed and typhoon-resistant wind turbine 

technologies rank the forefront in the world. China has formed the most complete 

industrial chain in the world, and the costs of the complete machine and key components 

are relatively low, which gives them a certain competitive advantage in the market. 

China has made the leap from second-generation nuclear power to independent 

developed third -generation nuclear power technology. In the area of nuclear power, 

through digestion, absorption and re-innovation, China has developed third-generation 

nuclear power technologies with independent intellectual property rights, such as 

Hualong-1 and Guohe-1. Several Hualong-1 units have been put into operation 

nationwide, and the Guohe-1 demonstration project is progressing in an orderly manner. 

At present, China has formed the ability to supply about ten sets of nuclear power plant 

units with complete sets of main equipment every year. At the same time, the 

construction management level of China's nuclear power continues to improve, with the 

engineering and construction capacity to build multiple nuclear power units at the same 

time, and the engineering construction and engineering procurement construction (EPC) 

capacity has entered the world's advanced ranks. 

A number of world-class large-scale hydropower projects with high technical content 

and difficult construction conditions have been built. In the past ten years, China has 

built the world's largest hydropower unit with a single capacity of 1 GW, and has 

completed major hydropower projects such as the Baihetan and Wudongde hydropower 

stations, with an installed capacity of 16 GW and 10.2 GW, respectively, and with scales 

and technological levels that rank among the world's foremost. 

!ÃÃÅÌÅÒÁÔÅÄ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÎÅ× ÔÅÃÈÎÏÌÏÇÉÅÓȟ ÍÏÄÅÌÓ ÁÎÄ ÆÏÒÍÓ ÏÆ ÂÕÓÉÎÅÓÓ 

It is actively trying out new application scenarios such as nuclear energy heat supply 

and nuclear energy desalination. In China, in areas such as Shandong Haiyang, Zhejiang 

Qinshan and Liaoning Hongyanhe, China has started to use the waste heat of nuclear 

power plants to provide heat services and heating services for nearby customers, realising 

the inter-regional interconnection and sharing of zero-carbon heat sources. In 2023, the 

Shandong Haiyang Nuclear Power Plant provided nuclear heating services for the cities 

of Haiyang and Lushan, with a total heating area of 12.5 million square metres to meet 
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the winter clean heating needs of a total of 400,000 people in the two cities. In March 

2023, the Huaneng Shidao Bay High Temperature Gas-cooled Reactor also started to 

provide heating services for neighbouring residents.  

New models and new forms of business in energy services are accelerating. In 2013, 

the number of energy-saving service companies in China was 4,852. By the end of 2023, 

the number of energy-saving service companies grew to 12,000, and the output value of 

this industry was more than RMB 500 billion, which is about double that of 2013. Since 

China accelerated the implementation of clean heating in 2016, China's heating industry 

has entered an accelerated period of development, with a large number of enterprises 

using clean energy technologies such as solar, geothermal and biomass energy to provide 

heating services for cities, towns and industrial enterprises. By 2023, the number of 

enterprises engaged in clean heating in China reached 8,350, the total output value of the 

clean heating industry was RMB 920 billion, and the number of employees reached 1.25 

million. Among the 24.5 billion square metres of heating area in China's northern region, 

18.6 billion square metres have achieved clean energy heat supply, the coverage rate 

reached 76%. 

2.4 Energy system revolution 

3ÔÅÁÄÙ ÐÒÏÇÒÅÓÓ ÉÎ ÐÏ×ÅÒ ÍÁÒËÅÔ ÒÅÆÏÒÍ 

China's power market reform is accelerating. Prior to the reform, China's power industry 

had long been managed by administrative plans, and power grid enterprises 

implemented the business model of Ȱunified purchase and saleȱ and Ȱintegration of 

transmission, distribution and saleȱ, with power prices set by the government, i.e. 

benchmark feed-in tariffs implemented on the power generation side, and listed 

electricity prices implemented on the user side, with prices determined according to the 

voltage level and type of user. Since 2015, China has further promoted power market 

reform in accordance with the idea of Ȱregulating the transmission session and liberalising 

both generation and end-use sidesȱ. 

The varieties and platforms for power trading in China are getting diverse. In 2021, 

China officially abolished the industrial and commercial listed electricity prices, industrial 

and commercial users started to purchase power at market prices, and the price packages 

are getting diverse. As of 2023, China has built a power market system covering medium- 

and long-term transaction, spot transaction, ancillary services and other trading varieties, 

and formed two levels of markets, namely intra-provincial and inter-provincial. At 

present, medium- and long-term transaction is the mainstay of China's power market 

system, which has achieved normal operation nationwide. In recent years, the trading 

scale and trading volume of medium- and long-term transactions have been increasing, 

and the trading cycle has been covered from multi-year to multi-day, which has played an 

important role in stabilising the supply and demand of electricity. As of 2023, China has 

launched two batches including 14 spot power market pilots, and the southern regional 

spot power market has realised the trial operation of region-wide settlement, and the role 
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of the spot power market in discovering real-time electricity prices has gradually 

emerged. In terms of the ancillary service market, in 2023, China's ancillary service market 

has covered 6 regions and 33 provincial power grids. These markets have established a 

variety of products such as peak-load shaving, frequency regulation and reserves, and the 

economic value of flexibility resources in the power market has been initially reflected. In 

terms of power trading institutions, since 2015, China has established two regional power 

trading centres in Beijing and Guangzhou as well as 32 provincial power trading centres, 

forming a relatively independent, fair and standardised power market trading platform. 

In addition to the power market, China has also built a green certificate market and a 

specialised green power trading market. In 2017, China started to certify green 

certificates and implement voluntary subscription for green certificates. in September 

2021, green power trading was officially launched. In recent years, the trading scale of 

green power and green certificates has continued to expand, and the environmental 

premium has been rising. By the end of 2023, China had achieved 105.9 TWh of green 

power trading and issued 176 million green certificates. 

%ÎÅÒÇÙ ÐÒÉÃÅ ÒÅÆÏÒÍ ÒÅÓÔÏÒÅÓ ÅÎÅÒÇÙ ÔÏ ÃÏÍÍÏÄÉÔÙ ÐÒÏÐÅÒÔÉÅÓ 

In the past ten years, China has taken Ȱmarket-determined energy pricesȱ as the direction 

of reform and has promoted energy price reform on the basis of the idea of Ȱregulating 

the transport section and liberalising production and consumption sidesȱ. 

On the one hand, prices have been approved for energy segments that are natural 

monopolies. For example, in accordance with the principle of Ȱpermitted costs + 

reasonable returnsȱ, a price system has been established for natural monopolies in the 

power and natural gas sectors. In the power sector, a multi-level power transmission and 

distribution price system has been established, including provincial power grids, regional 

power grids, and inter-provincial and inter-regional power transmission. In the area of 

natural gas prices, on the basis of a review of the costs of cross-provincial natural gas 

pipelines, natural gas pipeline transport prices have been approved in accordance with 

four price zones: north-west, north-east, central-east and south-west. 

On the other hand, China has taken the initiative to liberalise prices in competitive 

areas and segments. With regard to feed-in tariffs, the market-based price mechanism 

of Ȱbaseline tariff  + upward and downward fluctuationsȱ has been implemented for coal 

power feed-in tariffs. With regard to power transmission tariffs, the price has been 

formed through negotiation or market-based methods in accordance with the principle 

of Ȱrisk-sharing and benefit-sharingȱ in inter-provincial and inter-regional power 

transactions. In the case of natural gas, the prices of gas supplied from upstream sources, 

gas supplied directly to users, gas purchased and sold from storage facilities and natural 

gas publicly traded in trading centres have been formed by the market. 
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2.5 International cooperation on energy 

!ÃÔÉÖÅÌÙ ÐÒÏÍÏÔÉÎÇ Á ÇÒÅÅÎ ÁÎÄ ÌÏ×ȤÃÁÒÂÏÎ ÇÌÏÂÁÌ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ 

To provide the world with energy equipment with reliable performance and 

reasonable price. China's mega-market size and complete industrial system provide 

favourable conditions for energy equipment manufacturers. According to the Renewable 

Energy Capacity Statistics 2024 released by the IRENA, over the past ten years, the 

average cost of wind power and solar power generation worldwide has cumulatively 

declined by more than 60% and 80%, respectively, with a large portion of the decline 

attributed to Chinese innovation, Chinese manufacturing and Chinese engineering. 

China's new energy industry provides a large number of high-quality and high-efficiency 

energy equipment for the world, especially for the vast number of developing countries, 

and supports the global green transformation. In 2023, the key component production 

capacity in China's solar PV and vehicle-mounted battery industries accounted for more 

than 70% of the world, the wind power manufacturing production capacity accounted for 

more than 50% of the world, and electrolyser shipments accounted for nearly 80% of the 

world. In 2023, China's Ȱthree-newȱ exports including new energy vehicles, lithium 

batteries and PV products exceeded RMB 1 trillion for the first time. China's wind power 

and solar PV products have been exported to more than 200 countries and regions around 

the world, helping these countries and regions, especially the vast number of developing 

countries, to undergo green transformation. 

Actively promoting international cooperation on green energy. While vigorously 

promoting the development of the domestic new energy industry, China has continued 

to strengthen international cooperation. Overseas new energy investments by Chinese 

enterprises cover wind power, solar PV, hydropower and other fields, which have strongly 

supported the green transformation and green industrial development of relevant 

countries and regions. In terms of equipment manufacturing, China has cultivated a 

number of international first-class energy equipment manufacturing enterprises, four of 

the world's top five wind power machine manufacturers are Chinese enterprises, and six 

of the top ten electric vehicle battery manufacturers are Chinese enterprises, which have 

become an important force in stabilising the global supply of clean energy. 

0ÒÏÍÏÔÉÏÎ ÏÆ ÃÏÏÐÅÒÁÔÉÏÎ ÏÎ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ÔÈÅ "ÅÌÔ ÁÎÄ 

2ÏÁÄ )ÎÉÔÉÁÔÉÖÅ 

Supporting energy transformation in Asian countries. In Southeast Asia, the Nam Ou 

River Basin cascade hydropower station in Laos is the first basin-wide overall planning, 

investment and construction project by a Chinese enterprise overseas, and has 

cumulatively delivered more than 12 TWh of clean power to Laos. In Central Asia, China 

and Kazakhstan have jointly constructed the largest wind power project in Central Asia, 

the 100 MW wind power project in the Jambul region, while the 100 MW solar PV power 

plant in Navoi, Uzbekistan, constructed by Chinese enterprises, is the first large-scale 

solar PV power plant built in the country. In the Middle East, the Al Dhafra solar PV power 
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plant in the United Arab Emirates, which Chinese enterprises participated in the 

construction, is the world's largest single solar PV power plant project, and is known as 

the ȰLight of Abu Dhabiȱ. The Nouaux III 150MW tower-type CSP plant in Morocco, in 

which Chinese enterprises participated, is the world's largest tower-type CSP plant in 

terms of single-unit capacity, and was awarded the ȰSocial Contribution Prizeȱ and the 

ȰEconomic and Employment Promotion Prizeȱ by the Moroccan government. 

Supporting energy transformation in Europe and South America. In Central and 

Eastern Europe, the Mozura wind power project in Montenegro, jointly built by a Chinese 

company and the Government of Malta, has been hailed as a benchmark and exemplary 

project in the wind power industry in Central and Eastern Europe. In South America, the 

Gauchari PV power plant in Jujuy Province, Argentina, is the first project constructed in 

Argentina since the launch of the Belt and Road Initiative and is also the largest solar PV 

power plant in South America. 

Support for Africa's energy transformation. In Africa, China has jointly constructed a 

large number of hydropower projects with Angola, Burundi, Mali, Guinea, Ethiopia, 

Tanzania and other countries; jointly carried out the construction of wind power projects 

with South Africa, Ethiopia, Kenya and other countries; and cooperated in solar PV 

projects with Algeria, Nigeria, Morocco and other countries. Among these, the Cagulou 

Kabassa hydropower plant in Angola, the Adama wind power farm in Ethiopia and 233 

MW solar PV power plant in Algeria are the largest hydropower, wind power and solar PV 

projects in Africa, respectively. 

2ÅÌÙÉÎÇ ÏÎ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÏÐÅÒÁÔÉÏÎ ÐÌÁÔÆÏÒÍÓ ÔÏ ÐÒÏÍÏÔÅ ÇÌÏÂÁÌ ÃÏÏÐÅÒÁÔÉÏÎ ÏÎ 

ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ 

Build a comprehensive exchange and cooperation platform for green development. 

In April 2019, Chinese and international partners jointly launched the Belt and Road 

International Alliance for Green Development. Through sharing green concepts and 

policies, knowledge and data on ecological environmental protection and pollution 

prevention, as well as cooperation on green technologies, the alliance will bring together 

international development institutions, think tanks, enterprises, social organisations and 

other stakeholders to build a green Silk Road. So far, more than 150 partners from 43 

countries are already involved. 

Establish a professional exchange and cooperation platform in the energy sector. In 

April 2019, China initiated the establishment of the Belt and Road Energy Partnership 

(BREP) with 29 countries to conduct in-depth studies and solutions to major issues in 

energy development through the annual Belt and Road Energy Ministers' Meetings and 

talent training programmes. By holding annual the Belt and Road energy ministers' 

meetings and carrying out talent training programmes, the Partnership has conducted in-

depth research and solved major problems in energy development, and the number of 

member countries has reached 33, making it the first international cooperation platform 

in the field of energy initiated and established by the Chinese side. 
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Relying on the regional energy cooperation platform to carry out work. Over the past 

ten years, China and relevant countries and regions have jointly established five regional 

energy cooperation platforms, including the Asia-Pacific Economic Cooperation (APEC) 

Sustainable Energy Centre, the China-Arab League Clean Energy Training Centre, the 

China-Central and Eastern European Countries Energy Project Dialogue and Cooperation 

Centre, the China-African Union Energy Partnership, and the China-Association of 

Southeast Asian Nations (ASEAN) Clean Energy Cooperation Centre, focusing on policy 

communication, planning, capacity building, technical exchanges and joint research, and 

promoting the common development and prosperity of the relevant countries and 

regions in the field of energy. 

Over the past decade, China's energy production and consumption systems have 

changed significantly. Looking ahead, China has set the long-term goal of Ȱstriving to 

peak carbon dioxide emissions before 2030 and striving to achieve carbon neutrality 

before 2060ȱ. China will adhere to the principle of Ȱestablishing the new before abolishing 

the oldȱ, and will actively promote energy transformation while ensuring energy security 

and economic sustainability, so as to work together with other countries in the world to 

address global climate change. 
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3 Zero-carbon development pathway of the 

energy sector  

3.1 Main findings 

Á Energy transformation is a critical pillar in building China's carbon-neutral 

society. With the accelerated development of energy transformation technologies 

(including negative carbon technologies such as carbon capture) and related 

industries, there will be significant changes in the structure of China's primary 

energy demand and electricity demand. The energy structure will transform from 

one in which fossil energy accounts for more than 80% of the total in 2022 to one in 

which non-fossil energy accounts for more than 80% of the total primary energy 

demand in 2060, enabling China's energy system to achieve net-zero carbon 

emissions and will help building China's carbon-neutral society by 2060. 

Á Electrification and energy efficiency are important ways for end-use sectors to 

move towards carbon neutrality. In the near to medium term, the energy 

transformation in end-use sectors will primarily rely on high-quality economic 

development, industrial restructuring, and enhanced energy efficiency. In the 

medium to long term, the focus will shift to electrification and the adoption of low-

carbon and zero-carbon fuels. Additionally, flexible energy use and supply-demand 

interaction within end-use sectors will be key priorities in the energy transformation. 

Á Building a wind- and solar-based new power system is an inevitable choice for 

energy transformation. By 2060, with the establishment of a new power system 

with wind and solar at the core, and balancing development and security, the 

ÃÏÕÎÔÒÙȭÓ ÔÏÔÁÌ ÉÎÓÔÁÌÌÅÄ ÐÏ×ÅÒ ÃÁÐÁÃÉÔÙ ×ÉÌÌ ÒÅÁÃÈ ΧΦȟΫΩΦɀ11,820 GW. Of this, wind 

and solar installations will account for 9,320ɀ10,700 GW. Additionally, flexible 

resources such as advanced energy storage and hydrogen production through 

electrolysis will reach capacities of 5280ɀ5870 GW, providing critical support for the 

safety and stability of the power system. Furthermore, cross-regional power 

exchange capabilities will improve significantly, leading to an optimized national 

grid structure. 

Á Energy transformation creates new opportunities for investment growth, 

industrial upgrading, and employment. Over the next three decades, investment 

demand in sectors such as wind and solar power, as well as heat supply, will exceed 

2-" ΧάΦ ÔÒÉÌÌÉÏÎȢ !Ó #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÐÒÏÇÒÅÓÓÅÓȟ ÉÔ ×ÉÌÌ ÄÒÉÖÅ ÄÏ×Î ÔÈÅ 

costs of new technologies, contributing to reduced global energy transformation 

costs. The shift to low-carbon energy and industrial upgrading will mutually 

reinforce and support each other, facilitating economic growth while decoupling it 

from carbon emissions. This transformation will also contribute to higher 

employment levels and improved wage rates. 
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Á China's energy transformation  is not easily achieved. China faces four major 

challenges in its energy transformation: the weight of heavy industries in the 

economic structure, coal-dominated energy mix, the difficulty of simultaneously 

managing rapid power system development as well as transformation, and the 

market-driving force of energy transformation needs to be strengthened. 

Additionally, numerous uncertainties surrounding China's low-carbon energy 

transformation should merit close attention. 

3.2 Scenario design for CETO2024 

4ÈÅ ÔÁÒÇÅÔÓ ÏÆ ÅÃÏÎÏÍÉÃȤÓÏÃÉÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÁÎÄ ÔÈÅ ÖÉÓÉÏÎ ÏÆ  ÃÁÒÂÏÎ ÐÅÁË ÁÎÄ 

ÃÁÒÂÏÎ ÎÅÕÔÒÁÌÉÔÙ 

The general idea of the report "China's Energy Transformation Outlook 2024" is to 

promote the construction of a new type of energy system based on China's national 

conditions, drawing on international experience, and integrating China's economic and 

social development and carbon emission targets and visions, so as to lead China's energy 

transformation with a Chinese-style modernisation. 

China has set the strategic goal of building a comprehensively modern socialist power by 

the middle of this century, which is divided into two steps: the first step is to basically 

achieve socialist modernisation from 2020 to 2035; and the second step is to build a rich, 

strong, democratic, civilised, harmonious and beautiful socialist modernising power from 

2035 to the middle of this century. China has a large population, aims at the common 

prosperity of all its people, attaches importance to the coordination of material and 

spiritual civilisation, stresses the harmonious coexistence of human beings and nature, 

and adheres to the road of peaceful development, so China's modernisation has the 

general characteristics of modernisation of all countries, but also Chinese characteristics 

based on China's national conditions. 

China is committed to reaching peak carbon dioxide emissions before 2030 and achieving 

carbon neutrality before 2060. This commitment is an important component of China's 

modernisation strategy and an important contribution to addressing global climate 

chaÎÇÅȢ 4ÈÅ ÐÒÏÍÏÔÉÏÎ ÏÆ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÓ ÂÏÔÈ ÁÎ ÅÆÆÅÃÔÉÖÅ ÒÅÓÐÏÎÓÅ ÔÏ 

the climate change challenge and an opportunity to transform its economic structure and 

enhance industrial competitiveness, making China's modernisation more harmonious, 

prosperous and sustainable. 

4×Ï ÓÃÅÎÁÒÉÏÓ ÆÏÒ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ 

In its analysis of China's energy transformation by 2060, the group set up two scenarios. 

The common denominator of the two scenarios is that China will peak its carbon 

emissions by 2030 and achieve carbon neutrality by 2060. Considering that the global 

climate change situation is becoming more and more urgent, but the international 

political and economic situation is becoming more and more complicated and volatile, 
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the group set up the baseline carbon neutral scenario (BCNS) and the ideal carbon neutral 

scenario (ICNS). 

Table 3-1 CETO2024 Scenario names 

Chinese name English name Abbreviation 

 Baseline Carbon Neutrality Scenario BCNS 

 Ideal Carbon Neutrality Scenario ICNS 

 

The Baseline Carbon Neutrality Scenario (BCNS) envisions that, with significant efforts, 

China will achieve its medium- and long-term development goals, including the dual 

carbon objectives. The international political and economic landscape grows more 

complex with recurring geopolitical conflicts. In this environment, addressing climate 

ÃÈÁÎÇÅ ÍÁÙ ÂÅÃÏÍÅ Á ÌÏ×ÅÒ ÐÒÉÏÒÉÔÙȟ ÒÅÄÕÃÉÎÇ ÓÏÍÅ ÃÏÕÎÔÒÉÅÓȭ ÅÆÆÏÒÔÓȢ #ÌÉÍÁÔÅ-change-

related trade disputes will likely rise, complicating agreements. Collaboration on low-

carbon and zero-carbon technologies will face significant challenges. It is more difficult 

to reduce the cost of new technologies due to global market segmentation. In this 

international environment, China stays committed to its goals of peaking CO2 emissions 

before 2030 and achieving carbon neutrality before 2060. By advancing its medium- and 

long-term energy transformation, China makes a decisive contribution to reaching a 

carbon-neutral society. 

The Ideal Carbon Neutrality Scenario (ICNS) envisions that, through substantial efforts, 

#ÈÉÎÁȭÓ ÍÅÄÉÕÍ- and long-term economic and social development goals, along with its 

carbon neutrality and peak emissions targets, are achieved on schedule. The severity of 

global climate change has spurred a strong international response, with countries 

prioritising accelerated energy transformation despite occasional political and economic 

conflicts in certain regions. Despite occasional political and economic conflicts in certain 

regions, countries remain committed to addressing climate change by enhancing 

cooperation in areas such as politics, economics, trade, industry, technology, finance, 

human resources, and knowledge and data sharing. This collective effort aims to reduce 

the cost of developing low-carbon, zero-carbon, and carbon-negative technologies, 

enabling their large-scale adoption sooner and at a lower cost. This will also support 

ÄÅÖÅÌÏÐÉÎÇ ÃÏÕÎÔÒÉÅÓ ×ÉÔÈ ÌÉÍÉÔÅÄ ÃÁÐÁÃÉÔÙȟ ÒÅÉÎÆÏÒÃÉÎÇ #ÈÉÎÁȭÓ ÒÏÌÅ ÁÓ ÁÎ ÉÍportant player 

in global cooperation. !Ó Á ÍÅÍÂÅÒ ÏÆ ÔÈÅ ȰÇÌÏÂÁÌ ÖÉÌÌÁÇÅȱȟ #ÈÉÎÁ ×ÉÌÌ ÐÒÏÖÉÄÅ ÔÅÃÈÎÏÌÏÇÙȟ 

equipment, and capacity-building support to other countries to the best of its ability. 

Together, these efforts will drive the global energy transformation and preserve the 

shared home of humankind. 
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"ÏØ ΩȤΧ $ÅÓÉÇÎ #ÏÎÃÅÐÔÓ ÆÏÒ )#.3 

The group has imagined a scenario based on the idealised factors of the current global 

energy transformation from a positive perspective, in light of the various real risks 

involved. The aim is to advocate win-win cooperation in the international community 

and to instil confidence in green and low-carbon development. The preconditions for 

this scenario include: firstly, the global energy transformation is actively and steadily 

ÐÒÏÍÏÔÅÄȟ ÁÎÄ ÎÏ ÃÏÕÎÔÒÙ ÉÓ ȬÇÏÉÎÇ ÂÁÃË×ÁÒÄÓȭȠ ÓÅÃÏÎÄÌÙȟ ÔÈÅ ÅÎÅÒÇÙ transformation 

embodies world unity and close cooperation, and advanced international technologies 

can be popularised in China in a timely manner, while the advantages of China's energy 

transformation can also be fully utilised globally; thirdly, major national policies are 

moving in the same direction, and countries' energy transformations complement 

each other's strengths, promoting exchanges and trade, and making the exchange of 

knowledge and technology for energy transformation smoother; and fourthly, global 

energy security is promoted in a coordinated manner to maintain common security 

without mutual damage. 

 

3.3 Scenario key assumptions and boundary conditions 

 According to the scenario definition, both scenarios meet the goals of consistent 

economic development and carbon peaking and carbon neutrality. Specifically, the two 

scenarios face the same resource and environmental constraints and energy security 

requirements, which are mainly reflected in the consistent upper limits on wind and solar 

energy resources, ecological and environmental protection red lines, and power system 

safety requirements. In terms of specific parameters, the two scenarios have the same 

population and urbanisation rate, but parameters such as the economic growth rate and 

the cost of key technologies related to energy production and consumption differ under 

different scenarios due to the different intensity of international cooperation. 

Table 3-2 Key scenario settings and assumptions for the CETO2024  

 
Baseline carbon 
neutral scenario 

(BCNS) 

Ideal carbon neutral scenario 
(ICNS) 

Economic and social development goals 

Vision for economic and social 
development goals 

By 2035, socialist modernisation will be realised; by the 
middle of this century, a rich, strong, democratic, civilised, 
harmonious and beautiful modern socialist China will be 

built. 

Carbon Peaking and Carbon 
Neutrality objective 

Carbon dioxide emissions  peaking by 2030,  Carbon 
neutrality by 2060 

Resources, environment and energy security constraints 

Resource potential for 
hydropower 

Equal 

Resource potential for wind 
energy 

Equal 
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Resource potential for solar 
energy 

Equal 

Resource potential for biomass Equal 

Ecological red line and 
environmental protection 

Equal 

Security requirements of power 
system 

Equal 

Key assumptions 

Macroeconomic social and policy parameters 

GDP per capita 
Adoption of baseline 

assumptions 
Greater 

Population Equal 

Urbanisation rate Equal 

Prospects for international 
cooperation 

Adoption of baseline 
assumptions 

Tighter and smoother 

Energy demand side  

Industrial sector 

Value added by industry 
Adoption of baseline 

assumptions 
Greater 

Share of value added of energy-
intensive industries 

Adoption of baseline 
assumptions 

Lower 

Production of energy-intensive 
products 

Adoption of baseline 
assumptions 

Lower production of steel, 
cement, etc.; higher 

production of olefins, non-
ferrous metals, etc. 

Transport sector 

Transport passenger and freight 
turnover 

Adoption of baseline 
assumptions 

Greater 

Vehicle ownership 
Adoption of baseline 

assumptions 
Greater 

Electric vehicle penetration 
Adoption of baseline 

assumptions 
Greater 

Building sector 

Gross floor area 
Adoption of baseline 

assumptions 
Greater 

Proportion of ultra-low/near-zero 
energy buildings 

Adoption of baseline 
assumptions 

Greater 

Energy supply side 

Costs of energy transformation 
technologies 

Adoption of baseline 
assumptions 

Lower 

Costs of power system flexibility 
technologies 

Adoption of baseline 
assumptions 

Lower 

Costs of carbon capture, 
utilisation and storage 

technologies 

Adoption of baseline 
assumptions 

Lower 

Financing costs of the energy 
transformation 

Adoption of baseline 
assumptions 

Lower 
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Installed capacity of nuclear 
power 

Equal 

Installed capacity of pumped 
storage 

Equal 

Fossil fuel prices Equal 

-ÁÃÒÏÅÃÏÎÏÍÉÃ ÁÎÄ ÓÏÃÉÁÌ ÐÁÒÁÍÅÔÅÒÓ 

Economic growth  

China's development goals are as follows: By 2035, the country aims to achieve significant 

growth in economic strength, scientific and technological capabilities, and overall 

national power, with its per capita GDP reaching levels comparable to those of a 

moderately developed country. By the middle of this century, China envisions 

transforming itself into a modern socialist power that is prosperous, strong, democratic, 

culturally advanced, harmonious, and beautiful. Based on the goal of building a 

modernised and powerful country in the Chinese style, the economic growth parameters 

are mainly represented by per capita GDP, and different economic growth parameters 

are set for the two scenarios in stages. In BCNS and ICNS scenarios, the annual GDP 

growth rates from 2023 to 2035 are set at 4.7% and 4.9% respectively. By 2035, per capita 

GDP will reach RMB 144,000 and 151,000, respectively, more than double the 2020 levels, 

matching the level of a moderately developed country. From 2035 to 2060, the GDP 

growth rate will slow down. By 2060, the per capita GDP will reach RMB 268,000 and RMB 

295,000, respectively (as shown in Figure 3-1).  

Figure 3-1 Assumptions for GDP, 2020-2060 

 

Population and urbanisation  

Population size and urbanisation have a significant impact on energy production and 

consumption. In terms of population size, China's population is entering a stage of slow 

growth. In 2022, China's population experienced negative growth for the first time in 60 

years, and in 2023, it is 1.41 billion people. According to forecasts, China's total population 

will peak between 2025 and 2030 and enter a period of negative growth. Driven by the 

new urbanisation strategy, China's urbanisation rate of the resident population is 
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expected to increase from 53.10% in 2012 to 66.16% in 2023, with 933 million urban 

residents. According to studies by the Institute of Social Studies of the China Academy of 

Macroeconomic Research, the World Bank and others, in the future, as China's 

urbanisation moves into the later stages of the rapid development phase, there will still 

be room for improvement, albeit at a slower rate of growth. Considering the impact of 

population policies in the near to medium term, the two scenarios use consistent 

parameters for population and urbanisation rate, with a population of 1.24 billion and an 

urbanisation rate of 83% in 2060 (as shown in Figure 3-2). 

Figure 3-2 Assumptions of total population and urbanisation rate, 2020-2060 

 

3.4 Scenario analysis results 

With significant efforts, the energy transformation can make a decisive contribution 

to China's efforts to achieve a carbon-neutral society before 2060. By 2060, China's 

economy should grow between 3.3 to 3.6 times its 2020 level. Total primary energy 

consumption (accounted using the calorific value method) first increases and then 

decreases, with consumption falling by about one-third from its peak by 2060. Under the 

Baseline Carbon Neutrality Scenario (BCNS) and the Ideal Carbon Neutrality Scenario 

(ICNS), with the accelerated development of energy transformation technologies 

(including negative carbon technologies such as carbon capture) and related industries, 

China's energy system can achieve net-zero carbon emissions before 2060, paving the 

way to make the Chinese society as a whole carbon neutral before 2060. 

3ÉÇÎÉÆÉÃÁÎÔ ÃÈÁÎÇÅÓ ÉÎ ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÏÆ ÔÏÔÁÌ ÐÒÉÍÁÒÙ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÁÎÄ ÅÌÅÃÔÒÉÃÉÔÙ 

ÄÅÍÁÎÄ ×ÉÌÌ ÏÃÃÕÒ 

After the energy transformation, China's energy mix will shift from more than 80% 

fossil energy to more than 80% reliance on non-fossil energy. In 2022, the total national 

primary energy consumption (calculated by the calorific value method, which is used also 

used in the following) was 4,900 Mtce. Growth will continue and then decline by about 

one-third by 2060 (as shown in Figure 3-3). In 2022, non-fossil energy accounted for 17.6% 

of primary energy consumption, while fossil fuels made up 82.4%. By 2060, non-fossil 
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energy is projected to account for around 85% of primary energy consumption, with fossil 

fuels making up around 15%. This represents a dramatic shift in the ratio of non-fossil to 

fossil energy, moving from "2:8" to "8:2." International cooperation on energy 

transformation will help accelerate China's progress, enabling the country to achieve a 

higher share of non-fossil energy consumption by 2060 (as shown in Figure 3-4). 

Figure 3-3 Total primary energy demand and structure, 2022-2060 (based on the calorific 
value method) 

 

 

Figure 3-4 Comparison of primary energy demand structure between 2022 and 2060 
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After the energy transformation, the share of the traditional end-use sector in the 

total electricity consumption of the whole society will decrease to 68%-72%. The total 

electricity consumption will increase to 20,000-22,200 TWh in 2060. The share of 

electricity demand from traditional end-use sectors (mainly industry, buildings, and 

transport) will decrease from 89% in 2022 to 68%ɀ72% by 2060. In the coming decades, 

the share of electricity used for processing and conversion (such as for hydrogen 

production, electric heating, and synthetic fuel production) will steadily increase. Among 

these, in 2060, electricity consumption for hydrogen and e-fuel production is projected to 

be 4,100-5,400 TWh, accounting for around 21% of total electricity consumption, while 

electricity use in district heating is expected to consume 660-870 TWh, making up about 

4% (as shown in Figure 3-5).  

Figure 3-5 Comparison of electricity demand structure between 2022 and 2060 

 

%ÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÓ Á ÃÒÉÔÉÃÁÌ ÐÉÌÌÁÒ ÉÎ ÂÕÉÌÄÉÎÇ #ÈÉÎÁ΄Ó ÃÁÒÂÏÎȤÎÅÕÔÒÁÌ ÓÏÃÉÅÔÙ 

With the accelerated development of energy transformation technologies (including 

carbon-negative technologies such as carbon capture) and related industries, China's 

energy system could achieve net-zero carbon emissions by 2060. Energy-related 

ÁÃÔÉÖÉÔÉÅÓ ÁÃÃÏÕÎÔÅÄ ÆÏÒ ήάȢΫϻ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÔÏÔÁÌ ÃÁÒÂÏÎ ÄÉÏØÉÄÅ ÅÍÉÓÓÉÏÎÓ ÉÎ ΨΦΧήȢ 

Most of China's energy-related carbon emissions come from end-use sectors and energy 

processing and conversion. The model analysis shows that carbon dioxide emissions from 

China's ÅÎÅÒÇÙ ÓÙÓÔÅÍ ×ÉÌÌ ÐÅÁË ÂÅÆÏÒÅ ΨΦΩΦȟ ÐÒÏÖÉÄÉÎÇ ÉÍÐÏÒÔÁÎÔ ÓÕÐÐÏÒÔ ÆÏÒ #ÈÉÎÁȭÓ ÇÏÁÌ 

to achieve carbon peaking across its economy and society before 2030. After 2030, carbon 

emissions from the energy system will gradually decline. Under the BNCS and ICNS 

scenarios, with accelerated development of renewable energy, the accelerated 

transformation of end-use energy consumption, and the popularisation of zero-carbon 

and negative-carbon technologies such as carbon capture and storage (CCS) and 

industrial carbon cycling, Chinaȭs energy sector is able to achieve net-zero carbon 

emissions before 2060, providing decisive support for China to achieve carbon neutral 

society before 2060.  
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%ÌÅÃÔÒÉÆÉÃÁÔÉÏÎ ÁÎÄ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÁÒÅ ÉÍÐÏÒÔÁÎÔ ×ÁÙÓ ÆÏÒ ÔÈÅ ÅÎÄȤÕÓÅ ÓÅÃÔÏÒ ÔÏ 

ÍÏÖÅ ÔÏ×ÁÒÄÓ ÃÁÒÂÏÎ ÎÅÕÔÒÁÌÉÔÙ 

The transformation of the end-use energy sectors will primarily rely on high-quality 

economic development, industrial restructuring and improved energy efficiency in 

the near to medium term, and on electrification and low- and zero-carbon fuel 

substitution  in the medium to long term. Based on the calorific value method, China's 

end-use energy demand will increase firstȟ ÆÏÌÌÏ×ÅÄ ÂÙ Á ÇÒÁÄÕÁÌ ÄÅÃÌÉÎÅȟ ×ÉÔÈ ΨΦάΦȭÓ 

value being roughly 30% lower than the peak (as shown in Figure 3-6). During this 

transformation, the most important driver of end-use energy demand growth is the 

rapidly increasing electricity demand. 

Figure 3-6 Comparison of end-use energy variety structure between 2022 and 2060 

 

Note: Low-carbon and zero-carbon fuels mainly include synthetic fuels from electricity and 

biofuels. 

Electricity and hydrogen will become the dominant energy carriers in China's low-

carbon end-use energy transformation. During the 14th Five-Year Plan period, 

electricity will replace coal as the most dominant energy source of China's end-use energy 

demand. The share of electricity in end-use energy demand will increase from about 28% 

in 2023 to 44%-45% in 2040 and 59%-62% in 2060. Hydrogen's share is also expected to 

ÇÒÏ× ÆÒÏÍ ÔÏÄÁÙȭÓ ÒÏÕÇÈÌÙ Φϻ ÔÏ ÁÐÐÒÏØÉÍÁÔÅÌÙ Ψϻ ÉÎ ΨΦΪΦ ÁÎÄ ΧΨϻ ÔÏ ΧΪϻ ÉÎ ΨΦάΦ ɉÁÓ 

shown in Figure 3-7). By 2060, hydrogen will become the second-largest energy resource 

in China's end-use energy demand. 

Figure 3-7 Share of electricity and hydrogen in end-use energy demand, 2025- 2060 
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Electrification in end-use sectors will progressively expand and ultimately lead to a 

high level of electrification across all the energy demand throughout the analysed 

period. Electrification of end-use sectors includes both narrow and broad forms: Narrow 

electrification refers to the direct use of electricity in end-use sectors, while broad 

electrification includes the use of electricity, electricity-derived synthetic fuels and 

electricity-generated heat. Among the different end-use sectors, the transport sector will 

see the fastest growth in electrification. From 2022-2060, the narrow electrification rate 

in transportation will increase from 4% to 42%-45%, and the broad electrification rate will 

rise from 4% to 64%-83%. In industry, the narrow electrification rate will increase from 

28% to 49%-53% and the broad electrification rate from 28% to 73%-76%. The building 

sector will remain the most electrified, with the narrow electrification rate increasing 

from 37% to 84%- 87% and the broad increasing from 37% to 92%-93%  

The share of electric vehicles is rising rapidly, becoming an example for China's energy 

transformation. By 2060, the number of electric vehicles will reach 480-540 million, 

accounting for close to 100% of the passenger car fleet. Together with the charging 

infrastructure that provides flexibility services to the grid, electric and smart vehicles will 

become an important mean to China's energy consumption transformation. 

ȰFlexible energy use" and "supply-demand interaction " in end-use sectors will be key 

components of the energy transformation. Industries such as non-ferrous metals, 

chemicals, light industry, and electrical equipment need to be modified to match cheaper 

yet fluctuating renewable power. In the building sector, technologies such as PEDF 

(Photovoltaic, Energy storage, Direct current, Flexibility) building, it is necessary to 

develop technologies for intelligent public building groups and flexible household energy 

management to support grid stability under a high share of renewable energy. In the 

transportation sector, technologies such as smart charging and vehicle-to-grid (V2G) 

interaction need to be promoted to support power system flexibility and reliability. In the 

next three decades, the end-use sectors must develop a series of new technologies for 

"flexible energy use" and "energy demand-response interaction", to enable flexible 

regulation of loads in the daily power balancing. These technologies will be essential to 

meet the future needs of the energy transformation. 

"ÕÉÌÄÉÎÇ Á ×ÉÎÄȤ ÁÎÄ ÓÏÌÁÒȤÄÏÍÉÎÁÔÅÄ ÎÅ× ÐÏ×ÅÒ ÓÙÓÔÅÍ ÓÕÐÐÏÒÔÓ Á ÃÏÍÐÒÅÈÅÎÓÉÖÅ 

ÇÒÅÅÎ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ ÅÃÏÎÏÍÙ ÁÎÄ ÓÏÃÉÅÔÙ 

Achieving green power with wind and solar as the core 

Developing a new power system dominated by wind and solar energy is an inevitable 

step in energy transformation. Decarbonizing energy supply is the primary pathway for 

transforming the energy supply side, with replacing fossil fuel-based electricity with non-

fossil energy electricity as the core task. In 2023, non-fossil energy accounted for 53.9% 

ÏÆ #ÈÉÎÁȭÓ ÉÎÓÔÁÌÌÅÄ ÐÏ×ÅÒ ÃÁÐÁÃÉÔÙȟ ×ÈÉÌÅ ÆÏÓÓÉÌ ÅÎÅÒÇÙ ÁÃÃÏÕÎÔÅÄ ÆÏÒ ΪάȢΧϻȢ "Ù ΨΦάΦȟ 

China's total installed power generation capacity is projected to reach 10,530-11,820 GW, 

about four times the 2023 level (as shown in Figure 3-8). The installed renewable energy 
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power capacity will reach about 96%, and the renewable share of power generation will 

reach 93%-94% (as shown in Figure 3-9). In 2060, the installed capacity of nuclear power 

and pumped storage will be needing to reach 180 and 380 GW, respectively. In 2060, 

bioenergy with carbon capture and storage (BECCS) will have an installed capacity of 

more than 130 GW. 

%ÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÍÕÓÔ ÁÄÈÅÒÅ ÔÏ ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ Ȱestablishing the new before 

abolishing the oldȱ. Coal-fired power must transform gradually from serving as a 

baseload power source to becoming a flexible or backup source, while also naturally 

phasing out as renewable energy generation capacity and power system control 

capabilities improve.  Strengthening international cooperation on energy transformation 

will help China to further improve its non-fossil energy supply capacity and grid security. 

Wind and PV installations are growing significantly, with distributed PV offering the 

greatest potential. In 2060, China's combined wind and PV power capacity needs to 

reach 9,320-10,700 GW, of which wind power makes up 2,950-3,460 GW, and PV makes 

up 6,370-7,240 GW. This means solar PV accounts for roughly two-thirds of China's 

combined wind and PV power capacity. Among the installed capacity of PV, distributed 

PV accounts for 70%, which is dominant. Distribution grids need to transform from a 

unidirectional distribution grid without power sources, into a two-way interactive system 

with power sources, to create numerous zero-carbon distribution grid hubs to provide 

strong support for the development of more than 5,000 GW of distributed wind power 

and solar PV.  

Figure 3-8 Comparison of installed power capacity mix between 2022 and 2060 

 

Figure 3-9 Comparison of power generation mix between 2022 and 2060 
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Building a flexible and secure new power system 

By 2060, a flexible and secure new power system will be established. By 2035, China's 

pumped storage and new energy flexibility resources are expected to reach a combined 

capacity of 950-1,400 GW. Meanwhile, flexible coal power and pumped storage play an 

important role for real-time balancing. Additionally, industrial demand response will be 

essential for providing flexibility services during peak load periods. By 2060, China's 

flexibility resources will need to be expanded to 5,280-5,870 GW. As the matching of 

electricity supply, demand and storage progresses, new-type storage technologies and 

hydrogen and e-fuel production will become key power system flexibility resources, 

significantly reducing the reliance on coal power (as shown in in Figure 3-10).  

The large-scale development of advanced energy storage and power-to-hydrogen 

systems will provide essential support for the safety and stability of the power system. 

By 2060, the capacity for hydrogen and e-fuel production needs to be increased to 3,110-

3,560 GW, thereby accounting for about 60% of all new flexible resources. While 

participating in real-time balancing, hydrogen and e-fuel production will also take on the 

new role of providing "inter-seasonal balancing" for electricity. By 2060, new energy 

storage is expected to contribute about 2Φϻ ÏÆ #ÈÉÎÁȭÓ ÎÅ× ÆÌÅØÉÂÉÌÉÔÙ ÒÅÓÏÕÒÃÅÓȟ ÉÎÃÌÕÄÉÎÇ 

around 500 million electric vehicles with vehicle-to-grid (EV-V2G) interaction capacity 

reaching between 810-900 GW. Electrochemical storage stations will be widely adopted 

across power supply, grid, and charging, reaching a capacity of 240-280 GW. 

Figure 3-10 The requirements of flexibility resource scale and structure, 2035-2060 

 

Note: New flexibility resources include new-type energy storage (electrochemical storage stations 
and EV-V2G), industrial demand response, electric heat production (electric boilers and heat pumps), 
and hydrogen and e-fuel. 

Adhering to ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ Ȱestablishing the new before abolishing the oldȱȟ ÃÏÁÌ ÐÏ×ÅÒ 

gradually shifts from a baseload source to a regulating and backup power source before 

eventually being gradually decommissioned. As of today, China's coal power plants have 

become an important resource for flexibility. By 2035, coal power is expected to take on 

an increasingly significant role as a balancing resource for power system flexibility, while 
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its generation hours continue to decline. During this process, energy transformation 

should always adhere to ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ Ȱestablishing the new before abolishing the oldȱ, 

on the basis of the growth of new and renewable energy power generation capacity and 

the gradual enhancement of power system control capabilities, coal power gradually 

shifts from a baseload source to a regulating and backup power source while being 

naturally decommissioned. By 2050, coal power will preliminarily serve as an emergency 

and backup resource for the grid, providing essential support in critical power events. 

The cross-regional interconnection capacity significantly improves, leading to further 

ÏÐÔÉÍÉÓÁÔÉÏÎ ÏÆ #ÈÉÎÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÇÒÉÄȢ )Î ÔÈÅ ÎÅØÔ ΩΦ ÙÅÁÒÓȟ #ÈÉÎÁ΄Ó ÅÌÅÃÔÒÉÃÉÔÙ ÇÒÉÄ 

structure will gradually evolve, seizing opportunities of the smart grid development. By 

2035, the deployment of the national backbone grid following the strategy of West-to-

East and North-to-South power transmission with inter-regional mutual support is 

complete, enabling the power grid to balance power supply and demand across different 

regions, functioning as a flexibility resource. By 2060, the total scale of electricity exports 

from the Northwest, Northeast, and North China regions will increase by 140-150% 

compared to 2022. 

%ÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÃÒÅÁÔÅÓ ÎÅ× ÏÐÐÏÒÔÕÎÉÔÉÅÓ ÆÏÒ ÉÎÖÅÓÔÍÅÎÔ ÇÒÏ×ÔÈȟ ÉÎÄÕÓÔÒÉÁÌ 

ÕÐÇÒÁÄÉÎÇȟ ÁÎÄ ÅÍÐÌÏÙÍÅÎÔ 

China's low-carbon energy transformation and industrial upgrading reinforce each other, 

driving economic growth while gradually decoupling it from carbon emissions and 

fostering new opportunities for industrial development. As a major manufacturing 

ÃÏÕÎÔÒÙȟ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÎÖÅÓÔÍÅÎÔÓ ÐÒÏÍÏÔÅ ÔÈÅ ÁÄÖÁÎÃÅÍÅÎÔ ÁÎÄ ÃÏÓÔ 

reduction of energy technologies and equipment, contributing to lowering global energy 

transformation costs. This transformation not only reduces carbon emissions and 

environmental pollution at the source, supporting the construction of a Beautiful China, 

but also enhances social welfare and improves employment opportunities. 

Energy transformation could create new market demands and significant investment 

opportunities 

China's energy transformation drives extensive market demand for low-carbon, zero-

carbon, and negative-carbon technologies, equipment, and industries related to energy 

production and consumption. This transformation presents vast investment 

opportunities, providing sustained endogenous momentum for economic growth. 

From the perspective of zero-carbon and negative-carbon technologies essential for 

achieving carbon neutrality, advancing technologies such as CCS and industrial CO2 

recycling is indispensable. Immediate research and planning are necessary to accelerate 

their development. 

In terms of energy equipment demand, energy transformation over the next 30 years will 

require updating or retrofitting energy-using equipment across industries, buildings, and 

transportation. Key technologies and products such as electric arc furnaces, hydrogen-
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based direct reduction steelmaking, green hydrogen chemical production, ultra-low 

energy buildings, high-efficiency heat pumps, electric vehicles, and fuel cell vehicles are 

poised to generate substantial market demand. 

2ÅÇÁÒÄÉÎÇ ÔÈÅ ÆÉÎÁÎÃÉÁÌ ÎÅÅÄÓ ÆÏÒ ÅÎÅÒÇÙ ÅÑÕÉÐÍÅÎÔ ÍÁÎÕÆÁÃÔÕÒÉÎÇȟ ÂÙ ΨΦάΦȟ #ÈÉÎÁȭÓ 

combined wind and solar power capacity will reach approximately 1,000 GW. The annual 

capital demand for wind, solar, heat pump and other power and heat supply equipment 

is expected to grow from2 trillion RMB in 2023 to about 6 trillion RMB by 2060, with 

cumulative investment demand exceeding  160 trillion RMB over the next three decades 

(as shown in Figure 3-11). 

Figure 3-11 Energy Transformation Investment Requirements,2022-2060 (Electricity and Heat 
Supply Sector) 

 

Note: *New energy storage in the figure includes electrochemical energy storage and electric vehicle 
grid interaction. **GDP is calculated at constant 2020 prices. 

China's energy transformation helps reduce the costs of global energy transformation 

#ÈÉÎÁȭÓ ÌÁÒÇÅ-scale development of wind and solar energy continuously drives down the 

costs of renewable energy and related technologies. Economies of scale also accelerate 

cost reductions in flexibility technologies such as energy storage. 

In ICNS, favourable international collaboration in industries and technology exchange 

enables larger global energy transformation investments, lower financing costs, and 

faster declines in technology development costs. This fosters the widespread adoption of 

energy transformation technologies. With disruptive technologies like perovskite 

photovoltaic cells is becoming widely adopted between 2030 and 2035, cost of solar 

photovoltaic in BCNS will fall by more than one-third by 2060 compared to 2023 levels, 

and by approximately half in ICNS. 

Strengthening international cooperation on energy transformation allows China and 

other nations to reduce manufacturing, service, and usage costs for new energy 

technologies, accelerating global progress toward achieving carbon neutrality. 
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Energy transformation boosts the economy, society and jobs 

China's energy transformation has promoted the green and low-carbon development of 

society and economy. The large-scale and high-quality development of non-fossil energy 

sources, through the continued substitution of fossil energy, can effectively reduce 

carbon emissions and environmental pollutants at source and provide energy security for 

economic and social development. This provides critical support for achieving the goals 

of a Beautiful China, carbon peaking, and carbon neutrality. At the same time, the energy 

transformation can create new jobs in the energy sector, with rising wages and increased 

social welfare, demonstrating that the transformation promotes social equity and 

supports a just transition. 

A comparison of the simulation results under the two energy transformation scenarios 

ÓÈÏ×Ó ÔÈÁÔȟ ÕÎÄÅÒ ÔÈÅ )ÄÅÁÌ #ÁÒÂÏÎ .ÅÕÔÒÁÌÉÔÙ 3ÃÅÎÁÒÉÏ ɉ)#.3Ɋȟ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ 

transformation generates a higher positive socioeconomic impact compared to the 

Baseline Carbon Neutrality Scenario (BCNS). This highlights the promising outlook for 

China, in cooperation with the international community, to create the conditions 

necessary to follow an ideal path for the energy transformation (as shown in Figure 3-12 

and Figure 3-13). 

Figure 3-12 Size of employment related to wind and solar power industry, 2025-2060 
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Figure 3-13 Trends in labour wage rate growth, 2025- 2060 

 

!ÎÁÌÙÓÉÓ ÏÆ ÄÉÆÆÉÃÕÌÔ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÕÎÃÅÒÔÁÉÎÔÉÅÓ 

China faces a series of difficulties and challenges in advancing its energy transformation. 

The main ones include:  

Á First, the weight of heavy industries in the economic structure. Energy-intensive 

industries such as steel, cement, and chemicals hold a significant position in China's 

economy, making economic restructuring and industrial transformation both 

difficult and demanding.  

Á Second, coal-dominated energy structure. As the largest energy consumer in the 

×ÏÒÌÄȟ ÍÏÒÅ ÔÈÁÎ ÈÁÌÆ ÏÆ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ ÃÏÍÅÓ ÆÒÏÍ ÃÏÁÌȢ 4ÈÅÒÅ ÉÓ ÎÏ 

historical precedent for bypassing the "oil and gas era" and directly replacing coal on 

a large scale with new and renewable energy sources.  

Á Third, the challenge of rapid power system transformation during rapid 

economic growth. )Î ÒÅÃÅÎÔ ÙÅÁÒÓȟ #ÈÉÎÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÄÅÍÁÎÄ ÈÁÓ ÇÒÏ×Î ÒÁÐÉÄÌÙȢ 

The power system must not only become greener and more low carbon but also 

ensure security and affordability. Particularly in recent years, while power demand 

has surged, renewable energy development is constrained by limited land 

availability, insufficient system capacity for integrating renewable energy, and high 

storage costs, making further acceleration difficult.  

Á Fourth, the market-driving force of energy transformation needs to be 

strengthened. For a long time, high-carbon energy in China has been relatively 

cheap, while low-carbon energy is more expensive, with significant regional 

differences in energy prices. Using market mechanisms to drive the energy 

transformation is a particularly challenging task. 
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Looking ahead, the uncertainties surrounding China's low-carbon energy transformation 

warrant close attention. The main uncertainties are:  

Á First, there is significant uncertainty around future adjustments to the industrial 

structure. Changes in the production of energy-intensive products such as steel, 

ÃÅÍÅÎÔȟ ÅÌÅÃÔÒÏÌÙÔÉÃ ÁÌÕÍÉÎÉÕÍȟ ÁÎÄ ÃÈÅÍÉÃÁÌÓ ×ÉÌÌ ÈÁÖÅ Á ÍÁÊÏÒ ÉÍÐÁÃÔ ÏÎ #ÈÉÎÁȭÓ 

energy supply, demand, and transformation prospects, making accurate predictions 

difficult at this stage.  

Á Second, the extent to which digitalisation and smart technologies will drive 

electricity demand growth in China and the scale of power consumption related to 

these technologies is currently hard to assess.  

Á Third, the maturity, security, and economics of zero-carbon and carbon-negative 

technologies in the medium and long term remain uncertain and difficult to predict.  

Á Fourth, the prospects for industrial development, international trade and industrial 

chain supply chain development related to international cooperation on energy 

transformation are still subject to certain uncertainties. 

)Î ÓÕÍÍÁÒÙȟ #ÈÉÎÁȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÓ Á ÌÏÎÇ-term and challenging societal 

project. Within less than forty years, China must first surpass its peak carbon emissions 

and then achieve carbon neutrality. The challenges are immense, and it is a difficult task. 

This requires policymakers to face these challenges head-on, find solutions, and seek 

clarity amid uncertainty, ensuring that China's energy transformation stays on the right 

path and progresses steadily. 

China must simultaneously advance its energy transformation across five areas: 

electrify energy consumption and improve energy efficiency, decarbonise energy 

supply, enhance interaction between energy supply and demand, industrialise 

energy technologies, and modernise energy governance. At the same time, China 

should strengthen international cooperation on energy transformation, exploring 

pathways together with the global community. In doing so, China will not only ensure 

the smooth progression of its own energy transformation but also contribute to the 

global effort.  

  



  Energy transformation in the end-use sector 

έΫ 

 

4 Energy trans formation  in the end -use sector  

4.1 Main findings 

Á End-use energy demand will first rise and then decline. End-use energy demand, 

measured using the equivalent calorific value method, is expected to peak around 

2030. By 2060, it will decrease by approximately 30% from its peak level. Both BCNS 

and ICNS show similar trends in end-use energy demand, with differences of around 

2%. During this period, the growth in electricity demand will be the primary driver 

of increases in end-use energy demand. 

Á Electricity and hydrogen will become the emerging energy carriers in China's 

low-carbon end-use energy transformation. During the 14th Five-Year Plan period, 

electricity will replace coal as the most dominant energy source of China's end-use 

energy demand. The share of electricity in end-use energy demand will increase 

from about 28% in 2023 to 44%-45% in 2040 and 59%-62% in 2060. Hydrogen's 

share ÉÓ ÁÌÓÏ ÅØÐÅÃÔÅÄ ÔÏ ÇÒÏ× ÆÒÏÍ ÔÏÄÁÙȭÓ ÒÏÕÇÈÌÙ Φϻ ÔÏ ÁÐÐÒÏØÉÍÁÔÅÌÙ Ψϻ ÉÎ ΨΦΪΦ 

and 12%-14% in 2060. By 2060, hydrogen will become the second-largest energy 

resource in China's end-use energy demand.  

Á Direct carbon emissions from end-use energy sectors will first rise and then decline, 

peaking before 2030, reaching net-zero by 2060 with carbon removal technologies. 

Among key sectors, the building sector will be the first to achieve net-zero emissions. 

In contrast, the industrial and transportation sectors are projected to reduce 

emissions by more than 90% by 2060 but are unlikely to fully achieve net-zero 

without relying on carbon removal technologies as a fallback solution. 

Á 4ÈÅ ÉÎÄÕÓÔÒÉÁÌ ÓÅÃÔÏÒȭÓ ÌÏ×-carbon transformation will follow four main 

pathways: continuous adjusting industrial structure; promoting energy-saving and 

low-carbon processes and technologies; developing circular economy; and applying 

large-scale use of clean energy such as electricity and hydrogen. Industrial end-use 

energy demand is expected to peak around 2030 and decline by approximately 25% 

by 2060 compared to 2020 levels (with slightly higher demand in ICNS than BCNS). 

However, by 2060, China's industrial added value will be about four times that of 

2020. 

Á The building sector's low-carbon transformation will focus on five key pathways: 

improving energy efficiency in new buildings; advancing energy retrofits for existing 

buildings; developing low-carbon and zero-carbon heating systems; increasing 

electrification rates; and accelerating the construction of green rural housing. The 

end-use energy demand in the building sector is expected to peak between 2030 and 

2035, at 15ɀ18% higher than 2020 levels (with the BCNS peaking later and at a higher 

level than the ICNS). By 2060, end-use energy demand in the building sector would 

decrease by about 11% from its peak. The electrification rate in buildings is projected 

to reach 84ɀ87% by 2060, with the remaining energy needs met by zero-carbon heat 
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and biomass energy. Power demand from data centres would experience explosive 

growth, with electricity consumption in 2060 projected to be approximately ten 

times that of 2020. 

Á The transportation sector's low-carbon transformation will focus on three main 

pathways: optimizing the transportation structure; promoting the adoption of 

electric vehicles; and facilitating the transition to low-carbon and zero-carbon fuels. 

End-use energy demand in the transportation sector is expected to peak around 

2030. By 2060, energy demand for transportation will return to levels near those in 

2020, with minimal differences between the ICNS and BCNS scenarios. By 2035, the 

penetration rate of new energy vehicles (including electric, hybrid, and fuel cell 

vehicles) for passenger cars will exceed 95%. By 2060, the total number of electric 

vehicles is projected to reach 480ɀ540 million. 

Á End-use sector energy demand management will be an important part of the 

energy transformation . In industries such as non-ferrous metals, chemicals, light 

industry and other industries will retrofit their electrical equipment, which can 

match fluctuating power sources to a certain extent. In the building sector, 

technologies such as virtual power plants, technologies for intelligent public building 

groups, and flexible household energy management can reduce peak power loads 

and balance load fluctuations. In the transportation sector, smart charging and 

vehicle-to-grid (V2G) technologies will enable vehicles to charge and discharge 

based on power system dispatch needs. End-use energy technologies will 

increasingly provide flexible resources, interacting with the energy supply system to 

reduce the need for additional power generation capacity while offering ancillary 

services to support the safe and efficient operation of the grid. 
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4.2 Overall trends in end-use energy demand  

Under both scenarios, the trends in end-use energy demand are similar (as shown in 

Figure 4-1). End-use energy demand is expected to peak around 2030 and then gradually 

decline due to changes in market demand, improved energy efficiency, and deep 

electrification. By 2060, end-use energy demand will decrease to 3,060 Mtce in BCNS and 

3,090 Mtce in ICNS. 

Figure 4-1 End-use energy demand for two scenarios 

 

The share of clean energy in end-use energy demand will steadily increase under both 

scenarios. In BCNS, coal's share of end-use energy demand decreases from 29.6% in 2020 

to 2.3% by 2060, while in ICNS, it drops further to 1.5% by 2060. Similarly, the share of oil 

demand declines from 23.8% in 2020 to 9.0% in BCNS and 6.5% in ICNS by 2060. For 

natural gas, its share falls from 10.0% in 2020 to 7.0% in BCNS and 6.4% in ICNS by 2060 

(as shown in Figure 4-2). 

Figure 4-2 Structure of end-use energy demand in the two scenarios 
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In both scenarios, end-use electricity demand continues to rise until around 2050, where 

it peaks, followed by a slight decline (as shown in Figure 4-3). By 2060, end-use electricity 

demand reaches 14,200 TWh in BCNS and 15,100 TWh in ICNS. Electrification rates 

increase steadily under both scenarios. In BCNS, the share of direct electricity 

consumption in end-use energy demand rises from 25.4% in 2020 to 39.4% in 2035 and 

57.0% in 2060. In ICNS, electricity's share in end-use energy demand reaches 40.4% in 

2035 and 60.5% in 2060. 

Figure 4-3 Two scenarios end-use electricity demand 
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4.3 Industrial sector 

)ÎÄÕÓÔÒÉÁÌ ÅÎÄȤÕÓÅ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÉÓ ÅØÐÅÃÔÅÄ ÔÏ ÐÅÁË ÂÙ ΨΦΩΦ 

Low-carbon development in the industrial sector is critical to achieving China's carbon 

peak and carbon neutrality goals. Industry has long been the cornerstone of China's 

economy, contributing over 30% of GDP and supporting significant social employment 

while driving steady economic growth. At the same time, it is the primary source of 

energy consumption and carbon emissions, making it essential to the nation's 

decarbonization objectives. 

The deep decarbonization of the industrial sector will be a strategic and systematic 

transformation requiring sustained, innovative efforts. This complex, long-term 

endeavour demands breakthroughs in concepts, technologies, business models, and 

pathways. Success will depend on coordinated advancements in areas such as industrial 

upgrading, demand reduction, energy efficiency improvements, and energy substitution 

(as illustrated in Figure 4-4). 

Figure 4-4 Share of value added, employment and energy consumption in the industrial 
sector, 2020 

 

Source: China Statistical Yearbook 

In BCNS, industrial energy demand increases from 2,190 Mtce in 2020 to a peak of 

approximately 2,700 Mtce by 2030. It then gradually declines to 1,530 Mtce by 2060. In 

ICNS, industrial energy demand also peaks around 2030 at a similar level to the BCNS but 

declines more slowly, reaching 1,610 Mtce by 2060. 

The slightly higher energy demand in ICNS reflects a more favourable international 

environment that allows China to better leverage its comparative advantages in the 

industrial sector (as shown in Figure 4-5). 
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Figure 4-5 Projection for end-use energy demand in the industrial sector  

 

Low-carbon industrial development will reshape China's industrial landscape and 

productivity distribution. The transition to low-carbon industrial development will 

redefine production functions and factor supply conditions, restructuring regional 

comparative advantages and development patterns. Under the combined pressures of 

industrial iteration, rising factor costs, and stricter environmental and carbon emission 

constraints, carbon-intensive industries will accelerate the transformation. 

The abundant renewable energy resources in China's central and western regions will 

become a key comparative advantage in the carbon-neutral era, positioning these areas 

as critical hubs for resource- and capital-intensive industries. By 2060, over 50% of electric 

arc furnace steel production, 60% of electrolytic aluminium production, and more than 

70% of synthetic ammonia and other chemical production are expected to be 

concentrated in these renewable energy-rich regions. This will enable localized use of 

green electricity and green hydrogen, supporting deep decarbonization of industrial 

products while fostering sustainable development and low-carbon growth in these areas. 

&ÏÕÒ ÐÁÔÈ×ÁÙÓ ÔÏ ÁÃÈÉÅÖÉÎÇ ÃÁÒÂÏÎ ÎÅÕÔÒÁÌÉÔÙ ÉÎ ÔÈÅ ÉÎÄÕÓÔÒÉÁÌ ÓÅÃÔÏÒ 

Industry restructures towards to advanced, high value-added, and service-oriented  

/ÖÅÒ ÔÈÅ ÐÁÓÔ ÄÅÃÁÄÅȟ #ÈÉÎÁȭÓ ÉÎÄÕÓÔÒÉÁÌ ÓÙÓÔÅÍ ÈÁÓ ÓÕÃÃÅÓÓÆÕÌÌÙ ÐÁÓÓÅÄ ΅ÓÔÒÅÓÓ ÔÅÓÔÓ΅ ÓÕÃÈ 

as international trade disputes and the impact of the COVID-19 pandemic, establishing a 

"China model" for high-quality industrial development. Looking ahead, China will further 

optimize its industrial structure by emphasizing high-end, intensive, and service-oriented 

growth. 

By 2060, the share of high-value-added industries, including pharmaceuticals, machinery 

manufacturing, and electronics, will increase from less than 35% in 2020 to over 50% (as 

shown in Figure 4-6). Meanwhile, the share of traditional energy-intensive industriesɂ

such as steel, cement, petrochemicals, and non-ferrous metalsɂwill decline from nearly 

40% in 2020 to less than 30%. Production volumes for these energy-intensive products 
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are expected to peak during the 14th Five-Year Plan period, with 2060 output levels 

decreasing by 30ɀ50% compared to 2020 (as shown in Figure 4-7 and Figure 4-8). 

Figure 4-6 Industrial Value-added Structure by Sector in 2020 and 2060 

 

Figure 4-7 Change in crude steel production from 2020 to 2060 (by process) 

 

Figure 4-8 Change in cement production from 2020 to 2060 
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Circular integration will define the new industrial development model and drive process 

transformation. 

#ÈÉÎÁȭÓ ÃÉÒÃÕÌÁÒ ÉÎÄÕÓÔÒÉÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÓÙÓÔÅÍ ÈÁÓ ÁÌÒÅÁÄÙ ÔÁËÅÎ ÓÈÁÐÅȢ )Î ΨΦΨΦȟ ÒÅÃÙÃÌÅÄ 

aluminium, electric arc furnace (EAF) steel, and recycled plastic accounted for 17%, 11%, 

and 22% of their respective total production. During the 13th Five-Year Plan period, the 

circular economy contributed 25% to overall carbon reduction efforts. As a new economic 

growth model based on the principles of "reduction, reuse, and recycling," the circular 

ÅÃÏÎÏÍÙ ×ÉÌÌ ÂÅÃÏÍÅ Á ÃÏÒÎÅÒÓÔÏÎÅ ÏÆ #ÈÉÎÁȭÓ ÉÎÄÕÓÔÒÉÁÌ ÔÒÁÎÓÆÏÒÍÁÔion. It will drive a 

shift in processes from reliance on primary resources to the adoption of secondary, 

recycled materials. 

By 2060, in BCNS, the share of recycled aluminium, EAF steel, and recycled plastic in total 

production will increase to approximately 40%, 50%, and 35%, respectively. In ICNS, with 

more robust low-carbon policies, these shares will rise further to 60%, 65%, and 50% (as 

shown in Figure 4-9). 

Figure 4-9 Major product recycling process production shares in 2020 and 2060 

 

AI and advanced technologies would boost Energy Efficiency 

Significant progress has been made in improving energy efficiency within China's 

industrial sector, with notable advancements in energy performance for major energy-

intensive products. Amid the wave of a new industrial revolution characterized by 

intelligence, digitization, and networking, industrial energy efficiency is poised to 

improve further. 

In BCNS, energy efficiency for key products is expected to improve by 15ɀ25% by 2060 

compared to 2020 levels. In ICNS, the deep application of AI, advanced technologies, and 

innovative business modelsɂparticularly driven by digital upgradesɂwill unlock 

substantial additional efficiency gains. By 2060, energy efficiency for key products is 

projected to improve a further 10ɀ15% compared to BCNS. At this point, China is 

expected to establish a number of world-class energy-efficient factories, positioning itself 

as a global leader in industrial energy efficiency (as shown in Figure 4-10). 
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Figure 4-10 Decline in energy consumption per unit of major products in 2060 

 

Energy end use system transits towards high share of electricity and hydrogen 

)Î ÒÅÃÅÎÔ ÙÅÁÒÓȟ ÔÈÅ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ ÓÔÒÕÃÔÕÒÅ ÏÆ #ÈÉÎÁȭÓ ÉÎÄÕÓÔÒÉÁÌ ÓÅÃÔÏÒ ÈÁÓ ÓÔÅÁÄÉÌÙ 

ÉÍÐÒÏÖÅÄȟ ×ÉÔÈ ÃÏÁÌȭÓ ÓÈÁÒÅ ÉÎ ÔÈÅ ÅÎÅÒÇÙ ÍÉØ ÄÅÃÌÉÎÉÎÇ ÔÏ Ϋάϻ ÉÎ ΨΦΨΧȢ 4ÈÉÓ ÔÒÅÎÄ ×ÉÌÌ 

continue, with coal usage shifting toward cleaner, more efficient, and low-carbon 

applications. Electrification and hydrogen energyɂspecifically green hydrogenɂwill play 

leading roles in transforming industrial energy consumption. 

In BCNS by 2060, the electrification rate will reach 49.0%, and hydrogen will account for 

14.5% of industrial energy consumption. In ICNS, driven by large-scale adoption of 

electric heating technologies and significant reductions in green hydrogen costs, the 

ÅÌÅÃÔÒÉÆÉÃÁÔÉÏÎ ÒÁÔÅ ×ÉÌÌ ÒÉÓÅ ÔÏ ΫΨȢίϻȟ ÁÎÄ ÈÙÄÒÏÇÅÎȭÓ ÓÈÁÒÅ ×ÉÌÌ ÉÎÃÒÅÁÓÅ ÔÏ ΧΫȢΧϻ ɉÁÓ 

shown in Figure 4-11). 

Figure 4-11 Share of electricity and hydrogen energy demand in the industrial sector, 2020 to 
2060 
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4.4 Building sector 

%ÎÄȤÕÓÅ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÉÎ ÔÈÅ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ ×ÉÌÌ ÆÉÒÓÔ ÉÎÃÒÅÁÓÅ ÁÎÄ ÔÈÅÎ ÄÅÃÒÅÁÓÅ 

4ÈÅ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ ÉÓ ÏÎÅ ÏÆ #ÈÉÎÁȭÓ ÍÁÊÏÒ ÃÏÎÔÒÉÂÕÔÏÒÓ ÔÏ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ ÁÎÄ 

carbon emissions. Economic growth, urbanization, and improving building service levels 

will drive further increases in energy demand. Conversely, enhanced energy efficiency 

standards, wider adoption and continuously upgrading of energy-saving technologies 

and products, will enable higher-quality services with lower energy inputs. As a result, the 

building sector energy demand will rise in the near to medium term and gradually decline 

in the medium to long term. 

In 2020, based on the current national energy consumption accounting standards 

(including only commercialized energy), the building sector's end-use energy demand 

was approximately 700 Mtce, accounting for about 20% of total end-use energy 

consumption of China. Additionally, rural areas consumed around 120 Mtce of non-

commercialized biomass energy, bringing the total to approximately 820 Mtce. 

Looking ahead, as biomass energy consumption becomes increasingly commercialized 

and included in energy statistics, this analysis of building sector energy demand and 

consumption structure incorporates all forms of biomass energy. 

End-use energy demand in the building sector 

Under both scenarios, end-use energy demand in the building sector follows a pattern of 

initial growth followed by a decline. The demand peaks at different times: 2035 for BCNS 

and 2030 for ICNS, with respective peak values of 960 Mtce and 940 Mtce. By 2060, the 

building sectÏÒȭÓ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÉÓ ÐÒÏÊÅÃÔÅÄ ÔÏ ÄÅÃÒÅÁÓÅ ÔÏ ήάΦ -ÔÃÅ in BCNS and 840 

Mtce in ICNS. This represents a 2.5% lower demand in 2060 for ICNS than BCNS (as 

shown in Figure 4-12). 

Figure 4-12 End-use energy demand in the building sector for different scenarios 
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End-use energy demand by building type 

Driven by changes in building area and energy intensity trends, end-use energy demand 

varies across building types. In BCNS, urban residential energy demand initially grows and 

stabilizes between 2030 and 2035, peaking at approximately 340 Mtce. Afterward, it 

gradually declines to 280 Mtce by 2060, slightly below 2020 levels. Rural residential 

energy demand shows a continuous decline, dropping to 70 Mtce by 2060, only one-

fourth of the 2020 level. Commercial and public buildings (excluding data centres) 

experience steady energy demand growth, increasing rapidly to reach 300 Mtce by 2035, 

then stabilizing with a slow rise to 310 Mtce by 2060. 

In ICNS, enhanced international cooperation and cost reductions in energy-saving and 

low-carbon technologies lead to higher adoption rates of advanced technologies. This 

scenario also supports the development of more diverse and high-end energy products 

and services. By 2060, urban and rural residential energy demand in ICNS is slightly lower 

than BCNS, while demand for commercial and public buildings (excluding data centres) is 

marginally higher. Overall, combined energy demand for these three building types 

decreases by 3.2% compared to BCNS (as shown in Figure 4-13). 

Figure 4-13 End-use energy demand outlook for various building types in BCNS 

 

Energy demand in data centres 

Energy demand in data centres is expected to grow explosively. On one hand, advances 

in artificial intelligence and big data analytics will drive exponential increases in 

computing power requirements, rapidly escalating energy demand. On the other hand, 

breakthroughs in hardware technology and improvements in deep learning algorithms 

will enhance computational performance while reducing energy use per unit of 

computing power. Additionally, the Power Usage Effectiveness (PUE) metric for data 

centres still has room for significant improvement, further enhancing energy efficiency. 
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In the long term, both the growth in computing power and advancements in 

computational efficiency carry substantial uncertainty, making energy demand forecasts 

challenging. While ICNS may involve higher computing power requirements compared to 

BCNS it also assumes greater energy efficiency for IT equipment and data centres. For 

this reason, this study does not differentiate data centre energy demand between the two 

ÓÃÅÎÁÒÉÏÓȢ "Ù ΨΦάΦȟ ÅÌÅÃÔÒÉÃÉÔÙ ÄÅÍÁÎÄ ÆÒÏÍ #ÈÉÎÁȭÓ ÄÁÔÁ centres is projected to reach 

approximately 1,600 TWh, nearly ten times the 2020 level (as shown in Figure 4-14). 

Figure 4-14 Data eentre power demand outlook  

 

End-use energy demand by energy type 

Increasing electrification rate and replacing coal, natural gas, and other fossil fuels with 

green electricity are crucial for achieving low-carbon transformation in the building sector. 

Heating, as the most fossil-fuel-intensive area in the building sector, is a key focus for 

decarbonization, making the adoption of low-carbon and zero-carbon heating solutions 

particularly important. 

Under both BCNS and ICNS, the share of fossil and biomass energy consumption in the 

building sector steadily declines. Coal, oil, and natural gas consumption are gradually 

phased out. The share of electricity consumption continues to rise, while the share of heat 

consumption is overall stable with increase at first and decline then. In ICNS the reduction 

in fossil energy use occurs more rapidly. By 2060, most of the building sector's end-use 

energy demand will be met by renewable electricity, with the remainder supplied by zero-

carbon heat and biomass energy (as shown in Figure 4-15). 
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Figure 4-15 End-use energy mix in the building sector under the two scenarios 

 

 

%ÎÄȤÕÓÅ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÉÎ ÔÈÅ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ ÉÓ ÄÒÉÖÅÎ ÂÙ ÍÕÌÔÉÐÌÅ ÆÁÃÔÏÒÓ 

Total building area will continue to grow, with the growth rate gradually slowing 

)Î ΨΦΨΩȟ #ÈÉÎÁȭÓ ÕÒÂÁÎÉÚÁÔÉÏÎ ÒÁÔÅ ×ÁÓ άάȢΧάϻȟ ÌÅÁÖÉÎÇ ÒÏÏÍ ÆÏÒ ÆÕÒÔÈÅÒ ÇÒÏ×ÔÈ ÃÏÍÐÁÒÅÄ 

to developed countries. By 2060, urbanization is expected to exceed 80%, driving 

increased demand for urban residential buildings, while rural residential demand will 

decline. Additionally, the continued expansion of the service sector will further boost the 

demand for public buildings. 

From a per capita perspective, urban residential area per capita in China currently 

approaches the lower end of levels in developed countries and is expected to grow 

moderately in the future. Rural residential area per capita is already comparable to the 

mid-levels in developed countries and is projected to remain stable, slightly exceeding 

current levels by 2060. Commercial and public building area per capita still lags 

significantly behind developed countries, particularly for buildings such as hospitals and 

schools, which are expected to experience substantial growth. 
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Projections indicate that total floor area for civil buildings in China will continue to grow 

rapidly until 2035, after which the growth rate will slow, peaking around 2040. Beyond 

2040, total building area will stabilize with a slight downward trend. In ICNS, more 

frequent international exchange and cooperation will modestly increase demand for 

hotel buildings, leading to slightly higher commercial and public building area compared 

to BCNS. 

At peak, total building area is projected to reach 77.7 billion m² in BCNS and 77.8 billion 

m² in ICNS. By 2060, total building area is expected to decrease to 75.8 billion m² in BCNS 

and 76.4 billion m² in ICNS (as shown in Figure 4-16). 

Figure 4-16 Building area projections by type in BCNS 

 

 Demand for a better quality of life drives improvements in building services 

As living standards rise and the functionality and quality of services in the service sector 

improve, consumers will increasingly prioritize building quality, demanding enhanced 

features and indoor environments. This shift will drive the energy intensity of various 

building end-uses to continue rising. By 2060, energy demand for appliances in urban 

residential buildings is projected to increase to approximately 6.5 times the 2020 level per 

unit of floor area. Similarly, energy demand for hot water in commercial and public 

buildings is expected to grow to about 2.5 times the 2020 level per unit of floor area. 

0ÁÔÈ×ÁÙÓ ÆÏÒ ÌÏ×ȤÃÁÒÂÏÎ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ 

Expanding energy-efficient buildings to reduce energy intensity 

Energy-efficient buildings are designed with enclosures that offer superior thermal 

performance, effectively reducing energy demand on space heating and cooling service. 

Some energy-efficient designs also enhance natural lighting, which lowers lighting 

energy requirements. Currently, one-third of urban buildings in China are non-energy-

efficient, and the majority of rural buildings remain non-energy-efficient. 
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In the future, promoting the construction and retrofitting of energy-efficient buildings to 

increase their share will be a critical strategy for reducing energy demand and carbon 

emissions in the building sector. 

Improving energy efficiency standards for new urban buildings  

China plans to further enhance energy efficiency standards for new buildings and 

accelerate the adoption of ultra-low energy and near-zero energy building standards. 

According to the Carbon Peaking Implementation Plan for Urban and Rural Construction, 

by 2030, new residential buildings in severely cold and cold regions would be required to 

meet 83% energy efficiency standards, while those in other regions should achieve 75%. 

New commercial and public buildings are expected to meet 78% energy efficiency 

standards. Both BCNS and ICNS are based on these targets. 

In BCNS, northern urban residential buildings, other regional residential buildings, and 

commercial and public buildings are projected to fully adopt ultra-low energy building 

standards by 2030, 2045, and 2040, respectively. Near-zero energy building standards 

would be fully implemented by 2045, 2055, and 2050. In ICNS, more effective 

international cooperation and technology sharing accelerate these transitions, which 

standards would be fully implemented almost five years earlier than in BCNS respectively. 

In both scenarios, the share of non-energy-efficient buildings in residential and public 

sectors would decline until it reaches zero. The proportion of near-zero energy buildings 

would steadily increase, while the shares of energy-efficient and ultra-low energy 

buildings would first rise and then decline. By 2060, in ICNS, the share of near-zero energy 

buildings would be higher, while the shares of energy-efficient and ultra-low energy 

buildings would be lower compared to BCNS.  

For example, in northern urban residential buildings by 2060, the share of ultra-low 

energy and near-zero energy buildings increases from nearly zero in 2020 to 28.9% and 

21.4%, respectively, in BCNS, with energy-efficient buildings decreasing to 49.7%. In 

ICNS, the shares of ultra-low energy and near-zero energy buildings rise to 22.0% and 

28.4%, respectively, with energy-efficient buildings declining to 49.6% (as shown in 

Figure 4-17).  
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Figure 4-17 Distribution of buildings with different energy efficiency ratings in urban 
residential buildings in the northern region in BCNS  

 

Advancing deep energy retrofitting of existing buildings 

Deep energy retrofitting of existing buildings, when technically and economically feasible, 

has the potential to achieve over 20% energy savings. Enhancing the retrofitting of 

existing buildings will be a critical measure to reduce energy intensity in the building 

sector. The model prioritizes retrofitting non-energy-efficient buildings, followed by 

older energy-efficient buildings that need updates to meet current standards. 

The ICNS envisions more extensive retrofitting efforts compared to BCNS, resulting in a 

larger cumulative retrofitted area. Since the difference in retrofitting intensity between 

the two scenarios primarily emerges after 2030, the ICNS assumes a retrofit rate 5 %-

points higher than the BCNS in each Five-year Planning period. However, this difference 

in retrofitting intensity does not significantly impact the overall share of energy-efficient 

buildings between the two scenarios. 

Advancing the construction of green rural houses 

#ÈÉÎÁȭÓ ÒÕÒÁÌ ÁÒÅÁÓ ÃÕÒÒÅÎÔÌÙ ÌÁÃË ÍÁÎÄÁÔÏÒÙ ÂÕÉÌÄÉÎÇ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÓÔÁÎÄÁÒÄÓȟ 

resulting in most rural buildings not being energy efficient. This leads to higher energy 

demand per unit area for heating and cooling and generally poor indoor thermal 

conditions. Moving forward, accelerating the construction of green rural housing is 

essential. Efforts should focus on improving the thermal performance of building 

enclosures, enforcing energy-efficient design standards for new rural buildings, and 

integrating energy retrofits for existing rural buildings into clean heating initiatives. These 

measures will significantly increase the share of energy-efficient rural buildings, with 

near-zero energy rural housing being promoted in suitable regions. 

The share of non-energy-efficient rural buildings is expected to decline rapidly in the 

coming years. In ICNS, stronger promotion of energy-efficient, ultra-low energy, and 

near-zero energy rural housing would result in higher adoption rates than BCNS. By 2060, 
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in northern rural residential areas under the ICNS, the share of ultra-low energy and near-

zero energy buildings is projected to reach 25%. 

Accelerating the optimization of building energy structures to achieve low-carbon 

transformation 

Promoting electricity substitution 

Electrification is a critical pathway for replacing direct fossil fuel use in the building sector 

and a fundamental prerequisite for achieving low-carbon development. Currently, the 

ÌÅÖÅÌ ÏÆ ÅÌÅÃÔÒÉÆÉÃÁÔÉÏÎ ÉÎ #ÈÉÎÁȭÓ ÂÕÉÌÄÉÎÇ ÓÅÃÔÏÒ ÆÁÌÌÓ ÓÈÏÒÔ ÏÆ ÌÏ×-carbon development 

requirements. Moving forward, the adoption of technologies such as heat pumps, electric 

water heaters, and electric cooking appliances should be promoted based on regional 

conditions to replace fossil fuel-based equipment and continuously increase 

electrification rates in the building sector. 

In BCNS, the electrification rate in the building sector is projected to rise to 84.2% by 2060. 

In ICNS, greater innovation in electricity substitution technologies, combined with lower 

costs and higher adoption rates, is expected to increase the electrification rate to 87.4% 

by 2060 (as shown in Figure 4-18). 

Figure 4-18 Electrification rates in the building sector under the two scenarios 

 

Promotion of low-carbon and zero-carbon heat supply 

Heating accounts for over 30% of energy consumption in the building sector and more 

than 70% of the ÓÅÃÔÏÒȭÓ ÃÏÁÌ ÃÏÎÓÕÍÐÔÉÏÎȢ 4ÈÅÒÅÆÏÒÅȟ ÌÏ×-carbon heating 

transformation is critical for decarbonizing the building sector. Future efforts should 

adopt differentiated strategies for various climate zones and building types to advance 

low-carbon heating. 

In northern urban areas, existing district heating networks should be optimized by 

prioritizing and fully utilizing surplus heat from power plants, industrial facilities, and data 

centres and so on to replace fossil fuels-based heating. The remaining heating demand 

may be met with zero-carbon heat sources such as renewable electricity and biomass. For 
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areas not covered by district heating or for ultra-low and near-zero energy buildings, 

localized heating solutions such as individual heat pumps (air-source, ground-source, 

water-source, and wastewater-source), medium- and deep-layer geothermal, solar 

energy, and biomass heating technologies should be promoted. 

Under both scenarios, the share of surplus heat in heating northern urban residential 

buildings (excluding ultra-low and near-zero energy buildings) is expected to rise from 

less than 2% in 2020 to 31% and 33%, respectively, by 2060. 

In hot-summer and cold-winter regions, heat pumps should be the preferred heating 

option, gradually replacing coal and gas for heating. Residential buildings are better 

suited for decentralized heating systems, while public buildings would adopt centralized 

heating at the building level. 

In rural areas, energy retrofits for buildings should be prioritized, with air-source heat 

pumps promoted for decentralized heating. In regions where heat pumps are unsuitable, 

such as in severely cold climates zone, alternative heating solutions like electric boilers, 

electric heaters, and biomass stoves would be considered (as shown in Figure 4-19). 

Figure 4-19 The distribution of heating technologies in northern urban residential buildings in 
BCNS 

 

4.5 Transport sector 

%ÎÅÒÇÙ ÄÅÍÁÎÄ ÆÏÒ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ×ÉÌÌ ÓÅÅ ÐÅÁËÉÎÇ ÁÒÏÕÎÄ ÙÅÁÒ ΨΦΩΦ ÁÎÄ ÔÈÅÎ 

ÓÔÅÁÄÉÌÙ ÄÅÃÌÉÎÅ  

End-use energy demand in the transport sector 

In terms of total end-use energy demand, the transportation sector is projected to peak 

at 699 Mtce in BCNS, subsequently declining to 470 Mtce by 2060. In ICNS, the peaking 

value is slightly lower at 678 Mtce, with demand falling to 455 Mtce by 2060 (as shown in 

Figure 4-20). 
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Figure 4-20 Transport end-use energy demand, 2020-2060 

 

End-use energy demand by energy type 

After 2045, electricity is expected to become the dominant energy source in the energy 

mix for transportation sector (as shown in Figure 4-21). In BCNS, by 2060, electricity will 

account for 41.5% in the energy mix, while hydrogen will rise to 14.5%. In contrast, the 

ICNS projects a higher share of electricity at 44.6% and a significantly stronger role for 

hydrogen, with its share reaching 27.9% in year 2060. Additionally, in ICNS, the share of 

oil products will decline to 2.9%, while biofuels will increase to 4.9%, and other P-t-X fuels 

will account for 8.8% in the energy mix. 

Figure 4-21 Structure of transport end-use energy demand, 2020-2060 
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%ÎÄȤÕÓÅ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÉÎ ÔÈÅ ÔÒÁÎÓÐÏÒÔ ÓÅÃÔÏÒ ÉÓ ÄÒÉÖÅÎ ÂÙ ÍÕÌÔÉÐÌÅ ÆÁÃÔÏÒÓ 

Growth in vehicle ownership 

7ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÔÒÁÖÅÌ ÄÅÍÁÎÄ ÁÎÄ Á ÔÈÒÉÖÉÎÇ ÁÕÔÏÍÏÂÉÌÅ ÉÎÄÕÓÔÒÙȟ #ÈÉÎÁȭÓ ÖÅÈÉÃÌÅ 

ownership is expected to grow significantly. Under both scenarios, passenger vehicle 

ownership (including private cars and taxis) shows a trend of initial growth followed by 

stabilization (as shown in Figure 4-22). By 2060, passenger vehicle ownership is projected 

to reach 540 million vehicles in BCNS and 570 million vehicles in ICNS.  

Figure 4-22 Changes in passenger car ownership 

 

From the perspective of truck ownership, a steady upward trend is observed in both 

scenarios. In 2020, the ownership number of trucks was 32.61 million, increasing to 46.12 

million by 2030 and reaching 55.55 million by 2060. 

The fuel split between trucks features significant differences between scenarios. In 2020, 

diesel trucks accounted for 73%. By 2060, the share of diesel trucks has dropped to 2.7% 

in BCNS and just 0.1% in ICNS. Meanwhile, the share of electric trucks rises significantly, 

reaching 77% in BCNS and 83% in ICNS (as shown in Figure 4-23). 
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Figure 4-23 Ownership distribution of trucks 

 

 

Increase in passenger transport volume 

Passenger transport volume in non-road modes is projected to increase throughout the 

forecast period. By 2060, intercity passenger transport turnover is expected to grow from 

1.8 trillion passenger-kilometres in 2020 to 5.7 trillion passenger-kilometres in BCNS and 

5.8 trillion passenger-kilometres in ICNS (as shown in Figure 4-24). 
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Figure 4-24 Passenger volume outlook 

 

Increase in freight transport volume 

Driven by economic growth, freight volume is expected to rise significantly. By 2060, it is 

projected to reach 39.3 trillion tonne-kilometres in BCNS and 42.5 trillion tonne-

kilometres in ICNS (as shown in Figure 4-25). 

Figure 4-25 Freight volume forecast 

 

4ÈÒÅÅ ÐÁÔÈ×ÁÙÓ ÆÏÒ ÌÏ×ȤÃÁÒÂÏÎ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ÓÅÃÔÏÒ 

Optimising the transportation structure 

With increased demand for international exchanges and advancements in aviation 

technology, air passenger transport is expected to grow steadily. By 2060, air passenger 

volume is projected to rise to 2.3 trillion passenger-kilometres in BCNS and 2.5 trillion 

passenger-kilometres in ICNS (as shown in Figure 4-26). In addition, with proper 

infrastructure and planning, high-speed rail can offer advantages such as convenience 

and greater luggage capacity, making it competitive with air travel for journeys of 

approximately 800 kilometres. High-speed rail is expected to play an increasingly 
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significant role in intercity passenger transport. By 2060, high-speed rail passenger 

volume is projected to exceed 3.3 trillion passenger-kilometres. 

Figure 4-26 Future passenger transport structure  

 

 

For the freight transportation, waterway and railway transport will continue to benefit 

from their energy-efficient advantages, gradually replacing road freight as the dominant 

modes of transport. By 2060, freight volume via waterways and railways is expected to 

increase steadily. In BCNS, waterway freight volume will reach 20 trillion tonne-

kilometres, while ICNS projects 23 trillion tonne-kilometres. Waterway freight will 

account for over 50% of total freight volume, maintaining its position as the primary 

freight mode. Railway freight volume will grow to account for approximately 25% of total 

freight volume. 

Compared to 2020, by 2060, waterway freight volume is projected to increase by 78% in 

BCNS and 102% in ICNS, while railway freight volume will grow by 167% (as shown in 

Figure 4-27). After 2030, the growth rate of road freight volume will slow year by year, 

with its share gradually declining. 
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Figure 4-27 Future freight transport structure 

 

 

Widespread adoption of new energy vehicles (NEVs) 

With rapid advancements in NEV technology and continued policy support, the scale of 

NEVs, led by electric vehicles (EVs), will continue to expand. The market penetration rate 

of NEVs in passenger vehicles is accelerating, reaching 53.9% by August 2024. By 2035, 

NEVs (including EVs, hybrid vehicles, and fuel cell vehicles) are expected to exceed 95% 

of passenger vehicle sales in China. 

By 2060, EVs will dominate the NEV market. In terms of ownership, EVs will account for 

89.9% of passenger vehicles in BCNS and 94.3% in ICNS. The share of plugin hybrid 

vehicles will decline to 8.2% and 3.7%, respectively, while fuel cell vehicles will constitute 

1.9ɀ2.0% of passenger vehicles. Petrol and diesel engine vehicles will be completely 

phased out by 2060 (as shown in Figure 4-28). 
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Figure 4-28 Future power train structure of passenger cars 

 

 

Accelerating the adoption of low-carbon and zero-carbon fuels 

With increased international cooperation in technology, the penetration of low-carbon 

technologies across sectors is accelerating. 

In aviation sector, liquid alternative fuels are projected to advance rapidly. By 2060, 

electricity-based synthetic fuels are projected to account for 23ɀ29% of aviation fuel 

consumption, while biofuels will contribute 23ɀ28%. The share of conventional aviation 

kerosene will decrease to below 30%. 

In shipping sector, ammonia as a fuel will begin to see a notable increase in adoption 

after 2030. Other fuels, such as electricity-based methanol, hydrogen, and biodiesel, will 

also grow. By 2060, ammonia accounts for 37% of shipping energy demand in BCNS and 

39% in ICNS. Hydrogen's share will rise to 17.4% in BCNS and 20.5% in ICNS. These fuels 

will play a critical role in reducing carbon emissions in the transport sector (as shown in 

Figure 4-29). 
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Figure 4-29 Future energy mix for the water transport sector 
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5 Transformation of the power sector  

5.1 Main findings 

Á Accelerating the development of a new power system which meets rising 

electricity demand across society. By 2060, total electricity consumption in China 

is projected to rise to 20,000ɀ22,200 TWh. Processing and conversion sectors, 

including hydrogen production, synthetic fuel generation, and electric heating, will 

become significant growth drivers, collectively accounting for approximately 25% of 

total electricity consumption. Accelerating the development of a clean, low-carbon, 

safe, abundant, cost-effective, demand-responsive, and flexible intelligent power 

system will be essential for achieving net-zero emissions in the energy sector. This 

transformation will ensure the growing electricity demand across society is met 

sustainably and efficiently. 

Á Power generation capacity will continue to grow, enabling a comprehensive 

clean energy transformation of the power system. "Ù ΨΦάΦȟ #ÈÉÎÁȭÓ ÔÏÔÁÌ ÉÎÓÔÁÌÌÅÄ 

power generation capacity is expected to reach 10,530ɀ11,820 GW, with renewable 

energy accounting for approximately 96% of this capacity. Renewable energy will 

contribute 93ɀ94% of the total electricity generation, marking a significant shift 

towards a clean and sustainable power system. 

Á Wind and solar power installations will grow significantly, with distributed solar 

holding enormous potential . By 2060, China's combined wind and solar power 

capacity will need to reach 9,320ɀ10,700 GW. Of this, wind power installations will 

account for 2,950ɀ3,460 GW, while solar power installations will reach 6,370ɀ7,240 

GW. Solar installations will represent approximately two-thirds of the total wind and 

solar capacity, with distributed solar making up 70% of total solar capacity. 

Á By 2060, a flexible and secure new power system will be established. #ÈÉÎÁȭÓ 

demand for power system flexibility resources is projected to reach 5,280ɀ5,870 GW 

by 2060. New flexibility resources, such as advanced energy storage, hydrogen 

production, and synthetic fuel generation, will dominate this capacity. Among these, 

hydrogen production and synthetic fuel generation will require capacities of 3,110ɀ

3,560 GW. Vehicle-to-grid interaction provided by electric vehicles will contribute 

810ɀ900 GW, while electrochemical energy storage capacity will reach 240ɀ280 GW. 

As these flexibility resources expand, the reliance on coal-fired power for system 

balancing will decrease significantly, enabling a cleaner and more adaptable power 

system. 

Á Cross-regional power exchange capacity will increase significantly, optimizing 

the national power grid structure. By 2035, China will establish a power grid 

structure characterized by "west-to-east power transmission, north-to-south power 

transmission, and regional interconnections," enabling the grid to flexibly respond 

to regional power supply and demand fluctuations, much like a "sponge." By 2060, 
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the combined power exports from the Northwest, Northeast, and North China 

regions are expected to increase by 140ɀ150% compared to 2022 levels. 

5.2 Structure of electricity supply and demand 

#ÏÎÔÉÎÕÅÄ ÉÎÃÒÅÁÓÅ ÉÎ ÅÌÅÃÔÒÉÃÉÔÙ ÃÏÎÓÕÍÐÔÉÏÎ ÂÙ ÓÏÃÉÅÔÙ ÁÓ Á ×ÈÏÌÅ 

Total electricity consumption across society is expected to grow steadily until 2060. This 

increase is driven by accelerated end-use electrification, large-scale growth in new 

electricity demands such as data centres, advancements in EV-V2G and demand-side 

response, as well as the integration of electricity into hydrogen production, synthetic fuel 

generation, and electric heating. The adoption of long-term negative-carbon 

technologies will also contribute to this upward trend. 

In BCNS, total electricity consumption will reach 16,500 TWh by 2040 and further rise to 

20,000 TWh by 2060. In ICNS, electricity consumption will grow to 17,500 TWh by 2040 

and 22,200 TWh by 2060 (as shown in Figure 5-1). 

Figure 5-1 Demand and structure of electricity consumption in society as a whole, 2022-2060 
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The share of electricity demand from processing and conversion sectors will continue 

to rise. As a high-proportion renewable energy system is gradually established, the 

variability and intermittency of wind and solar power become increasingly evident, 

significantly raising the demand for system flexibility. The rapid growth of new energy 

storage systems and demand-side response resources, while not increasing overall 

electricity consumption, supports load balancing by smoothing peaks and valleys in 

electricity usage. 

Low-cost, large-scale applications of green electricity for hydrogen production, synthetic 

fuel generation, and electric heatingɂclassified as processing and conversion electricity 

demandɂwill become the primary drivers of increased electricity consumption. With the 

improvement of a unified national electricity market, the coordinated operation of spot 

markets, ancillary service markets, and capacity mechanisms will enhance the adoption 

of electric boilers and heat pumps, further boosting electricity demand for heating. 

By 2060, in BCNS, electricity demand for hydrogen production and synthetic fuel 

generation is projected to reach 4,100 TWh, accounting for 19% of total electricity 

consumption, while electric heating will consume 870 TWh, contributing 4%. In ICNS, 

these figures rise to 5,400 TWh (23% of total demand) for hydrogen and synthetic fuels 

and 660 TWh (3%) for electric heating (as shown in Figure 5-2). 

Figure 5-2 Comparison of the structure of society-wide electricity demand in 2022 and 2060 

 

2ÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙ ×ÉÌÌ ÄÏÍÉÎÁÔÅ ÉÎÓÔÁÌÌÅÄ ÃÁÐÁÃÉÔÙ ÁÎÄ ÅÌÅÃÔÒÉÃÉÔÙ ÇÅÎÅÒÁÔÉÏÎ 

Accelerating the development of a clean, low-carbon, safe, abundant, cost-effective, 

demand-responsive, and intelligent power system is a key measure for achieving net-

zero emissions in the energy sector. By 2040, total installed power capacity is projected 

to reach 7,690 GW in BCNS and 9,370 GW in ICNS, with renewable energy accounting for 

82% and 86% of installed capacity, respectively. Renewable energy will also account for 

69% of electricity generation in BCNS and 77% in ICNS. At this stage, renewable energy 

will become the dominant source of both capacity and generation, while coal-fired power 

transitions to a backup and role. 

By 2060, total installed capacity is expected to increase to 10,530 GW in BCNS and 11,820 

GW in ICNS, approximately four times the capacity of 2022 (as shown in Figure 5-3). 

Electricity generation will rise to 20,000 TWh in BCNS and 22,200 TWh in ICNS (as shown 

in Figure 5-4). 2ÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙȭÓ ÓÈÁÒÅ ÏÆ ÉÎÓÔÁÌÌÅÄ ÃÁÐÁÃÉÔÙ ÉÓ ÅØÐÅÃÔÅÄ ÔÏ ÒÅÁÃÈ ίάϻ 
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under both scenarios by 2060 (as shown in Figure 5-5), while its share of electricity 

generation will reach 93% in BCNS and 94% in ICNS (as shown in Figure 5-6). 

Regarding conventional power sources, coal and gas power plants will gradually 

transition to standby roles or be naturally retired by 2060. Nuclear power capacity is 

expected to reach 180 GW, and hydropower (excluding pumped storage) will reach 540 

GW. BECCS is projected to reach 160 GW in BCNS and 120 GW in ICNS by 2060. 

Figure 5-3 Installed power generation and structure, 2022-2060 

 

Figure 5-4 Electricity generation and structure from 2022 to 2060 
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Figure 5-5 Comparison of installed power generation mix in 2022 and 2060 

 

Figure 5-6 Comparison of generation mix in 2022 and 2060 

 

5.3 Wind-based electricity supply 

Driven by the investment costs of renewable energy projects and industry development 

trends, the additional installed capacity of wind power and photovoltaics will maintain a 

relatively fast growth rate and the newly installed capacity will further increase under 

both scenarios. The combined installed capacity of wind power and PV power generation 

in 2040 will reach 5,760-7,480 GW. After 2050, the development of wind power and PV 

enters a peak plateau period. By 2060, under the two scenarios, the combined wind and 

PV installations reach 9,320-10,700 GW (as shown in Figure 5-7), with PV accounting for 

about two-thirds of the installed capacity. 

Figure 5-7 Installed wind and photovoltaic power size, 2025-2060 
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/ÎÓÈÏÒÅ ×ÉÎÄ ÉÓ ÔÈÅ ÄÏÍÉÎÁÎÔ ÆÏÒÃÅ ÉÎ ×ÉÎÄ ÐÏ×ÅÒ ÄÅÖÅÌÏÐÍÅÎÔ 

 In BCNS and ICNS scenarios, from 2023 to 2040, the total installed capacity of wind 

power will increase from 440 GW to 1,900 -2,160 GW. By 2040, the share of onshore wind 

power reaches 92% and 93%, and the installed offshore wind power reaches about 160 

GW. Thereafter, as the technology of low-wind-speed wind turbines further matures, the 

cost of onshore wind power will continue to decline, and new installations will continue 

to accelerate. As offshore wind power moves further out to sea, the distance increases, 

leading to higher construction costs. After 2045, the pace of wind power installation will 

slow down. By 2060, the total installed wind power capacity will reach 2,950-3,460 GW, 

respectively, under the two scenarios. (as shown in Figure 5-8). 

Figure 5-8 Installed wind power size by technology, 2025-2060 

 

In terms of regional distribution, the ȬThree .ÏÒÔÈÓȭ ɉÎÏÒÔÈ×ÅÓÔȟ ÎÏÒÔÈȟ ÎÏÒÔÈÅÁÓÔɊ ÈÁÖÅ 

abundant wind and land resources, and are suitable for the concentrated deployment of 

large-scale onshore wind power. Under the BCNS and ICNS scenarios, 61%-65% of 

ÏÎÓÈÏÒÅ ×ÉÎÄ ÐÏ×ÅÒ ÉÎÓÔÁÌÌÅÄ ÃÁÐÁÃÉÔÙ ×ÉÌÌ ÂÅ ÃÏÎÃÅÎÔÒÁÔÅÄ ÉÎ ÔÈÅ Ȭ4ÈÒÅÅ .ÏÒÔÈÓȭ ÉÎ ΨΦΪΦȟ 

with this proportion further increasing to 70%-75% by 2060 (as shown in Figure 5-9). 

Taking into account factors such as sea wind resources and seabed conditions, it is more 

cost-effective to build offshore wind projects in East China and South China. Under the 

BCNS and ICNS scenarios, in 2040, the combined share of offshore wind in East China and 

South China reaches 84-85%, with a small number of installations in North China and 

Northeast China. By 2060, the installed capacity of offshore wind power in the East China 

and South China will grow further, with their combined share rising to 83% and 89%, 

respectively. (as shown in Figure 5-10). 
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Figure 5-9 Regional deployment of installed onshore wind power in 2060 

 

Figure 5-10 Regional deployment of installed offshore wind power in 2060 

 

$ÉÓÔÒÉÂÕÔÅÄ 06 ÉÓ ÔÈÅ ÌÅÁÄÉÎÇ ÆÏÒÃÅ ÉÎ 06 ÄÅÖÅÌÏÐÍÅÎÔ 

 China has abundant solar photovoltaic resources, and over the medium to long term, 

installation costs are expected to decline further. Especially, there is significant potential 

for developing photovoltaics on building rooftops and façades. Under the BCNS and ICNS 

scenarios, from 2023 to 2040, installed PV power generation capacity will increase from 

610 GW to 3860-5320 GW. Among these, distributed photovoltaic power generation will 

gradually become the mainstay of installed photovoltaic power generation capacity 

growth. By 2040, distributed PV installations will significantly exceed centralized PV 

installations, with distributed PV accounting for over 75% under both scenarios. Until 

2050, the cost of PV continues to decline, and annual new installations remain relatively 

large. Afterward, the pace of photovoltaic installation slows, primarily focusing on 

replacing existing photovoltaic power plants that are naturally retired on a large scale. By 

2060, photovoltaic installations will reach 6370-7240 GW, respectively, with distributed 

photovoltaics accounting for 70% and playing a dominant role (as shown in Figure 5-11). 
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Figure 5-11 Installed PV size by technology from 2025 to 2060 

 

From the regional distribution point of view, the "Three Norths" region has abundant 

solar irradiance, significant land resources, and better conditions for the construction of 

external transmission lines, so there are considerable cost advantages in building 

concentrated photovoltaic projects. Under the BCNS and ICNS scenarios, in 2040, 

concentrated photovoltaics in the Three Norths regions accounted for 78% and 75% of 

concentrated photovoltaic installations, respectively; by 2060, this proportion will further 

increase to 79% and 75% (as shown in Figure 5-12). Due to the limited rooftop resources 

in cities, the focus of distributed PV development is gradually shifting from the eastern 

load centres to the ȬThree .ÏÒÔÈÓȭ region. 

By 2040, distributed PV installations in the Central, East, and South regions will account 

for over 60% of the total distributed PV capacity. By 2060, under the BCNS and ICNS 

scenarios, this proportion will slightly decrease to 57% and 60%, respectively, resulting in 

a more balanced regional distribution of distributed PV (as shown in Figure 5-13). 

Figure 5-12 Regional deployment of installed centralised PV in 2060 
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Figure 5-13 Regional deployment of installed distributed PV in 2060 

 

5.4 Power system flexibility resources 

2ÁÐÉÄ ÏÖÅÒÁÌÌ ÇÒÏ×ÔÈ ÉÎ ÆÌÅØÉÂÉÌÉÔÙ ÒÅÓÏÕÒÃÅÓ 

The modelling analysis shows that in 2060, the installed capacity and power generation 

of wind and PV will increase by 18% and 7% respectively compared to CETO2023, placing 

higher demands on the flexibility of the power system. In terms of scenario setting, in 

addition to considering the improvement of the real-time regulation capability of the 

power system, it is also necessary to consider the increase of cross-seasonal regulation 

capability. To achieve this, the group categorizes flexible resources into six types: coal-

fired power units upgraded for flexibility, pumped storage, new energy storage 

(electrochemical energy storage systems and EV-V2G), demand-side response, electric 

heating (electric boilers and heat pumps), and electric production of hydrogen and 

synthetic fuels. Among these, new flexibility resources include energy storage systems 

(electrochemical plants and EV-V2G), demand-side response, electric heating, electric 

hydrogen production, and synthetic fuel production. These emerging resources will play 

a crucial role in ensuring the safe and stable operation of the new power system in the 

future. 

Under the BCNS and ICNS scenarios, by 2040, China's pumped storage and new flexible 

resources combined will need to reach a total of 1,700 to 2,350 GW; and further increase 

to 5,280-5,870 GW by 2060 (as shown in Figure 5-14). In addition, flexible coal power will 

also need to play an important role- in real-time balancing. Electricity usage and storage, 

new energy storage technologies, electricity-based hydrogen, synthetic fuels and heat, 

will become the primary flexibility resources.  

4ÈÒÏÕÇÈÏÕÔ ÔÈÉÓ ÐÒÏÃÅÓÓȟ ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ ȬÅÓÔÁÂÌÉÓÈÉÎÇ ÔÈÅ ÎÅ× ÂÅÆÏÒÅ ÁÂÏÌÉÓÈÉÎÇ ÔÈÅ ÏÌÄȭ 

will be adhered to. With the expansion of new energy and renewable energy generation, 

the development of new flexibility resources, and the gradual improvement of the power 

system's control capabilities, coal-fired power generation will naturally be phased out, 

transitioning from serving as base load power to becoming a source of regulating and 

standby power. 
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Figure 5-14 Pumped storage and new flexibility resources, 2035-2060 Scale of demand 

 

0ÕÍÐÅÄ ÓÔÏÒÁÇÅ ÃÏÎÔÉÎÕÅÓ ÔÏ ÇÒÏ× ÉÎ ÓÃÁÌÅ 

Pumped storage capacity will grow to 220 GW by 2040, considering factors like 

equipment capacity, design and construction capabilities, and construction timelines. 

Development will then slow down, with installed capacity reaching around 380 GW by 

2060. Regionally, the focus of pumped-storage development will shift from east to west, 

roughly in line with China's regional deployment of large-scale clean energy bases. In 

BCNS and ICNS, by 2040, Central China, the South, and the Northwest will together 

accouÎÔ ÆÏÒ ÁÐÐÒÏØÉÍÁÔÅÌÙ άΨϻ ÏÆ ÔÈÅ ÎÁÔÉÏÎȭÓ ÐÕÍÐÅÄ ÓÔÏÒÁÇÅ total installed capacity. 

By 2060, this share is expected to increase further to about 68% (as shown in Figure 5-15). 

Figure 5-15 Regional deployment of installed pumped storage capacity in 2040 and 2060 

 

.Å× ÆÌÅØÉÂÉÌÉÔÙ ÒÅÓÏÕÒÃÅÓ ÁÃÃÅÌÅÒÁÔÅÄ ÄÅÖÅÌÏÐÍÅÎÔ 

By 2040, wind power and solar PV generation together account for more than 50% of 

total electricity generation, and green power becomes the mainstay of electricity. By that 

time, under the BCNS and ICNS scenarios, the installed capacity of traditional regulated 

power sources, such as thermal power, nuclear power, biomass power, and pumped 

storage, will account for 63% and 55% of the peak load, respectively. Meanwhile, the 

demand for new flexible resources, including electrochemical storage plants, EV-V2G, 

demand-side response, electric boilers, heat pumps, electric hydrogen production, and 
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electric synthetic fuels, will account for 56% and 72% of the peak load. The roles and 

functions of traditional adjustable power sources and new flexible resources in the power 

system form an effective complement to each other, guaranteeing the safe and stable 

operation of the power system. From a technical perspective: 

Á Taking into account factors such as the construction and operating costs of 

electrochemical energy storage plants and the market willingness of electric 

vehicles to participate in V2G, the installed capacity of electrochemical energy 

storage and EV-V2G will reach a total of about 250 GW in 2040 under both scenarios. 

Á Under the two scenarios, the demand-side response capacity will reach about 270 

GW in 2040. 

Á Abundant and cheap green electricity facilitates the large-scale development of 

electrolysis of hydrogen and electrolysis of synthetic fuels. From 2023 to 2040, the 

capacities of electrolysis of hydrogen and electrolysis of synthetic fuels will increase 

by 32% and 36%, reaching 810 GW and 1,270 GW in BCNS and ICNS, respectively. 

Á In terms of electricity-based heating, under the BCNS and ICNS scenarios, the 

demand for electric boilers will increase by 51% and 56%, respectively, from 2023 to 

2040, reaching 190-320 GW.  

In 2060, under the BCNS and ICNS scenarios, the combined share of wind and 

photovoltaic power generation in total power generation will reach 76% and 84%, 

respectively, and the ability of flexible resources to support power system operation will 

be even more significant. By then, under the two scenarios, the demand for new flexible 

resources will reach 129% and 126% of peak load, respectively, replacing traditional 

adjustable power sources as the main regulating resources of the power system (as shown 

in Figure 5-16 and Figure 5-17).  

In terms of sub-technologies: 

Á In 2060, under both scenarios, electrochemical energy storage plants will achieve 

flexible and widespread application in terms of source, grid and load, as construction 

costs continue to decrease. Electrochemical energy storage capacity will increase 

significantly to 280-240 GW. At the same time, the number of electric vehicles in use 

will surpass 500 million, and the willingness of electric vehicles to participate in the 

V2G market will grow substantially. As a result, EV-V2G capacity will reach 810-900 

GW. Together with electrochemical storage, they will account for 23% and 20% of 

the demand for new flexible resources. In both scenarios, demand-side response 

capacity reaches about 340 GW. 

Á The installed capacity of electricity-based hydrogen production and electricity-

based synthetic fuel production will increase to 3110 and 3560 GW in BCNS and ICNS, 

respectively, accounting for 63% and 65% of the demand for new flexible resources. 

These technologies will not only contribute to real-time power system balancing but 

also play a key role in inter-seasonal regulation. 
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Á Under both scenarios, by 2060, the demand for electric boilers will reach 290-360 

GW, while the demand for heat pumps will reach 70-90 GW. 

Figure 5-16 Total wind PV installations, peak load and various types of flexibility resources, 
2040 to 2060 

 

Note: Traditional adjustable power sources include thermal, nuclear, biomass and pumped storage, 
while new flexible resources include electrochemical storage plants, EV-V2G, demand-side response, 
electric boilers, heat pumps, electric hydrogen production and electric synthetic fuels. 

Figure 5-17 Structure of new flexibility resource requirements in 2060 

 

5.5 ! ÎÅ× ȰÓÐÏÎÇÅ-ÌÉËÅȱ ÓÍÁÒÔ ÇÒÉÄ 

The cross-regional interconnection capacity significantly improves, leading to further 

ÏÐÔÉÍÉÓÁÔÉÏÎ ÏÆ #ÈÉÎÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÇÒÉÄȢ /ÖÅÒ ÔÈÅ ÎÅØÔ ΩΦ ÙÅÁÒÓȟ #ÈÉÎÁ΄Ó ÅÌÅÃÔÒÉÃÉÔÙ ÇÒÉÄ 

structure will gradually evolve, seizing opportunities for Ȱbackbone interconnection and 

local balanceȱ development. By 2035, the deployment of the national backbone grid 

following the strategy of West-to-East and North-to-South power transmission with 

inter-regional mutual support will be complete. This will enable the power grid to balance 

power supply and demand across different regions, functioning as a flexibility resource. 

4ÈÅ ÇÒÉÄ ×ÉÌÌ ÒÅÓÐÏÎÄ ÆÌÅØÉÂÌÙ ÔÏ ÃÈÁÎÇÅÓ ÉÎ ÅÌÅÃÔÒÉÃÉÔÙ ÓÕÐÐÌÙ ÁÎÄ ÄÅÍÁÎÄ ÌÉËÅ Á ȰÓÐÏÎÇÅȱ 

by using digital and intelligent technologies. By 2060, the total scale of electricity exports 

from the Northwest, Northeast, and North China regions will increase by 140% to 150% 

compared to 2022 (as shown in Figure 5-18). To adapt to the large-scale development of 
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ÄÉÓÔÒÉÂÕÔÅÄ ÎÅ× ÅÎÅÒÇÙȟ ÔÈÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÇÒÉÄÓ ×ÉÌÌ ÂÅ ÔÒÁÎÓÆÏÒÍÅÄ ÆÒÏÍ ȰÐÁÓÓÉÖÅȱ ÏÎÅ-way 

ÒÁÄÉÁÔÉÏÎ ÎÅÔ×ÏÒËÓ ÔÏ ȰÁÃÔÉÖÅȱ two-way interactive systems, focusing on the self-

generation and self-consumption of renewable energy sources in the industry, agriculture, 

commercial, and residential sectors. Additionally, a massive zero-carbon distribution 

network will be formed, providing strong support for the development of more than 5,000 

GW of distributed photovoltaic and decentralised wind power. Drawing on international 

cooperation experience, we will build a new form of energy network where synergies 

between electricity, hydrogen, heat, and transport are fully integrated. 

Figure 5-18 Inter-regional electricity transfers in 2022 and 2060 (TWh) 

 

5.6 Production-consumption simulation of new power systems 

The production curves depict hourly-level power output and electricity load. These curves 

illustrate the dynamic balance between supply and demand in the power system (as 

shown in Figure 5-19, Figure 5-20 and Figure 5-21). In the figures, base load includes end-

sector electricity consumption and grid losses. Flexibility resources include pumped hydro, 

chemical storage, EV-V2G, district heating, hydrogen and e-fuel production, as well as 

demand-side response. 

During a typical week in summer 2022, coal, hydropower, nuclear power, and other power 

sources are stable, providing important support to meet the electricity demand (as shown 

in Figure 5-19). This shows a load-following capability of the power system. By 2060, 

under both scenarios, after solar and wind power become the main power sources, 

various types of energy storage and demand-side response resources, on multiple time 

scales, will replace the traditional dispatchable power sources. This provides important 

regulation support for the safe and stable operation of the new power system. At that 

time, the source-load interaction characteristics of the power system will undergo a 

significant transformation. For example, flexibility resources such as demand-side 

response and EV smart charging shift the electricity load from nighttime to daytime, thus 

making the electricity load curve more compatible with the output curve of volatile power 

sources such as PV power generation (the electricity load curve before the shift is shown 

as the black dotted line), as exemplified by a typical summer week and a typical winter 

week in BCNS: 
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Á During the daytime in summer, when sunshine is abundant, solar power output rises 

rapidly and falls in the late afternoon. When the generation output exceeds the 

electricity load (as in Figure 5-20 Day 1), pumped hydro, chemical storage, hydrogen 

and e- fuel production, EVs, and industrial demand-side response resources kick in. 

These flexible loads account for 60% of the total load during the peak load hour. 

Á During summer nights, as solar output decreases to zero and wind output increases 

(as seen on the fifth day in Figure 5-20), the electricity consumption of hydrogen and 

e-fuel production increases, and their electricity load accounts for about 20% of the 

electricity load at that time. When wind power output is low (as on the sixth day in 

Figure 5-20), pumped hydro, chemical storage, and EV-V2G systems begin 

discharging extensively, with a combined storage output reaching around 32% of 

the total power output. 

Á During the winter months, the duration and maximum output of solar power 

decrease compared to the summer months, while wind power output increases. 

Although the overall electricity load decreases slightly in winter, the heating 

demand significantly raises in the electricity load for district heating. Consequently, 

the importance of thermal storage for maintaining the dynamic balance of the new 

power system increases (as shown in Figure 5-21). 

Figure 5-19 Hourly power balance of the national power system for a week - Summer 2022 
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Figure 5-20 Hourly power balance of the national power system for a week in BCNS - Summer 
2060 

 

 

Figure 5-21 Hourly power balance of the national power system for a week in BCNS - Winter 
2060 

 

 

  






























































































































































































