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“In meeting the climate challenge, no one can be
aloof, and unilateralism will get us nowhere. Only by
upholding multilateralism, unity and cooperation can we
deliver shared benefits and wiin for all nations

PresidentXi Jinping
Speechat the Climate Ambition Summit
12 December 2020

"We need to seize the opportunity and build on the
sound momentum generated to promote the -high
guality development of China's new enerfvith
greater efforts to provide secure and reliable energy
OOPPT OO0 A O #EEIT A GignifidadthA A OT E
contribute to building a clean and beautiful wbrld.

Xi Jinping GeneralSecretary of the Communist Party
of China

Speech at the 12th Collective Study Session of the Politburo of
the Central Committee of the Communist Party of China (CPC)
29 February 2024






Preface

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

General Assembly, President Xi Jinping madggmificant announcement, that China will

OAEI OIAELEODE#N O PAAE AAZEI OA woQo AT A AAEEAO
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
implementatol | £ OEA OOAT [ AET O PAAEET ¢ AAOAIT 1T AEI
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 tagamite

and collectively combat climate change to safeguard our planet.

The China Energy Transformatiddutlook 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 trangfmation. 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 aalyses, CETO 2024 also carries out thematic studies on hot topics such as
building a new energy system, leearbon industrial transformation of industry, andtP

X. International partners, includin@anish Energy Agency(DEA) and theCentre for
Global Energy Polic  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 thitdnk research report that is consistently updated to reflect
the latest developments in China and incorporate the most recent assessments of future
technological advancements. | sincerely hope that this report will serve aseéulu
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.

| would like to express my sincere gratitude to entire team of Breergy 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 CommissioNDRC) and th&lational Energy
Administration (NEA), for their valuable feedback and suggestions, which significantly



enhanced the reportl. also extend my sincere appreciation to thanish Energy Agency

the Centre for Global Energy Policyof Columbia University, an&a EnergyAnalyses

(Ea) for their strong support and insightful contributions to this research. Lastly, | deeply
thank our longterm partner, theChildren's Investment Fund Foundation (CIFF), for
their ongoing financial support to the Energy Research Institute to conduct this work over
years.
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Reading guid ance for the China Energy
Transformation Outlook 2024

The China Energy Transformation Outlook 2024 (CETO 2024) consiatsushmary and
three major sectiongdownloadwebsitehttps://www.cet.energy).

The Summaryof China Energy Transformation Outlook 2@2¢tapsulates the main
report's key findings and communicates the core essence, allowing it to be read
independently.

In the full report

Part | 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 Il presents scenario analyses of the outlook for China's energy system
transformation up to 2060, with the goal of achieving carbon neutralifyhis 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 endse sectors, includg 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 energgsformation on its
economic transformation and social development.

Part Ill 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
AAOAOEAAO OEA TAx AT AocuUu iTAAT O AT A 1TAx AOQOOE
builda new energy system. Chapterd&cusse$ow to build a power market compatible

with a high penetration of renewable energy. Chapter 9 showcases the latest
developments in the production d?ower to X (inclhydrogen, ammonia, and methanol

fuels) in China and globally. Chapter 10 analyses the prospects forciton, zere

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

carbon transformation obpaceE AAOET ¢ ET #EET A6O AOQEI AET ¢c0O8 ¢
latest policies and cases of China's promotion of digital and intelligent development in

the energy sector. Chapter 13 evaluates the synergies of the effedtsydechnologies

in reducingenvironmental pollution and carbon emission. Chapter iftroducesthe

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

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

X


https://www.cet.energy/

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 Il provide more extensive policy, information and technical support
for the model development and transformation pathway analysis in Part II.

Figurel Structure of the China EnergyTransformation Outlook 2024

Summary
Part1
Energy Chapter 1 Chapter 2
transformation status Global trends China status
Part2
The Chinese energy Chapter 3 Chapter 4 Chapter § Chapter &
transition pathway to Scenarios and End-use sector Powersector Socio-eco
net zero emissions conclusions transition transition impacts
Chapter 7 Chapter 8
Part3 New models of High-share Chapter 9 ﬁ';%g,:ersgjor
Thematic analyses the new-type renewable Power fo X ‘rrons'\iir;n
energy system Power market
Chapter 11 gr“"t'zﬁ; j Chapter 13 Chapter 14 Chapter 15
Heating for inf%lli o Technological Regional International
buildings 9 assessment transition cooperation

development

For readers interested in the modelling analysis, Padf ICETO 2024 provides a more
comprehensive and Halepth exploration of the analysis process and detailed conclusions
for each key sector. For those interested in specific topRatt 11l offers standalone
chapters that can be read individuallZhapters 9, 10, and 11 afelly translated to
English Summaries are provided fahe other chapters inPart Ill. For detailgpleaserefer

to the Chinese version of this report.

We hope our outlook report helps you better understand the latest developments in
China'snergy trarsformation and discover new opportunities fenhancedcooperation.
Enjoy your reading! We warmly welcome your feedback on the report's content. Please
send your comments taeto2024@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 organisation®r governments

XX
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Summary: Key findings and recommendations of the
scenario analysis

2A0AAOAE " AAECOI OT A

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 ro@htury. The first stagés to
basically realise socialist modernisation from 2020 through 2035. The second stage is to
build Chinainto a great modern socialist country that is prosperous, strong, democratic,
culturally advanced, harmonious, and beautiful from 2035 through thedbei 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 reShiha'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 2060This commitment is an importantomponentof China's
modernisation strategy and an important contribution to addressing global climate
change.Thepromotil T 1 /E etidfglf raAsfotnatioris both areffectiveresponseo

the climate change challengand anopportunity to transform its economic structurend
enhance industrial competitivenessnaking China's modernisation moréarmonious
prosperous and sustainabld@his 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 deelopment 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
soluions for achieving netero carbon emissions under different scenarios.

#1 1 OEAAOET ¢ #EET A80 OPAAEAZEA AEOAOI ©OAT AAOh

China's EndJse Energy Demand Analysis Model (EEKP), the Electricity and District
Heating Optimisation Model (EREDO), and the Energy Transformation So&oconomic
Impact Assessment Model (CETPAjo analyse the impacts of endse energy
consumption, power and heat supply, and the seeimnomic and environmental effects

of the energy transformation. The overall aim is to support the fulfilment of simultaneous
imperatives ¢ economic development, social development, energy security, and carbon
emission reduction.

Xy



4x1 OAAT AOET O £ O OEA AT AOcuU OOAT O&F Oi AGET 1
The Project Team set up two scenarios for its analysis of China's energy transformation
towards 2060. Both scenarios share the goal of Chigeching peak carbon emissions

before 2030 and achieving carbon neutralitgfore 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 Baeseline Carbon Neutrality
Scenario(BCNS andthe Ideal Carbon Neutrality Scenario (ICNS)

The Baseline Carbon Neutrality Scenario (BCNS) envisions thatyith significant
efforts, China will achieve its mediumand longterm development goals, including the
dual carbon objectivesThe international political and economic landscape grows more
complex with recurring geopolitical conflicts. lsome countries addressing climate
change may become a lower priority. Climatbangerelated trade disputes will likely
rise, complicating agreements. Collaboration on loarbon and zeraarbon
technologieswill 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 £3mMissions kfore 2030 and achieving
carbon neutrality lefore 2060. By advancing its mediwand-long term efforts, Chinds
energy transformationmakes a decisive contribution to reaching a carbweutral
society.

The Ideal Carbon Neutrdaty Scenario (ICNS) envisions thatthrough substantial

AEAE OOOh # EahAd Idhtedm dcdndntictahd 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 internaticleaponse, with

countries prioritising accelerated energy transformation despite occasional political and
economic conflicts in certain regionBespite occasional political and economic con8ict

in certain regionsmost 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 ofdeveloping lowcarbon, zerecarbon, and carbomegative
technologies, enabling their largecale adoption sooner and at a lower cost. This will also
O00PDPT OO AAOGAI T PEIT ¢ AT O1 OOEAO xEOE wEiI EOAA 1
important player in global cooperation. 0 A | Ai AAO T £ OEA OcCi i AAI
provide technology, equipment, and capacibuilding support to other countries to the

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

XQ
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The mainconclusionof 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 carbomeutral 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 etierd from its peak ly 2060. Under the
Baseline Carbon Neutraty Scenario (BCNSandthe Ideal Carbon Neutraity 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 natero carbon emissions before 2060
paving the way to make the Chinese society as a whole carbon ne@fald2060.

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 sustainedelectrification is aneffective way to move towards
carbon neutrality.

Without effective energy conservation, the energy transformation would demand
significantlygreater deployment of green energy sources, making it difficult to achieve
the necessary paceTherefore, energy conservation and efficiency are essential
prerequisites and the foundation for the successful energy transformatiothe context

of energy conservation and efficiencythe narrow definition focuses on improving the
technical efficiency of energy supply and utilisation, while the broader definition
enconpasses 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 methpavill first rise and then fall, and primary
energy consumption wildrop by about onethird from the peakby 2060. In terms of
electrification, direct electrification refers tothe directuse of electricity irthe enduse
sector, andelectrification in a broader sensencludes secondary electrification e.g.

the use of electricityto produce synthetic fueloor commercialisedheatsupplygenerated
from electricity, to satisfy end-use demands for energy. In 2023, China's direct
electrification and broad electrification rates weegound28%, 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.2060, sme fossil
fuels will still be needed to support certain industries, freight transport, and aviation,
these fields with the greatest difficulty in reducing emissioBaised on the modelling
results enhancing international cooperation on the energy transformation will help
promote the latest energyefficient and electrification technologies both in China and

X1



globally, accelerating the lowearbon transformation in the industrial, building, and
transport sectors.

II. Building a power system with wind and solar athe mainbody isanecessarychoice
for energy transformation.

Decarbonising the energy supply iskay of energy transformation, and replacing fossil

fuel power with nonrfossil sources is the core priorityn 2023, norfossil sources
comprised 53.9% of China's power generation capacity, while fossil sources accounted for
46.1%. By 206Q China's total installed power generation capacitgeds toreach
between 10530 GW and11,820 GW, aboutfour times the 2023 levelThe installed
renewable energy powecapacity will reach about 96%, and the renewableshare of
power generation will reac®3%-94%. In 2060, the installed capacity ohuclear power

and pumped storage will be needing to reach 180 and 380 @&¥pectively Bioenergy

with Carbon Capture and Storage (BEC@8) have aninstalled capacity ofnore than

130 GWEnergy transformation should alwagslhere toO E A B O EdstAtfishihghhe | £ O
new before abolishing theldd, 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 shiffrom a baseload source to a regulating and
backup power sourcehile beingnaturallydecommissioned. Modelling results show that
strengthening international cooperation on energy transformation will help China to
further improveits non-fossil energy supply capacignd gridsecurity.

[ll. Building a highly intelligent power grid isa central measurementto establishing a
new type of power system.

The construction of a new power system @score component of China's energy
transformation. A coordinated nationwide approach must be adopted, integrating all
resources generation, grid, demand, storage, and hydrogeto create a power grid
that enables largescale interconnection as well as lowlevel balancingFirstly, the grid
layout shall be optimised, with the completion of the national backbone grid by 2035,
enabling Westto-East and Northto-South power transmission withinter-regional
mutual suppat. By utilising digital and intelligent technologies, the grid will be able to
adapt flexibly to changes in power supply and demaBy. 2060, the total scale of
electricity exports from the Northwest, Northeast, and North China regions will increase
by 140% to 150% compared to 2023econdly, continuously enhancing the
construction of distribution grids to adapt large-scale distributed new energy and
promote the transformation of distribution grid$rom a unidirectional distribution grid
without power resaircesinto a two-way interactive systemswith power resources
focusing onlocaly consumedrenewable energy sourcedor industrial, agricultural,
commercial and residential usto create numerous zergarbon distributiongrid hubsto
provide strong support for the development of more than0®0 GW of distributeavind
power and solar PVThirdly, coupling of multiple energy networks will be advanced
drawing on international cooperation experiences to create a +igpe energy network

XY



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 reac4 240
million tonnes of coal equivalent (Mtce), with hydrogand efuel production through
electrolysiswill becomean important means to support grid load balancing and facilitate
seasonal grid balancingChemicalstorage capacity will reach 24280 GW, and the
number of electric vehicles will reach 48310 million, with vehiclgo-grid interaction
capacity reaching 8®00 GW, providing reaime 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 ofnew productivity is a distinctive feature of China'snergy
transformation. Low-carbon, zerecarbon, and negativearbon technologies,
equipment, and industries related to energy production and consumption offer broad
market potential and present significant investment opportuniti€&om the perspective

of energy equipment demand by 2060, China'snstalledwind and solar powecapacity

is expected to reach around 10,000 GW. The annual investaemandfor power supply

and heat supply equipment such aénd power, solar powerand heat pumpequipment

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 RMBrom the perspective of energyusing equipment demand

the energy transformation will require China to update or retrofit energing
equipment acoss various sectors, including industry, buildings, and transportation, over
the next 30 years. Lowarbon and zeraarbon equipment such as electric arc furnaces
for steel production, hydrogetibased steelmaking furnaces, green hydrogen chemical
processes,ultra-low energy buildings, higkefficiency heat pump heating systems,
electric vehicles, and fuel cell vehicles will generate unprecedented market demand.
From the perspective of zerecarbon and negativecarbon technologies needed to
achieve carbon neutality, 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, Chila®0 AT AOCU OUOOAI xEI 1 Al OAO Al AAQ
upgrades and retrofits, with the scale of demand for such improvements continuing to
grow, providing sustainediriving force /£l O #EET A8 O AAT T 11T EA COI xOl

international coopeation 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.



V. Energy system and mechanism reforms must continue to deepen while
simultaneously establishing a legal framework to drive the energy
transformation.

The energytransformation 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 cleacauntability, strengthened legal
obligations, andormulation ofincentive and penalty mechanismisrom the perspective

of energy market reform, it is necessary tdreak down regional barrierestablish a
unified national power marketandgradually build a market system that accommodates
the characteristics of high renewable energy penetratidgfrom 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 statisticsthere is

a need to improve data and statistics for néwssil energy sources such as renewable
energy powerandheat, 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 transformatbn will benefit China tofacilitate in-depth exchanges witltountries
around the world oregislative and energy governance, providing bettalicy support

for China® energy transformation.

China faces a series ofdifficulties and challenges in advancing its energy

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

economic structure. Energyintensive industries such as steel, cement, and chemicals

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

industrial transformation both difficult and demandingSecond, coal-dominated

energy structure.! O OEA 1 AOCAOO AT Aocu Ai1006i A0 ET OEA
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 sourcesThird, rapid power demandgrowth increases the difficulties of power

system transformation.) T OAAAT O UAAOOh #EET A60O Al AAOOEAI
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 devepment is constrained by limited land availability, insuiict

system capacity for integrating renewable energy, arelatively high storage costs,

making further acceleration difficultFourth, the market-driving force of energy

transformation needs to be strengthened For a long time carbornintensive energy

productsin Chinghavebeen relatively cheap, while lowarbon energy is more expensive,

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

the energy transformation is a particularly challenging task.



Looking ahead, there are uncertainties about China's lowcarbon energy

transformation. The main uncertaintiesare: Firstly, there is significant uncertainty

around future adjustments to the industrial structure. Changes in the production of
energyintensive products such as steel, cement, electrolytic aluminium, and chemicals

xEl 1 EAOA A 1 AET O EbupplyAdemand, and: taBsfornaton AT AOCU
prospects, making accurate predictions difficult at this stage. Secondly, the extent to

which digitalisaton 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 zmndon and carbon

negative technolgiesin the medium and long term remain uncertain and difficult to

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

industrial chain supply chaitlevelopmentrelated to international cooperation on energy
transformationare still subject to certain uncertainties

)yl O0i 1 AOUh #EET A0 Al A@giandaiuiehghgtoldtah OET T EC
project. Unlike Europe and the United States which have long since peaked their carbon

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

must first surpass its peak carbon emissions and then achieve carbon neutrality. The
challenges are immense, atiids a difficult task This requires policymakers to face these

challenges heabn, find solutions, and seek clarity amid uncertainty, ensgrimat

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 demandcommercialise
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 aergy transformation but also contribute
significantly to the global effort.
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China energy flow charts

Figure 2China energy flow chart in 2022
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Figure3 China energy flow chart in 206@ BCNS
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1 Progressin global energy transformation
1.1 Global climate change situation and its impact on energy

I1TAAT Al Ei AOCAOCAEARAQA OOBAO AEIBAT HARHRRA BAORABRAA
Global climate change is one of the major challenge®fabythe 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 Miech,
WMO released it$5lobal Climate Situation 2028port, which showed that the global
average temperature in 2023 will be 1.45°C higher thanipdeistrial levels, and that
records for greenhouse ga@GHG)levels, surface temperature, ocean heating and
acidfication, 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 irFigure1-1). In June, theGlobal Annual to Decadal Climate Updg@ADC)
report released by WMO projected that global average nearface temperatures will be
between 1.1°C and 1.9°C above the 18800 baseline each year from 2024 to 2028.
According to thdfifth generation EuropearCentrefor Medium-rangeWeatherForecasts
(ERAJ 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 th€hina Climate Change Blue Book (20&#)ch noted
that China's average temperature also reached a record high since complete
meteorological observatioa were made. The National Climate Centre (NCC) predicts
that the average temperature in the next 30 years will reach a record highNG@
predicts that over the next 30 years, China's regional average extreme maximum
temperatures will increase by 1@ 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 byo715 days.

The aceleratbn of global temperature riseéndicatesan accelerating process of climate
change, and the 15 tipping point markers delineated by IitergovernmentalPanel on
Climate ChangdIPCC)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, angbarts of the East Antarctic. Judging from the current tretitg 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 tad loa 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)
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In fact, since 2024, the frequency, scope antgnsity of extreme weather occurrences
have further expanded globallyOn April17, 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 da@s April27, 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 degreeCelsius, with the capital New Delhi experiencing 38
consecutive days of highs of 40 degrees Celsius or more sinclagsulting 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
sauthernmost state, Rio Ginde do Sul, was hit B\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 addresdimgte change. The
latest Global Risks Repatleased by the World Economic ForiWEF)bluntly states

that in the next 10 years, the top global risk is not armed conflict or social polarisation,
but extreme weatler 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 loslses a
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 95,444,00persontime 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;



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 werMB 345.45 billion. Policy action to mitigate climate change is

urgent.

#AOAI T AET AR AT EOOEIT O &£O01Ti ¢ITAAl AT AOCU
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Human activities are an important cause of climate change, the highest shatgH@&s

carbon dioxide, is mainly a product of burning fossil energy, and lbrg-life
infrastructure of fossil fuels puts enormous pressure on the clean andcéoion
transformationof the energy systemas shown irFigurel-2).

Figure 1-2 Energy consumption and human activities are the primary contributors to global
climate change
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According to the Emissions Gap Report 202Bblished by the United Nations
Environment Programme (UNEP), energy consumption contribute%86global carbon
dioxide emissions. To limit global temperature rise to 1.5°C and not exceed, or only
marginally exceed, this rang&HGemissions would need to peak by 2025 at the latest,
and then decline rapidly, by 438by 2030 compared to 2019 levels, and by@iy 2035.
However, future C@ emissions from existing and planned fossil energy Hifig
infrastructure gbbally (around 850 Gt C{palready exceed the total cumulative net €0
emissions to reach the 1.5%@rget andare close to the mean cumulative emissions to
achieve the 2°C target. Fossil energy lelifg infrastructure will lock society into carben
intensive lifestyles and practices, affecting the speed of tfa@sformation(as shown in
Figurel-3).



Figure 1-3 Technology lockin effects affectthe speed ofenergy transformation and climate
change
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Global CQemissions from energy activities experience a significant decline in 2020 under
the influence of weakened global economic activity caused byGk/IDepidemic and,

in particular, a significant reduction in the use of fossil fuels. However, with the gradual
containment of the epidemic and economic recovery, global:@missions rebound
significantly in 2021 and continue to grow in subsequent yeasstiown irfFigurel-4).

Figure 1-4 Global energyrelated CG, consumptions
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The main drivers of the rebound in @@missions due to global energy activities include
the following:

A First, the economy is recovering rapidhAs the global economy recovers rapidly
from the COVIDepidemic, the demand for energy is increasing rapidly, especially the
use of fossil fuels, which is directly contributing to increased carbon dioxide
emissions.

A Secondly, there has beera significant increase in demand for electricity and an
increase in the use of codhcreased 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.

A Thirdly, the growth of renewable energy is insufficieriRenewable 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.

A Fourthis therecovery of transporactivities.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 correspondingréase in carbon dioxide emissions.

A Fifth is the growth iremissions from the industrial and construction sectdgsobally
increased economic activity in the industrial and construction sectors has led to a
corresponding increase in G@missions.

A Sixth is theimpact of climateextremesand unusualweather. Unfavourable climatic
and weather conditions exacerbate energy demand while reducing the level of
renewable energy output, for example, droughts redungropowergeneration and
require more thermal power to supplement the electricity supply, further increasing
electricity-related emissions.

y i PAAO T &£ Cci1TAAl Al EIi AOGA AEATCA 11 AT AOCU
POAOGOOA DI U

The energy sector is both a major sourceGHfiGscontributing 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 stafyeration of energy systems.

Since 2024, extreme weather events have become more frequent and more intense
globally, adversely affecting power suppBeginning 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 fesdlled power systems struggled to

AR



secure supply due to disruptions in transport and productlarpril, 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 Juhgh 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 theeeaand
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 insufficientlocal power supplyand limited electricity for domestic and
industrial use. China's summer 2024 northern regions have recently experienced
widespread high temperatures, and the nation's highgsiwer load is expected to
increase by more than 10BW yearon-year, placing some pressure on power supply.
Heavy rainfall ad 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 powerdemand 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 ornhe resilience of the power system to adapt ttramatic
fluctuations in power demand. From the perspective of supply, under the existing
technical conditions, renewable energy generation, suchsakr PV wind power or
hydropower, is highly dependent on weather and climatic conditions, and weather
conditions such agradiance windspeedand precipitation directly determine the level

of output of wind solarand 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 hghly unstable. Electricity and energy supplies need to be made more stable and
flexible, while increasing their resistance to extreme weather disasters.

Energytransformationis therefore a key way for the world to address climate change and
achieve lowcarbon development, while climatic conditions equally constrain the energy
transformation process. While promoting the energgransformation, 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 technologiesources, whie will

raise the cost of the energyansformation.
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1.2 Progress and prospects for the global energiransformation
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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 energytransformationand 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 multilevel, muti-disciplinary and alencompassing policies and actions to
accelerate the green and lewarbon energyransformation.

The EU has legally recognised its Nationdgtermined ContributiongNDCs) with the
Green Deal, and has proposedXit for 550 package anda GREPowerEd programme,
among others. The latter directly sets outl@ energy efficiencyimprovementtarget

and renewable energydevelopment targets, including al36 energy efficiency
improvementtarget for 2030(compared to the 2020 reference scenaria5% share of
renewable energy targetin energy consumption an increase in installed power
generation capacityto 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. ThelE integrates multichannel 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 entemises to take positive action, while strengthening
international cooperation to safeguard and accelerate the green and-davibon
transformationin energy Through the Justice Transition Programme under the Invest EU
programme, the Justice Transition FudiTF)and thePublicSector Loan FacilityPSLF)
supported by the European Investment Bank (EB)will help to mitigate the negative
impacts on the interests of the regions, industries, citizens and workers within the EU
member states that are affectedby the lowcarbon transformation, and to ensure a
smooth transformation for the economy and the societyn 2023, the EU's installed
renewable energypower generationcapacity reachd 614GW, with a44% share oftotal
electricity generation.

In 2021 in its latestNDCsubmission, China proposed a target of carbon peakiefpre
2030and further emphasised its commitment to achieving carbon neutraléjdoe 2060,
and also raised its carbon intensity reduction target2680from 60%-65%to more than
65% (compared to the 2005 levelwhile the share of nofiossil energy sources in primary
energy consumption reaches arour#b%, and the installed capacity of wind and solar
power reached,200 GW aboveChina will lead the overall green transfaation of the
economy and society with the dualarboncontrol target (i.e. total energy consumption
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and energy consumption per RMB 10,00@uodss domestic produdiGDB), 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 acceletsgegreen and low
carbon transformation of the energy system. 2023 China gradually shiéd from dual
control targets for energy consumption to duabntrol targets for carbon emissions,
leaving more space for the development of lmarbon energy and aelerating the green
and lowcarbon transformation.In 2023 China's total installed capacity of renewable
energy reacked1,470 GW and the share of power generation read81.8%, highlighting

the results of China's energy restructuring and green anddéawbon transformation.

In 2021, the United States returned to the Paris Agreement and submitted an updated
NDC committing to reduceGHGemissions byb0%~52% of 2005levels by203Q and to
achieve netzero emissions in the power sector BP35 To support these goals, the
United States passed thénfrastructure Investment and Jobs A@JA), the Inflation
Reduction Act (IRA) and other legislatiamder the macrepolicy framework of the
Investing in America Agenda (IAAp 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
transformationof traditional energy communities to promote the transformation of the
United States to a cleaner and legarbon energysystem Specific initiatives include
direct investment, tax subsidies, preferential loans and loan guarantees. Funding sources
include he United States Government'®)JSD 2 trillion infrastructure programme,
investments by the United States Department of Energy, and the mobilisation of private
sector investment, of whictJSD 173billion has been invested in electric vehicles and
batteries,USD77 billion in clean energy manufacturing and infrastructure, BigD 155
billion in clean power.

I AEEAOGAT AT 00 ET OE A AQ A ARADQWTOA AligD iAA &EAIAIAO
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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 lovecarbon energy transformation, and have achieved impressive

resdts 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 energansformation 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 beconsimmpetitive. According to

the Clean Energy Market Monitaport released by the Internationdtnergy Agency
(IEA),global clean energy deployment reaeti a new high in 2023, sol&V and wind
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power grewby 85% and 60% respectively compared to 2022, and new installed capacity
reached nearly 540 GW; electric vehicle sales increbse 3%%6; heat pump sales gw for

two consecutive years in 2021 and 2022, reaching record levels in 2022 but declining
slightly (36) in 2023; and global installed capacity of hydrogen production electrolysers
exceead 1 GW, reaching 1.3 GW, a growth rate of@68Vhile China has long led the
way in renewable energy development and electric vehicle sales growth, the & al
presened satisfactory results. According to thBRenewable Energy Target Achievement
Report for 202@ublished by EU in 2022he EUexceeded its target, with the share of
renewable energyn total end-useenergy consumptiomeaching22.1%.

Although total global carbon emissions amdiergy-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 Chinal @razil are basically showing a downward
trend in carbon emission intensity. According to Ember data&=tarbonemissions
reduced by 1% year-on-year in 2023with the powersector accounting for onl¢.6% of
global emissions.According to the analysisf the Energy InformatiorAdministration
(EIA)of the United Statesthe country® energy-related carbon emissions in 2088re
reduced by3%,of which the power sectoemissions were cut by%, contributing to80%

of the reduction, mainly due tdhe substitution of solar energy and natural gas power
generation resulting in thereduction of coaffired 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 @rsg energy increases. From
2015to 2022 coal power generation in advanced economies represented by the G7
countries decreased b§5% with the UK and France leading the way w&B%and 63%
decreases, respectively; althoughe G7 countriesreliance on natural gas remains high,
the growth rate has slowed down, especially as the gas crisgd®2 has made the G
countries realise the vulnerability of natural gas supplies and reconsider their
dependence

1T AAT OMAAT A O®BT OLEIPIAICEGALEAEAT O OUT AOCEAC
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As the most important means of combating climate change, countries' commitments to
a green and lowcarbon energyransformationfall 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 Conventioron Climate Change (UNFCCIB) December 2023 and

the 1.5°Gcompatible pathway in 2030 is between,000~22,000million tonnes of C@
equivalent (MtCOze) (the target gap, as illustrated irFigure 1-5).The First Global
Stocktaking Reportleased by UNFCCC2023states that even if all current NDC targets
are fully implemented, the global average temperature ris@1®0can only be contained
within the range of 2Lto 2.8°C and thatglobal GHG emissiongould need to be reduced
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by 436 and more than60% in 2030and 2035 respectively, on 2019basis,in order to
achieve the goal okeeping temperature rise in th&.5°C ranggas shown inFigure
1-6). TheEmissions Gap Report 2@2blished bythe UNEPgives similar estimates of the
need for further emission reductions

Figure 1-5 Gaps between countries' commitments and action pathways and.5°Ccompatible
pathways
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Figure 1-6 Achieving 2/15°Cwill require further emission reduction efforts
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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 plarand implemented through policies and
regulations, the gap between current actions and the two pathways of the NDC target
scenarios will reacB4,000~27,000 MtCQe by 2030 Thelnternational Renewable Energy
Agency (IRENA) predicts that this gap will continue to widen and even rext600
MtCGOze 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 aluiv-carbon energytransformation, 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 capacitpuilding, but international cooperation on the global energy
transformationfaces 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 sedfvident, but developing countries are under great
pressurefor economic development and are less likaty 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. Undethe Cancun Agreementdeveloped country parties committed to a goal
of mobilisingUSD100 billion a year in climate finance by 2021t in reality, according

to the Organization for Economic Cooperation and Developme@ECD calculations,
developed countries have provided and mobilisedigoric high ofUSD83.3 billion in
2020 belowthe pledged target, andhe "cumbersome systems and bureaucrdegade

it difficult for the leastdevelopmentcountries [(DC9 to access fundsThe innovation
cooperation and technology transfer in the context@feat power game8and@ounter-
globalisatiodare evenmore fraught with obstaclesUnder the influence of geopolitical
interference, conflicting economic interests and legal restrictions, the politicisation of
science and technology, the prevalence of trade protectionim misuse of technology
bans and other behaviours have hindered cooperation in technology research and
development (R&D) largescale deployment and innovation in kbonsss application
models, limiting the further improvement of the level of innovation and productivity in
the industry, and inadvertently increasing the cost of the global enérggsformationto

a cleaner and lowecarbon environment.
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According to the Climate Action TrackBrassessment, 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 shaf the strength required for a.2°Ccompatible
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 co@pation in order to promote a just, orderly and
equitable green and lovearbon transition of the energy system.

Policy support is the basic guarantee for promoting a green anddarbon energy
transformation. Countries should improve their domestic institutional systems and
formulate specifidransformationgoals, strategies and action plans to give stakeholders
clear policy expectations. They should effectively promote the development of
renewable energy and energgfficiency andprovide incentives through fiscal and tax
incentives to encourage participation in thteansformation, especially by the private
sector.In addition, governments should optimise regulatory and support mechanisms to
create an innovatioffriendly environment, and the impact on innovation and
competition should be fully considered in the process of policy formulation and
adjustment, encouragig 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 achievingapfrog breakthroughs is a fundamental way to
achieve a green and lowarbon transformation of energy. According to tiNet Zero by
2050: A Roadmap or the Global Energy Sextoedby the IEA, although it is possible to
achieve the2030 emissions reduction targdty relying on existing technologiesf the
2050 netzero emissions target is to be achieved, half of the emissions reduction must
come from technologies that are currently still in the demonstration or propaystage,
especially irareas that are difficult to reduce emissions, such as heavy industry and long
distance transport, wherethe problem is more prominentin terms of longerm
development, countries across the globe should act to encourage and support
technological innovation and largecale application in sectors such as energy, industry
and transport, includingkey 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 systearean indispensable support for achieving
a green and lowcarbon energytransformation. According to estimates by the
International Monetary Fund (IMF) and Deloitte, to achieve-reto emissions b2050
investment in the lowcarbon transition will need to increase WSD5-7 trillion per year,
while current investment in this area is less tHa8D2 trillion per year, and investment
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in the lowcarbontransformationis facing a huge shortfalAccording to the IMF anthe
Price Waterhouse Coopers (PwC) developing countriesface 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 in\Sb 2
trillion per year by2030to achieve netzero emissions bg050 whilethe United Nations
Conference on Trade and DevelopmdbiNCTAD estimates that the investment gap in
the energy sector alone is as highldSD2.2 trillion per year. Therefore, countries should
fully mobilise investment in energlyansformationanddeveloped countries in particular
should demonstrate their responsibility and accountability by strengthening financial
transfers to developing countries to support their energggnsformation and climate
change mitigation. WC 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 atransformationfriendly financial framework system, build a
financial incentive mechanism for losarbontransformation, 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 dimensionsuch as
improving policies, technologcal 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; promotetechnology transfer to developing
countries, giving full consideration to the situation of local enetggnsformation, and
cooperate in promoting the implementation of technically effective and economically
viable technologies.



2 Progress in China & energy transformation

On Junel3,2014, General Secretary Xi Jinpipginted outat the Sixth Meeting of the
Central Leading Group for Finance and Econorttieg 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 the meeting, General
Secretary Xi Jinping put forwamlfive-point requeston promoting a revolution in energy
production and consumptiorfirst, 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 upgradingi-ourth, 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 openditions.

Over the past decade, China has promoted energy transformation in five areas: energy
consumption, energy supply, energy technology, eneiggtitutions and international
energycooperation; 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 marketoriented reforms have been pushed forward in a solid manner; and
internationalenergycooperation has been deepened in a comprehensive manner.

2.1  Energy consumption revolution
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From2014 t02023 China's average annual growth rate of energy consumptio8.25%
supports the average annual growth rate of China's econom@.@%o. In 2023, China's
GDPreachedRMB 126.1 trillion, energy consumptiorachedRMB 5720 Mtce and
energy consumption per unit of GDFas0.48 tonnes of standard coéice)/RMB 10,000

(at comparable prices in 2020 2013 China's GDP was RMB 59.3 trillion, energy
consumption was 40 Mtce, and energy consumption per unit of GDP was 0@&ZRMB
10,000. Usig 2013as the base year, theumulative decrease in energy consumptiper

unit of GDP in 2028eached23.2% (as shown irigure2-1), creating a cumulative energy
savingof 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 GDRewgrby 78.5%, but fossil energy
consumption only gew by 37.2%, and fossil fuel consumption per unit of GDP detline
from 0.53tce/RMB10,000 in 2013 to 0.3&/RMB 10,000 i8023, a decline of 33.7%he
intensity of fossil fuel consumption has been reduced by more than one third, and the
dependence 6 economic development on fossil fuel consumption has continued to
decrease.
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Figure2-1 Changes in China's energy consumption per unit of GDP in tpast ten years
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The structure of energy consumption continues to improveFrom 2014 to 2023, the
share of norAfossil energy in China's primary energy consumption incredsam 10.26

in 2013 to 17%in 2023, an increase of 7.7 percentage points. Among them, the share of
coal in primary energgeclined from 67.4% in 2018 55.3% in 2023, a decrease of 12.1
percentage points (as shown kigure2-2).

Figure 2-2 Share of nonfossil energy andshare ofcoal intotal primary energy consumption in
China in thepast ten years
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Energy efficiency in key industrial sectors has steadily improvedrhe industrial sector
is an important pillar of China's economic development, accounting for more th&»no30
its GDR, at the same time, indusyris the most important area of China's energy
consumption, accounting for more than é0of China's total energy consumption in the



long term. In the pasten 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 highd, green and
digital. On the other hand, Kina has continued to promote eneregaving and low
carbon technologies, replacing traditional technologies with advanced and efficient
technologies. In 2022, China's coal consumptiquer kilowatthour (kWh) of power
generation inthermal power plantsand the overall energy consumptiorper tome of
cement production decreased by 7.4%as shown irFigure2-3) and 9.5%, respectively,
compared with 2013. Theverallenergy consumptiorpertonne of steelproductionand

the overall electricity consumptionper tonneof electrolytic aluminium of mediunand
large-sized enterprisegas shown irFigure2-4) in Chinaboth have already reached the
world's advanced level

Figure 2-3 Coalconsumption per kWh of power generationin China'sthermal power plants in
the pastten years
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The promotion of electric vehicles has been acceleratedEnergy consumption in the
transport sector accounts for about #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 2018. 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 showRigure2-5andFigure2-6). Matching this, China's
charging infrastructure has grown from almost negligitite2014to 8.6 millionunits in

2023 and the convenient charging infrastructure has effectively increased Chinese
consumers' acceptance efectric vehiclesgVvs.

Figure 2-5 Stock of new energy vehicles in China in thpastten years
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Figure 2-6 Market penetration rate of new energy vehicles in China in thpast ten years
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2.2  Energy supply revolution

SECTEEZAEAAT O ET AOAAOGA ET 1T Ax AT AOcU CAT AOAOGET
China's new and renewable energy power generation has been growing at a rapid
pace. over the pastten years, the installed capacity of renewable energy power
generation in China has maintained a high annual average growth rate of close tdrl5%.
2023, China's installed capacity @newable energy power generation has historically
surpassed that of thermal powecapacity and its sharein total installed power
generationcapacityexceeded 50%n 2023, the share of China's nfwssil energy power
generationcapacityincluding renewable energy and nuclear power has reached 53.9% of
total installed power generatiogapacity(asshownin Figure2-7).

Figure 2-7 China'stotal installed power generation capacity and the share of nonfossil fuels
and share ofrenewable energy in the past ten years
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solar PvVand wind power have been the hotspots of China's new energy development

in the pastten years. in theten years from 2013 to the present, China's instaltagacity

of wind power has continuously ranked first in the world; since 2015, China's installed
capacity ofsolar Pvhas remained the world's first for eight consecutive years, trel
installed capacity of biomass power has ranked the world's first for seven consecutive
years. In 2023, thetotal installed capacity othydropower including pumped storage
reached420GW, 1.5 times that of 2013; the installed capacity of wind porgached441

GW, 5.8 times that of 2013; the installed capacitysofar PV reache@09 GW, 38.4 times

that of 2013; and the installed capacity of biomasached44 GW, 5.7 times that of 2013

(as shown irrigure2-8).



Figure 2-8 Installed capacity of various types
technologiesin China in thepast tenyears
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Renewable energy power generation has grown from vergninor to provide one-third

of the country's powergeneration. In 2023, China's renewable energy power generation
has exceeded ,800 TWHh accounting for about ong¢hird of the total electricity
consumption of the whole societya§ shown inFigure 2-9). From 2014to 2023, the
average annual growth rate of China's wind audar P\fower generation has remained
above 10 percentage points for ten consecutive yetr2023, the sum of China's wind
andsolarPV power generation reached4b0 TWh or about 166 of the total electricity
consumption of the whole society, which equivalent to the 1.4 billion people in China, who
consumel 1,000 kWh of wind andolarPV power per person per year.

Figure 2-9 China'srenewableenergy generation in the pastten years
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Nuclear power plays an important supporting role in meeting the growth of power
loads in coastal areasNuclear power is a power generation source with high energy
density, good stability and low carbon emissions, and its lasgale development is
crucial to optimising the powemix of China's coastal areas, enhancing the ability to
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secure power supply and lowering carbon emissions in coastal gfeas. 2014 to 2023,
China's installed nuclear power generatioapacitycontinued to increaseln 2023, China
had a total of 55 nuclear power units in operation, with an installed capacity of 88A91
accounting for about 2% of the country's installed povgemeration capacity In 2023,
China's installed nuclear power capacityegrby 42.25GWcompared to 2013, with the
installed capacity reaching 3.9 times that of 2013 (as shownFigure 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 i43.42GW, ranking first in the world.

Figure 2-10Installed capacity of nuclear power in Chinan the past ten years
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Figure2-11China's nuclear power generation and its share in national power generatian the
past ten years
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Natural gas plays an important role in replacing coalNatural 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 policiessuch as theAir Pollution Prevention andControl Action Planthe Threeyear



Action Plan for Defending the Blue Skgdthe Implementation Plan toag€ilitate Clean
Heating in the Northern Regiaand has completed the world's largestigineeringproject

of @eplacing coal with ga® China's natural gas consumption has rapidly increased from
170.5 hillion cubic metres (bcm) in 2013 to 401.7 bcm in 2023, a 136% incteageans,

with an average annual increase of 23.1 bcm. The scale of China's natural gas market has
achieved @hree-stage jummin the past decadecrossing the three big steps of 266m,
300bcm and 400bcm consecutively China has becomehe world's third largest natural

gas consumer. At the same time, China's natural gas production has also continued to
increase.In 2023 the nationalnatural gas production reached 232bém, 1.9 times that

of 2013, almost doubling its production in tgaars @sshown inFigure2-12).

Figure2-12China's natural gas production and natural gas consumptioim the past ten years
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The diversification of power supply has increased significantlyAfter ten years of
development, the power structure has changed from the past patter@ofal power as

the mainstay and hydropower as a supplemérb a new pattern ofCaccelerated
development of renewable energy, nuclear power and gas power, supported by grid
interconnection, energy storage and demasitle response, and with thermal power
providing ancillaryservices andeing theballast stoneof power supplg. In the pasten
years, China's renewable energy has accelerated its development, with the installed
capeity of wind and solar power developing fro@2 GWin 2013 tol,050 GWn 2023
China's natural gas power generation capacégched125GWin 2023, whiclwasmainly
distributed in the power load centeesuch ashe Pearl River Delta, Yangtze River Delta,
Beijing TianjinrHebeiregionand SichuarChongging Gas poweplaysan important role

in enhancing the powesupplycapability during peak loadperiodsin the local areas (as
shownin Figure2-13.



Electricity flexibility resources have become more abundantBy the end of 2023, the
installed capacity of China's pumped storage power plants had reache@V80about
double that of 2012, with 16GW approved and under construction, and the installed
pumped storage capacity built and under construction ranked first in the wéml@023,
the installed capacity of China'slithium-ion battery storage, compressed air energy
storage, and othenew-type energy storage projects lsaeached 31.3GW 66.87GWh
(the average energy storagduration is more than2 hour9, which has completed the
planning target of 3@GWin 2025 three years ahead of schedule (as shiovrigure2-14).
China's thermal power plants have accelerated the implementatio@afee retrofitsd
includingenergy-saving and carbomeducingretrofit, flexibility retrofit, and heat supply
retrofit. The country launchedlexibility retrofit pilots for 17 GW of coal power units in
2016, followed by a comprehensive promotion of @lkree retrofit From 2020 to 2022,
Chinacumulativelyimplemented the flexibility retrofit of 188GW of coal power units,
completing about 90% of th&ive-YearPlantarget. After theretrofit, the load regulation
capacity of coapowerunits has been greatly improved, providing important support for
renewable energy development and grid security.

Figure 2-13Electricity generation mix in Chinain the past ten years
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Figure2-14 Development of new-energy storage in Chindn the past ten years
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2.3  Energy technology revolution
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In the last decade, China has made a series of new achievements in renewable energy
technological innovation. In 2023, the efficiency of crystalline silicaralcite cells
independently developed by Chinesmlar PVenterprisesachievedthe world's highest
PV power generation efficiency record of 3%.9With the development of Mype cell and

large-size wafer technology, the singlehip power of PV modules was upgraded from 600
Wto more than 700V in 2023 (as shown IFigure2-15).

Figure2-15Variation in efficiency of crystalline silicon solar cells
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The world's first commercial demonstration ofthe fourth -generation nuclear power
technology. High-temperature gascooled reactor (HTGR) is a foustfeneration nuclear
power technology with uniquénherent safetyof no leakageno loss of controandno
meltdown. In 2023, the world's commercial TGRnuclear power plant Shandong Shidao

Bay HTGR demonstration projeatas officially put into operation, marking China's
fourth-generation nuclear power technolodg R&Dand application reaching the world's
leading level. At the same time, China has made positive progress iR&i2of multi-
purpose small reactors and micr@eactors, which indicates that ChinaR&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 breakthroughsin
terms of flexible direct curren(DC)transmission, in the pagen years China has built
and put into operationflexible DC transmissioprojects such as Hebei Zhangbei and
Jiangsu Rudongrojects 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



of new energy power generatiorin addition, it hasthe 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 makeeakthroughs andaysa solid foundatiorfor

the enhancenent of renewable energy transmissiandgrid regulation ability

SECTELAEAAT O EIi POT OAT AT O ET ATRAGIQ@ERANOEDI AT O
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In the pastten years, China's renewable energy equipment manufacturing capacity

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

the manufacturing technology of 18W onshore and 22 MW offshore ultra-large-

capacity wind turbines, andhe low wind speed and typhocnesistant wind turbine

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

industrial chain in the world, and the casif the completemachine and key components
arerelatively bw, which giveghem a certain competitive advantage in the market.

China has made the leap from secondeneration nuclear power to independent
developed third -generation nuclear power technology.In the area of nuclear power,
through digestion, absorption and f@mnovation, China has developed thigkneration
nuclear power technologies with independent intellectual property rights, such as
Hualongl and Guohel. Several Hualongl units have been put into operation
nationwide, and the Guohd demonstration project is progressing in an orderly manner.
At present,Chinahasformed the ability to supply abouien 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 nuclparer units at the same
time, and the engineering construction amghgineeringprocurement construction (EPC)
capacity has entered the world&lvanced ranks.

A number of world-class largescale hydropower projects with high technical content

and difficult construction conditions have been built In the pasten years, China has
built the world's largest hydropower unit with a single capacity of5%V, and has
completed major hydropower projects such as the Baihetan and Wudongde hydropower
stations, with an installed capacity of IBWVand 10.2GW, respectively, and with scales
and technological levels that rank among the world's foremost.
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It is actively trying out new application scenariossuch as nuclear energy heat supply

and nuclear energydesalination. In Ching in areasuch as Shandong Haiyang, Zhejiang

Qinshan and Liaoning Hongyanh€hina has started tase the waste heat of nuclear

power plants to provide heat services and heating serviceadarby customersrealising

the inter-regionalinterconnectionand sharing of zer@arbon heat sourcedn 2023 the
ShandongHaiyang Nuclear Power Plant providedclear heatingservices fothe cities

of Haiyang and Lushan, withtatal heating area ofL2.5million square metreso meet



the winter clean heating needs of a total of 400,000 people in the two ciliedlarch
2023 the Huaneng Shidao Bay High Temperature @asled Reactor also started to
provide heating services fareighbouring residents

New models and new forms ofbusiness inenergy services are acceleratingn 2013
the number of energysaving service companies in China wia852 By the end 02023
the number of energysaving service companies grew 12,000, and the output value of
this industry was more than RMBOO billion, which is about double that &f013 Since
China accelerated the implementation of clean heatin@016 China's heating industry
has entered an accelerated period of development, with a large number of entegpris
using clean energy technologies such as solar, geotheamdbiomassenergyto provide
heating services for cities, towns and industrial enterprises.2B23 the number of
enterprisesengaged irclean heatingn Chinareached8,350, the total output value of the
clean heatingndustrywas RMBB20 billion, and theaumber of employeeseachedl1.25
million. Amongthe 24.5 billion square metresf heating area in China's northern region,
18.6 billion square metrebave achieved clean energy heat supplthe coveragerate
reached76%.

2.4  Energy systemrevolution
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China's power marketreform 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 ddnified purchase and sadand Gntegration of
transmission, distribution and sade with power prices set by the governmenitg.
benchmark feed-in tariffs implemented on the power generation side, anidted
electricity pricesmplemented on the user side, with prices determined according to the
voltage level and type of user. Sm@015 China has further promoteg@ower market

reform in accordance with the idea Gfegulating thetransmissiorsessiorand liberalising
both generationand enduse sideé.

The varieties and platforms for power trading in China are gettingliverse. In 2021,
China officially abolished the industrial and commerdtistied electricity pricesindustrial
and commercial users started to purchase power at market prices, and the price packages
are gettingdiverse As of 2023, China has builpawermarket system covering medium
and longterm transaction spottransaction ancillaryservices and other trading varieties,
and formed two levels of markets, namely intpovincial and riter-provincial. At
present, medium and longterm transactionis the mainstay of China's power market
system, which has achievetbrmal operation nationwide. In recent years, the trading
scale and trading volume of mediumand longterm transactions have been increasing,
and the trading cycle has been covered from mykiar to multiday, which has played an
important role in stabilisinghe supply and demand of electricity. As2823,China has
launched two batches includinty spot power market pilots,and the southern regional
spotpowermarket has realised the trial operation of regiovide settlement, and the role



of the spot power market in discovering redime electricity prices has gradually
emerged. In terms of thancillaryservice market, in 2023, Chinascillaryservice market

has covered 6 regions and 33 provincial power gridese markets havestablished a
variety ofproductssuch apeakload shavingfrequency regulation anceserves and the
economic value of flexibility resources in the power market has been initially reflected. In
terms of power trading institutions, sinc015 China has established two regional power
trading centres in Beijing and Guangzhou as welBaprovincial 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 marketn 2017 China started to certify green
certificates and implement voluntary subscription for green certificaties September
2021, green power tradingvas officially launchedIn recent years, the tradingcale of
green power and green certificatdsas continued to expand, and the environmental
premium has been risindgBy the end 02023 China had achievetl05.9TWh of green
power tradingand issued 176 million green certificates.
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In thepastten years, China has takeinarket-determined energy pricesas the direction

of reform andhas promoted energy price reform on the basis of the ide@efulating
the transport sectionand liberalisingproduction and consumption sidés

On the one hand, prices have been approved for energy segments that are natural
monopolies. For example, in accordance with the principle @fermitted costs +
reasonable returng a price system has been established for natural monopolies in the
powerand natural gas sectors. In tip@wer sector a multilevelpowertransmission and
distribution price system has been established, including provincial power grids, regional
power grids, and inteprovincial andinter-regional power transmission. In the area of
natural gas prices, on the basis of a review of the costs of gumsncial natural gs
pipelines, natural gas pipeline transport prices have been approved in accordance with
four price zones: nortiwest, northreast, centraleast and southwest.

On the other hand, China has taken the initiative to liberalise prices in competitive
areas and segmentsWith regard to feedn tariffs, the marketbased price mechanism

of (aselinetariff + upward and downward fluctuatiodhas been implemented foroal

power feed-in tariffs. With regard topower transmissiontariffs, the price has been
formed through negotiation or markebased methods in accordance with the principle

of Qisk-sharing and benefisharingd 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
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To provide the world with energy equipment with reliable performance and
reasonable price China's meganarket size and complete industrial system provide
favourable conditions foenergy equipment manufacturersAccording to theRenewable
Energy Capacity Statistics 20Pdleased by thelRENA over the pastten years, the
average cost ofvind power and solar power generatiomorldwide has cumulatively
declined by more than 6% and 8®%, 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 fajgality and highefficiency
energy equipment for the world, eggially for the vast number of developing countries,
and supports the global green transformationln 2023 the key component production
capacityin China'ssolar PVand vehiclemounted battery industriesaccounted for more
than 700 of the world, the wind power manufacturing production capacity accounted for
more than 5046 of the world, ancelectrolysershipments accounted for nearly 88of the
world. In 2023, China'€hree-newd exports including new energy vehicles, lithium
batteriesand PVproducts exceededRMB1trillion for the first time. China's wind power
andsolar P\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 powesplar 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 intenational firstclass energy equipment manufacturing enterprises, four of
the world's top five wind power machine manufacturenre Chinese enterprises, and six

of the topten electric vehicle battery manufactureare Chinese enterprises, whidiave
become an important force in stabilising the global supply of clean energy.
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Supporting energy transformation in Asian countries. In Southeast Asiathe Nam Ou
River Basircascadehydropower station in Laos is the first basiwide overall planning,
investment and construction project by a Chinese enterprise overseas, and has
cumulatively delivered more than T®Whof cleanpowerto Laos.In Central Asia,China

and Kazakhstatavejointly constructed the largest wind power project in Central Asia,
the 100 MW wind power project in the Jambul regiarhile the100 MWsolar P\power

plant in Navoi, Uzbekistan, constructed by Chinese enterpriseshe first largescale

solar P\power plantbuiltin thecountry. In the Middle East the Al Dhafrasolar P\power
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plant in the United Arab Emirateswhich Chinese enterprises participated in the
construction is the world's largest singkolar PVoower plant project, and is known as
the Quight of Abu Dhat. The Nouaux Ill 150MWtbwer-type CSPplant in Morocco,n
which Chineseenterprises participatedis the world's largest towetype CSPplant in
terms of singleunit capacity, and was awarded ti&ocial Contribution Prizand the

& conomic and Employment Promotion Priziey 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 Eurdp&outh America the
Gauchari PV power plant in Jujuy Province, Argentina, is the first pro@witructedin
Argentina since the launch of thHgeltand Roadinitiative andis also the largestolarPV
power plant in South America.

Support for Africa's energytransformation. 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 coties; and cooperated irsolar PV
projects with Algeria, Nigeria, Morocco and other countridgsnong thesethe Cagulou
Kabassa hydropower plant in Angola, the Adama wind power farm in Ethiopia and 233
MW solar P\power plant in Algria are the largest hydropower, wind power asalar PV
projects in Africarespectively.
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Build a comprehensive exchange and cooperation platform for green development.

In April 2019, Chinese aridternational partners jointly launched the Belt and Road
International Alliance for Green Developmenthrough 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, thinkanks, enterprises, social organisations and
other stakeholders to build a green Silk Ro&h far, nore than 150 partners from 43
countries are already involved.

Establish a professional exchange and cooperation platform in the energy sectdn

April 2019, China initiated thestablishment of the Belt and Road Energy Partnership
(BREP)with 29 countriesto conduct inrdepth studies and solutions to major issues in
energy development through the annual Belt and Road Energy Ministers' Meetings and
talent training programmes. By holding annu#tie Belt and Roadenergy 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 internationalpeoation platform

in the fied of energy initiated and established by the Chinese side.

Yw



Relying on the regional energy cooperation platform to carry out workOver the past

ten years, China and relevant countries and regions have jointly established five regional
energy cooperation platforms, including th&siaPacific Economic CooperatioAPEQ
Sustainable Energy Centre, the ChiAaab League Clean Energy Training Centre, the
ChinaCentral and Eastern European Countries Energy Project Dialogue and Cooperation
Centre, the ChindAfrican Union Energy Partnership, and the Chifssociation 6
Sautheast Asian NationsASEAN Clean Energy Cooperation Centre, focusing on policy
communication, planning, capacity building, technical exchanges and joint reseanch
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 ahea@hina has set the lontgrm goal ofGtriving to

peak carbon dioxide emissionsetore 2030 and striving to achieve carbon neutrality
before20605. China will adhere to the principle @fstablishing the new before abolishing

the oldo, and will actively promote energy transformation while ensuring energy security
and economic sustainabilityso 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

A Energy transformation is a critical pillarin building China's carborneutral
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
energydemand and electricity demand. The energy structure wainsform from
one in which fossil energy accounts for more than 80% of the 10tdD22to one in
which nonfossil energy accounts for more than 80% of the total primary energy
demand in 2060, enabling China's energystem to achieve netero carbon
emissions and will help building China's carbmeutral society by 2060.

A Electrification and energy efficiency are important ways for eneuse sectors to
move towards carbon neutrality. In the near to medium term, the energy
transformation in enduse sectors will primarily rely on higjuality economic
development, industrial restructuring, and enhanced energy efficiency. In the
medium to long term, the focus will shift to electrification and the adoption of{ow
carbon and zerecarbon fuels Additionally, flexible energy use and supjgmand
interaction within enduse sectors will be key priorities in the energy transformation.

A Building a wind- and solarbased 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
AT O1T OOUB O O1 OAI ET O0OAI 1 k% s®miGWAIDthiA AiRDAAEOU  x
and solar installations will account f®,320;10,700 GW. Additionally, flexible
resources such as advanced energy storage and hydrogen production through
electrolysis will reach capacities of %870 GW, providing critical support for the
safety and stability of the power system. Furthermore, crosgional power
exchange capabilities will improve significantly, leading to an optimized national
grid structure.

A 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-" X&ao OOEITEIT8 'O #EEI AG60 AT AOcCU OOAT OE
costs of new technologies, contributing to reded global energy transformation
costs. The shift to lowcarbon energy and industrial upgrading will mutually
reinforce and support each other,d#itating economic growth while decoupling it
from carbon emissions. This transformation will also contribute to higher
employment levels and improved wage rates.



A China's energytransformation is not easily achieved.China faces four major
challenges in its energy transformatiothe weight of heavy industries in the
economic structure coatdominated energy mix, the difficulty of simultaneously
managing rapid power system development as well as transformation, ted
market-driving force of energy transformation needs to be strengthened
Additionally, numerous uncertaintiessurrounding China's lowarbon energy
transformationshouldmerit close attention.

3.2 Scenario design for CETO2024

4EA OAOCAO®INAMEARATAADAKIAT DI AT O AT A OEA OEOEII
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The general idea of the report "China's Energransformation Outlook2024' is to

promote the construction of a new type of energy systdrased 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
transformationwith a Chinesestyle 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 stepisilt a rich,
strong, demaocratic, 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 coordinat 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, bubalinese 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
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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.

4xi OAAT AOET O &1 O AT AOGCU OOAT O& Of AGET 1
In its analysis of China's energggnsformationby 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 marggent, 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).

Table3-1 CETO2024 Scenarinames

Chinese name English name Abbreviation
Baseline Carbon Neutrality Scenario BCNS
Ideal Carbon Neutrality Scenario ICNS

The Baseline Carbon Neutrality Scenario (BCNS) envisions that,sigttificant efforts,
China will achieve its mediumand longterm development goals, including the dual
carbon objectives. The international political and economic landscape grows more
complex with recurring geopolitical conflicts. In this environment, egkbing climate
AEAT CA T AU AAATT A A 1T xAO DOEI OEOthangDAADOAET C
related trade disputes will likely rise, complicating agreements. Collaboration on low
carbon and zeracarbon technologies will face significant challengdtsis 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 @®issions
before 2030 and achieving carbon neutrality before 2060. By advancing its mediuain
long-term energy transformation, China makes a decisive contribution to reaching a
carbonneutral society.

The Ideal Carbon Neutrality Scenario (ICNS) envisions thadbugh substantial efforts,

#EET A& O ahdAoAgiedr 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 internatibmesponse, with countries

prioritising accelerated energy transformation despite occasional political and economic

conflicts in certain regiondespite occasional political and economic con8iiat 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 efforttaimesluce

the cost of developing lovecarbon, zerecarbon, and carbomegative technologies,

enabling their largescale adoption sooner and at a lower cost. This will also support

AAOGAT T PET ¢ AT O1 OOEAO xEOE 1 Ei E Opbrantpldy@ AAEOUR ¢
in global cooperationt O A [ ATl AAO 1T £ OEA Oci 1 AAlT OEI 1 ACAd
equipment, and capacitpuilding support to other countries to the best of its ability.

Together, these efforts will drive the global energy transformation and preserve the

shared home ohumankind.
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The group has imagined a scenario based on the idealised factors of the current
energy transformation from a positive perspective, in light of the various real ris
involved. The aim is to advocate wwin cooperation in the international communit
and to instil confidence in green and levarbon development. The preconditions fc
this scenario includdirstly, the global energyransformationis actively and steadily
Dol i1 6AAR AT A 11 Ai 61 60U EO Otqihstrimgion?
embodies world unity and close cooperation, and advanced international technola
can be popularised in China in a timely manner, while the advantages of China's €
transformation can also be fully utilised globally; thirdly, major national policies

moving in the same direction, and countries' energgnsformations complement
each other's strengths, promoting exchanges and trade, and making the exchan
knowledge and technology for energyansformationsmoother; and fourthly, global
energysecurity is promoted in a coordinated manner to maintain common secu
without mutual damage.

3.3  Scenariokey assumptions andboundary conditions

According to the scenario definitionboth 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 thensistent 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 pareeters 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 settingsand assumptions for the CET02024

Baseline carbon .
. Ideal carbon neutral scenario
neutral scenario (ICNS)
(BCNS)

Economic and socialevelopmentgoals
By 2035, socialist modernisation will be realised; by the
Vision for economic and social| middle of this century, a rich, strong, democratic, civilise

development goals harmonious and beautiful modern socialiShinawill be
built.
CarbonPeakingand Carbon Carbon dioxide emissionpeaking by 2030,Carbon
Neutrality objective neutrality by 2060

Resourcesenvironment and energy securityonstraints
Resource potentidior

hydropower Equal
Resource potentiaior wind
Equal
energy
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Resource potentidior solar
energy
Resource potentidior biomass
Ecologicalredline and
environmental protection

Security requirementsof power
system

Equal
Equal

Equal

Equal

Key assumptions

Macroeconomic social and policy parameters

GDP per capita

Population

Urbanisation rate

Prospects for international
cooperation

Value added by industry

Share of value added of energy
intensive industries

Production of energyintensive
products

Transport passenger and freight
turnover

Vehicle ownership

Electric vehiclgenetration

Gross floor area

Proportion of ultralow/near-zero
energy buildings

Costsof energy transformation
technologies
Costsof power system flexibility
technologies
Costsof carbon capture,
utilisation and storage
technologies
Financing costs of the energy
transformation

Adoption ofbaseline
assumptions

Adoption of baseline
assumptions

Energydemandside

Industrial sector
Adoption ofbaseline
assumptions
Adoption of baseline
assumptions

Adoption of baseline
assumptions

Transport sector
Adoption of baseline
assumptions
Adoption of baseline
assumptions
Adoption ofbaseline
assumptions

Building sector
Adoption of baseline
assumptions
Adoption of baseline
assumptions

Energysupplyside

Adoption of baseline
assumptions

Adoption of baseline
assumptions

Adoption of baseline
assumptions

Adoption of baseline
assumptions

Greater

Equal
Equal

Tighter andsmoother

Greater

Lower

Lower production of steel,
cement, etc.; higher
production of olefins, non
ferrous metals, etc.

Greater
Greater

Greater

Greater

Greater

Lower

Lower

Lower

Lower
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Installedcapacity ofnuclear

Equal
power
Installedcapacity ofpumped Equal
storage
Fossil fuel prices Equal
-AAOT AATTT 1 EDAMAOMIAA AN GREAI

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 GDReaching 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 beautiflBased 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 andI€¢¢énarios, the annual GDP
growth rates from 2023 to 2035 are set at 4.7% and 4.9% respectively. By 2035, per capita
GDP will reacikRMB144,000 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 ré2id38268,000 andRMB
295,000, respectively (as shownhkigure3-1).

Figure 3-1 Assumptions for GDR 2020-2060
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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,i& 1.4Dillion people. Accordingp forecasts China's totapopulation

will peakbetween 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 20689 show inFigure3-2).

Figure 3-2 Assumptions of total population and urbanisation rate, 2020-2060
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3.4  Scenario analysigesults

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

to China's efforts to achieve a carbomeutral 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 etiérd from its peak by 2060Jnder the
Baseline Carbon Neutri&y Scenario (BCNSand the Ideal Carbon Neutrdy Scenario
(ICNS), with the accelerated development of energgransformation technologies
(including negative carbon technologies such as carbon capture) and related industries,
China's energy system can achieve rmdro carbon emissions before 2068aving the

way to make the Chinese society as a whole carbon neu#fdrb 2060.

SECT EAEAAT O AEAT CAO ET OEA OOOOAOOOA 1T &£ Oi OA
AAT ATA xEI1 TAAGO

After the energy transformation, China's energy mix will shift from more than 80%

fossil energy to more than 80% reliance on noffiossil 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 showin Figure3-3). In 2022, noffossil energy accounted foi716%

of primary energy consumption, while fossil fuels made @486. By 2060, nosfossil

aQ



energy is projected to account faround85% of primary energy consumption, with fossil
fuels making umround15%. This represents a dramatic shift in the ratio of +iassil 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 notfossil energy consumption by 2068s shown irfrigure3-4).

Figure 3-3 Total primary energy demand and structure, 2022060 (based on the calorific
value method)
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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 8%-72%. The total
electricity consumption will increase to 20,00@2,200 TWh in 2060. The share of
electricity demand from traditional endise sectors (mainly industry, buildings, and
transport) will decrease from 89% in 2022 t8%gz72% 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 hydrogeand efuel productionis projected to

be 4]100-5,400 TWh, accounting for around% of total electricity consumption, while
electricity use in district heating is expected to consume @M TWh, making up about
4% (as show inFigure3-5).

Figure 3-5 Comparison of electricity demand structure between 2022 and 2060
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With the accelerated development of energytransformation technologies (including

carbon-negative technologies such as carbon capture) and related industries, China's

energy system could achieve netzero carbon emissions by 2060Energyrelated
AAOEOEOEAO AAAT O1 OAA EI O nasym 1T £ OEA AT O1 OC
Most of China's energyelated carbon emissions come from ende sectors and energy

processing and conversion. The model analysis shows that carbaiddiemissions from

ChinasAT AOCU OUOOAIT xEI1 DPAAE AAA OA woQoh DHOIT Ol
to achieve carbon peaking across its economy and societyre2030. After 2030, carbon

emissions from the energy system will gradually declitinder the BNCS and ICNS

scenarios, with accelerated development of renewable energy, the accelerated
transformation of enduse energyconsumption and the popularisation of zercarbon

and negativecarbon technologies such as carbon capture and storage (CCS) and

industrial carbon cgling, Chin& energy sector is able to achieve +mro carbon
emissionsbefore 2060, providing decisive support for China to achieve carbon neutral

society before 2060.
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The transformation of the end-use energy sectors will primarily rely on higkguality

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 wilhcrease firsh &£ 11 7T xAA AU A COAAOAT AA
value being roughly 30% lower than the peak (as showirigure 3-6). During this

transformation, the most important driver of endse energy demand growth is the

rapidly increasing electricity demand.

Figure 3-6 Comparison of enduse energyvariety structure between 2022 and2060
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Electricity and hydrogen will become the dominant energy carriers in China's low

carbon enduse energy transformation. During the 14th FiveYear Planperiod,

electricity will replace coal as the most dominant energy source of Chinasisa@nergy

demand. The share of electricity in ende energy demand will increase from about 28%

in 2023 to 44%415% in 2040 and 59%2% in 2060. Hydrogen's share is also expected to

COil x EOIT I O1T AAUudO O1 OCEI U om OF ADPDPOI @EI AOAI
shown h Figure3-7). By 2060, hydrogen will become the seceladgest energy resource

in China's endise energy demand.

Figure 3-7 Share of electricity and hydrogen in enduse 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 enduse sectors includes both narrow and broad forms: Narrow
electrification refers to the direct use of electricity in ende sectors, while broad
electrification includes the use of electricity, electricidierived synthetic fuels and
electricity-generated heat. Among the different endse sectors, the transposector will
see the fastest growth in electrification. From 202R60, the narrow electrification rate

in transportation will increase from 4% to 4246%, and the broad electrification rate will
rise from 4% to 64%83%. In industry, the narrow electrifitan rate will increase from
28% to 49%53% and the broad electrification rate from 28% to 7?3666. 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@©2% 93%

The share of electric vehicles is rising rapidly, becomingiaxample for China's energy
transformation. By 2060, the number of electric vehicles will reach -53@ 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
becomean important mearto China's energy consumption transformation.

(Flexible energy use" and "supplydemand interaction" in end-use sectors will be key

components of the energy transformation. Industries such as neferrous metals,

chemicals, light industry, and electrical equipment ndede modified to match cheaper

yet fluctuating renewable power In the building sector, technologies such as PEDF
(Photovoltaic, Energy storage, Direct current, Flexibility) buildinigis necessary to

develop technologies for intelligent public building groups and flexible householdggne
managementto support grid stability under a high share of renewable enerdyy.the

transportation sector technologiessuch assmart chargingand vehicleto-grid (V2G)

interaction need to be promoted to support powsystemflexibility and reliability.In the

next three decades, thend-use sectorsnust developa series of new technologies for

"flexible energy use" andehergy demaneresponse interactioly to enable flexible

regulationof loads in the daily powdralancing. These technologies will besential to

meet the future needs of the energy transformation.

"OEI AETZATA DHIADOAOGAA T Ax PIi xAO OUOOAI 0O0O6PDPI C
COAAT OOA1T O&I Oi AGETT 1T &£ OEA AATTTiIU AT A O1 AE
Achievinggreenpower withwind andsolar as thecore

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 energysupply sidewith replacing fossil fuebased electricity with non

fossil energy electricity as the core tash.2023, noffossil energy accounted for 53.9%

I £/ #EET A80 ET OOAIT 1 AA Pi xAO AADPAAEOUh xEEI A /
China's total installed power generation capacity is projected to reach30a,1,820 GW,

about four times the 2023 level (gBown inFigure3-8). The installed renewable energy



power capacity will reach about 96%, and the renewable share of power generation will
reach 93%P4% (as shown irFigure3-9). In 2060, the installed capacity ofiuclear power

and pumped storage wilbe needing to reach 180 and 380 GVeéspectively In 2060,
bioenergy with carbon capture andstorage (BECCS) will have an installed capacity of
more than 130 GW

%l AOCU OOAT O& Oi AGET T 1 O @smblidhingthedmdw béfdre OE A
abolishing the oldd. Coalfired power musttransform gradually from serving as a
baseload power source to becoming a flexible or backup squstdle also naturally
phasing out as renewable energy generation capacity and power system control
capabilities improve.Strengthening international cooperatioon energy transformation

will help Chindo further improveits nonfossil 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 poweapacity needs to
reach 9,32010,700 GW, of which wind power makes up 2;35060 GW, and PV makes
up 6,3767,240 GW. This means solar PV accounts for roughlythivds of China's
combined wind and PV power capacity. Among the installed capadfityV, distributed

PV accounts for 70%, which is dominant. Distribution gméed to transform from a
unidirectional distribution grid without power sourceBjto atwo-way interactive system
with power sources, t@reate numerous zera@arbon distribution grid hubso provide
strong support for the development of more than 5,000 GW of distributed wind power
and solar PV.

Figure 3-8 Comparison ofinstalled power capacity mix between 2022 and 2060
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Figure 3-9 Comparison ofpower 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 establisheBy 2035, China's
pumped storage and new energy flexibility resources are expected to reach a combined
capacity 0f950-1,400GW.Meanwhile, fexible coal power and pumped storage play an
important role for realtime balancing. Additionally, industrial demand response will be
essential for providing flexibility services during peak load periods. By 2060, China's
flexibility resources will needot be expanded tb,2805,870GW. As the matching of
electricity supply, demand and storage progresses, rgpe storage technologies and
hydrogen and euel production will become keypower system flexibilityresources,
significantly reducing the reliance on coal power (as shown Kigure3-10).

The large-scale development of advanced energy storage and powedp-hydrogen

systems will provide essential support for the safety and stability of the power system.

By 2060the capacityfor hydrogen and €uel productionneedsto be increased to 3,110

3,560 GW, thereby accounting fombout 6% of all new flexible resources. While

participating in realtime balancing, hydrogemand efuel production will also take on the

new role of providing "inteseasonal balancing” for electricity. By 2Q6few energy

storage is expected to contributebout2bm | £ #EET A0 1 Ax &£l AGEAEI EC
around 500 million electric vehiclewith vehicleto-grid (E\V-V2G) interaction capacity

reaching between 81900 GW. Electrochemical storag&tations willbe widely adopted

across power supply, grid, and charging, reachirggpacityof 240-280GW.

Figure 3-10 Therequirements of flexibility resourcescale andstructure, 20352060
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Note: New flexibility resources include +tgmeenergy storage (electrochemical storsiggions

and EW2G), industrial demand response, electric heat production (electric boilers and heat pumps),
andhydrogen and-éuel.
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gradually shifts from a baseload source to a regulating and backup power source before
eventually being gradually decommissioned. As of todapjna's coal poweplantshave

become an importantesource fofflexibility. By 2035, coal power is expected to take on

an increasingly significant role as a balancing resource for power system flexibility, while



its generation hourscontinue to decline During this process, energy transformation
should alwaysdhere toO E A D O EdstAtfishihghhe hes before abolishing the dld

on the basis of the growth of new and renewable enepgyver 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 soutde being
naturallydecommissioned. By 2050, coal power will preliminarily serve anagrgency
andbackup resource for the grid, providing essential suppodritical power events.

The crossregional interconnection capacity significantly improves, leading to further

I POEI EOAQEIT 1 &£ #EET A80 Al AAOOEAEOU COEA8 )
structure will gradually evolve, seizing opportunities of the smart grid devalept. By

2035, he deployment of the national backbone grid following the strategy of West

East and Northto-South power transmission withinter-regional mutual supportis

complete, enabling the power grid to balance power supply and demand acrossetiffe

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-15%

compared to 2022.

%l AOCU OOAT O&I Oi ACETT AOAAOAO TAx 1 BPDPI 0001 EO
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China's lowcarbon energy transformation and industrial upgrading reinforce each other,

driving economic growth while gradually decoupling it from carbon emissions and

fostering new opportunities for industrial developmenfAs a major manufacturing

AT O1 6ouh #EET A83O0 Al AOcu OOAT O& Ooi AGETI T ET OGAO
reduction of energy technologies and equipment, contributing to lowering global energy
transformation costs. This transformation not only reducearlwon emissions and

environmentd pollution at the source, supporting the construction of a Beautiful China,

but also enhances social welfare and improves employment opportunities.

Energy transformatiooouldcreate new market demands and significant investment
opportunities

China's energy transformation drives extensive market demand for-déavbon, zere
carbon, and negativearbon 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 zeroarbon and negativecarbon technologies essential for
achieving carbon neutrality, advancing technologies suchC&Sand 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 energyising equipment across industries, buildings, and
transportation. Key technologies and products such as electric arc furnacesodsn

£ED



based direct reduction steelmaking, green hydrogen chemical production, -lhna

energy buildings, higkefficiency heat pumps, electric vehicles, and fuel cell vehicles are
poised to generate substantial market demand.

2ACAOAET ¢ OEA ~&£FET AT AEAT T AAAO A O AT AdOcU
combined wind and solar power capacity will reach approximately 1,000 GW. The annual
capital demand for wind, solar, heat punamd otherpower and heat supply equipment

is expected to grow from2 trilliolRMBin 2023 to abou® trillion RMB by 2060, with
cumulative investment demand exceeding 160 trillion RM@r the next three decades

(as showrin Figure3-11).

Figure 3-11Energy Transformation Investment Requirements 20222060 (Electricity and Heat
Supply Sector)
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China's energy transformation helps redheecosts oflobalenergy transformation

# EET A ésalelddv@aprent 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
enemgy transformation technologies. With disruptive technologies like perovskite
photovoltaic cells isbecoming widely adopted between 2030 and 2035, cofstolar
photovoltaicin BCNS will fall by more than osthird by 2060 compared to 2023 levels,
and by approximately halin 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.



Energy transformation boosts the economy, society and jobs

China's energy transformation has promoted the green and-taxbon development of
society andeconomy.The largescale and higkquality development of noffossil energy
sources, through the continued substitution of fossil energy, can effectively reduce
carbon emissions and environmental pollutants at sounoe provide energy security for
economic and social developme This provides critical support for achieving the goals
of a Beautiful China, carbon peaking, and carbon neutrality. At the same tinessitlergy
transformationcancreate 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

OEI xO OEAOh O1 AAO OEA )AAAT #AOAT1T . AOOOAI
transformation generates a higher positive socioeconomic impact compared to the

Baseline Carbn 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 enertggnsformation @s shown irFigure3-12

andFigure3-13.

Figure 3-12 Size of employment related to wind and solar power industry, 202582060
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Figure3-13Trends in labour wage rate growth 2025 2060
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China faces a series difficulties and challengesn advancing itenergy transformation.
The main oneénclude

A

First, the weight of heavy industries in theeconomic structure. Energyintensive
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. As the largest energy consumer in the

xT Ol Ah 11T OA OEAT EAI £ 1 £ #EET A0 AT AdOcuUu Al
historical precedent for bypassing the "oil and gas era" and directly replacing coal on

a large scale with new and renewable energy searc

Third, the challenge of rapid power system transformation during rapid

economic growth.) T OAAAT & UAAOOh #EET A80O Al AAOOEAL
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 dewpiment is constrained by limited land

availability, insufficient system capacity for integrating renewable energy, and high

storage costs, making further acceleratioiiffctult.

Fourth, the market-driving force of energy transformation needs to be
strengthened. For a long time, higicarbon energy in China has been relatively
cheap, while lowcarbon energy is more expensive, with significant regional
differences in energy prices. Using market mechanisms to drive the energy
transformation is a particularly challemy task.



Looking ahead, the uncertainties surrounding China's-lcavbon energy transformation
warrant close attention The main uncertaintieare:

A First, there is significant uncertainty around future adjustments to the industrial
structure. Changes in the production of energyensive products such as steel,
AAT AT 6h A1 AAOOI 1 UOGEA A1 OI ETEOI h AT A AEAI EA
energy spply, demand, and transformation prospects, making accurate predictions
difficult at this stage.

A 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.

A Third, the maturity, security, and economics of zetarbon and carbomegative
technologiesin themedium and long term remain uncertain and difficult to predict

A Fourth, the prospects for industrial development, international trade and industrial
chain supply chairdevelopmentrelated to international cooperation on energy
transformationare still subject to certain uncertainties

)yl O0i 1 AOUh #EET A0 Al A@giandaiuichghgtoldtah OET T EC

project. Within less than forty years, China must first surpass its peak carbon emissions

and then achieve carbon neutrality. The challenges are immenseijtasa difficult task

This requires policymakers to face these challenges headfind 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 @ergy transformation but also contribute to the
global effort.



4  Energy trans formation in the end -use sector
4.1  Main findings

A End-use energy demand will first rise and then declineEnd-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 ICNShow similar trends in erdse energy demand, with differences of around
2%. During this period, the growth in electricity demand will be the primary driver
of increases in endse energy demand.

A Electricity and hydrogen will become theemerging energy carriers in China's
low-carbon enduse energy transformation.During the 14th FiveYear Plan period,
electricity will replace coal as the most dominant energy source of China'sised
energy demand. The share of electricity in ense energy demand will increase
from about 28% in 2023 to 44%5% in 2040 and 599%2% in 2060. Hydrogen's
shareEO Al O A@PAAOAA O coOi x £Oi1i O AAuso oi
and 12%14% in 2060. By 2060, hydrogen will become the seelangest energy
resource in China's endlse energy demand.

A Direct carbon emissions from ergseenergy sectors will first rise and then decline,
peaking before 2030, reaching nreero by 2060 with carbon removal technologies
Among key sectors, the building sector will be the first to achievezaeb emissions.

In contrast, the industrial and transportation sectors are projected to reduce
emissions by more than 90% by 2060 but are unlikely to fully achievezeret
without relying on carbon removal technologies as a fallback solution.

A 4EA ET AOOOOE AchrbonO haAstbimatidro willl fbllsw four main
pathways: continuous adjusting industrial structure; promoting energgving and
low-carbon processes and technologies; developing circular economy; and applying
large-scale use of clean energy such as electricity and hydrogen. Industrialsand
energy demand is)@ected to peak around 2030 and decline by approximately 25%
by 2060 compared to 2020 levels (with slightly higher demamilCNS than BCNS).
However, by 2060, China's induistr added value will be about four times that of
2020.

A The building sector's lowcarbon transformation will focus on five key pathways:
improving energy efficiency in new buildings; advancing energy retrofits for existing
buildings; developing lowarbon and zerecarbon 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 1518% higher than 2020 levels (with the BCNS peaking later and at a higher
level than the CNS). By 2060, endse energy demand in the building sector would
decrease by about 11% from its peak. The electrification rate in buildings is projected
to reach 8487% by 2060, with the remaining energy needs met by zeabon heat



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.

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 lesarbon and zerecarbon fuels.
Enduse energydemandin 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 scen&ya2035, the
penetration rate of new eergy 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 48240 million.

End-use sector energy demand management will be an important part of the
energy transformation . In industries such as nefierrous 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 powegplks, 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
vehicleto-grid (V2G) technologies will enableshicles to charge and discharge
based on power system dispatch needs. Hrs# energy technologies will
increasingly provide flexible resources, interacting with the energy supply system to
reducethe need for additional power generation capacity while offering ancillary
services to support the safe and efficient operation of the grid.



4.2  Overall trends in enduse energy demand

Under both scenarios, the trends in elnde energy demand are similar (as shown in
Figure4-1). Enduse 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, endise energy demand will decrease to 3,060 MitBCNS and
3,090 Mtcein ICNS.

Figure4-1 End-use energydemand fortwo scenarios
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The share of clean energy in einde energy demand will steadily increase under both
scenarios. In BCNS, coal's share of-e13eé 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 ahail
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 irFigure4-2).

Figure4-2 Structure of end-use energydemand inthe two scenarios
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In both scenarios, endse electricity demand continues to rise until around 2050, where

it peaks, followed by a slight decline (as showfigure4-3). By 2060, endise 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 eneuse energy demand rises from 25.4% in 208®9.4% in 2035 and
57.0% in 2060In ICNS, electricity's share in engse energy demand reaches 40.4% in
2035 and 60.5% in 2060.

Figure4-3 Two scenarios enduse electricity demand
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4.3  Industrial sector

)T AOOODBAI AATADCU AAT ATA EO AgbpAAOAA O DPAAE
Low-carbon developmenin the industrial sectois critical to achievingChina'scarbon

peak and carbomeutrality 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 carbonnessions, making it essential to the nation's
decarbonization objectives.

The deep decarbonization of the industrial sector will be a strategic systematic
transformation requiring sustained, innovative efforts. This complex, lb@gn
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 irFigure4-4).

Figure4-4 Share of value added, employment and energy consumption in the industrial
sector, 2020

W Primary industry
Secondary industry
Other sectors' value added Tertiary industry

Source: China Statistical Yearbook

® Industrial energy consumption
Other sectors' energy consumption

® Industrial value added

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 mianeurable international
environment that allows China to better leverage its comparative advantages in the
industrial sector (as shown Figure4-5).



Figure4-5 Projection for end-use energy demand in the industrial sector
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Low-carbon industrial development will reshape China's industrial landscape and
productivity distribution. The transition to lovearbon 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, carborintensive industries will acceleratbe transformation

The abundant renewable energy resources in China's central and western regions will
become a key comparative advantage in the carbweutral era, positioning these areas

as critical hubs for resoureand capitalintensive industries. By 2060, over 50%gtdctric

arc furnace steel production, 60% of electroly&ituminium production, and more than
70% of synthetic ammonia and other chemical production are expected to be
concentrated in these renewable energich regions.This will enable localized use of
green electricity and greerydrogen, supportingdeep decarbonization of industrial
products while fostering sustainable development and foarbon growth in these areas.
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Industry restructures towards @dvancedhighvalueadded and serviceriented
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as international trade disputes and the impact of the CONMDpandemic, establishing a

"China model" fohigh-quality industrial development. Looking ahead, China will further

optimize its industrial structure by emphasizing higind, intensive, and servieeriented
growth.

By 2060, the share of highalue-addedindustries, includingpharmaceuticals, machinery
manufacturing, and electronics, will increase from less than 35% in 2020 to over 50% (as
shown inFigure4-6). Meanwhile, the share of traditional energitensive industries

such as steel, cement, petrochemicals, and +ferrous metals will decline from nearly

40% in 2020 to less than 30%. Production volumes for these eriatgypsive products

n o



Energy transformation in the endse sector

are expected to peak during the 14th FiYear Plan period, with 2060 output levels
decreasing by 3b0% compared to 2020 (ahownin Figure4-7andFigure4-8).

Figure4-6 Industrial Value-added Structure by Sector in 2020 and 2060
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Figure4-7 Change in crude steel production fron2020 to 2060(by process)

BCNS ICNS

120,000 120,000
100,000 100,000
80,000 80,000
60,000 60,000
40,000 40,000
20,000 20,000

o [

2020 2025 2030 2035 2040 2045 2050 2055 2060 2020 2025 2030 2035 2040 2045 2050 2055 2060

W Long process M Short process ® Hydrogen-based DRI M Long process M Short process W Hydrogen-based DRI

Figure4-8 Change in cement production from2020 to 2060
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Circular integration will define the new industrial development model angrdcgess

transformation.

#EET A6O AEOAOI AO ET AOOOOEAI AAOGAIT T PIi AT O OUOO,
aluminium, electric arc furnace (EAF) steel, and recycled plastic accounted for 17%, 11%,

and 22% of their respective total production. During the 13th Fear Plan period, the

circular economy contributed 25% to overall carbon reduction efforts. As a new ecenomi

growth model based on the principles of "reduction, reuse, and recycling," the circular
AATTTiTU xeEIT AAATT A A AT O1 AOOi@l It Wil dilveea # EET A C
shift in processes from reliance on primary resources to the adoption of secondary,

recycled materials.

By 2060jn BCNS, the share of recyclatiminium, EAF steel, and recycled plastic in total
production will increase to approximately 40%, 50%, and 35%, respectively. In ICNS, with
more robust lowcarbon policies, these shares will rise further to 60%, 65%, and 50% (as
shown inFigure4-9).

Figure 4-9 Major product recycling processproduction sharesin 2020and 2060
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Aland advanced technologie®uld ost Energy Efficiency

Significant progress has beemade 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 netwoiikg, industrial energy efficiency is poised to
improve further.

In BCNS, energy efficiency for key products is expected to improve p25P6 by 2060
compared to 2020 levels. In ICNS, the deep applicatiohlchdvanced technologies, and
innovative business modelsparticularly driven by digital upgradeswill unlock
substantial additional efficiency gains. By 2060, energy efficiency for key products is
projected to improve a further X15% compared to BNS At this point, China is
expected to establish a number of worltidass energyefficient factories, positioning itself

as a global leader in industrial energy efficierfag shown ifFigure4-10).
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Figure4-10Decline in energy consumption per unit of major productén 2060
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Energyend use system transtswards high share of electricity and hydrogen
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continue, with coal usage shifting toward cleaner, more efficient, and-tanbon
applications. Electrification and hydrogen energgpecifically green hydrogenwill play
leading roledn transformingindustrial energy consumption.

InBCNS by 2060, the electrification rate will reach 49.0%, and hydrogen will account for
14.5% of industrial energy consumption. In ICNS, driven by laogde adoption of
electric heating technologies and significant reductions in green hydrogen costs, the
Al AAOOEAEAAOEI T OAOA xEil OEOA O Ywsi mh
shown inFigure4-11).

Figure4-11Share of electricity and hydrogen energy demand in the industrial secto020 to
2060
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4.4
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Building sector

4EA AOQOEI AET ¢ OAAOI O EO 11TA

carbon emissions. Economic growth, urbanization, and improving building service levels
will drive further increases in energy demand. Conversely, enhanced energy efficiency

I £ #EET A86O

standards, wider adoption andontinuously upgrading of energgaving technologies

and products, will enable highaguality services with lower energy inputs. As a result, the

building sector energy demand will rise in the near to medium term and graddedijne
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 -eisé energy demand
was approximately 700 Mtce, accounting for about 20% of total -eed energy

consumption of @ina. 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.

Enduse energy demand in the building sector

Underboth scenariosenduse 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

OEA AOEI AET ¢ OAAOT O «x

i AET O

and 2030 for ICNS, with respective peak values of 960 Mtce and 940 Mtce. By 2060, the

building sect 06 O AT Aocu AAI AT A EO D OihEBONA &l 840 OI
Mtce in ICNS.This represents a 2.5% lower demand in 2060 for ICNS than BCNS (as

shown inFigure4-12).

Figure4-12End-use energydemand in the building sector for different scenarios
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Enduse energy demand by building type

Driven by changes in building area and energy intensity trends;eselenergy demand
varies across building types. In BCNS, urban residential energy demand initially grows and
stabilizes between 2030 and 2035, peaking at approximately 340 Mtce. Aftenitard,
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 erssging and
low-carbon technologies lead to higher adoption rates of advanced technologies. This
scenario also supports the development of more diverse and-eigth energy products

and services. By 2060, urban and rural residential energy demand inig&MNghtly lower
than BCNS, while demand faommercialand public buildings (excluding datantres is
marginally higher. Overall, combined energy demand for these three building types
decreases by 3.2% comparedB&NS és shown irFigure4-13.

Figure4-13End-use energy demand outlook for various building types in BCNS
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Energy demand in datentres

Energy demand in data centres is expected to gexplosively. 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 improvemsrin 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 enhimgcenergy 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 ICN®ay involvehigher computing power requirements compared to

BCNS it also assumes greater energy efficiency for IT equipment andcdatees For

this reason, this study does not differentiate datentreenergy demand between the two

OAAT AOET 068 " U WwWoaoh Al AA éctedistpjdcted ® reach A EOT |
approxmately 1,600 TWh, nearly ten times the 2020 level (as showrigare4-14).

Figure4-14 Data eentre power demand outlook
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Enduse energy demand by energy type

Increasing electrification rate and replacing coal, natural gas, and other fossil fuels with
green electricity are crucial for achieving la&rbon transformation in the buildingector.
Heating, as the most fossfliel-intensive area in the building sector, is a key focus for
decarbonization, making the adoption of legarbon and zerecarbon 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 shaesat
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 sectorasend
energy demand will be met by renewable electricity, with the renakr supplied by zero
carbon heat and biomass energgs shown ifrigure4-15).



Figure4-15End-use energy mix in thebuilding sectorunder the two scenarios
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Total building area will continue to grow, with the growth rate gradually slowing
YT wowQh #EET A0 OOAAT EUAOETT OAOA xAO da8Xaj
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
schools, which are expected to experience substantial growth.



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. ®N$, 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 hillion m2in BCNS
and 76.4 billion m2 in ICN@s shown irFigure4-16).

Figure4-16 Building area projections by type in BCNS
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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 intensftyasious
building enduses 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 comai@r and public
buildings is expected to grow to about 2.5 times the 2020 level per unit of floor area.

OAOExAUQA DD T 1T ®OAT O&I Of AGETT ET OEA AOEI AET
Expanding energgfficient 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 energyefficient designs also enhance natural lighting, which lowers lighting
energy requirements. Currently, onthird of urban buildings in China are namergy
efficient, and the majority of rural buildings remain n@mergy-efficient.
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In the future, promoting the construction and retrofitting of energfficient 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 ultrlow energy and nearzero energy building standards.
According to theCarbon 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 efficienc
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 ulvev energy building
standards by 2030, 2045, and 2040, respectively. Neemo energy building staratds
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 thaBGhNSespectively.

In both scenarios, the share of n@mergy-efficient buildings in residential and public
sectors would decline until it reaches zero. The proportion of fesap energy buildings
would steadily increase, while the shares of enesmgfficient and ultralow energy
buildings would first rise and then decline. By 2060, in ICNS, the share ozreaenergy
buildings would be higher, while the shares of enesrdficient and ultralow energy
buildings would be lower compared to BCNS.

For example, in northern urban residential buildings by 2060, the share of-loliva
energy and nearero energy buildings increases from nearly zero in 2020 to 28.9% and
21.4%, respectivelyin BCNS, with energeefficient buildings decreasing to 49.7%. In
ICNS, the shares of ultdaw energy and nearzero energy buildings rise to 22.0% and
28.4%, respectively, with energgfficient buildings declining to 49.6%as shown in
Figure4-17.



Figure4-17 Distribution of buildings with different energy efficiency ratings in urban
residential buildings in the northernregion in BCNS
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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 inbthikling
sector. The model prioritizes retrofitting neanergy-efficient buildings, followedby
older energyefficient 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 reateibroe
points higher than the BCNS in each Figear Planning period. However, this difference

in retrofitting intensity does not significantly impact the overall share of eneeffjcient
buildings between the two scenarios.

Advancing the construction of green rin@lises

#EET A6O OOOAI AOAAO AOGOOATOI U 1 AAE 1 AT AAODI C
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
condtions. Moving forward, accelerating the construction of green rural housing is
essential. Efforts should focus on improving the thermal performance of building
enclosures, enforcing energgfficient 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 eneefficient rural buildings, with
nearzero energy rural housing being promoted in suitable regions.

The share of noienergy-efficient rural buildings is expected to decline rapidly in the
coming years. In ICNS, stronger promotion of enegfficient, ultralow energy, and
nearzero energy rural housing would result in higher adoption rates than BCNZ&),



in northern rural residential areas under the ICNS, the share of-ldtveenergy and near
zero energy buildings is projected to reach 25%.

Accelerating the optimization of building energy structures to achiecadbon
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 l@arbon development. Currently, the

1 AGAT T &£ Al AAOGOEEAEAAOQEIT T ET -caberEdevkldpiendA OET AET ¢
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 fudlased equipment and continuouslyndrease

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 elegttifin rate to 87.4%

by 2060(as shown ifrigure4-18).

Figure 4-18 Electrification rates in the building sector under the two scenarios
100%
80%
60%

4,0%

Electrification rate

20%

0%

O N W 0 O N W O N W O N W 0

~N ~ o~ o~ ~N Mm N M M M F F F F F o n nw

0 0O O OO @ O 00 0 6 0 6 0 o 0 0 o0 0 O o

~N ~N o~ o~ ~N ~N o~ ~N ~N ~N o~ ~ ~N ~ o~ ~ ~ ~N o~ ~ [a]
—BCNS ICNS

Promotion of lowcarbon and zeroarbon heat supply

Heating accounts for over 30% of energy consumption in the building sector and more

than 70% of the OAAOI 060 AT Al AT 1 OOtamdnE hebtidag 4 EAOA £
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
centresand so orto replace fossil fuekbased heating. The remaining heating demand
may be met with zerecarbon heat sources such as renewable electricity and biomass. For



areas not covered by district heating or for uliav and neafzero energy buildings,
localized heating solutions such as individual heat pumpsSairce, grounesource,
water-source, and wastewatesource), medium and deeplayer geothermal, solar
enemy, and biomass heating technologies should be promoted.

Under both scenarios, the share of surplus heat in heating northern urban residential
buildings (excluding ultrdow and neaizero energy buildings) is expected to rise from
less than 2% in 2020 to 31% and 33%, respectively, by 2060.

In hotsummer and colevinter 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 centthlize
heating at the building level.

In rural areas, energy retrofits for buildings should be prioritized, witksairrce heat
pumps promoted for decentralized heating. In regions where heat pumps are unsuitable,
such as in severely cold climates zone, alternative heating solutions lik&ielboilers,
electric heaters, and biomass stoves would be considéasdshown irFigure4-19).

Figure4-19 The distribution of heating technologies in northern urban residential buildings in
BCNS
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4.5  Transport sector
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Enduse energy demand in the transport sector

In terms of total enduse 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 2868hown in
Figure4-20).
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Figure4-20Transport end-use energy demand,2020-2060
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After 2045, electricity is expected to become the dominant energy source in the energy
mix for transportation sectofas shown irFigure4-21). In BCNS, by 206@|lectricity 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. Aalditly, in ICNS, the share of

oil products will decline to 2.9%, while biofuels will increase to 4.9%, and otteX Riels

will account for 8.8% in the energy mix.

Figure4-21 Structure of transport end-use energy demand, 2022060
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Growth in vehicle ownership

7EOQOE EIT AOAAOGETI ¢ OOAOAT AATATA AT A A OEOEOEI
ownership is expected to growignificantly. Under both scenarios, passenger vehicle

ownership (including private cars and taxis) shows a trend of initial growth followed by

stabilization (as shown iRigure4-22). By 2060, passenger vehicle ownership is projected
to reach 540 million vehicles in BCNS and 570 million vehicles in ICNS.

Figure4-22 Changes in passenger car ownership
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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 trucksiga#égantly,
reaching 77% in BCNS and 83% in ICNS (as shdvigure4-23).
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Figure4-23Ownership distribution of trucks
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Increase in passenger transport volume

Passenger transportolumein nonroad modes is projected to increase throughout the
forecast period. By 2060, intercity passenger transport turnover is expected to grow from
1.8 trillion passengekilometresin 2020 to 5.7 trillion passeng&ilometresin BCNS and

5.8 trillion passengekilometresin ICNS (as shown Figure4-24).



Figure4-24 Passengervolume outlook
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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 ftrillion tonnkilometres in BCNS and 42.5 trillion tonne
kilometresin ICNS(as shown irFigure4-25).

Figure4-25Freight volume forecast
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Optimising thdransportation 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 passeng@ometresin BCNS and 2.5 trillion
passengeikilometres in ICNS (as shown inFigure 4-26). In addition, with proper
infrastructure and planning, higpeed rail can offer advantages such as convenience
and greater luggage capacity, making it competitive with air travel for journeys of
approximately 800kilometres Highspeed rail is expected to play an increasingly



significant role in intercity passenger transpomy 2060, highspeed rail passenger
volume is projected to exceed 3.3 trillion passengidometres.

Figure 4-26 Future passengertransport structure
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For the freight transportation, waterway and railway transport will continue to benefit
from their energyefficient advantages, gradually replacing road freight as the dominant
modes of transport. By 2060, freight volume via waterways and railways is &eghé¢c
increase steadily.ln BCNS, waterway freight volume will reach 20 trillion tomne
kilometres, while ICNS projects 23 trillion torskdometres. Waterway freight will
account for over 50% of total freight volume, maintaining its position as the pymar
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 byrn78%
BCNSand 102%in ICNS, while railway freight volume will grow by 16{@ shown in
Figure4-27). After 2030, the growth rate of road freight volume will slow year by year,
with its share gradually declining.



Figure4-27 Future freight transport structure
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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 2083y
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 vehiclés BCNS and 94.3% ICNS. The share of plugin hybrid
vehicles will decline to 8.2% and 3.7%, respectively, while fuel cell vehicles will constitute
1.922.0% of passenger vehiclesetPol and diesel engine vehicles will be completely
phased out by 206Qas shown ifrigure4-28).
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Figure4-28 Future power train dructure of passenger cas
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Accelerating the adoption of lesarbon and zeroarbon fuels

With increased international cooperation in technology, the penetration of-avbon
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 forz23% of aviation fuel
consumption, whilebiofuels will contribute 2328%. 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 electrieligsed methanol, hydrogen, and biodiesel, will
also grow. By 2060, ammonia accounts for 37% of shipping energy demand in BCNS and
39% in ICNSHydrogen's share will rise to 17.4BCNS and 20.5% ICNS. These fuels

will play a critical role in reducing carbon emissions in the transport s¢atshown in
Figure4-29).




China EnergyTransformation Outlook 202

Figure4-29 Future energy mixfor the water transport sector
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5 Transformation of the power sector
5.1  Main findings

A Accelerating the development of a new power system which meets rising
electricity demand across societyBy 2060, total electricity consumption in China
is projected to rise to 20,022,200 TWh. Processing and conversion sectors,
including hydrogen production, synthetic fuel generation, and electric heating, will
become significant growth drivers, collectilyeaccounting for approximately 25% of
total electricity consumption. Accelerating the development of a clean,-tmwbon,
safe, abundant, coseffective, demandresponsive, and flexible intelligent power
system will be essential for achieving regro emissions in the energy sector. This
transformation will ensure the growing electricity demand across society is met
sustainably and efficiently.

A Power generation capacity will continue to grow, enabling a comprehensive
clean energy transformation of the power system” U Wao&d dh #EET A6 O O O/
power generation capacity is expected to reach 10830820 GW, with renewable
energy accounting for approximately 96% of this capacity. Renewable energy will
contribute 9%94% of the total electricity generation, marking significant shift
towards a clean and sustainable power system.

A 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 9,3200,700 GW. Of this, wind power installations will
account for 2,953,460 GW, while solar power installations will reach 637240
GW. Solamstallations will represent approximately twihirds of the total wind and
solar capacity, with distributed solar making up 70% of total solar capacity.

A By 2060, a flexible and secure new power system will be established.EET A8 O
demand for power system flexibility resources is projected to reach 32870 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 3,110
3,560 GW. Vehicko-grid interaction provided by electric vehicles will contribute
81(0z900 GW, while eleémchemical energy storage capacity will reach 2280 GW.

As these flexibility resources expand, the reliance on dwatl power for system
balancing will decrease significantly, enabling a cleaner and more adaptable power
system.

A Crossregional power exchange capacity will increase significantly, optimizing
the national power grid structure. By 2035, China will establish a power grid
structure characterized by "wegb-east power transmission, nortto-south power
transmission, and regional interconnections," enabling the grid to flexibly respond
to regional power supply and demand fluctuat®mmuch 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 ¥480% compared to 2022 levels.

5.2  Structure of electricity supply and demand
#1171 OET OAA ET AOAAOA ET Al AAOOEAEOU Al 1 00i POET
Total electricity consumption across society is expected to grow steadily until 2060. This
increase is driven by accelerated ende electrification, largescale growth in new
electricity demands such as datentres advancements irEV-V2G and demandside
response, as well as the integration of electricity into hydrogen production, synthetic fuel

generation, and electric heating. The adoption of Ietegym negativecarbon
technologies will also contribute to this upward trend.

In BCNStotal 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 showrrigure5-1).

Figure5-1 Demand and structure ofelectricity consumption in society as a whole, 2022060
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The share of electricity demand from processing andonversion sectors will continue

to rise. As a highproportion 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 ystems and demandide response resources, while not increasing overall

electricity consumption, supports load balancing by smoothing peaks and valleys in
electricity usage.

Low-cost, largescale applications of green electricity for hydrogen production, synthetic
fuel generation, and electric heatingclassified as processing and conversion electricity
demandy will become the primary drivers of increased electricity consumptidfith 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 demémdheating.

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 HPACNS
these figures rise to 5,400 TWh (23% of total demand) for hydrogen and synthetic fuels
and 660 TWh (3%) for electric heating (as showRigure5-2).

Figure 5-2 Comparison of the structure of societywide electricity demand in 2022 an®060
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Accelerating the development of a clean, lowcarbon, safe, abundant, costeffective,
demand-responsive, and intelligent power system is a key measure for achieving net

zero emissions in the energy sectoBy 2040, total installed power capacity is projected

to reach 7,690 GW BCNSand 9,370 GWh ICNS, with renewable energy accounting for
82% and 86% of installed capacity, respectively. Renewable energy will also account for
69% of electricity generatioin BCNS and 77% ICNS. At this stage, renewablaergy

will become the dominant source of both capacity and generation, while-ficed power
transitions to a backugand role

By 2060, total installed capacity is expected to increase to 10,53th@@WNS and 11,820
GW in ICNS, approximately four times the capacity of 2022 (as showhiguare 5-3).
Electricity generation will rise to 20,000 TWhBCNS and 22,200 TWhICNS (as shown

in Figure5-4).2 AT Ax AA1T A AT AOCUS8O OEAOA 1T &£ EIT O0OAIT AA
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under both scenarios by 2060 (as shownFigure 5-5), while its share of electricity
generation will reach 93% BCNS and 94% ICNS (as shown fRigure5-6).

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 Bgdch
GW. EECCSs projected to reach 160 GWBCNS and 120 GWICNS by 2060.

Figure5-3Installed power generation and structure, 20222060
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Figure 5-4 Electricity generation and structure from 2022to 2060
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Figure5-5 Comparison of installedpower generation mix in 2022 and2060
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Driven by the investment costs of renewable energy projects and induwelopment
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 3607,480 GW. After 2050, the development of wind power and PV
enters a peak plateau period. By 2060, under the scenarios, the combined iwd and

PV installationgeach9,320-10,700 GWas shown irFigure5-7), with PV accounting for

about two-thirds of the installed capacity.

Figure5-7 Installed wind and photovoltaic power size 20252060
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In BCNS and ICNS scenarios, from 2023 to 2040, the total installed capacity of wind

power will increase from 440 GW t¢®00-2,160 GWBY 2040, theshare of onshore wind

power reaches 92% and 93%, and the installed offshore wind power reaches about 160
GW.Thereafter, as the technology of lowind-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 distanceeases,

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 rea®»@3,460 GW,

respectively, under the two scenariggs shown irFigure5-8).

Figure5-8 Installed wind power size by technology,20252060
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abundant wind and land resources, and auitable for the concentrated deployment of
large-scale onshore wind power. Under the BCNS and ICNS scenariosf®%/of
iTOEI OA xET A PTI xAO ET OOAI T AA AAPAAEOU xEI Il A,
with this proportion further increasing to #6-75% by 2060as shown irFigure5-9).
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 irhitesacd
South China reaches 885%, 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 SouthChina willgrow further, with their combined share rising to ®3and 89%,
respectively. (as shown Figure5-10).
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Figure 5-9 Regional deployment of installed onshore wind power in 2060
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Figure5-10 Regional deployment of installed offshore wind power in 2060
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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 fagades. Under the B&MSCNS
scenarios, from 2023 to 2040, installed PV power generation capacity will increase from
610 GW to 386320 GW. Among these, distributed photovoltaic power generation will
gradually become the mainstay of installed photovoltaic power generati@pacity
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 P¥ontinues to declineandannualnew installations remaimelatively
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 637240 GW, resxtively, with distributed
photovoltaics accounting for 70% and playing a dominant (ake shown ifFigure5-11).

BCNS
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Figure5-11Installed PV size by technologyfrom 2025to 2060
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From the regional distribution point of view, the "Three Northggion 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 scenaino2040,
concentrated photovoltaics in the Three Norths regions accounted for 78% and 75% of
concentrated photovoltaic installations, respectively; by 2060, this proportion withfr
increase to 79% and 75% (as showhRigure5-12). Due to the limited rooftop resources

in cities,the focus ofdistributed PVdevelopmentis gradually shifting from the eastern
load centrego the @hree. I O Gefind

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%, respectigsiyfing in

a more balanced regional distribution of distributed PV (as showfignre5-13.

Figure5-12 Regional deployment of installed centralised PV in 2060
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Figure5-13Regional deployment of installed distributed PV in 2060
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5.4  Power system flexibility resources

2APEA 1 OAOAI T cCcOil xOE Ei1 &I AGEAEI EOU OAOI OOAA
The modelling analysishows that in 2060, the installed capacity and power generation
of wind and PV will increase by 18% andré%pectively compared t€ET02023, placing
higher demands on the flexibility of the power system.terms of scenario setting, in
addition to considering the improvement of the retine regulation capability of the
power system, it is also necessary to consider the increase of-sg@sonal regulation
capability. To achievehis, the group categorizes flexible resources intixgdypes: coal
fired power units upgraded for flexibility, pumped storage, new energy storage
(electrochemical energy storage systems and-¥2(G), demanekide response, electric
heating (electric boilers and heat pumps), and electric production of hydrogech
synthetic fuels Amongthese, new flexibility resources include energy storaggstems
(electrochemical plants an&VW-V2G), demaneside response, electric heating, electric
hydrogen production, and synthetic fuel production. Themmergingresources W play

a crucial role in ensuring the safe and stable operation of the new power systtra in
future.

Under the BCNS and ICNS scenarios, by 2040, China's pumped storage and new flexible
resources combined will need to reach a total ofQD to 2350 GW; and further increase

to 5,280-5,870 GW by 2060 (as shownFigure5-14). In addition, flexible coal power will

also need to play an important rolen reattime balancing Electricity usage and storage,

new energy storage technologies, electricibased hydrogen, synthetic fuels and heat,

will become the primary flexibility resources.

4EOQOI OCEI 60O OEEO POI AAOOR OEA DPOET AEDPI A 1T £ OA
will be adhered to. With the expansion of new energy and renewable energy generation,

the development of new flexibility resources, and the gradual improvement efiibwer

system's control capabilities, coéired 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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Figure5-14 Pumped storage and new flexibility resources20352060Scale of demand
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Pumped storage capacity will grow to 220 GW by 2040nsidering 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 pumpestorage development will shift from east to west,

roughly in line with China's regional deployment of largeale clean energy bases. In

BCNS and ICNS, by 2040, Central China, the South, and the Northwest will together

accod O £ O APDPOI GEI AOAT U & W toifaldastdliés Aapaciy OET 1 6 O ¢
By 2060, this share is expected to increase further to about @&sltfown irFigure5-15).
Figure5-15Regional deployment of installed pumped storage capacity in 2040 ar2D60
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By 2040, wind power andolar PVgeneration together account for more than %®of
total electricity generation andgreen power becomes the mainstay of electriciBy that
time, under the BCN&nd ICNSscenarios, the installed capacity of traditional regulated
power sources such as thermal power, nuclear power, biomass povaed pumped
storage, will account for 63%and 55%of the peak load respectively Meanwhile,the
demand for new flexible resourcemcluding electrochemical storage plants, EV2G,
demandside response, electric flers, heat pumps, electric hydrogen producticemd
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electric synthetic fuelswill account for 56%and 72%of the peak loadThe roles and
functions oftraditional adjustable power sources and new flexible resouncdle power
systemform an effective complement to each otheguaranteeing the safe and stable
operation of the power systenfrom a technical perspective:

A Taking into account factors such abe 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 EW2G will reach a total of about 250 GW in 2040 urmbth scenarios.

A Under the two scenarios, the demarside response capacity will reach about 270
GW in 2040.

A Abundant and cheap green electricity facilitates the largale 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 andd§péstively

A In terms of electricitybased heating, under the BCNS and ICNS scenarios, the
demand for electric boilers will increase by 51% and 56%, respectively, from 2023 to
2040, reaching 19320 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 moe 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 paygtem s shown

in Figure5-16andFigure5-17).

In terms of suktechnologies:

A In 2060, undeboth 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 280240GW. 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-#¥G capacity will reach 81900
GW. Together with eletrochemical storage, they will account for 23% and 20% of
the demand for new flexible resources. In both scenarios, derrgidd response
capacity reaches about 340 GW.

A The installed capacity of electricityased 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 retithe power system balancing but
also play a key role in intexeasonal regulation.
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A Under both scenarios, by 2060, the demand for electric boilers will reack3890
GW, while the demand for heat pumps will reachRGDGW.

Figure5-16 Total wind PV installations, peak load and various types of flexibility resources,
2040 t02060
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Note: Traditional adjustable power sources include thermal, nuclear, biomass and pumped storage,
while new flexible resources include electrochemical storage plaM@GEdemandide response,
electric boilers, heat pumps, electric hydrogen productébelectric synthetic fuels.

Figure5-17 Structure of new flexibility resource requirements in2060
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structure will gradually evolve, seizing opportunities fixackbone interconnection and

local balancé development By 2035, the deployment of the national backboged

following the strategy of Westo-East and Nortkhto-South power transmission with
inter-regional mutual support will be complete. This will enable the power gridalance

power supply and demand across different regions, functioning as a flexibility resource.
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by using digital and intelligent technologies. By 2060, the tatedle of electricity exports

from the Northwest, Northeast, and North China regions will increase by 140% to 150%
compared to 2022 (as shown figure5-18). To adapt to the largscale development of
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generation and seltonsumption of renewable energy sources in the industry, agriculture,
commercial, and residential sectors. Additionally, a massive enbon distribution
network will be formed, provithg 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, hydrogenpheat, and transport are fully integrated.

Figure5-18 Inter-regional electricity transfers in 2022 and 2060 (TWh)
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5.6  Production-consumption simulation of new power systems

The production curves depict hourlgvel power output and electricity load. These curves
illustrate the dynamic balance between supply and demand in the power system (as
shown inFigure5-19, Figure5-20 andFigure5-21). In the figures, base load includes end
sector electricity consumption and grid losses. Flexibility resources include pumped hydro,
chemical storage, E\WW2G, district heating, hydrogen andfeael production, as well as
demandside 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 Figure5-19). This shows a loafbllowing 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 demasidle response resources, on multiple time
scales, will replace the traditional dispatchable power sources. This provides important
regulation sipport for the safe and stable operation of the new power system. At that
time, the sourceload interaction characteristics of the power system will undergo a
significant transformation. For example, flexibility resources such as densatel
response ad 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 shifivis sh

as the black dotted line), as exemplified by a typical summer week and a typical winter
week in BCNS:
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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 ifrigure5-20Day 1), pumped hydro, chemical storage, hydrogen
and e fuel production, EVs, and industrial demaisttie response resources kick in.
These flexible loads account for 60% of the total load during the peak load hour.

During summer nights, as solar output decreases to zero and wind output increases
(as seen on the fifth day Figure5-20), 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 %G systems begin
discharging extensively, with a combined storage output reaching around 32% of
the total power output.

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 raiseis the electricity load for district heating. Consequently,
the importance of thermal storage for maintaining the dynamic balance of the new
power system increases (as showrFigure5-21).

re5-19 Hourly power balance of the national power system for a weekSummer 2022
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Figure 5-20 Hourly power balance of the national power system for a week in BCNSummer
2060

Figure5-21Hourly power balance of the national power system for a week in BCNSWinter
2060
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