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Executive Summary

The special policy study Global Climate Governance and Green and Inclusive Transition is
one of the topics under the Global Environmental Governance Innovation program of the China
Council for International Cooperation on Environment and Development (CCICED) for 2024-2025.
This year’s research aims to reposition China’s role in global climate governance under the new
international landscape while balancing multiple international and domestic development demands.
The study explores medium- and long-term pathways for China’s energy transition and green low-
carbon industrial development, intending to provide strategic pathways and policy references for
China’s comprehensive green transformation. It also aims to offer technical support for climate
policy formulation during the 15 Five-Year Plan period and to assist in delivering decision making
for China’s participation in international climate cooperation and COP30.

During the 15" Five-Year Plan period, China will achieve peak carbon emissions. More
importantly, China will advance a comprehensive green transformation of its economic and social
development, laying the industrial, technological, and institutional foundations for emissions
reduction following the peak. Currently, green and low-carbon technologies and industries have
become among the most crucial drivers of economic growth both in China and globally. However,
shifting geopolitical dynamics have undermined mutual trust among countries, with the broadening
of security concerns, trade disputes, and distributional conflicts intertwining with the green and low-
carbon transition, thereby increasing the complexity of climate issues. Therefore, it is imperative to
resolutely address climate change, establish interactive mechanisms between targets and actions,
and send positive signals for green and low-carbon transition; uphold multilateralism, strengthen
policy coordination with trade partners, further lead the global direction of green industries, and
promote shared global benefits from green development.

This report first assesses the latest landscape of global climate governance, analyzes the role
of trade and investment in the global low-carbon transition, proposes a vision for reforming the
international financial architecture to accelerate the global green and inclusive transition, and further
clarifies China’s role and contributions in global climate governance. Second, it comprehensively
explores China’s energy system transition pathways toward the 2060 carbon neutrality target and
the medium-term goals for 2035. Through quantitative modelling and case studies, it identifies
critical milestones and challenges in energy structure adjustment, assesses the scale of renewable
energy required to support peak carbon emissions as scheduled, and evaluates the development
potential of wind and solar PV industries. It also offers recommendations for ensuring a sustained
low-carbon transition of the energy system in the medium to long term, along with suggestions to
optimize and refine the policies for China’s green industries. Additionally, the report addresses
gender equality issues, recommending the mainstreaming of gender considerations into the climate
governance process. Finally, the report offers policy suggestions to better implement China’s dual-
carbon goals within the 15" Five-Year Plan, safeguard the multilateral climate governance process,
and promote the global green and low-carbon transition.

The main findings and conclusions of the report are as follows:

I. The global multilateral climate governance model and process have been adversely impacted;
however, the endogenous momentum for the global low-carbon transition continues to strengthen,

and the resilience of the climate governance system is steadily improving. China has provided
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critical certainty to global climate governance, facilitating the shift from “consensus” to “action.” It
is essential to strengthen confidence in international cooperation to address climate change.

II. Global green and low-carbon investment continues to grow, with the clean energy sector
emerging as a major new driver of economic growth. The investment and trade in low-carbon
technologies can accelerate the global low-carbon transition and help coordinate multiple objectives,
including economic growth, security, and climate goals.

III. China has entered a plateau phase in carbon emissions and a critical window for peaking,
with strategic opportunities coexisting with risks and challenges. To further advance the green and
low-carbon transition and support the dual-carbon goals, it is essential to fully consider the current
challenges and difficulties in low-carbon transition, prudently formulate development-aligned
targets and measures, promote the growth of non-fossil energy, and foster the development of green
and low-carbon industries. This will provide sustained momentum for green, low-carbon, and
sustainable economic and social development.

IV. The dual-carbon goals depend on coordinated efforts across industries, driving a
burgeoning green and low-carbon industrial revolution. This transformation will comprehensively
reshape the economic structure through energy supply, power generation and energy storage, end-
use substitution (industry, transportation, and buildings), energy conservation and efficiency
improvement, negative emission technologies, and technical services—accelerating into a new
engine for China’s high-quality economic growth.

V. Gender issues face an increased risk of marginalization under the evolving global climate
governance landscape. It is crucial to further promote and implement gender equality within
multilateral climate governance frameworks. China and the EU can collaborate to advance gender
equality and just transition in third-party countries.

Based on the above analysis, the report puts forward the following policy
recommendations:

Firstly, countries should strengthen confidence in climate governance and the green transition.
China should collaborate with the European Union, the United Kingdom, Brazil, and other partners
to reinforce joint leadership, uphold global multilateral climate cooperation with the United Nations
Framework Convention on Climate Change (UNFCCC) and its Paris Agreement as the main
channels, and support a successful COP30; boost confidence in the climate process through
pragmatic actions and strengthened targets, sending clear signals to markets; promote the synergy
of climate, environmental, security, and prosperity goals, and leverage climate transition
cooperation to drive global clean growth.

Secondly, China should further clarify the strategic direction of the green and low-carbon
transition, and steadily advance energy and economic transformation to support green and
sustainable growth. Efforts should be made to promote breakthroughs in low-carbon technologies,
further unleash domestic demand, precisely implement macroeconomic stimulus policies, and guide
the high-quality development of green industries, striving to achieve a combined installed wind and
solar capacity of above 3,000 gigawatts by the end of the 15" Five-Year Plan period; facilitate the
transformation and upgrading of high-emission and traditional industries; no net increase in coal-
fired power capacity during the 15" Five-Year Plan period, while accelerating the early retirement
and just transition of outdated and inefficient coal-fired power plants.

Thirdly, China should continuously improve the dual-carbon system to establish a solid
institutional foundation for emissions reduction after the peak. During the 15" Five-Year Plan



period, China should build a carbon emissions management system guided by total carbon caps,
further enhance the legal and regulatory system related to dual-carbon and climate issues, strengthen
the role of the carbon market in optimizing resource allocation, promote the development of green
fiscal and taxation policies, coordinate with power market reforms, and establish a new concept of
green energy security.

Fourthly, China should promote open, inclusive, and mutually beneficial global cooperation
in new energy supply chains. Efforts should be focused on actively sharing China’s experience in
rapid low-carbon industrial development on multilateral platforms, facilitating the replication and
expansion of relevant models in the Global South, and contributing to achieving the global target of
tripling renewable energy capacity. Incentives and assessments should be enhanced for government
and state-owned enterprises’ overseas green operations, and green industries should be encouraged
to accelerate overseas joint ventures and localized operations. Developing countries should be
supported in coordinating resource development, industrial upgrading, and ecological protection, so
as to share the benefits of green transition. Efforts should also be made to promote the establishment
of sustainable trade systems for soft commodities.

Fifthly, China should proactively participate in global financial architecture reform to help
build a more inclusive and effective climate finance system, supporting climate transition and green
growth in developing countries. China should support developing countries in establishing
investment platforms aligned with their transition strategies, accelerate “debt-for-climate”
initiatives, actively enable multilateral development banks to scale up climate investment and
financing, and constructively engage in international initiatives related to climate and sustainable

finance governance.

Key words: Global Climate Governance, Green and Low-Carbon Transition, "Dual

Carbon" Goals, the 15™ Five-Year Plan, Energy Transition
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Global Climate Governance and Green and

Inclusive Transition

Chapter 1 China’s Position and Role in Global Climate Governance in the

New Era

1.1 Despite the Negative Impact on the Global Multilateral Climate Governance Model and
Process, Its Resilience Is Growing, and Momentum Is Irreversible—strengthening Confidence in

International Cooperation to Address Climate Change Is Imperative

1.1.1 the New U.S. Administration Has Stalled Climate Action, Creating Unprecedented Uncertainty in

the Multilateral Climate Governance Process, yet Most Countries Remain on the Right Track

Since the Trump administration returned to power in 2025, climate action at the national
level in the United States (U.S.) has come to a complete halt, delivering a severe blow to the
multilateral cooperation on climate action. The U.S. has announced its second withdrawal from
the Paris Agreement, aiming to revive the competitiveness of its traditional energy industries, while
domestic emissions reduction commitments have been suspended. Under a scenario of intensified
fossil fuel extraction and utilization, U.S. greenhouse gas emissions are projected to exceed the
previous policy scenario by 24% to 36% by 2035.001n July 2025, the U.S. Environmental Protection
Agency (EPA) released a proposal to rescind the 2009 Greenhouse Gas Endangerment Finding. The
Endangerment Finding is a prerequisite for regulating emissions from new motor vehicles and new
motor vehicle engines. Absent this finding, EPA lacks statutory authority under Section 202 of the
Clean Air Act to prescribe standards for GHG emissions. EPA also proposed to remove GHG
regulations for light-, medium-, and heavy-duty on-highway vehicles.' Moreover, the U.S. has
rescinded its climate finance commitments under the United Nations Framework Convention on
Climate Change (UNFCCC)? and withdrawn from the Board of the Fund for responding to Loss and
Damage, as well as the Just Energy Transition Partnership (JETP). The invalidation of multiple
climate finance pledges has increased the difficulty for developing countries to meet their climate
goals. In April 2025, the U.S. further disrupted the stability of global industrial and supply chains
by announcing the implementation of “reciprocal tariffs” on its trading partners, posing a risk of
global trade fragmentation and further weakening the cohesion of international climate action. At
the same time, at the local level, some state governments, represented by California, continue
to advance climate action. States such as New York, Washington, and Maryland are still quietly

! https://www.epa.gov/regulations-emissions-vehicles-and-engines/proposed-rule-reconsideration-2009-endangerment-
finding

20n January 20, 2025, the executive order titled “Putting America First In International Environmental Agreements” signed
by President Trump stated that the United States shall immediately cease or revoke any purported financial commitment made by
the United Nations Framework Convention on Climate Change. https://www.whitehouse.gov/presidential-
actions/2025/01/putting-america-first-in-international-environmental-agreements/
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carrying out measures to address climate change, but in the absence of federal funding support,
large-scale action faces significant challenges.

Despite this, the majority of global economies remain committed to advancing climate
governance. According to relevant reports,’?! between June 2023 and May 2024, the number of
countries that had set carbon neutrality targets rose from 133 to 151. Among those without carbon
neutrality targets, over 90% have established carbon-reduction goals. A total of 120 countries have
codified these targets into law or policy documents, and 86 have proposed roadmaps toward net-
zero emissions. In July of this year, the European Commission proposed revisions to the European
Climate Law, setting a target to reduce net greenhouse gas emissions by 90% from 1990 levels by
2040. Prior to this, it has also launched initiatives such as the Clean Industrial Deal®! to address the
climate crisis, boost competitiveness, and enhance economic resilience. The United Kingdom (UK),
in its updated Nationally Determined Contribution (NDC), pledged to reduce greenhouse gas
emissions by at least 81% from 1990 levels by 2035—an increase from its previous 2030 target of
a 68% reduction. Furthermore, in its first Biennial Transparency Report submitted to the UN, the
UK committed to spending GBP 11.6 billion in international climate finance between 2021 and
2026, with GBP 1.5 billion earmarked for disbursement in 2025 to support climate action in
developing countries. Many developing countries are also actively pursuing green transitions
to achieve higher-quality development. The Brazilian government has established the Plano
Clima,[>7 a national climate policy framework guiding climate action through 2035. The plan
encompasses two core pillars—mitigation and adaptation—supported by cross-sectoral strategies to
build a comprehensive climate governance system. Under this framework, Brazil has updated its
NDC to pledge a 59% to 67% reduction in nationwide greenhouse gas emissions from 2005 levels

by 2035, demonstrating significantly greater ambition than its previous commitments.

1.1.2 The Endogenous Momentum for Global Low-carbon Transition Continues to Strengthen, Enbhancing

the Resilience of the Climate Governance System

The cost of low-carbon technologies continues to decline, making them increasingly
economically competitive. According to data from the International Renewable Energy Agency
(IRENA)‘I, between 2010 and 2023, the global costs of onshore wind power,’ offshore wind
power, * solar photovoltaic (PV) power 5, and battery storage projects ¢ decreased by
approximately 70%, 63%, 90%, and 89%, respectively . In 2023, the costs of photovoltaic
power generation, onshore wind power generation, and offshore wind power generation were
56%, 67%, and 25% lower than that of fossil fuel power generation respectively, with a
significant decrease compared to 2010 (see Figure 1-1). Looking ahead to 2025, the costs of clean
energy technologies such as wind power, solar power, and batteries are expected to drop by an
additional 2% to 11%. Low-carbon technologies have now become highly competitive in economic

terms.

31n 2010, the global weighted average levelized cost of electricity (LCOE) for onshore wind projects was USD 0.111 per
kilowatt-hour. By 2023, this figure had declined to USD 0.033 per kilowatt-hour for newly commissioned projects.

4 Between 2010 and 2023, the cost of offshore wind power fell from USD 0.203 to USD 0.075 per kilowatt-hour.

5 From 2010 to 2023, the global weighted average levelized cost of electricity (LCOE) for photovoltaic power generation
dropped from $0.46 per kilowatt-hour to $0.044 per kilowatt-hour.

® From 2010 to 2023, the cost of battery energy storage dropped from $2,511 per kilowatt-hour to $273 per kilowatt-hour.
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Figure 1-1. Share of Renewable Power Generation Projects Costing More (or Less) Than Fossil
Fuel-Based Power Generation, 2010-2023
Data Source: IRENA, Renewable Power Generation Costs in 2023

Global green and low-carbon investment continues to grow, with the clean energy sector
emerging as a major new driver of economic growth. According to a report by the International
Energy Agency (IEA), global energy investment in 2024 surpassed USD 3 trillion for the first
time, with USD 2 trillion allocated to clean energy technologies and infrastructure. Investment in
clean energy in 2024 was nearly double that of fossil fuels (see Figure 1-2). The investment ratio of
clean power to unabated fossil fuel power rose from 2:1 in 2015 to approximately 10:1 in 2024. In
2023, clean energy added around USD 320 billion to the world economy, accounting for 10% of
global GDP growth®! (see Figure 1-3). To achieve net-zero emissions, global investment in low-
carbon technologies and supporting infrastructure must continue to expand robustly. By 2030, the
investment volume will need to reach approximately 2.6 times the current level, with an average
annual investment of around USD 5.6 trillion during 2025-2030,""""

global economic growth.

significantly contributing to
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Data Source: IEA, World Energy Investment 2024



N

The contribution of clean energy technology
investment and sales to GDP growth (%)

uUsS. China EU India
» Clean Energy Technol Clean Power Capaci . Electric Vehicle and
Manufac%urgnyng aad ° Deployment s Heat Pump Sales
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Data Source: IEA, https://www.iea.org/commentaries/clean-energy-is-boosting-economic-growth

Low-carbon energy technologies are better positioned to improve energy access and
enhance national energy security. As of 2022, 93 countries worldwide had yet to achieve universal
access to electricity (see Figure 1-4), and approximately 2.1 billion people—accounting for about
26% of the global population—Ilacked access to clean cooking fuels and technologies. These
populations are predominantly concentrated in underdeveloped regions, particularly in Sub-Saharan
Africa.l''l Renewable energy has become an effective solution for addressing electricity
shortages in remote areas. In some remote areas of developing countries, populations are widely
dispersed, and the cost of grid extension is prohibitively high. In contrast, decentralized renewable
energy systems—such as solar home systems, small-scale solar lighting systems, and mini-grids—
are relatively low-cost and can be rapidly deployed to meet the modest electricity needs of such
communities. According to estimates by the IEA and the World Bank, in 2022, approximately 2.5
million households around the world gained access to electricity through solar home systems and
smaller solar lighting solutions. Meanwhile, the rapid development of low-carbon energy
technologies is also contributing to energy security. For instance, in China alone, various forms of
energy substitution—most notably the accelerating penetration of electric vehicles—have
collectively avoided about 15% of oil demand growth since 2019 (equivalent to 1.2 million barrels
per day), with an additional 5% reduction expected this year.!') This trend has not only helped
mitigate China’s dependence on high-risk external energy sources but also reduced the vulnerability
of refined oil consumption to fluctuations in refinery systems and international energy markets. As
clean energy and electrification continue to advance, the global energy system is evolving toward
greater diversification, decarbonization, and self-sufficiency and controllability.


https://www.iea.org/commentaries/clean-energy-is-boosting-economic-growth
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Figure 1-4. Electricity Access Rates in Underdeveloped Regions Worldwide (as a Share of
Population)
Data Source: IEA, Tracking SDG 7: The Energy Progress Report 2024

Global awareness of green, low-carbon, and environmental issues is steadily rising. An
increasing number of people are paying attention to climate and environmental changes in
their daily lives and are supportive of stronger government policies on low-carbon
development and environmental protection. According to the results of UNDP’s Climate Vote
2024,131 approximately 56% of respondents globally reported thinking about climate change on a
daily or weekly basis, and 69% said their big decisions—such as where to live or work—are
influenced by climate change. Around 80% of global respondents expressed a desire for more
ambitious government action on climate, and 86% called for setting aside geopolitical tensions to
work together on climate change. At the same time, demand for green products is increasing, with
consumers more willing to pay a premium for environmentally friendly options. The market for eco-
friendly products is expanding rapidly, and green, low-carbon consumption is becoming a new
driver of global consumer growth. A joint study by McKinsey and NielsenlQ found that!'4 between
2018 and 2022 products labelled as environmentally or socially responsible saw cumulative sales
growth of 28%, significantly outpacing the 20% growth of conventional products.

1.1.3 China Has Provided Critical Certainty to Global Climate Governance and Accelerated the Shift

Sfrom “Consensus” to “Action”

China has integrated its dual-carbon goals—peaking carbon emissions and achieving
carbon neutrality—into all aspects of its economic and social development, while maintaining
consistency and stability in both targets and actions. Since announcing the dual-carbon goals in
2020, China has reaffirmed and advanced these commitments at critical junctures of major strategic
decision making, including the 14th Five-Year Plan, the Central Economic Work Conference, and
the Third Plenary Session of the 20th CPC Central Committee. At the same time, China has
continued to expand and improve its “1+N” policy framework to ensure adequate resource support
for achieving these goals. According to relevant research projections,!”! China is expected to reach
its carbon emissions peak as scheduled during the 15" Five-Year Plan period, followed by a plateau



phase and then a steady decline. China is currently preparing its second updated NDC, which is
expected to be submitted ahead of COP30.

China has become the world’s largest single market for renewable energy, demonstrating
the feasibility of a green and low-carbon development path for developing countries. In 2024,
China accounted for 64% of global newly installed renewable energy capacity,!'” including 62% of
new solar PV capacity and 71% of new wind power capacity worldwide.l'” According to research
from multiple institutions!'®Il"°1201 China’s investment in low-carbon technologies in 2024 is
estimated to reach between USD 625 billion and USD 920 billion, primarily concentrated in four
sectors: clean energy and energy storage (including renewables, hydropower, nuclear power, CCS,
and hydrogen) at approximately USD 316-387 billion; transportation electrification (including
electric vehicle sales), at around USD 397-427 billion; power grid construction and upgrades at
roughly USD 83-88 billion; and energy efficiency improvements (targeting buildings, industry, and
transport) at about USD 7.1-7.5 billion, as shown in Figure 1-5. In 2024, investment in low-carbon
technologies accounts for approximately 11% of China’s total fixed-asset investment’, representing
a new engine of economic growth. At the same time, China is also the world’s largest source of
outbound foreign direct investment (FDI) in low-carbon technologies. According to estimates by
Australian think tank Climate Energy Finance, China’s outbound FDI in overseas clean technologies
exceeded USD 100 billion (approximately RMB 719.2 billion)?" in 2023-2024, with private sector
enterprises playing the leading role.
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Figure 1-5. China’s Low-Carbon Technology Investment by Investment Category and Research
Institution, 2024
Data Source: IEA World Energy Investment 2025; BNEF Energy Transition Investment Trends
2025; CarbonBrief.??!

China has made significant contributions to the global decline in new energy costs
through green and low-carbon innovation. According to statistics from the China National
Intellectual Property Administration,?! between 2016 and 2023, a total of 573,000 green and low-

7 GDP and fixed-asset investment data are from the National Bureau of Statistics of China, and low-carbon technology
investment figures are from BNEF



carbon patent applications were published in China, with an average annual growth rate of 10%. In
2023 alone, China accounted for 75.7% of the global growth in published green and low-carbon
patent applications. China’s innovation capacity and industrial strength in the new energy
sector have improved substantially. The country has established the world’s largest, most
complete, and most competitive clean energy industrial chain. Driven by China’s advancements,
the global costs of wind power, PV power, and power batteries decreased by approximately 49%,
85.7%, and 82%, respectively, from 2010 to 2023¢, providing crucial support for the global clean

energy transition?* (see Figure 1-6).
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Figure 1-6. Installed Capacity and Average Installation Costs of Low-Carbon Products in China
and Worldwide
Data Source: IRENA, 2023

1.1.4 “South—North—South” Cooperation As a Form of Joint 1eadership Will Be a Crucial Pathway to

Rebuilding Confidence in Multilateral Climate Governance in the New Era

Addressing climate change concerns the long-term well-being of all humanity, and the
current wave of uncertainty calls for rebuilding global confidence. Between 2014 and 2023,
extreme weather events caused over USD 2 trillion in global economic losses and directly affected
approximately 1.6 billion people. In just the two years from 2022 to 2023, global economic losses
amounted to USD 451 billion—19% higher than the average for the previous eight years.[?]
Research by the U.S. National Bureau of Economic Research indicates that for every 1°C increase
in global average temperature, global GDP may decline by approximately 12%.2% These figures
underscore the urgent need for collective and proactive global action to combat climate change and

mitigate its potential impacts.

8 Data related to installed capacity and costs are sourced from the IRENA.
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The rise of emerging economies presents new opportunities for transition. These
countries are equipped with sustained capabilities in innovation and industrial manufacturing,
particularly in sectors such as new energy and adaptation technologies. China leads globally in
electric vehicles, battery manufacturing, and clean energy infrastructure development. India is
rapidly expanding its installed renewable energy capacity and manufacturing capabilities.
According to the updated Solar Supply Chain Maps released in January 2025, India’s solar module
production capacity stands at 58.4 GW with a further 60 GW to be added between 2027 and 2030,
enabling a total of 119 GW.I?7] The Indian government is implementing a Production Linked
Incentive (PLI) scheme to support the domestic manufacture of high-efficiency solar PV modules
at gigawatt scale.?8! Brazil also possesses abundant green power resources, with approximately 89%
of its electricity derived from renewables, led by hydroelectric power, laying a solid foundation for
green and low-carbon manufacturing. Brazil is a global leader in the bioenergy sector. In 2024, the
country produced 8.78 billion gallons of fuel ethanol, accounting for 28% of the world’s total and
ranking second globally.?” Brazil is also a major producer of biodiesel.l*"!

Developed economies such as the European Union (EU), the UK, and Japan hold
advantages in finance, technology, innovation, and standard-setting. When combined with the
implementation capacity of emerging economies, this can generate a powerful “leverage effect.”
The EU is committed to promoting industrial decarbonization and has introduced a range of policies
and standards. For example, the Industrial Emissions Directive requires industrial facilities to adopt
Best Available Techniques (BAT) to reduce pollutant emissions. The UK’s offshore wind industry
has developed rapidly. By 2022, the country had reached an installed offshore wind capacity of 13.8
GW—enough to supply electricity to over 10 million householdsP". The UK government plans to
increase this capacity to 50 GW by 2030.52 Japan is at the forefront of international developments
in hydrogen storage and transport, ammonia development and utilization, and rapid carbon
sequestration technologies. In January 2022, the world’s first liquefied hydrogen carrier, Suiso
Frontier, built by a Japanese company, completed its maiden voyage, validating the feasibility of an
international liquid hydrogen supply chain.[*}! The integration of advanced technologies and
innovations from developed economies with the robust manufacturing and market
deployment capabilities of emerging economies can accelerate the global diffusion of low-
carbon products and services, reduce costs, and enhance competitiveness. Furthermore, the
mature standard systems of developed countries can serve as valuable guidance for technology
deployment in emerging economies, reducing trial-and-error costs. At the same time, feedback from
practical implementation in emerging markets can drive the iterative improvement of these
standards. This complementary and synergistic model will significantly enhance the efficiency of
the global low-carbon transition and inject strong momentum into the global response to climate
change.

The Global South, representing over 80% of the world’s population, possesses a resource
base and intrinsic motivation to pursue green and low-carbon energy transitions. The Global
South now accounts for over 40% of global economic output and contributes 80% of global
economic growth, making it a critical force in maintaining international peace, driving global

development, and improving global governance®. These countries play a vital role in global

? With reference to the remarks made by Wang Yi, Member of the Political Bureau of the CPC Central Committee and
Minister of Foreign Affairs, at the press conference held during the Third Session of the 14th National People’s Congress on
March 7, 2025.



supply chains as major resource providers, supported by their abundant reserves. The Global
South holds 70% of the world’s renewable energy potential and 50% of critical mineral
resources essential for clean technologies.*! For example, Africa’s theoretical solar energy
reserves are approximately 60,000,000 TWh per year, accounting for about 40% of the global
total.31 The Democratic Republic of the Congo dominates the cobalt supply chain, producing
roughly 70% of the world’s cobalt.[36] The “lithium triangle” countries in South America—
Argentina, Bolivia, and Chile—collectively possess about 58% of global lithium reserves.!*”]
Indonesia holds around 21% of global nickel reserves, while nearly half (46%) of copper is mined
in Latin America.*® At the same time, many countries in the Global South face challenges in
resource development and processing, including limited processing capacity”, infrastructure
and investment shortfalls," and environmental and social risks—highlighting the urgent need
for international cooperation. In 2023, Southeast Asia accounted for just 2% of global clean
energy investment, despite making up 6% of global GDP, 5% of energy demand, and 9% of the
global population.*”! Africa, home to one-fifth of the world’s population and rich in renewable
energy resources, received only 2% of global renewable energy investment between 2000 and
2020.1 To meet Africa’s energy and climate goals, approximately USD 28 billion in concessional
finance will be needed annually to mobilize USD 90 billion in private sector investment by 2030.14!]

At present, many countries around the world have established international cooperation
frameworks for green and low-carbon development, laying a foundation for scalable and
coordinated “South—North—South” collaboration. Through the Belt and Road Initiative, China
has leveraged its strengths in renewable energy, energy conservation and environmental protection,
and clean production to advance international climate cooperation by sharing its technologies,
products, and practical experience. As of October 2024, China had signed 53 Memoranda of
Understanding on South-South cooperation on climate change with 42 developing countries and
had carried out nearly 100 mitigation and adaptation projects. In addition, China has implemented
over 300 capacity-building programs related to climate change, providing training opportunities for
more than 10,000 participants from over 120 developing countries.”*? The EU launched the Global
Gateway initiative in 2021, aiming to mobilize approximately EUR 300 billion in investment
between 2021 and 2027 to close global infrastructure investment gaps and support green and digital
transitions. Of this, EUR 150 billion is earmarked for Africa’s development.* Similarly, the UK
launched the Clean Green Initiative in 2021, committing over GBP 3 billion in climate finance to
support green growth in developing countries.*] However, with its announcement of significant
cuts to its international aid budget, which will drop from 0.5% of Gross National Income (GNI) to
0.3% by 2027, the UK's capacity to meet its climate finance commitments is expected to diminish."
The “South—North—South” cooperation model—where developed and emerging economies
jointly support climate governance in less developed regions—has demonstrated its viability.
For example, in a China-Germany collaboration supporting renewable energy development in

19 Many countries in the Global South lack the capacity to process and refine critical minerals, resulting in low resource
value-added and limited economic returns. https://unctad.org/news/critical-minerals-boom-global-energy-shift-brings-
opportunities-and-risks-developing-countries

! For example, the development of critical mineral extraction industries in Sub-Saharan Africa is constrained by weak
infrastructure, inadequate regulatory frameworks, limited access to financial markets, and heightened scrutiny regarding
compliance with sustainability standards. These weaknesses undermine the region’s ability to compete with global competitors in
more developed economies for investment in critical mineral development. https://www.spglobal.com/market-
intelligence/en/news-insights/research/subsaharan-africa-role-in-global-supply-chain-critical-minerals

12 https://www.climatechangenews.com/2025/02/25/uk-aid-budget-cuts-threaten-climate-finance-pledge-to-vulnerable-
nations-experts-warn/



Africa,!*l Germany provided financing for a PV power station project in Namibia, which was built
by a Chinese enterprise. The project has helped the Namibian government enhance power supply
security and self-sufficiency while promoting overall economic growth and environmental
sustainability. To this end, it is recommended to strengthen “South—North—South” cooperation
to rebuild joint leadership in global climate governance. By integrating the comparative
advantages of different countries and fostering innovative modes of collaboration, this
approach can offer decentralized yet more inclusive solutions for multilateral climate
governance.

Brazil has positioned “implementation” as the core theme of COP30, calling on all parties
to unite, reinforce multilateralism, and connect climate mechanisms with people’s daily lives to
accelerate the implementation of the Paris Agreement. Under the Paris Agreement framework,
all parties should proactively support Brazil as the host country in its preparations and agenda
implementation, promote practical actions, and strengthen cooperation in areas such as low-carbon
industrial development, green trade and investment, and financial system reform. There is a shared
need to explore and exchange more replicable, scalable practices to ensure the success of COP30.
Efforts should also focus on fostering innovation-driven development and a just transition,
aligning climate action with economic growth. At the Leaders Meeting on Climate and Just
Transition held on April 23, President Xi Jinping emphasized that the green transition must be
people-centred, promoting both improved livelihoods and climate governance in tandem. He called
for the integrated pursuit of environmental protection, economic development, job creation, and
poverty alleviation. Simultaneous progress in technological innovation, industrial upgrading, and
social protection is essential to unlocking broader opportunities for international cooperation on
innovation and helping developing countries achieve sustainable growth along low-carbon
pathways. Bilateral and mini-lateral (or regional) platforms should be leveraged to support
the multilateral agenda. As the global governance agenda becomes increasingly complex,
enhanced communication and coordination through mechanisms such as China—Brazil, China-EU,
the BRICS, and the BASIC group can help build a solid foundation of trust for multilateral
negotiations, advancing the comprehensive implementation of the Paris Agreement.

Box1-1: Opportunities for China—Brazil Cooperation on Green Supply Chains

During his 2022 election campaign, Brazil's current President Luiz Inacio Lula da Silva
pledged to achieve zero deforestation by no later than 2030. As the host country of the United
Nations Framework Convention on Climate Change (UNFCCC) COP30, Brazil has a strong
incentive to demonstrate leadership by making concrete progress in curbing deforestation.

China and Brazil maintain close cooperation in soft commodities. In recent years, China has
consistently purchased more than 70% of Brazil's soybean exports and approximately half of its
beef exports annually. During Chinese President Xi Jinping's state visit to Brazil in November
2024, the two countries elevated their bilateral relationship to the notably titled “China—Brazil
community with a shared future for a more just world and a more sustainable planet.” The joint
statement issued during the visit underscored that “sustainable development is a guiding principle
of international cooperation,” and pledged mutual learning and collaboration on this basis.

Cooperation on green supply chains between the Chinese and Brazilian private sectors and
subnational actors is paving the way for deeper policy alignment. First, Chinese enterprises and
industry associations are advancing voluntary initiatives and standard-setting efforts, building
capacity, and piloting green supply chains. In November 2023, with support from the Tropical
Forest Alliance under the World Economic Forum, COFCO International signed its first direct
procurement order with a Chinese dairy company for “zero-deforestation” soybeans from Brazil,
which was delivered in May 2024. Since 2019, COFCO International has developed a soybean
traceability system in Brazil, achieving full traceability to the farm level for directly sourced




soybeans by 2023. This laid the groundwork for its public commitment to sourcing soybeans free
from deforestation and land conversion. Second, Chinese industry associations are partnering
with their Brazilian counterparts, research institutions, and local governments to align “green”
standards, supply chain management practices, traceability frameworks, and certification
systems. These efforts aim to build market channels and create economic incentives for Brazilian
green agricultural products in China. Notable initiatives include: the “China Sustainable Meat
Supply Chain Promotion Program” jointly launched in 2023 by the China Meat Association and
WWF; the “China—Brazil Sustainable Beef Industry Working Group,” established last year by
the China Meat Association, the World Resources Institute (WRI), the Brazilian Beef Exporters
Association (ABIEC), and the Mato Grosso Meat Institute (IMAC); and two memoranda of
understanding signed in the same year by WRI, Chinese and Brazilian industry associations, and
local governments to jointly develop sustainable supply chains for beef, soybeans, and corn.
Third, China and Brazil are exploring effective investment and financing models to expand
support for “zero-deforestation” and ecological restoration projects. The Brazilian government
supports the establishment of the Brazil Climate and Ecological Transformation Platform (BIP)
to scale up ecological transition investments. The Chinese side, through the Belt and Road
Initiative International Green Development Coalition (BRIGC), is actively cooperating with BIP.
Through the Green Investment and Finance Partnership (GIFP), BRIGC is helping Chinese
financial institutions connect with BIP-backed projects to facilitate the implementation of green
investment initiatives in Brazil. Furthermore, China has expressed its intention to invest in the
Tropical Forests Forever Facility (TFFF), a global fund led by Brazil aimed at protecting
endangered tropical forests. China's support can pave the way for resource-rich developing
countries to make broader financial commitments before COP30 in Brazil, highlighting that
tropical forest protection is an important solution for safeguarding the climate and biodiversity'*.

As two major Global South economies, China and Brazil are increasingly expected to play
more prominent roles in global environmental governance and in shaping a more inclusive and
equitable globalization. As the host country of the upcoming COP30 climate conference, Brazil
is seeking to assert its leadership on climate action. In this context, establishing green supply
chain cooperation between the world's largest agricultural importer and exporter holds significant
demonstration value and offers new momentum for aligning climate and trade agendas across the
Global South.

1.2 Investment and Trade in Low-Carbon Technologies Can Accelerate the Global Low-

Carbon Transition

1.2.1 Low-Carbon Technologies and Products Have Become a Key Driver of Global Trade Growth

Low-carbon technologies and products have emerged as a vital component of global trade,
experiencing rapid expansion. In 2023, the global trade volume of mainstream low-carbon
technologies—including solar PV, wind power, batteries, electric vehicles, geothermal energy,
hydropower, heat pumps, green hydrogen, solar thermal equipment, and nuclear technologies—
reached USD 733.2 billion, accounting for 3.1% of total global trade. This figure is 1.45 times the
value of global steel trade and 57.3% that of global oil trade. From 2015 to 2023, global trade in
low-carbon technologies grew by USD 514.9 billion, with an average annual growth rate of
16.4%—nearly twice the pace of general merchandise trade. Electric vehicles, batteries, solar PV,
and wind power constitute the largest segments of low-carbon technology trade, collectively
accounting for 92.3% of total global low-carbon technology trade in 2023 (see Figure 1-7).

13 https://impakter.com/esg-news-china-invests-in-brazil-global-tropical-forest-fund/
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Figure 1-7. Trade Volume Trends of Mainstream Low-Carbon Technologies and Products by
Technology, 2007-2023

The EU, China, Japan, the U.S., and South Korea are the primary players in global trade
of low-carbon technologies and products. In 2023, these five economies accounted for 82.8% of
global exports in this sector. The EU was the largest exporter of low-carbon technologies and
products, with total exports reaching approximately USD 274.2 billion, followed by China with
USD 201.4 billion in exports (see Figure 1-8). In comparison to exports, global importers of low-
carbon technologies and products are more diversified. The EU and the U.S. ranked as the top
two importers, with import values of USD 305.1 billion and USD 110.9 billion, respectively in 2023,
together accounting for 56.7% of global imports. Meanwhile, a group of other economies—
primarily composed of developing countries—has consistently accounted for around 30% of global
imports between 2007 and 2023. The absolute value of their imports rose sharply from about USD
36 billion to USD 165.3 billion over this period, making them the second-largest group of low-
carbon technology importers (see Figure 1-9).

14 The data is calculated based on the bilateral trade flow data from BACI, with the unit being nominal U.S. dollars
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15 The data is calculated based on the bilateral trade flow data from BACI, with the unit being nominal U.S. dollars.
16 The data is calculated based on the bilateral trade flow data from BACI, with the unit being nominal U.S. dollars.
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China’s low-carbon technology exports are primarily directed toward high-income
countries in Europe, East Asia, and North America, though exports to middle- and low-income
countries have been steadily rising. Between 2007 and 2023, China’s top three export destinations
for low-carbon technologies—Europe, East Asia, and North America—saw combined exports grow
from USD 16.89 billion to USD 161.85 billion, while their share of China’s total low-carbon
technology exports declined from approximately 86% to 80%. From the perspective of income
classifications of destination economies, high-income countries remained the primary markets for
China’s low-carbon technologies and products during this period. However, their share of China’s
exports fell from an average of 80% between 2007 and 2010 to 68.5% between 2020 and 2023 (see
Figure 1-10). From 2007 to 2023, China’s exports to economies outside the high-income group
surged from USD 3.93 billion to USD 58.08 billion, with an average annual growth rate of
approximately 17.2%." During the same period, the share of exports to low-income and lower-
middle-income countries increased from under 9% to around 13%. Low-carbon power products
are China’s primary export category to low-income economies. The share of China’s exports of
such products to low- and lower-middle-income countries rose sharply from about 15% in 2007 to
around 42% in 2023, while the absolute export value increased from USD 850 million to USD 13.32
billion (see Figure 1-11).

mHigh income = Upper middle income Lower middle income Low income

2007 2008 2009 2010 2011 2012 2013 2014 201 019 2020 2021 2022 2023

5 2016 2017 2018 2
Figure 1-10. China’s Exports of Low-Carbon Technologies by Income Group of Destination
Economies, 2007-2023'®

17 The classification of lower-middle-income economies follows the World Bank’s Country Classifications by Income
Level, based on annual groupings from 2007 to 2023. This classification system divides economies into five categories: high
income, upper-middle income, lower-middle income, low income, and others. In this text, “middle- and low-income
economies” refers to all non-high-income economies, while “low-income economies” specifically includes both lower-
middle-income and low-income economies.

13 In figure 1-10 and figure 1-11, the export value of China's low-carbon technology products does not include the "Other
economies" category in the World Bank's income classification. This category accounts for approximately 0.6% of the total
export value. The data is calculated based on BACI's bilateral trade flow data, with the unit being nominal US dollars.
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Figure 1-11. Changes in the Share of China’s Low-Carbon Technology Exports by Technology
Type and Income Group, 2007 vs. 2023

1.2.2 Escalating Trade Frictions Pose Risks to the Global Low-carbon Transition

The intensification and expansion of a new round of trade frictions have introduced
growing uncertainty to the global trade of low-carbon products. The new U.S. administration
has implemented “reciprocal tariffs,” imposing a uniform 10% tariff on nearly all imported goods
from around the world and plans to impose even higher tariffs—averaging over 50%—on major
trading partners. In 2025, the U.S. further imposed steep anti-dumping duties on solar cells and
modules from Vietnam, Malaysia, Thailand, and Cambodia.*"! In response, China, the EU, Canada,
and other countries and regions introduced retaliatory tariffs,” exacerbating the fragmentation of
global trade. These developments have seriously undermined the authority and stability of the
multilateral trading system, diminished the credibility of global trade rules, and disrupted
expectations for policy continuity and transparency. As a result, manufacturers and investors have
become more cautious in capacity allocation and investment/financing decisions, thus impeding the
pace of the global low-carbon transition and increasing uncertainty in supply chains.

1 In Figure 1-11, power generation includes photovoltaic, wind power, centralized solar thermal, geothermal energy,
hydropower and nuclear energy, among others. Transportation includes electric vehicles and plug-in hybrid electric vehicles,
among others. Battery energy storage includes lithium batteries, lithium battery components and other batteries, among others.
Other low-carbon technologies include solar water heaters, heat pumps and green hydrogen energy, among others. The data is
calculated based on BACTI's bilateral trade flow data, with the unit being nominal US dollars.

20 The White Paper released by the State Council of China, titled “China’s Position on the China-U.S. Economic and Trade
Relations,” outlines China’s official stance.
https://www.mofcom.gov.cn/syxwib/art/2025/art_af2778220dfd4649b5729b2dc1bb69ac.html;

The EU had originally planned to impose a 25% tariff on certain U.S. products—including agricultural and industrial
goods—starting April 15, 2025. However, implementation was temporarily suspended due to ongoing negotiations.
https://www .reuters.com/markets/europe/eu-impose-counter-tariffs-over-28-billion-us-goods-2025-03-12/;

Beginning March 13, 2025, Canada imposed a 25% tariff on CAD 29.8 billion worth of imports from the U.S.
https://www.canada.ca/en/department-finance/news/2025/03/list-of-products-from-the-united-states-subject-to-25-per-cent-
tariffs-effective-march-13-2025.html
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Emerging non-tariff measures—such as standard regulations and local content
requirements—are becoming a prominent trend in national trade policies. Standard-setting has
shifted from product-level sustainability requirements to full supply chain regulation, covering a
wide range of sectors including steel, textiles, and electronics. Since launching the Circular
Economy Action Plan in 2020, the EU has successively adopted regulations such as the Regulation
on Batteries and Waste Batteries, the Directive of Empowering Consumers for the Green Transition,
and the Ecodesign for Sustainable Products Regulation, embedding the principles of the circular
economy throughout the entire product life cycle—from design and production to consumption,
repair, recycling, and the use of secondary resources. Local content requirements have also
become a common policy tool for fostering domestic low-carbon industries. Under the EU’s
Net-Zero Industry Act, member states are encouraged to build up internal manufacturing capacity
in clean technologies, with the goal of meeting at least 40% of annual deployment needs by 2030.
Key areas include solar PV modules, batteries, and heat pumps.* In India, under the ‘Make in India’
initiative,* the local content of low-carbon industries is steadily increasing. The Indian government
has mandated that, starting from June 1, 2026, clean energy projects must use domestically
manufactured solar modules and batteries listed on the Approved List of Models and Manufacturers
(ALMM).”" In addition, the assembly and type certification of wind turbine components—including
hubs and nacelles—must be carried out domestically.>"!

Trade frictions have significantly undermined the stability, innovation, and diffusion of
low-carbon technology supply chains. Restrictions on low-carbon product trade have driven up
costs and introduced volatility into low-carbon technology supply chains. The “reciprocal tariffs”
alone could raise the manufacturing cost of solar PV modules in the U.S. by more than 15% and
increase the cost of onshore wind projects by over 7%, due to their impact on upstream component
costs.’!l Trade frictions also hinder low-carbon technology innovation by fragmenting markets and
weakening the processes of technological learning. A study by Helveston et al. (2022) estimates that
by 2030, solar PV modules produced through localized supply chains could be 20% to 30% more
expensive than those produced through globalized supply chains.[*?] Related research further
suggests that if PV supply chains of various countries were to gradually decouple by 2030, total
deployment capacity could fall by approximately 14.8% to 19.1%.53 Therefore, fostering global
supply chain cooperation and promoting technology sharing are essential for achieving global low-
carbon transition while balancing growth, security, and climate objectives.

Trade protectionism and trade fragmentation hinder the deployment of green
technologies and fail to effectively enhance economic security, energy security, and national
security. The IEA estimates that the value of trade in clean energy technologies accounts for
approximately 30% of their global market value.’ Trade protection and fragmentation do little to
enhance supply chain security in the short term. In fact, the times required to establish local
manufacturing may introduce additional near-term supply chain risks. A study found that the anti-
dumping and countervailing measures the U.S. imposed around 2011 on solar PV and wind power
technologies did not lead to increased domestic manufacturing employment but instead caused
significant delays in downstream deployment and application.>] From an energy security standpoint,

2! According to India’s Ministry of New and Renewable Energy, starting in June 2026, clean energy companies in India will
only be permitted to use locally manufactured solar cells supplied by companies listed on the Approved List of Models and
Manufacturers (ALMM) for government-backed projects. https://www.reuters.com/business/energy/india-mandates-use-locally-
made-solar-cells-clean-energy-projects-june-2026-2024-12-10/
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most clean energy technologies are deployed locally and directly supply energy on site, thus
reducing reliance on imported fossil fuels.

1.2.3 Comparative Analysis of Economic Development, Supply Chain Security, and Low-carbon

Transition Under Different Trade and Investment Scenarios

Balancing economic development, supply chain security, and the low-carbon transition has
become a priority for many economies. Potential pathways toward achieving these three goals
include: maintaining the current investment and trade landscape, promoting localized
manufacturing under trade protectionism, or expanding diversified manufacturing enabled by
international investment and trade cooperation. This section presents an assessment of the potential

impacts under different trade and investment scenarios. The key evaluation results are summarized

in Table 1.

Table 1. Comparison of Economic Development, Supply Chain Security, and Low-Carbon

Transition Under Different Trade and Investment Scenarios

. Economic Supply Chain | Low-Carbon
Scenario . o
Development Security Transition
Maintaining the Current Global Neutral Geographically High
Investment and Trade Landscape concentrated efficiency
Localized Manufacturing Driven by Boosts logal . Low
.o economy in Localized .
Trade Protectionism efficiency
the short term
Diversified Manufacturing Enabled by .
International Investment, Trade, and rSo};arei(il‘[ Diversified Eqilrlllcti?slfvznd
Technological Cooperation prosperity

Scenario 1: Maintaining the Current Global Investment and Trade Landscape for Low-
Carbon Technologies

In this scenario, China continues to serve as the world’s primary supplier of multiple low-
carbon technologies and products, including solar PV modules, power batteries, and electric
vehicles. This model supports the commercialization, scaling, and innovation of low-carbon
technologies, thereby facilitating the global low-carbon transition and the widespread diffusion of
inclusive technologies. Some developing countries remain in the early stages of low-carbon
technology development, with limited local manufacturing and assembly capacity, making it
difficult to meet large-scale deployment needs. During this transitional period, China can provide
stable support for their technological transformation. For example, Pakistan increased its electricity
supply by 50% through the importation of more than 25 GW of Chinese solar cells.l*®! Similarly, the
Garissa solar power station built by China in Kenya significantly alleviated local power shortages
and led to a sharp reduction in electricity prices.’”) Chinese products’ advantages in low cost,
integrated supply chains, and economies of scale can accelerate the local adoption and diffusion of
low-carbon products, while also generating local employment opportunities by developing
downstream installation and application industries.

At the same time, it is important to recognize that the geographic concentration of low-carbon
technology supply chains has raised concerns about supply chain security in many countries.
According to data from the IEA, in 2023, China accounted for more than half of the global market
share in major clean energy technologies, with its share in solar PV technology exceeding 95% (see
Figure 1-12). The scale advantages of Chinese enterprises and the competitiveness of their low-cost



products have posed challenges to the development of domestic manufacturing industries in other

countries, fueling concerns about the future of local industrial development.*®!
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Figure 1-12. China’s Market Share in Major Global Clean Energy Technologies, 2023
Data Source: IEA clean Technology perspective 2024.

Scenario 2: Localized Manufacturing Driven by Trade Protectionism

This scenario could, to some extent, support the development of local low-carbon
manufacturing in certain countries and promote job creation in related industries. However,
from a global perspective, it would reduce the efficiency of resource allocation, hinder
technology diffusion, and pose potential risks to global economic growth. High tariffs and
market access restrictions are often used to protect domestic industries and encourage greater
localization of manufacturing. For example, the EU’s Net-Zero Industry Act, which aims to promote
local production of 19 key net-zero technologies—including solar, wind, nuclear, and batteries—
reaching 40% of domestic demand by 2030 and 15% of the global market by 2040.> Nevertheless,
trade protectionism ignores comparative advantage and inevitably results in efficiency losses and
rising costs. One study found that if the world were to split into separate blocs, global economic
output could decline by more than 2%.051 Moreover, trade protection may trigger secondary
retaliatory measures and other policy uncertainties, further compounding global welfare losses.*]
It also weakens firms’ ability to scale across international markets, diminishing the returns on
innovation and R&D. Under a scenario of localized manufacturing competition driven by trade
protection, world trade could decline by more than 13% by 2050, leading to a drop in GDP of over
6.5% in developing economies and 3% in developed economies. "]

Localized manufacturing driven by trade protectionism can reduce external dependence,
but it comes with high capability thresholds and requires careful balancing of downstream
deployment needs and upstream manufacturing development. Building domestic supply chains
for low-carbon industries can generate employment on the manufacturing side and reduce external
dependence, but it also demands a solid manufacturing base, well-designed policies, and effective
responses to challenges such as labour availability, construction timelines, and capital investment.
For example, South Africa’s attempt to develop a local wind power manufacturing industry through
auction schemes with localization requirements yielded limited success due to shortcomings in
policy design and capacity building.[?! At the same time, protectionist-driven localization can

constrain downstream deployment, leading to a reduction in jobs—such as end-user sales,

22 https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI1(2025)769489
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installation, and maintenance—that typically constitute the majority of employment in low-carbon
sectors.[! In the U.S., for instance, the solar PV industry employed approximately 280,000 people
in 2024, but only 12% of those jobs were in manufacturing. Therefore, any effort to localize supply
chains must be grounded in a realistic assessment of regional capacities and needs to avoid
unintended negative consequences.

Localized manufacturing driven by trade protectionism also risks fragmenting climate
investment, raising transition costs, and creating substantial barriers to achieving low-carbon
goals. In the absence of clear comparative advantages, building domestic supply chains requires
long cycles and substantial investment and policy support, and often faces duplicative construction
and redundant investment relative to existing global capacity. In 2024, the additional costs incurred
from building local supply chains could have financed the purchase of approximately 20-50 GW of
solar PV modules—equivalent to the total module demand for U.S. solar PV deployment that year®.
Promoting localized manufacturing while disregarding international comparative advantages and
economic efficiency will severely undermine the effectiveness of low-carbon transition investments.
The IEA estimates that imposing near-100% tariffs on solar PV would generate cost increases
sufficient to offset cost reductions achieved over the past 5 years. Under the combined effects of
shifting trade policies and uncertainty in domestic manufacturing, the total cost of U.S.-made solar
PV modules is now two to three times higher than modules produced elsewhere*—significantly
weakening their competitiveness against higher-carbon energy sources.

Scenario 3: Diversified Manufacturing Enabled by International Investment, Trade, and
Technological Cooperation

Accelerating international investment, trade, and technological cooperation can enhance
global manufacturing capacity for low-carbon industries, create jobs across regions, facilitate
technology diffusion and transfer, and promote shared prosperity. Firstly, global trade,
investment, and production are key drivers of economic growth worldwide, particularly for
developing countries and regions. The strong positive correlation between trade openness and
economic growth has been demonstrated in numerous empirical studies—for example, statistics
from the World Trade Organization (WTO) show a clear relationship between trade openness and
GDP growth (see Figure 1-13).% It is also worth noting that this aggregate growth linked to trade
openness includes growth in the services sector, which plays an important role in facilitating green
transitions. Secondly, increased foreign direct investment (FDI) is widely regarded as a critical
driver of rapid economic growth. FDI enhances export capacity, which in turn fosters trade
expansion, while the resulting trade prosperity further attracts additional investment—creating a
positive feedback loop that has proven fundamental to the growth trajectories of many countries.[®4
Trade and investment are also crucial channels through which many developing economies access
new technologies.[®11%]1 In the low-carbon sector, international investment and technology
collaboration can shorten local supply chain development timelines, accelerate workforce training,
and introduce advanced international production and manufacturing expertise. This can
significantly lower the barriers to low-carbon industry development in many regions and enable full
utilization of potential comparative advantages, such as labour availability, geographic location, and

2 Estimation based on the prices of solar PV modules in Europe (0.085 USD/W) and in the U.S. (0.27 USD/W) from
https://www.infolink-group.com/spot-price/, data of June 2025.

24 Comparison with the price of India-manufactured PV modules (0.15 USD/W) and that of Europe-made modules (0.085
USD/W).

2 World trade report 2022: Climate change and international trade. WT0.2022
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natural resource endowments. Such cooperation can unlock the potential of various regions in the
global low-carbon industrial value chain, optimize the efficiency of global resource allocation, and
enhance expectations for long-term global economic prosperity.
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Figure 1-13. Positive Correlation Between Trade Participation and Growth in GDP per Capita
Data Source: WTO

Accelerating international investment and technological cooperation, while tapping into
regional comparative advantages in low-carbon industries and diversifying supply chains, is
essential to enhancing the security of global low-carbon technology supply chains. A practical
pathway to achieving diversified manufacturing in the global low-carbon sector is to expand
international cooperation in technology and investment based on each region’s existing capabilities.
For example, the Hungarian government has adopted a proactive stance toward foreign investment,
offering strong incentives such as cash grants, land subsidies, and tax breaks to attract multinational
investment of leading enterprises.’”? CATL has announced plans to invest over USD 7.6 billion in
Hungary to build Europe’s largest battery manufacturing facility, which is expected to become
operational in 2025 with a projected capacity of up to 100 GWh.[**! Following CATL’s lead, KunLun
Chemicals has also chosen Hungary as the site for its battery electrolyte production project,
supplying upstream materials for the battery supply chain.[®! Cross-border investment in production
facilities and cooperation on R&D innovation from both upstream and downstream enterprises in
the industrial chain have positioned Hungary as a potential hub for battery manufacturing in Europe.
The expansion of international investment and technological cooperation can help establish a
globally coordinated, multi-location network of green production capacity. This will significantly
improve the diversity of global low-carbon technology supply chains, enhance system-wide
resilience to external shocks, and ensure long-term stability and sustainability.

Strengthening the internal momentum for low-carbon transitions across regions offers
the potential to achieve a more inclusive, equitable, and efficient global transformation—one
that fully reflects the development aspirations of all countries. Firstly, green industrial policies
have become a mainstream approach for nations seeking to balance economic growth with low-
carbon transition goals.[”’] However, such policies often face limitations in many developing
countries due to fiscal constraints, governance challenges, infrastructure gaps, and cost of capital
broadly due to risk. "'l Accelerating international investment and technological cooperation can help
bridge these shortcomings in capital and capabilities, thereby reinforcing the endogenous drivers of
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low-carbon transition. Secondly, promoting the international diffusion and localized application of
low-carbon technologies not only lowers the global barriers to green product deployment but also
accelerates the widespread adoption of critical equipment at scale. Finally, advancing green
cooperation based on comparative advantage and a win-win approach can support the creation of a
global green governance system that is not only more inclusive and equitable but also more efficient.
In this regard, strengthening adherence to a rules-based multilateral trade system is critical, as it
enhances transparency, ensures fairness in market access, provides predictability for investors, and
reduces the risk of unilateral or discriminatory measures that could fragment green value chains.
Such a system can therefore serve as an enabling foundation for scaling up low-carbon transitions
worldwide.

Summary of Trade and Investment Scenario Analysis: Expanding international
investment, trade, and technological cooperation is key to balancing economic growth,
security, and the global low-carbon transition

Maintaining the current global investment and trade landscape enables high efficiency and low
costs in the low-carbon transition. However, this approach faces growing challenges from
intensifying global trade frictions.

A shift toward localized manufacturing driven by trade protectionism would undermine
the long-term sustainability of global economic prosperity. The associated increases in cost
and efficiency losses would impose significant barriers to achieving low-carbon transition
goals. While protectionism may yield short-term benefits by fostering local industries and creating
jobs, it compromises global resource allocation efficiency, raises trade uncertainties, and suppresses
economic growth potential in the long term. Redundant construction and reliance on subsidies
increase costs, offset technological cost reductions, weaken the competitiveness of low-carbon
energy, and ultimately slow the pace of the low-carbon transition.

In contrast, a diversified manufacturing scenario enabled by international investment,
trade, technological cooperation, and adherence to a rules-based multilateral trade system
offers a viable path to balance economic growth, supply chain security, and low-carbon
transition. By expanding technological cooperation and enhancing investment coordination based
on each country’s capabilities, and channelling technology and capital toward regions with potential
comparative advantages, the global community can create jobs across regions and promote shared
prosperity. Establishing global low-carbon technology supply chains through international
investment and technological cooperation will significantly strengthen supply chain resilience.
Moreover, by fostering and enhancing internal drivers of low-carbon transition through technology
transfer and investment, this scenario supports a low-carbon transition that is inclusive, equitable,

and efficient, while fully respecting the development aspirations of all countries.

1.3 Advancing Reform of the International Financial Architecture to Support Global Climate

Action

1.3.1 International Financial Institutions Represented by Multilateral Development Banks Play a Critical

Role in Bridging the Global Climate Finance Gap

Multilateral development banks (MDBs) are continuously increasing climate finance
support for developing countries through investment loans, policy-based financing, grants,
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and other financial instruments. According to a joint report by MDBs,["? climate finance provided
by these institutions has grown steadily from 2019 to 2023, reaching a record USD 125 billion in
2023. Of'this total, USD 74.7 billion was directed to low- and middle-income countries—an increase
of USD 33.2 billion compared to 2019. Projections suggest that by 2030, MDBs will provide USD
120 billion annually in climate finance to low- and middle-income countries,™! offering a vital
source of funding for the green transition in the developing world. Despite this progress, the global
climate finance gap remains substantial each year. Studies indicate that”* the annual financing
needed for the global low-carbon transition amounts to as much as USD 6.5 trillion—equivalent to
6% to 8% of the combined GDP of emerging markets and developing economies.

1.3.2 Developing Countries Face the Dual Challenge of High Financing Costs and Heavy Debt Burdens in

Climate Finance

The dominance of loan-based financing has led to elevated borrowing costs, while the
lack of risk mitigation instruments hinders the effective mobilization of private capital into
climate finance systems. According to an OECD report,[”] although multilateral banks have
gradually increased climate-related grant funding for low-income countries and regions, the
majority of climate finance is still provided in the form of loans. As a result, financing costs in
developing countries remain high, and access to concessional or interest-free support remains
limited. A key barrier to scaling up private climate finance is the lack of effective risk
mitigation mechanisms. Cross-border guarantees have played a crucial role in mobilizing private
investment for climate-related projects. Between 2018 and 2020, 26% of private climate finance
was leveraged through guarantees.” If credit guarantee instruments were deployed at greater scale
and with improved effectiveness, it is estimated that they could unlock 6 to 25 times more climate
finance than conventional loans. Currently, most guarantee instruments are designed to mitigate
general commercial risks through debt guarantees, while targeted guarantees and equity investment
opportunities for climate-specific projects remain limited. Going forward, financial innovation will
be essential to unlocking greater volumes of private capital for climate action.

Developing countries are burdened by excessive debt, and new loans are often used
primarily for debt servicing, leaving limited fiscal space to address climate change. According
to research by the International Monetary Fund (IMF), climate-vulnerable countries are frequently
caught in a vicious cycle of high debt and unmet financing and adaptation needs.””? Under such
circumstances, conventional loans and limited grant funding are insufficient to address the root of
the problem. Innovative instruments—such as debt-for-climate swaps*—can help free up fiscal
space to some extent, but comprehensive debt restructuring remains essential to restore the debt
servicing capacity of developing countries. Developing countries also lack institutionalized fiscal
mechanisms for climate resilience. Climate change poses a serious threat to public finances in
these countries and must be fully integrated into macro-fiscal planning. The IMF has noted that
increasingly frequent extreme weather events and natural disasters are severely impacting the
economic outlook of developing nations (disaster-related losses from hurricanes, for example, once
exceeded twice the GDP of some affected island countries).[™] Adaptive expenditures and

26 According to the IMF, debt-for-climate swaps and debt-for-nature swaps seek to free up fiscal resources so that
governments can improve resilience without triggering a fiscal crisis or sacrificing spending on other development priorities.
Creditors provide debt relief in return for a government commitment to, say, decarbonize the economy, invest in climate-resilient
infrastructure, or protect biodiverse forests or reefs.

https://www.imf.org/en/Blogs/Articles/2022/12/14/swapping-debt-for-climate-or-nature-pledges-can-help-fund-resilience
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investments in climate resilience should therefore be embedded in medium-term fiscal frameworks
and public investment decisions to ensure macro-stability and debt sustainability.”

Moreover, the implementation of financing from international financial institutions faces
a number of challenges. Firstly, many borrowing countries lack robust policy frameworks. In
particular, the absence of stable, macro-consistent low-carbon development policies and supporting
regulations makes it difficult to provide long-term policy certainty for climate-related projects.
Secondly, project preparation capacity remains limited. Government agencies or local partners
in many low- and middle-income countries often lack experience in conducting feasibility studies,
developing financial models, assessing environmental and social impacts, and preparing tender
documents, making it difficult to generate project pipelines that meet international financing
standards.” The IMF and central banks, via the Network for Greening the Financial System (NGFS),
have done useful work on macroprudential risk and climate; the BIS has produced a useful risk
framework to guide private sector actors in climate risk.? Thirdly, high upfront costs and
heightened risk perception pose significant challenges. Substantial early-stage capital
expenditures and uncertainties surrounding emerging technologies result in higher risk premiums
demanded by financiers.” Fourthly, financing requirements are often complex, and there is a
lack of process transparency. International financial institutions typically impose stringent
procedures, including technical and financial due diligence, environmental and social impact
assessments (ESIA), compliance reporting, and ongoing monitoring. Fifthly, it is difficult to assess
the socio-economic benefits of projects. Inadequate monitoring and evaluation systems hinder the
quantification of benefits such as emissions reductions, employment creation, and transportation
improvement, thereby affecting investors’ ability to evaluate project value and undermining their
confidence.

1.3.3 It Is Necessary to Increase the Share of Grants and Concessional Loans by Multilateral Institutions,
Develop Blended Finance Instruments to Unlock Larger-scale Climate Capital, and Innovate National Platform

Cooperation Mechanisms

Multilateral institutions should play a greater role in debt relief and refinancing by
integrating climate considerations with debt sustainability. Countries should further increase
capital contributions and authorize MDBs to provide more grants and concessional loans. In
addition, MDBs should be encouraged to issue climate-specific bonds, such as scaling up the AIIB’s
climate bond model.* Countries can also support the development of blended finance facilities by
MDBs, leveraging limited public resources to mobilize substantial private capital. Support for
existing international climate funds should be strengthened by increasing financial contributions

and optimizing disbursement procedures to improve approval efficiency and inclusiveness for

%7 For instance, Climate Policy Initiative (CPI) notes that the “lack of bankable projects” poses a major barrier to climate
finance access in Africa. https://www.climatepolicyinitiative.org/publication/landscape-of-climate-finance-in-africa/

28 https://www.bis.org/ifc/publ/ifcb63 14 rh.pdf

% For instance, reports by the World Bank’s Energy Sector Management Assistance Program (ESMAP) and the
International Finance Corporation (IFC) highlight that although large-scale renewable energy projects like offshore wind are
technologically mature, they face substantial initial cost premiums in emerging markets, requiring concessional loans or
guarantee mechanisms to attract investment. https://www.worldbank.org/en/news/press-release/2023/09/06/concessional-climate-
finance-essential-to-catalyzing-offshore-wind-development-in-emerging-markets

3% In May 2023, the Asian Infrastructure Investment Bank (AIIB) successfully issued its inaugural Climate Adaptation Bond
under its Sustainable Development Bond Framework, with an issuance size of AUD 500 million over a 5-year term. The
proceeds are allocated to climate adaptation infrastructure projects, requiring an estimated climate adaptation finance portion of
20% or greater of the total project financing. https://www.aiib.org/en/news-events/news/2023/AIIB-Issues-First-Climate-
Adaptation-Bond-Targeting-Resilient-Infrastructure.html
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developing countries. Through risk-sharing, debt restructuring, and deferral arrangements,
the debt burden on recipient countries can be alleviated. Bilateral and multilateral partners may
employ risk-sharing instruments, such as debt guarantees and restructuring, extend repayment
periods, lower interest rates, or co-share risk with private investors to attract more private capital
inflows. In addition, the Task Force on Climate, Development and the IMF pushes for a faster and
deeper evolution of the IMF that is both development centred in its approach to climate and
embraces an investment push as a priority goal. It presents three core policy recommendations for
IMF: reform its surveillance functions, align its lending toolkit and enhance its leadership role.*!

The “National Platform” mechanism should be enhanced to help countries integrate
climate policies into national development strategies, improve their ability to attract
sustainable finance, and promote their achievement of NDC targets. As noted in the report!®”
by the Finance for Development Lab (FDL)—which provides FDL’s interpretation of the "national
platform" mechanism—developing countries can establish a "National Climate and Development
Platform" (hereinafter referred to as the "National Platform™). This platform serves as a coordination
mechanism established to mobilize domestic and international funding sources for the achievement
of shared climate and development goals. The report further proposes that future National Platforms
need to incorporate three core elements: First, political commitment to national priorities.
Climate and development must be elevated as national priorities to drive politically empowered
policy formulation and implementation. For example, the response to climate change requires
setting clear carbon-reduction targets and incorporating them into national development strategies.
Second, investment planning aligned with development pathways. Investments must be
strategically designed and allocated to ensure capital flows into projects that align with national
climate and development objectives, thereby advancing the transition to a sustainable economy and
promoting efficient resource allocation. Third, coordination of domestic and international
financial institutions to mobilize funding. Effective communication and coordination mechanisms
are needed to attract international capital while guiding domestic financial institutions to increase
support for relevant projects, ensuring sufficient funding to meet national goals.

1.3.4 It Is Essential to Actively Adpance China’s Participation in International Debt Resolution and

Climate Finance Instrument Innovation

As the largest bilateral creditor among developing countries, China should proactively
explore new models of “debt-for-development” swaps to enrich its development cooperation
practices. During the Third Belt and Road Forum for International Cooperation in 2023, China and
Egypt signed a memorandum of understanding on “debt-for-development” cooperation, aiming to
convert debt into funding support for relevant development projects in Egypt while deepening
bilateral collaboration in the field of sustainable development.¥!1 At the 2024 Forum on Global
Action for Shared Development, Chinese Foreign Minister Wang Yi stated that!®?! China is willing
to actively engage third-party and multilateral partners in carrying out “debt-for-development”
initiatives and continuously enriching development cooperation practices. During the forum, China
signed new cooperation documents with the International Federation of Red Cross and Red Crescent
Societies and jointly established a trilateral cooperation demonstration center with African countries
and United Nations agencies.

3! https://www.bu.edu/gdp/2024/10/09/imf-2030-a-transformative-action-agenda-for-achieving-climate-and-development-
goals/
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China should actively promote the development of innovative climate finance
instruments by MDBs. In recent years, China’s contribution to global climate finance has grown
significantly. At COP29, Chinese Vice Premier Ding Xuexiang publicly announced for the first time
that, since 2016, China has provided and mobilized CNY 177 billion (approximately USD 24.5
billion) in project funding for other developing countries. This has injected political momentum into
the global community and contributed to the achievement of negotiations in Baku, where a 1.3
trillion (U.S. dollar) target was set.’> Given the above argument about international comparative
advantage and trade/investment, these overseas financing also reflect the growing business case of
overseas clean tech investments as well as China’s sense of responsibility and leadership in global
climate governance. China is also playing an increasingly important shareholder role in
emerging multilateral institutions, advancing innovation in climate finance tools. China is a
key shareholder of the AIIB and the New Development Bank (NDB) of the BRICS countries. In
2023, AIIB released its first Climate Action Plan,®! which introduced new instruments such as
Climate-Focused Policy-Based Financing!®! to comprehensively align with members’ climate
transition needs.’® From 2022 to 2024, AIIB achieved its target of allocating more than 50% of
annual financing to climate-related projects for three consecutive years. In 2025, it further pledged
to double its annual financing ambition to USD 17 billion by 2030,¢) moving closer to its 2020-
2030 cumulative climate financing target of over USD 50 billion. China should further promote
the development of blended finance models by multilateral banks, encouraging AIIB, the Asian
Development Bank (ADB), and others to collaborate with the Export-Import Bank of China and the
China Development Bank to establish joint funds. These funds would combine Chinese
concessional loans and credit guarantees with international capital to enhance financing efficiency.
Additionally, under the Belt and Road Initiative, China could establish a green development special
fund to provide matching support and guarantees for green projects, thereby attracting foreign
private capital to participate in green infrastructure development.

32 “Baku to Belém Roadmap Target: Mobilizing USD 1.3 Trillion in Climate Finance by 2035”
https://unfccc.int/topics/climate-finance/workstreams/baku-to-belem-roadmap-to-13t
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Chapter 2 Medium- and Long-Term Pathways for China’s Energy
Transition and Green Low-Carbon Industrial Development

This chapter explores China’s energy system transition pathways toward the 2060 carbon
neutrality target and the medium-term goals for 2035. Through quantitative modelling and case
studies, it identifies critical milestones and challenges in energy structure adjustment, assesses the
scale of renewable energy required to support peak carbon emissions as scheduled, and evaluates
the development potential of wind and solar PV industries. It also offers recommendations for
ensuring a sustained low-carbon transition of the energy system in the medium to long term, along

with suggestions to optimize and refine the policies for China’s green industries.
2.1 Progress and Challenges in Advancing China’s Green and Low-Carbon Transition

Since the announcement of the dual-carbon goals in 2020, China has established a
comprehensive “1+N” policy framework, strengthened strategic planning and institutional
development, and used the dual-carbon targets to steer a holistic green transformation of its
economy and society. While notable progress has been made in key sectors, significant challenges

remain.

2.1.1 China Has Established the “1+IN" Policy Framework and Transitioned to Dual Controls on Total

Carbon Emissions and Intensity

Since setting its dual-carbon goals in 2020, China has established a “1+N” policy framework
characterized by central coordination and cross-sectoral collaboration. This framework, grounded
in the decomposition of strategic objectives and institutional innovation, provides systematic and
forward-looking institutional support for a comprehensive green and low-carbon transformation of
the economy and society.

A full transition from dual controls on energy consumption to dual controls on carbon
emissions has been launched. In 2023, the Central Committee for Deepening Overall Reform
adopted the Opinions on Gradually Shifting from Energy Consumption Dual Control to Carbon
Emission Dual Control. In July 2024, the Third Plenary Session of the 20th CPC Central Committee
proposed establishing a new mechanism to transition from energy consumption to carbon emission
dual control. In August 2024, the General Office of the State Council issued the Work Plan for
Accelerating the Establishment of a Carbon Emission Dual Control System, which stipulates that
during the 15" Five-Year Plan period, carbon emissions will be regulated primarily through
intensity control supplemented by total volume control; after peaking, the system will reverse to
prioritize total volume control with intensity control as a secondary measure. The plan outlines five
key areas of focus: local-level carbon assessments, industry-level carbon regulation, enterprise-level
carbon management, project-level carbon evaluations, and product carbon footprint tracking.

The national carbon market is steadily expanding, alongside continuous improvements
to the supporting standards system. In January 2024, the State Council issued the Interim
Regulations on the Administration of Carbon Emissions Trading, forming a regulatory system
centred on administrative regulations and supported by “1+N” policy measures. Key infrastructure
components—including the registration system (based in Hubei), the trading system (in Shanghai),
and the national carbon market management platform—have been completed and are operating
smoothly. Together, they enable end-to-end online management of enterprise registration, quota
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allocation, trading, and compliance, with real-time data sharing through the management platform.*”
In March 2025, China released the Work Plan for Including the Steel, Cement, and Aluminum
Smelting Industries in the National Carbon Emissions Trading Market, adding three major energy-
intensive sectors with annual emissions exceeding 3 billion metric tons—more than 20% of the
country’s total carbon emissions. In 2024, China also relaunched its Certified Voluntary Emission
Reduction (CCER) program to support projects in areas such as forest carbon sinks, renewable
energy, methane reduction, energy conservation and efficiency improvement. By the end of 2024,
the cumulative trading volume in the national carbon market reached 630 million metric tons, with
a transaction value of CNY 43.033 billion and a compliance rate of 99.5% in the first cycle.l**

2.1.2 Positive progress has been made in the green and low-carbon transformation of the economy and society

Firstly, the decarbonization of the energy structure has accelerated. In 2024, the
proportion of coal consumption for coal-fired power generation declined to 53.2%, while coal-fired
power capacity accounted for just 36% of total installed capacity.* For the first time, the share of
non-fossil energy in total energy consumption surpassed that of oil, rising to 19.7%.%

Secondly, the growth of new and renewable energy has been remarkable. By the end of
December 2024, the total installed capacity of renewable energy—including hydropower, wind
power, and solar power—had reached 1,889 gigawatts, representing a year-on-year increase of 25%
and accounting for 56% of total installed power generation capacity. This also brought China’s share
of global renewable power capacity to nearly 40%. In 2024 alone, China added 373 gigawatts of
new renewable energy capacity, making up 86% of all newly installed domestic power capacity and
64% of global new renewable energy capacity—exceeding the combined total of all other
countries.” Renewable energy generation reached 3.47 trillion kWh, up 19% year-on-year and
equivalent to nearly 35% of the country’s total electricity consumption."!

Thirdly, the development of a new power system is progressing steadily, with the
completion of the world’s largest integrated demonstration project of generation, grid, load,
and storage. Grid resilience and intelligence have been significantly enhanced: by the end of
2024, a total of 20 AC and 20 DC ultra-high-voltage (UHV) transmission projects had been built
and put into operation, with the total length of UHV transmission lines reaching 54,000 kilometres.
This has substantially boosted cross-regional transmission capacity, with interprovincial electricity
transfers totalling 2 trillion kWh, effectively easing supply-demand tensions in eastern China. Smart
meter coverage exceeded 90%,* while the hosting capacity and flexible response capability for
distributed power integration improved markedly. The scale of energy storage has grown rapidly,
significantly enhancing system flexibility: by the end of 2024, China’s installed capacity of new
energy storage exceeded 70 gigawatts, ranking first in the world; pumped-storage hydropower
capacity in operation reached 58 gigawatts.*

Fourthly, supply-side structural reform has been deepened, with key industries
accelerating emissions reduction and upgrading. In the industrial sector: in 2024, China’s energy
consumption per unit of GDP declined by 2.9% year-on-year, and CO: emissions per unit of GDP
dropped by 4%.°?1 A total of 6,430 green factories have been established,* and the world’s largest

hydrogen-based metallurgy demonstration project was completed. Green manufacturing process

33 Global Renewable Energy Installed Capacity Reaches Record High in 2024—China Contributes Over 60%,
www.cnenergynews.cn, 2025-5-29, https://www.cnenergynews.cn/news/2025/05/29/detail_20250529214106.html

3% Data Source: National Development and Reform Commission of China, State Grid Corporation of China, China Southern
Power Grid, WWW.BJX.COM.CN, Research Institute of Central China Securities

35 Data Source: National Energy Administration

3¢ Data Source: Ministry of Industry and Information Technology of China.
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upgrades have been rolled out across the steel, building materials, and petrochemical sectors, with
carbon emission intensity in these industries falling by over 51% compared to 2005 levels. China
eliminated 300 million metric tons of excess steel production capacity and retrofitted 250 million
metric tons of steel production with ultra-low emissions technology, reducing the number of steel
enterprises by approximately 20%.°4

In the building sector: green and low-carbon building standards are now implemented
nationwide across both urban and rural areas. As of the end 0f 2023, over 32.68 billion square metres
of energy-efficient buildings had been completed nationwide, covering more than 64% of existing
urban buildings. Green buildings accounted for more than 11 billion square metres, while energy-
saving and carbon-reduction retrofits of existing buildings expanded by over 200 million square
metres compared to 2023.* Building-integrated photovoltaics (BIPV) have entered large-scale
application. In northern rural areas, scattered coal use has been replaced in roughly 39 million
households.

In the transportation sector: transportation structure has been optimized. In 2024, the share
of freight moved by rail and waterway rose to 26.4%, and container rail-waterway intermodal
transport volume increased by 15.4% year-on-year.[”’] NEVs have grown rapidly, with both
production and sales exceeding 12 million units in 2024—accounting for 64% of the global total.
NEVs made up 81.2% of the national public bus fleet, and cumulative sales of battery-swapping
heavy-duty trucks reached 28,700 units,* setting a 5-year high. Supporting infrastructure has also
improved. Railway electrification rose from 52.3% in 2012 to 73.3% in 2021. By the end of 2024,
China had installed 5.21 million charging piles and 1,973 battery-swapping stations, with charging
and swapping facilities covering 98% of expressway service areas nationwide."!

2.1.3 Energy Consumption Continues to Exhibit Rigid Growth, and Meeting the 2030 NDC Target

Remains Challenging

In 2023, China’s total energy consumption reached 5.72 billion metric tons of standard coal,
representing a 5.7% year-on-year increase.” Over the first 3 years of the 14th Five-Year Plan period,
energy consumption rose by 740 million metric tons of standard coal, with coal consumption alone
increasing by 380 million metric tons. The electricity elasticity coefficient remained above 1. Based
on energy data estimates, CO, emissions increased by 1.2 billion metric tons during this period.*
Although the growth rate of carbon emissions slowed in 2024, over the first 4 years of the 14th Five-
Year Plan period, energy consumption intensity and carbon emission intensity declined by a
cumulative 11.6% (after excluding energy used as feedstock and non-fossil energy consumption)
and 9.3%, respectively.l 7 1 These reductions represent significant progress given the
underperformance of GDP growth. However, a noticeable gap remains between current carbon
emission intensity levels and the targets set in the 14th Five-Year Plan. In the first quarter of
2025, despite a 5.5% increase in electricity consumption due to end-use electrification, Al and
growing energy demand for air conditioning and electric heating, carbon emissions declined for the
first time compared to the same period of the previous year, driven by increased generation from
renewables and nuclear power. 81 Although China’s carbon emissions have entered a plateau phase,

37 Data Source: China Energy News.

3% Data Source: China Association of Automobile Manufacturers.

39 Statistical Communiqué of the People’s Republic of China on the 2023 National Economic and Social Development.

40CO2 emissions are estimated based on energy consumption data, using the following emission factors: coal- 2.66 tCO,
/tee, oil -1.73 tCO,/tece, gas-1.56 tCO,/tce.
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achieving the NDC goal of reducing carbon intensity by more than 65% from 2005 levels by 2030

remains a significant challenge.
2.1.4 Intensifying Involution Presents Challenges to the New Energy Industry

In recent years, “involution”—characterized by price wars, product homogenization, and
insufficient technological innovation—has become prevalent across multiple sectors. The
automotive industry, in particular, has seen a pronounced manifestation of this trend. In 2024, the
profit margin of China’s automotive industry was 4.3%, down 8% year-on-year; in the first quarter
of 2025, it further declined to 3.9%. With the rapid rise of NEVs, traditional internal combustion
engine (ICE) vehicle manufacturers have also joined the competition, intensifying market-wide
price wars and further squeezing profit margins. Similar dynamics are evident in sectors such as
photovoltaics, lithium batteries, and steel, where involution is widespread. These trends have not
only eroded corporate profitability but have also hindered the healthy development of entire
industries, leading to resource waste and a decline in innovation capacity.

At the same time, China’s economy faces mounting external pressures. A sluggish global
economy and weakening demand are compounded by escalating trade protection measures and
imposing investment restrictions by the U.S. and other major economies, e.g., the One Big Beautiful
Bill Act, and new technical standards introduced by the EU have raised import thresholds, e.g., the
EU’s new Battery Regulation. These developments have disrupted global supply chains, resulting
in trade barriers and investment obstacles for China’s PV and wind power industries. Coupled with
bottlenecks in core technologies and market demand fluctuations, the new energy sector has entered
a period of deep adjustment amid both internal and external pressures.

In summary, China has entered a plateau phase in carbon emissions and a critical window for
peaking, with strategic opportunities coexisting with risks and challenges. To further advance the
green and low-carbon transition and support the dual-carbon goals, it is essential to fully consider
the current challenges and difficulties in low-carbon transition, prudently formulate development-
aligned targets and measures, promote the growth of non-fossil energy, and foster the development
of green and low-carbon industries. This will provide sustained momentum for green, low-carbon,

and sustainable economic and social development.
2.2 China’s Carbon Emissions Pathway Toward Carbon Neutrality

Following the announcement of China’s Dual-Carbon goals, numerous domestic and
international institutions have conducted quantitative research on China’s low-carbon development
strategies and pathways toward carbon neutrality using decomposition models, integrated
assessment models, and other methodologies. For example, the IEA* released the Carbon Neutrality
Roadmap for China’s Energy System, which proposes a technology pathway dominated by
renewable energy. The Energy Foundation* developed carbon neutrality scenarios based on
economic growth assumptions. The Institute of Climate Change and Sustainable Development at
Tsinghua University* employed a hybrid top-down and bottom-up approach to propose long-term

4! International Energy Agency. An energy sector roadmap to carbon neutrality in China [EB/OL]. (2021-09-29) [2025-06-
20]. https://energy.pku.edu.cn/en/docs//2021-09/ed064bba55454078a5207136¢7{b8c19.pdf.

42 Energy Foundation China. China’s New Growth Pathway: From the 14th Five-Year Plan to Carbon Neutrality[R]. 2020-
12-10.

4 Jiankun He, Zheng Li, Xiliang Zhang, Hailin Wang, Wenjuan Dong, Shiyan Chang, Xunmin Ou, Siyue Guo, Zhiyu Tian,
Alun Gu, Fei Teng, Xiu Yang, Siyuan Chen, Mingtao Yao, Zhiyi Yuan, Li Zhou, Xiaofan Zhao. Comprehensive report on
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low-carbon strategies, including promoting industrial restructuring, transitioning toward a green and
circular economy, enhancing energy efficiency in end-use sectors, and advancing electrification in
power and transport. He et al.* introduced a hybrid multi-sector model to simulate and analyze
China’s transition pathway to net-zero emissions. Li et al.* constructed a long-term multi-sector
low-carbon transition pathway planning model to calculate emission reduction targets,
corresponding abatement pathways, and energy consumption across various sectors. The IPCC
facilitated a multi-model comparative analysis involving scientists from multiple countries,
exploring energy restructuring and decarbonization pathways for China under the 1.5°C target based
on the ADVANCE database.

However, overall, existing models and results exhibit two main limitations: first, most studies
focus primarily on carbon neutrality, with relatively few addressing the specific pathways for
achieving neutrality across all greenhouse gases in China; second, there is a lack of detailed,
structured carbon emission data disaggregated by sector and energy type. Therefore, this study
leverages a long-term and continuously updated energy-carbon emission model developed by the
research group to conduct scenario selection and long-term pathway calculations, thereby providing
data support for the long-term low-carbon transition pathways and policy recommendations
proposed in this research.

2.2.1 Assessment of the Long-term Carbon Emissions Pathway

China has proposed the targets of reducing carbon emissions per unit of GDP by over 65%
from 2005 levels by 2030, peaking carbon emissions before 2030, and achieving carbon neutrality
before 2060. Based on these targets and aligned with the “two-step” strategy for building a modern
socialist country, China’s long-term low-carbon transition pathway should be structured in three
progressive phases to achieve deep decarbonization, as illustrated in Figure 2-1.

(1) Carbon Emissions Peaking Phase (Present—2030):

During this phase, energy-related CO: emissions are expected to enter a plateau stage after
2025 and achieve a stable peak before 2030. By 2030, CO: emissions per unit of GDP are targeted
to decline by over 65% compared to 2005 levels, achieving an absolute decoupling of economic
growth from carbon emissions. This will ensure that, even as GDP doubles from 2020 levels by
2035, carbon emissions continue to decline steadily. This period serves as a critical transition and
strategic window during which the top-level design and implementation pathway for the carbon
neutrality strategy should be clarified as early as possible. High-quality peaking actions prior to
2030 should be comprehensively deployed, encouraging provinces, cities, regions, and high-
emissions sectors with favourable conditions to take the lead in peaking emissions. A broad societal
consensus should be built, accompanied by forward-looking planning for policies, technologies, and
funds.

(2) Deep Emissions Reduction Phase (2030-2050):

Following the carbon peak, China will accelerate full-scope greenhouse gas (GHG) reduction
efforts, striving to reduce CO: emissions by more than 80% from the peak level by 2050—down to

China's Long-Term Low-Carbon Development Strategies and Pathways[J]. Chinese Journal of Population, Resources and
Environment, 2020, 18 (4): 263-295. [2025-06-20]. https://doi.org/10.1016/j.cjpre.2021.04.004.

4 He, JK., Li, Z., Zhang, X.L., Wang, H.L., Dong, W.J., Du, E.S., Zhang, D.W., 2022. Towards carbon neutrality: a study
on China’s long-term low-carbon transition pathways and strategies. Environmental Science and Ecotechnology 9, 9. https://
doi.org/10.1016/j.ese.2021.100134.

% Li, C.X., Tian, G., Yang, Y., Liu, P., Li, Z., 2023. Long-term multi-sector low-carbon transition pathway planning based
on modified-grandfathering emission allocation method: a case study of China. J. Clean. Prod. 415, 16. https://doi.org/10.1016/j.
jelepro.2023.137774.
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approximately 2 billion metric tons—bringing per capita CO: emissions in line with global targets
of 1.0-1.5 metric tons. Emissions of non-CO> GHGs will also be significantly reduced by around
50% from their peak levels, laying a solid foundation for achieving carbon neutrality before 2060.
During this period, the urbanization process will stabilize and the economy will enter a phase of
moderate growth, with an average annual growth rate of about 3.5%. The decarbonization of the
energy mix will further accelerate, while zero-emission and negative-emission technologies will
reach large-scale deployment. Annual average GHG reductions (CO:-equivalent) are projected to
reach 400-500 million metric tons. In this phase, coordinated efforts across all sectors of the
economy will be required to advance a fair and just transition, while managing potential risks such
as stranded fossil fuel assets, job losses, and economic slowdowns associated with such a transition.

(3) Carbon Neutrality Phase (2050-2060):

This phase will focus on achieving further deep reductions in CO: emissions and accelerating
reductions in non-CO: GHGs, with the goal of realizing full carbon neutrality for all GHGs before
2060. In addition to reducing energy-related CO: emissions, full carbon neutrality for all GHGs will
require mitigation of CO: emissions from industrial processes and reductions in non-CO. GHGs. It
will also involve net-negative carbon capture volumes through carbon capture and storage (CCS)
and bioenergy with carbon capture and storage (BECCS), as well as expanding carbon sinks in the
agriculture and forestry sectors, to ensure that remaining GHG emissions are fully neutralized by

equivalent removals.
2.2.2 Model Construction

To further characterize the energy consumption and carbon emissions across sectors and
timeframes along the proposed transition pathway, the research team employed an integrated
modelling approach that combines both top-down and bottom-up methodologies. This enabled a
scenario analysis of China’s pathway to carbon neutrality from now through 2060. The model
framework is illustrated in Figure 2-1.
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Figure 2-1. Model Framework for China’s Pathway to Carbon Neutrality
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1. Top-down approach: Scenario analysis based on socio-economic and energy
development trends

The top-down model is grounded in socio-economic development trends and is used to analyze
and select feasible pathways from a macro-level perspective. Given the uncertainty in long-term
projections, this approach focuses on estimating energy consumption and carbon emissions from
2025 to 2040 and selects scenarios. The research is guided by the following key considerations:

- Primary energy consumption is the foundational guarantee for socio-economic development.
Depending on the future development pathways, three distinct growth rates—high, medium, and
low—are proposed for primary energy consumption.

- Energy mix is determined based on trends in resource availability, technological development,
and international cooperation: Firstly, oil and natural gas offer limited room for adjustment due to
China’s domestic supply capacity and the current state of international cooperation. Their future
development trends are determined based on authoritative sources such as CNPC and Sinopec.
Secondly, hydropower, nuclear power, and offshore wind power are modelled according to China’s
resource endowment and technological capabilities, with specific figures for 2025-2040 set in line
with relevant planning targets. Wind and solar power are viewed as key solutions to China’s energy
challenges and should be vigorously developed; therefore, three scenarios—high, medium, and low
growth—are established to reflect different rates of development. Coal, as a fallback energy source,
is calculated based on primary energy consumption and the contributions from other energy sources.

The research uses the following formulas:

CO,, = ) Energy,, xEF, 6]

Energyt =Energyf_1 +AEnergyt (2)

Energyt,mal = Energyt - Energyt,oil - Energyt,gﬂs - Energyl,nmy‘bssil (3)

Ene Y2Vt nonfossil =FEner; gj thydro +En efgyr,nucluear+E Rergyi solar +En ergyiwind +Energyx, offshore (4)

Where CO; represents carbon dioxide emissions, Energy denotes total primary energy
consumption, and EF refers to the emission factors for different energy types. The variable ¢
indicates the year, and i represents the energy types, including coal, oil, natural gas, and non-fossil
energy. Non-fossil energy is further disaggregated into hydropower, nuclear power, solar power,
wind power, and offshore wind power.

2. Bottom-up approach: Quantitative estimation based on sectoral service demand and
emissions reduction technologies

Building on the selected pathway for the 2025-2040 period from the top-down model and
scenarios, the bottom-up model is guided by the objective of achieving full GHG neutrality by 2060.
It conducts detailed estimations of energy consumption and CO: mitigation technologies across
sectors from 2025 to 2060. The model consists of the following sector-specific sub-models:

(1) Industry Sub-Model: Focusing on sectors such as steel, non-ferrous metals, petrochemicals,
and cement, the research team builds a bottom-up module for the industry’s low-carbon transition,
analyzes the driving factors and development trends behind emissions reductions, establishes
medium- and long-term low-carbon development pathways for this sector, and determines its energy

mix under carbon emissions trajectory constraints.
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(2) Building Sub-Model: Considering variables such as building floor area, heating energy
consumption, and building energy use, the research team constructs a bottom-up module for the
building sector’s low-carbon transition, analyzes the driving factors and development trends behind
emissions reductions, defines medium- and long-term low-carbon development pathways for the
building sector, and provides the sector’s energy mix under carbon emissions trajectory constraints.

(3) Transportation Sub-Model: Taking into account transportation service demand,
transportation structure, technology choices, and energy use structure, and incorporating sectors
such as shipping, rail, road, and aviation, the project team develops a bottom-up module for the
transportation sector’s low-carbon transition, analyzes the driving factors and development trends
behind emissions reductions, formulates medium- and long-term low-carbon development pathways
for the transportation sector, and derives the sector’s energy mix under carbon emissions trajectory
constraints.

(4) Power Sub-Model: Taking the electricity and hydrogen demand from the industry, building,
and transportation sectors as the boundary conditions, considering a wide range of generation
technologies—including renewables, coal-fired power, gas turbines, hydropower, and nuclear
power—alongside flexibility options such as various types of energy storage and demand-side
response, and incorporating the synergy of interregional power grid interconnection, a multi-
regional, long-term transition planning model is developed for generation-grid-load-storage
integration, with the objective of minimizing costs while respecting carbon emissions trajectory
constraints. It sets forth the medium- and long-term low-carbon development pathways for the

power sector and energy mix under the carbon emissions trajectory framework.
2.2.3 Scenario Selection

This study identifies the annual growth rates of total primary energy consumption and the
annual additions of wind and solar power capacity as key uncertainties. Based on macro-level
estimations from the top-down model, nine scenarios are developed. The scenario framework is
shown in the table below.

Table 2. Scenario Design

S1- S2- S3- S4- S5- S6- S7- S8- S9-
HH MH LH HM MM LM HL ML LL
Growth Rate of
Primary Rapid Mediu Slow | Rapid Mediu Slow | Rapid Medi Slow
Energy m m um
Consumption
Growth Rate of . . .. | Mediu | Mediu | Medi
Wind Power Rapid | Rapid | Rapid m m um Slow | Slow | Slow
Growth Rate of Rapid | Rapid | Rapid Mediu | Mediu | Medi Slow | Slow | Slow
Solar Power m m um

The scenario analysis results are presented in Figure 2-2. Based on medium- and long-term
GDP projections and the outcomes of the scenario analysis—and taking into account China’s
binding targets for 2030, namely reducing CO: emissions per unit of GDP by over 65% from 2005
levels and peaking carbon emissions before 2030—along with the 2035 objective of “steady decline
in emissions” and China’s stated international commitment to being a “resolute actor and key
contributor to global green development,” Scenario S5-MM is selected. This scenario assumes
medium-speed growth in both primary energy consumption and wind-solar installed capacity. It is
adopted as the target pathway for anchoring calculations in the bottom-up model.
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Figure 2-2. Annual Changes in Energy-Related Carbon Emissions (100 Million Metric Tons CO,)
2.2.4 Sectoral and Phased Carbon Emission Pathways
This study adopts Scenario S5 as the pathway through 2040 and sets full GHG neutrality by

2060 as the long-term objective to conduct a bottom-up modelling analysis. The model results are
shown in Figure 2-3.
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Figure 2-3. Structural change under the Full GHG Neutrality Scenario

The realization of this scenario hinges on a fundamental restructuring of the energy mix,
industrial structure, technological system, and infrastructure. The core pathways include:

(1) Deep Decarbonization of the Energy System: The share of non-fossil energy in primary
energy consumption must increase significantly, reaching over 80% by 2060. Wind and solar power
will evolve from supplementary sources to primary energy providers, with total installed capacity
projected to reach the scale of tens of billions of kilowatts. At the same time, nuclear power and
hydropower will continue to grow steadily, while biomass and geothermal energy will be utilized
in a more diversified manner. The power system will transition toward a high share of renewables
and enhanced flexibility, underpinned by large-scale energy storage, smart grids, and coordinated
integration of generation, grid, load, and storage systems. Under this scenario, the primary role of
coal is to ensure grid stability, support the integration of renewable energy, and safeguard
operational security of the power system during electricity supply guarantees, heating provision,
and extreme weather conditions.

(2) Clean and Efficient End-Use Energy Consumption: Achieving low-carbon energy
consumption at the end-use stage requires not only vigorous energy conservation but also an
accelerated shift from fossil energy to electricity. This entails steadily increasing the share of
electricity in primary energy consumption to create room for the rapid development of renewable
electricity. In the industrial sector, deepening supply-side structural reforms is essential. This
involves widespread adoption of advanced energy-saving technologies and equipment, steadily
increasing electrification and the use of clean energy, and deploying transformative process routes
that utilize hydrogen and biofuels as fuels or feedstocks. For processes that still rely on fossil fuels,
carbon capture and storage (CCS) should be installed. Efficiency must also be improved through
smart manufacturing and refined management using big data. Meanwhile, the circular economy
should be actively promoted to reduce the output of industrial products based on virgin resources.
In the transportation sector, the focus will be on developing compact and intelligent transportation
systems, optimizing transportation structure, and improving technological standards and energy
efficiency. The total number of vehicles should be reasonably controlled, with a cap of 600 million

units. Electrification and hydrogen adoption will accelerate, significantly displacing oil
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consumption in the transportation sector. Electrification of both passenger and freight rail, as well
as port-side ship operations, will be nearly universal. Electric vehicles will account for more than
90% of the passenger vehicle fleet. In aviation and maritime transport, biofuels and hydrogen-based
fuels will be widely adopted. In the building sector, efforts will centre on: (i) controlling the overall
scale of construction and optimizing regional distribution and architectural design; (ii) increasing
electrification of end-use energy consumption, with full electrification in urban areas and electricity-
based solutions in rural areas supplemented by efficient biomass utilization, while promoting
technologies such as BIPV; (iii) developing low-grade waste heat recovery technologies to fully
harness residual heat for space heating; and (iv) reducing overall energy consumption by improving
technological standards.

(3) Deep Reduction of Non-CO: GHGs: It is essential to enhance the monitoring, reporting,
and targeted mitigation of potent GHGs such as methane—primarily emitted from coal mining, oil
and gas systems, agricultural activities, and waste management—and nitrous oxide, which mainly
originates from agricultural fertilization and industrial processes.

(4) Scaled Deployment of Negative Emission Technologies: Large-scale implementation of
carbon capture, utilization, and storage (CCUS) technologies will be required to manage emissions
that are difficult to eliminate completely, such as those from certain industrial processes and
bioenergy use. In parallel, carbon sink capacity should be steadily enhanced through ecological
protection and restoration, sustainable forest management, soil carbon sequestration, and BECCS,
thereby contributing to the achievement of carbon neutrality.

2.3 China’s Pathways for Green and Low-carbon Industrial Development

Achieving carbon neutrality depends on coordinated efforts across industries, driving a
burgeoning green and low-carbon industrial revolution. This transformation will comprehensively
reshape the economic structure through energy supply, power generation and energy storage, end-
use substitution (industry, transportation, and buildings), energy conservation and efficiency
improvement, negative emission technologies, and technical services—accelerating into a new
engine for China’s high-quality economic growth. The investment potential for the transition toward
carbon neutrality is enormous. Research estimates indicate that China will require a total investment
of approximately CNY 140 trillion to 260 trillion (about USD 19 to 36 trillion) between 2020 and
2060 to achieve carbon neutrality.

2.3.1 New Energy Systems and Energy Storage Industry: Foundational pillars of systemic transformation

The cornerstone of achieving carbon neutrality lies in electrifying end-use consumption and
decarbonizing electricity supply. Rapid development of new energy sources—particularly wind and
solar power—alongside the construction of a new-type power system is essential. These efforts aim
to facilitate the large-scale integration of renewables into the grid and raise the electrification rate
of end-use sectors, forming the fundamental pathway for China’s energy system to meet its carbon
neutrality goal.

According to this study, by 2060, non-fossil energy sources are expected to account for more
than 80% of total energy consumption. Installed capacity for wind and solar power is projected to
exceed 10 billion kilowatts, contributing over 65% of total electricity generation. Distributed PV,
offshore wind power, and large-scale base projects offer substantial potential for further expansion.
At the same time, advanced nuclear energy—serving as a stable baseload power source—shows
strong growth prospects, with its share of primary energy expected to rise steadily in the long term
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and reach around 10% by 2050. By 2030, electricity is anticipated to account for 30% of end-use
energy consumption, with non-fossil electricity comprising approximately 54% of total electricity
generation. By 2060, electricity’s share in end-use energy consumption is projected to reach about
64%, while non-fossil electricity will contribute over 90% of total power generation. Total energy
consumption by end-use sectors is expected to decline by 20% compared to 2020, with
electrification rates reaching 55% in industry, 89% in buildings, and 44% in transportation. See

Figure 2-4 for details.
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Figure 2-4. Trends in the Structure of End-Use Energy Consumption

China is already the world’s largest producer and user of renewable energy. The advancement
of new power systems has given rise to a wide array of industries, including new energy and new-
type energy storage. Looking ahead, the development of new power systems with high-penetration
renewable energy will require overcoming challenges such as power system security and stability,
grid regulation, and limited user-side responsiveness. This will, in turn, foster the emergence of new
industrial ecosystems and technological innovations. On the generation side, grid-forming PV and
wind technologies are enabling traditional solar and wind power to provide frequency regulation
and virtual inertia. Concentrated solar power with molten salt storage and biomass power generation
offer clean primary energy-based heating and turbine-based electricity generation, which contribute
rotational inertia and ramping capability, acting as reliable energy sources when wind and solar
outputs are low. On the grid side, flexible direct current (DC) and alternating current (AC)
technologies enhance the dispatchability and large-scale optimization of flexibility resources.
Flexible DC, in particular, can deliver power to passive grids, thereby improving system reliability.
On the load side, technologies such as flexible and intelligent distribution networks, virtual power
plants, vehicle-to-grid interaction, and integrated systems for production, consumption, regulation,
and storage enhance user-grid interaction and unlock user-side flexibility. On the storage side,
electrochemical storage—including lithium-ion and flow batteries—is witnessing rapid cost
declines and deployment surges, while also spurring the growth of circular economy industries such
as battery material recycling. Pumped hydro storage continues to develop steadily as a key
regulatory resource. Long-duration storage technologies such as hydrogen and compressed air are
progressing through pilot demonstrations, enabling load shifting over daily and longer cycles. Their
long-term storage ability to maintain system operations under extended extreme conditions
significantly enhances system reliability.

It is estimated that total cumulative investment demand in the power sector from 2020 to 2060
will amount to approximately CNY 73.8 trillion, with CNY 40.73 trillion allocated to power
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generation, CNY 25.48 trillion to power grids, and CNY 7.59 trillion to energy storage. Overall,
power grids, generation, and storage account for 55%, 35%, and 10% of the total, respectively (see
Figure 2-5). Hydrogen energy is emerging as the most promising non-electric, zero-carbon, and
clean energy carrier globally. Its future development is expected to focus on: (1) hydrogen-based
transportation and synthetic fuels; (2) serving as an energy storage medium; and (3) enabling
decarbonization in hard-to-electrify sectors like industry. By 2030, hydrogen consumption demand
in end-use sectors is projected to reach 48 million metric tons, rising to 86 million metric tons by
2060, accounting for approximately 14% of end-use energy consumption, with nearly 75%
produced via electrolysis. The cumulative investment demand for hydrogen production from 2020
to 2060 is estimated at CNY 12.55 trillion, representing 12.4% of total energy sector investment.
Green hydrogen is expected to scale up starting in 2025 and dominate production after 2045, with
cumulative investment reaching CNY 10.09 trillion, accounting for about 80.4% of total hydrogen
investment. Gray hydrogen and blue hydrogen represent 12.3% and 7.3% of total hydrogen
investment, respectively (see Figure 2-6). In addition to electricity and hydrogen, energy sector
investment also includes fossil energy extraction and utilization (mainly concentrated before 2035),
as well as investment in carbon transport pipelines and DACCS, totalling approximately CNY 101

trillion.
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2.3.2 Industrial Deep Decarbonization: High-end manufacturing and technical services

Industrial Electrification and Advanced Process Equipment Manufacturing:

In the steel sector, the electrification process will prioritize the adoption of short-process
electric arc furnace steelmaking, with electrification projected to rise to nearly 45% by 2060. The
chemical industry currently has an electrification level of approximately 10%, with heavy
dependence on fossil fuels for feedstock, making electrification challenging; however, with the

promotion of electric boilers and related equipment, this figure is expected to reach 35% by 2060.
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In the building materials sector, electrification is currently around 10%; replacing coal-fired kilns
with electric kilns could push electrification to 40% by 2060. The non-ferrous metals sector already
has an electrification rate of 50%, which is anticipated to increase to 80% by 2060 with the wider
application of electric smelting technologies. In other industries such as papermaking, textiles, and
electronic information, electrification levels are expected to exceed 90%. As a result, electricity
demand from the industrial sector is projected to grow from the current 4.9 trillion kWh to 7.7
trillion kWh.

CCUS Industry Clusters: For processes that still rely on fossil fuels, industrial carbon capture
will be deployed. The full CCUS industry chain—spanning capture technologies, the development
of high-efficiency and low-energy consumption solvents and adsorbents, CO: transportation, large-
scale geological utilization and storage, mineralization, and biological utilization—is expected to
advance from demonstration projects to commercial operations. This will give rise to new business
formats such as technology solution providers, engineering service firms, and storage operators.

Green Materials and Circular Economy Industries: Demand for green materials, including low-
carbon cement, bio-based materials, recycled metals (such as electric arc furnace steel), and high-
performance recyclable plastics, is set to surge. Efficient recycling technologies and equipment for
industrial solid waste and urban mining will thrive, helping reduce dependence on and extraction of
virgin resources, lower carbon emissions in production, and cut raw material costs for enterprises.
A complete industrial chain—from collection and sorting to processing and reuse—will be
established, creating new jobs and market value, and driving the eco-industrial transformation.

This study estimates the carbon-neutrality-oriented technological investment required from
2020 to 2060 for key high-emission industrial sectors such as cement, steel, and ammonia synthesis.
The total investment demand is approximately CNY 310 million, as detailed in Table 3.

Table 3. Investment Demand of Typical Technologies in Industry (Unit: CNY 100 Million)

Period 2020-2035 | 2035-2060 Total
Alternative Fuel Cement Kiln 57.19 26.73 83.92
Cement Sixth-Stage Preheater with Precalciner 48.47 9.47 57.94
The Fourth-Generation Grate Cooler 35.81 0.09 35.90
Hydrogen Metallurgy 2526.28 2208.00 4734.28
Electric Arc Furnace Steelmaking 2552.34 404.45 2956.79
Waste Heat Recovery Technology for 4299 0.00 4299
Steel Coking Furnace Rlse.r '
Enhanced Blackbody Radiation 6.91 0.00 6.91
Technology for Heating Furnaces ) ) )
Sensible Heat Recovery Technology for
Shaft-Furnace Sintering Ore 81.88 0.00 81.88
. Hydrogen-Based Ammonia Synthesis 709.80 2967.34 3677.14
Ammoma Advanced Energy-Saving Coal
Synthesis Gasification Technology 39.05 0.00 39.05
Industry CCS Technology 50.00 18712.50 | 18762.50
Total 6185.01 24328.58 | 30513.59

2.3.3 New Energy Vebicles and Green Transportation Industry: Leading the global end-use revolution

To achieve a peak in CO- emissions from the transportation sector during the 15" Five-Year
Plan period, China will continuously increase the proportion of low-carbon vehicles and travel
modes. After peaking, emissions will continue to decline sharply by accelerating electrification and
hydrogen adoption, aiming for extremely low emissions between 2050 and 2060. Specifically:
Firstly, efforts will be made to develop compact and intelligent transportation systems to optimize
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the transportation structure, enhance technology levels, and improve energy efficiency. Secondly,
the total vehicle population will be reasonably controlled, limiting it to no more than 600 million
units. Thirdly, electrification and hydrogen adoption will accelerate, significantly displacing oil
consumption in the transportation sector. Electrification of both passenger and freight rail, as well
as port-side ship operations, will be nearly universal. By 2060, electrification rates are expected to
reach 70% and 95% in the road and rail sectors, respectively. Urban transportation will substitute
fossil fuel cars and motorcycles with increased use of rail transit, electric vehicles, and electric
bicycles. Electric vehicles are projected to account for over 90% of the passenger vehicle fleet by
2060. Electricity demand in the transportation sector is expected to rise from the current 0.2 trillion
kWh to 1.3 trillion kWh. Fourthly, in special transport modes where high electrification is
challenging—such as aviation and shipping—biofuels and hydrogen-based fuels will be widely
promoted.

China’s NEV industry chain has been continuously expanding and upgrading under the “dual-
carbon” goals and supported by industrial policies. Electrification will deepen its penetration across
multiple sectors, including passenger vehicles, commercial vehicles, ships, and construction
machinery. The industry chain extends upstream from vehicle manufacturing to core components
such as high-specific-energy power batteries, next-generation solid-state batteries, high-efficiency
drive motors, electronic control systems, and automotive-grade chips, as well as critical materials
including cathodes, anodes, separators, electrolytes, and rare-earth permanent magnet materials.
Downstream, it expands into charging and battery-swapping infrastructure—such as ultra-fast
charging, smart charging piles, and battery-swapping networks—battery recycling and reuse
(cascaded utilization and material recovery), vehicle-to-grid (V2G) interaction, and other markets
and emerging service models, forming an ultra-long and high-value closed-loop industry chain. The
integration of vehicle-to-everything (V2X) technology further enhances the industry’s added value.

The R&D and industrialization of low-carbon fuel technologies for zero-carbon shipping and
aviation will promote the development of vessels powered by liquefied natural gas (LNG), methanol,
ammonia, hydrogen, and other low- and zero-carbon fuels, as well as corresponding refuelling
infrastructure. The R&D, production, and application of electric vertical takeoff and landing
(eVTOL) vehicles and sustainable aviation fuels (SAF) will create new industry tracks.

This study incorporates low- and zero-carbon technological measures in the transportation
sector—including light and heavy road transport, aviation, and refuelling infrastructure—as well as
relevant management policies such as freight transfer from road to rail and water. The total estimated
investment demand from 2020 to 2060 is approximately CNY 36.3 trillion, with CNY 13.5 trillion
and CNY 22.8 trillion allocated for 2020-2035 and 2035-2060, respectively (see Table 4).

Table 4. Investment Demand in the Transportation Sector (Unit: CNY Trillion)

Period 2020-2035 | 2035-2060 Total
Electric Vehicles 9.56 14.44 24.00
Road Fuel Cell Vehicles 0.75 1.65 2.40
Transport Charging Piles and Stations 0.34 1.79 2.13
Hydrogen Refuelling Stations 0.57 0.87 1.44
Aviation Hydrogen-Powered Aircraft 0.00 0.28 0.28
Transport
Rail Road-to-Rail Transfer
Transport Measures 150 2.50 4.00
Water Road-to-Water Transfer 0.75 125 200
Transport Measures
Total 13.47 22.78 36.25

40



2.3.4 Building Energy Efficiency and Electrification Enbancenment

In the building sector, energy consumption primarily supports heating, cooling, cooking,
lighting, domestic hot water, and other household appliances. To meet the dual-carbon targets, it is
essential to accelerate building energy conservation and electrification by promoting electric
cooking appliances and the use of high-efficiency and energy-saving electrical devices. By 2060,
electrification rates are expected to exceed 65% in heating, hot water, and cooking, while lighting,
domestic hot water, and other household appliances are projected to achieve near 100%
electrification. Beyond electrification, the building sector can achieve energy savings and emissions
reductions through other green and low-carbon technologies. Measures include improving building
envelopes and materials, developing passive house technologies, and reducing energy consumption
per unit area to realize green buildings. Low-carbon building heating will be achieved through high-
efficiency heat pumps and distributed energy systems. Electricity demand in the building sector is
expected to rise from the current 2.1 trillion kWh to 5.5 trillion kWh.

Driven by the construction of ultra-low and near-zero energy consumption buildings, as well
as the demand for energy-efficient retrofits of existing buildings, the market for materials,
equipment and integrated services of high-performance insulation materials, energy-saving doors
and windows, high-efficiency air conditioning and heat pump systems, industrial waste heat
recovery for regional heating, energy-efficient electric cooking appliances, distributed energy for
low-carbon building heating and BIPV, is expected to expand significantly.

This study estimates the investment demand in the building sector from 2020 to 2060, with the
scope and results detailed in Table 5. The total investment demand is approximately CNY 25.5
trillion. Investments in improving building envelope performance account for roughly one-third of
the total, with about two-thirds of this allocated to new construction. As the scale of new
construction declines and retrofit demand grows, the share of envelope performance investment
dedicated to new buildings is expected to fall continuously, below one-third by 2060. Investments
in heating, ventilation, and air conditioning (HVAC) system upgrades represent about 60% of the
total. Currently, investments in PV-Storage-DC-Flexibility (PSDF) buildings constitute a small
share but are projected to grow rapidly, reaching nearly 10% of total investment by 2060.
Approximately 40% of these investments are expected to occur before 2035.

Table 5. Investment Demand in the Building Sector (Unit: CNY Trillion)

Period 2020-2035 2035-2060 Total
Building Envelope Performance Improvement 3.80 53 9.1
HVAC System Upgrades (Residential Buildings) 6.2 8.3 14.6
PSDF Buildings 0.09 1.7 1.8
Total 10.1 15.3 25.5
2.3.5 Other Industries

- Energy Conservation and Efficiency Improvement Industry: This sector represents the
core pathway for optimizing existing capacity. There is strong demand for advanced energy-
saving technologies such as high-efficiency motors, waste heat and pressure recovery, and smart
energy management, alongside green low-carbon process innovations including hydrogen
metallurgy and CCUS, as well as energy-efficient building retrofits featuring ultra-low energy
consumption buildings and green construction materials. Digital and intelligent enabling
technologies, such as industrial internet and smart buildings based on the Internet of Things, big

data, and artificial intelligence, exhibit significant potential to enhance system energy efficiency.
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This industry provides technical pathways and market opportunities for the green transformation of
traditional high-energy-consuming sectors, generating investment demand for green technological
upgrades. It also fosters the growth of specialized professional services such as energy conservation
consulting, energy auditing, and energy management contracting (EMC), thereby improving
resource efficiency and cost competitiveness across the economy and becoming a high-tech-
intensive, asset-light growth point in the modern service sector.

- Negative Emission Technology Industry: It addresses the “last mile” to carbon
neutrality. CCUS and direct air capture (DAC) technologies are transitioning from demonstration
to commercialization, poised for explosive growth and the formation of a full-chain industry.
Specialized forestry carbon sink operations activate ecological product value, while carbon sink
monitoring and trading services drive the emergence of new business formats of carbon asset
development and management. These technologies serve as bottom-line solutions, promoting
innovation in high-temperature heat pumps and adsorbent materials.

- Green and Low-Carbon Technology Services Industry: It is the intellectual backbone
and value hub. Currently at the initial stage of achieving the dual-carbon goals, high-quality green
and low-carbon development cannot be realized without technical consulting services. The green
and low-carbon technology services industry encompasses carbon consulting, carbon asset
management, green finance, ESG consulting, green certification, and low-carbon technology
incubation and trading. With the deepening of the national carbon market, surging corporate carbon
accounting demands, and the mainstreaming of ESG investment, this field is set for explosive
growth. It provides essential knowledge, capital, and risk management tools to support green and
low-carbon transition, facilitating deep integration among technology, capital, and industry.
Elevating the capability of modern services is a vital component of the soft power underpinning a

green economy.
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Chapter 3 Analysis of Pathways for Gender Mainstreaming in Climate

Change

3.1 Under the Evolving Global Climate Governance Landscape, Gender Issues Face
Heightened Risks of Marginalization, With Women Potentially Experiencing Amplified Climate-

induced Vulnerabilities

Firstly, under the current complex geopolitical and economic context, countries often prioritize
short-term energy security and economic growth over longer-term climate mitigation and adaptation
goals. This tendency risks further sidelining gender equality issues within the climate agenda. On
one hand, policy-making processes frequently lack gender-sensitive impact assessments that
account for the different needs and vulnerabilities of women and groups in vulnerable situations.
For example, due to rigid gender roles, women bear greater responsibilities for household energy
needs such as heating and cooking, exposing them to higher health risks when access to clean energy
lags. Women are also more vulnerable to natural disasters, severe weather events, and climate
change due to rigid gender roles, limited access to resources, and structural inequalities. Female-
headed households are often particularly affected, as they tend to experience income impacts from
rising temperatures more acutely than male-headed households.! Despite women’s heightened risks
from climate change, women’s participation and leadership in climate-related decision making
remain limited.

Secondly, structural biases exist in the allocation of climate finance. Globally, only 0.01% of
climate funding is dedicated to projects that simultaneously address climate change and promote
gender equality, highlighting a significant financing gap.®” Given the higher priority often assigned
to economic growth and the marginalization of climate issues, funding tends to flow toward large
infrastructure projects. This trend further diminishes the already scarce financing available for
gender-sensitive climate adaptation initiatives. This, in turn, limits women’s access to climate
finance, technologies, and capacity-building opportunities, and exacerbates gender inequalities

while undermining the effectiveness of climate action.

3.2 the Implementation of Gender Equality Mechanisms Continues to Lag Behind in Global

Climate Governance

Countries’ attention to gender mainstreaming within climate governance has steadily increased.
By 2024, over 110 countries had appointed national gender and climate change focal points,
marking an increase since 2022, while 95% of countries’ National Adaptation Plans (NAPs)
explicitly reference gender issues. Furthermore, according to the latest comprehensive report on
NDCs published in 2024, 81.5% of Parties provided gender-related information within their
NDCs.['1 However, only 34% integrated gender considerations into energy-related emission
reduction measures under their NDCs.['l Although these figures represent slight improvements
from 79% and 33% in 2023, respectively, a significant gap remains between global commitments
and the actual implementation of gender-sensitive policies.!%
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Over the past decade, the proportion of women representatives in climate negotiations has
remained largely steady between 30% and 40%, showing no significant progress. In 2023, women
accounted for 38% of participants in the institutional bodies of the UNFCCC, a slight decline from
39% in 2022. At COP29 in 2024, women constituted only 10.3% of attending world leaders, a
decrease compared to COP28. This reflects a persistent gender imbalance in climate negotiations
and a serious underrepresentation of women at the highest levels of climate decision making.['%3!

3.3 Promoting a Just Transition in China and Enhancing Green Employment Opportunities

for Women

In recent years, China has made significant progress in advancing a just transition. In
April 2025, President Xi Jinping emphasized a “people-centered” approach to just transition during
the virtual Leaders Meeting on Climate and Just Transition.['™] The central government has
established dedicated funds to support clean energy project investments, employment retraining,
and social security enhancements in coal-producing regions.['®] The importance of gender equality
is reflected within existing policy frameworks*.

Despite progress, women’s employment benefits in the green transition lag behind those
of men. Between 2022 and 2023, large-scale photovoltaic enterprises in China’s new energy sector
experienced substantial growth in workforce numbers, yet the increase was disproportionately male.
Similar to many other industries, core roles in engineering and research and development are
predominantly held by men, while women are more concentrated in functions such as administration,
marketing and human resources—roles that generally offer lower salaries and higher risks of
unemployment.['%l Therefore, there is a need for targeted actions to expand opportunities for women
and close the gender gaps in green employment opportunities.

3.4 Advancing Gender Equality in Green and Just Transitions in Developing Countries

Developing countries face greater dual pressures of economic development and green
transition. Limited access to financing, technology, and policy support compound these challenges,
and gender inequalities are particularly pronounced in this process. Women in many developing
countries experience intersecting disadvantages, including lower levels of education, restricted
access to resources and decision making, and socio-economic constraints that limit their
participation in local climate action. The economic structures of these countries tend to be relatively
singular, with overall employment opportunities and wage levels constrained. Consequently,
women are more likely to be excluded from higher-value economic activities, including in green
industry, and become trapped in a cycle of low-skilled, low-income employment, exacerbating
gender inequalities.

In recent years, as international climate conventions and aid programs increasingly incorporate
gender equality into their climate cooperation frameworks, developing countries have begun to
recognize the importance of gender considerations in energy and climate change, so as to support
just transitions in energy substitution, climate investment and financing, and green low-carbon

supply chains. Efforts include the formulation and implementation of gender equality policies and

6 The 14th Five-Year Plan emphasizes gender equality and the necessity of promoting women’s participation in economic
and social development. The Outline for Women’s Development in China (2021 - 2030) also proposes providing diversified
vocational training programs for women, especially creating more career opportunities in high-tech industries and strategic
emerging sectors.
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legislation, the provision of green industry education and training for women, and enabling female
entrepreneurs’ access to financing, technical support, and market access opportunities.”

Gender equality is a fundamental prerequisite for promoting sustainable development and
achieving social equity, especially in the context of climate change mitigation and environmental
governance. As such, it is essential to ensure women'’s full participation in climate change response
and adaptation efforts. Based on the above analysis, the following policy recommendations are
proposed:

Firstly, efforts should be made to further promote and implement gender equality within
multilateral climate governance frameworks, enhancing cooperation on multilateral platforms to
support countries in increasing women'’s participation and benefits in climate and green transition
fields. This includes leveraging transnational technology cooperation, funding support, and
capacity-building projects to encourage countries—particularly developing ones—to integrate
gender equality with climate change and energy transition agendas, thereby improving women’s
capabilities and skills in new energy and green technologies.*** Emphasis should be placed on the
role of multilateral platforms of China and Global South countries, such as the Belt and Road
Initiative and the Shanghai Cooperation Organization, leading and fostering international
cooperation on climate finance, capacity building, and training. Gender considerations should be
incorporated into overseas green investment, aid, and training programs to promote gender equality
and sustainable development in local communities.

Secondly, China and the EU can jointly advance gender equality and just transitions in
third-party countries. Since 2020, China-EU climate dialogues have increasingly addressed just
transitions, focusing on issues such as gender equality and equitable green employment. Both sides
could integrate gender equality as a criterion in climate finance directed to developing countries,
promoting increased green financial support targeted at women entrepreneurs; introduce gender-
sensitive technical training programs from their respective green industry transitions to developing
countries to enhance local women’s technical skills and adaptive capacities; and issue joint guidance
on the social impacts of overseas investments, promoting comprehensive social impact
assessments—incorporating gender analysis and gender mainstreaming—in overseas green
investment and aid projects.

Thirdly, China should integrate inclusive climate actions supporting women’s
development into its low-carbon transition policies,'"” thereby achieving climate goals while
fostering economic growth, sustainable development, and women’s empowerment. This
includes establishing dedicated green technology training programs to equip female workers with

47 For example, the nonprofit organization Solar Sister provides off-grid electricity and clean cooking solutions to
underserved communities in Sub-Saharan Africa while creating employment opportunities for local women. In 2023, Indonesia
established the Nusantara Fund, a local climate finance initiative that directly supports local communities and offers increased
training opportunities for rural women.

48 The AIIB has upgraded its gender-inclusive financing framework in recent years. In 2025, through a partnership with
Keppel, it mobilized USD 1.5 billion to fund renewable energy and digital infrastructure projects across the Asia-Pacific region.
Notably, 30% of these funds are allocated to women-led SMEs, enhancing their participation in green energy industrial chains
while providing more actionable solutions for climate change adaptation and mitigation.

4 The United Nations Environment Programme (UNEP) and UN Women jointly launched and implemented the

“EmPower: Women for Climate-Resilient Societies” initiative in 2018 to promote gender equality in climate change response
and disaster risk reduction across the Asia-Pacific region. This program has achieved significant practical outcomes in countries
such as Bangladesh, Cambodia, Vietnam, the Philippines, and Indonesia. It has created new livelihood opportunities for
vulnerable groups, reduced emissions through renewable energy solutions, and galvanized intergovernmental commitments to
adopt gender-inclusive policies and actions throughout the region, with plans to further expand the initiative in its next phase.
Multilateral institutions are employing a combined approach of financing, capacity building, and policy advocacy to elevate
gender equality from a peripheral issue to a central leverage point in climate action, ensuring that women obtain equal rights and
benefits in climate change responses.
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the latest green skills, with targeted occupational transition reskilling for women in traditional
industries; developing and promoting online training platforms offering flexible learning modes to
ensure women unable to participate full-time can complete courses; supporting rural women in
applying renewable energy technologies in agricultural activities and advancing community green
transitions; and providing enhanced social protection for women affected by the transition to ensure
stability during the adjustment period.
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Chapter 4 Policy Recommendations

During the 15 Five-Year Plan period, China will achieve peak carbon emissions. More
importantly, China will advance a comprehensive green transformation of its economic and social
development, laying the industrial, technological, and institutional foundations for emissions
reduction following the peak. Currently, green and low-carbon technologies and industries have
become among the most crucial drivers of economic growth both in China and globally. However,
shifting geopolitical dynamics have undermined mutual trust among countries, with the broadening
of security concerns, trade disputes, and distributional conflicts intertwining with the green and low-
carbon transition, thereby increasing the complexity of climate issues. Therefore, it is imperative to
resolutely address climate change, establish interactive mechanisms between targets and actions,
and send positive signals for green and low-carbon transition; uphold multilateralism, strengthen
policy coordination with trade partners, further lead the global direction of green industries, and
promote shared global benefits from green development.

4.1 Strengthen Confidence in Climate Governance and Green Transition, Uphold Global
Multilateral Climate Cooperation With The United Nations Framework Convention on Climate
Change (UNFCCC) and Its Paris Agreement as the Main Channels, Explore Innovative Practices,

and Foster New Joint Leadership to Ensure the Success of COP30

Firstly, efforts should be made to promote the formation of joint leadership on climate issues
by working closely with all countries to fully implement the Paris Agreement and subsequent
international agreements, consolidate multilateral cooperation mechanisms, help achieve
breakthrough progress at COP30, and bring climate issues back to the national mainstream political
agendas. It is recommended that China, together with the EU, the UK, Norway, Brazil, and other
major developing countries, should rapidly establish dialogue mechanisms and engage in multi-
level, forward-looking dialogues across leaderships, working-level officials, experts, scholars, and
NGOs. Promote pragmatic cooperation and action under the established bilateral cooperation
framework. It is encouraged to actively participate in the COP30 Circle of Finance Ministers and
related mechanisms to advance the implementation of the “Baku to Belém Roadmap” climate
financing goals.

Secondly, countries should strengthen policy coordination to promote the synergy of multiple
goals, including climate, environment, security, and prosperity, and support international
cooperation in technologies and industries with the potential for multi-objective synergy such as
renewable energy, energy storage, artificial intelligence, and big data.

Thirdly, continue advancing climate goals and actions to inject greater support into
multilateralism; formulate clear and ambitious emission reduction targets, send clear signals to the
market, stabilize investment expectations, define the boundaries and scale of carbon markets, clarify
the pathways and pace of transition, and facilitate the concentration of capital, technology, and
resources in low-carbon sectors.

Fourthly, it is necessary to summarize best practices in the climate sector, including low-
carbon industrial development, industrial decarbonization, zero-carbon parks, and ecological carbon
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sinks, and actively engage in exchanges and cooperation with countries—especially the vast number

of Global South nations—across technology, industry, and policy levels to share experiences.
Fifthly, we should further promote and implement gender equality in the multilateral

framework for climate governance, and advance China-EU cooperation to jointly promote gender

equality and just transition in third countries.

Box 4-1: Potential Opportunities for China-EU Cooperation

China and the EU can foster synergistic effects among diverse policy goals—including
energy security, economic growth, air quality improvement, and climate change mitigation—by
cooperating in the following key areas, thereby promoting win-win partnership opportunities:

(1) Methane Regulation. Building on China’s strengthened methane management in coal
mines and discussions on EU regulations, methane oversight should be enhanced across oil and
gas, waste and landfill, and agricultural sectors. It is recommended to establish a joint working
group to share emission reduction experiences, progress, and policy recommendations, and to
convey critical global commitments and actions to COP30.

(2) Carbon Pricing and Emissions Trading Systems. China-EU experience in emissions
trading scheme (ETS) and the clean development mechanism (CDM) should be drawn on to
improve carbon market efficiency and effectiveness. Carbon price floors and carbon credit
trading mechanisms should be explored, addressing technical issues under Article 6 of the Paris
Agreement (e.g., additionality testing).

(3) Third-Country Cooperation. Joint China-EU investments in grids, renewable energy,
electric vehicles, and just transition initiatives should be leveraged to support green development
and value addition in developing countries (e.g., Africa and Southeast Asia), promote synergy
between the EU’s Global Gateway strategy and China’s green Belt and Road Initiative, while
enhancing cooperation with MDBs.

(4) Policies For Key Industries and Sectors. Industries such as power (transitioning to
new power systems through renewable energy development and power system reform), steel,
cement, chemical and petrochemical industries, transportation (electric vehicles), construction,
and urban infrastructure.

(5) Trade And Reciprocal FDI. Encourage more FDI to complement direct trade in a view
to accelerate deployment of green technologies all over the world to balance political economy
with win-win deals. Explore fair trade and investment arrangements to address technology
transfer and local embeddedness and value creation, starting from technical exchanges between
working groups.

(6) Climate Action Finance. MDBs, the private sector, financial regulators, and institutions
should be mobilized to prioritize areas and projects of innovation, reform, and transformation. It
is essential to strengthen green finance taxonomies, climate-related financial disclosures, and
coordination among development banks such as the European Investment Bank (EIB), AIIB, and
NDB, and promote cooperation among central banks on climate stress testing, risk frameworks,
and management of stranded assets.

(7) Stronger Support for Multilateral Institutions (such as the International Maritime
Organization, MDBs, and the G20). Fair governance in energy transition and critical raw
materials should be advanced, such as reforming governance structures, establishing blended
finance pilots, standardizing green standards while providing transition support, and promoting
supply chain transparency and equitable benefit-sharing for resource-producing countries,
involving economies including China, the EU, the UK, India, Brazil, and South Africa, to address
global governance fragmentation.

(8) Subnational Cooperation. It is essential to foster partnerships at the local level to share
benefits, values, and expertise, contributing actively to global sustainable development.

(9) Enhanced Dialogue and Exchange. Track 1, 1.5, and track 2 channels should be
utilized to conduct other policy dialogues and coordination. China-EU benchmark consensus
should be facilitated to promote alignment between NDCs and economic development based on
shared interests.
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4.2 The Green and Low-carbon Industry Has Become One of the Key Drivers of China’s
Economic and Social Development. This Strategic Direction Should Be Further Clarified to
Support a Comprehensive Green Transition in Both the Energy Sector and the Broader Economy

and Society, and to Promote Green and Sustainable Growth.

Firstly, in the next 5 to 10 years, efforts should focus on maintaining the momentum of wind
and solar power development, striving to achieve a combined installed wind and solar capacity of
above 3,000 gigawatts by the end of the 1 5% Five-Year Plan period, with utilization rates maintained
above 95% and wind and solar power accounting for 33% - 38% of total electricity generation. The
proportion of wind and solar energy in power generation should be further expanded through a
combination of centralized and distributed approaches, supported by multi-energy complementary
coordination. On the grid side, reforms should be intensified to address key bottlenecks, such as
distribution network expansion, microgrid interconnection focusing on industrial and commercial
users, and connectivity of long-distance cross-regional transmission and dispatch. Strengthening the
formation, dispatch, and allocation of diverse energy storage resources on the grid side is also
essential. On the demand side, priority should be given to promoting interaction and integration
between the power grid and energy storage, virtual power plants, and key electricity-consuming
equipment in the electrification of sectors such as industry, transportation, and buildings.
Macroeconomic and industrial policies should be leveraged in a targeted manner to stimulate and
expand demand for green electricity, thereby driving the growth of green electricity through robust
market demand. A full-chain integration across generation, grid, load, storage and consumption
should be pursued on both the supply and demand sides to increase the share of renewable energy
in electricity generation and consumption.

Secondly, during the current policy cycle of macroeconomic expansion, it is essential to
maintain coordination and alignment among proactive fiscal and financial policies, green and low-
carbon industrial policies, energy security policies, and environmental and climate policies, with a
focus on targeted and effective implementation. At the core is the direction of transformation and
upgrading driven by China’s and the world’s green and low-carbon goals, as well as the
development of digitalization and artificial intelligence—and their integration. In these new
frontiers of new quality productive forces and vast untapped market demand, the top priority should
be to develop and expand demand in both domestic and international markets, accelerating the shift
in growth drivers. Ambitious targets should be set to guide market expectations, supported by policy
tools such as long-term government bonds, government interest subsidies, loan guarantees,
preferential green and transition finance, insurance, and carbon pricing. Policies should focus on
supporting investments that stimulate green demand and cultivating, with precision, those
technologies and industrial sectors that are expected to exhibit relatively mature techno-economic
performance and strong potential in supply and market demand development over the next 5 to 10
years. Priority areas of support may include but are not limited to: improving energy efficiency and
strengthening energy conservation through digitalization, artificial intelligence, and the large-scale
renewal of equipment and trade-in of consumer goods, closely linked with the new wave of urban
regeneration; and advancing the development of new power systems based on a high share of non-
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fossil energy sources such as wind, solar, nuclear, and hydropower, along with supporting
infrastructure such as distribution networks, microgrids, energy storage, virtual power plants, and
electrification of major economic sectors (the integration and interaction of electricity-consuming
equipment in transportation, industry, and buildings with the power grid).

Third, promote the transformation and upgrading of high-emission and traditional industries.
Accelerate the development of a new power system and the pace of “building the new before phasing
out the old,” promote a just transition for coal, and gradually reduce coal consumption during the
15" Five-Year Plan period. This includes avoiding a net increase in coal power capacity, especially
reducing coal dependence in sectors such as power and industry, stabilizing existing capacity,
replacing incremental demand with alternatives, and facilitating early retirement of outdated and
inefficient coal-fired power units (with qualified units retained as a strategic reserve) while ensuring
a just transition. China should also support green transformation in hard-to-abate sectors such as
steel, cement, chemicals, shipping, heavy-duty road transport, and heating by promoting
digitalization and smart upgrades; attract patient and long-term capital to provide market incentives
for green steel, electric heavy-duty trucks, green methanol, industrial heat pumps, and CCS
technologies.

Fourthly, optimize the market structure and industrial organization of green and low-carbon
sectors to address the issue of excessive internal competition and effectively resolve the short-term
imbalance caused by oversupply. This should be achieved by tapping into medium- and long-term
demand potential and making full use of existing production capacity to restore supply-demand
equilibrium. During the 15" Five-Year Plan period, the proactive role of the government should be
leveraged in optimizing market structure and industrial organization, with a particular focus on
curbing predatory pricing. Market entry thresholds should be raised by evaluating enterprises based
on their scale, professional and technical qualifications, intellectual property ownership, corporate
governance, product and service quality, market reputation and expert assessments, investment and
financing performance and capacity, and R&D expenditure. Intellectual property protection
measures should be strengthened. Local governments should adopt a proper view of political
performance and investment attraction, promote differentiated and innovation-driven investment,
and assess their achievements in incremental development based on the utilization of comparative
advantages. The central government should enhance overall coordination of national industrial
planning and spatial layout, and provide stronger guidance on the investment planning of local
government projects. Market-based approaches, such as capital operations, should be appropriately
employed to consolidate and scale up the green and low-carbon industries, thereby enhancing their
overall international competitiveness. In the process of optimizing market structure, attention should
also be given to the orderly liquidation and restructuring of assets and liabilities of merged or
bankrupt enterprises, as well as the proper resettlement of laid-off workers.

Fifthly, advance technological breakthroughs in low-carbon technologies. China should
strengthen the top-level design of the carbon neutrality technology framework and formulate a mid-
to long-term science and technology innovation roadmap focused on carbon neutrality. It should

LR N1

prioritize key areas such as “new energy systems,” “zero-carbon industrial processes,” fostering
interdisciplinary integration, whole-industry-chain breakthroughs, and comprehensive third-party
evaluations. Negative abatement costs technologies in solar PV, onshore wind power, and electric
vehicles are expected to contribute over half of the emission reduction potential by 2035, with

enormous investment prospects—estimates suggest China will need to invest approximately RMB
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140 trillion to 260 trillion (about USD 19 to 36 trillion) between 2020 and 2060. Leveraging major
national science and technology projects and key R&D programs, breakthroughs in key core
technologies should be pursued to drive technology development and industrial application. Early
strategic deployment of disruptive technologies should be promoted by establishing forward-
looking technology forecasting systems, implementing technology-neutral policies and risk-sharing
mechanisms, creating public-private partnership funds, and encouraging enterprises and social
capital to increase R&D investment. Further support should also be given to leveraging the driving
role of sci-tech innovation by both state-owned and private enterprises based on market demand and
policy incentives.

Sixthly, it is suggested that China incorporate inclusive climate actions supporting women's
development into its low-carbon transition policies, so as to achieve climate goals while promoting

economic development, sustainable growth, and women's development.

4.3 Continuously Improve the Dual-carbon Institutional Framework to Establish a Solid

Foundation for Emissions Reduction After the Carbon Peaking

During the 15" Five-Year Plan period, the implementation of the dual control system for
carbon emissions—providing clear policy guidance on the path and pace of society-wide low-
carbon transition—is a crucial institutional support for China to achieve its carbon peak target on
schedule, fulfill international commitments, simultaneously advance carbon-reduction, pollution
control, green expansion, and economic growth, and achieve high-quality development.

Firstly, China should improve the legal and regulatory framework related to dual-carbon and
climate issues. It should ensure that relevant laws such as the Environmental Code, Renewable
Energy Law, Energy Conservation Law and Electricity Law are revised and enacted in alignment
with the needs of green low-carbon transition and climate change mitigation. Foundational systems
such as carbon data statistics and accounting, information disclosure, certification, and accreditation
should be codified into law. At the same time, China should promote the formulation of dedicated
legislation on climate change and carbon neutrality, and advance the coordinated formulation and
revision of related laws and regulations to lay a solid legal foundation for relevant policy and
institutional reforms.

Secondly, China should use total carbon emission control as a key measure to drive the green
and low-carbon transition of the economy and society during the 15" Five-Year Plan period. In
accordance with the deployment outlined in the “Work Plan for Accelerating the Establishment of
a Dual Control System for Carbon Emission,” adhere to a unified national approach, balance
fairness and efficiency, scientifically allocate total carbon emission targets, and establish a carbon
budget management system. Establish a "National Carbon Emission Accounting Framework" to
unify the accounting boundaries and methodologies across five dimensions: regions, industries,
enterprises, projects, and products. This ensures that the carbon emission standard system and data
system are understandable and referable under different regulatory authorities, policy instruments,
industries, and accounting purposes, thereby providing assurance for total carbon emission control.
China should make full use of market mechanisms by setting up cross-provincial emission reduction
credit deduction and transfer systems to provide flexibility for local development. Explore a pilot
innovative mechanism of total carbon emission control. For example, Shenzhen’s carbon peak pilot
implementation plan introduces the concept of “green equity sharing for enclaves,” whereby non-
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fossil energy bases developed in other provinces or cities have their emission reductions shared
proportionally between the two locations and directly credited to Shenzhen’s emission reduction
achievements.

Third, further strengthen the carbon market development and optimize resource
allocation. During the 15% Five-Year Plan period, expand the sector coverage of the carbon market
by mandating inclusion of industries such as chemicals, petrochemicals, paper manufacturing, and
aviation. Broaden the scope of voluntary emission reduction methodologies to accelerate large-scale
deployment of wind power and solar PV and support technologies and activities that ensure
emission reductions are real, credible, and measurable. For industries with emissions levelling off,
develop allowance allocation plans based on total emission control requirements. Promote the
establishment of a paid allocation mechanism for carbon allowances, with revenues used to reduce
the green premium of low-carbon transition technologies. Gradually develop the carbon pricing
mechanism constrained by total carbon volume to send clear market signals and guide social capital
to support carbon-reduction actions.

Fourth, promote the establishment of a green fiscal and taxation system. Introduce a
dedicated “dual-carbon” category in the government revenue and expenditure classification catalog;
further strengthen tax incentives for green and low-carbon industries while gradually phasing out
subsidies for high-carbon sectors; guide the use of public funds—including government bonds,
transfer payments, and budgetary investments—to support green industry development and the
specialized upgrading of traditional industries, preventing carbon lock-in, and enhance project
reserves to regulate fund usage processes; empower local governments to strengthen their capacity
to implement climate goals; for areas requiring social capital involvement, establish government-
led guidance funds to play a positive catalytic role; based on corporate carbon ratings and other
indicators, provide incentives such as rewards, subsidies, and preferential government procurement
for low-carbon innovative and leading enterprises; continue to increase subsidies for green
consumption and improve the government’s green procurement system; quantify losses caused by
climate disasters and transition risks, and incorporate climate change risks into macro fiscal and
financial policy considerations.

Fifth, coordinate and advance power market reforms while establishing a new concept of
green energy security. Accelerate the development of a power spot market and capacity
compensation mechanisms adapted to a high penetration of renewable energy, improve access and
trading rules, open the capacity market to new power entities such as energy storage, virtual power
plants, and electricity-consuming entities of electrified equipment on the demand side that interacts
and integrates with the grid (including large industrial electricity-consuming equipment, industrial
and residential building heat pumps, road and off-road transportation vehicles, and construction
machinery), and formulate flexible peak-shaving incentive policies. Design an incremental cost-
sharing mechanism among power generation companies, grid operators, and end-users, and
gradually promote real-time pricing mechanisms through pilots to respond to peak-valley
fluctuations, guiding end-users to actively shift loads and fill valleys, thereby enhancing system
flexibility and resource allocation efficiency. At the same time, a new green and low-carbon security
concept should be established—one that integrates ecological environmental improvement, green
energy security, and sustainable economic growth.

52



4.4 China Should Promote the Liberalization and Facilitation of Trade and Investment in Low-
carbon Products, Build a More Inclusive Supply Chain Partnership for Global Energy Transition,

and Support the Achievement of the Global Triple-renewable Energy Target and Green Transition

It is important to recognize that green and low-carbon investment and trade are key drivers of
the new wave of global growth. Efforts should focus on advancing the liberalization and facilitation
of trade and investment in green and low-carbon products, while establishing an open, inclusive,
and mutually beneficial global supply chain cooperation network for new energy to continuously
reduce the cost of green transition.

Firstly, actively promote China’s experience in the rapid development of low-carbon
industries on multilateral platforms, and drive the replication and expansion of related models in the
Global South. Leverage large-scale markets, a full-chain manufacturing ecosystem, well-developed
infrastructure, abundant engineering and technical talent reserves, and appropriate industrial policy
frameworks to further reduce costs and improve efficiency of new energy equipment, thereby
expanding its deployment.

Secondly, encourage China’s green industries to transition from a traditional export-oriented
“goods trade” model toward an “investment and factory-building” model based on industrial chain
collaboration by accelerating overseas investment in manufacturing facilities, technology
cooperation, mutual standard recognition and localized operations. It is recommended to adjust
development assessment metrics from territorially-based GDP statistics to nationality-based GNP
accounting, placing greater emphasis on the overseas earnings of Chinese enterprises and capital.

Thirdly, China should deepen third-party cooperation to support green transitions in
developing countries and share the benefits of green free trade. For example, joint investments by
China and Europe in power grids, renewable energy, electric vehicles, and just transitions can help
developing countries establish local green industrial systems and move up the value chain in green
industries. In critical minerals development, fair and reasonable benefit-sharing mechanisms should
be established to promote coordinated development among resource extraction, local industrial
upgrading, and ecological protection.

Fourth, promote the establishment of a sustainable trade system for soft commodities.
Establish an inter-ministerial coordination mechanism for managing green value chains of soft
commodities. Establish a joint ministerial mechanism for China—Brazil and other relevant countries
to coordinate policies and practices in green value chains of soft commodities. Support the private
sector and local governments to take the lead in green supply chain cooperation, facilitating
enterprises and local governments to sign sustainable agricultural product procurement agreements
with key producers and exporting provinces/states such as Brazil and Indonesia. Curb illegal
deforestation associated with imported soft commodities and implement zero-illegal-deforestation

traceability for imported timber.
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4.5 Actively Participate in Global Financial Architecture Reforms to Help Build a More
Inclusive and Effective Climate Finance System, Supporting Climate Transition and Green Growth

in Developing Countries

To catalyze the international financial architecture’s alignment with global climate action,
China needs to more proactively engage in global governance processes, strengthen coordination
with the international community, and help address the fundamental demands of various countries,
especially developing economies, in climate and development finance.

Firstly, China should encourage financial institutions and enterprises to actively engage with
relevant investment and financing projects, share experiences with developing countries in areas
such as climate and development goal decomposition, policy coordination, and investment guidance,
and support developing countries in establishing planning and investment platforms aligned with
their climate and development strategies.

Secondly, China should accelerate the practice of “debt-for-green development” and “debt-
for-climate” swaps and expand its climate cooperation models. It should promote the establishment
of “debt swap” working mechanisms, standardized operational procedures and comprehensive
solutions by relevant ministries such as the Ministry of Commerce and the China International
Development Cooperation Agency, along with financial institutions. Clear linkage mechanisms
between debt relief and green project investments should be defined, while strengthening
coordination with debtor countries, multilateral institutions, and third-party partners to enhance
project transparency and impact evaluation. Accelerating the implementation of the China-Egypt
“debt-for-development” cooperation is also a priority.

Thirdly, as a major shareholder, promote the Asian Infrastructure Investment Bank (AIIB) and
the New Development Bank (NDB) to scale up climate finance and apply innovative climate
financing instruments tailored to the needs and capabilities of Global South countries. Inject more
concessional climate financing into developing countries and apply innovative climate finance tools
tailored to the needs of Global South countries to mitigate risks and guide private capital to
accelerate flows toward green projects.

Fourthly, China should constructively engage in international initiatives related to climate
investment and finance governance, such as the London Coalition on Sustainable Sovereign Debt
and the Coalition of Finance Ministers for Climate Action. China should also incorporate enhanced
international climate aid and investment financing into the Global Development Initiative, the Belt
and Road Initiative, among others, promoting mainstreaming of these issues within BRICS, the G20,
MDBs, and regional cooperation platforms such as RECP.
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