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1

1
China’s energy transformation: 

Experiences and outlook
Ligang Song and Yixiao Zhou

The Chinese economy experienced several major transformations following rural 
reforms in the late 1970s. They include the rise of township and village enterprises 
in the 1980s, the expansion of the private sector in the decades that followed and, 
importantly, China’s energy transformation: a broad move towards a cleaner, low-
carbon and innovation-driven economy, underpinned by significant energy sector 
reform  and  investment. This has become a central pillar of China’s next stage of 
development and a key driver of its growing global influence.

Historically, China’s rapid industrialisation and urbanisation were supported by a heavy 
reliance on fossil fuels, particularly coal. In 2010, coal accounted for more than 70 per 
cent of China’s total energy consumption, making the country the largest producer 
and consumer of coal as well as the world’s top carbon emitter (IEA 2022). As the 
world’s largest energy consumer and emitter, China has responded to international 
calls for climate action by adopting an ambitious national strategy. The commitment 
to reach carbon peak before 2030 and carbon neutrality before 2060 has catalysed 
a sweeping overhaul of its energy system. Yet, this transformation is not limited to 
decarbonisation. It embodies a broader structural reorientation from fossil fuel reliance 
to diversified energy supply, from scale expansion to quality upgrading and from 
addressing energy scarcity to enhancing energy efficiency and security. At the same 
time, China’s energy  transition is tightly intertwined with its digital transformation, 
as the rollout of smart grids, intelligent transport systems and low-carbon industrial 
platforms reinforces the complementarities between green and digital technologies.

Since 2010, China has made remarkable progress in its clean energy transition. It has 
built the world’s largest green electricity system and launched the largest national 
carbon emissions trading market. The share of non-fossil sources in the country’s 
installed power capacity continues to grow steadily, supported by the rapid deployment 
of solar photovoltaics, wind power, electric vehicles (EVs) and energy storage systems. 
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This has taken place at a pace and scale unmatched globally. For example, the share of 
Chinese-made EVs in new EV sales globally rose from less than 10 per cent in 2010 to 
more than 60 per cent in 2024. Likewise, China’s share of global renewable electricity 
capacity increased from less than 20 per cent in 2010 to more than 40 per cent by 2024, 
highlighting its expanding leadership in global clean energy infrastructure (Figure 1.1).

This energy transformation has profound implications for the rest of the world as well. 
Chinese firms now play a central role in the global production and export of green 
technologies. They are leading participants in key segments such as solar panels, wind 
turbines, lithium-ion batteries and EV components, serving as critical suppliers within 
the global clean energy value chain. By 2021, China’s share in all the manufacturing 
stages of solar panels (such as polysilicon, ingots, wafers, cells and modules) exceeded 
80 per cent (IEA 2022). In the meantime, China has expanded its green infrastructure 
footprint abroad, particularly in developing and emerging economies, through initiatives 
such as the Belt and Road Initiative (BRI). These developments have contributed to 
significant reductions in the global cost of renewable energy technologies and have 
provided crucial support for countries seeking to improve energy access and accelerate 
their own transitions to low-carbon energy systems.

Figure 1.1: China’s share in global renewable energy capacity and EV sales,  
2010–24 (per cent)
Notes: ‘EV’ includes both battery electric vehicles and plug-in hybrid electric vehicles. Renewable 
capacity share refers to China’s share of total global installed renewable electricity generation 
capacity.
Sources: Authors’ construction from data in CEIC Database (www.ceicdata.com/en) and 
International Energy Agency (www.iea.org/data-and-statistics).

http://www.ceicdata.com/en
http://www.iea.org/data-and-statistics
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China’s growing role in green energy is unfolding amid an increasingly complex 
global environment marked by geopolitical tensions and shifts in trade policy. What 
was once viewed primarily as a technical and economic transition is now increasingly 
shaped by broader strategic considerations. Several advanced economies are pursuing 
policies aimed at strengthening domestic clean energy industries, including efforts to 
re-establish manufacturing bases, implement export controls and introduce tighter 
regulations on foreign investment. These trends raise concerns about the potential 
fragmentation of global supply chains, limitations on technological exchange and a 
weakening of multilateral cooperation at a time when collective action is critical to 
advance the global energy transition.

Despite these challenges, China’s energy transformation provides a valuable example 
of how coordinated policy efforts, targeted innovation and sustained industrial 
development can support progress towards decarbonisation. This experience also 
highlights the important contribution that developing countries can make to the 
evolution of global energy governance, provided that international cooperation 
frameworks remain accessible, balanced and sufficiently supported by financial and 
technical resources.

In this overview, we will explore China’s energy transformation by examining its 
domestic achievements, the industrial and technological foundations of the transition 
and the country’s expanding role in the global green economy. It also considers the 
challenges arising from shifting geopolitical dynamics and outlines strategic directions 
for deepening international cooperation in the years ahead.

Achievements and structural shifts
China’s energy transformation has delivered major structural changes in both energy 
production and energy consumption. Through large-scale investments, long-term 
planning and ambitious policy targets, China is shifting away from coal dominance 
towards a more diverse and cleaner energy mix.

By the end of 2024, China’s installed capacity for non-fossil energy sources—
including wind, solar, hydro, nuclear and biomass—had surpassed 1.8 billion kilowatts 
(1.8 terawatts), making up more than 56 per cent of the country’s total installed power 
generation capacity (State Council 2025). This shift is also visible in power consumption 
patterns: non-fossil sources accounted for about 40 per cent of electricity consumed in 
2023. At the same time, more than 80 per cent of public buses now run on new energy, 
reflecting growing electrification in the transport sector. The EV market has expanded 
rapidly, with the share of EVs in total new car sales rising from less than 5 per cent 
in 2020 to more than 45 per cent in 2023, supported by industrial policy and strong 
domestic demand.
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Figure 1.2: Trends in coal and renewable energy shares of China’s primary energy 
consumption, 2010–23 (per cent)
Source: Authors’ construction using 2024 data from the Energy Institute (www.energyinst.org/
statistical-review/resources-and-data-downloads).

China’s primary energy structure is also becoming cleaner. The share of coal in 
total primary energy consumption dropped to 55.3 per cent in 2023—more than 
12  percentage points lower than a decade earlier. In contrast, clean energy sources 
made up 16.2 per cent of primary energy consumption—up from 7.6 per cent in 2010 
(Figure 1.2). Energy efficiency has improved significantly as well. Between 2006 and 
2023, energy consumption per unit of GDP decreased by 43.8 per cent, indicating that 
economic growth has become less dependent on energy use.

China now operates the largest green electricity system in the world and has launched 
a national carbon Emissions Trading System, which is currently the largest by volume 
of emissions covered. This market-based approach is expected to play a growing role 
in promoting emission reductions. Together, these outcomes show that China’s energy 
system is moving towards being cleaner, more efficient and increasingly electrified.

http://www.energyinst.org/statistical-review/resources-and-data-downloads
http://www.energyinst.org/statistical-review/resources-and-data-downloads
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Drivers of the energy transition
China’s energy transformation is closely tied to its domestic technological and industrial 
capabilities. Over the past decade, an extensive ecosystem of low-carbon technologies 
has developed in the economy. Sustained public investment and growing manufacturing 
scale have enabled rapid deployment of renewable energy across the economy and laid 
the foundation for structural decarbonisation.

At the centre of this transformation are three strategic sectors often referred to as 
the ‘new trio’ or ‘new three’: solar photovoltaic manufacturing, lithium-ion battery 
production and EVs. These industries have benefited from early public policy support 
and increasing technological sophistication. Additionally, the rapid cost declines in 
wind and solar energy reflect China’s industrial capability. Between 2013 and 2023, 
the average cost of producing wind turbines and solar panels fell by 60 and 80 per cent, 
respectively, largely due to improvements in manufacturing efficiency, supply chain 
coordination and localised innovation. This cost efficiency is also reflected in China’s 
consistently lower installed cost of onshore wind power compared with the global 
average over the past two decades (Figure 1.3).

Figure 1.3: Trends in global and Chinese onshore wind installation costs
Source: Zhang et al. (2024).

Policy frameworks have played an instrumental role in scaling up this technological 
progress. China has made clear commitments to renewable energy and carbon 
neutrality, setting ambitious targets that accelerate demand for advanced energy storage 
solutions. It aims to achieve the peak of carbon dioxide emissions by 2030 and carbon 
neutrality by 2060. To achieve these goals, the Chinese Government has introduced a 
comprehensive set of policies, including national renewable energy targets, mandatory 
integration requirements for energy storage in new projects, subsidies for clean energy 
technologies and preferential taxes and credits for renewable energy firms (Afshan 
et al. 2024). In addition, regulatory support such as grid priority access for renewables, 
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renewable portfolio standards and capacity auctions has helped to guide investment 
and coordinate industrial upgrading. These measures are complemented by innovation-
driven initiatives embedded in successive five-year plans, which promote sector-wide 
alignment across electricity, transport and digital infrastructure systems.

China in the global green economy
China’s energy transformation is not only reshaping its domestic landscape but 
also has far-reaching influence on the global green economy. Through large-scale 
implementation of renewable technologies, leadership in clean energy manufacturing 
and active international engagement, China has become a central player in global 
efforts to accelerate the transition to low-carbon energy systems.

Leadership in green manufacturing and export capacity

China has emerged as the world’s largest producer and exporter of core green technologies. 
As of 2023, it accounted for more than 80 per cent of global photovoltaic (PV) module 
production and 70 per cent of wind power equipment, with exports reaching more than 
200 countries and regions (State Council 2024). This is reflected in Figure 1.4, which 
shows that China’s solar PV export volume tripled between 2017 and 2023. At the same 
time, the average export price of PV modules has steadily declined, falling from more than 
US$0.35 per watt in 2017 to below US$0.15 per watt by early 2024.

Figure 1.4: Solar PV export volumes
Source: Authors’ construction using data from EMBER Energy (ember-energy.org/data/).

http://ember-energy.org/data/
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Figure 1.5: Installed energy storage capacity by country
Source: Authors’ construction using data from the Energy Institute  
(www.energyinst.org/statistical-review).

These contributions have made renewable energy technologies more accessible and 
affordable worldwide, particularly benefiting emerging and developing economies 
seeking to expand electricity access. In 2023, China led global renewable energy 
employment, with 7.4 million jobs, or 46 per cent of the global total, highlighting the 
country’s role in anchoring the industrial base for the green transition (IRENA 2024).

Beyond its export volume, China’s prominence in global supply chains is increasingly 
accompanied by its influence in shaping international standards, especially in energy 
storage, battery manufacturing and solar technology. With a 48.6 per cent share of 
the global energy storage market in 2023, and domestic storage capacity reaching 
27.1 gigawatts (GW), China is now able to help define global norms and technical 
specifications in this fast-evolving sector (Figure 1.5).

The projection that China’s cumulative new energy storage capacity could reach 
between 221 gigawatts and 300 gigawatts by 2030 indicates even stronger growth in 
the sector over the coming years (Yang 2025). As technologies become increasingly 
commercialised and scale-driven cost reductions persist, China is well positioned to 
remain a leading supplier of next-generation low-carbon solutions, ranging from grid-
scale batteries and smart inverters to electric mobility platforms.

http://www.energyinst.org/statistical-review
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Enabling the global energy transition

Beyond manufacturing, China is actively shaping green infrastructure development 
across developing countries. Through initiatives such as the BRI and bilateral 
energy cooperation agreements, Chinese enterprises have constructed landmark 
renewable projects, including solar parks, wind farms and hydro plants, in more than 
100  countries. For example, Chinese companies installed a record 24 gigawatts of 
energy capacity in BRI countries in 2024, doubling the installations recorded in 2023 
(Asian Business Review 2024). These efforts have extended access to clean energy in 
countries such as Cuba, Ghana, Burkina Faso and Pakistan, where Chinese firms have 
financed, constructed and operate major solar and energy storage projects. In Cuba, for 
instance, China is assisting with the construction of more than 20 new solar farms as 
part of the country’s plan to add more than 1,000 megawatts of solar capacity in 2025 
(Reuters 2025). In Pakistan, a 20.7-megawatt energy storage battery system is under 
development with the support of Chinese supplier CATL. This project is expected to 
help address grid reliability and meet peak electricity demand (Jilani 2025).

China’s growing leadership is increasingly evident in its innovation across integrated 
energy systems. The country has demonstrated how to effectively combine renewable 
energy generation with grid infrastructure, digital technologies and electrified end-
use applications. Its strategic development of EVs, lithium-ion batteries and solar PV 
illustrates a successful model of building a vertically integrated and export-oriented 
green industrial ecosystem. These industries now form core components of China’s 
external trade and play a vital role in supporting the global transition to low-carbon 
energy systems.

A platform for global cooperation

Given the scientific consensus that global greenhouse gas (GHG) emissions must peak 
before 2025 and decline by 43 per cent by 2030 to limit global warming to 1.5ºC (IPCC 
2022), China has consistently positioned itself as a partner for international cooperation 
on climate action. It has eliminated foreign investment restrictions in most energy sectors 
(except nuclear) and actively participates in global green energy governance (Reuters 
2020). China’s support for South–South cooperation, including technology transfer and 
training initiatives, reflects its broader commitment to inclusive energy development. 
Research has shown that China plays a significant role in transferring clean energy 
technologies to developing countries, especially across sub-Saharan Africa, where Chinese 
firms have supported solar, hydro and grid electrification projects under concessional 
finance and turn-key infrastructure arrangements (Urban 2018). These initiatives are 
often implemented in collaboration with local governments and aim to address both 
energy access and capacity-building objectives. Importantly, China’s model of technology 
transfer places emphasis not only on hardware delivery, but also on training, institutional 
support and technical knowledge-sharing. This integrated approach enhances recipient 
countries’ ability to maintain and adapt clean energy systems independently, offering an 
alternative to traditional North–South development paradigms.
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Headwinds and geopolitical challenges
China’s rise as a central player in the global green energy economy has coincided with 
mounting geopolitical tensions and structural challenges that threaten to fragment 
the international energy landscape. While clean energy development was once largely 
framed as a technical and economic issue, it has increasingly become enmeshed in 
strategic competition, trade disputes and questions of industrial policy.

At the heart of these tensions lies a growing wave of trade protectionism and 
deglobalisation. Several advanced economies have introduced policies to re-shore 
clean energy manufacturing and reduce reliance on foreign suppliers, particularly in 
technology-intensive sectors such as solar PV, wind turbines and battery production. 
In response to domestic political pressures and concerns about supply chain resilience, 
some countries have imposed tariffs, introduced subsidy schemes with localisation 
requirements and tightened controls on outbound investment and technology transfers. 
A prominent example is the European Union’s decision in June 2024 to impose 
countervailing duties on imports of battery electric vehicles from China. Provisional 
duties ranging from 17.4 per cent to 38.1 per cent were levied on selected Chinese 
manufacturers (EC 2024). In parallel, the United States has escalated trade restrictions 
targeting China’s green technology exports. In 2024, the US Government imposed 
steep tariffs on Chinese-made EVs, batteries, solar cells and critical minerals as part of 
a broader strategy to counter what it described as ‘unfair trade practices’ and bolster 
domestic clean energy manufacturing capacity (Sevastopulo and White 2024). These 
measures have significantly reshaped the competitive dynamics of the global renewable 
energy sector, disrupting the global supply chains that have historically underpinned 
rapid technology diffusion and cost reductions in the clean energy sector.

Beyond trade tensions, rising restrictions on cross-border research and development 
(R&D) collaboration and the tightening of intellectual property protections are also 
beginning to constrain the pace of global clean energy innovation. Technological 
advancement in renewables relies heavily on open channels for knowledge exchange, 
cross-border partnerships and shared standards. However, increasing geopolitical 
frictions, particularly between major innovation hubs such as the United States and 
China, have contributed to the fragmentation of global research ecosystems. According 
to recent studies, technological decoupling between the world’s two largest economies 
could significantly reduce innovation efficiency, limit spillover benefits and raise the 
costs of technology development globally (Jinji and Ozawa 2024; Tyers and Zhou 
2024). These dynamics are especially concerning in emerging fields such as grid-scale 
energy storage and green hydrogen, where international collaboration remains critical 
to scaling deployment and reducing costs.
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Policy outlook for energy transformation
China’s energy transformation stands at a pivotal moment. Having achieved remarkable 
progress in decarbonising its power system and advancing renewable technologies, the 
strategic challenge now lies in ensuring that this momentum contributes meaningfully 
to a broader global energy transition. As the largest producer and installer of clean 
energy technologies, China’s decisions will shape not only its own energy future but 
also the development trajectories of emerging economies and the stability of global 
energy markets.

As the global green transition accelerates, China faces both new responsibilities and 
new opportunities. Building on its domestic achievements in clean energy deployment 
and industrial upgrading, China is now positioned to help reshape the international 
landscape of sustainable trade and low-carbon development. To achieve this, a strategic 
pivot towards proactive, rules-based cooperation and institutional innovation will 
be essential.

A priority is to formulate sustainable trade policies and optimise the structure of green 
product exports. China’s global leadership in solar panels, wind turbines and battery 
technologies provides an opportunity to support energy transitions in other countries, 
particularly in the Global South. At the same time, it must diversify the composition of 
green exports beyond hardware to include digital energy services, low-carbon logistics 
and integrated system solutions. This would enable more value-added participation in 
global green value chains and reduce vulnerability to trade concentration risks.

To manage the growing complexity of global energy politics, China must also deepen 
multilateral, bilateral and regional cooperation frameworks. Engagement through 
platforms such as the G20, BRICS (Brazil, Russia, India, China and South Africa), 
the Association of Southeast Asian Nations Plus 3 (ASEAN+3) and the Regional 
Comprehensive Economic Partnership (RCEP) will be essential to safeguard 
open markets, align regulatory standards and ensure fair access to emerging green 
technologies. Strengthened diplomatic and institutional efforts will also support 
cooperation and coordination among major global economies, particularly on issues 
such as carbon border adjustments, energy security and sustainable supply chains. 
As noted by Song and Agarwal (2023), China’s evolving role as a leading trading nation 
places it in a pivotal position to help revitalise multilateral institutions and promote 
more inclusive, rules-based global governance, particularly in areas where trade, climate 
and development agendas intersect.

Domestically, further progress in advancing low-carbon regulations and aligning them 
with international norms will enhance China’s credibility as a partner in global climate 
governance. This involves strengthening emission accounting systems, developing 
carbon footprint methodologies and continuing the expansion of China’s national 
Emissions Trading System. Transparent and robust regulatory alignment will not only 
support climate goals but also help ease trade frictions and facilitate the flow of low-
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carbon goods and services. As part of this broader effort, China can also expand its 
imports of green products and promote market diversification. By actively sourcing 
high-efficiency technologies and sustainable inputs from abroad, China can accelerate 
domestic decarbonisation while mitigating trade tensions with key partners. A more 
diversified and internationally integrated green trade structure will strengthen economic 
resilience and reduce exposure to geopolitical risks.

A coordinated global transition will require China to strengthen international cooperation 
across green industrial value chains, finance and standards. This includes supporting 
collaborative research, joint standard setting and coordinated investment in upstream 
materials, logistics and recycling systems—all of which are essential for scaling next-
generation technologies such as hydrogen, carbon capture and energy storage. China 
should deepen cooperation in green finance by expanding its leadership in green bonds, 
climate-related disclosure standards and blended finance mechanisms. Aligning domestic 
financial initiatives with global taxonomies and participating in cross-border finance 
platforms will help mobilise capital for green infrastructure, particularly in developing 
countries. In parallel, China can take a leading role in promoting international mutual 
recognition of green product certification and labelling. Harmonising standards with 
key export destinations would reduce compliance costs, facilitate trade and strengthen 
the credibility of Chinese green exports. Mutual recognition frameworks can also build 
consumer trust and lower barriers to entry for firms operating across jurisdictions, 
further supporting the integration of global low-carbon trade.

In the context of global development, China should continue to promote South–South 
cooperation for the joint development of sustainable trade. This includes sharing best 
practices, supporting infrastructure investment and building production capacity in 
low-income countries. Initiatives under the BRI framework can be further aligned 
with green development goals to ensure they deliver long-term sustainability benefits. 
In addition, strengthening capacity-building for sustainable trade and promoting 
coordinated development should remain long-term priorities. China can play a key 
role by supporting technical training, data-sharing initiatives and policy dialogue with 
partner countries, thereby enabling more inclusive participation in green globalisation. 
Coordinated development strategies that integrate trade, climate and development 
objectives will be essential to achieving a just and effective global energy transition.

Together, these efforts form the basis for a comprehensive international strategy 
that matches China’s domestic progress in green transformation. By aligning trade, 
regulation, finance and diplomacy with sustainability objectives, China can help shape a 
global economic architecture that supports low-carbon growth, technological inclusion 
and shared prosperity.
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Structure of the book
In this volume, the authors explore the developments in China’s energy transition 
and thus help provide a holistic view of this issue. The book also covers some of 
the macroeconomic issues, such as fiscal sustainability from rising debt at the local 
government level, internal and external imbalances in national savings, new patterns of 
economic growth, trade and global value chains (GVCs) and agricultural development.

In Chapter 2, Wang, Li and Kong present an integrated framework to assess China’s 
energy transition towards carbon neutrality, emphasising its economic, environmental 
and public health impacts, as well as international spillover effects. They argue that 
China’s dual carbon goals—carbon peaking by 2030 and neutrality by 2060—require 
systemic shifts in energy production and consumption. The study introduces a two-
module integrated assessment model combining macroeconomic, energy, pollution 
and health submodels, allowing multidimensional evaluation under different policy 
scenarios: a current policy scenario (CPS) and an enhanced action scenario (EAS).

Their findings suggest that the energy transition can decouple economic growth from 
emissions, significantly reduce emissions of carbon dioxide and non–carbon dioxide 
GHGs and generate substantial health co-benefits. Under the EAS, non-fossil energy 
could account for 82 per cent of total consumption by 2060, while cumulative net 
social benefits may exceed US$24.8 trillion. Export-driven spillovers from photovoltaic 
and wind technologies are projected to cut more than 185 gigatonnes of carbon dioxide 
globally by 2060. Despite high upfront costs, the long-term gains—including emission 
reductions, better air quality and avoided deaths—justify sustained investment. The 
authors urge policymakers to strengthen low-carbon pathways, enhance international 
cooperation and develop holistic strategies to maximise both the domestic and the 
global benefits of China’s green transition.

Chapter 3 explores China’s transition to a renewable electricity system in pursuit of 
its dual carbon goals. The authors, Yin, Liu and Wang, find that the primary hurdle is 
no longer the production of renewable energy but the integration of its intermittent 
supply—especially wind and solar—into a historically centralised, fossil-fuel–based 
grid. It is suggested that strategies could target three domains: supply, demand and 
distribution. On the supply side, energy storage technologies (especially lithium-ion 
batteries and hydrogen storage) and hydrogen-based fuels are critical for smoothing out 
generation volatility. On the demand side, smart microgrids, demand-side response, 
EV integration and virtual power plants enable localised energy balancing and better 
renewable utilisation. On the distribution side, infrastructure flexibility, digitalisation 
and power market reforms (for example, spot markets, green electricity trading) aim to 
enhance grid responsiveness. Policy efforts include a focus on improving grid capacity, 
system flexibility and renewable consumption rates. The authors conclude that China’s 
energy transition hinges on systemic coordination, digital intelligence and market 
innovation to absorb growing renewable output while ensuring security, economic 
efficiency and environmental sustainability.
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In Chapter 4, Zhao, Sun, Zhang and Deng examine mechanisms for inter-industry 
collaboration to support China’s energy transformation, focusing on the integration 
of renewable energy in the transport and heating sectors. The first case study explores 
photovoltaic energy storage charging stations (PV–ES–CS) and analyses their economic 
and environmental benefits across various building types in Beijing. The findings show 
that hospitals offer the highest return on investment and carbon emission reductions 
due to consistent electricity demand that matches solar generation profiles, while 
residences perform the worst. The study confirms that integrated PV–ES–CS systems 
outperform stand-alone components in both efficiency and sustainability.

The second case study models the decarbonisation of Beijing’s heating system under 
three scenarios: business as usual, electricity substitution and synergistic development 
(SD). The SD scenario uses combined heat and power (CHP) retrofitted with 
renewable energy and heat pumps and achieves 100 per cent renewable energy supply 
for electricity and heating by 2050, eliminating fossil fuel use and carbon dioxide 
emissions. Although the SD scenario has the highest investment cost, it provides the 
best environmental performance, reducing emissions by more than 10 megatonnes 
through the export of excess renewable electricity. The study concludes that future 
system costs will be driven more by renewable infrastructure investment than by fossil 
fuel costs. Their policy recommendations include integrated planning, location-based 
incentives for PV–ES–CS and differentiated subsidies to enhance system value and 
accelerate the energy transition.

In Chapter 5 of the book, Li, Pham, Wang and Yang examine the dramatic rise of China’s 
EV industry, which is now the largest globally by production and sales. Supported 
by strong government policy, China surpassed 12 million EVs produced in 2024, 
representing 65 per cent of global EV sales. Major manufacturers such as BYD, NIO 
and Geely have driven innovation and international expansion, with BYD emerging 
as the global leader. China’s advantages lie in vertically integrated supply chains, 
dominance in battery production and cost efficiencies supported by widespread use of 
lithium iron phosphate (LFP) batteries. Charging infrastructure has rapidly expanded 
as well, with more than 2.7 million public charging stations across the country by 2023.

However, regional disparities remain, particularly in rural areas. Policy tools, including 
the Dual Credit Policy, financial subsidies, tax exemptions and non-financial incentives 
(such as licence plate privileges), were critical in scaling adoption. Local industrial 
policies fostered supply chain localisation and competition.

The authors find that, despite success, challenges include global trade barriers, 
technology bottlenecks (for example, battery performance, recycling) and uneven 
infrastructure. Rising international tariffs and the European Union’s Carbon Border 
Adjustment Mechanism pose additional risks. Looking forward, integrating EVs into 
energy systems, developing global standards and ensuring equitable access will be key. 
The chapter calls for targeted policy reforms to maintain momentum while addressing 
emerging economic, technological and social challenges.
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Zhang in Chapter 6 analyses the European Union’s imposition of countervailing duties 
on Chinese-made EVs based on concerns about unfair subsidies and market distortion. 
It is revealed that China’s rapid EV export growth, driven by subsidies, industrial 
policy and scale advantages, has triggered trade tensions with the European Union 
and the United States. The European Union launched an anti-subsidy investigation in 
2023, culminating in definitive duties being applied in October 2024, ranging from 
7.8 per cent to 35.3 per cent depending on the manufacturer. China has disputed the 
findings, appealing to the World Trade Organization (WTO) and exploring negotiated 
solutions, including minimum pricing.

The European Union remains open to compromise, balancing industrial protection 
with climate goals. However, complexities in enforcing minimum pricing—due to 
product diversity and past failures with solar panels—make resolution difficult. Chinese 
automakers are responding by investing in overseas production, though challenges such 
as local content rules, technology transfer demands and geopolitical risks persist.

The chapter concludes that while tariffs may protect EU industries in the short term, 
they risk hindering the green transition and consumer access to affordable EVs. A hybrid 
solution—combining tariffs and price commitments—may offer a pragmatic path 
forward. The evolving geopolitical landscape, including potential shifts under the Trump 
presidency, could further influence the trajectory of EU–China EV trade relations.

China’s green finance system has evolved significantly over the past decade to support 
its dual carbon goals. The system, rooted in a top-down governance model, includes 
green credit, bonds, insurance and a national carbon market. Green loans reached 
RMB36.6 trillion in 2024, while green bond issuance totalled more than US$120 billion. 
Despite progress, challenges remain, including limited private sector participation, 
greenwashing risks and underdeveloped environmental, social and governance (ESG) 
disclosure standards.

Yue and Nedopil in Chapter 7 focus on China’s green finance system including green 
credit, bonds, insurance and a national carbon market. Internationally, China promotes 
green finance through the BRI, aligning with global standards via partnerships such as 
the China–EU Common Ground Taxonomy (CGT) and leadership roles in the G20 
and the International Platform on Sustainable Finance (IPSF).

Future priorities include enhancing disclosure, integrating climate risk into financial 
regulation and leveraging digital tools such as blockchain. However, China’s simultaneous 
expansion of fossil fuel infrastructure raises questions about the consistency of its green 
finance agenda. The authors call for further research into the effectiveness of China’s 
green finance in achieving real emission reductions and its replicability as a global model.

In Chapter 8, Stern explores whether China is on track to peak its carbon emissions 
by 2030, as pledged under the Paris Agreement. By comparing data from 2019 (pre-
pandemic) and 2023 (post-pandemic reopening), the analysis reveals that China’s total 
carbon emissions rose by 8 per cent, with power sector emissions increasing by 18 per cent. 
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Despite significant growth in renewable energy, the use of fossil fuel—especially coal—
also surged, with coal production up 26 per cent since 2019. While solar and wind power 
expanded, thermal power still dominated, making up more than 70 per cent of electricity 
generation in 2023. The slight emissions decline in early 2024 is attributed to increased 
hydropower from wet weather and sluggish economic activity, not structural changes. 
Thus, the data suggest China is not yet on a sustainable path to emissions peaking.

Stern also discusses geopolitical and economic factors, such as energy security concerns 
and strained international relations, which could hinder China’s climate ambitions. 
Although China has strong incentives to lead on climate action, including high 
vulnerability to climate impacts, recent trends raise doubts about meeting its 2030 
and 2060 targets. Stern argues that although China has made progress in green energy, 
its post-pandemic trajectory indicates a more carbon-intensive path than previously 
expected, challenging optimistic projections of early emissions peaking.

In Chapter 9, Yao and Yu examine the rapid rise of China’s local government debt, 
identifying its institutional causes, economic impacts and governance challenges. Since 
2009, local governments have increasingly relied on off-budget borrowing through 
local government financing vehicles (LGFVs) to fund infrastructure and development 
projects. This trend stems from fiscal decentralisation, urbanisation pressures, a unitary 
political system, frequent official turnover and regulatory gaps in the Budget Law.

While local debt has supported infrastructure growth and economic development, 
it has also led to significant fiscal risks, including repayment pressures, inefficient 
investments and systemic financial vulnerabilities. By 2023, off-budget debt reached 
RMB61.56 trillion—more than 150 per cent of official on-budget debt. The central 
government has responded with multiple debt-swap programs, converting risky off-
budget liabilities into more transparent local government bonds.

Despite these efforts, debt continues to grow, with many LGFVs using new bonds 
primarily to refinance old ones. The authors propose a three-step resolution: 1) fiscal 
relief via central government bailouts, 2) transferring LGFV debt to asset management 
companies for restructuring, and 3) preventing new debt using asset balance sheets and 
stronger oversight. The chapter emphasises the need for transparency, accountability 
and structural reforms to ensure fiscal sustainability and economic stability.

Wong takes a detailed look at the growing fiscal crisis facing China’s local governments 
in Chapter 10. Local governments in China are responsible for more than 85 per cent 
of public spending and infrastructure investment. Local finances are under pressure 
from three key sources: long-term erosion of tax revenues, the collapse of land-based 
revenues and a mounting debt crisis. Although these issues appear local, they stem from 
systemic structural problems. Since 2015, general budget revenues have declined from 
22 per cent to 16 per cent of GDP, while social spending obligations have continued to 
grow. Local governments have increasingly relied on land sales and off-budget borrowing 
through LGFVs to fund infrastructure and services. However, with the property sector 
downturn, land revenues have plummeted, exacerbating debt risks.
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Despite reforms to legalise local borrowing and curb off-budget debt, LGFV debt has 
surged, reaching an estimated 84 per cent of GDP by 2024. Recent central government 
bailouts aim to restructure this debt but offer no relief, leaving local governments with 
unsustainable burdens. Wong argues that resolving the crisis requires systemic reform, 
including tax restructuring, rebalancing central–local fiscal responsibilities and ending 
reliance on infrastructure-led stimulus. Without bold action, China risks prolonged 
economic stagnation and declining public service quality.

Chapter 11 of the book identifies the structural causes and implications of China’s 
persistently high national savings and current account surpluses. Liu, Song and Zhou in 
this chapter argue that, since the 2000s, China’s macroeconomic imbalances have been 
driven by low consumption, high savings and investment-heavy growth. This growth 
was underpinned by demographic shifts, underdeveloped social welfare, financial 
repression and institutional distortions. Household savings surged due to population 
ageing, income uncertainty, housing costs and limited welfare coverage. Corporate 
savings, especially from state-owned enterprises (SOEs), rose due to monopolistic 
advantages and low dividend payouts. Government savings fluctuated with fiscal 
reforms and stimulus spending.

Investment, while high, has not matched savings, sustaining external surpluses. SOEs 
dominate strategic sectors, while private firms face financing constraints. Institutional 
factors—such as the hukou (household registration) system, factor market distortions 
and limited financial liberalisation—have suppressed consumption and skewed capital 
allocation. Exchange rate and trade policies also contributed to trade surpluses.

Looking ahead, the authors argue that population ageing, changing consumption 
patterns and a shrinking real estate sector are expected to reduce savings and narrow 
external imbalances. Rebalancing towards consumption-led growth requires structural 
reforms in social welfare, taxation and financial systems to enhance household welfare 
and ensure sustainable, inclusive development.

Chen, Ai, Wang and Sheng review in Chapter 12 China’s rural transformation over the 
past 50 years and its strategic relevance for developing countries in the final chapter of 
the book. China has achieved remarkable gains in agricultural productivity, off-farm 
employment and non-agricultural GDP through market-oriented reforms, infrastructure 
investment and technological innovation. Agricultural labour productivity rose from 
US$1,000 in 1970 to more than US$13,000 in 2022, while off-farm employment 
increased from 20  per cent to 80 per cent. These shifts reflect China’s structural 
transformation from an agriculture-based to a diversified economy.

In Chapter 13, Wang, Xue and Zhou ask whether China can sustain high economic 
growth amid structural shifts and global value chain (GVC) restructuring. After decades 
of rapid expansion driven by industrialisation, exports and investment, China’s growth 
has slowed due to demographic ageing, diminishing investment returns, rising costs and 
geopolitical tensions. The country is transitioning from export-led to consumption-
driven growth, supported by policies such as the ‘dual circulation’ strategy. China’s role 
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in global production has evolved from a low-cost assembler to a regional manufacturing 
hub. However, rising trade frictions and ‘de-Sinicisation’ efforts by the United States and 
Japan have reduced China’s share in their intermediate goods imports and foreign direct 
investment (FDI). In response, China has redirected exports through third countries such 
as Vietnam and Mexico and increased outward FDI to acquire advanced technologies.

The ‘new three’ industries—EVs, lithium-ion batteries and solar panels—have emerged 
as key growth drivers, offsetting declines in traditional sectors. These industries also 
foster global supply chain integration and development in resource-rich countries. 
However, challenges remain, including overcapacity, trade restrictions and reliance 
on foreign technologies. The authors conclude that, to sustain growth, China must 
adapt to GVC shifts, promote innovation and mitigate external risks through strategic 
industrial and trade policies.

The authors find that China’s success stems from market reforms supported by 
government investment in irrigation, R&D and infrastructure. However, challenges 
such as climate change, resource degradation and environmental pollution now demand 
a shift towards ‘new quality’ agricultural productivity, emphasising inclusiveness, 
fairness and sustainability. The chapter also compares China’s experience with that 
of other developing regions, showing that Africa lags in productivity and structural 
transformation. The authors argue that China’s experience, characterised by capital 
deepening, sustainable practices and region-specific policies, offers valuable lessons. 
Future reforms should focus on science and technology, market-oriented governance and 
tailored support for small farmers to ensure equitable and resilient rural development.
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China’s energy transition 

towards carbon neutrality: 
A multidimensional framework

Zhen Wang, Boshu Li and Yinghao Kong

Introduction
Climate change is reshaping human existence with unprecedented breadth and depth. 
According to the latest data from the Sixth Assessment Report of the United Nations 
Intergovernmental Panel on Climate Change (IPCC), global surface temperatures 
have already risen by 1.15ºC compared with pre-industrial levels. If current emission 
trajectories persist, the critical threshold of 1.5ºC is projected to be breached between 
2030 and 2035 (IPCC 2023). The ecological and environmental challenges posed by 
climate change may represent the greatest uncertainty confronting human society.

In this context, China, as the world’s largest developing country, has pledged 
to achieve peak carbon emissions by 2030 and carbon neutrality by 2060. This 
commitment not only underscores China’s responsibility as a major global power but 
also necessitates the  establishment of a comprehensive low-carbon transformation 
system encompassing the entire industrial chain. Within this transformative process, 
the energy sector—recognised as the ‘main battlefield’ for achieving the dual carbon 
goals—has been undergoing a significant transition from ‘light green’ to ‘deep green’ 
development. Guided by the new energy security strategy of ‘Four Revolutions and One 
Cooperation’,1 substantial progress has been made in transforming energy production 
and consumption patterns, comprehensively enhancing energy supply security and 

1	 Since the Eighteenth National Congress of the Communist Party of China (CPC), in the face of changes in energy 
supply and demand patterns and new trends in international energy development, the CPC Central Committee with 
President Xi Jinping at its core has proposed a new energy security strategy of ‘four revolutions and one cooperation’ 
(a  revolution in energy consumption, supply, technology and systems, and full-scale international cooperation) to 
provide a guide for high-quality energy development in the new era. 
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achieving historic breakthroughs in green and low-carbon energy development. By the 
end of 2023, China’s energy consumption per unit of GDP had declined by nearly 
26 per cent compared with 2013 levels, while carbon dioxide emissions per unit of 
GDP had decreased by more than 35 per cent. Simultaneously, the share of clean 
energy consumption rose to 26.4 per cent and the proportion of coal consumption 
fell cumulatively by 12.1 percentage points. The installed capacity of renewable energy 
generation reached 1.38 billion kilowatts, accounting for 51.9 per cent of the nation’s 
total power generation capacity—marking the first time renewable energy capacity 
surpassed fossil fuel–based power generation capacity.

China’s ongoing energy transition is fundamentally reshaping its energy production and 
consumption landscape. This transformation not only exerts multidimensional impacts 
on domestic economic growth, industrial transformation, environmental quality and 
public health, but also has transcended national boundaries, generating significant 
international spillover effects through global supply chains, technology diffusion and 
other channels. From 2013 to 2023, the global share of non-fossil energy consumption 
increased from 13.6 per cent to 18.5 per cent, with China contributing 45.2 per cent of 
the global growth in non-fossil energy consumption. In 2023 alone, China accounted 
for more than half the world’s newly added renewable energy capacity. Driven 
by stable policy expectations for the energy transition, China has capitalised on its 
dominant position in clean energy manufacturing to actively promote the international 
dissemination of green technologies and equipment. Exports of photovoltaic (PV) 
cells and wind turbines exceeded US$49.76 billion in 2023, with an export volume of 
approximately 255 gigawatts (GW). By providing economically accessible clean energy 
solutions to the global market, China has made substantial contributions to global 
efforts to combat climate change and achieve sustainable development.

Current research has increasingly focused on China’s energy transition and the development 
trends of its energy sector. Existing studies have examined the latest progress in the energy 
transition from various perspectives, including industry (He et al. 2022), policy (Li and 
Taeihagh 2020), technology (Duan et al. 2021) and governance mechanisms (Hepburn 
et al. 2021). These studies explore the prospects and pathways for transforming energy 
production and consumption. Notably, regular energy outlook reports published by 
international organisations (IEA 2024), research institutions (ERI 2024) and energy 
enterprises (CNEEI 2024) are particularly representative. Based on their respective 
modelling assumptions and scenario designs, these reports offer diverse pathways and 
policy recommendations for advancing China’s low-carbon energy transition. However, 
most of these studies focus primarily on demonstrating the necessity of the energy 
transition, evaluating its achievements and assessing the feasibility of implementation 
strategies. They often lack a comprehensive analysis that captures the full spectrum of 
impacts on the economy, society, environment and climate change (Zhang et al. 2024). 
Furthermore, forward-looking and systematic research on the spillover effects of China’s 
exports of new-energy products, such as PV cells and wind turbines, remains limited. As a 
result, developing an integrated assessment model to evaluate the impacts and spillover 
effects of China’s energy transition has become critical.
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The remainder of this chapter is organised as follows. Section two introduces the 
integrated assessment modelling framework designed to evaluate the multidimensional 
impacts and spillover effects of China’s energy transition. This framework integrates 
multidisciplinary methodologies, addressing the limitations of single-model analyses 
by employing complex and holistic analytical approaches. Section three examines the 
cascading effects of China’s energy transition on macroeconomic performance, industrial 
structure, carbon reduction, pollution mitigation and public health under various 
scenarios. This section also quantifies the spillover effects of global emission reductions 
driven by the export of China’s wind power and PV products. Section four concludes by 
summarising key findings and offering insights and policy recommendations.

Methodology and framework
Comprehensive assessment methodologies typically involve simulating and evaluating 
the interactions between multiple factors under varying assumptions within a unified 
framework. This is achieved by linking complex system models across different 
domains. These methodologies are generally categorised into three types of model: top-
down, bottom-up and hybrid. Building on the theoretical foundations of cost–benefit 
analysis, this study develops a novel integrated assessment model for evaluating the 
multidimensional impacts and spillover effects of China’s energy transition (Figure 2.1). 
The framework comprises two modules.

Module I integrates four submodels: a macroeconomic model, an energy system 
optimisation model, a co-benefits approach and a public health benefit evaluation 
model. This framework is designed to evaluate the impacts of the energy 
transition across  multiple dimensions under various policy constraint scenarios. 
The macroeconomic model is a multi-sector, recursive dynamic computable general 
equilibrium (CGE) model. It simulates and evaluates the effects of economic, social and 
environmental constraints on overall economic growth, industrial development 
and labour market dynamics. The energy system optimisation (ESO) model, built on 
extensive technical data, encompasses the entire energy lifecycle—from extraction, 
processing and conversion to transportation and end use. It focuses on modelling key 
energy-consuming and emission-intensive sectors, such as industry, building operations 
and transportation, to optimise energy transition pathways and estimate the costs of 
transition under different policy scenarios. Additionally, the framework establishes soft 
linkages with the greenhouse gas and air pollution interaction and synergies (GAINS) 
model developed by the International Institute for Applied Systems Analysis (Kilmont 
2025) and the public health benefits evaluation (HEL) model. These linkages enable 
the quantification of the co-benefits of carbon and pollution reduction resulting from 
the energy transition. Furthermore, the framework provides monetised benefits of 
public health improvements, offering a more intuitive representation of the synergies 
between pollution mitigation and health benefits.
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Figure 2.1 illustrates the coupling relationships among the four submodels in Module I. 
Under the constraints of economic and social development goals, carbon reduction and 
energy policy, the CGE model generates projections of economic growth and structural 
adjustments, which are subsequently transmitted to the ESO model as constraints on 
energy service demand forecasting. The ESO model, optimised to minimise energy 
system costs, determines long-term transition trends and technological pathways for 
key energy-consuming and carbon-emitting sectors. Simultaneously, the ESO model 
provides national energy consumption trajectories to the GAINS model, which simulates 
and optimises changes in three key air pollutant emissions and particulate matter (PM) 
2.5 concentrations. Leveraging the linear and nonlinear exposure-response functions 
embedded in the HEL model, health impacts—including morbidity and mortality 
cases—are quantified. These results are then fed back into the CGE model, enabling 
further analysis of the corresponding economic variation and changes in employment. 
This iterative process allows policymakers to evaluate the comprehensive costs and 
benefits of the energy transition from a social perspective. By integrating cross-domain 
interactions, this framework overcomes the limitations of single-model approaches, 
offering a more holistic and interdisciplinary perspective on the energy transition and 
its multidimensional impacts.

Module II defines a country’s export contribution to global emission reductions as 
the sum of emissions generated in the domestic production process and the emission 
reductions realised during the use phase in foreign countries. The measurement 
boundaries and key parameters are illustrated in Figure 2.1. For PV products, 
production-related emissions can be calculated as the product of net export volumes 
and carbon emission intensity, as expressed in Equation 2.1.

Equation 2.1

P
x

pj
i

n
ij

j
j= ×=∑ 1 θ

In Equation 2.1, Pj denotes the production-related carbon emissions from the net 
exports of photovoltaic products in year j, reflecting China’s contribution to global 
carbon emission reductions during the production phase; i denotes the product type, 
where i = 1 corresponds to high-purity silicon, i = 2 corresponds to silicon wafers 
and i = 3 corresponds to PV cells (Liu et al. 2019); j denotes the year, where j = 1 
corresponds to 2015 and j = 9 corresponds to 2023. Xij represents the net export value 
of product i from China to the world in year j; Pj denotes the price of PV modules in 
year j; and θj denotes the carbon emission intensity of PV modules in year j, with the 
unit of tonnes of carbon dioxide per megawatt (tCO2/MW).

To calculate the emission reductions during the use phase, it is essential to determine the 
amount of electricity generated by all exported products. Since polysilicon and silicon 
wafers are used in the production of PV cells, their export values must be converted 
into the equivalent quantity of PV cells. As trade data in commodity trade statistics 
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databases are typically reported in monetary terms, the average price of the products 
is used to convert monetary values into the corresponding quantity of PV modules. 
Consequently, the electricity generation capacity of PV modules over their full lifecycle 
can be calculated using Equation 2.2.

Equation 2.2

C
x

p
T nj

i

n
ij

j
j= × × ×=∑ 1 β

In Equation 2.2, T denotes the average available hours of the power-generating 
equipment in photovoltaic power plants; n denotes the service life of PV power plants; 
βj denotes the electricity emission factor in year j; and Cj denotes the potential emission 
reductions during the use phase of net exported PV products in year j, reflecting China’s 
contribution to global carbon emission reductions during the use phase.

The total contribution to emission reductions is calculated by summing the emission 
reduction contributions from the production phase and the use phase, as shown in 
Equation 2.3. The emission reduction contributions of wind turbine exports are 
analogous to those of PV products and will not be elaborated further here.

Equation 2.3

T P Cj j j= +

Population growth and urbanisation rates are the key factors influencing economic 
development and energy consumption patterns. The social cost of carbon, which 
quantifies the economic loss caused per unit of carbon emissions, serves as a critical 
tool for conducting cost–benefit analyses of the energy transition and climate policies. 
In this study, we comprehensively compared projections of population growth and 
urbanisation rates from major institutions, including the United Nations (UNDESA 
2024; UN-Habitat 2024) and the National Bureau of Statistics of China. Furthermore, 
the latest assessments of the social cost of carbon are systematically reviewed (Wang 
et al. 2022; Ricke et al. 2018). To facilitate cross-sectoral comparisons of the costs 
and benefits associated with the energy transition and to provide policymakers with 
intuitive insights, we monetised the health benefits using environmental valuation, 
such as the value of statistical life (Jin and Zhang 2018). The specific assumptions for 
these key parameters are presented in Table 2.1. In addition, the data inputs, including 
input–output tables, energy balances, industrial statistics and carbon intensity data, 
were sourced from government publications, industry associations and relevant 
literature (Zheng et al. 2021; Liu et al. 2021; Pan et al. 2022). Emission factors, 
product lifespans and average annual operating hours were estimated based on industry 
averages. Air pollutant and carbon emission factors were determined using the latest 
IPCC Guidelines for National Greenhouse Gas Inventory (IPCC 2019) and data from 
China’s Carbon Emission Accounts and Datasets (CEADs).2

2	 See details at the CEADs website: www.ceads.net.cn/data/emission_factors/.

http://www.ceads.net.cn/data/emission_factors/
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Table 2.1: Pre-set value of China’s population, urbanisation rate, social cost of carbon 
and value of statistical life

Parameters 2025 2030 2040 2050 2060

Population (billion) 1.41 1.39 1.36 1.30 1.20

Urbanisation rate (%) 67.2 70.6 75.0 80.0 85.0

Social cost of carbon (US$/tCO2) 26.8 33.2 41.7 74.9 88.2

Value of statistical life (US$ million) – – – – 1.34

Note: To eliminate the impact of price fluctuations and reflect the real changes in monetised results 
such as GDP, unless otherwise specified, all monetised values in this study have been adjusted to 
constant prices using the 2010 price level as the base year.
Source: Authors’ calculations and forecasts.

In addition to examining economic and social impacts, this study focuses on the 
synergistic emission reductions of three key air pollutants—sulphur dioxide, nitrogen 
oxides and PM2.5—and their associated public health benefits. Given that PM2.5 
pollution is the leading contributor to both mortality and morbidity, the health benefit 
valuation in this study exclusively targets PM2.5 pollution, drawing on epidemiological 
principles and insights from the Global Burden of Disease studies (Murray et al. 2020; 
Xu et al. 2021). The health endpoints and exposure-response coefficients related to 
PM2.5 pollution are explained in detail in Table 2.2.

Table 2.2: Exposure-response functions for health endpoints related to 
PM2.5 pollution

Endpoint Exposure-response functions

Confidence interval 
(95%) low

Medium Confidence interval 
(95%) high

All causes (China)a –0.0003 0.0009 0.0018

Chronic obstructive pulmonary diseasesb

Nonlinear function

Lung cancerb

Ischemic heart disease (25y–65y)b

Cardiovascular disease (25y–65y)b

Lower respiratory infectionb

Sources: a Cao et al. (2011); b Pope et al. (2002).

The primary global spillover effects of China’s energy transition are the impacts on 
carbon dioxide mitigation in other countries from China’s exports of PV modules and 
wind turbines. While the term ‘spillover effects’ can encompass a broader range of 
phenomena, such as international knowledge transfers or shifts in global fossil fuel 
markets, the scope of this study is focused on the direct impact of technology exports due 
to limitations in data availability. These spillover effects encompass both the production 
phase (Yang et al. 2015; Wang 2023) and the use phase. Key parameters influencing 
these effects include global electricity emission factors, product service lifespans and 
average annual operating hours, as summarised in Table 2.3.
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Table 2.3: Pre-set values of global electricity emission factors, product lifespans 
and average annual operating hours

Product Product lifespan 
(years)

Average annual operating 
hours (hours/year)

Global electricity emission 
factor (tCO2/GWh)

Photovoltaic 30 1,700 671

Wind turbines 30 1,900 671

Source: Authors’ calculations and forecasts.

Based on variations in the depth and pace of energy transition, this study develops two 
scenarios: the current policy scenario (CPS) and the enhanced action scenario (EAS). 
The divergence between these two scenarios underscores the ‘action gap’ that China 
must address to accelerate its energy transition and achieve its dual goals of ‘carbon 
peaking and carbon neutrality’.

The CPS is grounded in China’s 2021 Nationally Determined Contributions (NDCs) 
under the Paris Agreement and reflects the policy intensity and energy system 
transformation efforts outlined in sectoral development plans, energy conservation 
objectives and carbon reduction targets established under the ‘1+N’ policy framework 
for dual carbon goals. This scenario assumes that emission reduction efforts after 2030 
will largely follow the current trajectory. Furthermore, it assumes that the global energy 
transition will maintain its present momentum, while China’s exports of PV modules 
and wind turbines will continue to grow at their current rates.

The EAS is designed to capture the policy intensity and energy system transformation 
efforts necessary to address the constraints imposed by China’s socioeconomic and 
ecological development goals. Building on the CPS, the EAS further strengthens 
and updates more ambitious NDC targets and action requirements, while fully leveraging 
the potential for energy conservation and emission reductions. It also intensifies the 
stringency and scale of dual carbon-control measures. This scenario is characterised by 
a substantial increase in the adoption of advanced energy technologies, the penetration 
of low-carbon technologies and the electrification of end-use energy consumption. 
Concurrently, the costs of low-carbon energy sources, including wind and solar power, 
as well as energy storage, continue to decline. These advances collectively facilitate the 
establishment of a new energy system, thereby supporting the realisation of China’s 
‘carbon peak’ and ‘carbon neutrality’ goals. Compared with the CPS, the EAS envisions 
an accelerated global energy transition, alongside faster growth in China’s PV and wind 
turbine exports.
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Results and discussion
The advancement of the energy transition will play a pivotal role in supporting Chinese-
style modernisation and driving industrial transformation. At present, China is in the 
mid-to-late stages of industrialisation and urbanisation, steadily transitioning towards a 
high-quality development phase under the guidance of its new development philosophy. 
In 2024, China’s GDP was projected to reach approximately US$18.9  trillion, 
reflecting a 5 per cent increase from the previous year. Under both the CPS and the 
EAS, China’s macroeconomic trajectory is expected to exhibit sustained expansion in 
scale, accompanied by a gradual deceleration in growth rates (Table 2.4). By about 
2035, China’s GDP is anticipated to surpass that of the United States, positioning it as 
the world’s largest economy.

Table 2.4: Changes in China’s average GDP growth rate

Scenario 2026–30 2031–35 2036–40 2041–50 2051–60

CPS 5.0 4.5 4.5 3.4 2.4

EAS 4.5 3.5 3.5 2.5 1.5

Source: Authors’ calculation.

Against the backdrop of China’s ‘Two Centenary Goals’3 and historical trends in the 
industrial structure of developed countries, China’s future economic development can 
be divided into three distinct phases (Figures 2.2a and 2.2b).

Now until 2035
The growth rate and drivers of the economy will enter a critical period of transformation. 
The share of secondary industry is expected to stabilise and gradually decline, with a 
steady reduction in the scale of energy-intensive manufacturing industries. Despite this, 
China will retain its position as a major manufacturing powerhouse, while continuously 
optimising and upgrading its industrial structure. High-tech manufacturing sectors, 
including new-energy vehicles and strategic emerging industries, are projected to 
maintain rapid growth. Meanwhile, tertiary industry will steadily increase its share in 
the national economy and its contribution to overall economic growth. By 2035, per 
capita GDP is anticipated to reach the level of moderately developed countries, marking 
the basic realisation of socialist modernisation and the ‘Beautiful China’ vision.

3	 The CPC first proposed the ‘Two Centenary Goals’ in 1997. The first centenary goal was, by 2021—the 
centenary of the CPC—to build China into a moderately prosperous society in all respects and doubling GDP and 
per capita income against 2010. The second centenary goal is, by 2049—the centenary of the People’s Republic of 
China—to build a modern socialist country that is prosperous, strong, democratic, culturally advanced, harmonious 
and beautiful.
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Figure 2.2a: Changes in the proportions of China’s industrial structure under the CPS

Figure 2.2b: Changes in the proportions of China’s industrial structure under the EAS
Source: Authors’ calculation.
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2035–50
During this second phase, economic growth will be predominantly driven by the 
service sector and domestic consumption. Tertiary industry will consolidate its 
dominant position, accounting for more than 62 per cent of GDP. Concurrently, 
manufacturing will undergo a transformation characterised by digitalisation, high-end 
innovation and green development, elevating China to the ranks of the leading global 
manufacturing powers.

2050–60
In the third phase, China’s economy is expected to play an increasingly prominent 
role in driving global development, fostering the emergence of numerous new business 
formats and innovations. A green economy will take centre-stage globally, with China 
positioned as a key engine and stabiliser of global economic growth.

The energy transition will catalyse a transformative leap forward in clean energy 
development. China’s total primary energy consumption (TPEC) is expected to follow 
a trajectory characterised by sustained growth, followed by a gradual decline. This 
transition can be attributed to four primary factors: 1) the earlier than anticipated 
peak in population imposes an upper limit on the expansion of domestic aggregate 
demand, thereby diminishing its supportive effect on energy consumption; 2) the 
stabilisation and gradual slowdown of economic growth rates create favourable 
conditions for controlling total energy consumption; 3) industrial restructuring and 
upgrading contribute to a progressive reduction in energy intensity across sectors; 
and 4) technological advancements, coupled with the deepening of demand-side energy 
conservation behaviours, enhance energy efficiency. Taken together, these factors will 
significantly decelerate the growth rate of energy consumption, leading to a peak, after 
which consumption will steadily decline.

Under the CPS, TPEC is projected to rise from 5.97 billion tonnes of standard coal 
equivalent (btce) in 2024 to 6.21 btce by 2035, after which it will plateau. During this 
period, energy consumption will gradually decouple from economic growth, declining 
to 5.42 btce by 2060 (Figure 2.3a). Under the EAS, with the implementation of stricter 
carbon constraints, improvements in energy efficiency and more intensive demand-side 
conservation measures, TPEC is expected to peak earlier, in 2030, at a lower level of 
approximately 5.85 btce. By 2060, it is projected to decrease further, to 4.98 btce 
(Figure 2.3b).

With the continued advance of the energy transition and the implementation of the 
‘carbon peak and carbon neutrality’ goals, China’s energy consumption structure is 
expected to undergo significant transformations, characterised by three key trends: 
1) a gradual, stepwise decline in the shares of coal and oil consumption; 2) natural gas 
consumption initially increasing before declining; and 3) a rapid and substantial rise in 
the share of non-fossil energy consumption.
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Figure 2.3a: Changes in China’s total primary energy consumption under the CPS

Figure 2.3b: Changes in China’s total primary energy consumption under the EAS
Source: Authors’ calculation.

Under the EAS, the share of non-fossil energy is projected to reach 82 per cent of total 
energy consumption by 2060, surpassing the policy target of 80 per cent outlined in 
China’s energy and climate strategies. Meanwhile, considering the dual imperatives of 
energy security and cost constraints, the phased withdrawal of fossil fuels will adhere 
to the principle of ‘establishing new energy systems before dismantling old ones’. 
Coal and oil consumption are expected to peak by about 2025. For natural gas, peak 
consumption is projected to occur about 2040 under the CPS, while under the EAS, 
the peak is anticipated to arrive earlier, by approximately 2035. Overall, fossil fuels will 
continue to play a vital role as a cornerstone of energy security and maintaining a stable 
energy supply during the transition period.
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The energy transition will significantly contribute to the substantial reduction of carbon 
dioxide emissions while further unlocking the potential for synergistic mitigation 
of other greenhouse gases (GHGs). The CPS aligns with China’s current stage and 
characteristics of development, recognising the need for a certain level of carbon 
emissions to ensure the low-carbon transition of the economy and society before peaking 
about 2030. Under this scenario, carbon dioxide emissions are expected to peak at 
approximately 11.4 billion tonnes. From 2030 to 2060, the low-carbon transformation 
of the energy structure is expected to accelerate under the EAS, with greater efforts 
directed towards achieving carbon neutrality through enhanced technological efficiency 
and industrial restructuring. These efforts will contribute significantly to emission 
reductions, with economic growth increasingly decoupling from energy consumption 
and carbon emissions. By 2060, carbon dioxide emissions are projected to decline to 
830 million tonnes, representing a reduction of 1.02 billion tonnes compared with the 
CPS (Figure 2.4a).

Carbon dioxide, as the most dominant GHG by emission share, remains the primary 
driver of global climate change. However, numerous studies underscore the critical role 
of GHGs other than carbon dioxide, which cannot be overlooked. For instance, nearly 
one-third of emission reductions in developed countries have been achieved through 
non–carbon dioxide GHG mitigation (Montzka et al. 2011; Rogelj and Lamboll 
2024). Without effective control, non–carbon dioxide GHG emissions are projected 
to continue rising, potentially offsetting the progress made in reducing carbon dioxide 
emissions. Under the CPS, non–carbon dioxide GHG emissions are expected to peak 
about 2035, plateauing before gradually declining, with a peak level of approximately 
2.89 gigatonnes of GHG carbon dioxide equivalent. By 2060, these emissions are 
projected to decrease slowly, to 2.23 gigatonnes of carbon dioxide equivalent. In 
contrast, the EAS envisions non–carbon dioxide GHGs peaking concurrently with 
carbon dioxide, achieving a peak reduction of approximately 0.33 gigatonnes of carbon 
dioxide equivalent compared with the CPS and declining further, to approximately 
1.39 gigatonnes of carbon dioxide equivalent by 2060 (Figure 2.4b).

To underscore the indispensable role of non–carbon dioxide GHGs in national climate 
strategies, China’s updated NDCs should include explicit peak targets for non–carbon 
dioxide GHGs as soon as possible. Furthermore, carbon neutrality goals should 
explicitly account for these gases to highlight their integral role in the country’s overall 
strategy for addressing climate change.
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Figure 2.4a: Changes in China’s carbon dioxide emissions under different scenarios

Figure 2.4b: Changes in China’s non–carbon dioxide greenhouse gas emissions 
under different scenarios
Source: Authors’ calculation.
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Concurrent with decarbonisation, the energy transition has also yielded substantial 
improvements in air quality. Historical evidence indicates that GHG emissions and 
air pollution challenges in developed countries did not emerge simultaneously. As a 
result, these two issues have traditionally been treated as separate problems. However, 
in contemporary China, they are deeply interconnected, representing critical domains 
for integrated governance. China is currently one of the world’s largest emitters of 
sulphur dioxide, nitrogen oxides and particulate matter, with ambient concentrations 
of these pollutants exceeding the safe levels recommended by the World Health 
Organization (WHO). This has led to a range of environmental and public health issues 
(Li et al. 2020).

Based on the energy transition scenarios analysed in this study, China’s energy 
consumption structure is expected to undergo significant transformations in the 
coming decades. By  continuously strengthening source control and implementing 
comprehensive pollution control measures across key industries, emissions of air 
pollutants are projected to decline substantially. Under the EAS, greater reductions 
are achieved than under the CPS, with sulphur dioxide, nitrogen oxides and PM2.5 
emissions declining to 920,000  tonnes, 2.19 million tonnes and 630,000 tonnes, 
respectively, by 2060 (Figure 2.5a). Using these emission reductions as inputs, simulations 
conducted with the EMEP-CTM atmospheric transport model, integrated into the 
GAINS framework (Amann et al. 2020), it is projected that annual average PM2.5 
concentrations nationally will decrease to 35.4 micrograms per cubic metre (µg/m3) by 
2030 and 17.4 µg/m3 by 2060 under the CPS. The EAS reduces PM2.5 concentrations 
by an additional 2.8 µg/m3 in 2060 compared with the CPS (Figure 2.5b).

Accelerating the energy transition is expected to enable most regions in China to meet 
the national secondary air quality standard for PM2.5 (≤ 35 µg/m3) by approximately 
2030, marking significant progress towards achieving the ‘Beautiful China’ initiative. 
However, after the initial substantial reductions, the rate of decline in annual average 
PM2.5 concentrations is expected to slow, making further reductions increasingly 
challenging. Even under the EAS, China’s PM2.5 concentrations in 2060 are projected 
to remain well above the revised 2021 WHO guideline of 5 µg/m3. This underscores 
the need for a scientifically designed, integrated approach that leverages the shared 
origins of air pollutants and carbon dioxide emissions. By adopting coordinated 
strategies for long-term decarbonisation and pollution mitigation, China can achieve 
greater synergies, facilitating fundamental improvements in air quality while advancing 
its climate goals.

Accelerating the energy transition can significantly enhance public health. The 
cumulative impacts of air pollution pose pressing challenges to society and public 
health. In China, approximately 1 million premature deaths annually are attributed 
to atmospheric pollutant emissions (Wang et al. 2024). This study further estimates 
the number of premature deaths caused by five PM2.5-related diseases under different 
scenarios: chronic obstructive pulmonary disease, lung cancer, ischemic heart disease, 
cerebrovascular disease and lower respiratory infections.
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Figure 2.5a: Changes in emissions of sulphur dioxide, nitrogen oxides and PM2.5

Figure 2.5b: Changes in PM2.5 concentration
Source: Authors’ calculation.
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Figure 2.6: Changes in premature deaths related to PM2.5 exposure
Source: Authors’ calculation.

Under the EAS, accelerated reductions in PM2.5 concentrations are projected to result 
in greater improvements in public health. By 2030, the total number of premature 
deaths is estimated to reach 1.55 million, with 91,000 premature deaths avoided 
compared with the CPS, underscoring the substantial health benefits of an accelerated 
transition. By 2060, the health co-benefits of coordinated emission reductions are 
further amplified, as PM2.5-related premature deaths decrease to 970,000 (Figure 2.6). 
These findings demonstrate that deep transformations in the energy structure, coupled 
with stricter end-of-pipe pollution control measures, can generate significant health 
benefits. Such improvements in air quality can offset much of the employment loss 
associated with population ageing, highlighting the broader socioeconomic advantages 
of pursuing an accelerated energy transition.

While the substantial costs of transformative change cannot be overlooked, China’s 
energy transition offers significant long-term net social benefits. Adopting a social 
perspective, this study systematically evaluates the potential impacts of China’s energy 
transition and establishes a cost–benefit analysis framework (Table 2.5). This framework 
integrates energy, economic, climate and health-related costs and benefits, providing a 
quantitative assessment of each dimension.
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Table 2.5: Cost–benefit analysis framework for China’s low-carbon energy transition

Classification Composition Definition

Benefits Climate benefits Benefits derived from carbon emission reductions induced by 
energy transition.

Health benefits Monetisation of avoided premature deaths and illnesses resulting 
from marginal reductions in long-term PM2.5 exposure, due to 
synergistic effects of carbon reduction and pollution control.

Costs Energy costs Changes in energy costs incurred by various technologies and 
production processes.

Economic costs Initial investment and operational maintenance costs associated 
with deploying energy transition–related technologies.

Source: Authors’ compilation.

Total costs under both the CPS and the EAS are projected to increase steadily, driven 
by higher economic output, large-scale deployment of cleaner low-carbon technologies 
and substantial investments in transformative and disruptive innovations. These trends 
highlight that the energy transition is a sustained, high-investment process, with 
cumulative costs estimated at US$13.2 trillion under the CPS and US$18.8 trillion 
under the EAS by 2060 (Figure 2.7). Consequently, policymakers and industry 
stockholders should act promptly to define future industrial structural layouts, prioritise 
key directions for breakthroughs in emerging technologies and enhance research 
and innovation capacities. These measures will help mitigate future cost burdens and 
maximise potential benefits.

Figure 2.7: Cumulative costs and benefits of China’s energy transition
Source: Authors’ calculation.
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Nevertheless, the benefits—particularly those related to climate and public health—are 
expected to far outweigh the associated costs. Both scenarios yield positive net social 
benefits, with the EAS demonstrating significantly greater net benefits compared with 
the CPS. This underscores the importance of accelerating the energy transition and 
should strengthen policymakers’ confidence and determination to pursue this path. Net 
social benefits are projected to grow over time: under the EAS, cumulative net social 
benefits reach US$5.3 trillion in 2030, US$13.6 trillion in 2050 and US$24.8 trillion by 
2060. These findings highlight the long-term necessity of implementing comprehensive 
policy measures to support an accelerated energy transition.

Moreover, a fully realised energy transition is expected to substantially improve 
socioeconomic footprints, enhance household welfare and boost employment. However, 
due to data limitations, this study does not quantify these additional economic benefits, 
suggesting that the net social benefits of the energy transition may be even greater 
than estimated.

China’s exports of PV and wind turbine technologies have generated significant global 
emission reduction spillover effects. By 2023, the net exports of Chinese PV modules 
and critical components had contributed to potential carbon reductions exceeding 
20  gigatonnes in other countries over their full lifecycle. Similarly, exports of wind 
turbines and critical components contributed more than 3 gigatonnes of potential 
carbon reductions. With the continued advancement of the global energy transition, 
China’s PV and wind exports are expected to maintain robust growth. Under the CPS, 
the cumulative carbon reductions from Chinese PV and wind exports are projected 
to surpass 140 gigatonnes by 2060, including approximately 128 gigatonnes from PV 
exports (Figure 2.8a) and 12 gigatonnes from wind exports (Figure 2.8b). Under the 
EAS, these cumulative reductions are expected to exceed 185 gigatonnes by 2060, 
with PV exports contributing around 170 gigatonnes and wind exports approximately 
16 gigatonnes.

More importantly, a combination of factors has driven continuous cost reductions in 
China’s PV and wind industries, significantly lowering the global costs of the energy 
transition. According to the International Renewable Energy Agency (IRENA 2024), the 
global average levelised cost of electricity for solar PV has declined by more than 80 per 
cent in the past decade, with China playing a pivotal role. Similarly, Wood Mackenzie 
(Forbes-Cable 2023) reports that the cost of producing one megawatt (MW) of PV 
electricity in China is 11–64 per cent lower than in other markets. The cost declines in 
China’s PV and wind sectors can be attributed to three key factors. First, policy initiatives 
and public awareness campaigns have fostered a broad social consensus about and 
stable expectations of the energy transition. This has incentivised corporate investment 
in new-energy technologies. Since 2021, China has consistently ranked first globally in 
clean energy investment. Second, stable transition expectations have facilitated rapid 
deployment of new-energy infrastructure, such as wind and solar power. This has created 
vast opportunities for the adoption of advanced technologies and the upgrading of energy 
products, effectively reducing costs and promoting economies of scale. Third, China’s 
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robust manufacturing capabilities have enhanced its competitiveness in equipment 
production, technological research and development (R&D) and industrialisation related 
to the energy transition. This has enabled the efficient production of high-quality products 
essential for global energy transition efforts.

Figure 2.8a: Contribution of China’s PV exports to global carbon emission reductions

Figure 2.8b: Contribution of China’s wind turbine exports to global carbon emission 
reductions
Source: Authors’ calculation.
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Conclusions and policy implications
This study develops an innovative integrated assessment modelling framework to 
evaluate the comprehensive impacts and spillover effects of China’s energy transition. 
The framework systematically simulates and analyses the multidimensional impacts of 
varying depths and paces of energy transition on energy and economic systems, climate 
change, environmental outcomes and public health. A particular focus is placed on 
assessing the global emission reduction spillover effects of China’s PV and wind turbine 
exports, enabling a comprehensive evaluation of both the integrated impacts and the 
spillover effects of China’s energy transition.

Given the substantial net social benefits and significant global carbon emission 
reduction effects derived from accelerating the energy transition, this study argues that 
policymakers should maintain strategic resolve in advancing the energy transition and 
achieving the dual carbon goals (carbon peak and carbon neutrality). In the face of 
escalating global climate crises and increasing domestic structural emission reduction 
pressures, China should use its dual carbon goals as a guiding framework to reinforce its 
strategic commitment to the low-carbon restructuring of its energy system.

Although the energy transition entails incremental investment pressures, the 
comprehensive benefits—including climate change mitigation, health improvements, 
job creation and enhanced energy security—are significantly positive and continue to 
grow over time. To overcome barriers related to low-carbon financing mechanisms, 
technology diffusion and regulatory systems, China should plan clear and actionable 
long-term deep decarbonisation pathways for the 2030–60 period. These pathways 
should align with current energy conservation and carbon reduction policies, the 
forthcoming 2035 NDC targets and their implementation plans, while also accelerating 
absolute carbon dioxide emission reductions after 2030. Additionally, China should 
strengthen the management and control of non–carbon dioxide GHGs, such as 
methane, nitrous oxide and fluorinated gases, while prioritising R&D of breakthrough 
technologies for deep emission reductions. Efforts should also be directed towards 
enhancing agricultural and forestry carbon sinks to achieve economy-wide deep 
decarbonisation and reduction of all GHGs.

China’s green transformation is globally significant. Leveraging its world-leading 
industrial scale and technological innovation capabilities, China has established 
substantial cost advantages in new-energy sectors such as PV module and wind turbine 
manufacturing. Its export trade not only directly alleviates global financial pressures for 
the energy transition but also contributes positively to global carbon dioxide emission 
reductions. To further advance global energy transition efforts, it is recommended to 
deepen international collaboration along the green industry value chain. Technologically 
advanced nations could focus on core technology R&D, while emerging economies 
capitalise on their manufacturing strengths to establish a tiered collaborative network 
encompassing R&D, manufacturing and application. At the same time, caution is 
needed to prevent unilateral trade protectionism from driving up transition costs. 
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A  tariff preference framework for new-energy products should be developed to 
transform the production capacity advantages of manufacturing powerhouses such as 
China into accelerators for global carbon neutrality.
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3
Striding over the next hurdle 

in China’s transition to 
renewable electricity

Haitao Yin, Boyu Liu and Feng Wang

China is determined to achieve its carbon peak in 2030 and carbon neutrality by 2060. 
As energy consumption is the predominant source of carbon emissions, this ambitious 
goal means China must make a fundamental transition—from a fossil fuel–dominated 
system to one dominated by renewal energy. In January 2024, at the eleventh collective 
study session of the twentieth Political Bureau of the CPC, President Xi Jinping stated 
that ‘green development is a defining feature of high-quality development, and new-
quality productive forces are essentially green productive forces’ (Xinhua 2024a). 
He emphasised the necessity to accelerate the transition to a green development model 
to support the goals of carbon peak and carbon neutrality, highlighting the importance 
of strengthening the green manufacturing industry, developing green services and 
expanding the green energy sector (Xinhua 2024a).

Following his important statement, in February 2024, the twelfth collective 
study session  of the twentieth Political Bureau delved into the issue of electricity 
system restructuring, which is required to support China’s green development. 
President Xi stressed:

[E]nergy security is crucial to the overall development of the economy and society. 
Actively developing clean energy and promoting the green and low-carbon 
transformation of the economy and society have become a global consensus 
in addressing climate change. We must seize the momentum and redouble our 
efforts to drive the high-quality development of China’s new energy sector, 
provide a reliable energy guarantee for China’s modernisation and make greater 
contributions to building a clean and beautiful world. (Xinhua 2024b)
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Electricity is the cornerstone of modern development. China’s electricity system must 
undergo a profound transformation to clean and low-carbon sources while ensuring 
safety and efficiency. The challenge has been much discussed. Traditionally, China’s 
electricity system is highly centralised, with grid operators carefully balancing supply 
and demand, which is possible because these can be reasonably predicted and therefore 
planned for. The penetration of renewable energy makes this quite challenging as 
electricity supply becomes much more volatile because of the instability of wind and 
solar power generation. This demands stronger capabilities to manage supply-side 
volatility and, at the same time, greater flexibility on the demand side, as well as enhanced 
resilience and efficiency in electricity distribution. To achieve this, a diversified energy 
supply structure, an efficient electricity market and the support of digital and intelligent 
technologies are indispensable.

This trend, while posing challenges, also provides great opportunities for innovation. 
First, on the supply side, breakthroughs in new energy and storage technologies are 
imperative to enhance the flexibility and resilience of the energy supply. Second, energy 
demand must become softer and more flexible. For this purpose, digital and intelligent 
technologies are required to improve demand-side management. Future intelligent 
energy management, enabled by advanced information technologies, focusing on data-
based optimisation, scheduling and dispatch, rather than digital displays of energy 
consumption data, will become a core driver and safeguard of the future energy system. 
Third, an efficient and open electricity market is the core bridge to balance energy 
supply and consumption, while also providing additional business cases for investment 
in renewable energy and energy storage. Only through coordination of supply, 
configuration and demand can a clean and reliable energy system be sustainable. This 
will further facilitate China’s transition to a low-carbon society and economy—driving 
the formation of new productive forces and fostering high-quality development.

The rest of this chapter proceeds as follows. The next section will discuss the main 
hurdles to China’s transition to a renewable electricity system and therefore the key 
tasks on which it must work in the next five to 10 years. Section three provides an 
overview of the strategies that have emerged to help China stride over these hurdles, 
while section four concludes with a summary.

The key challenges in China’s transition  
to green electricity
A defining feature of the new electricity system is the gradual replacement of fossil fuels 
with non-fossil energy sources, which is essential for China to achieve its carbon goals. 
Zhang et al. (2022) and the International Energy Agency (IEA) (Lim and Hart 2021) 
investigated the electricity structure change required to ensure carbon neutrality by 
2060. They agree that wind and solar power must provide 60–70 per cent of China’s 
total electricity generation by 2060—a shift from an electricity structure dominated by 
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thermal power (nearly 70 per cent in 2020). Zhang et al. (2022) also estimated that 
total electricity production would increase from 7,511 terawatt hours (TWh) in 2020 
to 15,100 TWh in 2060. Consequently, by 2060, the combined generation from wind 
and solar power must reach 8,700 TWh—far exceeding today’s current total electricity 
consumption. This grand transition must occur within 40 years.

This transition is further fuelled by the need to ensure national energy security. China 
has few reserves and little production of fossil fuels. This, and the fact that China’s 
economy is heavily reliant on fossil fuels for its energy needs, leads to an increasing 
dependence on international energy markets. In 2023, China’s crude oil consumption 
was 772 million tonnes, with imports accounting for 564 million tonnes, resulting in 
an external dependency rate of 73 per cent (NBS 2023, 2024; Fan et al. 2024). In 2021, 
President Xi emphasised that ‘as a major manufacturing country, China must hold its 
own energy bowl firmly in its own hands’ (Bai and Zhao 2024). Hence, fully utilising 
China’s abundant wind and solar resources to replace traditional fossil fuels is vital for 
enhancing China’s national energy security. Therefore, the transition to low carbon is 
necessary not only for sustainable development but also for ensuring energy security.

With strong political determination and policy support, China’s new-energy industry 
has become globally significant, with its wind and photovoltaic (PV) industries rapidly 
progressing from ‘followers’ to ‘leaders’. China now holds global leadership in new-
energy technology and equipment manufacturing, having established the world’s largest 
and most comprehensive new-energy industrial chain and occupying a dominant 
position in the global market. According to China’s Energy Transition White Paper (NEA 
2024a), by the end of 2023, the combined grid-connected installed capacity of wind 
and PV power had reached 1.05 terawatts (Figure 3.1), accounting for 36 per cent of 
the national total installed capacity. By the end of November 2024, China’s cumulative 
power generation capacity had reached 3.23 terawatts—a 14.4 per cent increase year-
on-year, with photovoltaic and wind power capacities reaching 820 gigawatts and 490 
gigawatts and year-on-year growth rates of 46.7 per cent and 19.2 per cent, respectively 
(NEA 2024a). China’s global leadership in PV and wind industries is rooted in its 
continuous innovations in new-energy technology, from the introduction of advanced 
foreign technologies to independent innovation. China’s remarkable achievements in 
new-energy technological innovation and industrial expansion have provided a strong 
impetus for the global green and low-carbon energy transition.

As a result of continued technological innovation and expansion of production capacity, 
the cost of wind and solar electricity generation has quickly declined. For instance, in 
2024, the levelised cost of electricity generation from solar power was only RMB0.15–
0.25 per kWh in northern China—a 90 per cent drop from 2010, and already cheaper 
than coal-fired electricity generation, which often ranges from RMB0.3 to RMB0.4 
per kWh (Soochow Securities Research Institute 2024). As a result, the key hurdles to 
the transition to renewable electricity generation are no longer the manufacturing and 
operation of solar panels.
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Figure 3.1: Installed capacity of wind and photovoltaic energy in China, 2010–24
Source: China Statistical Yearbooks (2010–24) (data.stats.gov.cn/english/).

The key hurdles for the future will be the integration of renewable electricity into 
the existing energy system. In China, the installed capacity of wind and PV power is 
growing at an unprecedented rate, placing significant stress on the grid. The inherent 
intermittency and volatility of renewable sources such as wind and solar exacerbate 
supply instability and regulatory pressure on the grid. For instance, wind power 
generation peaks at night when low-level airflow is stable and wind speeds are relatively 
high, while PV generation peaks at midday during summer, and therefore is often 
misaligned with the periods of peak electricity demand, leading to curtailment of wind 
and solar power. In 2023, provinces with substantial PV capacity, such as Henan and 
Shandong, frequently restricted PV grid connection during sunny periods, highlighting 
the absorption bottleneck. According to a report on the national new-energy grid 
connection and consumption in February 2024, the national PV utilisation rate 
dropped to 93.4 per cent—the first time it had fallen below 95 per cent (NEA 2024f ). 
Data from the National New Energy Consumption Monitoring and Early Warning 
Centre (2024) show that, in the first four months of 2024, regions such as Gansu, 
Qinghai, Ningxia, Xinjiang and Tibet repeatedly saw renewable energy utilisation rates 
falling below 95 per cent, with PV utilisation rates in these regions dropping below 
90 per cent in October. Notably, the PV utilisation rate in Tibet was only 71.8 per cent 
from January to April, further declining, to 65.5 per cent, in October—significantly 
lower than the national average of 90 per cent (National New Energy Consumption 
Monitoring and Early Warning Centre 2024). These figures indicate that the grid’s 
capacity to integrate renewable electricity is approaching its limit. As installed renewable 
generation capacity further increases, the power system must manage significantly larger 
generation fluctuations, increasing difficulty in balancing the system and risks to safe 
and stable operation (Guo 2023).

http://data.stats.gov.cn/english/
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Under current circumstances, the primary challenge for the energy transition is no 
longer the production and installation of new-energy equipment, but the mismatch 
between the rapid expansion of new-energy generation capacity and the limited capacity 
of the grid to integrate it. If the mismatch persists or intensifies, further development 
of renewable generation capacity will be futile. This challenge was underscored in the 
CPC Central Committee’s decision on ‘Further Comprehensively Deepening Reform 
and Promoting Chinese-Style Modernisation’ (Xinhua 2024c), which emphasised the 
urgency of planning and building a new energy system that facilitates the utilisation 
of renewable electricity, and improving policies and measures for renewable energy 
consumption and regulation.

The Chinese Government has implemented several policy measures to ensure the 
efficient and sustainable development of the new-energy system, maintain safe and stable 
operations and enhance utilisation capacity. On 28 May 2024, the National Energy 
Administration of China (NEA 2024d) issued a notice that highlighted that addressing 
consumption is not only a critical link in the planning and construction of a new-
energy system but also of great significance for increasing the proportion of new energy 
in consumption and achieving the ‘dual carbon’ goals. The challenge has become how to 
efficiently utilise and integrate renewable energy into the existing system. In response, 
the NEA outlined several measures, including accelerating the construction of new-
energy–supporting grid projects, actively promoting system flexibility to enhance the 
coordinated development of load–network–source integration and leveraging the role 
of the power grid as a resource allocation platform. These measures aim to enhance the 
power system’s capacity to consume renewable energy, ensuring its effective integration 
and optimal distribution (NEA 2024d).

On 6 January 2025, the National Development and Reform Commission (NDRC) 
released the ‘Special Action Plan to Optimise Power System Regulation Capacity’. The 
plan set a goal for the period 2025–27 of the grid supporting an average annual increase 
of more than 200 gigawatts in new-energy consumption through capacity construction 
and optimisation, and ensuring a national new-energy utilisation rate of at least 90 per 
cent. This is the first time the state has set a clear target for the annual utilisation rate 
for renewable energy consumption (NDRC 2025). Considering the newly installed 
renewable generation capacity reached 373 gigawatts in 2024 and a 95  per cent 
utilisation rate, this action plan reveals a more prudent attitude to renewable electricity 
development, in better alignment with the grid’s capacity to accommodate it.

Strategies to enhance the utilisation  
of renewable energy
As the previous section revealed, the greatest hurdle for China’s energy transition is 
integrating renewables into the existing supply and consumption network. For this 
purpose, the coordinated efforts of the supply side, the demand side and the distribution 
network are essential. Energy system reform is a comprehensive and integrated project. 
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It necessitates optimising the energy configuration side by restructuring the energy mix, 
while enhancing the adaptability of both the demand and the supply sides to develop 
a system that is cleaner, safer, more efficient and more resilient.

Supply side: Reducing the volatility of renewable  
electricity supply

As previously noted, on the supply side, China’s energy structure is undergoing 
a profound transformation. In recent years, great leaps have been made in the installed 
capacity of renewable energy. In 2024, China’s newly installed renewable energy 
capacity reached 373 gigawatts, representing a year-on-year increase of 23 per cent 
from 2023 and accounting for 86 per cent of the country’s total newly installed power 
capacity. The composition of the newly installed capacity was as follows: hydropower, 
13.78 gigawatts; wind power, 79.82 gigawatts; solar power, 278 gigawatts; and biomass-
generated power, 1.85 gigawatts (NEA 2024c).

However, despite the continued expansion of renewable energy installations, the 
intermittent and volatile nature of wind and solar generation has led to output instability, 
making it difficult to closely align with demand in the power system and thereby posing 
greater challenges for grid integration and consumption. To improve the controllability 
of electricity supply, the importance of energy storage systems is becoming increasingly 
evident. These can store excess energy during periods of surplus renewable generation 
and release it during shortages, effectively smoothing the output curve of renewable 
energy and significantly enhancing its scheduling and reliability. Thus, energy storage 
technology, as a core solution to this challenge, has garnered widespread attention from 
both industry and society.

Currently, the development of such technologies is primarily concentrated in the field of 
electrochemical energy storage. Among these, lithium-ion batteries, with their mature 
technology and broad range of applications, have emerged as the leading solution. 
By  the end of 2023, lithium-ion battery energy storage constituted approximately 
97.4 per cent of the newly installed energy storage capacity in China (NEA 2024b). 
However, there are several challenges to this type of storage. First, safety remains a 
critical issue for lithium-ion batteries. Under abnormal conditions such as overcharging 
or short-circuiting, lithium-ion batteries may experience thermal runaway, potentially 
leading to fires or even explosions. These incidents not only threaten equipment 
safety but also pose significant risks to the energy grid. Second, the rapid growth of 
electric vehicles and energy storage has increased global demand for lithium, cobalt 
and other heavy metals, exacerbating resource shortages and driving up costs. Finally, 
the issue of recycling decommissioned batteries is becoming increasingly urgent. The 
rapid advancement of new-energy vehicle technology has accelerated model turnover, 
and battery performance degrades with repeated charging. If retired batteries are not 
properly managed, they can cause serious environmental pollution. Currently, there 
are two main approaches for recycling decommissioned batteries: cascade utilisation 
and raw material recovery. Cascade utilisation involves disassembling and reassembling 
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decommissioned batteries for use in energy storage applications with lower energy 
density requirements, while raw material recovery focuses on extracting valuable metals 
such as cobalt, nickel and lithium from scrapped batteries for recycling.

Electrochemical technology is more applicable to short-term energy storage. If the 
volatility of electricity generation must be smoothed out over months or seasons, or 
across regions, hydrogen storage seems to be more appealing. It enables energy storage 
and release through the production, storage and use of hydrogen. Electrolysis is used 
to convert surplus or low-cost renewable electricity into hydrogen, which can then be 
transformed back into electricity or heat via fuel cells when needed or when demand 
and electricity prices are high. This process alleviates supply-side pressures associated 
with intermittent renewable energy. A notable example is the power-to-gas project in 
Prenzlau, Germany, where excess wind power is electrolysed into hydrogen for storage, 
power generation, heating and powering fuel cell vehicles.

The development of hydrogen energy storage technology has created a new pathway 
for the broad application of clean energy, enabling renewables to be utilised in various 
sectors. This not only accelerates the transition from traditional fossil fuels to clean energy 
but also offers several core advantages. Hydrogen energy storage is suitable for both 
short-term and long-term storage, has minimal dependence on external environmental 
conditions and allows for flexible site selection with a small environmental impact. 
Compared with conventional technologies such as pumped storage and compressed 
air storage, hydrogen is more competitive and can meet the needs of large-scale, long-
duration storage, making it particularly suitable for energy storage that spans seasons. 
It also supports a variety of flexible storage and transportation methods, such as 
pipeline transport and blending with natural gas, and can be closely integrated with 
clean energy generation systems to form a complementary energy supply network. By 
storing hydrogen during periods of excess renewable energy generation and generating 
electricity via fuel cells during peak demand, hydrogen storage significantly enhances 
the flexibility and stability of the energy system.

However, hydrogen storage has its own significant challenges. First, the high costs of 
large-scale electrolysis make its widespread adoption difficult. Meanwhile, hydrogen’s 
low density, leakage risks and flammability complicate storage and transportation, with 
current methods including high-pressure gas, liquid hydrogen and solid-state storage 
each having limitations. Moreover, hydrogen storage currently exhibits lower energy 
conversion efficiency and higher costs than other storage technologies, posing barriers 
to commercial viability.

To address these challenges, the Chinese Government has implemented several 
supportive policies. The NDRC and the NEA released a plan for the development of 
a hydrogen energy industry in March 2022, underscoring hydrogen’s role as a crucial 
component of the future national energy system. The plan proposes the establishment 
of a supply system based on hydrogen as an industrial by-product and locally utilised 
renewable hydrogen production during the Fourteenth Five-Year Plan period (NDRC 
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2022). This provides policy support and a clear direction for the development of 
hydrogen energy storage technology. On 31 December 2024, the General Office 
of the Ministry of Industry and Information Technology, the General Office of the 
NDRC and the General Department of the NEA issued ‘The Implementation Plan 
for Accelerating the Application of Clean and Low-Carbon Hydrogen in the Industrial 
Field’ (State Council 2024). This plan highlights that accelerating the application 
of clean hydrogen, such as industrial by-product hydrogen and hydrogen produced 
from renewable electricity, is a  vital for promoting high-quality development and 
productivity in the hydrogen energy industry. It is also a core pathway for promoting 
energy conservation, carbon emission reduction and new industrialisation. These 
policy initiatives have provided robust support and clear guidance for the advancement 
of hydrogen energy storage technology.

The propeller for hydrogen energy development is twofold. First, China needs a large-
scale energy storage approach to smooth the seasonal fluctuations in wind and solar 
power. Second, it needs a large-scale energy storage approach that can turn otherwise 
wasted wind and solar power into useable resources. The momentum for hydrogen 
development will not dwindle unless other technologies that can meet these two 
needs emerge and mature. Of course, the challenges with hydrogen energy must be 
addressed. The US Department of Energy (DOE 2022) published its National Clean 
Hydrogen Strategy and Roadmap in 2022, setting a goal of reducing the production cost 
of renewable hydrogen to US$1 per kilogram. In 2024, China had already witnessed 
a sharp decline in this cost.

Meanwhile, the challenges associated with hydrogen storage and transportation have 
spurred the development of hydrogen-based fuel synthesis technology, which involves 
combining hydrogen with carbon dioxide captured from the atmosphere to produce 
methanol, ammonia and ether-based fuels. This not only addresses hydrogen storage 
and transportation issues but also enables carbon recycling, offering substantial 
environmental and economic benefits. On 9 September 2024, the NEA Party Leadership 
Group published a signed article in the People’s Daily that proposed satisfying terminal 
energy consumption with diversified clean alternatives, including electricity, hydrogen 
and ammonia (People’s Daily 2024). Previously, only electricity had been mentioned. 
The addition of hydrogen and ammonia was new. This statement not only affirms 
the development trend towards hydrogen-based fuel synthesis but also outlines the 
direction for future energy transformation.

Hydrogen-based fuel synthesis has made notable progress. For example, the Carbfix 
project in Iceland has successfully produced methanol by capturing atmospheric carbon 
dioxide and combining it with hydrogen generated through water electrolysis (using 
geothermal power) for local transportation and industrial use. Additionally, Australia’s 
Fortescue Future Industries is developing several green ammonia projects, which plan to 
use renewable energy to produce hydrogen and combine it with atmospheric nitrogen 
to synthesise ammonia. ‘The Implementation Plan for Accelerating the Application 
of Clean and Low-Carbon Hydrogen in the Industrial Field’ (State Council 2024) 
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states that, by 2027, significant progress will be made developing the equipment 
and technology for clean and low-carbon hydrogen in industries such as metallurgy, 
ammonia synthesis, methanol synthesis and refining. Demonstrations will be carried 
out of industrial green microgrids, shipbuilding, aviation and rail transit, forming 
several commercial application models for hydrogen energy in transportation, power 
generation and energy storage. These advancements demonstrate that hydrogen-
based fuel synthesis is not only theoretically feasible but also holds prospects for broad 
practical application.

Energy storage and hydrogen-based fuel synthesis technologies (also as an approach for 
energy storage) are key to promoting the construction of a clean energy structure on 
the supply side, consuming excess renewable electricity that would otherwise be wasted 
and fostering sustainable development. Energy storage technology effectively mitigates 
the intermittency and volatility of renewable energy generation, enhancing supply 
stability and reliability. Hydrogen-based fuel synthesis addresses hydrogen storage 
and transportation challenges while enabling carbon recycling, offering significant 
environmental benefits. With continuous technological progress and policy support, 
clean energy industries such as energy storage and hydrogen energy will provide solid 
support for the energy transition, accelerating the shift from traditional fossil fuels to 
clean energy.

Demand side: Smart energy construction

The demand side plays a crucial role in improving the utilisation of renewable 
electricity and therefore increasing the penetration of renewables into China’s power 
mix. Energy-consuming enterprises, through energy-saving measures and renewable 
energy substitutions, can not only effectively reduce their reliance on high-polluting 
energy sources, but also, more importantly, alleviate the burden that renewables’ 
intermittency places on the grid, and even improve the grid’s capacity to accommodate 
the penetration of renewables through demand-side management. Among these 
initiatives, the development and application of microgrid technology have emerged as 
vital means of enhancing renewable energy consumption on the demand side. Demand-
side energy transformation, supported by digital and intelligent technologies, not only 
optimises energy efficiency but also provides robust support for the safe and stable 
operation of the power system. For instance, when renewable energy generation on the 
supply side is insufficient due to weather, the demand side can reduce electricity load 
through flexible responses and even convert energy storage resources (including electric 
vehicles) into power suppliers. Demand-side smart energy systems are a core strategy to 
enhance the utilisation of renewable electricity, with four main directions warranting 
further exploration.
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Intelligent microgrids
The development of microgrids, underpinned by digitalisation and intelligent 
technologies, will be a cornerstone of smart energy solutions on the demand side. 
As defined by the NDRC and the NEA, a microgrid is a localised power distribution 
system with energy storage and monitoring and protection capabilities. It primarily 
utilises locally generated renewable energy to directly serve end users (NDRC 2021). 
On the demand side, microgrids can dynamically meet energy supply needs and 
optimise energy usage through advanced big data analytics and intelligent management. 
This enhances local voltage stability, reduces energy consumption and mitigates supply 
shortages. For the broader power grid, microgrids function as agile power units, capable 
of rapidly addressing internal and external transmission requirements. The exchange of 
energy between microgrids and the main grid significantly improves the overall stability 
of the power system. As more enterprises integrate distributed energy resources and 
transition towards combined energy production and consumption models, microgrids 
that incorporate local renewables, storage, load equipment and energy management 
are becoming essential infrastructure. Under the new power system architecture, local 
electricity needs will be met locally and the reduced power exchange between microgrids 
and the national grid will ease the burden of renewable electricity integration.

China’s microgrid demonstration projects—such as the Xiapu Microgrid Demonstration 
Project in Ningde, Fujian Province, and the Cixi hydrogen-electric coupled DC 
microgrid project in Ningbo, Zhejiang Province—have been instrumental in driving 
the high-quality development of renewable energy and enhancing the power system’s 
capacity to absorb new energy in these areas. Thus, the development and operation of 
microgrids are critical for renewable energy consumption. On 9 October 2024, the 
NEA released for public comment the ‘Management Measures for the Development and 
Construction of Distributed Photovoltaic Power Generation’. The draft stipulated that 
‘the electricity generated from large-scale industrial and commercial distributed solar 
projects must be consumed locally and are not allowed to be fed into the grid’ (NEA 
2024e). Under this regulation, large-scale industrial and commercial distributed PV 
projects exceeding 6 megawatts will no longer be able to operate under the traditional 
model in which surplus electricity is fed into the grid. The ‘6-megawatt’ threshold is 
expected to be lowered in the future. This sends a signal that future industrial and 
commercial distributed PV projects must operate self-sufficiently, precluding the option 
of feeding surplus electricity into the grid. While this will help to mitigate the impact 
of distributed generation on the power grid and is a significant measure to address 
renewable energy consumption challenges, it also means that project owners must 
establish an intelligent operating system that covers PV power generation capacity, 
storage, load adjustment and the charging/discharging of electric vehicles to ensure 
system stability and cost optimisation. In essence, this will drive the development of 
demand-side microgrids, which face numerous management issues (Xu et al. 2021).
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From a technical perspective, intelligent microgrids must be supported by advanced 
information, communication and control technologies. In its opinions on 
‘Accelerating the Development of Digital and Intelligent Energy’, the NEA clarified 
the development direction for microgrids. It proposed using digital and intelligent 
technologies to accelerate the clean energy transition, expedite the development of 
new-energy microgrids and high-reliability digital distribution systems and enhance 
the configuration and operation of demand-side distributed power supplies and new-
energy storage resources (Energy Bureau 2023). This indicates that the government is 
placing significant emphasis on the intelligent and digital development of microgrids, 
aiming to achieve modernisation and upgrading of the energy industry through 
technological progress.

Microgrids, state grid ancillary services and virtual power plants
The significance of smart microgrids could go beyond realising local self-sufficiency 
in electricity needs and reducing dependence on the central grid. Leveraging agile 
operational control and energy management capabilities, smart microgrids can 
rapidly respond to supply fluctuations and emergencies on the energy production 
side, ensuring continuous and reliable power supply and improving grid capacity that 
integrates renewables.

In essence, as a critical component of the energy transition, microgrids can significantly 
bolster the grid’s ancillary service capabilities through demand-side management, 
including frequency regulation and peak–valley load balancing, thereby enhancing grid 
stability and reliability. In demand-side management, microgrids can utilise technologies 
such as artificial intelligence (AI) to optimise the allocation and consumption of power 
and improve energy efficiency. This includes the possibility of maintaining supply–
demand balance through the precise control of demand-side electricity needs. Based on 
the principle of minimising net load, the power system can align the load curve with the 
renewable energy generation curve through demand-response technology, utilising load 
and energy storage resources to consume excess renewable energy when it is abundant 
and reduce electricity consumption when renewable generation is insufficient, or even 
supply electricity back to the grid. This interaction between microgrids and distribution 
networks will support the operational optimisation of the power system and play a 
vital role in enhancing renewable energy utilisation capacity, the energy structure and 
energy efficiency.

As a distributed energy aggregator, microgrids can become a core component of virtual 
power plants in the future, participating in grid scheduling and enhancing the grid’s 
renewable energy utilisation capacity. With this consideration, the Fourteenth Five-Year 
Plan for Modern Energy System (State Council 2022) underscores the importance of 
actively developing smart microgrids, highlighting their role in innovations in grid 
structure and operation to advance the construction of new power systems. The plan 
emphasises the core role of microgrids in diversifying and evolving energy systems, 
particularly in improving renewable energy efficiency and reducing costs. The NDRC 
and the NEA published a guide on ‘Accelerating the Development of Virtual Power 
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Plants’, which sets a goal for the dispatch capacity of virtual power plants to reach 
20 gigawatts by 2027 and 50 gigawatts by 2030. To enhance the grid’s capacity to 
accommodate unstable renewables generation, the development of virtual power plants 
has been fast-tracked (NDRC and NEA 2025).

Participation in grid ancillary services and virtual power plants necessitates robust 
digital and intelligent technology capabilities. In its ‘Opinions on Accelerating the 
Development of Digital and Intelligent Energy’, the NEA emphasised the pivotal role 
of these technologies in upgrading the energy industry’s foundations and modernising 
the industrial chain (Energy Bureau 2023). Through the application of digital and 
intelligent technologies, microgrids can more effectively participate in grid ancillary 
services and virtual power plant development, enhancing overall grid performance and 
efficiency and providing solid support for the development of a clean, low-carbon, safe 
and efficient energy system.

Microgrids engaging in the power spot market through  
demand-side optimisation
In 2023, the NDRC and the NEA issued a notice on ‘Accelerating the Construction of 
the Power Spot Market’, which required regions with a relatively high installed capacity 
of distributed renewable energy to encourage generators to participate in the electricity 
market. Time-of-use electricity would send market price signals to guide renewable 
generation and encourage new entities such as energy storage systems, virtual power 
plants and load aggregators to participate in peak shaving and valley filling, optimising 
supply quality and exploring innovative models such as ‘renewable energy plus energy 
storage’ (NDRC 2023a).

In the electricity spot market, as illustrated in Figure 3.2, electricity prices fluctuate 
in real time according to market supply and demand. With the increasing proportion 
of renewable energy, favourable wind and solar conditions can lead to an excess of 
renewables generation, resulting in negative electricity prices. Conversely, unfavourable 
wind and solar conditions can lead to insufficient generation, causing electricity 
prices to soar. If a demand-side entity based on a distributed microgrid has developed 
renewable energy generation forecasts and flexible load adjustment capabilities, it can 
capitalise on these price fluctuations by purchasing electricity during negative price 
periods and selling it during high price periods, thereby achieving arbitrage. This not 
only diversifies the profit models for distributed energy owners, but, more importantly, 
also creates market incentives to enhance the utilisation of renewables and support 
the stable operation of the power grid as the penetration rate of renewables continues 
to increase.
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Figure 3.2: Real-time trading price data for Shandong electricity spot market 
on 1 May 2023
Source: Shandong Electricity Spot Market.

As a platform for demand-side energy optimisation, microgrids can enhance their 
intelligence levels through digital technology and participate in the power spot market, 
thereby improving market competitiveness and achieving efficient energy allocation. 
This model has been successfully implemented in several regions, particularly 
in  the integrated smart energy projects of the State Power Investment Corporation. 
The demand-side optimisation in these projects has demonstrated the potential for 
participation in the power spot market. For instance, 12 of the State Power Investment 
Corporation’s smart energy projects were selected for the 2023 ‘Smart Energy Projects 
Excellent Project Case Collection’ (CCPITEP 2023), including industrial parks 
and cluster building models. These projects showcase the corporation’s demand-
side optimisation and participation in the electricity spot market. For example, the 
integrated smart energy demonstration project in Beijing’s Future Science City business 
park has achieved an 18 per cent self-sufficiency power supply rate for enterprises 
through the installation of rooftop PV systems, ground-mounted PV arrays, small wind 
turbines and energy storage systems. This not only improves energy efficiency but also 
maximises the economic benefits through participation in the electricity spot market. 
These projects highlight the importance of demand-side optimisation in spot markets 
and the dual value of microgrids in promoting the energy transition and enhancing 
economic efficiency. Of course, efficient participation in the electricity spot market 
by intelligent microgrids, supported by advanced information, communication and 
control technologies, is also crucial.
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Integration of electric vehicle charging infrastructure with the 
power grid
In recent years, there has been rapid growth in the uptake of electric vehicles (EVs) 
in China (Figure 3.3). The onboard batteries of EVs, acting as a form of energy 
storage, can participate in grid operations through intelligent charging and discharging 
technologies. Based on vehicle-to-grid charging strategies, EV charging networks can 
enhance renewable energy absorption, effectively coordinate and optimise EV–grid 
interactions and optimise grid loads. Studies show that, by flexibly regulating EV 
charging loads, the power system can alter the spatiotemporal distribution of those 
loads while fully meeting demand. This process can shift some electricity originally 
dependent on thermal power to renewable energy generation, thereby increasing local 
renewable energy consumption and reducing overall carbon emissions of the coupled 
network (Ye et al. 2023). This optimisation not only improves energy efficiency but 
also contributes positively to carbon emission reduction.

In response to these developments, in December 2023, the NDRC issued its opinions 
on strengthening the integration of and interactions between new-energy vehicles and 
the power grid (NDRC 2023b). It described the future development of the charging 
network, aiming to tap into the regulatory potential of batteries as load control or 
mobile energy storage. By establishing an information and energy exchange system 
between new-energy vehicles and the power supply network, the policy provides strong 
support for the efficient and economical operation of new power systems: charging 
vehicle batteries when renewable generation is abundant while feeding the battery power 
to the grid when electricity on the grid is in short supply. According to statistics from 
the NEA, from January to September 2024, the number of EV charging facilities in 
China increased by approximately 2.837 million units. By the end of September 2024, 
the total number of EV charging facilities in China reached 11.433 million units—​
a year-on-year increase of 49.6 per cent. Among these, 3.329 million were public and 
8.104  million were private charging facilities (Dai 2024). This trend indicates the 
significant potential of the EV charging network to help adjust power loads, helping 
smooth the fluctuation of renewable generation.

Building on this foundation, some leading charging station enterprises, such as TELD, 
are using charging networks, microgrids and energy storage networks to build virtual 
power plant platforms. By aggregating resources such as EV charging, PV microgrids, 
mobile energy storage and cascade energy storage, these platforms can achieve functions 
such as frequency modulation, peak regulation, demand-side response, aggregated 
electricity sales, green electricity consumption and carbon trading. These platforms 
directly provide ancillary services for the power grid, thereby enhancing the grid’s 
capacity to accommodate renewable energy consumption.
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Figure 3.3: Sales volumes of electric vehicles in China, 2011–24
Source: China Association of Automobile Manufacturers (en.caam.org.cn/Index/lists/catid/78.html).

These four components form a comprehensive development strategy that uses 
digitalisation and intelligent operations of the demand-side energy system to advance 
the power system’s capacity to accommodate renewable electricity. This is instrumental 
for a cleaner, safer, more efficient and resilient electricity system.

Distribution side: Smart grid development

Energy distribution is the complex and critical task of efficiently and safely transporting 
electrical energy from the source to the load. Traditionally, grid operators rely on a 
centralised planning and dispatch system to make sure supply meets demand. This 
is achievable when electricity demand and supply are predictable; however, it is 
difficult, if not impossible, in a power system that is predominantly sustained with 
renewable energy. The reason, again, is the intermittency and fluctuation in solar and 
wind generation.

As the linkage between power generation and consumption, distribution methods and 
grid structure play a decisive role in the grid’s capacity to accommodate renewable 
generation. The key challenge is to enhance the flexibility and resilience of the entire 
energy system through optimal scheduling and intelligent management. There are 
three major development trends on the distribution side: flexible and adjustable 
infrastructure, digital and intelligent capability and the development of an open and 
diversified power market.

The infrastructure component focuses on adjustable  
and flexible loads
Flexible loads are those that can adjust their use patterns according to system requirements 
and market signals. For example, due to their high adjustability, heating, ventilation 
and airconditioning systems and charging piles allow the power grid to flexibly adjust 
load power without affecting user experience, thereby balancing electricity supply and 

http://en.caam.org.cn/Index/lists/catid/78.html


THE GREAT ENERGY TRANSFORMATION IN CHINA

58

demand and optimising energy costs. Additionally, the application of flexible load 
technology can mitigate the peak–valley differences in the power grid and enhance its 
operational efficiency and reliability. With continuous technological advancements, the 
application scenarios for flexible loads continue to expand. For instance, charging piles 
can flexibly adjust charging power based on the state of the grid and optimise charging 
times. Distributed energy sources, such as small-scale solar and wind power, can 
generate electricity locally, reducing dependence on the grid. The Chinese Government 
is actively promoting the development of flexible loads through various policies. 
On 17 January 2025, the NEA issued new administrative measures to regulate the 
‘Development and Construction of Distributed Photovoltaic Power Generation’, solve 
grid accommodation issues, protect user rights and foster the sustainable development 
of the distributed PV industry (NEA 2025).

Energy digitalisation is also a core technological trend on the 
distribution side
Within the smart grid framework, an optimised scheduling system, built on big data 
and AI technologies, can accurately forecast power loads and achieve intelligent power 
scheduling. This system effectively links the supply side with the demand side, ensuring 
the efficient and stable operation of the power grid. Using real-time collection and 
analysis of grid operation data, the system can automatically adjust power distribution 
according to demand and supply, thereby maintaining the stability of the entire 
grid. Device status monitoring and predictive scheduling functions are also crucial. 
By  monitoring equipment status in real time and predicting operational demand, 
energy management systems can pre-emptively adjust energy distribution, optimise 
equipment operation, reduce failures and enhance the reliability of energy supply. 
An  intelligent energy management system can help enterprises monitor their energy 
use in real time, control costs, improve energy utilisation efficiency and provide strong 
support for the stable operation of the power grid.

Moreover, the digitalisation of energy also provides vast potential for the development 
of virtual power plants. As a novel type of management system, virtual power plants 
achieve coordination and optimisation of the power supply, energy storage, load and 
charging piles through the Internet of Things and other technologies. They integrate 
distributed energy resources and use advanced algorithms to optimise energy allocation 
and scheduling. On 24 September 2024, the NEA’s ‘Basic Rules for the Registration 
of the Electricity Market’ clarified the regulations for market access for virtual power 
plants (NEA 2024g). Policy support at both national and local levels provides a clear 
direction and strong support for the development of virtual power plants as part of 
smart grids. In the future, with the continuous maturation of technology and policy, 
virtual power plants are expected to become vital in promoting the energy transition 
and achieving China’s dual carbon goals.
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The electricity market is a crucial development on the  
distribution side
The electricity market functions as an economic system that allocates power resources 
through market mechanisms. Within this framework, market entities such as power 
generation companies, users, grid enterprises and trading institutions engage in trading 
activities for electricity and related products through negotiation, bidding and other 
means to determine prices and transaction volumes. As the electricity market gradually 
opens and diversifies, both the supply side and the consumption side can participate more 
flexibly in a variety of market activities, including medium and long-term power trading, 
power spot trading, demand-side response ancillary services, green electricity trading and 
carbon trading. This flexibility not only enhances the overall efficiency of the energy 
market but also creates more opportunities for the consumption of renewable energy.

On 12 October 2023, the NDRC and the NEA issued their notice on ‘Further 
Accelerating the Construction of the Power Spot Market’. This notice clarified five 
core tasks: accelerating the construction of new-energy projects supporting the power 
grid, promoting the system’s adjustment capacity and coordinated development of 
network sources, fully leveraging the role of power grid resource allocation platforms, 
scientifically optimising new-energy utilisation targets and ensuring the statistical 
management of new-energy consumption data (NDRC 2023a). On 28 May 2024, 
the NEA issued a notice on ‘Doing a Good Job in the Absorption of New Energy to 
Ensure the High-Quality Development of New Energy’, re-emphasising the urgency of 
these five tasks and highlighting the pivotal role of the power market in building a new-
energy system and addressing the challenge of consumption (NEA 2024d).

These three development strategies are essential to improve energy consumption from 
the distribution side. Flexible and adjustable infrastructure adapts to the intermittency 
and volatility of renewable energy generation by creating a flexible grid architecture 
and equipment. Intelligent digital construction, supported by advanced information 
technology, achieves precise regulation and management of the energy system. The 
construction of an open and diversified power market introduces market competition 
mechanisms to promote the efficient allocation of resources and the consumption of 
renewable energy. Only through continuous efforts and improvements in these three 
areas can the energy distribution side effectively link the demand side and the supply 
side, build a new-energy consumption system and drive the entire energy system 
towards being clean, efficient, green and safe.

Conclusion
The most significant challenge in the transition to renewable electricity in China is 
not the production and installation of solar panels or wind turbines, but the mismatch 
between the rapid growth of renewable energy generation capacity and the limited 
capacity of the grid to accommodate it. Because of the intermittency and volatility of 
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wind and solar generation, the rapid expansion of capacity has posed critical challenges 
to the safe operation of the grid. Therefore, future efforts must centre on improving the 
utilisation of renewable electricity through the supply, distribution and demand sides of 
the electricity market and delivering on security, economic and environmental values.

From a security perspective, the future energy system could achieve precise load 
management and risk prediction through a multi-source structure, virtual power plants 
and smart energy systems, even with intermittent and unstable renewable electricity 
as the predominant energy source. This will ensure the stability of energy supply and 
enhance system security. On the supply side, the large-scale adoption of energy storage 
technology would help address the intermittency and volatility of renewable energy 
generation, ensuring stable supply. On the distribution side, virtual power plants leverage 
the Internet of Things and big-data technologies to monitor and optimise the scheduling 
of distributed energy in real time, quickly identifying and responding to potential risks. 
On the demand side, the use of big data and algorithms would advance demand-side 
management: forecasting energy demand and achieving accurate load regulation. Precise 
load management can help match fluctuating electricity supply. Stored energy can serve 
as baseload power when renewable generation cannot meet demand, thereby ensuring the 
stability of energy supply and enhancing the security of the entire energy system.

In terms of economic significance, the renewable energy consumption system 
enhances energy utilisation efficiency, reduces energy waste and costs through energy 
complementarity, intelligent scheduling and precise management, and secures 
economic benefits by engaging in market transactions. On the supply side, the multi-
source system integrates diverse energy resources to achieve complementarity, reduce 
waste of renewable generation capacity and cut supply costs. The virtual power plant 
on the distribution side boosts energy efficiency and cuts consumption via intelligent 
scheduling and optimised management. On the demand side, smart energy systems 
identify and reduce energy waste, improve efficiency and lower costs through meticulous 
management. Meanwhile, accurate measurement and control empower users to actively 
participate in renewable energy market trading, secure additional economic benefits 
through arbitrage and enhance the overall economic performance of the energy system.

From an environmental perspective, the improved utilisation of renewable electricity 
helps reduce dependence on traditional fossil fuels, lower carbon emissions and combat 
global climate change. On the supply side, the multi-source structure optimises the 
energy mix by integrating more renewable energy sources, thereby reducing carbon 
emissions. The virtual power plant on the distribution side enhances the utilisation of 
renewable energy through intelligent management and optimal scheduling, reducing 
the curtailment of wind and solar power. On the demand side, smart energy systems 
further reduce carbon emissions by optimising energy use and minimising unnecessary 
consumption. The goal of all the discussed efforts is to ensure renewable electricity, 
as much as possible, is used to meet energy needs. This system would provide strong 
support for achieving carbon neutrality and promote the development of a green, low-
carbon energy system.
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This chapter reviews how the supply, distribution and demand sides of China’s energy 
system could evolve in the future. Developments will centre on how to stride over 
the key hurdle to China’s transition to renewable electricity—that is, making sure 
that renewable generation capacity can be utilised to the largest extent to meet energy 
demand. We identify several areas that hold high potential: energy storage, including 
electrochemical battery storage, hydrogen and hydrogen-based fuels, microgrid 
development and its roles in providing grid ancillary services; virtual power plants and 
their role in providing grid ancillary services; development of electricity spot markets; 
and digital and intelligent infrastructure for precise load management and optimal 
scheduling of power generation and dispatch. The success of China’s transition to 
renewable electricity hinges on the development of these areas, and technological and 
managerial breakthroughs in these areas will provide social and economic rewards.
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4
Mechanisms for inter-industrial 
collaboration in China’s energy 

transformation
Xiaoli Zhao, Chuyu Sun, Hongjun Zhang and Yarui Deng

Climate change has imposed widespread and profound impacts on ecosystems, 
human health and socioeconomic systems, becoming one of the most pressing global 
environmental challenges. Mainstream scientific research has reached a broad consensus 
that the continuous rise in greenhouse gas (GHG) emissions is the principal driver of 
global warming (Gu et al. 2009; Lashof and Ahuja 1990; Mohajan 2017). In 2021, 
Syukuro Manabe and Klaus Hasselmann were awarded the Nobel Prize in Physics 
for their pioneering work in climate system modelling (von Storch and Heimbach 
2022; Navarra 2023). Their research, grounded in physical modelling, quantitatively 
established the causal relationship between GHG emissions—especially carbon 
dioxide—and global temperature rise, thereby strengthening the scientific foundation 
for mitigation-focused climate governance. According to the Intergovernmental Panel 
on Climate Change (IPCC 2014), 80 per cent of global GHG emissions originate 
from energy-related activities, including power generation, heating, transportation and 
industrial processes. Given the dominant role of the energy system in global emissions, 
its deep structural transformation has become a fundamental pathway to achieving 
emission reductions. This low-carbon transition requires the coordinated advancement 
of multiple pathways, including replacing fossil fuels with renewable energy, improving 
energy system efficiency and optimising end-use energy consumption patterns.

Against this backdrop, China faces a series of complex challenges in its energy transition. 
In terms of energy structure, coal has long held a dominant position, resulting in carbon 
emission intensity significantly higher than the global average. At the same time, 
total energy consumption continues to rise, placing increasing pressure on the scale, 
dispatch complexity and safe operation of the energy system. China’s inter-regional 
energy supply and demand are seriously mismatched and there are constraints on grid 
access and load matching. Renewable energy on the supply side is developing rapidly, 
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but stable and large-scale grid connection capacity on the demand side is insufficient, 
and problems such as wind and solar abandonment continue to exist. By the end of 
2024, China’s installed capacities of wind and solar power had reached 1.407 terawatts 
and 886 gigawatts, respectively, accounting for 42.03 per cent of total installed power 
generation capacity (Ding 2025). However, the average utilisation rates of wind and 
solar power generation are only 95.3 per cent and 96.8 per cent, respectively (National 
Renewable Energy Consumption Monitoring and Early Warning Centre 2025). 
This supply–demand mismatch not only reduces the efficiency of renewable energy 
utilisation, but also increases the burden on conventional energy sources for peak 
regulation during the transition period. In September 2021, 21 provinces in China 
experienced electricity shortages and power restrictions were imposed on residents in 
the three north-eastern provinces (Peng and Xu 2021). This crisis revealed the lack of 
an effective mechanism to coordinate the phase-out of fossil fuel energy and the growth 
of renewables, leading to structural instability risks. Moreover, international experience 
shows that poorly managed structural adjustment in the energy sector can trigger 
significant socioeconomic disruptions. From 1985 to 2005, coal industry employment 
in the United Kingdom fell from 221,000 to 7,000 people, with many affected regions 
still struggling with structural unemployment, inadequate social support and a lack of 
alternative job opportunities. In the United States, fossil energy employment dropped 
by more than 30 per cent after 2008 and, despite government intervention, many 
regions face persistent economic decline (Sainato 2020). These examples demonstrate 
that the energy transition is not only a matter of technological substitution, but also 
a systemic challenge involving multiple sectors and governance levels.

Given these challenges, coordinated planning across power supply and demand sectors 
is essential to push the low-carbon transition of energy structure (Englberger et al. 
2021; Huang et al. 2019; Eldeeb et al. 2018; Beuse et al. 2021). Among China’s end-
use sectors, transport and heating play a critical role in achieving carbon neutrality. 
The transport sector accounts for approximately 10 per cent of China’s total carbon 
dioxide emissions, ranking third after the power and industrial sectors (MEE 2022). 
The heating sector, especially in northern China, also poses significant challenges. 
The  integration of renewable electricity into heating systems—such as through 
power–heat coupling or advanced combined heat and power (CHP) retrofits—offers 
a promising pathway but requires systemic coordination across sectors.

Given the high emission intensity and decarbonisation difficulty of transportation and 
heating, this chapter selects these two sectors as representative domains to investigate 
coordination mechanisms between terminal energy-consuming sectors and renewable 
energy. Accordingly, it focuses on mechanisms for inter-industrial collaboration in 
China’s energy transformation and presents two empirical case studies. The first explores 
the integration of renewable energy into the transport sector through photovoltaic–
energy storage–charging station (PV–ES–CS) systems, evaluating their economic 
and environmental performance considering location and scale. The second builds 
a power–heat coupling model using Beijing as a case study, assessing how renewable 
energy can support regional heating system decarbonisation. Through these two cases, 
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this chapter aims to reveal the underlying logic and institutional requirements of inter-
industrial coordination and offer policy-oriented recommendations for China’s deep 
energy decarbonisation.

Development pathways for coupled photovoltaic–
energy storage–charging station
The coupled PV–ES–CS is an important approach for promoting the transition from 
fossil energy to low-carbon energy consumption. The use of electric vehicles (EVs) and 
the installation of distributed rooftop photovoltaics (PV) can form a feedback loop 
(Kaufmann et al. 2021), which is an efficient approach to integrating distributed PV and 
EV charging systems (Denholm et al. 2013). In addition, distributed PV is intermittent 
and volatile, thus requiring energy storage (ES) devices (Omran et al. 2011; Zhang 
et al. 2019). However, the integrated charging station (CS) is underdeveloped. One of 
the key reasons for this is that there has been little evaluation of its economic  and 
environmental benefits. Based on the electricity load of different types of buildings 
and  data about EV charging stations in Beijing, we analyse the economic and 
environmental benefits of integrated charging stations developed over different scales 
using the capacity optimisation model.

First, we provide a detailed introduction to the PV–ES–CS system, then construct 
the optimal capacity allocation method of this system and analyse its economic and 
environmental benefits with the goal of profit maximisation. In the case study, we 
aggregated several datasets for calculation, including solar radiation data for Beijing and 
charging data from 21 EV charging stations (covering seven types of buildings such as 
hospitals and residences). PV–ES–CS locations in different types of buildings determine 
the different characteristics of a building’s electricity load and EV charging rules, which 
lead to the heterogeneity of the economic and environmental benefits of PV–ES–CS. 
We analysed the economic and environmental benefits of different scales of PV–ES–CS 
in different locations.

The PV–ES–CS we discuss comprises distributed PV power generation modules, ES 
modules, EV charging modules and seven other power user modules such as hospitals 
and teaching buildings that are connected to the power grid (Figure 4.1). Besides solar 
PV, the PV–ES–CS system can buy electricity from power grids at the daily valley price. 
The electricity from the PV–ES–CS system is used not only for EV charging, but also 
for other uses within buildings. Because the electricity price for building power users 
is cheaper than for EV charging, the PV–ES–CS gives priority to charging EVs and 
then to supplying electricity to building users. The grid system could supply electricity 
to building users (Sabadini and Madlener 2021), but the electricity prices of ‘PV–
ES–CS to building users’ are lower than the prices of ‘grid to building users’ (through 
peak–valley spread arbitrage, the PV–ES–CS could provide a cheaper electricity price 
than the grid system), thus building users would prefer to get electricity from PV–ES–
CS than from a grid system.
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Figure 4.1: Structure of the PV–ES–CS model
Source: Authors’ schema and analysis.

Methods

Objective function
Based on the maximum net present value (NPV) model of CS (Yang et al. 2020), 
the objective function in this chapter is to maximise the NPV of the PV–ES–CS 
(Equation 4.1). NPV is calculated by Equations 4.2 to 4.4. In Equation 4.2, NPV 
is maximised with the decision variables a, denoting the capacity of distributed PV; 
b, denoting the capacity of ES; and c, the initial investment in the CS (including 
equipment purchase costs, related facility construction costs and land utilisation costs; 
c is a positive integer). The NPV equals the discounted annual profit minus the initial 
investment in distributed PV (capacity a kilowatt), energy storage (capacity b kilowatt 
hour) and c charging piles, where Ppv, Ps, Pevc,c and Pevc,1 represent the investment costs 
of distributed PV, ES, each charging pile and land, respectively. The land use of the 
charging pile is indicated by the symbol neil. Y is the lifecycle of a PV–ES–CS.

Equation 4.1

max NPV

Equation 4.2

NPV
AP y

r
a P b P c P neil c Py pv s evc c cvc l

y

Y

=
( )

+( )
− ⋅ − ⋅ − ⋅ − ( ) ⋅−

=
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1
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The annual profit is calculated by Equation 4.3 as the sum of the hourly profit for the 
year, HP(t, d, y), minus the annual distributed PV operation and maintenance cost, 
Cpvm.

Equation 4.3

AP y HP t d y C
d

D

t

T

pvm( ) = ( ) −
= =
∑∑

1 1

, ,

The annual profit in year y is the summation of hourly profit in year y. As shown in 

Equation 4.3, the sum of the hourly profit is expressed as 
y

Y

y

AP y

r=
−∑ ( )

+( )1
11

, which means 

the sum of hourly profit in year y from t = 1–T and d = 1–D.

Equation 4.4

HP t d y EVQ t d y P P UQ t d y P SCQ t d ycv t sv t t, , , , , , , ,, ,( ) = ( ) ⋅ +( ) + ( ) ⋅ − ( ) ⋅⋅ Pt

The hourly profit is shown in Equation 4.4, comprising three parts. The first is 
charging income, which is calculated by multiplying the charging capacity of the EV 
by the electricity price per kilowatt hour. The electricity price consists of the electricity 
price and the service price, denoted as EVQ t d y P Pcv t sv t, , , ,( ) ⋅ +( ) . The second part 
is the income from the PV–ES–CS supplying electricity to nearby buildings—that is, 
multiplying the energy consumption of the building by the commercial electricity 
price, denoted as UQ t d y Pt, ,( ) ⋅ . The third part is the cost of purchasing electricity 
from the grid for the PV–ES–CS, denoted as SCQ t d y Pt, ,( ) ⋅ . The hourly profit is 
calculated by EV charging income plus nearby buildings’ charging income minus the 
cost of the PV–ES–CS.

Constraints
The constraints of this model include the following four aspects.

1) Investment constraints

Equation 4.5

a P b P c P MIpv s evc⋅ + ⋅ + ⋅ ≤

The construction of the PV–ES–CS requires investment in distributed PV, ES and CS. 
Equation 4.5 indicates that the total investment in a PV–ES–CS comprises a, kilowatt 
capacity distributed PV; b, kilowatt hour ES; and c, charging piles; and does not exceed 
the fund, MI, owned by the investor.
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2) Constraints on power balance

Equation 4.6

S t d y S t d y EVQ t d y UQ t d y

PVQ t d y SCQ t d

+( ) = ( ) − ( ) − ( )
+ ( ) +

1, , , , , , , ,

, , , ,, y( )

Equation 4.6 indicates that the difference between the next period of electricity of 
the PV–ES–CS and the current period of electricity must be equal to the difference 
between the power generation of distributed PV, PVQ t d y, ,( ) ; the power generation 
of large power grids, SCQ t d y, ,( ) ; the actual charging capacity of EVs, EVQ t d y, ,( ) ; 
and the actual power consumption of users, UQ t d y, ,( ) .

3) Capacity constraints

Equation 4.7

S t d y b, ,( ) ≤

Equation 4.8

S t d y b+( ) ≤1, ,

Equations 4.7 and 4.8 indicate that the ES capacity per hour cannot exceed the ES 
capacity of the PV–ES–CS (simplified to b).

Equation 4.9

PVQ t d y PV t d y, , , ,( ) ≤ ( )

Equation 4.9 indicates that the power generation of the distributed PV used by the PV–
ES–CS cannot exceed its power generation in the current period. The power generation 
of the distributed PV is calculated by Equation 4.10, in which a represents the installed 
capacity of the distributed PV; RA t d y, ,( )  represents solar radiation per hour; η1  
represents the photoelectric conversion efficiency; and η2  represents the conversion 
coefficient between the installed distributed PV capacity and the area of the distributed 
PV panel.

Equation 4.10

PV t d y a RA t d y, , , ,( ) = ⋅ ( ) ⋅ ⋅η η1 2

Equation 4.11

EVQ t d y EVC t d y, , , ,( ) ≤ ( )

Equation 4.12

EVQ t d y S t d y, , , ,( ) ≤ −( )1
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Equations 4.11 and 4.12 indicate that the charging capacity of EVs in a certain 
hour cannot exceed the EV power demand, EVC t d y, , ,( )  and the remaining power, 
S t d y−( )1, , , in the ES.

Equation 4.13

UQ t d y U t d y, , , ,( ) ≤ ( )

Equation 4.14

UQ t d y S t d y EVQ t d y, , , , , ,( ) ≤ −( ) − ( )1

Under the limited ES capacity of the PV–ES–CS and the charging priority of EVs over 
large power users, Equations 4.13 and 4.14, respectively, represent the fact that the 
power purchased by large power users from the PV–ES–CS cannot exceed the power 
consumption of the large power users, U t d y, ,( ) , and the remaining power in the ES, 
S t d y EVQ t d y−( ) − ( )1, , , , .

4) Constraints on charging and discharging

Equation 4.15

EVQ t d y SD, ,( ) ≤ max

Equation 4.16

UQ t d y SD EVQ t d y, , , ,( ) ≤ − ( )max

Equation 4.17

SCQ t d y SC, ,( ) ≤ max

Equation 4.15 indicates that the actual charge of EVs cannot exceed the maximum 
discharge of the PV–ES–CS hourly SDmax . Equation 4.16 indicates that the charging 
power of the large power users cannot exceed the remaining discharge power of the 
PV–ES–CS, SD EVQ t d ymax − ( ), , , as EVs and large power users share the output line 
of the PV–ES–CS during the given period. Equation 4.17 indicates that the electricity 
purchased by the PV–ES–CS from the large power grid cannot exceed the maximum 
charging capacity of the power station, SCmax .

Model for calculating economic benefits and carbon dioxide 
emissions reduction
The rate of return on investment (ROI) in a PV–ES–CS can be calculated by 
Equation  4.18, based on the average annual profit divided by the total investment 
(Yang et al. 2020).
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Equation 4.18

ROI Y
AP y

a P b P c P
y

Y

pv s evc

=
( )

⋅ + ⋅ + ⋅
=∑1

1

Carbon dioxide emissions reduction is used here to measure the environmental benefits 
of the PV–ES–CS (Pu et al. 2021), which are calculated by multiplying the use of 
large-scale grid electricity with the carbon dioxide emissions per kilowatt hour of the 
large grid—that is, the electricity directly used by the PV–ES–CS from distributed 
photovoltaics multiplied by the large grid’s carbon dioxide emissions per kilowatt hour 
(Equation 4.19).

Equation 4.19

CR EF PVQ t d ygrid
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In Equation 4.19, EFgrid  represents the carbon dioxide emissions per kilowatt hour of 
electricity from China’s regional power grid and PVQ represents the consumption of 
the distributed PV power generation.

Equation 4.20 expresses the distributed PV curtailment rate—an index commonly 
used to measure the utilisation efficiency of distributed PV.

Equation 4.20

PV
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In Equation 4.20, PVQ represents the consumption of the distributed PV power 
generation, PV.

Case study

Study area
The world’s largest PV–ES–CS in an urban centre was built in China’s capital, Beijing, 
in 2019 (He 2019). Beijing is both the political and the cultural centre of China (Shang 
et al. 2021), and building new projects there has greater influence and facilitates the 
promotion of PV–ES–CS. Therefore, Beijing is chosen for our case study.

In Beijing, the electricity loads of each PV–ES–CS are closely related to their location. 
PV–ES–CS near different types of buildings have different charging curves for EVs 
and loads for electricity users, which result in different economic and environmental 
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benefits. We selected typical productive and non-productive buildings from the data 
of the Ministry of Housing and Urban–Rural Development (2020) to roughly divide 
installation locations of PV–ES–CS into seven categories: office buildings, factories, 
teaching buildings, hotels, shopping malls, hospitals and residences.

Data
To calculate the economic and environmental effects of the PV–ES–CS in different 
locations and at different scales, it is necessary to calculate the distributed PV power 
generation and EV charging load of the PV–ES–CS.

1) Power generation prediction for distributed PV

The long short-term memory (LSTM) network, a time-series prediction model based 
on the recurrent neural network (RNN) (Shang et al. 2021), is commonly used to 
predict distributed PV power generation and performs well in long-term prediction 
scenarios (Luo et al. 2021b; Ibrahim et al. 2021), as it does not have gradient explosion 
or disappearance problems over the long-term RNN learning process (Hochreiter and 
Schmidhuber 1997). The LSTM structure contains four neural network (NN) layers, 
which are the forgetting gate layer, input gate layer, renew values layer and output gate 
layer. The four-layer NN helps the LSTM network avoid the long-term dependency 
problem.

An LSTM model is used in this study. The model is fed with Beijing’s hourly solar 
radiation data for 27,024 hours from 2017 to January 2020 to regress and predict 
future solar radiation in MATLAB Version 2020a. With an interval of 100 data points, 
70 per cent of the data are used for training the model and the other 30 per cent 
for validation. A comparison of real and predicted solar radiation data is shown in 
Figure 4.2, which indicates that the predicted results are credible. The hourly solar 
radiation data predicted by MATLAB for 20 years are recorded as RA(24, 365, 20), 
then the distributed PV power generation is PV a RA= ⋅ ( ) ⋅ ⋅24 365 20 1 2, , η η , where 
a represents the installed capacity of the distributed PV, η1  represents the conversion 
efficiency of the distributed PV and η2 represents the conversion rate between the 
installed capacity and distributed PV panel area.

Figure 4.2: Real versus predicted data
Source: Data from the US National Oceanic and Atmospheric Administration (www.noaa.gov).

http://www.noaa.gov
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2) Electricity load prediction of charging pile

For conventional EV charging pile load analysis, the charging and discharging behaviour 
of EVs is generally simulated through data such as those from a ‘Family Travel Survey 
Report’, as the total load of the charging pile is accumulated from the bottom up. However, 
China lacks such surveys; it is difficult to fully cover the charging and discharging 
behaviour of EVs in Beijing through questionnaire data. Studies have shown that the 
power remaining when EVs drive into a charging pile is random (Luo et al. 2011)—that 
is, the charging power is independent of the charging start time. The electric load model 
of CS is constructed in this study through a probability analysis of the hourly EV charging 
pile discharge data obtained for Beijing. The hourly discharge amount of the charging pile 
when EV charging behaviour occurs is determined, then whether there is an EV charging 
in that hour is judged by analysing the EV charging start time.

The hourly electricity load of the charging pile of the PV–ES–CS can be obtained using 
the above method. Let X1 , X 2  … Xn  be the hourly charging capacities of given EVs. 
The Arena simulation tool is used to fit the probability distribution function of hourly 
charging capacity, F(x). The charging time of EVs can be analysed from the existing data 
and represented by g t d yn , ,( ) , which is a variable from 0 to 1, where g t d yn , ,( ) = 0 
means that there is no EV charging at that moment and g t d yn , ,( ) = 1  means that 
there are EVs charging at that moment; g t d yn , ,( )  is related to the number of EVs. 
The frequency of g t d yn , ,( ) = 1  doubles as the number of EVs doubles. The charging 
and discharging of each charging pile in the PV–ES–CS is shown in Equation 4.21.

Equation 4.21

EVC t d y F x g t d y
n

c

n n, , , ,( ) = ( ) ⋅ ( )
=
∑

1

In Equation 4.21, t represents time on the day, d, of the year, y, while F xn ( )  represents 
the probability distribution to which the unit charge of the n charging pile is subject, 
and c is the number of charging piles that must be optimised.

Hourly charging and discharging data from 21 public EV charging stations in Beijing 
from 2019 to 2020 are collected with the cooperation of State Grid EV Service Limited, 
which covers all administrative districts and seven building categories in Beijing. Each 
charging station has 20 to 30 charging piles. Excluding the abnormalities in the original 
data—such as EVs that do not charge when plugged in or EVs plugged and unplugged 
immediately without charging—650,255 valid data points remained. The charging 
data for each building type are accumulated before calculating the charging capacity 
per hour; then Arena software is used to generate a distribution function obeyed by the 
hourly charging capacity. As shown in Figure 4.3f, taking a hospital as an example, bars 
represent the hourly charge distribution of 8,760 hours and the curve represents the fitted 
distribution function. The data description item is the descriptive statistics of the CS 
near the hospital. There are 49,694 effective data points for hospitals in this sample. 
The average hourly charge value (kilowatts) is 21.5, the maximum value is 58.5 and the 
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minimum value is 0.003. The hourly curve for hospitals is fitted with nine common 
distributions (for example, β distribution and normal distribution), then the distribution 
function with the smallest error is selected. The distribution functions of other building 
types are shown in Figures 4.3a to 4.3e and Figure 4.3g, as well as Table 4.1.

Figure 4.3: Hourly charging capacity distribution curve of charging station
Source: Data from State Grid EV Service Limited.
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Table 4.1: Hourly charging capacity distribution of various building types (kilowatts)

Office 
building

Factory Teaching 
building

Hotel Shopping 
mall

Hospital Residence

Data description

Valid data 43,598 23,826 33,534 62,603 4,226 49,694 95,660

Mean 23.5 25.4 19.3 20 15.8 21.5 21.9

Standard 
deviation

11.8 13.2 13 11.2 12.8 11.5 11.2

Maximum 59.8 59.4 58.9 57 101 58.5 89.3

Minimum 0.055 0.008 0.002 0.003 0.028 0.003 0.001

Errors under various distribution functions

Beta 0.001 0.001 0.002 0.001 0.003 0.001 0.003

Normal 0.001 0.001 0.002 0.001 0.021 0.001 0.001

Triangular 0.001 0.003 0.002 0.003 0.026 0.003 0.013

Gamma 0.002 0.003 0.003 0.003 0.003 0.003 0.005

Erlang – 0.004 0.007 0.007 0.002 0.004 0.005

Uniform 0.011 0.006 0.010 0.010 0.050 0.010 0.023

Lognormal 0.005 0.007 0.011 0.007 0.007 0.008 0.012

Exponential 0.014 0.011 0.010 0.010 0.002 0.012 0.020

Weibull – 0.011 0.008 0.012 0.160 0.002 0.006

Optimal 
distribution

Beta Beta Triangular Beta Exponential Beta Normal

Distribution 
charge

60 × beta 
(2.03, 6.87)

60 × beta 
(1.61, 6.28)

Tria (0, 
2.21, 59)

57 × beta 
(1.73, 3.21)

expo (15.8) 59 × beta 
(1.73, 3.07)

norm (21.9, 
11.2)

Hourly 3.17 2.26 – – – – –

Source: Authors’ calculations.

In this study, g t d y, ,( )  indicates charging (or not charging) at a certain time. The solid 
line in Figure 4.4f represents the charging frequency of a CS near a hospital in 2019, 
the dotted line represents the charging situation in 2020, the coloured lines represent 
the number of charging EVs in an hour for each charging pile and the black line 
represents the simulated charging number. The simulation curves fit well for all types 
of buildings analysed in this study, which validates the proposed model. The charging 
frequency simulations of CS near other building types are shown in Figures 4.4a–e and 
Figure 4.4g.
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Figure 4.4: Real and simulated charging times for charging station (24 hours)
Source: Data from State Grid EV Service Limited.
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3) Other parameters selection

According to the ‘Specification for Photovoltaic Power Generation System Performance’ 
issued by China’s National Energy Administration (NEB 2020), the usual lifespan of a 
distributed PV module is 25 years. For ES modules, this chapter selects as the object the 
lithium iron phosphate battery—a common battery in PV–ES–CS; its configuration 
costs US$300 per kilowatt hour and the operation and maintenance cost is US$0.30 
per kilowatt hour. The lithium iron phosphate battery has a lifespan of 10.91 years 
(Eldeeb et al. 2018). As a new business model, the PV–ES–CS does not have a unified 
computing lifecycle standard. If the lifecycle is set to 10 or 15 years, compared with 
20  years, the distributed PV part of the PV–ES–CS cannot be fully utilised. If the 
lifecycle is set to 25 years, three more ESs will be needed, among which the service 
period of the third ES could be about three years only. In this case, the income and rate 
of return of the PV–ES–CS for 20 years of service are higher than that for 25 years of 
service. The lifecycle of the PV–ES–CS is set to 20 years accordingly.

The electricity consumption of power users is taken from Ye (2018), with 1 denoted as 
U(24, 365, 20). The characteristics of users’ electricity consumption on a typical day are 
shown in Figure 4.5. The EV charging fee, Pev t, ; service fee, Ps t, ; and Beijing peak and 
valley electricity price, Pt , are shown in Figure 4.6 (Beijing Municipal Commission of 
Development and Reform 2020b). The exchange rate is from the Bank of China, where 
the exchange rate was RMB6.5249 to US$1 on 1 January 2021. Other parameters and 
sources used in this work are listed in Table 4.2.

Figure 4.5: Large users’ electricity consumption (typical day)
Source: Ye (2018).
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Figure 4.6: Peak-to-valley tariff in Beijing
Source: Beijing Municipal Commission of Development and Reform (2020b).

Table 4.2: Abbreviated symbols and values

Symbol Definition Value Data sources

Ppv Cost of distributed PV RMB3,380/kW China PV Industry Association 
(www.chinapv.org.cn)

Ps Cost of ES US$300/kWh Liu et al. (2021)

Pevc c, Cost of each charging pile RMB533,000/pile Yang et al. (2020)

Pevc c, Land cost of charging pile RMB1,920,000/
group

Yang et al. (2020)

Pev t, Charging fee of EV (RMB/
kWh)

Figure 4.6 Beijing Municipal Commission of 
Development and Reform (2020b)

Ps t, Service fee for EV charging 
(RMB/kWh)

Figure 4.6 Beijing Municipal Commission of 
Development and Reform (2020b)

Pt Change in peak-to-valley in 
Beijing (RMB/kWh)

Figure 4.6 Beijing Municipal Commission of 
Development and Reform (2020b)

Cpvm Annual operation and main-
tenance costs of distributed 
PV power generation

RMB54/kW/year China PV Industry Association 
(www.chinapv.org.cn)

η1 Conversion efficiency of 
distributed PV

22.8 China PV Industry Association 
(www.chinapv.org.cn)

η2 Conversion rate of 
distributed PV installed 
capacity and the panel area

10 sq m/kW Field research

γ Discount rate 8 per cent annually Wang et al. (2018b) 

EFgrid Marginal emission factor 0.9419 tCO2/MWh Ministry of Ecology and Environment 

Source: Authors’ compilation.

http://www.chinapv.org.cn
http://www.chinapv.org.cn
http://www.chinapv.org.cn
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Economic and environmental impact of PV–ES–CS in different 
locations and scales
There are obvious differences in the economic and environmental effects of the PV–
ES–CS near different types of buildings. The return on investment of the PV–ES–CS 
calculated under different scales by building type is shown in Table 4.3. The distribution 
of PV, ES and CS can be identified when the maximum return on investment is 
achieved. The distributed PV installed capacity, ES capacity and number of charging 
piles are all non-zero, indicating that the return on investment of the PV–ES–CS is 
better than that of distributed PV power generation (a ≠ 0, b = c = 0), ES power station 
(b ≠ 0, a = c = 0), EV charging station (c ≠ 0, a = b = 0), PV ES power station (a, b ≠ 0, 
c = 0) or ES charging station (b and c ≠ 0, a = 0).

The economic and environmental effects of PV–ES–CS at different locations and scales 
can be summarised as follows.

Table 4.3: Maximum return on investment for PV–ES–CS

Teaching 
building

Hotel Shopping 
mall

Hospital Residence Office 
building

Factory

Maximum 
investment return 
rate

12.58% 11.23% 12.81% 13.92% 1.42% 9.81% 4.29%

Investment (RMB 
million)

26 16 39 41.5 8.5 13 13.5

NPV 
(RMB thousand)

24,396 12,591 37,955.7 44,954.7 –1,094.6 8,363.6 530.1

Distributed PV 
curtailment rate

21.92% 27.39% 26.50% 18.68% 36.99% 31.70% 29.20%

CO2 emissions 
reduction 
(thousand tonnes)

9.36 5.33 13.66 16.30 0.40 3.67 4.46

a (kW) 2,440.91 1,493.87 3,785.68 4,082.30 128.84 1,095.02 1,282.69
b (kWh) 5,258.67 2,888.29 8,206.03 8,728.05 184.27 2,312.60 2,246.25
c 5 5 5 5 5 5 5

Source: Authors’ calculations.

1) Investment return ratio of PV–ES–CS is highest in the hospital scenario and 
lowest in the residential scenario

Figure 4.7 shows that if there is sufficient investment, the return on investment of the 
PV–ES–CS falls by building type from high to low as follows: hospitals, shopping malls, 
teaching buildings, hotels, office buildings, factories and residences. According to the rate 
of return on investment, the PV–ES–CS in different scenarios can be classified into three 
gradients. The first gradient has the highest return on investment—namely, hospitals and 
shopping malls; the second is hotels, teaching buildings and office buildings; and the 
third gradient is factories and residences, which have the lowest return on investment. 
Among them, a CS near a residence has no investment value because the rate of return is 
lower than the current deposit interest rate of the Bank of China.
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Figure 4.7: Return on investment of various PV–ES–CS with different levels 
of investment
Notes: On the one hand, a PV–ES–CS system should contain at least 1 kW PV for RMB3,380 (China 
PV Industry, 1 kWh ES for RMB1,957.47) (Liu et al. 2021) and 1 charging pile for RMB2.45 million (Yang 
et al. 2020)—that is, the smallest investment should be more than RMB3 million. On the other hand, 
the largest investment should be lower than RMB50 million; the return on investment of a PV–ES–CS 
system above this amount is less than zero. Therefore, we set the investment constraint of PV–ES–CS 
between RMB3 million and RMB50 million for all scenarios.
Source: Authors’ calculations.
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2) Developing PV–ES–CS near hospitals is more conducive to carbon 
emissions reduction

The carbon emissions reduction of the PV–ES–CS is related to the curtailment ratio 
of distributed PV. Under the same investment level, a lower curtailment rate results in 
a larger reduction of carbon dioxide emissions. With sufficient investment, the PV–
ES–CS falls into descending order of carbon dioxide emissions reduction per unit of 
investment (Figure 4.8): hospitals (3.87 kg/RMB), shopping malls (3.46 kg/RMB), 
factories (3.30 kg/RMB), hotels (3.24 kg/RMB), teaching buildings (3.18 kg/RMB), 
office buildings (2.61 kg/RMB) and residences (0.57 kg/RMB), which is basically 
consistent with the economic ranking. When the diurnal power load of the building is 
close to the distributed PV power generation curve and nocturnal power consumption 
is relatively high, carbon dioxide emissions are reduced to a greater extent by the 
PV–ES–CS. Buildings use a large amount of electricity from the ES at night, leaving 
enough space for consuming distributed PV during the day and reducing the rate of 
curtailment. When the building load curve during the day is closer to the distributed PV 
power generation curve, the distributed PV curtailment rate is relatively low. Hospitals 
show the largest nocturnal power consumption and diurnal power load curve closest 
to the distributed PV power generation curve. Therefore, building a PV–ES–CS near 
a hospital can maximise the use of the distributed PV, thereby reducing carbon dioxide 
emissions from the large power grid.

Synergistic development of heating system 
decarbonisation and renewable energy increase
Chinese policymakers are actively exploring the path to heating system decarbonisation. 
For instance, the Fourteenth Five-Year Plan for Renewable Energy Development, jointly 
issued in 2022 by nine national departments (NDRC 2022), states that the utilisation 
scale of geothermal heating, biomass heating, biomass fuel and solar thermal for non-
power generation will exceed 60 million tonnes of standard coal equivalent by 2025. 
And the Implementation Opinions on Further Accelerating the Application of Heat Pump 
Systems and Promoting Clean Heating issued by the Beijing Municipal Commission 
of Development and Reform in 2019 provided that, by 2022, the utilisation area of 
the new heat pump system in Beijing would reach 20 million square metres, and the 
cumulative utilisation area 80 million square metres, accounting for about 8 per cent of 
the total heating area, to substantially enhance the application of the heat pump system 
in the city. However, the city’s heating system decarbonisation has not been achieved 
because the heating area provided by renewable energy remains limited, and the 
primary energy supply structure of the heating system is still dominated by fossil fuels 
(NBS 2005). Given that renewable energy power generation will dramatically grow in 
the future, it is crucial to step onto the path to achieve the synergistic development of 
renewable energy generation and heating system decarbonisation.
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Figure 4.8: Carbon dioxide emissions reduction per unit of investment in PV–ES–CS
Source: Authors’ calculations.

Beijing sits on the North China Plain. As China’s capital, it plays a leading role in 
national carbon peaking and carbon neutrality initiatives (Huang et al. 2020; Beijing 
Municipal People’s Government 2022). De-coalification has basically been realised 
in Beijing, however, the city is still under enormous pressure to cut carbon dioxide 
emissions from natural gas and oil usage. Beijing has implemented several policies 
aimed at reducing carbon dioxide emissions, such as its Fourteenth Five-Year Plan for 
Ecological and Environmental Protection, issued in 2021 (Beijing Municipal People’s 
Government 2021). It stated that, by 2025, the total carbon dioxide emissions in 
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the city would be more than 10 per cent lower than the peak in 2020, which was 
148 megatonnes (Huang et al. 2020; Zhang et al. 2019; Beijing Municipal People’s 
Government 2017a; Beijing Municipal Bureau of Statistics 2021b), and the proportion 
of renewable energy consumption would be about 14 per cent.

The current energy system in Beijing mainly comprises the power, heating and 
transport sectors. Its local power supply system is dominated by natural gas generation, 
which amounted to 39.7 terawatt hours in 2020, accounting for 87.1 per cent of local 
power generation, whereas renewable energy, such as wind, PV, hydropower and waste 
incineration power generation, accounted for only 9.87 per cent of local power generation 
(CEC 2021), as shown in Figure 4.9. Although Beijing’s power system has moved away 
from coal, supply is still dominated by fossil fuels, with a low proportion of renewable 
energy. Furthermore, as shown in Figure 4.10, only 40 per cent of the electricity consumed 
in Beijing in 2020 came from local electricity production, with the remaining demand 
met by imported electricity. As a result, increasing the amount of local renewable energy 
is important to decarbonise the power and heating systems in Beijing.

Beijing’s heating system, which uses natural gas as the primary energy input, is separated 
into two segments: district heating and individual heating. The district heating area 
accounts for 73.67 per cent of the total heating area (MoHURD 2021; Beijing Municipal 
Commission of Development and Reform 2020a). Gas-fired combined heating and 
power meets 9 per cent of the district and 6.89 per cent of the individual heating 
demand. The analysis of Beijing’s heating structure shows that the city has established a 
clean heating system. However, due to the technical structure based on gas-fired boiler 
heating, additional steps must be taken to replace natural gas with renewable energy to 
achieve complete decarbonisation of the system.

Figure 4.9: Beijing’s local power supply structure in 2020
Source: Calculated based on data for power generation by region in CEC (2021).
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Figure 4.10: Beijing’s energy balance in 2020 (terawatt hours)
Sources: Based on data in MoHURD (2021); CEC (2021); Beijing Municipal Bureau of Statistics (2021a).

Future energy system design in Beijing

Key technical paths for heating system decarbonisation
The technical paths to heating system decarbonisation in the existing policy documents 
mainly include ground-source heat pumps, solar thermal, ‘coal-to-electricity’ and ‘coal-
to-natural gas’ central heating pilot projects and power plant waste heating (Beijing 
Municipal People’s Government 2017a), which must be fully considered when setting 
the first technical path scenario in this chapter. This scenario serves as a baseline for 
other scenarios for heating decarbonisation. Considering Beijing’s industrial structure, 
resource endowment and infrastructure construction, the natural gas demand in the 
heating system should be further reduced based on the technical paths mentioned in the 
existing policies during the design of the heating system decarbonisation path (Beijing 
Municipal People’s Government 2021). Therefore, it is necessary to replace natural 
gas heating with cleaner electricity, which is the second technical path scenario in this 
chapter—that is, replace traditional gas heating with electric technologies (such as air-
source heat pumps). In addition, in the context of China’s dual carbon targets, more 
renewable energy should replace fossil-based energy and cross-sector application of 
energy technologies should be employed (Luo et al. 2021a). So, it is necessary to analyse 
how cross-sectoral energy technologies will help achieve synergistic development of the 
electricity and heating sectors in the low-carbon transition. The third technical scenario 
for heating system decarbonisation in this chapter is the synergistic development scenario, 
which is mainly based on improvements in the traditional technology for generating 
combined heat and power—that is, replacing fossil fuels with renewable energy.
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As an efficient production technology, combined heat and power (CHP) can not only 
achieve the synergistic development of power and heating systems, but also has great 
potential in reducing energy costs and carbon dioxide emissions (Zhu et al. 2021), and 
is widely used in the design of the district heating system decarbonisation path (Jimenez-
Navarro et al. 2020; Aunedi et al. 2020; Olympios et al. 2020). However, CHP essentially 
burns fossil fuels for energy production, making it impossible to fully eliminate carbon 
dioxide emissions. How to replace fossil fuel with renewable energy in CHP affects not only 
carbon dioxide emissions reduction but also large-scale penetration of renewable energy in 
the future. As a result, this chapter focuses on the CHP generation of solar thermal power 
plants for future development. When intermittent renewable electricity is generated, the 
excess power is transferred to an electric heater to heat salt, which is transported to a high-
temperature molten salt tower. The high-temperature steam generated by the molten salt 
is used to heat water and drive a steam turbine unit to generate electricity. A thermal 
power plant’s steam turbine generator can be employed as a peak-shaving power station 
for wind or PV power generation (Wu et al. 2017). The new development modes for 
CHP generation technology can fully utilise the infrastructure resources of a thermal 
power plant and accomplish the synergistic development of renewable energy and heating 
system decarbonisation. Finally, it is worth noting that the development of wind and 
hydropower requires vast natural resources and land; in contrast, the development of 
distributed photovoltaics is more flexible in terms of location. Therefore, the scenarios in 
this study focus on the synergistic development of large-scale applications of heat pumps 
and CHP in combination with distributed photovoltaics.

Forecasting the future energy demand in Beijing
The dynamic trend of Beijing’s future energy demand must be analysed to design the 
city’s large-scale renewable energy system. Beijing’s power consumption was 114 terawatt 
hours in 2020 (CEC 2021) and is expected to reach 268.76 terawatt hours by 2050 
based on a 2.9 per cent annual growth rate (Beijing Municipal People’s Government 
2017a). Electricity imported to Beijing from other provinces accounts for 30.3 per cent 
of future total energy consumption, including that generated by coal, oil and natural 
gas, and is expected to reach 127.96 terawatt hours in 2050 (Beijing Municipal People’s 
Government 2017a).

The heating demand in Beijing is determined by both heating area and heating supply 
per unit area. The total heating area in the city was 895 square kilometres in 2020 and 
1,000 square kilometres in 2022 (Beijing Municipal Commission of Development and 
Reform 2019). If the heating area in Beijing continues to grow at its current rate, it will 
reach 4,725.82 square kilometres by 2050. Thus, the total heating demand will reach 
203.03 terawatt hours (TWh) by 2050, considering future improvements in buildings’ 
energy savings (Beijing Municipal People’s Government 2022). The dynamic changes 
in future heating demand in Beijing are listed in Table 4.4.
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Table 4.4: Forecast future heating demand in Beijing

Year Heating area (sq km) Heating demand per unit 
area (TWh/sq km)

Total heating demand (TWh)

2020 895 0.0808 72.35

2030 1,558.50 0.0655 102.05

2050 4,725.82 0.0430 203.03

Note: It is assumed that the heat supply per unit area in Beijing will fall by 10 per cent every five 
years in the future.
Source: Authors’ forecasts.

Description of future energy transition scenarios in Beijing
This chapter proposes three development modes for Beijing’s future power and heating 
system based on the city’s energy supply structure and important decarbonisation and 
transition technologies, including the business-as-usual (BAU) scenario, the electricity 
substitution (ELS) scenario and the synergistic development (SD) scenario. The 
operation and transition of Beijing’s power and heating systems in the three scenarios 
are simulated year by year from 2020 to 2050. The design and key assumptions of the 
three scenarios are described in the subsections that follow.

1) Business-as-usual (BAU) scenario

Figure 4.11 depicts the BAU scenario, which is similar to Beijing’s energy system in 
2020. We analyse the technical path for Beijing’s future heating system decarbonisation 
under existing policy conditions. In the BAU scenario, Beijing’s heating system mainly 
uses fossil fuel and various renewable energy technologies, such as ground-source and air-
source heat pumps. Beijing’s future electricity demand, heating demand and renewable 
energy development under the BAU scenario will be the benchmarks for developing 
future energy system transition pathways and will be determined primarily by policy 
documents such as Beijing’s Energy Development Plan during the Thirteenth Five-Year 
Plan Period, Thirteenth Five-Year Plan for New and Renewable Energy Development and 
Fourteenth Five-Year Plan for Ecological and Environmental Protection (Beijing Municipal 
People’s Government 2017a, 2017b, 2021).

In the BAU scenario, the replacement of coal-fired and oil-fired units in the power system 
will be completed by 2025. The installed capacity of gas turbines will rise at a rate of 
3.3 per cent until it reaches the peak in 2025 (Beijing Municipal People’s Government 
2017a, 2021). The scale of wind and hydropower development remains unchanged, 
whereas the installed capacity of photovoltaic and biomass power generation is expected 
to rise at the same rate as in 2020. The future electricity supply structure in the BAU 
scenario is presented in Table 4.5. The heating system is divided into district heating 
and individual heating. Table 4.6 lists the future heating supply structure in Beijing. 
Since the electrification transition pathway for the transport sector is not considered 
in this chapter, the rate of change in electricity consumption in the transport sector is 
assumed to be in line with overall energy consumption.
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Figure 4.11: Conceptual diagram of Beijing’s energy system
Source: Authors’ schema.

Table 4.5: Beijing’s electricity supply structure under the business-as-usual scenario

Year Coal 
(MW)

Oil (MW) Natural 
gas (MW)

Wind 
(MW)

Hydro 
(MW)

PV (MW) Biomass 
(MW)

Import 
(TWh)

2020 770 200 10,000.00 190 990 560.00 370.00 68.59

2030 0 0 11,762.55 190 990 4,011.84 644.97 84.44

2050 0 0 11,762.55 190 990 167,975.67 1,959.80 127.96

Source: Authors’ forecasts.

Table 4.6: Beijing’s heating structure under the business-as-usual scenario 
(square kilometres)

Year District heating area Individual heating

Gas boiler Gas CHP Waste 
incineration

Ground-
source 

heat pump

Gas boiler Gas CHP Air-source 
heat pump

2020 457.52 59.37 23.32 35.00 154.42 16.23 65.00

2030 538.16 69.83 50.19 124.68 181.64 19.09 574.92

2050 538.16 69.83 232.43 378.07 181.64 19.09 3306.61

Notes: The replacement of coal-fired and oil-fired heating boilers and CHP generation units in the 
fossil energy heating technology in district heating will be completed by 2025. Beijing’s Fourteenth 
Five-Year Plan for Ecological and Environmental Protection (Beijing Municipal People’s Government 
2021) is the source of the future development trend for gas heating. The heating area of ground-
source heat pumps accounts for 8 per cent of the overall heating area and remains unchanged. The 
heating area of waste incineration technology is computed using the installed capacity, utilisation 
hours and thermal efficiency of biomass thermal power plants. The future trend for fossil fuel heating 
in individual heating is consistent with that for district heating, and the remaining individual heating 
demand is met by air-source heat pumps.
Source: Authors’ forecasts.
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2) Electricity substitution (ELS) scenario

Unlike the BAU scenario, under which gas dominates the heating structure, the ELS 
scenario emphasises the use of heat-pump technology to replace gas heating. This 
substitution mode affects the structure of the heat and power supplies. After electrical 
heating replaces gas heating, such as gas boilers and gas CHP generation, additional 
electricity generation technologies—for example, renewable and imported electricity—
will be used to also replace gas-generated power. Therefore, the electricity and heating 
systems must be rebuilt based on the BAU scenario.

Replacing gas heating with air-source heat pumps will increase power consumption. 
Consequently, Beijing’s power consumption will reach 280.34 terawatt hours in 
2050. Except for the replacement of fossil energy power production technology, the 
changes in other power production technologies are consistent with the BAU scenario. 
Furthermore, the ELS scenario focuses on decarbonising the energy system when gas 
heating is replaced with electric heating. Thus, it ignores the influence of transport 
electrification. The future development mode of the transport sector is assumed to be 
consistent with the BAU scenario.

The assumptions for the future total heating area and the heating demand per unit area 
are consistent with the BAU scenario. The trend for fossil fuel heating before 2025 was 
consistent with the BAU scenario. After 2025, the area for gas heating will decline until 
2050, when natural gas consumption in the heating sector is completely replaced with 
electricity. The trends for the other heating technologies are consistent with the BAU 
scenario. Table 4.7 presents Beijing’s future heating structure under the ELS scenario.

Table 4.7: Beijing’s future heating structure under the electricity substitution scenario 
(square kilometres)

Year District heating area Individual heating 

Gas 
boiler

Gas 
CHP

Waste 
incineration

Ground-
source heat 

pump

Gas 
boiler 

Gas 
CHP 

Air-source 
heat pump

2020 457.52 59.37 23.32 35 154.42 16.23 65

2030 430.53 55.86 50.19 124.68 145.31 15.27 736.66

2050 0 0 232.43 378.07 0 0 4,115.33

Source: Authors’ forecasts.

3) Synergistic development (SD) scenario

Although under the ELS scenario fossil fuels are replaced in the heating system, the 
electricity system will continue to consume a certain amount of fossil fuels to ensure 
stability. Therefore, not all the electricity consumed by heat pumps comes from renewable 
sources, preventing the ELS scenario from achieving 100 per cent renewable power and 
heating systems. We therefore propose the synergistic development (SD) scenario under 
which the energy consumption of CHP units will gradually shift from the combustion 
of fossil fuel to renewable energy. It is assumed that the individual heating development 
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model under the SD scenario is consistent with the ELS scenario. The heating area 
of ground-source heat pumps and waste incineration in district heating systems is 
comparable with the BAU scenario. In terms of fossil fuel technology, it is expected that 
thermal power units will be retrofitted, replacing fossil fuel combustion with renewable 
generation based on the operation of the BAU scenario and the technical principle of 
CHP generation. Under the SD scenario, zero consumption of fossil fuel in the heating 
system can be achieved by 2050. Therefore, district heating is the same under the SD 
and BAU scenarios, while individual heating is comparable with that under the ELS 
scenario. The key difference is that gas-fired units are powered by renewable energy 
generation rather than by fossil fuels in the SD scenario. Figure 4.12 depicts the power 
and heating system operation modes under the SD scenario.

Methods

Energy system simulation tool: EnergyPLAN
The EnergyPLAN model is used to simulate the various sectors of the energy system 
in Beijing, and the model’s accuracy is validated using the current state of Beijing’s 
energy system. The EnergyPLAN model has several advantages as a bottom-up energy 
system analysis platform: 1) the model is suitable for the simulation of energy systems at 
various spatial scales; 2) the model can simulate the hourly technical operations of the 
energy system; 3) the model has advantages over existing institutional frameworks by 
enabling the adjustment of multiple operational methods and reducing the exogenous 
impact of the current system on the high proportion of renewable energy in the future; 
and 4) the model is highly efficient and can quickly compare the technical alternatives 
of various energy systems and adjust the operating strategy of the energy system in 
real time.

Figure 4.12: Synergistic development of renewable energy and fossil fuels
Source: Authors’ schema.
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Figure 4.13: Schematic diagram of the EnergyPLAN model and the structure 
of Beijing’s electricity and heating sectors
Source: Authors’ schema.

The EnergyPLAN model is primarily utilised in the following areas to accomplish the 
strategic design of large-scale energy systems through technical and economic analysis 
of possible technology combinations: 1) determination of the transition pathway for a 
high-proportion renewable energy system (Hansen et al. 2019; Connolly et al. 2011, 
2016; Sáfián 2014; Nielsen et al. 2011; Thellufsen et al. 2020; Kwon and Østergaard 
2013); 2) the widespread impacts of certain technology on the overall operation of the 
energy system (Zhang et al. 2019; Askeland et al. 2019; Groppi et al. 2019; Lund and 
Salgi 2009; Thellufsen et al. 2019; Hedegaard et al. 2012); 3) evaluation of different 
energy policies and development strategies (Xiong et al. 2015; Ma et al. 2014); and 4) 
interconnection of various energy systems (Huang et al. 2020; Askeland et al. 2019; 
Alves et al. 2020; Drysdale et al. 2019). In addition, the EnergyPLAN model can be 
used to design energy systems at different levels, including urban (Zhang et al. 2019; 
Luo et al. 2021a), regional (Yuan et al. 2020; Huang et al. 2020) and national (Hansen 
et al. 2019; Xiong et al. 2015).

Figure 4.13 depicts the entire structure of the three decarbonisation scenarios for 
Beijing’s power and heating systems using the EnergyPLAN toolbox. The inputs of the 
model involve all aspects of the energy system, which can be divided into five categories: 
energy demand, development scale of energy production and storage technology, cost, 
energy system operating strategy and carbon dioxide emissions. In addition, since 
renewable energy is intermittent and unstable, the model requires time-series data on 
energy demand and renewable power production at an hourly resolution, facilitating 
the matching of energy supply and demand in systems with variable power sources. 
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In terms of energy system output, the EnergyPLAN model employs various indicators 
to evaluate the operational status of the energy system under different technology 
combination modes, including carbon dioxide emissions, excess power production, 
socioeconomic costs, proportion of renewable energy and primary energy structure. 
Although the EnergyPLAN model fails to integrate renewable energy generation into 
CHP under the SD scenario, the operation of thermal power plants before and after 
the transition is merely the difference in fuel supply rather than a change in power 
generation technology. As such, EnergyPLAN can be used to indirectly simulate the 
energy supply after the thermal power plants’ transition under the SD scenario. The 
detailed steps are as follows: 1) operation of the thermal power units is assumed to be 
dependent on the burning of fossil fuels under the SD scenario; 2) the renewable energy 
generation required to replace fossil fuel combustion in CHP units can be calculated 
based on the outputs obtained from the model—the power supply heat of the thermal 
power unit, the proportion of retrofitted gas-fired units, the power generation efficiency 
of the retrofitted CHP unit and the utilisation efficiency of renewable energy in the 
CHP generation unit (Zhang et al. 2019).

Model validation
In this section, the simulated power and heating supply structure of Beijing’s energy 
system in 2020 was compared with the real data from Beijing in 2020 to validate the 
EnergyPLAN model (Table 4.8). The real data for power production were obtained 
from the China Electricity Council (CEC 2021), the district heating production data 
were from the Ministry of Housing and Urban–Rural Development (MoHURD 
2021) and the individual heating production data were the difference between the total 
heating area and the district heating area in 2020. The results show that the relative 
error between the real data and the EnergyPLAN model simulation results is less than 
2 per cent. Evidently, the EnergyPLAN model can accurately simulate Beijing’s energy 
system and can be used to simulate the city’s future energy system transition scenarios.

Table 4.8: Validation of the model of Beijing’s energy system in 2020 (terawatt hours)

Indicator Actual data EnergyPLAN simulation Difference (%)

Electricity

Thermal 41.1 41.01 0.22

Hydro 1.1 1.1 0

Wind 0.4 0.4 0

PV 0.6 0.6 0

Waste incineration 2.3 2.31 0.43

Renewables share of electricity 3.95% 3.9% 1.28

Heating

District boiler 43.01 43.01 0

District CHP 5.58 5.58 0

Individual heating 19.05 19.04 0.05

Source: Authors’ validations.
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Cost data
It is necessary to consider local resource endowments, the matching of energy supply and 
demand, system operating stability and the costs of various combinations of technologies​
—that is, the total annual cost of the energy system—to identify the optimal decarbonising 
strategy for the future energy system in Beijing. The EnergyPLAN model divides the 
total annual cost of the energy system into four components: investment cost, operation 
and maintenance (O&M) cost, fuel cost and external electricity prices. The technology 
lifecycle and interest rates should also be considered in the total system cost (Yuan et al. 
2020). Most of the cost data come from the China model cost dataset (Luo et al. 2021a; 
Xiong et  al. 2015) and the EnergyPLAN model cost database; fuel price information 
comes from Luo et al. (2021a) and fuel handling and other O&M costs come from 
Sorknæs (2020). Appendix 4.1 provides detailed cost statistics for various technologies, 
fuel price data and predictions of future costs for various technologies and gasoline prices.

Results and discussion

The impact of different heating decarbonisation paths on renewable 
energy integration
The impact of the decarbonisation of different heating sectors on renewable energy 
integration differs substantially between the BAU, ELS and SD scenarios. Figure 4.14 
demonstrates that the local renewable energy share in total electricity and heating 
demand in Beijing is the lowest under the BAU scenario (72.57 per cent), without 
considering the imported power supply structure. Under the ELS and SD scenarios, 
the proportion of local renewable energy is more than 80 per cent and 100 per 
cent, respectively, of total electricity and heating demand in Beijing. Although fossil 
energy is fully replaced with renewable energy under the ELS scenario, thermal power 
units must produce power to match supply and demand in the power system in real 
time. Therefore, the electricity and heating demands cannot be met by 100 per cent 
renewable energy integration under the ELS scenario. Under the SD scenario, however, 
the operating mode of the retrofitted thermal power unit is essentially a fuel supply 
change rather than technical substitution. As a result, even if many thermal power 
production technologies are utilised under the SD scenario, renewable energy could 
meet 100 per cent of the electricity and heat demand.

In addition, although the ELS scenario achieves a high proportion (more than 80 per 
cent) of locally generated renewable energy, imported electricity still accounts for 
more than half of the electrical supply in Beijing—greater than under the SD scenario 
(see Table 4.9). The reason for this is that renewable energy cannot fill the gap resulting 
from the phasing out of gas-fired units in terms of the hourly balancing of energy 
supply and demand, so imported power is needed to achieve this balance. However, we 
are unable to determine the amount of imported decarbonised electricity. Therefore, 
we assume that the share of imported electricity in future power and heating systems is 
as low as possible to reduce carbon dioxide emissions. The SD scenario outperforms the 
ELS scenario in terms of both renewable energy integration and power supply structure.
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Figure 4.14: Shares of locally generated renewable energy in Beijing’s electricity 
and heating systems
Source: Authors’ projections.

Table 4.9: Proportion of imported electricity under the business-as-usual, electricity 
substitution and synergistic development scenarios (%)

2025 2030 2035 2040 2045 2050

BAU scenario 57.87 56.12 56.74 56.98 52.99 47.09

ELS scenario 57.87 57.65 62.76 65.04 62.10 55.41

SD scenario 50.58 45.21 43.71 43.77 41.89 38.68

Source: Authors’ projections.

Environmental sustainability of different heating  
decarbonisation paths
The impacts of different heating decarbonisation paths on carbon dioxide emissions 
are shown in Figure 4.15. The carbon dioxide emissions calculated in the EnergyPLAN 
model are the sum of carbon dioxide emissions from the use of coal, oil and natural gas 
in Beijing’s energy system. The carbon dioxide emissions from using these fossil fuels 
are obtained by multiplying the consumption of each fuel by its emission coefficient. 
The amount of fossil fuel consumption is the direct output of the EnergyPLAN model 
and the carbon dioxide emission coefficient of each kind of fossil fuel comes from the 
database of the EnergyPLAN model, which has been widely used in the emissions 
accounting for China’s regional energy system (Yuan et al. 2020; Zhang et al. 2019; 
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Luo et al. 2021a; Xiong et al. 2015). The results show that the carbon dioxide emissions 
arising from fossil fuels are lowest under the SD scenario, as its goal is to eliminate 
carbon dioxide emissions from natural gas combustion in power and heating systems. 
Under the ELS scenario, in which natural gas is gradually replaced with electricity in 
the heating system, the carbon dioxide emissions in the energy system cannot be fully 
eliminated since a small number of gas-fired units are required to maintain the system’s 
stable operation. Thus, the SD scenario is the most environmentally friendly scenario.

Figure 4.15: Carbon dioxide emissions from fossil fuel combustion in electricity 
and heating systems
Source: Authors’ projections.

The above analysis only considers carbon dioxide emissions resulting from the 
combustion of fossil fuels. Given that the electricity supply structure in Beijing is 
dominated by imported electricity, as shown in Table 4.9, it is necessary to further 
analyse whether imported and exported electricity affect carbon dioxide emissions in 
the electricity and heating systems. Fortunately, in addition to carbon emissions from 
fossil fuel combustion, the EnergyPLAN model has an output indicator for carbon 
dioxide emissions, which represents the system’s emissions from imported electricity 
and exportable excess electricity production (EEEP). This indicator can be used to 
analyse how imported and exported electricity affect the environmental benefits of the 
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electricity and heating systems. Taking the BAU scenario as an example, when the 
system requires imported electricity, carbon dioxide emissions in the system would 
exceed the emissions resulting from fossil fuel combustion in Beijing, as shown in 
Figure 4.16. This indicates that some of the imported electricity comes from fossil 
fuel power generation, which will have negative environmental impacts on the 
electricity and heating systems. However, the growth rate of carbon dioxide emissions 
(pentagram) gradually slows when the EEEP emerges, and carbon dioxide emissions 
from imported and exported electricity will peak in 2037 and then decline rapidly. 
These results indicate that although the export of renewable energy reduces the carbon 
dioxide emissions of the external electricity system, considering that this electricity is 
produced locally from renewable energy, it is still viewed as an environmental benefit 
from the local electricity system. The mechanisms of the impacts of imported and 
exported electricity on carbon dioxide emissions under the ELS and SD scenarios are 
the same as under the BAU scenario.

Figure 4.16: Carbon dioxide emissions from electricity and heating systems with 
and without consideration of imported electricity and exportable excess electricity 
production under the business-as-usual scenario
Note: The left axis represents carbon dioxide emissions and the right axis represents imported 
electricity and exportable excess electricity production.
Source: Authors’ projections.
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Table 4.10 presents the values of carbon dioxide emissions under the three scenarios. 
Emissions under the SD scenario change from positive to negative in 2047 when 
imported and exported electricity are considered. This suggests that, when local fossil 
fuel consumption is reduced, renewable energy can not only eliminate local carbon 
dioxide emissions, but also reduce emissions from external electricity systems. By 2050, 
the imported and exported electricity will generate 10.55 megatonnes of carbon 
dioxide emission reductions in Beijing under the SD scenario, which is equivalent to 
30.85 terawatt hours of coal consumption reductions. In contrast, the carbon dioxide 
emission reductions and coal consumption reductions are only 1.59 megatonnes and 
4.67 terawatt hours, respectively, under the ELS scenario. The main reason for this 
difference is that the ELS scenario requires more imported electricity and produces 
more negative environmental effects than the SD scenario. A similar conclusion 
is drawn when comparing the relevant results under the BAU scenario and the SD 
scenario. In sum, the SD scenario is superior to both the ELS and the BAU in terms of 
carbon dioxide emissions reduction resulting from imported and exported electricity.

Table 4.10: Carbon dioxide emissions from imported and exported electricity under 
the BAU, ELS and SD scenarios (megatonnes)

Year

Scenario 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

BAU 26.153 26.202 26.307 26.42 26.555 26.721 26.985 27.247 27.526 27.806 28.082

ELS 26.153 26.202 26.307 26.42 26.555 26.721 26.716 26.726 26.763 26.809 26.861

SD 26.153 25.451 24.756 24.045 23.32 22.601 21.857 21.104 20.359 19.611 18.879

Year

2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

BAU 28.349 28.602 28.837 29.037 29.187 29.291 29.307 29.232 29.025 28.669 28.122

ELS 26.912 26.964 27.004 27.014 26.991 26.922 26.871 26.547 26.197 25.7 25.02

SD 18.17 17.496 16.86 16.249 15.659 15.07 14.439 14.104 12.961 12.046 10.974

Year

2042 2043 2044 2045 2046 2047 2048 2049 2050

BAU 27.333 26.248 24.813 23 20.894 18.655 16.411 14.196 12.039

ELS 24.105 22.9 21.351 19.431 17.219 14.752 12.003 9.021 5.832

SD 9.691 8.138 6.264 4.027 1.503 –1.155 –3.832 –6.488 –9.09

Source: Authors’ projections.

Economic affordability of different heating decarbonisation paths
The cost-effectiveness of various heating decarbonisation paths for electricity and 
heating systems is critical to determine whether power and heating systems using high 
proportions of renewable energy are feasible in the future. Table 4.11 demonstrates that 
the total system cost under the ELS and SD scenarios is 8.88 per cent and 18.08 per 
cent, respectively, higher than under the BAU scenario. Furthermore, the cost in the 
SD scenario is 8.44 per cent higher than under the ELS scenario. Although the cost 
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of fossil energy consumption is zero under the SD scenario, the cost of retrofitting 
thermal power plants is relatively high, as is the power generation cost using renewables. 
The higher cost under the ELS scenario is the result of the installation of air-source 
heat pumps. However, the cost increase is much lower than that of the thermal power 
plant retrofit under the SD scenario. The cost-effectiveness of the SD scenario can be 
improved in the future by reducing renewable energy generation costs, on the one hand, 
and improving the efficiency of retrofitted CHP units on the other. Table 4.11 lists the 
cost structure of future heating systems with high proportions of renewable energy 
integration. The results show that most of the cost of the heating system under the SD 
scenario is attributed to the thermal power plant retrofit rather than the fuel cost.

Table 4.11: The total cost and cost components of the energy system under the three 
scenarios (RMB billion)

2025 2030 2035 2040 2045 2050

BAU 
scenario

Total energy system cost 117.88 160.13 204.73 257.87 325.80 402.93

Investment cost 43.51 70.94 105.14 148.39 207.89 278.72

Fixed O&M cost 18.81 24.04 30.78 39.49 51.74 66.41

Variable O&M cost 55.56 65.16 68.81 70.00 66.18 57.80

ELS 
scenario

Total energy system cost 117.88 172.64 225.32 284.34 355.72 438.72

Investment cost 43.51 84.35 129.17 180.66 246.41 327.22

Fixed O&M cost 18.81 26.38 34.96 45.04 58.32 75.23

Variable O&M cost 55.56 61.91 61.19 58.63 51.00 36.28

SD 
scenario

Total energy system cost 188.31 228.57 286.92 341.36 404.42 475.76

Investment cost 106.59 139.94 191.52 240.63 299.85 369.11

Fixed O&M cost 33.06 39.38 49.85 59.73 71.80 86.03

Variable O&M cost 48.52 49.01 45.23 40.63 32.37 20.17

Source: Authors’ projections.

Conclusions and policy implications
This chapter examined two representative cases of inter-industrial coordination in 
China’s energy transition: photovoltaic–energy storage–charging station (PV–ES–CS) 
and the synergistic development of renewable energy and heating systems in Beijing. 
Despite differences in technical architecture and application scenarios, both cases 
illustrate the crucial role of coordinated planning between renewable energy supply and 
power demand in improving the economic viability of decarbonisation and reducing 
carbon emissions.

The study demonstrates that, first, the PV–ES–CS development model is superior 
to the independent development of distributed PV, ES power stations, EV charging 
stations, combined distributed PV and ES power stations and combined ES power 
stations and EV charging stations. The PV–ES–CS also has stronger environmental 
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benefits because distributed PV can improve environmental value while ES is favourable 
for minimising power fluctuations by cutting peaks and filling valleys, which can 
improve energy efficiency. Second, PV–ES–CS systems show significant differences 
in economic and environmental benefits depending on the location in which they 
are constructed. Considering only the return on investment, the preferred places for 
PV–ES–CS construction should be hospitals, shopping malls, teaching buildings, 
hotels, office buildings, factories and residences, in this order; this is because the closer 
the load curve of the building is to the generation curve of solar PV in the daytime, 
and the lower is the power consumption at night, the higher will be the return on 
investment in a PV–ES–CS system. Considering only the carbon dioxide emission 
reductions per unit of investment, the preferred places for PV–ES–CS construction 
are hospitals, shopping malls, factories, hotels, teaching buildings, office buildings and 
residences, in this order; this is because the closer the load curve of the building is to the 
generation curve of solar PV in the daytime, the higher are the carbon dioxide emission 
reductions of a PV–ES–CS system. Hence, considering both the return on investment 
and carbon dioxide emission reductions per unit of investment, the most preferred 
places for PV–ES–CS construction are hospitals, and the last, residences. Third, the 
economic and environmental effects of PV–ES–CS systems are basically the same—
that is, high economic benefits often accompany high environmental benefits. The 
economic benefits of PV–ES–CS are closely related to the utilisation rate of distributed 
PV. A low PV curtailment rate has high economic benefits and carbon dioxide emissions 
reduction equal to the distributed PV amount multiplied by the grid’s carbon dioxide 
emissions factor.

Bejing’s power–heat coupling model reveals that, first, the SD scenario, under which 
the CHP incorporating renewable energy generation occurs synergistically with heating 
system decarbonisation, can provide the efficient utilisation of renewable energy and 
the elimination of carbon dioxide emissions from fossil fuel combustion. Specifically, 
this scenario achieves 100 per cent renewable energy use to meet electricity and heating 
demands while reducing emissions from fossil fuel combustion to zero by 2050. Carbon 
dioxide emissions still occur under the ELS scenario because gas-fired units cannot be 
completely replaced. In addition, imported and exported electricity will generate 10.55 
megatonnes of carbon dioxide emission reductions under the SD scenario, while under 
the ELS scenario the emission reductions are only 1.59 megatonnes. Furthermore, the 
overall economic costs under the ELS and SD scenarios are 8.16 per cent and 
15.31 per cent higher, respectively, than those under the BAU scenario. Second, as the 
proportion of renewable energy in the power and heating systems increases, there will 
be a surplus of renewable electricity produced that exceeds demand. Surplus renewable 
energy can be used locally or exported to obtain revenue. It is found that the local 
use of surplus renewable energy can promote decarbonisation of the heating system 
and the synergistic development of renewable energy. Third, the cost of fossil fuel 
consumption accounts for less than 14.34 per cent of the total cost in the electricity 
and heating systems in 2050, suggesting that the cost of fossil fuel consumption is no 
longer the most important factor impacting the cost–benefit of future electricity and 
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heating systems. Instead, the investment cost of the sophisticated renewable energy 
infrastructure required to facilitate heating decarbonisation, which accounts for more 
than 69.17 per cent of the total cost of the electricity and heating systems in 2050, will 
be the most important factor affecting the cost–benefit.

Based on the two case studies, several policy recommendations are put forward.

1.	 Promote integrated infrastructure planning and PV–ES–CS deployment: 
Policymakers should strengthen spatial and investment coordination across power 
generation, transport and heating sectors to ensure that infrastructure is aligned 
with renewable generation profiles and demand characteristics. In particular, 
the construction and development of PV–ES–CS stations should be increasingly 
promoted.

2.	 Prioritise flexible demand-side deployment: Incentives should be provided for 
installing PV–ES–CS systems in locations with favourable load profiles, such as 
hospitals and commercial buildings, and for electrification of heat demand using 
smart control technologies.

3.	 Implement differential incentive policies to unlock system value. For large-scale 
(investment above RMB41.5 million in this study) PV–ES–CS stations, incentive 
policies should be implemented to increase the peak and valley electricity price 
difference; for small-scale systems (investment below RMB13 million in this study), 
incentives will improve the number of EV charging stations; for all scales of PV–
ES–CS systems, the cost reduction of ES plays an important role in promoting the 
development of PV–ES–CS stations.

4.	 Facilitate the progressive retrofitting of fossil fuel–based CHP units: To accelerate 
the decarbonisation of heating systems, it is essential to promote the gradual 
conversion of coal-fired and gas-fired CHP plants into renewable-powered thermal 
units. By changing the primary energy source rather than the entire technological 
system, this approach enables the continued use of existing infrastructure while 
aligning power and heat production with carbon neutrality goals. Such retrofitting 
also supports the integrated planning and operation of power and heat systems, 
improving overall system flexibility and decarbonisation efficiency.

5.	 The subsidy policies or investment strategies for energy corporations should focus 
on decreasing capital investment in infrastructure construction to maximise the 
long-term cost–benefit of high-proportion renewable energy integration and 
heating system decarbonisation.

Future research
As China’s energy transition enters a new phase, marked by high shares of renewables and 
complex cross-sector interactions, the need for robust mechanisms of inter-industrial 
coordination becomes increasingly urgent. However, existing academic and policy 
research falls short in several key areas that are critical for scaling up and institutionalising 
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such coordination. First, existing studies tend to concentrate on bilateral interactions 
between sectors, lacking a systemic, multisectoral and multilevel coupling perspective. 
Second, most modelling approaches are based on static optimisation, which fails to 
capture dynamic features such as load flexibility, market price interactions and dispatch 
uncertainty. Third, institutional and policy mechanisms supporting coordination are 
often fragmented—particularly in cross-sectoral investment alignment, carbon price 
transmission and regionally integrated governance. These gaps point to the urgent need 
for a more holistic and dynamic framework to understand and guide inter-industrial 
coordination.

To address these limitations, it is necessary to develop a multidimensional research 
framework that systematically characterises the mechanisms and features of different 
types of industrial synergy. This framework is organised around six key dimensions, 
each targeting a distinct aspect of coordination:

1. Horizontal synergistic development, which focuses on the systemic coupling of 
renewable energy with sectors such as transportation, heating and energy storage.

2.	 Vertical synergistic development, which examines the coordination of renewable 
energy deployment and the electrification of energy-intensive industries.

3.	 Spatial synergistic development, which addresses the regional mismatch between 
renewable energy production and consumption, along with mechanisms for cross-
regional dispatch and market integration.

4.	 Temporal synergistic development, which explores the synchronisation of renewable 
energy expansion and the phase-out of traditional fossil fuels to ensure system 
stability.

5.	 Technological synergistic development, which investigates how advances in key 
low-carbon technologies, pathway selections and cost evolution affect the potential 
for coordination.

6.	 Institutional synergistic development, which centres on institutional safeguards, 
including the design of flexible power systems, market mechanisms and cross-
sectoral policy integration.

Together, these six dimensions offer a comprehensive structure for future research and 
modelling efforts, enabling more robust evaluation of coordination strategies under 
various energy transition scenarios.

Building on this framework, future research must also overcome critical technical and 
methodological challenges. Limitations in data granularity, algorithmic integration 
and spatial resolution constrain the accuracy of coordination modelling. Leveraging 
advanced tools such as geographic information systems, big-data analytics and machine 
learning can enhance the identification, simulation and validation of synergistic 
mechanisms. Furthermore, energy system transformation is not only a technical or 
institutional endeavour; it also has deep social implications. Issues such as changes in 
employment structure, local governance capacities and public behavioural responses are 
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vital to consider. Hence, a comprehensive analytical framework should incorporate social 
coordination, facilitating an integrated approach that links technology, institutions and 
society to support decarbonisation goals.

Beyond methodological innovations, future research should also aim to elevate 
the theoretical foundations and practical relevance of coordination mechanisms. 
At the theoretical level, multisector coordination can be conceptualised as a complex 
systems coupling process. Relevant theories such as complexity science, institutional 
embeddedness theory and network evolution theory can help unpack the drivers, 
interaction pathways and boundary conditions of such coordination. This would 
enable a shift from empirical identification towards theoretical abstraction and 
mechanistic interpretation—contributing to a more generalisable theory of synergistic 
energy transition. At the practical level, research must focus on enhancing the policy 
relevance of modelling outcomes. This includes linking model outputs with specific 
policy objectives, improving the evaluability of policies, optimising implementation 
pathways and establishing a scenario-based comparative framework for coordinated 
strategy design.
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Appendix 4.1 Cost datasets of the future  
energy system
The cost datasets used for the economic analysis of the future energy system using 
the EnergyPLAN model were primarily derived from Luo et al. (2021a), although 
this provided data only for 2016, 2030 and 2050. Therefore, the economic analysis 
was based on the following assumptions. First, it was assumed that the costs remained 
constant from 2016 to 2019, changed every five years from 2020 to 2030 and the rate 
of change remained constant. Second, this study assumed a constant rate of change 
in fuel prices between 2016 and 2030 and 2030 and 2050. Third, the interest rate 
remained unchanged at 8 per cent (Yuan et al. 2020). The cost and fuel price data for 
different technologies in 2020 are listed in Appendix Tables A4.1 and A4.2.

Table A4.1: Costs including investments, fixed operation and maintenance costs 
and operation lifetime for different technologies in 2020

Technology Investment cost (RMB 
million/MW)

Fixed operation and 
maintenance costs (% of 

investment cost)

Lifetime 
(years)

Coal power plant 4.3 4.0 25

Natural gas power plant 3.7 4.0 25

Biomass CHP plant 9.0 4.0 40

Natural gas CHP plant 4.9 4.0 25

Biomass CHP plant 9.9 4.0 40

Pump turbine 8.0 1.5 50

Wind power 9.6 2.0 25

PV power 22.0 2.0 30

Natural gas boiler 0.78 3.0 20

Ground-source heat pump 4.0 1.0 25

Table A4.2: Assumed fuel prices in 2020 (RMB/gigajoule)

Year Coal Fuel oil Diesel Petrol Natural gas LPG Biomass

2020 23.19 56.33 99.85 106.3 58.34 69.91 40.33
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5
The rise of electric vehicles 

in China: Growth, challenges 
and future prospects

Shanjun Li, Ha Pham, Yuerong Wang and Lin Yang

This chapter examines the evolution of China’s electric vehicle (EV) industry 
over the past decade, documenting its rapid expansion, policy support and market 
dynamics. It explores the factors that contribute to China’s dominant role in global EV 
production and sales, including government incentives, the accessibility of charging 
infrastructure  and automaker expansion strategies. The chapter then addresses the 
ongoing challenges facing the industry, such as intensifying global competition, trade 
barriers, battery technology constraints and infrastructure disparities. Finally, the 
chapter discusses prospects for the industry, highlighting technological advancements, 
supply chain resilience and emerging policy developments to further promote 
sustainable mobility.

EV market trends
The global EV market has expanded rapidly during the past decade, reaching approximately 
17.1 million units by 2024, as shown in Figure 5.1.1 China, Europe and the United States 
are the three dominant EV markets. In 2024, China accounted for nearly 65 per cent of 
global sales, maintaining its position as by far the world’s largest EV market. Meanwhile, 
Europe and the United States contributed 18 per cent and 8 per cent of total EV sales, 
respectively. Globally, the share of EVs reached nearly 20 per cent of all new passenger 
vehicle sales in 2024, as depicted in Figure 5.1. Significant disparity in EV penetration 
exists across markets: the market share of EVs was 48 per cent in China, 24 per cent in 
Europe as a whole and only 11 per cent in the United States.

1	 EVs include both full battery electric vehicles and plug-in hybrid electric vehicles.
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Figure 5.1: Global electric vehicle sales, 2012–24
Notes: The yellow line represents the global EV market share among all new passenger vehicle sales.
Sources: IEA Global EV Outlook (www.iea.org/data-and-statistics/data-tools/global-ev-data-
explorer); MarkLines (www.marklines.com/portal_top_en.html).

While the United States was the global leader in EV sales before 2015, sales growth there 
has since been the slowest among the three markets. From 2016, China consistently 
outpaced both Europe and the United States in annual EV sales, except in 2020, when 
Europe temporarily overtook it, largely due to strict Covid-19 shutdowns in China. 
After 2020, China entered a phase of explosive growth, positioning it as the principal 
engine of global EV market expansion. In 2024, total EV production reached 12.89 
million units, making China the first country to achieve an annual EV production 
volume of more than 10 million units—a remarkable increase from just 18,000 units 
in 2013. China’s emergence as a global EV leader stems from a decade-long strategic 
commitment to industry development. The foundation was laid in 2009 with the 
‘Ten Cities, Thousand Vehicles’ pilot program, which initiated state-supported market 
cultivation. Since then, a combination of generous subsidies, environmental regulations 
and targeted industrial policies accelerated EV adoption.

http://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
http://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
http://www.marklines.com/portal_top_en.html
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The growth of China’s EV market has implications that extend beyond its borders. 
In 2024, China’s EV exports surpassed 2 million units for the first time, with Europe 
and South-East Asia emerging as key destinations. This outward expansion reflects the 
increasing global competitiveness of Chinese manufacturers, driven by cost advantages, 
technological innovation and, increasingly, brand reputation. As China continues to 
lead the global EV transition, it is important to understand the key factors behind its 
success, such as business strategies and policy frameworks. In the following sections, we 
explore these key factors, offering insight into how China has emerged as a dominant 
force in the global EV industry, the challenges and future prospects.

Industry development
This section examines the key drivers behind the rise of China’s EV industry by first 
exploring how automakers have pursued market leadership, competitive pricing and 
supply chain integration. It then shifts focus to charging infrastructure, which plays 
a key role in promoting EV adoption and industry growth.

Market leadership and expansion strategies

The rapid rise of Chinese EV manufacturers is evident in Figure 5.2a, which depicts 
the number of EV brands by country of origin from 2013 to 2023. Chinese brands 
(represented in blue) make up the largest share of EV manufacturers. While European, 
Japanese, South Korean and US automakers have also expanded their presence, their 
growth has been much slower. As of 2024, China had about 50 active domestic EV 
manufacturers, with firms such as BYD, Geely, NIO and XPENG playing crucial 
roles in shaping the industry’s development. These automakers have adopted different 
strategies to expand both domestically and internationally while driving innovations in 
battery technology and production efficiency.

Among these manufacturers, BYD has emerged as the market leader, surpassing both 
domestic and international competitors. In 2024, BYD sold more than 4.25 million 
EVs, making it the largest EV producer globally. BYD has also accelerated its global 
expansion by exporting more than 417,000 EVs to international markets, including 
Europe, South-East Asia and Latin America. A key factor behind BYD’s success is 
its vertically integrated business model, which allows for inhouse production of key 
components such as batteries and semiconductor chips. This structure enhances cost 
control and ensures supply chain reliability, providing competitive advantages over its 
competitors. Importantly, BYD is one of the few automakers that manufactures battery 
cells directly from raw materials. This capability is particularly valuable, given that 
batteries typically account for 30–40 per cent of an EV’s total cost.
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Figure 5.2: Comparison of electric vehicle brands and models by country
Notes: (Top)  the number of EV brands by country of origin; (Bottom) the growth in the number  
of EV models.
Sources: IEA Global EV Outlook (www.iea.org/data-and-statistics/data-tools/global-ev-data-
explorer); MarkLines Co. (www.marklines.com/portal_top_en.html).

http://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
http://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
http://www.marklines.com/portal_top_en.html
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While BYD is the clear market leader, other Chinese automakers are pursuing different 
strategies to strengthen their positions. Geely plans for EVs to constitute 50 per cent 
of its total sales by 2025 and utilises multiple sub-brands to target diverse consumers. 
Meanwhile, China’s leading new-generation EV startups such as NIO, XPENG and 
Li Auto emphasise technological integration, autonomous driving and digital user 
experience, setting themselves apart from traditional automotive brands. NIO has 
gained attention for its battery-swap technology, which allows rapid battery replacement 
and minimises charging downtime. By the end of 2024, NIO operated nearly 2,800 
battery-swap stations across China, with about one-third of those strategically located 
along highways to facilitate long-distance travel. In contrast, XPENG and Li Auto 
emphasise autonomous driving technologies, positioning themselves as frontrunners in 
smart mobility. These differing strategies reflect the broader strategic diversity among 
Chinese EV manufacturers, who are leveraging innovation and market segmentation to 
compete for global leadership.

Price competition and model availability

Building on their expansion strategies, Chinese EV manufacturers have further 
strengthened their market position through competitive pricing and offering a wide 
range of vehicle models. Supported by substantial government subsidies, economies of 
scale and dominance in battery manufacturing, Chinese firms enjoy lower production 
costs than many international competitors. In response to intensifying domestic market 
competition, automakers in China have engaged in aggressive price competition to 
attract a greater share of price-sensitive consumers. Throughout 2023 and 2024, the 
Chinese EV market experienced an intense price war, with virtually all major domestic 
EV producers, such as BYD, Geely, NIO and Tesla, engaged in price reductions. Since 
beginning local production of its Model 3 in China in late 2019, Tesla has implemented 
multiple price cuts in the Chinese market. As of 2024, the price of a Tesla Model 3 
in China was approximately 35 per cent lower than its 2019 launch price and about 
20 per cent lower than the corresponding price in the United States. On the one hand, 
these aggressive pricing strategies have squeezed profit margins and directly contributed 
to the market exit of several brands. On the other hand, they have benefited consumers 
through improved affordability, thereby expanding domestic EV market share and 
helping Chinese automakers gain a foothold in overseas markets.

Complementing these pricing strategies is China’s leadership in EV model diversity. 
As shown in Figure 5.2b, China offers more EV models than any other major market, 
including Europe, Japan, South Korea and the United States. This extensive range 
caters to a broad spectrum of consumer preferences, from compact urban vehicles to 
high-performance luxury models. The continued introduction of new designs and 
configurations has helped Chinese automakers maintain a strong domestic presence 
while improving their competitiveness in international markets. By combining 
affordability with product variety, Chinese EV firms are well positioned to compete 
in the international market, which may or may not be welcoming such competition.
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Supply chain integration and technological advancements

Supply chain integration and technological advancements further reinforce China’s 
leadership in the EV sector. China is home to CATL and BYD, the world’s two largest 
EV battery producers, which held 38 per cent and 17 per cent, respectively, of the 
global market share in 2024, supplying both domestic and international automakers. 
Overall, China accounted for more than 75 per cent of global EV battery production, 
underscoring its dominant role in the supply chain—not only in manufacturing, but 
also in the refining of key materials such as lithium, cobalt and graphite.

Cost reduction through economies of scale has also been critical. China has the world’s 
largest battery manufacturing capacity, with total production and sales of lithium-ion 
batteries (primarily for EVs) reaching 1.097 terawatt hours (TWh) and 1.040 TWh, 
respectively. This production scale allows automakers to secure batteries at lower prices, 
reducing vehicle costs and increasing competitiveness. Additionally, vertical integration 
across the value chain, exemplified by firms like BYD, enables inhouse production 
of batteries, chips and other key components. This strategic control over the supply 
chain enhances operational resilience and offers a significant advantage in a market 
increasingly shaped by global supply uncertainties.

Due to its complex nature and sensitivity to material purity, battery manufacturing 
exhibits significant learning-by-doing effects, where unit production costs decline 
with accumulated production experience. Barwick et al. (2025) estimate that the unit 
cost of production for a battery manufacturer decreases by about 7.5 per cent with 
every doubling of production experience in that firm. Learning by doing in upstream 
battery production creates a snowball effect in response to EV demand shocks, such 
as consumer subsidies. Increases in EV sales and consequently battery production 
triggered by a demand shock lead to lower battery and EV costs, which in turn further 
stimulate EV adoption. The rapid expansion of EV sales in China and the resulting 
increase in battery production have given manufacturers operating in the Chinese 
market, primarily domestic producers, a substantial cost advantage.

The widespread adoption of lithium iron phosphate (LFP) batteries, led by BYD, has 
proven to be another key driver of cost reductions. BYD not only championed the use 
of LFP batteries in electric vehicles but also pioneered innovations in battery design 
and manufacturing, such as its proprietary Blade Battery that enhanced energy density, 
safety and scalability. These advancements significantly lowered production costs and 
facilitated broader market adoption. LFP batteries offer enhanced safety and a longer 
lifespan at a lower cost compared with conventional nickel manganese cobalt (NMC) 
lithium-ion batteries.
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Charging infrastructure development

The rapid expansion of China’s EV market has been strongly supported by the 
concurrent development of charging infrastructure, which addresses consumer ‘range 
anxiety’ and supports the broader transition to electrified mobility. By the end of 
2023, China had deployed approximately 2.7 million public charging stations—up 
from just 30,000 in 2013. This expansion included 1.52 million alternating current 
(AC) chargers and 1.2 million direct current (DC) fast chargers, establishing by far the 
world’s largest charging network. Government support has been instrumental in this 
growth. Between 2015 and 2018, public investment in charging infrastructure totalled 
RMB13.2 billion, accelerating EV adoption in China (Li et al. 2022). More recently, 
policy efforts have shifted towards enhancing infrastructure quality and accessibility to 
better accommodate rising demand and advance national electrification goals.

The spatial distribution of charging infrastructure offers further insights into regional 
dynamics. Figure 5.3a illustrates the density of charging stations and the scale of 
EV adoption across provinces, measured as the number of charging stations and EVs 
per 10,000 people. The figure also reveals that EV adoption is clustered in regions 
with stronger infrastructure development. Figure 5.3b displays the number of EVs per 
public charger by province. This metric highlights regional disparities in infrastructure 
coverage, with notable variation in the EV-to-charger ratio across provinces. Such 
differences indicate that charging infrastructure is not evenly distributed relative 
to EV ownership. These patterns underscore the need for continued investment to 
address regional imbalances and ensure equitable access to charging facilities as 
EV adoption accelerates.

To further integrate EV infrastructure into urban planning, China has introduced 
policies mandating new residential and commercial developments to include EV 
charging capabilities. This ensures that infrastructure expansion keeps pace with 
urbanisation and vehicle electrification. Additionally, the country is investing in ultra-
fast charging stations to support long-distance travel, addressing a key limitation of 
current EV technology. By simultaneously prioritising urban and highway charging 
networks, China is developing a comprehensive infrastructure ecosystem that not only 
supports domestic demand but also establishes a global benchmark for large-scale 
EV deployment.
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Figure 5.3: Distribution of electric vehicle stock and charging infrastructure in China
Notes: (Top) the number of charging stations and EV stock per across provinces, standardised to 
population; (Bottom) the provincial distribution of EVs per public charger.
Source: Electric Vehicle Charging Infrastructure Promotion Alliance (EVCIPA).
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Policy landscape
China’s rapid adoption of EVs is largely attributable to its comprehensive policy 
framework. This section discusses the key components of China’s EV policy landscape, 
including mandates and regulations, financial and non-financial incentives and 
industrial policies aimed at promoting the EV industry.

Mandates and regulations

In response to global climate change pressures, many countries have set targets for 
zero-emission vehicle adoption as part of broader efforts to reduce carbon emissions. 
In 2020, China set a goal for EVs to account for 40 per cent of new car sales by 2030—
a target that was easily surpassed in 2024. Given the market’s rapid growth, this goal 
has since been substantially revised upward, to 60 per cent. By setting clear objectives 
and reducing policy uncertainty, the government has created strong incentives for 
automakers to invest in EV development, fostering competition and accelerating cost 
reductions and technological innovation.

A range of policies has been developed to support the achievement of EV adoption 
targets. One key measure is the tightening of fuel economy standards, aimed at 
improving vehicle efficiency and encouraging the shift to EVs. Central to China’s 
approach is the Dual Credit Policy, which integrates fuel economy credits with new-
energy vehicle credits. This policy functions as a market-based mechanism, allowing 
automakers to trade credits, thereby providing flexibility while ensuring compliance 
with fuel efficiency targets. The policy includes progressively stricter fuel consumption 
targets: 5 litres per 100 kilometres by 2020, 4 litres by 2025 and 3.2 litres by 2030. The 
fuel economy regulations could encourage innovation in clean vehicle technologies to 
reduce compliance costs (Barwick et al. 2024b; Rozendaal and Vollebergh 2025).

Financial and non-financial incentives

Beyond regulatory mandates, financial and non-financial incentives have also played 
a crucial role in promoting EV adoption, particularly during the market’s early 
development. Direct financial subsidies from both the central and local governments 
were a key component of China’s EV policy in its initial expansion phase. Between 2010 
and 2016, these subsidies—equivalent to 30–60 per cent of EV purchase prices—were 
expanded from 10 pilot cities to nationwide, substantially reducing the upfront cost 
of EVs (Li et al. 2022; Barwick et al. 2024a). As the market matured, these subsidies 
were gradually phased out, between 2019 and 2022, with the policy focus shifting 
towards infrastructure investment and long-term market sustainability. Tax incentives 
have complemented direct subsidies. Full purchase tax exemptions for EV buyers have 
been extended through to 2027, while reduced registration fees offer additional savings 
in upfront costs.



THE GREAT ENERGY TRANSFORMATION IN CHINA

118

While financial incentives have been essential in driving initial adoption, non-financial 
policies have also played a significant role by enhancing convenience and influencing 
consumer behaviour. The green licence plate policy, introduced in 2016, allows for 
easy identification of EVs and grants them preferential treatment in parking and 
traffic regulations. In cities with strict vehicle registration limits, such as Beijing and 
Shanghai, EV buyers are either exempt from licence plate lotteries or given priority 
access. Similarly, in cities such as Shenzhen and Guangzhou, where traffic restrictions 
apply to gasoline-powered vehicles, EVs are exempt from driving bans. The measures 
adopted in urban areas could be complementary to regulatory constraints on traditional 
fuel vehicles in promoting EV adoption.

Industrial policies

In parallel with consumer-focused policies, China has adopted strategies to localise 
and strengthen its EV supply chain. A key measure was the local content requirement. 
Between 2016 and 2019, China’s whitelist policy mandated that only EVs using 
batteries from domestically certified suppliers could qualify for government subsidies. 
By incentivising Chinese EV firms to source batteries from domestic producers, it 
helped these producers move down the cost curve faster than otherwise, as the policy 
accelerated learning by doing among them. The policy therefore contributed to the 
rise of Chinese battery manufacturers such as CATL and BYD, allowing them to be 
more cost competitive in the global market even after the policy was removed in 2019 
(Barwick et al. 2025).

In addition to national policies, a wide range of industrial policies have been 
implemented by provincial and city governments in China to develop their own local EV 
industries, often in direct competition with other jurisdictions. These policies include 
low-cost financing, preferential land access, investment and production subsidies and 
government procurement support (Fang et al. 2025). These local government efforts 
have contributed, on the one hand, to the development of a complete EV supply chain—
from mineral refining to final vehicle assembly—and, on the other, to the emergence 
of a highly competitive industry with production capacity exceeding domestic demand. 
The large number of domestic EV firms and the recent price war among automakers 
discussed above are manifestations of these policies.

Empirical evidence on policy impacts

Empirical studies broadly confirm the effectiveness of China’s EV policies but also 
highlight their limitations. Large-scale consumer subsidies, which amounted to between 
40 per cent and 60 per cent of an EV’s sale price at their peak, significantly expanded 
the market and indirectly supported the development of charging infrastructure. These 
measures reinforced a positive cycle of adoption and investment (Li et al. 2017, 2022, 
2024). Building on this foundation, Hu et al. (2025) adopt a dynamic structural model 
to assess the long-term impact of subsidy design. They find that a gradual phase-out 
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scheme can induce earlier purchases and strengthen market momentum through peer 
effects and learning by doing, achieving higher sales at lower fiscal cost. In contrast 
to financial incentives, non-financial policy instruments generally involve lower fiscal 
costs but demonstrate varying degrees of effectiveness depending on the policy context 
and consumer behaviour. Li et al. (2022) show that the introduction of green licence 
plates in China led to a 37 per cent increase in EV sales for a minimal implementation 
cost. In cities such as Beijing, Shanghai and Guangzhou, EVs benefit from licence plate 
and driving exemptions, but their impact is limited as consumers often adapt their 
behaviour without switching to EVs.

Infrastructure investment complements financial and non-financial incentives by 
directly addressing range anxiety, thereby strengthening consumer confidence and 
supporting sustained market growth. Empirical evidence emphasises the importance 
of indirect network effects, noting that EV demand is influenced by the availability 
of charging infrastructure, while infrastructure investment depends on growing EV 
adoption (Li et al. 2017; Zhou and Li 2018; Springel 2021). In the Chinese context, 
the contrast is even more pronounced, as many urban households lack access to private 
charging facilities—highlighting the critical role of public infrastructure. Li et al. (2022) 
estimate that every additional 1,000 public charging stations result in a 20 per cent 
increase in EV sales. A key insight from the literature is that infrastructure investment 
delivers greater cost effectiveness than purchase subsidies.

Recent studies have also drawn attention to the unintended consequences of subsidies. 
Wang and Xing (2023) find that although subsidies stimulate market growth and firm 
entry, they may inadvertently attract low-quality ‘lemon’ firms, leading to reputation 
losses and reducing the overall efficiency of the program. Guo and Xiao (2023) show 
that the environmental impact of subsidies could be negative due to the increase in 
vehicle sales and usage. In addition, subsidies often disproportionately benefit high-
income households, raising concerns about equity and environmental justice (Jacqz and 
Johnston 2024; Wang 2024; Xiao and Liang 2024). These findings highlight the need 
for more targeted and balanced subsidy policies that promote adoption while ensuring 
quality control and equitable outcomes.

Challenges and future outlook
Despite remarkable growth over the past decade, China’s EV industry now faces 
significant challenges, including intensifying international competition, shifting policy 
environments and rising trade barriers. At the same time, the industry has substantial 
opportunities as it continues to consolidate to harness economies of scale and expand 
both production and sales in global markets.



THE GREAT ENERGY TRANSFORMATION IN CHINA

120

Global competition and trade barriers

Intensifying global competition and the rise of trade barriers pose significant challenges 
to China’s EV industry. As Chinese EV manufacturers expand into international 
markets, they face strong competition from established global automakers that have 
been ramping up investments in EV technology and strengthening their market 
presence. These legacy manufacturers often benefit from longer histories and stronger 
brand recognition and hence customer base.

At the same time, rising trade barriers like high import tariffs imposed by key markets, 
such as the United States and the European Union, create significant obstacles for 
Chinese EV exports. As of 27 September 2024, the United States increased the tariff 
on electric vehicles imported from China from 25 per cent to 100 per cent. Similarly, 
starting on 4 October 2024, the European Union imposed additional tariffs on Chinese 
EV manufacturers, ranging from 17 per cent to 45 per cent, depending on the company. 
These tariffs aim to counter unfair subsidies to Chinese EV manufacturers and protect 
domestic industries from low-cost imports.

These tariffs are also part of broader efforts to strengthen local supply chains and 
manufacturing capabilities and reduce dependence on China. For example, the US 
Inflation Reduction Act, signed into law in 2022, includes eligibility requirements for 
EV tax credits that restrict manufacturers from sourcing key minerals and battery 
components from China and mandate that final vehicle assembly occurs in North 
America. This trend of ‘supply chain decoupling’ compels Chinese EV and battery 
manufacturers to seek alternative markets.

Regulatory developments further exacerbate these challenges. The European Union’s 
Carbon Border Adjustment Mechanism (CBAM) imposes carbon tariffs on high-
emission imports, creating risks for Chinese EV exports. CBAM primarily targets 
energy-intensive industries such as steel, aluminium and chemicals—key materials 
in EV manufacturing (Clausing and Wolfram 2023). Since China’s power generation 
depends heavily on fossil fuels, its EV production has a relatively high carbon footprint, 
making it more vulnerable to such tariffs. Although EVs themselves are not yet directly 
subject to CBAM, rising costs for these materials could weaken the competitiveness of 
Chinese automakers in the European market.

Technological challenges

Despite significant advancements in EV technology, key challenges—such as limited 
energy density, slow charging speeds and concerns about battery lifespan—continue to 
hinder widespread adoption. Low energy density remains a key obstacle, as increasing 
the number of lithium-ion cells to extend driving range adds both cost and weight 
to the vehicle.
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Beyond performance limitations, the rapid expansion of the EV market has intensified 
challenges in battery recycling and disposal. China’s recycling industry remains complex 
and largely unregulated, resulting in a low standardised recycling rate. According to a 
2023 report by the Development Research Centre of China’s State Council, less than 
25 per cent of EV batteries in China were properly recycled. Addressing these challenges 
requires coordinated efforts in policy development, technological innovation and the 
establishment of a comprehensive recycling system.

The high costs of battery production and raw material sourcing present further 
difficulties. China has limited domestic reserves of critical minerals such as lithium, 
cobalt and nickel, making it heavily dependent on imports. As global demand for EV 
batteries rises, competition for these materials is intensifying, increasing the risks of 
supply chain disruptions and rising production costs. These constraints could ultimately 
affect EV affordability, creating challenges for both manufacturers and consumers.

Charging infrastructure disparities

While China has made impressive strides in building its EV charging network, 
significant regional disparities remain. Urban centres are relatively well served, but rural 
and less-developed areas still lack adequate infrastructure. This gap limits EV adoption 
beyond the major cities. In response, both the central and local governments have 
launched initiatives to expand infrastructure coverage. The National Development and 
Reform Commission and the National Energy Administration have called for charging 
stations in every county and charging piles in eligible townships. Beyond expanding 
infrastructure, the government has been promoting smart charging technologies, 
integrating them into EVs and charging networks for better energy management.

Automakers are playing a crucial role in infrastructure expansion. NIO has launched 
the Power County Plan, aiming to establish battery-swap stations in every county across 
mainland China by 30 June 2025. In 2024, Huawei partnered with automakers and 
charging operators to deploy more than 100,000 ultra-fast charging piles, expanding 
national coverage. XPENG has also expanded its charging network, operating more 
than 1,880 self-operated charging stations across 420 cities. These combined efforts 
from both the public and the private sectors are gradually reducing regional disparities 
in charging infrastructure, promoting EV adoption nationwide.

In addition to access, charging speed remains a key concern among consumers. While 
sales of high-voltage (800 volt) EV models have increased quickly in the past few 
years, the deployment of compatible ultra-fast charging stations has not kept pace. 
These stations cost significantly more to build and often require grid upgrades, posing 
significant financial and technical barriers. At this early stage of ultra-fast charging 
infrastructure development, government support plays a crucial role. For example, the 
Shenzhen Government launched the Ultra-Fast Charging City in June 2023 and, by 
the end of 2024, more than 1,000 ultra-fast charging stations had been built in the 
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city. As demand for faster charging continues to grow and the costs of using ultra-
fast chargers decrease with wider adoption, ultra-fast charging stations are expected to 
become a key trend in the future development of the EV industry.

Future prospects

China’s EV industry is entering a new phase following its rapid transformation from 
a market follower to a global leader. As early drivers such as government subsidies and 
pilot programs have waned in effectiveness, the industry is shifting towards structural 
reform and innovation driven by market forces. A key area of progress will be the 
international harmonisation of technical standards. As Chinese EV makers expand into 
South-East Asia, Latin America and Europe, aligning with diverse market requirements 
is crucial. Common standards for charging, battery safety and data protection can lower 
trade barriers, improve compatibility and strengthen global supply chains, while also 
easing geopolitical tensions and supporting a more integrated EV ecosystem.

In addition to advancements within the vehicles, the future of EVs will be shaped 
by their integration into broader energy and digital systems. Beyond transportation, 
EVs are increasingly seen as mobile energy assets that can support grid stability 
and renewable energy integration through technologies such as vehicle-to-grid and 
bidirectional charging. Unlocking these benefits will require coordinated investment 
in grid modernisation, digital infrastructure and supportive policy frameworks. 
Policymakers and industry leaders must collaborate to ensure EVs serve not only as 
modes of transport but also as dynamic components of the energy ecosystem.

As EV adoption continues to accelerate in China, ensuring equitable access to the 
benefits of electrified mobility is becoming increasingly important. Without deliberate 
policy action, rural areas and low-income communities risk being left behind due to 
limited charging infrastructure and higher upfront costs. Future policy efforts may 
need to shift from broad consumer subsidies to more targeted support that addresses 
these disparities such as public charging investment in underserved areas, incentives 
for affordable EV models and programs for secondhand EV markets. Promoting a just 
and inclusive transition could help ensure that the social, economic and environmental 
benefits of transportation electrification are shared more broadly across society.
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6
The European Union’s 

countervailing duties on electric 
vehicles from China: Disputes 

and prospects
ZhongXiang Zhang

China’s advantage in the global industrial chain is now not only reflected in the mid 
to low-end manufacturing industry, but also concentrated in the technology track 
represented by ‘the new three’: electric vehicles (EVs), lithium-ion batteries and 
photovoltaic (PV) products. From 2019 to 2023, the total export value of China’s ‘new 
three’ increased from US$33.6 billion to US$146.5 billion, with an annual average 
growth rate of 44.5 per cent (Yang et al. 2024). Given that in 2023 the Chinese yuan 
depreciated by 4.5 per cent against the US dollar, the growth rate is even higher in 
terms of the yuan: in 2023, total exports of the ‘new three’ reached RMB1.06 trillion, 
breaking through the one-trillion-yuan mark for the first time and reaching 18.3 per 
cent of China’s trade surplus. In 2023, 60 per cent of global EV production was in China 
and one in every four cars exported by China was an EV, totalling 1.2 million vehicles.

The rapid increase of Chinese-made EVs raises a variety of concerns outside China, 
particularly in the European Union and the United States. The European Union and the 
United States as well as a growing number of other developed countries accuse China 
of heavily subsidising its locally made EVs, and argue that imports of these subsidised 
vehicles distort their EV markets and hurt their EV industry. A growing number of 
countries have enacted regulations and trade measures to restrict imports of Chinese-
made EVs. The European Union even initiated an anti-subsidy investigation into imports 
of EVs from China, and its member states have agreed to impose definitive countervailing 
duties on imports of battery electric vehicles (BEVs) from China. As would be expected, 
China has claimed that the European Union’s decision violates World Trade Organization 
(WTO) rules and undermines global cooperation on tackling climate change. China has 
filed an appeal to the WTO dispute-settlement mechanism over the European Union’s 
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countervailing measures; requested WTO consultation over tariffs placed on EVs by 
Canada and Türkiye; and has criticised the United States for abusing the review process of 
Section 301 tariffs to further raise tariffs on Chinese-made EVs.

This chapter analyses why the European Union began imposing high countervailing 
duties on Chinese-made EVs when they were not yet common on the streets of Europe, 
and the differences between and logic of the European Union and the United States. 
It also examines the level of countervailing duties that the European Union must impose 
on Chinese EVs to diminish their competitiveness in European markets, and the impact 
of additional countervailing duties on the European Union itself and Chinese EV 
exports to Europe. It looks at why the European Union decided to negotiate with China 
on a minimum price after imposing countervailing duties but was particularly cautious 
about taking the lowest-price approach. It explores the significance and limitations 
of the China Chamber of Commerce for Import and Export of Machinery and 
Electronic Products’ authorisation of representatives to negotiate on behalf of Chinese 
EV manufacturers, the possibility of implementing a hybrid scheme of countervailing 
duties and minimum prices, and the impact of the re-election of Donald Trump as 
President of the United States on the direction of the China–EU EV tariff dispute. 
The  chapter also discusses overseas investment by Chinese EV companies and ends 
with a discussion of the ways to move this dispute forward.

Why do Chinese-made EVs dominate the market?
Why do Chinese-made EVs dominate the EV market? The United States and the 
European Union accuse China of providing heavy subsidies (see Figure 6.1). Several 
studies undertaken by US think tanks provide analyses to support this accusation, but 
China denies the claims.

Figure 6.1: Total Chinese Government spending on the new-energy vehicle sector 
(RMB billion)
Source: DiPippo et al. (2022).
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The European Commission (Draghi 2024) estimates that Chinese subsidies for clean 
tech manufacturing have long been twice as high as those in the European Union as 
a share of GDP, while China has protected its home market for solar PV, wind power 
generation equipment and EV batteries. These policies have left the European Union 
with a significant cost disadvantage—for example, solar PV manufacturing costs in 
China are 35–65 per cent lower than in Europe and costs for manufacturing battery 
cells are 20–35 per cent lower (IEA 2024a). According to estimates by the Center for 
Strategic and International Studies (DiPippo et al. 2022; White et al. 2023), cumulative 
government support to the EV sector in China1 totalled RMB393 billion (US$58 
billion) between 2009 and 2017. This support jumped further, to RMB560 billion, 
from 2018 to 2021. The Organisation for Economic Co-operation and Development 
(OECD 2021, 2023) estimates that Chinese industrial firms received government 
support equivalent to about 4.5 per cent of their revenue. The largest part of this 
support comes in the form of below market rate lending. This support, combined 
with tax concessions and government grants, means Chinese firms may receive almost 
nine times more government support (relative to sales) than comparable firms in the 
OECD. According to the information in Chinese automaker BYD’s annual reports, 
direct government subsidies to the company increased from about €200 million in 
2020 to €600 million in 2021 and €2.1 billion in 2022. Relative to business revenue, 
this corresponds to an increase in direct subsidies from 1.1 per cent in 2020 to 3.5 per 
cent in 2022 (Bickenbach et al. 2024).

China disputes these accusations, and it is fair to say that neither side provides the 
full story. Subsidies have played a crucial role, particularly in the early phase of EV 
development, and are widely used in China, but the market advantage of Chinese 
EVs is not due solely to subsidies, but rather is the result of multiple factors working 
together: early moves to establish well-planned industrial layouts, long-term industrial 
policy guidance, long-term subsidies (activating huge domestic demand), continuous 
increases in research and development investment (upgrading batteries and intelligent 
technology), an especially large domestic market (the scale effect strengthened by 
internal competition, providing huge pressure to lower production costs and selling 
price), industrial chain advantages and a rich pool of engineers and skilled workers.

China’s EV production accounts for more than 60 per cent of the global total. However, 
most of this is consumed domestically. In 2023, almost 9.5 million Chinese-made 
EVs were sold in China and only 1.2 million were exported—accounting for less than 
15 per cent of annual output. Moreover, exports of Chinese EVs are mainly by purely 
foreign brands, such as Tesla; Sino-foreign brands, such as BMW; or acquired foreign 
brands, such as MG. In 2023, Tesla’s Shanghai factory produced 947,000 EVs, of which 
344,000 were exported. Tesla exports alone accounted for 29 per cent of China’s total 

1	 The government support provided to industry includes direct subsidies and tax incentives for research and 
development, other tax incentives, below-market credit to SOEs, support through state investment funds (Government 
Guidance Funds) and ‘China-specific factors’, which include, most notably, below market-price land sales (DiPippo 
et al. 2022).
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EV exports. According to the European Federation for Transport and Environment 
(T&E 2024), Europe’s leading advocates for clean transport and energy, in 2023, 19.5 
per cent of the approximately 300,000 EVs sold in Europe were made in China (see 
Figure 6.2). About 60 per cent of newly registered cars from China were foreign brands, 
such as Tesla (28 per cent), Dacia (20 per cent) and BMW (6 per cent), while SAIC 
MG accounted for 25 per cent. BYD, Polestar and other Chinese brands account for 
only 3 per cent of all EVs exported to Europe. This indicates that the European EV 
market is not only dominated by non-Chinese car companies, but more importantly, 
overseas capital also profits greatly from such exports.

Figure 6.2: Chinese-made electric vehicles set to reach one-quarter of EU sales
Note: OEM = original equipment manufacturer.
Source: T&E (2024).

China as the world’s largest exporter 
of automobiles
According to statistics from the China Association of Automobile Manufacturers, 
China exported 4.91 million vehicles in 2023, becoming the world’s largest exporter 
of automobiles. The volume of exported vehicles further increased, to 5.86 million 
units, in 2024, consolidating China’s position. The reason China has become the 
largest exporter is because multinational car companies have long achieved ‘localised 
production’. In 2022, Japanese carmakers sold approximately 23.5 million units 
globally, only 3.8 million units of which (16 per cent) were sold in the Japanese market; 
and most of those sold outside the domestic market were sold in the countries in which 
they were made. Toyota has been ranked first in global sales for four consecutive years. 
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In its fiscal year ending March 2024, Toyota sold 10.30 million units globally, with 
1.53 million sold inside Japan. Clearly, the number of exported Chinese-made vehicles 
was about one-quarter of the number of Japanese cars sold outside Japan.

While China exported almost 1.3 million EVs in 2024, most of its car exports are 
conventional fuel vehicles. Logically, if Europe and the United States believe China 
has overcapacity in the automotive industry, it should be reasonable to demand that 
China limits its production of traditional fuel vehicles. However, the European Union 
and the United States are demanding only that China restrict its production capacity of 
EVs—an important issue that then US treasury secretary Janet Yellen and then German 
chancellor Olaf Scholz discussed with top Chinese leaders during their visits to China 
in April 2024.

The reason is that Chinese traditional fuel vehicles cannot compete with foreign 
manufacturers, particularly high-end brands, but multinational companies lack 
competitiveness and pricing power for EVs.

In general, multinational enterprises in developed countries enjoy a considerable period 
of excess profit dividends brought by technological leadership, until later players can 
become competitive or even surpass them. However, EVs have broken the norm and 
multinational car companies have not had this opportunity, or at least it has been 
greatly weakened. Even worse, they are currently at a competitive disadvantage against 
Chinese EVs, so it is not difficult to understand their accusations of overcapacity in 
China’s EV production.

Europe and the United States are, however, catching up with battery technology 
for EVs. California requires that by 2035, 50 per cent of all heavy-duty trucks sold 
will be pure electric, and the state is committed to achieving 100 per cent renewable 
energy by 2045. Other states in the United States are launching incentive packages 
to attract investors to build EV factories, sparking a wave of EV subsidies. The US 
Environmental Protection Agency introduced the strictest climate change regulations 
in its history, ensuring that two-thirds of new cars sold in the United States by 2032 are 
EVs. On 2 March 2023, ‘Tesla Super Factory Investment Day’, its CEO, Elon Musk, 
stated that Tesla would achieve its annual sales target of 20 million by 2030; Tesla had a 
delivery volume of just 1.31 million vehicles in 2022. In the European Union, the Net-
Zero Industry Act sets the basic goal of strategic net-zero technology by 2030. Battery 
manufacturing capacity must be expanded to 550 gigawatt hours (GWh)—7.3 times 
that of the existing EU capacity—and meet 90 per cent of the union’s annual expected 
demand by 2030 (European Parliament 2025; Zhang 2024).

Lithium, cobalt and nickel are used in the production of EV batteries. The European 
Critical Raw Materials Act identifies a list of materials crucial for technologies needed 
for the green and digital transition and sets benchmarks for domestic capacity along the 
supply chain to be reached by 2030: 10 per cent of the European Union’s annual needs 
for extraction, 40 per cent for processing and 25 per cent for recycling. Moreover, to 
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ensure EU independence over imports from single-country suppliers, the Act specifies 
that no more than 65 per cent of the union’s annual needs of each strategic raw material 
at any relevant stage of processing should come from a single third country (EC 2024a).

Trade measures to restrict imports of  
Chinese-made EVs
Given that existing production capacity differs significantly from expected targets, the 
European Union has set policies to speed up the development of their own battery and 
EV industries and make up insufficient battery production. To stop or at least slow 
Chinese EV imports, Europe and the United States have elevated batteries and EVs to 
the status of strategic technology/industry and introduced subsidies and related support 
policies, as well as further regulations and trade measures.

In August 2022, the US Congress approved the Inflation Reduction Act (IRA), with 
US$369 billion disbursed for measures dedicated to improving energy security and 
accelerating the clean energy transition. The IRA imposes restrictions on imported 
batteries, battery critical materials and vehicle assembly areas required to produce 
EVs. Specifically, the IRA provides a maximum credit of US$7,500 for each new EV 
that is assembled in North America: US$3,750 if the specified percentage of battery 
components was manufactured or assembled in North America and US$3,750 if a 
percentage of critical minerals in the battery were extracted or processed in the United 
States or countries with which it has free-trade agreements. Moreover, beginning in 
2024, to be eligible, a clean-energy vehicle could not contain any battery components 
manufactured or assembled by a ‘foreign entity of concern’ (FEOC) and, beginning in 
2025, an eligible clean-energy vehicle may not contain any critical minerals extracted, 
processed or recycled by a FEOC (US Treasury 2023).

Classifying China as a FEOC means that for the manufacturer’s suggested retail price 
that does not exceed US$80,000 for sports utility vehicles (SUVs), vans, pickups and 
electric sedans weighing less than 6.9 tonnes and US$55,000 for all other electric sedans, 
Chinese car companies will not receive a full credit of US$7,500, which will greatly 
affect their competitiveness. The United States claims these measures have nothing 
to do with politics or ideology. This is the dilemma that China’s EV makers continue 
to face in exporting to and investing in factories in places such as the United States. 
The US decision to upgrade batteries to a strategic technology will restrict its ability to 
achieve energy conservation and carbon emissions reduction faster and at a lower cost.

On 14 May 2024, then president Joe Biden announced that the United States would 
apply Section 301 tariffs on an estimated US$18 billion worth of goods from China. 
The new measures included quadrupling tariffs on all EVs from China, from 25 per 
cent to 100 per cent. The existing tariffs were introduced during the previous Trump 
administration. The increase was made as part of a planned review of policy. Before 
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he was elected for the second time, President Donald Trump said he would consider 
a 60 per cent tariff on all Chinese imports. In September 2024, the US Commerce 
Department (BIS 2024) proposed prohibiting the import and sale of vehicles 
containing certain hardware and software emanating from China on national security 
grounds. The proposal focused on hardware and software integrated into the vehicle 
connectivity system and software integrated into the automated driving system. The 
move is a significant escalation in the United States’ ongoing restrictions on Chinese 
vehicles, software and components, and would effectively bar nearly all Chinese cars 
from entering the US market.

The European Union is also very concerned about the rapid rise in low-priced BEVs 
coming from China, distorting the EU market. On 4 October 2023, the European 
Commission initiated an investigation into EV imports from China, focusing on 
whether these were being subsidised by the Chinese Government, whether such 
subsidies were hurting the European Union’s EV industry and whether imposing 
countervailing measures would be in the European Union’s interests. The investigation 
was to conclude within 13 months of initiation.

The investigation targeted a sample of three Chinese producers: BYD, Geely and SAIC. 
Tesla (Shanghai) was not included despite its large volume of exports to the EU market. 
The Chinese Government and the China Chamber of Commerce for Import and Export 
of Machinery and Electronic Products (CCCME) argued that by not including Tesla 
(Shanghai) in the sample, the European Commission distorted the subsequent findings 
by artificially increasing the weighted average duty applicable to the cooperating non-
sampled Chinese exporting producers. The European Commission disagreed with these 
claims. As explained in Recital 30 of the final regulation, the commission accepted the 
individual examination request of Tesla (Shanghai) given its simple corporate structure, 
which gave the commission sufficient time and resources to examine the company. No 
other individual examination requests were received. Furthermore, in Recital 756 of 
the final regulation, the commission argued that imports of Teslas from China were not 
expected to increase significantly as the company’s spare production capacity was very 
low (EC 2024b).

On 4 July 2024, nine months after the initiation of the investigation, the European 
Commission had imposed provisional countervailing duties on imports of BEVs from 
China. Based on the investigation, the commission concluded that the BEV value 
chain in China benefits from unfair subsidisation, which is threatening economic 
injury to EU BEV producers. The individual duties applying to the three sampled 
Chinese producers were: BYD, 17.4 per cent; Geely, 19.9 per cent; and SAIC, 37.6 per 
cent. Other BEV producers in China that cooperated in the investigation but were not 
sampled were subject to the 20.8 per cent weighted average duty. The duty for all other 
non-cooperating companies was 37.6 per cent.
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Following a request, Tesla may receive an individually calculated duty rate (EC 2024c), 
but otherwise provisional duties were adjusted slightly downwards based on comments 
on the accuracy of the calculations submitted by interested parties. These provisional 
duties applied as of 5 July 2024, for a maximum of four months. Within that time 
frame, a final decision was to be taken on definitive duties, through a vote by EU 
member states. When adopted, this decision would make the duties definitive for five 
years (EC 2024d).

On 20 August 2024, based on comments received from interested parties on the 
provisional measures, as well as the finalisation of the investigation, the European 
Commission disclosed slightly adjusted countervailing duties on imports of BEVs 
from China: BYD, 17.0 per cent; Geely, 19.3 per cent; SAIC, 36.3 per cent; other 
cooperating companies, 21.3 per cent; and all other non-cooperating companies, 
36.3 per cent (see Table 6.1). Teslas from China were granted an individual duty rate 
of 9 per cent. The commission also decided not to retroactively collect countervailing 
duties (EC 2024e).

On 4 October 2024, the EC proposal to impose definitive countervailing duties on 
imports of BEVs from China obtained the necessary support from member states for 
the adoption of the tariffs (EC 2024f ). On 29 October, the commission concluded its 
investigation by imposing definitive countervailing duties on BEV imports from China 
for five years. Chinese exporting producers were subject to the following duties: BYD, 
17.0 per cent; Geely, 18.8 per cent; SAIC, 35.3 per cent; other cooperating companies, 
20.7 per cent; and all other non-cooperating companies, 35.3 per cent. Teslas from 
China were granted an individual duty rate of 7.8 per cent. The commission decided 
not to retroactively collect the duties.

Table 6.1: EU countervailing duties on battery electric vehicle imports from China (%)

BEV producers 
from China

Provisional,  
12 June 2024

4 July 2024 20 August 2024 Definitive, 
29 Oct 2024

BYD 17.4 17.4 17.0 17.0

Geely 20.0 19.9 19.3 18.8

SAIC 38.1 37.6 36.3 35.3

Other 
cooperating 
companies

21.0 20.8 21.3 20.7

All other non-
cooperating 
companies

38.1 37.6 36.3 35.3

Tesla Individually calculated 9 7.8

Sources: European Commission (2024b–e).
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The European Commission noted that, between October 2023 and January 2024, the 
European Union imported 177,839 Chinese EVs—an increase from the period covered 
by the EC investigation (October 2022 to September 2023) of 14 per cent, and an 
increase in the average monthly import volume of 11 per cent (EC 2024g). This surge is 
understandable because car manufacturers were racing to ship EVs produced in China 
to the EU market before the new tariff measures came into effect, betting that the 
duties would not be collected retrospectively.

With the European Union and the United States imposing tariffs on Chinese-made 
EVs, other countries soon followed suit. In August 2024, Canada announced that it 
would impose 100 per cent tariffs on Chinese-made EVs from 1 October 2024, over 
concerns about unfair subsidies.

Türkiye had introduced tariffs on EVs imported from China in March 2023 and 
implemented regulations on EV maintenance and services. In June 2024, Türkiye 
announced it would impose an additional 40 per cent tariff on all vehicles imported 
from China, effective from 7 July 2024, and extended to include internal combustion 
engines and hybrid vehicles from China. The additional tariff was set at a minimum 
of US$7,000 per vehicle, basically barring budget Chinese vehicles from entering the 
Turkish market. In September 2024, Türkiye implemented import licence restrictions, 
stipulating that importers must have 20 authorised service stations in seven different 
regions of the country before importing plug-in hybrid vehicles not produced by the 
European Union or countries with a free-trade agreement with Türkiye.

The European Union remains open to  
a negotiated solution
The share of Chinese-made EVs in the EU market is very small. Based on statistics 
from the European Commission (EC 2024h), imports of Chinese brands increased to 
14.1 per cent in the second quarter of 2024, from 1.9 per cent in 2020. Even fewer 
Chinese-made EVs are imported into the United States. However, both the European 
Union and the United States decided to act well before Chinese-made EVs could 
become widespread in their markets.

Differing from the usual practice, the investigation into Chinese EV subsidies was 
initiated by the European Commission itself and was not based on an industry 
complaint. As then US commerce secretary Gina Raimondo said, ‘We’re not going 
to wait until our roads are filled with Chinese-made EVs and the risk is extremely 
significant before we act’ (Reuters 2024).

It has been suggested that the European Union should refrain from imposing tariffs 
as it needs low-priced Chinese EVs to help it achieve its green transition and meet 
its climate goals. Valdis Dombrovskis, the then European Commissioner for Trade, 
rebutted such suggestions, contending that the ‘argument can be made on any trade-
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distorting subsidies. But the point is that we have a major EU car industry, and this car 
industry is at risk if we allow this kind of distortion of the level playing field.’ He said 
the tariffs, which vary by brand but will average 20.8 per cent, on top of an existing 
10 per cent, would not close the market to Chinese imports, just level the playing field 
(Bounds 2024). The European car industry provides 13 million jobs and contributes 
7 per cent of the European Union’s GDP (EC 2025b). Its precautionary approach 
suggests the union is very concerned about the rapid increase in imports of low-priced 
EVs from China distorting the EU market and potentially hurting the auto industry, 
which is important to the economy and for employment.

The European Commission’s proposal has obtained the necessary support from EU 
member states to impose definitive countervailing duties on imports of BEVs from 
China (EC 2024f ); however, according to EU procedures, if 15 member states and 
65 per cent of the EU population vote against the proposal to impose tariffs, it will be 
put on hold. However, despite the vote in favour of special tariffs for EVs from China, 
the European Commission remains open to continue negotiations with China to 
explore an alternative to the tariffs. Both sides are keen to keep negotiating, indicating 
there is room for compromise.

Intense competition in a saturated Chinese market has led to a price war and forced EV 
manufacturers to pursue ever-lower production costs. Chinese EV manufacturers have 
made substantial investments in new production facilities, with additional capacity 
continuing to come onto the market. Alongside the rapid growth of EV production has 
been a slowdown in the Chinese economy. This has not only resulted in profit margins 
in the auto sector plummeting from 8.7 per cent in 2015 to 6.2 per cent in 2020, 
and to 4.3 per cent in 2024, according to the China Automobile Dealers Association 
(Wu 2024; Liu 2025), but also raised the need to find new markets to absorb these EVs. 
However, in response to perceptions of unfair competition, an increasing number of 
countries are raising tariff and non-tariff barriers against Chinese-made EVs. The US 
restrictions on Chinese EVs, software and components effectively bar nearly all Chinese 
EVs from entering the US market. Exports to other markets will be challenging for a 
variety of reasons. Thus, the European Union, the world’s second-biggest EV market, 
is highly attractive to China-based EV producers. An analysis by Rhodium (2024) 
indicates that even with the imposition of a 30 per cent duty, many Chinese EV models 
would still enjoy comfortable profit margins because of the substantial cost advantages 
they enjoy.

On the EU side, former WTO director-general Pascal Lamy (2024) said in an interview 
about the EU vote on Chinese EV tariffs that Europe could not remain the only big 
market open to subsidised Chinese EVs. However, opinion about imposing tariffs on 
Chinese-made EVs is widely divided. As shown in Table 6.2, while France supported the 
measure after previously pushing the European Union to start negotiations, 12 member 
countries abstained from the vote and its largest economy, Germany, together with four 
other member countries advocated against the step. It is crucial to emphasise Germany’s 
position on this matter. Whether it is for the benefit of its own automotive industry, 
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the overall interests of the European Union or its own leadership, Germany must 
actively negotiate with and mediate on behalf of the European Union and member 
states and reach an agreement that is acceptable to both China and Europe. Germany 
must not stand in opposition to the majority of the European Union. Abstention or 
opposition—something smaller EU members may consider—is not an option for 
Germany. It cannot stand alone without undermining the credibility of its leadership 
and the independence and credibility of the European Union. Germany had spoken 
out against the proposal until the very end and had been one of those pushing for 
further negotiations with China.

Table 6.2: How EU member states voted on tariffs for Chinese-made battery 
electric vehicles

For 
(45.99% of EU population)

Against 
(22.65% of EU population)

Abstained 
(31.36% of EU population)

Bulgaria
Denmark
Estonia
France
Ireland
Italy
Latvia
Lithuania
Netherlands
Poland

Germany
Hungary
Malta
Slovakia
Slovenia

Austria
Belgium
Croatia
Cyprus
Czechia
Finland
Greece
Luxembourg
Portugal
Romania
Spain
Sweden

Source: Author’s compilation.

The European Union’s tariffs are not as severe as those implemented by the United 
States and Canada; it has not emulated the US approach to systematically shut out 
Chinese technology. Neither has it set tariffs so high as to block Chinese EVs from 
entering the EU market. As Rhodium (2024) suggests, to make the European market 
unattractive for Chinese EV exporters, duties would have to be as high as 40–50 per 
cent. They might have to be even higher for vertically integrated manufacturers such as 
BYD. The definitive tariff for BYD is 17 per cent, on top of the existing 10 per cent, 
which is far lower than the 45 per cent suggested. Even if duties were set high enough to 
erase the EU premium, BYD might decide that exporting to Europe still makes sense, 
given slowing demand and competitive pressures in the Chinese market.

The anti-subsidy tariffs imposed on Chinese-made EVs are comparable with previous 
tariffs. For example, the rates of definitive countervailing duties imposed by the European 
Commission on imports of certain organic coated steel (OCS) products originating in 
China differ between manufacturers. While OCS products from Union Steel China are 
levied at the lowest level of 13.7 per cent, OCS products from key manufacturers such 
as Ansteel, Baosteel and Tangshan Iron and Steel Group are levied at 26.8 per cent. 
All other manufacturers are targeted at the highest countervailing duty rate of 44.7 per 
cent (EC 2019). Imports of certain Chinese-made new or re-treaded pneumatic rubber 
tyres, used for buses or trucks with a load index exceeding 121, are levied at €27.69 
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per item for Chinese producers cooperating with both subsidy and anti-dumping 
investigations, but €57.28 per item for companies cooperating in the original anti-
dumping investigation but not in the original subsidy investigation. Against the average 
Chinese import prices per item into the EU market of €136 in 2020, €156 in 2021 
and €208 in 2022, these tariffs are translated into the rate of definitive countervailing 
duty up to 20.4 per cent and 42.1 per cent, respectively (EC 2025a). Compared with 
the highest countervailing duty of 44.7 per cent in the OCS case and 42.1 per cent in 
the pneumatic tyre case for all other non-cooperating companies, the highest definitive 
countervailing duty of 35.3 per cent in the EV case is low.

The EC decision makes sense because it avoids imposing higher costs on the EU economy. 
In 2023, the European Union essentially instituted a ban on internal combustion 
engines by 2035, when all new passenger cars and light vehicles registered in Europe 
must have zero tailpipe carbon emissions, compelling manufacturers to elevate the 
proportion of EVs they produce or incur penalties. But EU manufacturers alone will 
not be able to meet the demand for clean technologies (Zhang 2024). Unless Europe 
decides to delay its energy transition and scale back its EV ambitions, Chinese EVs may 
offer the lowest-cost and most efficient route to achieving its decarbonisation targets.

On the other hand, the European Commission cannot afford to take a laissez-faire 
approach, given that China’s state-sponsored competitors represent a threat to EU 
employment, productivity and economic security in general and its clean tech and 
automotive industries in particular. According to the simulations of the European 
Central Bank (ECB 2024), if subsidies to the Chinese EV industry were to follow a 
similar trajectory to those applied to the solar PV industry, EU domestic production 
of EVs would decline by 70 per cent and EU producers’ global market share would 
fall by 30 per cent. The application of additional tariffs reflects EU concerns about 
the influx of low-cost EVs into its market. By not setting tariffs at the high end of the 
suggested range and implementing differential rates according to the subsidy level and 
degree of cooperation of Chinese companies, the European Union is signalling that the 
purpose of the countervailing duties is not to stop imports of EVs from China, but to 
level the playing field so that EU manufacturers can compete on fair terms, stimulating 
innovation in the process (EC 2024b).

The European Union’s additional countervailing duties, however, hurt China’s EV 
exports badly. Using simulations from a trade model encompassing many countries 
and sectors, the Kiel Institute for the World Economy, the Austrian Institute of 
Economic Research and the Supply Chain Intelligence Institute Austria projected that 
the provisional countervailing duties of 21 per cent, effective on 4 July 2024, would 
reduce vehicle imports from China by 42 per cent. If the European Union were to 
reduce duties of 10 per cent imposed on BEVs to zero for WTO member countries 
with which it has no free-trade agreements, imports from China would only decrease 
by about 20 per cent. This scenario would enhance EU welfare more than the pure 
countervailing duty scenario, and the green transition would benefit from fairer trade 
(Felbermayr et al. 2024).
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A 20 per cent reduction is not trivial. It is inevitable that China will appeal to the WTO to 
safeguard its interests. Indeed, China has filed a Multi-Party Interim Appeal Arbitration 
Arrangement within the WTO, requested WTO consultation over Canadian, EU and 
Turkish tariffs on EVs and has criticised the United States for abusing the review process 
of Section 301 tariffs and imposing further tariffs on Chinese-made EVs.

On 9 August 2024, China appealed to the WTO dispute-settlement mechanism over 
the European Union’s provisional countervailing measures on EVs. China’s Ministry of 
Commerce said that EU actions seriously violated WTO rules and undermined global 
cooperation on climate change. The ministry urged the European Union to change 
course and work with China to safeguard economic and trade cooperation and the 
stability of EV industrial and supply chains.

China’s Foreign Ministry spokesperson Lin Jian reacted to the Biden administration’s 
tariff hike in May 2024, saying:

Tariffs imposed by the first Trump administration on China have severely 
disrupted normal trade and economic exchanges between China and the US. 
The WTO has already ruled those tariffs [are] against WTO rules. Instead of 
ending those wrong practices, the US continues to politicise trade issues, abuse 
the so-called review process of Section 301 tariffs and plan tariff hikes. (Feng and 
Cheng 2024)

Based on the same arguments, China has filed a request for WTO consultation over 
Türkiye’s EV tariffs and a ruling on the tariffs Canada imposed on Chinese EVs and 
metal products.

It is not only the Chinese Government reacting to these trade measures to restrict 
imports; Chinese EV manufacturers are also taking legal action to challenge the 
European Union’s decision. In January 2025, Chinese EV makers BYD, Geely and 
SAIC teamed up with German maker BMW to file complaints in the Court of Justice 
of the European Union (Chilton 2025), hoping to overturn EU tariffs on Chinese EV 
imports into the EU market.

However, given the increasing number of countries raising tariffs and non-tariff barriers 
against Chinese-made EVs, whether China’s appeal can be settled within the WTO in 
the short term, and to China’s advantage, is an open question. Therefore, in seeking 
a long-term solution within the WTO, China will have to hope for an alternative 
settlement, such as a price undertaking, for its benefit.

Minimum pricing as an alternative
While the European Commission’s proposal received enough votes from EU member 
states to impose tariffs on Chinese-made EV imports for the next five years, 15 member 
countries abstained and its largest economy, Germany, spoke out against the plans until 
the very end and pushed for further negotiations with China. At the same time, China 
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has pushed for a minimum import price that would avert the need for some of the extra 
tariffs. It is in the interests of both sides to come to a mutually beneficial agreement, 
meaning Europe can worry less about the influx of ultra-affordable subsidised EVs from 
China and Chinese automakers can fret less about tariffs and still profit overseas by 
honouring minimum pricing. Both sides are still open to negotiation.

Indeed, in August 2024, Chinese EV manufacturers SAIC, BYD and Geely offered to 
commit to certain prices when selling their vehicles in the European Union to avoid 
additional tariffs, and the CCCME submitted proposals on behalf of other Chinese 
automobile manufacturers. Tesla, which receives a separate tariff rate, did not participate 
in price commitments. The European Commission rejected the proposals.

Since the vote, technical teams from the European Commission and China have been 
negotiating on a flexible price commitment to avoid tariffs. The European Commission 
is reported to have rejected China’s latest proposal to sell imported EVs in Europe for 
no less than €30,000.

Pascal Lamy (2024) summed up the difficulty in striking an EU–China deal on EVs 
at Politico Competitiveness Week in October 2024: ‘Things like voluntary export 
restrictions or price undertakings are extremely difficult for cars.’ He said it would be 
challenging to reach an agreement due to the complexity of minimum price stipulations 
in the negotiations. Europe and China had agreed on a minimum price stipulation to 
replace tariffs on Chinese solar panels 10 years ago, but Europe was not happy about 
the outcome. The European Union lost its PV manufacturing capacities, with China 
now dominating the entire production chain: China’s share in all manufacturing stages 
of solar panels (such as polysilicon, ingots, wafers, cells and modules) exceeded 80 per 
cent in 2021 (IEA 2022) and 85 per cent or more thereafter. China’s share in the EU 
photovoltaic market now exceeds 90 per cent. This level of concentration in any global 
supply chain represents a considerable vulnerability.

One failure of the PV case was attributed to the adoption of extensive avoidance 
measures. The European Union does not want what happened with solar panels to be 
repeated with EVs.2  While minimum pricing has been used for uniform commodities 
such as PVs, an EV is a highly sophisticated product, with multiple models and 
configurations, resulting in substantial price differences between each one. The high 
number of product types entails a high risk of cross-compensation. Moreover, the EU 
tariffs do not apply to plug-in hybrid electric vehicles and conventional fuel vehicles 

2	 In a speech on technology and politics at the Institute for Advanced Study in Princeton, New Jersey, on 9 April 
2024, the European Commission’s then executive vice-president Margrethe Vestager contended:

We saw the playbook for how China came to dominate the solar panel industry. First, attracting foreign 
investment into its large domestic market, usually requiring joint ventures. Second, acquiring the technology, 
and not always above board. Third, granting massive subsidies for domestic suppliers, while simultaneously 
and progressively closing the domestic market to foreign businesses. And fourth, exporting excess capacity to 
the rest of the world at low prices. The result is that nowadays, less than 3% of the solar panels installed in the 
EU are produced in Europe. We can’t afford to see what happened on solar panels, happening again on electric 
vehicles, wind or essential chips (EC 2024g).
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produced overseas, the manufacturers of which may also produce and sell other products 
and services through the same sales channels and to the same customers. Combined 
with complicated corporate structures entailing hundreds of companies within each 
manufacturing group and complex global trade channels, the sheer number of different 
product models would render price undertakings unenforceable and impractical.

The European Commission is determined to go ahead with individual solutions 
for the auto industry. It has reportedly received several minimum price proposals 
from the CCCME to cover a number of EV makers. At the same time, it has received 
offers directly from multiple EV manufacturers and separately conducted price 
commitment negotiations with them, which the CCCME has opposed. The CCCME 
believes allowing parallel negotiations with individual manufacturers will weaken its 
negotiation capacity.

Issues with the variety of different vehicles suggest that focusing on a single price 
commitment will not work, so the European Commission has conducted separate price 
commitment negotiations with EV manufacturers and designated official representatives. 
In China, generally local governments rather than the central government provide 
incentives such as tax breaks, cheap land and direct procurement. This supportive role 
can enhance and amplify central government support. Indeed, different companies 
within a group establish production bases in different locations to produce different 
models and may receive different levels of subsidy, meaning setting a single tariff for 
each group is not justified. Regardless of whether the EU approach is consistent with 
WTO provisions, it should not apply one price to all models and manufacturers within 
one group. Prices must be differentiated across companies and locations within a group 
to avoid penalising companies that receive lower levels of subsidies.

The CCCME does not have the legal authority to punish manufacturers that do not 
stick to commitments made with the European Commission. Given its poor experience 
with China regarding PVs, and the greater risk of circumventing undertakings for EVs, 
it is easy to understand why the European Commission is negotiating separately with 
individual EV manufacturers. Such deals would be viewed as easier to monitor and 
enforce.

One solution could be an individually calculated minimum price for each vehicle 
maker and model type, depending on the size of the vehicle and its range. This could 
be coupled with import quotas. This option would apply to major EV manufacturers 
selling large numbers of EVs in the European Union. For other EV manufacturers, 
negotiations could determine whether to apply minimum prices or tariffs. Provided the 
CCCME can reach a deal with the European Commission for all EV manufacturers, 
the agreed minimum prices across models would be applied; otherwise, they would be 
subject to the EC tariffs decided on in October 2024.

Olof Gill, the European Commission’s trade spokesperson, in an interview with the 
Financial Times, said that ‘it’s not up to the Commission to be prescriptive about what 
that solution looks like’ (White et al. 2024). This implies that it is up to China to find 
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a solution to the EV dispute that addresses the risk to EU industry that the European 
Commission’s investigation identified. It will then be up to China to decide how many 
concessions it is willing to make to obtain recognition from the European Union.

China’s car manufacturers going abroad: Issues 
for consideration
EU tariffs are imposed only on EVs imported from China and do not apply to those 
produced in other countries, plug-in hybrid EVs and conventional fuel vehicles. 
Therefore, brands such as BYD, NIO, Great Wall Motors and XPENG are moving 
to expand their presence in Europe and have begun exploring local production sites to 
circumvent the tariffs.

There is a demand for Chinese EVs abroad and Chinese car companies need time 
to absorb production capacity, so going global is one option. However, it should be 
emphasised that this will not be the same experience as resource companies investing 
overseas. China lacks endowments of oil and natural gas and must import large 
quantities of these resources to meet increasing domestic demand. Extraction and 
production of such natural resources are highly capital intensive and do not generate 
much employment. Therefore, resource companies investing overseas have little impact 
on job creation in China. And, by increasing global supply, they help lower prices of 
these resources—a win-win outcome for China and the globe (Zhang 2012).

There is another difference. When Japanese car companies built factories overseas in 
the 1980s, Japan was already facing increasing labour costs and labour supply shortages. 
By going abroad, Japanese car companies could expand their business while keeping 
production costs low, thus making their cars competitive on the global market. China 
now is in a very different position: it needs to create huge numbers of jobs at home.

In terms of providing domestic employment and tax revenue, automobile exports are 
superior to car companies building factories overseas. In an unfavourable geopolitical 
environment, therefore, it is crucial for China to make every effort to maintain good 
economic and trade relations with major consumer countries.

There are several issues to consider when Chinese automakers go global. Chinese car 
companies must recognise that when building factories overseas it will be difficult to 
replicate the virtuous cycle operating in China. Due to the size of the Chinese market, 
pushing down costs enables cars to be sold cheaper, thereby promoting further demand, 
increasing sales and forming a virtuous cycle. But when building factories overseas, 
policy barriers and regulations on investment, environmental protection and labour 
will affect the overseas production capacity of Chinese companies making EVs and 
batteries, meaning it will be difficult to reach the economies of scale that operate in 
China, and car prices will remain high.
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Rules-of-origin or local content requirements are scheduled to be tightened. With the 
European Union having imposed duties on EVs from China, Chinese companies have 
begun setting up plants in Europe to avoid the duties. In July 2024, BYD announced it 
would invest US$1 billion in a plant in Türkiye, with a planned annual production of 
150,000 vehicles, which is expected to begin operation in 2026. In April 2024, Chery 
signed a joint venture deal with Spanish EV Motors to produce cars in Catalonia, 
Spain. Some, although not all, EU countries have welcomed Chinese car manufacturers 
to build factories in their territory. However, the European Union has initiated a probe 
into the BYD manufacturing plant in Szeged, Hungary, arguing it is of minimal 
economic value to the union as a whole because it was built using Chinese labour and 
non–EU materials (Evertiq 2025a). It is therefore expected that the European Union 
will tighten rules-of-origin requirements for a minimum level of value that must be 
created in the European Union. Such moves would not necessarily exempt Chinese 
companies from duties. Chinese factories in Europe should learn from the lessons of 
past localisation, employ local talent to form the core strength of their workforce, give 
priority to local suppliers and integrate with local supply chains. Similar rules are likely 
to be tightened when the United States–Mexico–Canada Agreement (USMCA) is 
reviewed in July 2026.

A related and more crucial issue is technology transfer. EU Commissioner for Trade 
and Economic Security Maroš Šefčovič suggested ahead of an official visit to Beijing 
that technology transfers should be a condition of Chinese investment in Europe’s EV 
industry (Evertiq 2025b). The European Commission’s Director-General for Trade 
Sabine Weyand stated that Europe was ‘not interested in investments that are simple 
assembly businesses without added value and without technology transfer’ (Bounds 
et al. 2025; SCMP 2025). The commission has always insisted that the construction of 
factories must meet specific conditions, including technology transfer. China has used 
the strategy of technology swaps for market access since the early period of economic 
reform and opening, attracting much-needed advanced technologies to invest in the 
country. The West has long accused China of resorting to such a strategy to force 
Western companies to transfer technology, which it always denies. The European 
Union has not tried to hide that it is now emulating China’s practice. This suggests 
Chinese EV and battery manufacturers should be prepared for technology transfers if 
they invest in the European Union. Chinese EV investment in the United States would 
face the same issue. The Chinese Government may delay or pause approval for Chinese 
EV manufacturers to build plants in some regions amid fears of technology leaking into 
the European Union and North America. This issue must therefore be addressed at the 
company and country levels as well as between countries.

Moreover, decisions about whether to locate overseas should consider multilateral trade 
agreements. Some of China’s EV original equipment manufacturers are establishing 
a manufacturing presence in Mexico as a means of reaching Latin American markets 
and serving North American markets indirectly. However, this move could lead to 
more action on USMCA trade policies. When building a factory in Mexico, the focus 
should first be on the Mexican market, to see whether it is profitable to specialise there, 
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rather than on exporting EVs to the United States. If manufacturers specialising in the 
Mexican market can make a profit there and find they can still export to the United 
States, this will be an additional dividend. Investing based on this logic will reduce risk. 
Chinese car companies investing overseas should also learn from Japanese companies, 
which united overseas.

Concentration of EV investment in a few European countries could trigger concerns 
in both China and the European Union. One country of concern is Hungary, which 
has so far attracted most of the EV-related investments by Chinese firms. This China-
friendly country has been in conflict with the European Commission on a variety 
of issues of strategic importance. While the European Union has remained open 
to Chinese investments in the EV sector, any concentration of Chinese brands in a 
member country that frequently challenges the majority of EU member states and the 
European Commission could trigger a backlash against Chinese manufacturers within 
the broader European Union. Indeed, as mentioned, the European Union has initiated 
a probe into the BYD manufacturing plant in Hungary, which is expected to bring in 
investment of €4 billion and create 10,000 jobs (Evertiq 2025a). The investigation is 
to determine whether the plant receives government aid. If the BYD plant is found 
to benefit from unfair Chinese subsidies, under the European Commission’s rules, it 
could be forced to reduce capacity, repay subsidies or sell its assets. Another country of 
concern is Türkiye. Chinese vehicle manufacturers take advantage of a customs union 
agreement between Türkiye and the European Union. For example, BYD announced 
a plan to build a US$1-billion plant in Türkiye in July 2024; once in production, the 
factory would improve BYD’s access to the EU market. However, as discussed earlier, 
Türkiye has implemented severe tariffs and import licence restrictions on Chinese-made 
EVs. Given the Turkish Government’s unpredictable behaviour and disregard for the 
rules, it is possible the assets of Chinese investors could be nationalised or confiscated. 
The extent to which Chinese EV manufacturers benefit from Türkiye’s customs union 
status remains an open question.

If prices in foreign markets are higher than those in the domestic market, there will be 
no dumping, but it does not mean there are no subsidies. This is why the European 
Union is undertaking an investigation of Chinese EV subsidies, not an anti-dumping 
investigation. Moreover, the absence of global overcapacity does not mean that Europe 
and the United States will have to absorb the cars exported from China. The International 
Energy Agency (IEA 2024b) estimates that under the Stated Policies Scenario, global 
demand for EVs will reach 45 million units by 2030 and close to 65  million in 
2035—up from about 14 million in 2023 and far above China’s production capacity. 
Insufficient production capacity in other developing countries does not mean there is 
a market to absorb all China’s exports, and these countries cannot sacrifice their future 
industrial development opportunities by not imposing restrictions on Chinese exports. 
Therefore, for mega-economies like China’s, the issue of overcapacity and its impact 
on China and other countries should not be underestimated. There are many complex 
factors involved here, which require objective and rational analysis and reflection.
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Conclusions
Europe and the United States have enacted regulations and trade measures to restrict 
the imports of Chinese EVs. For example, the US Inflation Reduction Act imposes 
restrictions on the batteries and raw materials required for EV production. After one 
year of its subsidy investigation, the European Union imposed countervailing duties 
on EVs imported from China for five years. These actions are aimed at protecting local 
manufacturing industries and buying time for the construction of local supply chains. 
Although these measures protect the auto industries of Europe and North America in 
the short term, they could be counterproductive in the longer term.

However, given that Chinese EVs enjoy full industrial chain and cost advantages, the 
EU tariffs are unlikely to dent the expansion of Chinese EVs into Europe, and may 
not help promote the development of EVs there. Moreover, the European Union’s 
actions limit its consumers’ access to more cost-effective Chinese EV services and the 
means to achieve energy savings, emission reductions and carbon neutrality faster and 
at a lower cost.

China and Europe must compromise in their dispute over EV tariffs. Whether to 
continue tariffs or take on price commitments depends on stakeholders within the 
European Union. Because tariffs are set based on perceived, not material, injury, it will 
also depend on the extent to which China’s price commitments meet EU expectations and 
evaluations of achieving similar effects through the imposition of countervailing duties.

Overcapacity in China is related to its current industrial policies, which prohibit private 
enterprises from entering the high-end service industry. This leads to excess capital flow 
into manufacturing, including high energy-consuming and highly polluting industries, 
thus resulting in overcapacity in the manufacturing industry and generating large 
volumes of avoidable pollution emissions. This issue must be paid due consideration, 
otherwise other industries will repeat the same mistakes.

China’s appeal to the WTO over EU duties on its EVs was inevitable, but, facing new 
tariff and non-tariff barriers from more and more developed and developing countries, 
can China’s demands be effective or beneficial in the short term? Faced with the severe 
overcapacity of EVs, the fact that nearly all Chinese EVs are barred from entering the 
US market and exports to other markets will be challenging for a variety of reasons, only 
the EU market can help absorb China’s production capacity in the short term. So, which 
option, strong countermeasures or low-key negotiation, is more in line with China’s 
interests? Should some Chinese EV manufacturers be given a green light to separately 
negotiate with the European Union on price commitments or should all Chinese EV 
manufacturers suffer from tariffs? These are the issues that China must consider.

As the Draghi (2024) report highlights, policy objectives and the corresponding 
industrial policies and support must be coordinated. Setting extremely strict reduction 
targets or complete replacement of fuel vehicles by 2035 without fully considering the 
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impact on competitiveness, industrial policies and other supports has put the European 
Union in a vulnerable position in terms of technological competition with some 
emerging countries. Unless the European Union amends its carbon dioxide standards 
regulation3 to increase flexibility and recalibrates the 2035 internal combustion engine 
target, in 2035, the sale of new fossil fuel vehicles will be banned. The development of 
EV vehicles within Europe is therefore inevitable, and more urgent than in the United 
States. The EU anti-subsidy tariffs are buying time for existing fuel vehicles. Depending 
on the speed of development and the competitiveness of EVs made in the European 
Union, it may have to compromise to accept China’s price commitments in the early 
stages of tariff enforcement.

The re-election of Donald Trump as US President could affect the direction and 
timeline of the dispute over EV tariffs between China and Europe. It could make 
conditions more unfavourable to China or it could help solve the problem faster. If it 
is the latter, it must be the European Union and China weighing the potential impact 
on each of Trump’s presidency, each lowering its expectations of the other and the 
European Union (China) moderately reducing (increasing) expectations about China’s 
price commitments and reaching a compromise.

If China and Europe cannot reach a compromise on the minimum price applicable 
to all Chinese EV exports, a hybrid alternative of implementing minimum prices for 
major EV manufacturers and imposing countervailing duties on others may be possible.

In terms of American interests, the United States must consider whether to continue 
to adhere to its current aggressive restrictions on Chinese EVs, which harm China 
and do not benefit the United States, or to implement policies that welcome Chinese 
car companies to build factories in the United States, hiring American workers and 
accelerating the development of US EVs and batteries.

If the United States chooses to embrace Chinese car companies investing in and 
building factories on its shores, it can consider increasing tariffs on or tightening the 
local content requirements of key goods that enter the United States through Mexico 
based on the importance of those goods when renewing or revising the USMCA. This 
will limit or block the use of this loophole, which would benefit US employment, 

3	 The CO2 Standards Regulation requires that carbon dioxide emissions from the sale of cars shall not exceed 93.6 
grams per kilometre travelled. Any manufacturer that does not comply with the standards faces fines of up to €95 per 
excess gram, multiplied by the number of cars sold. The specific limit of 93.6 grams of carbon dioxide per kilometre 
came into effect in 2025 and will continue until 31 December 2029, dropping to 49.5 grams of carbon dioxide per 
kilometre between 2030 and 2034. This regulation requires a gradual increase in the registration of zero-emission 
vehicles. Sales of BEVs in the European Union rose continually until the beginning of 2024. In 2023, the share of 
new BEV sales reached 14.6 per cent. However, the growth curve required for compliance with the carbon dioxide 
standards by 2030 is steep. The registration share of electric cars in 2024 dropped by 1 percentage point to 13.6 per 
cent on the EU market. There was a risk that several EU auto manufacturers would not meet their targets and the 2025 
passenger vehicle emission targets could result in significant penalties. To increase flexibility, the European Commission 
has proposed amending the CO2 Standards Regulation for cars and vans. This would allow manufacturers to meet the 
targets by averaging their performance over a three-year period (2025–27) and to offset any shortfalls in one or two years 
with excess achievements in the other year(s), while still aiming for the 2025 targets (EC 2025b).
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taxation, cheaper and faster domestic production of EVs and cheaper prices for EVs 
early on. At the same time, it would help achieve stricter energy saving, climate and 
environmental protection goals. During his presidential campaign, Trump invited 
Chinese EV manufacturers to build factories and manufacture cars in the United States. 
It remains to be seen whether he will fulfil this promise. The America First Investment 
Policy released by the White House (2025) aims to protect US economic security and 
prevent investment threats from China. It not only further restricts Chinese investment 
in technology and infrastructure critical to the United States, but also restricts US 
investment in critical technology in China. A careful reading of all the provisions reveals 
this policy does not rule out Chinese EV manufacturers investing in the United States if 
they bring Chinese capital and technology with them. Whether this is the case remains 
to be seen. Chinese EV and battery manufacturers should be prepared for technology 
transfers if they invest in the United States and the European Union, although the 
Chinese Government may delay or pause approvals for such ventures amid fears of 
technology leaking into other countries.
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7
China’s green finance 

system: Policies, market and 
international role

Mengdi Yue and Christoph Nedopil

China’s understanding of sustainable development and approach to addressing 
environmental challenges have evolved significantly in the past decade: from tackling 
air, water and soil pollution resulting from rapid industrialisation in the early 2010s 
(Schmid and Xiong 2023) and its 2020 pledge to achieve carbon peak by 2030 and 
carbon neutrality by 2060, to the imperative to fully establish ‘a beautiful China’ by 
mid-century, which was announced in 2024. It is estimated that to achieve carbon 
neutrality by 2060, China will need RMB487 trillion in investment in green and low-
carbon industries between now and 2050 (Green Finance Committee 2021). With 
limited fiscal resources, a green financial system is critical in mobilising (‘financing 
green’) and redirecting (‘greening finance’) private capital to achieve this goal and 
facilitate China’s sustainable development goals.

China’s green finance system has evolved in parallel with, and to serve, these sustainable 
development goals. Since the issuance of the ‘Green Credit Guidance’ in 2012 to 
encourage banks to use green credits to manage environmental and social risks and 
the official establishment of the green financial system in 2016, China’s green finance 
has matured into a complex structure covering most of the financial system, including 
multiple instruments and several regulators.

China’s green bond market, for example, remained the world’s largest, with a total issuance 
of US$131 billion both onshore and offshore in 2023—nearly double that of Germany, 
the second-place issuer (Climate Bonds Initiative 2024). Similarly, by the end of 2024, 
China’s outstanding green loans reached RMB36.6 trillion (approximately US$5.1 trillion), 
representing 14 per cent of total outstanding loans. China’s national carbon market—the 
world’s largest by emissions coverage—encompassed 5.24 billion metric tonnes of carbon 
dioxide, accounting for more than 40 per cent of China’s carbon emissions (Velev 2025). 
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Despite these achievements, challenges persisted, including drops in green bond issuance 
in two consecutive years (Yue and Nedopil 2025), a small percentage of green credits in 
the total credit market, concerns about oversupply of allowances in the carbon market, 
limited participation by the private sector and the unclear (understudied) effectiveness of 
green finance in terms of carbon emissions reduction.

Internationally, China has initiated a wide range of green investments and infrastructure 
in the Global South through the Belt and Road Initiative (BRI). China has also become 
an increasingly active actor in advancing global green finance and biodiversity standards 
and regional taxonomy harmonisation. China’s engagement in the green finance field 
outside its borders is seen as using green finance to build soft power in the BRI countries 
(Nedopil 2022) or seeking global leadership on the environment and sustainability 
(Rodenbiker 2025).

With this context, this chapter aims to reflect on the decade-long development of China’s 
green finance system and the status of policies, markets and China’s international role. It 
also provides ideas for future research questions relevant to this topic. The remainder of 
this chapter is structured as follows. Section two examines the evolution of China’s green 
finance policy from the 1990s to the present, highlighting key stages of development, 
the institutional landscape and the roles of governmental and nongovernmental actors. 
Section three analyses the components of China’s green finance market, including 
environmental, social and governance (ESG) reporting standards, financial instruments 
(green bonds, equity, loans and funds), risk management tools (green insurance) and 
market-based mechanisms, such as the China Certified Emission Reduction (CCER) 
program and its emission trading system (ETS). Section four explores China’s influence 
in shaping global green finance standards and promoting green investment through 
the BRI. Section five concludes by summarising key findings, offering an outlook on 
China’s green finance trajectory and identifying areas for future research.

China’s green finance evolution and governance
Understanding China’s green finance system requires an awareness of historical 
developments to appreciate potential path dependencies (Heine and Kerber 2002; 
Nedopil et al. 2021b) and the role of different actors in China’s top-down system.

China’s green finance evolution

In a historical context, the development of China’s green finance governance can be 
conceptualised in four main stages (see Figure 7.1). During the 1990s and 2000s, 
awareness of integrating environmental considerations into bank lending began to 
rise. In 1995, the People’s Bank of China issued the Notice on Implementing Credit 
Policies and Strengthening Environmental Protection (PBOC 1995), followed by the 
joint issuance of the Opinions on Implementing Environmental Protection Policies and 
Regulations to Prevent Credit Risks (SEPA 2007).
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From 2012 to 2015, policies on green credit continued to grow, with the China 
Banking Regulatory Commission (CBRC) establishing its green credit guidance and 
statistics system. The Green Credit Guidelines (CBRC 2012) further strengthened this 
initiative by requiring banks to integrate environmental, social and governance (ESG) 
factors into their risk assessments and lending decisions. At the end of 2015, the Green 
Bond Endorsed Project Guidelines were released, listing the sectors eligible for green bond 
issuance (NDRC 2016). Further preparation work for the green financial system was 
also underway with the establishment of a taskforce by the PBOC and the United 
Nations Environment Programme.

The 2016 Guiding Opinions on Establishing a Green Financial System issued by a PBOC-
led coalition of seven ministries laid out the components of the green finance market 
(green credits, green securities, green funds, green insurance, environmental rights and 
regional green finance), marking the third stage of green finance implementation (PBOC 
et al. 2016).

The development of green finance in China has entered a stage of expansion and 
acceleration since the government announced its ‘dual carbon’ goals in 2020. A key policy 
framework serving these goals, introduced in 2021, was the ‘1+N’ policy framework, 
which outlines a comprehensive strategy to help the country achieve its dual carbon 
targets: peaking carbon emissions by 2030 and reaching carbon neutrality by 2060. The 
‘1’ represents the overarching guiding document that defines the objectives, fundamental 
pathways and key tasks for achieving these goals, while the ‘N’ refers to a series of policies 
and plans formulated by various departments and local governments. The financial sector 
is considered an integral part of these goals.

This evolution of China’s green finance ecosystem highlights two key features elaborated 
in the next sections. First, reflecting China’s underlying model of political economy, 
the system is predominantly governed by a top-down approach (Nedopil and Larsen 
2023). Policies establishing standards and guidance are typically issued before large-
scale application occurs, but once policies are in place, the application accelerates.

Second, through the setup of pilot zones, city or provincial-level governments play a 
crucial role in experimenting with green finance policies. One example is the seven pilot 
emissions trading markets established in 2011, which preceded the national ETS that 
was initiated in 2017 and became operational in 2021. More recently, several provinces 
and cities have begun exploring transition finance taxonomies, even in the absence of a 
unified national standard. Local pilots of innovative insurance products also started in 
the early 2010s, while more formal policies and guidelines were not in place until 2022.

Top-down green finance governance

The development of green finance in China is mainly achieved through top-down and 
central-to-local governance, with a high-level guiding policy issued before any market 
practice is implemented. This remains true after China’s financial governance system 
underwent a significant transformation in 2023 with the newly established Central 
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Financial Commission (CFC) and National Financial Regulatory Administration 
(NFRA) (see Figure 7.2). The CFC replaces the former Financial Stability and 
Development Committee and has become the primary body for centralised financial 
decision-making and coordination. The NFRA replaces the China Banking and 
Insurance Regulatory Commission (CBIRC), which had replaced the CBRC, while 
taking on broader responsibilities. Accordingly, the responsibilities of the PBOC and 
the China Securities Regulatory Commission (CSRC) were also slightly adjusted.

The responsibilities of the various bodies are as follows:

•	 People’s Bank of China: The PBOC implements monetary policies that encourage 
green lending; issues guidelines for green bonds and financial instruments; oversees 
green investments and supports the development of green industries.

•	 National Financial Regulatory Administration: The NFRA ensures financial 
stability while aligning financial regulations with China’s sustainability goals. 
It promotes green finance by regulating the greening of financial industries 
(for example, insurance and banks) and preventing financial risks.

•	 National Development and Reform Commission: The NDRC sets national 
policies and strategies for green finance, integrating environmental objectives into 
economic planning. It also leads the issuance of the Green Industry Catalogue, 
a taxonomy of green and low-carbon transition industries.

Figure 7.2: China’s green finance regulatory environment
Source: Adapted from Zhang et al. (2024).
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•	 Ministry of Finance: The MoF supports green finance through fiscal policies, 
subsidies and tax incentives for green industries. It also mobilises development funds 
and collaborates with international organisations to secure funding for China’s green 
transition.

•	 Ministry of Ecology and Environment: The MEE advances green finance by setting 
carbon accounting standards, managing the national carbon market and developing 
carbon sink methodologies. It ensures environmental compliance of companies and 
translates ecological value into actionable financial data and tools. It also supports 
greening overseas investment through the BRI Green Investment Principles.

•	 China Securities Regulatory Commission: The CSRC regulates green securities 
including green bonds and stocks and promotes ESG disclosures for publicly listed 
companies.

At the subnational and local levels, provincial and city government offices support 
and partly implement national green finance policies through local Development 
and Reform Commissions (the subnational ministries of the NDRC), the Bureaus of 
Finance (subnational level of the MoF) or the Bureaus of Ecology and Environment 
(subnational level of the MEE). They also publish local policies based on national high-
level policies for more targeted implementation.

Nongovernmental actors in China’s green finance ecosystem have limited standard-
setting roles and are responsible for implementing government and regulatory policies:

•	 Market exchanges (such as Shenzhen, Shanghai and Beijing stock exchanges): These 
provide standards for the ESG information disclosures of listed companies.

•	 Associations: Associations, such as the National Association of Financial Market 
Institutional Investors (NAFMII) and the Green Finance Committee (a network 
of Chinese financial institutions), explore rules and principles for innovative 
green finance products and provide capacity building as well as standards. These 
associations are often supported by government regulators (for example, the Green 
Finance Committee is supported by the PBOC).

•	 Financial institutions: These are the main bodies for implementing green finance 
products (such as green insurance, green credits) and policies (stress tests and 
scenario analyses for climate risks, capacity building).

•	 Service providers: These offer services such as assessment, certification of green 
bonds, capacity building, etcetera.

The role of subnational green finance pilot programs

Subnational green finance pilot programs are integral to China’s efforts to build a 
sustainable financial system, serving as testing grounds for innovative policies and 
mechanisms at the regional level. At the subnational level, two types of pilot zones have 
been established to explore replicable and scalable green finance practices: the Green 
Finance Reform and Innovation Pilot Zones, since 2017, and the Climate Investment 
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and Financing Pilots, since 2022. In August 2022, 23 climate finance pilot zones across 
China were approved. While some cities belong to both categories, the missions of 
climate finance pilot zones focus more on discouraging high-emission projects and 
developing carbon finance and carbon accounting.

Figure 7.3 illustrates the first and second batches of green finance pilot zones, outlining 
their key focus areas. Initially, the program was implemented in eight cities across 
Zhejiang, Jiangxi, Guangdong, Guizhou and Xinjiang provinces. Later, green finance 
reforms were extended to Lanzhou in Gansu and Chongqing in Sichuan.

Figure 7.3: Subnational green finance pilot programs in China
Source: Adapted from Zhang et al. (2024).

Green finance application and market 
development
The development of China’s green finance system has led to the development of green 
financial instruments (for example, green credit, bonds, as well as equity and loans), 
ESG disclosure standards, environmental risk management through green insurance 
and carbon market mechanisms. The following subsections examine how these elements 
have been applied and how they contribute to the broader development of China’s 
green finance market.
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Green financial instruments

The application of China’s different green financial instruments has evolved significantly, 
with green credits introduced in 2012 and now the instrument with the largest green 
finance value, while green bonds, introduced in 2015, have traditionally received the 
most attention due to their higher disclosure requirements, which facilitate a greater 
level of research (Wang and Li 2020; Wang et al. 2020; Zhang 2020). Other green 
securities (such as stocks and mutual funds) have received more attention lately but lag 
the development of credit and bonds.

Green credit
Green credit, also referred to as green loans, is a key financial instrument employed 
by Chinese banks to support projects and enterprises operating in environmentally 
sustainable sectors, while simultaneously imposing strict credit constraints on industries 
characterised by high pollution, high energy consumption and excess production 
capacity (CBRC 2012).

As mentioned above, the origins of green credit in China can be traced back to 2007 
when the State Environmental Protection Administration, PBOC and CBRC jointly 
issued the Opinions on Implementing Environmental Protection Policies and Regulations to 
Prevent Credit Risks (SEPA et al. 2007). With the issuance of green credit guidelines in 
2012 and a green credit statistics system in 2013 by the CBRC, Chinese banks started 
to use credit issuance to manage environmental risks before the green financial system 
was officially established.

Green credit in China has exhibited a sustained high growth rate since 2018 
(Figure 7.4). According to data compiled by the PBOC from 21 major banks, as of the 
end of 2024, the total outstanding green loans—denominated in both renminbi and 
foreign currencies—amounted to RMB36.6 trillion (approximately US$5.1 trillion). A 
significant proportion of these green loans are allocated to the ecological modernisation 
of infrastructure, with primary investment directed to industries related to electricity, 
heat, gas and water supply (Fu and Sun 2025).

Since 2021, the PBOC has implemented an assessment framework to evaluate banks’ 
green finance performance based on qualitative and quantitative indicators. These 
metrics include, among others, the volume of outstanding green loans and the holdings 
of green bonds by banks. This regulatory emphasis may partly explain the strong growth 
of outstanding green loans since 2018 and serve as an incentive for banks to further 
expand their green loan issuance in the coming years.

Green bonds
China’s green bond market was officially launched in late 2015 (the international green 
bond market emerged in 2007). China quickly became a dominant global player, 
accounting for roughly one-quarter of the total global issuances of US$81 billion in 
2016, positioning the country as a leader in annual issuance volume (Climate Bonds 
Initiative and CCDC Research 2017).
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Figure 7.4: Green credits in China, 2013–24
Notes: Data only include 21 major Chinese banks. Data for 2018Q2 are not available, likely due to the 
transition of green credit accounting responsibilities from the CBRC to the PBOC.
Sources: Compiled by authors based on public data from the PBOC and CBRC.

China’s green bond market operates within a fragmented regulatory framework (see 
Table 7.1), with oversight distributed across multiple entities, including the PBOC, the 
NDRC, the CSRC, the NAFMII and stock exchanges, depending on the bond type 
(Lin 2023).

Table 7.1: Green bond types and regulators in China

Types of green bond Issuer Regulatory 
authority

Percentage of funds used for 
green projects

Before CGBP After CGBP

Green financial 
bonds*

Financial institutions PBOC 100 100

Green debt financial 
instruments

Non-financial 
corporations

NAFMII 100 100

Green corporate 
bonds

State-owned and 
private corporations

CSRC and stock 
exchanges

70 100

Green enterprise 
bonds

Mostly state-owned 
enterprises

NDRC 50 100

Note: * Issued by financial institutions to raise funds for green loans.
Sources: Compiled by authors based on Escalante et al. (2020) and publicly available information.
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Before 2022, green financial bonds (regulated by the PBOC) and green debt financial 
instruments (regulated by NAFMII) required that 100 per cent of proceeds be allocated 
to green projects. In contrast, green corporate bonds (regulated by the CSRC and stock 
exchanges) must allocate at least 70 per cent of proceeds to green projects, while green 
enterprise bonds issued by state-owned enterprises (regulated by the NDRC) had a 
minimum threshold of 50 per cent. In 2022, the China Green Bond Principles (CGBP) 
were introduced by the China Green Bond Standards Committee to enhance alignment 
with internationally recognised standards (especially those of the International Capital 
Market Association, ICMA) and harmonisation within China. The CGBP mandate a 
100 per cent use-of-proceeds, ensuring that all funds raised through green bonds are directed 
to the construction, operation and acquisition of green projects, as well as refinancing of 
working capital or repayment of debts associated with such projects (ICMA 2022).

The convergence of Chinese and international green bond standards has been progressing 
to align Chinese with international taxonomies. As of 2024, the eligibility of green 
projects for onshore green bond issuance is determined based on the 2021 version of 
China’s Green Bond Endorsed Project Catalogue, whereas offshore issuance may reference 
international taxonomies, such as ICMA standards (as well as the Common Ground 
Taxonomy, discussed below). Notably, the 2021 revision of the catalogue removed 
categories such as clean gas production, clean coal utilisation and the retrofitting of 
coal-fired power plants, which had been part of the 2015 version. This update resulted 
in an increased share of China’s labelled green bonds aligning with the definitions of the 
Climate Bonds Initiative—from 54 per cent in 2020 to 62 per cent in 2021 (Climate 
Bonds Initiative and CCDC Research 2022).

China’s efforts to align with international standards were further evidenced by the 
publication of the China–European Union Common Ground Taxonomy (CGT) 
in 2022, which identifies 72 climate change mitigation activities shared between 
the EU and Chinese taxonomies regarding the ‘substantial contribution’ criteria. As 
of February 2025, 245 green bonds issued in the interbank market comply with the 
CGT standards, with a combined volume of RMB351.8 billion (US$48.6 billion) and 
accounting for 20.31 per cent of total outstanding green bonds in the interbank market 
(Green Finance Committee 2025).

In 2024, despite a slight decline (Figure 7.5), newly issued green bonds onshore and 
offshore totalled more than RMB850 billion (US$120 billion). The proportion of green 
bonds in the domestic bond market remains trivial: newly issued green bonds accounted 
for less than 1 per cent of the total bond market in 2024. Central and provincial state-
owned enterprises (SOEs) continued to dominate the issuance landscape, contributing 
more than 80 per cent of green bonds by volume. Most green bonds have a maturity of 
less than five years and therefore specialise in providing short-term financing (compared 
with green loans).

In the offshore market, the Hong Kong Stock Exchange is the largest venue for green 
bonds issued by Chinese entities, and more than half those issued in 2024 were 
denominated in US dollars, followed by 37 per cent in renminbi (Fu and Sun 2025).
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Figure 7.5: China’s green bond issuance, 2016–24
Sources: Compiled by authors based on data from the International Institute of Green Finance (iigf-
china.com/); Climate Policy Initiative (www.climatepolicyinitiative.org/); Wind (www.wind.com.cn/).

Green stocks
Green stocks are shares in companies that demonstrate they contribute to the green 
economy (Alnes et al. 2024). The concept of green stocks has been briefly mentioned 
in Chinese policy documents, such as through encouraging green enterprises in their 
initial public offerings and refinancing and supporting the compilation of green stock 
indices. However, so far there are no established standards for or definitions of green 
stocks. In March 2024, a coalition of seven ministries, led by the PBOC, issued the 
Guidelines on Further Strengthening Financial Support for Green and Low-Carbon 
Development, emphasising the need to ‘develop standards for green stocks and unify the 
business rules for green stock operations’ (PBOC et al. 2024), indicating that this area 
may witness more rapid progress in the future.

An analysis of 248 A-share listed companies falling under the categories of ‘New 
Energy’ and ‘Energy Conservation and Environmental Protection’ reveals that, as of 
December 2023, their total market value constituted only 1.81 per cent of the total 
market value of A-share listed companies in China. Furthermore, their average market 
value per company was RMB6.4 billion (US$883 million)—significantly lower than 

http://iigf-china.com/
http://iigf-china.com/
http://www.climatepolicyinitiative.org/
http://www.wind.com.cn/
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the A-share market average of RMB33 billion (US$4.5 billion) (Jin and Jiang 2024). 
These figures highlight the relatively small scale and limited market presence of green 
listed companies in China’s equity markets.

ESG mutual funds
Environmental, social and governance (ESG) mutual funds and indices have emerged 
as rapidly expanding categories of green financial products in China (Shen et al. 2023). 
ESG mutual funds pool money from various (including private) investors to invest in 
securities such as bonds and stocks. While no official definition or dedicated policy 
guidelines for ‘ESG funds’ have been established in China, research institutions and 
data providers generally classify these funds into two categories:

1.	 Pure/strongly related ESG funds, which explicitly include keywords such as ‘ESG’, 
‘sustainable development’, ‘carbon neutrality’ or ‘carbon peak’ in their fund names 
or investment objectives.

2.	 Broad/weakly related ESG funds, which encompass a wider range of funds with 
environmental and social responsibility themes in their investment strategies and 
often include keywords such as ‘energy conservation’, ‘low carbon’, ‘clean energy’ 
and ‘biodiversity’ in their names or investment objectives.

Figure 7.6: Number and share of ESG funds in China, 2019–23
Source: Compiled by authors based on data from IIGF (2024).
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A large majority of ESG public mutual funds in China are equity or equity-oriented 
hybrid funds. As of the end of 2023, there were 101 pure ESG mutual funds (RMB66.4 
billion/US$9.15 billion of scale) and 485 broad ESG mutual funds (RMB563.9 billion/
US$77.7 billion of scale) in the Chinese market. The proportion of ESG funds within 
total mutual funds remains small, declining in both 2022 and 2023, to 5.2 per cent and 
4.1 per cent, respectively (see Figure 7.6).

As of November 2024, there were 858 ESG indices in China’s domestic market, with 
bond indices the most common (463 indices, 53.76 per cent), followed by stock indices 
(392 indices, 49.46 per cent). Indices with environmental protection themes still 
dominate, but the share of ESG indices covering all three dimensions (environmental, 
social and governance) has been rising, ranking second only to environmental themes 
(Li et al. 2025).

ESG disclosure

China’s stock markets have been at the forefront in implementing ESG disclosure 
requirements, as demonstrated by the Shenzhen Stock Exchange SZSE 100 Index and 
the Shanghai Stock Exchange (SSE), which mandated companies to disclose ESG or 
corporate social responsibility (CSR) reports in 2008. However, the quality of these 
ESG and CSR reports remained poor and uninformative due to limited ESG awareness 
and the absence of clear regulations (Yuan et al. 2022).

By 2025, ESG disclosure requirements were quite disparate, varying between entities 
(Table 7.2). Most of these requirements have been voluntary, allowing organisations 
to prepare conceptually and institutionally before mandatory implementation. This 
approach has facilitated a gradual transition towards more comprehensive ESG 
reporting practices.

Two significant developments in China’s ESG disclosure framework in 2024 are 
worth noting. First, the Corporate Sustainability Disclosure Standards (MoF 2024) were 
published, aligning closely with the International Sustainability Standards Board’s 
IFRS S1 standard. It is voluntary but represents the first step towards China’s goal of 
establishing a nationally unified ESG disclosure framework by 2030.

Second, China’s three major stock exchanges (Shanghai, Shenzhen and Beijing) 
jointly published consistent guidelines that mandate ESG information disclosure for 
specific listed companies, including those on the SSE180, KIC 50, SZSE 100 and 
GEM indexes, as well as companies with dual domestic and international listings. The 
required disclosures include Scope 1 and 2 emissions, with Scope 3 emissions and 
scenario analysis being encouraged.
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Table 7.2: Evolution of ESG disclosure requirements for different Chinese entities

Entity type 2021 2022 2023 2024

Companies (general) MEE: Certain 
companiesa 
are required 
to disclose 
environmental 
(‘E’) 
information 
annually

– Revised 
Company 
Law provides 
a legal 
explanation for 
ESG disclosure  

MoF et al: Basic 
Principles of 
Corporate ESG 
Disclosure; all 
companies 
voluntarily 
disclose ESG 
information 
similar to IFRS S1

Listed 
companies 
(including 
listed 
financial 
institutions)

Shanghai – Certain 
companiesb 
are required 
to publish 
environmental 
and social 
responsibility 
reports together 
with annual 
reports 

– Certain listed 
companiesc 
are required to 
disclose ESG 
information 
including Scope 1 
and 2 emissions 
(Scope 3 
emissions and 
scenario analysis 
are encouraged)

Shenzhen – –

Beijing – – –

SOEs – SASAC: All 
listed central 
SOEs should 
publish 
dedicated ESG 
reports by 2023

SASAC 
publishes 
ESG report 
reference 
documents for 
listed central 
SOEs

SASAC promotes 
ESG governance 
and disclosure 
in overseas 
investment

Financial institutionsd – PBOC: Voluntary 
disclosure of 
environmental 
and climate 
information 
annually

Insurance 
Association 
of China: 
Insurers are 
encouraged to 
disclose ESG 
information 
based on 
metrics and 
framework 
provided

–

Green bond issuers – – Green Bond 
Standards 
Committee 
publishes 
Information 
Disclosure 
Guide to 
improve the 
transparency 
of use of funds

–

Notes: SASAC = State-Owned Assets Supervision and Administration Commission. 
a Such as key pollution-discharging entities, listed or bond-issuing companies with violations of 
environmental laws. 
b SSE: listed companies; SZSE: Shenzhen 100 and GEM-listed companies. 
c SSE180, KIC 50, SZSE 100, GEM indexes and companies listed both domestically and overseas. 
d Commercial banks, asset management institutions, trust companies and insurance companies.
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As of the end of 2024, about 41 per cent of listed companies in China had published the 
previous year’s ESG report, compared with 27 per cent in 2022 and 34 per cent in 2023 
(Lu and Deshangyu 2025); 99.6 per cent of listed companies held by central SOEs had 
published ESG reports, but only 14 per cent had worked on ESG standards compilation 
(Wang 2024). These developments show that harmonisation of the now scattered ESG 
disclosure policies would motivate more stringent ESG disclosure practices.

Green insurance for risk management

One of the earliest categories of green insurance implemented in China was 
environmental pollution liability insurance (EPLI), which covers a company’s legal 
obligation to compensate third parties for damages resulting from pollution incidents. 
EPLI could effectively strengthen environmental risk management among companies, 
mitigate their financial burdens in the event of pollution incidents and ensure timely 
compensation for affected parties. Between 2007 and 2015, EPLI was piloted with high-
polluting companies in selected regions with positive results, which underscored the 
effectiveness of this market-based approach to environmental governance (Chen et al. 
2022). In 2018, EPLI became mandatory for enterprises operating with significant 
environmental risks or those with a history of major environmental emergencies 
since 2005.

Since 2018, the definition of green insurance in China has expanded significantly, 
encompassing a broader range of categories including agriculture, natural disasters, 
green buildings and carbon finance, while China seeks a more robust green finance 
framework for managing environmental risks. The development of green insurance 
gained momentum following the issuance of statistical standards in 2022 and a 
classification guide in 2023, which delineated 69 categories of insurance products 
(Table 7.3).

As well as a taxonomy for green insurance products and services innovation, insurance 
funds in China are also provided with a list of green financial products in which to 
invest, as well as a dedicated framework for ESG information disclosure. This holistic 
approach reflects China’s commitment to integrating sustainability principles across the 
insurance sector.
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Table 7.3: Green insurance classification guidelines in China

Setting Category Insurance product

Cope with extreme 
weather and climate 
events

Meteorological disaster Meteorological disaster
Public infrastructure disaster
Agricultural weather index 

Promote the 
development of 
green industries

Clean energy Solar power
Wind power
Utilities and electricity
Nuclear energy
Energy storage
Hydrogen energy
Power grid 

Industrial optimisation 
and upgrading 

Green manufacturing system
Circular economy
Optimising and upgrading insurance in other 
industries

Green transportation New-energy automobile industry
Rail transit
New-energy ships and aircraft
Green and efficient transportation system
Green transportation infrastructure 

Green building Green building 

Green low-carbon 
technology 

Green environmental protection equipment
Green low-carbon material
Green low-carbon technology 

Promote low-carbon 
transformation 
economic activities

Low-carbon transition Fossil energy low-carbon transition
Low-carbon transition in the industrial sector
Low-carbon transformation in the construction 
sector

Support 
environmental 
improvement

Pollution reduction Environmental pollution liability
Ship pollution liability
Oil pollution
Hazardous materials liability
Environmental protection infrastructure 

Support biodiversity 
conservation

Ecological environment Ecological planting industry
Ecological forestry
Green livestock
Green fishery
Ecological functional zone
Wildlife
Ecological restoration
Landscaping 

Support the 
construction of 
green financial 
market

Green financing Green loan 

Carbon market Carbon trading
Carbon sink 

Promote green, 
low-carbon and safe 
social governance

Green and low-carbon 
social governance 

Production safety liability
Public safety liability
Critical infrastructure
Green service provision 
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Setting Category Insurance product

Promote green 
and low-carbon 
exchanges and 
cooperation

Green and low-carbon 
trade 

Green foreign trade
Green ‘Belt and Road’
Green domestic trade 

Green and low-carbon 
activity 

Green and low-carbon exhibition
Green and low-carbon event 

Promote green and 
low-carbon lifestyle

Green life New-energy automobile
Non-motor vehicle
Residential decoration quality 

Other Corporate sustainability Corporate sustainability 

Source: Compiled by the authors.

Carbon market mechanisms

China’s ETS and the China Certified Emission Reduction (CCER) program operate 
as distinct but interconnected carbon market mechanisms. The national ETS is a 
mandatory system covering high-emission sectors. It requires key emitters to manage 
their carbon emissions within allocated quotas. The CCER program functions as a 
voluntary carbon market where companies can generate and trade carbon reduction 
credits from certain projects such as offshore wind and solar thermal power.

The two systems connect through a crucial link: companies in the ETS can use the 
CCER to offset up to 5 per cent of their annual emissions obligations. This integration 
creates additional demand for the CCER and provides ETS participants with more 
flexibility in meeting their compliance requirements.

Emissions Trading System
The development of the ETS in China began in 2011, with the NDRC’s approval 
of seven regional carbon trading pilot schemes, in: Shanghai, Beijing, Guangdong, 
Shenzhen, Tianjin, Hubei and Chongqing. These pilots started trading in 2013, laying 
the groundwork for a national system. The national ETS was launched in 2017 and was 
fully operational by July 2021, initially covering only the power sector. A substantial 
expansion occurred in March 2025, incorporating 1,500 additional companies from 
the steel, cement and aluminium smelting sectors. This expansion not only increased 
the ETS’s coverage to more than 60 per cent of China’s carbon dioxide emissions but 
also broadened its scope to include other greenhouse gases (GHGs) such as carbon 
tetrafluoride and hexafluoroethane.

China has established a comprehensive policy framework to support its ETS (Figure 7.7), 
the cornerstone of which are the Interim Regulations on the Administration of Carbon 
Emission Trading, which provide guidelines for the responsibilities of government 
agencies, key emitting entities and third-party service providers, as well as legal penalties 
for behaviours such as falsification, failure to pay carbon allowances or obstruction of 
inspection by supervising government agencies.
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Figure 7.7: Policy framework for China’s Emissions Trading System
Source: Modified from MEE (2024).

Of the 36 emissions trading markets globally, China’s national ETS is now the 
largest in terms of carbon dioxide emissions coverage, accounting for about 5 billion 
tonnes of carbon dioxide (ICAP 2024). A major difference between China’s and the 
European Union’s ETSs is the approach to capping emissions: the EU ETS employs an 
absolute cap, which sets a fixed limit on the total amount of GHG emissions allowed. 
In contrast, China’s ETS employs an intensity-based cap, which limits emissions per 
unit of production but allows total emissions to fluctuate based on economic output, 
aligning with its goal of carbon peaking by 2030 (Chen 2024). This makes the Chinese 
ETS somewhat less predictable as the tradable allowances are not a scarce good a 
priori, making spot and futures trading of allowances less or not attractive (Liu and 
Nedopil 2021).

China Certified Emission Reduction program
The CCER program is a voluntary carbon trading mechanism that allows companies to 
offset their emissions by purchasing credits generated from certified emission reduction 
projects (Li et al. 2019; Wu 2024). The CCER system was initiated in 2012, entered 
the trading phase in 2015 and suspended issuance in 2017. In January 2024, China’s 
Ministry of Ecology and Environment officially relaunched and renamed the CCER, 
the China Carbon Emission Reduction market, after seven years of hiatus. Before this 
relaunch, several policy documents were in place, providing detailed guidance for all 
participants (Figure 7.8).

The CCER supplements the mandatory ETS, enabling companies to offset up to 5 per 
cent of their annual emissions obligations using CCER credits. The initial four sectors 
supported by the CCER are offshore wind power, solar thermal power, afforestation 
and mangrove revegetation. Methodology for two more sectors, coalmine gas recycling 
and energy saving in highway tunnel lighting, were published for consultation in 
August 2024.
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Figure 7.8: Policy framework for the China Carbon Emission Reduction program
Notes: * Serving as the national registration agency for CCER projects. ** Acting as the national 
trading platform for the CCER.
Source: Compiled by the authors.

China’s role in global green finance
China has taken a central role in global green finance, which can be evaluated through 
international green finance standardisation and application—for example, green 
investment in its overseas collaboration programs such as the BRI.

International coordination of green finance standards

China’s role in coordinating international green finance standards is twofold: aligning 
its domestic practices with global norms and actively shaping the development of these 
standards. This dual approach underscores China’s commitment to both integrating 
into and influencing the global green finance landscape.

On the one hand, China has aimed to strengthen the harmonisation of its domestic green 
finance framework with international standards, including advancements in corporate 
disclosure requirements, green bond taxonomies and carbon footprint accounting.

•	 Cooperation on taxonomy: In November 2024, the International Platform 
on Sustainable Finance (IPSF) Multi-Jurisdiction Common Ground Taxonomy 
(M-CGT) was introduced at the UN Climate Change Conference COP29. Jointly 
led by the PBOC, the European Commission’s Directorate-General for Financial 
Stability, Financial Services and Capital Markets Union and the Monetary Authority 
of Singapore, the M-CGT builds on the previous China–EU Common Ground 
Taxonomy. It aims to harmonise sustainable finance criteria across China, the European 
Union and Singapore, facilitating cross-border capital flows into green projects.
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•	 Cooperation on emissions trading schemes: In August 2024, China’s Ministry 
of Ecology and Environment signed an updated memorandum of understanding 
(MoU) with the European Commission to enhance cooperation on emissions 
trading. The MoU outlines collaboration on key areas, including the role of CCER 
credits, the expansion of China’s ETS, the integration of the ETS with green power 
and green certificates and mutual recognition of carbon accounting and product 
carbon cost verification. It also emphasises joint efforts in developing carbon market 
systems, quota allocation methods and monitoring, reporting and verification 
mechanisms.

Internationally, China has taken a proactive role in global standard-setting platforms 
and sustainable finance initiatives:

•	 In the G20 Sustainable Finance Working Group, China has taken a leadership 
position as co-chair alongside the United States. This working group, elevated from 
its previous status as a study group in 2021, aims to mobilise sustainable finance to 
ensure global growth and stability while promoting the transition to greener, more 
resilient and inclusive economies.

•	 China is also a founding member of the Network for Greening the Financial 
System (NGFS), which was established in December 2017. The PBOC has actively 
participated in NGFS activities, contributing to the development of methodologies 
and tools for assessing climate-related financial risks. For instance, China conducted 
its first climate risk stress test in 2021, referencing the network’s carbon price 
scenarios (NGFS 2023).

•	 China has played a pivotal role in the International Platform on Sustainable Finance 
(IPSF) since its inception in 2019. Notably, China co-chairs the IPSF Taxonomy 
Working Group, which led to the development of the EU–China CGT in 2020. 
In 2024, the CGT was expanded into the M-CGT, incorporating Singapore into the 
framework to enhance global interoperability in green finance, as discussed previously.

Green investment through the BRI

Since its inception in 2013, the Belt and Road Initiative has evolved into a significant 
channel for Chinese companies to export green technologies and invest in green projects 
such as clean energy infrastructure, electric vehicle technology and solar and wind 
facilities. China’s green overseas investment has reached record levels in recent years. 
In 2021, China announced it would not build new coal-fired power plants abroad. In 
2024, China’s engagement in green energy (solar, wind and biomass projects) reached 
an all-time high of US$11.8 billion, representing about 30 per cent of its total energy 
engagement in BRI countries; this marks a significant increase from 2023 when green 
energy investments amounted to US$7.9 billion (Nedopil 2025).

Green investment through the BRI has been driven by Chinese regulators, quasi-
governmental institutions and industry associations.
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Regulators
Before 2017, Chinese companies and financial institutions engaging in overseas 
investment primarily adhered to a ‘host country approach’, which entailed complying 
with local environmental regulations, even when these were less stringent than 
international standards. Since President Xi Jinping’s announcement to build a green 
BRI in 2017, China’s approach to overseas investment has undergone a significant 
transformation.

In 2022, a key document, Opinions on Promoting Green Development in the Joint 
Construction of the Belt and Road Initiative, was issued by the NDRC, the Ministry of 
Foreign Affairs (MFA), the MEE and the Ministry of Commerce (NDRC et al. 2022). 
This policy encouraged enterprises to adopt international or Chinese environmental 
standards in cases where local standards were absent or inadequate. In its notices to 
the banking and insurance industry, the former CBIRC also encouraged banks and 
insurance institutions to ensure that project management was substantively aligned 
with international best practices (CBIRC 2022).

Quasi-governmental institutions and industry associations
The Belt and Road Initiative Green Development Coalition (BRIGC) is a multi-
stakeholder platform co-founded by China’s MEE and international partners in 2019, 
aiming to foster international cooperation on green development and encourage 
sustainable infrastructure and investment practices. From 2020 to 2023, BRIGC led 
and published a series of studies of the Green Development Guidance, which provides a 
‘traffic light system’ to label projects as ‘encouraged’, ‘neutral’ or ‘restricted’ based on 
their impact on pollution, climate change and biodiversity (see Figure 7.9; Nedopil 
et al. 2020, 2021a). This served as a basis for new policy documents issued in 2021 and 
2022 that explicitly encouraged the integration of biodiversity, climate and pollution 
controls throughout all investment phases.

The Green Investment Principles for the BRI were co-initiated by the Green Finance 
Committee of the China Society for Finance and Banking and the City of London 
Corporation’s Green Finance Initiative in 2018—a set of eight high-level principles for 
financial institutions to integrate sustainability into BRI-related investments (Green 
Finance Leadership Program 2018).

Chinese financial institutions are also contributing to a green BRI through industry 
associations. In November 2024, the Belt and Road Reinsurance Pool held its tenth 
council meeting, in Kunming, Yunnan Province. The meeting launched ‘Green 
Insurance Principles’ for BRI projects, including identifying and assessing environmental 
risks in projects and developing differentiated underwriting solutions (Xinhua 2024). 
Similarly, the Belt and Road Bankers Roundtable was established in 2017 with the goal 
to ‘strengthen cooperation in the Belt and Road project financing, transaction bank, 
and financial market’ (ICBC 2019), part of which includes green finance collaboration.
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Conclusion and outlook
China has made significant progress in developing its green finance sector, positioning 
itself as a key player in the global sustainable finance landscape. While China is often 
described as a leader due to the scale of its green bond market and the institutionalisation 
of green credit policies, this characterisation requires critical examination. The country 
has implemented a top-down regulatory approach (unlike the European Union, with 
its more market-driven approach), exemplified by the PBOC’s green credit guidelines 
and the establishment of a national taxonomy for green finance. These efforts have 
driven substantial capital flows into green projects, particularly in renewable energy 
and infrastructure. However, challenges remain, including persistent discrepancies 
in green finance definitions, the prevalence of greenwashing due to less developed 
disclosure standards, the relatively limited role of the private sector and international 
investment and the lack of understanding of de facto emission reductions. China 
persists in its approach of ‘establishing the new before abolishing the old’ in its green 
economic transition (Xi 2024)—that is, ensuring energy security by building clean 
energy alongside traditional energy. The development of its green finance ecosystem 
has followed a similar approach, taking into consideration the needs of traditional 
high-emission industries (which also explains the increasing importance of transition 
finance). As a result, and as some studies have highlighted, there is a ‘Panda–Dragon’ 
paradox where China has an aggressive green finance agenda and carbon neutrality goals 
while expanding the build-out of high-emission fossil fuels (Nedopil 2023). Questions 
thus remain about the extent to which China’s green finance model can serve as a 
replicable framework for other economies.

Future developments in China’s green finance ecosystem will likely focus on enhancing 
the credibility of green financial products through stricter disclosure requirements 
and third-party verification mechanisms. The integration of climate risk assessment 
into macroprudential policies and stress testing will be critical in managing systemic 
financial risks associated with climate change. Additionally, the digitalisation of finance, 
including blockchain-based green bond issuance and AI-driven ESG analytics, presents 
opportunities for improving transparency and efficiency. Further research is required 
to evaluate the effectiveness of China’s green finance policies in mobilising long-term 
private investment, the role of SOEs in sustainable financing and the implications of 
China’s green finance development for de facto emission reductions and China’s global 
sustainable development leadership. A sectoral analysis of the impact of green finance 
on industries such as energy, transportation and urban infrastructure would provide 
deeper insights into the financial mechanisms driving China’s low-carbon transition.
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8
China’s carbon emissions trend 

after the pandemic
David I. Stern

Is China on a path to peak its greenhouse gas (GHG) emissions soon, as it has pledged 
under the Paris Agreement? In this chapter, I compare carbon emissions and energy 
production trends in 2019 and 2023. The former year represents typical conditions 
before the Covid-19 pandemic, while the latter is the first period after China removed 
most Covid-19 related restrictions, in December 2022. Carbon emissions increased by 8 
per cent over this period, while emissions from the power sector, where decarbonisation 
efforts might be expected to be first focused, increased by 18 per cent. Though 
renewable energy production has increased significantly, the production of fossil fuels 
continues to grow strongly. Coal production in 2023 was 26 per cent higher than in 
2019—a compound rate of 6 per cent per annum. Despite heavy rainfall and sluggish 
economic activity, there were similar trends in the first nine months of 2024. Therefore, 
there is little sign of ‘growing back greener’. Going forward, the changing geopolitical 
environment could further impede China’s emissions peaking.

Climate change remains one of the most pressing global issues. During the pandemic, 
the decrease in GHG emissions was seen by many as a chance for rapid progress 
towards a low-carbon economy. For instance, Chen et al. (2022) predicted that 
Chinese emissions would peak between 2021 and 2026 at a level between 11.7 and 
13.1 gigatonnes, with more than 80 per cent probability, and Lui (2022) wrote that 
China is ‘set to significantly overachieve [on] the targets it promised internationally 
for 2030, with emissions peaking by 2025’. However, as I will show, China’s carbon 
emissions, and especially those from the power sector, continue to grow strongly, raising 
concerns about China achieving its climate commitments. Furthermore, the sluggish 
post-pandemic economic recovery and rising energy security concerns amid a changing 
geopolitical landscape mean that China may struggle to reach its ambitious targets 
(Ahmed 2023).
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China is the world’s second-largest economy and both the largest consumer of energy 
and the largest emitter of carbon dioxide. Its energy consumption amounts to about 
one-quarter of the global total. Thus, China has a critical role to play in global efforts 
to combat climate change. Since 2005, China has seen its primary energy demand surge 
by 47 per cent, and this trajectory is expected to continue with an additional increase 
of about 30 per cent between 2020 and 2040.1 Fossil fuels remain dominant among 
China’s primary energy sources, accounting for in excess of 80 per cent of energy use, 
while also being responsible for most of the country’s carbon emissions.

Like many other countries, China is also facing the adverse impacts of climate change 
(Lu et al. 2022): there has been a rise in the occurrence of extreme weather events such 
as floods, droughts, heatwaves and sandstorms within the country. The economic cost 
of such events has significantly increased recently (Dai et al. 2015). Because Chinese 
emissions form a larger share of the global total than those of any other country and 
the climate damage it could suffer might also be greater in total value than that of any 
other country (Tol 2019), China has a greater incentive than any other nation to pursue 
net-zero emissions.

This chapter aims to understand China’s new carbon emissions and energy production 
trajectories since the pandemic by comparing the trends for both between 2019 and 2023. 
The former period represents typical conditions before the Covid-19 pandemic, while 
the latter is the first year after China removed most pandemic restrictions, in December 
2022. The research shows that carbon emissions have increased substantially over this 
period and China is now following a more carbon-intensive path than recent research 
suggested. It seems less likely that China will peak emissions before 2030. While research 
has addressed changes in Chinese carbon emissions during the pandemic (for example, 
Li et al. 2023), the post-pandemic trend had not been investigated before the work of 
Ahmed and Stern (2023). This chapter updates their research and finds that, adjusting for 
circumstances, similar trends continued into the first nine months of 2024.

Analysis
I collected data on daily Chinese carbon emissions from Carbon Monitor (Liu et al. 
2020). The box plots in Figure 8.1 show the variation in daily emissions over the first 
eight months of each of the two selected years. The lowest daily emission levels occur 
during the Chinese New Year period. There is very little variation in daily transport 
emissions. I test whether there is a statistically significant change in emissions between 
the two periods by estimating a separate regression equation with just a constant for 
each of 2019 and 2023 using seemingly unrelated regressions and then computing the 
difference in regression coefficients between the two equations and its standard error. 
I estimate this two-equation system for total emissions and for emissions from each 
sector using Newey–West autocorrelation robust standard errors with 14 lags (Newey 
and West 1987). Total emissions rose 2.24 million tonnes a day or 8 per cent (standard 

1	 See ‘China’ at the Climate Action Tracker website: climateactiontracker.org/countries/china/policies-action/.

http://climateactiontracker.org/countries/china/policies-action/
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error = 0.30 million tonnes, p = 0.000) between the two periods. The increase in mean 
daily emissions from the power sector was also highly statistically significant, totalling 
2.21 million tonnes or 18 per cent (0.20, 0.000) between the two periods. There was 
a statistically significant but small decrease in emissions from the transport sector, of 
–0.03 million tonnes or –1 per cent (0.013, 0.010). On the other hand, there were 
no statistically significant changes in emissions from the other two sectors: industry 
(0.08 million tonnes, 1 per cent, 0.19, 0.67) and residential (–0.02, –1 per cent, 0.05, 
0.67). Monthly and annual Chinese energy production data used in the following 
discussion are from the National Bureau of Statistics of China.2

Figure 8.1: Chinese carbon dioxide emissions in 2019 and 2023
Notes: Daily carbon dioxide emissions from fossil fuel and cement production. Each pair of box plots 
shows daily data for 2019 emissions on the left and 2023 on the right. Reside. = residential sector; 
Transp. = transportation sector.
Source: Carbon Monitor (carbonmonitor.org/).

2	 See monthly and annual energy data (data.stats.gov.cn/english/easyquery.htm).

http://carbonmonitor.org/
http://data.stats.gov.cn/english/easyquery.htm
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Figure 8.2: Energy sources of Chinese electricity production in 2019 and 2023 
(terawatt hours)
Note: The figure shows monthly means for each year.
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

The shares of solar and wind in total power generation increased from 1.6 per cent 
and 5.0 per cent, respectively, in 2019, to 3.2 per cent and 9.0 per cent, respectively, in 
2023. Figure 8.2 shows that though electricity production from wind and solar grew 
substantially over the four years, so did electricity generation from fossil fuels. Average 
monthly thermal power generation increased 91 terawatt hours or 21 per cent between 
2019 and 2023, while generation from new renewables increased 51 terawatt hours or 
130 per cent. Nuclear generation increased by 24 per cent, while hydropower fell by 
1 per cent. As a result, the share of thermal power in total generation only decreased 
from 72.2 per cent in 2019 to 70.1 per cent in 2023. So, it is not surprising that, with 
most of the increase in electricity output coming from fossil fuels, the sector’s emissions 
increased substantially.

Production of energy in general and fossil fuels in particular also continued to increase. 
Figure 8.3 shows that coal production grew consistently over this period, as shown by 
the fitted exponential trend. Coal production in 2023 was 26 per cent higher than in 
2019—a compound growth rate of 6 per cent per annum. For the first time since 2007, 
the share of coal in China’s total energy consumption increased, from 56 per cent in 
2021 to 56.2 per cent in 2022.

http://data.stats.gov.cn/english/
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Figure 8.3: Monthly coal production in China, 2017–23
Notes: Values for January and February are identical as only a total for both months is provided in 
the source. A fitted exponential trend is shown.
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

At the time of writing, nine months of data were available for 2024. Comparing these 
first nine months with the corresponding period in 2023, we can evaluate whether 
similar trends have persisted into 2024. According to Carbon Monitor, emissions fell 
0.6 per cent in 2024 compared with 2023. Emissions from power generation rose by 
1.6 per cent, with smaller increases in transport (0.7 per cent) and residential (0.8 per 
cent) emissions offset by a 4 per cent fall in industrial emissions. Does this mean that 
Chinese emissions are peaking?

Electricity output increased by 6.3 per cent between the first nine months of 2023 
and 2024. The increase was supplied by roughly equal increases in thermal power, 
hydropower and the new renewables. The increase in hydropower is weather related. 
With less rainfall there would have been a more significant increase in thermal power.

Coal production was up only 0.7 per cent on 2023. In the first few months of the year, 
coal production was lower than in the previous year but by October it was running at 
6 per cent above the level of 2023. This is identical to the compound trend between 
2017 and 2023.

In conclusion, the fall in emissions in the first nine months of 2024 is probably partly 
due to the increase in hydroelectric output and slow economic activity. It probably does 
not yet constitute a sustainable peak in emissions.

http://data.stats.gov.cn/english/
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Discussion
There could be catchup growth as well as economic stimulus as the economy comes 
out of the pandemic period of slow growth, though, as of the date of writing, news 
reports suggest a slow recovery exacerbated by a real estate bust. Previous research has 
found mixed results regarding the behaviour of carbon emissions after recessions. Burke 
et al. (2015) found that globally over the five decades from 1961 to 2010 emissions 
tended to grow more slowly relative to GDP following recessions than after economic 
expansions became established. Similarly, Bersalli et al. (2023) found that 26 of the 
28 countries that had so far peaked their carbon dioxide emissions did so just before 
or during a recession. However, emissions grew strongly in 2010 following the Global 
Financial Crisis (GFC) mainly because energy intensity rose (Jotzo et al. 2012).

China suffers from energy insecurity as it consumes much more oil and coal than it 
produces. China also has the most to gain from reducing carbon emissions. Tol (2019: 
188–89) estimates that around half the global benefits from climate mitigation accrue 
to China and, as the largest emitter, a given percentage of reduction in emissions in 
China translates to more avoided carbon than anywhere else. For these reasons, we 
might expect China to be a leader on climate action among developing countries. In 
the past, China has set seemingly ambitious climate mitigation goals, though these were 
not very strict compared with business as usual (Stern and Jotzo 2010). Under the Paris 
Agreement, China has pledged to peak carbon emissions by 2030 and reach net-zero 
emissions by 2060. However, after the energy crisis of 2022 and increased tensions 
between China and the West, China may have less incentive to continue to invest 
in the development and manufacture of renewable energy technologies (Goldthau 
and Tagliapietra 2022). Furthermore, the increasing political tensions between the 
United States and China are reducing the potential for cooperation on climate policy. 
For example, at the UN Climate Conference COP27 in Sharm El-Sheikh, Egypt, in 
November 2022, China did not join a pledge to curb methane emissions and refused 
to provide financial support as part of the Loss and Damage Fund. This stance and the 
data we have presented in this chapter cast some doubt on China following through on 
its previous pledges and certainly on peaking emissions in 2025.

Conclusion
To examine whether China is on a path to peak carbon emissions by 2030 and carbon 
neutrality by 2060 under the Paris Agreement, we compared China’s carbon emissions 
and energy production trajectories between 2019 and 2023, defined as pre-pandemic 
and post-pandemic periods, respectively. I found that China’s total emissions rose 
by 8 per cent, mainly due to an increase of 18 per cent in power sector emissions. 
The production of coal grew at a compound annual rate of 6 per cent. Moreover, we  
note that the share of coal in China’s total energy production increased for the first time 
since 2007, from 56 per cent in 2021 to 56.2 per cent in 2022. Though emissions fell 
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in the first nine months of 2024 relative to the same period in 2023, this was due to 
the slow pace of economic activity and wet weather that resulted in a big increase in 
hydropower generation.

Our new findings contrast with the research of Le Quéré et al. (2021: 197), who 
argued that ‘the pervasive disruptions from the COVID-19 pandemic have radically 
altered the trajectory of global CO2 emissions’. Emissions fell sharply globally because 
of the curtailment of passenger transport during the pandemic (Jiang and Stern 2023), 
but Le Quéré et al. (2021) believed there was a window of opportunity to continue 
the slowing of emissions growth that they had seen since 2015. Similarly, Chen et 
al. (2022) predicted that Chinese emissions would peak between 2021 and 2026 at 
a level between 11.7 and 13.1 gigatonnes, with more than 80 per cent probability, 
and Lui (2022) wrote that China is ‘set to significantly overachieve [on] the targets it 
promised internationally for 2030, with emissions peaking by 2025’. Nonetheless, our 
findings suggest that China may find it challenging to achieve these targets within that 
time frame.
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9
China’s local government 

debt: Causes, consequences, 
characteristics, governance 

and suggestions
Yang Yao and Ling Yu

China’s local government debt has long been a critical engine of economic growth; 
however, its rapid expansion since 2009 has generated significant systemic risks to 
fiscal stability and macroeconomic security. Despite sustained policy efforts to curb 
debt accumulation, subnational liabilities have continued to grow. In this chapter, we 
employ a multidimensional framework to investigate: 1) the institutional drivers of debt 
escalation, including imbalances in fiscal decentralisation, subnational development 
imperatives, the characteristics of a unitary political system, frequent official staff 
turnover and regulatory gaps in off-budget financing under the Budget Law; 2) the 
dual consequences of local government debt as both a catalyst for growth and an 
amplifier of fiscal vulnerability; 3) the dynamics of debt accumulation from 2015 to 
2023, as quantified through panel data analysis; and 4) the central government’s debt 
governance mechanisms, particularly in the context of its debt-swap programs. Based on 
our findings, we propose a comprehensive three-step debt resolution strategy designed 
to mitigate both current and future debts, thereby enhancing fiscal sustainability and 
promoting balanced economic development.

Global debt has escalated sharply in recent years. According to a UN report, global public 
debt reached a record high of US$97 trillion in 2023, with public debt in developing 
countries increasing at twice the rate of that in developed nations (UNCTAD 2024). 
According to the International Monetary Fund (IMF 2024), global public debt was 
expected to exceed US$100 trillion (93 per cent of global GDP) by 2024. As the 
second-largest economy in the world, China’s central government debt is relatively light 
compared with other large countries, but the debt borne by its local governments has 
reached an alarming level. According to the Ministry of Finance (MoF), China’s official 
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on-budget local government debt was RMB40.74 trillion in 2023 (State Council 2023). 
However, this figure fails to account for local governments’ substantial off‑budget 
borrowings that are disguised as commercial debts borrowed by government-owned 
commercial entities. Given the profound implications of local government debt for 
economic development and financial stability, a comprehensive understanding of its 
causes, consequences and governance is of great value to both scholars and policymakers.

The off-budget debt is primarily borrowed through local government financing vehicles 
(LGFVs). In response to the 2008 GFC, the Chinese Government launched a RMB4-
trillion (US$586-billion) infrastructure-centric investment stimulus plan to stabilise 
economic growth (Fan et al. 2022). To address the substantial funding gap between 
local government fiscal revenue and the expenditure required for the stimulus plan, 
in 2009, the central government permitted local governments to establish LGFVs to 
raise off-budget funds for investment projects (Huang et al. 2020; PBOC and CBRC 
2009; MoF 2009). In legal terms, LGFVs are commercial entities, just like other 
kinds of state-owned enterprises (SOEs). However, unlike other kinds of SOEs that 
operate for profit, their major task is to raise funds from the debt market to finance 
local government projects. Subsequently, LGFV-induced off-budget financing became 
a  critical funding source, leading to rapid off-budget debt accumulation. By 2023, 
off-budget debt through LGFVs had ballooned to RMB61.56 trillion, accounting for 
87 per cent of local government fiscal revenues, or 70 per cent of the total government 
debt balance (RMB70.77 trillion) and 151 per cent of the official on-budget local 
government debt balance (RMB40.74 trillion).1

The accumulation of local government debt in China is influenced by several 
institutional factors. The 1994 tax-sharing reform restructured fiscal relations by 
shifting revenue authority upwards to the central government while decentralising 
administrative responsibilities to local governments. This restructuring led to increased 
fiscal pressures on local governments to finance their expenditure needs, thereby 
incentivising off-budget borrowing. Additionally, China’s rapid urbanisation has 
intensified demands for local economic development, further straining fiscal resources 
and necessitating debt-financed investment. China’s unitary state structure implies that 
the central government ultimately bears responsibility for local debt, creating moral 
hazard as local governments anticipate potential bailouts and thus dare to engage 
in excessive borrowing. The frequent rotation of local officials, combined with the 
pressures of the ‘promotion tournament’, exacerbates the issue, as officials’ performance 
evaluations are heavily tied to short-term GDP growth. This system incentivises large-
scale infrastructure and industrial investment through excessive borrowing. Moreover, 
weak budgetary constraints and an underdeveloped municipal bond market further 
exacerbate the reliance on off-budget financing, amplifying risks associated with local 
government debt accumulation.

1	 The calculation is based on data from the Wind database (www.wind.com.cn/).

http://www.wind.com.cn/
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While local government debt has played a positive role in supporting infrastructure 
investment (Aschauer 1989; Ludvigson 1996), enhancing market liquidity (Yakita 
2008) and promoting economic growth (Adelino et al. 2017), its mismanagement 
has led to significant risks. Excessive debt accumulation has heightened repayment 
pressures, weakened fiscal discipline and resulted in inefficient resource allocation 
(Huang et al. 2020). Low-return investments have put financial distress on LGFVs, 
many of which are on the verge of bankruptcy, necessitating central government 
intervention. Furthermore, mounting debt burdens have exacerbated financial market 
volatility (Huang and Du 2018), triggered inflation (Cochrane 2011) and heightened 
systemic risks (Chen et al. 2020), particularly in the real estate and financial sectors, 
where local government debt is often intertwined with land markets and banking 
institutions. This poses a dilemma for policymakers in balancing perceived trade-offs.

To address these challenges, the central government has undertaken a series of 
governance reforms, including the introduction of a quota-based local government bond 
issuance system, strengthened monitoring and enhanced transparency requirements. 
In 2015, the central government launched a three-year debt-swap program that 
converted RMB14.34 trillion of LGFV debt into local government bonds to lessen 
local governments’ short-term payment pressure. However, this program did not stop 
local governments borrowing through their LGFVs. In 2019, pilot resolution programs 
in six highly indebted provinces facilitated RMB142.92 billion for debt swap again.2 
The Covid-19 pandemic further strained fiscal conditions, prompting a temporary 
relaxation of LGFV bond issuance in 2020. Recognising the mounting risks, the central 
government expanded debt-swap efforts to 26 provinces, reaffirming its commitment 
to long-term fiscal sustainability.

What has happened in China in recent years is paradoxical: while the central government 
has geared up its efforts to resolve the debt issue, local government debt has surged 
and exhibited sustained growth. To this end, we present a thorough examination of 
the causes, functions and problems of local debt, alongside a review of the central 
government’s strategies for managing the risks. We seek to provide insights into how 
to reduce financial vulnerabilities, improve debt management practices and ensure 
that local government debt contributes to sustainable economic development without 
posing systemic risks to the broader economy.

The chapter is structured as follows: section two presents the categorisation of local 
debts; section three examines the factors driving the accumulation of local government 
debt; section four explores the economic consequences of local government borrowing; 
section five outlines the characteristics and scale of local government debt; section six 
evaluates the central government’s approaches to managing local government debt; and 
section seven proposes systematic solutions for mitigating the risks associated with local 
government debt.

2	 ibid.
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Categories of local government debt
Before setting out our analysis, it is useful to present the categories of local government 
debt in China, which have evolved over time. Currently, local government debt is 
classified into on-budget and off-budget debt based on whether the obligations are 
recorded in the government’s balance sheet and whether they constitute legally 
mandated liabilities.

Categories of on-budget local government debt

On-budget debt includes obligations explicitly recorded in government accounts and 
legally required to be repaid using fiscal revenues within statutory debt ceilings. This 
category primarily comprises general and special debts raised through the issuance 
of local government bonds (LGBs). General debt is typically financed through the 
issuance of general LGBs and is allocated to non–revenue-generating public welfare 
projects, such as education, health care and social security. These debts are primarily 
repaid using general budget revenues. In contrast, special debt is financed through the 
issuance of special LGBs, which are directed towards revenue-generating projects, such 
as infrastructure development in transportation, telecommunications and housing. 
Special debts are predominantly repaid using corresponding government funds or 
designated revenues. On-budget debt is characterised by greater transparency and more 
stringent monitoring and is commonly referred to as explicit debt.

Categories of off-budget local government debt

Off-budget local government debt refers to obligations that are not formally recorded in 
government accounts and fall outside the statutory debt ceiling or central government–
authorised debt frameworks. Some of these liabilities are guaranteed by fiscal funds or 
may involve illegal guarantees (Xu et al. 2020). This category primarily includes the 
following forms.

Direct implicit local government debt
This includes three categories: 1) implicit debt arising from social security obligations, 
such as pension deficits and healthcare insurance shortfalls. In cases where social security 
funds fall short, the responsibility for bridging the payment gap ultimately rests with local 
governments. 2) Debt related to future capital and recurring expenditures arising from 
public investment projects, notably under government-paid public–private partnership 
(PPP) models and viability gap-funded PPPs. The reduction in financing costs for such 
PPP projects is heavily dependent on credit enhancements provided by government-
issued approval documents. Furthermore, debt repayment for these PPP projects is 
contingent on government payments or subsidies. When the total scale of these projects 
becomes unmanageable or when payment delays, defaults or project operation failures 
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occur, the local government assumes the responsibility for repayment. 3) Implicit debt 
resulting from arrears in various on-budget expenditures, such as unpaid project costs, 
outstanding procurement payments and refundable deposits that have been collected 
from enterprises but remain unpaid. These are obligations that the government or its 
departments are required to fulfil once the payment conditions are met.

Contingent implicit local government debt
There are two categories here: 1) illegal or irregular implicit debt, such as the issuance 
of unlawful or irregular commitment letters, guarantees or similar documents that are 
often provided for LGFV bonds, the execution of construction projects disguised as 
government service procurement, PPP projects structured as equity investments with 
government repurchase agreements or guaranteed fixed returns, effectively converting 
equity into disguised debt, guarantees provided by industrial guidance funds to other 
partners and local governments raising debt in the name of SOEs or public institutions; 
and 2) debt arising from local governments assuming rescue responsibilities, which 
manifests in expenditures aimed at addressing liabilities such as debts of public 
institutions, debts and losses of local SOEs, non-performing assets of local financial 
institutions, obligations of LGFVs, fiscal shortfalls in subordinate governments and 
defaults on non-guaranteed debts. Since these debts are typically excluded from 
official government statistics, they are characterised by a high degree of opacity and are 
commonly referred to as implicit debt.

General LGFV debt
This kind of debt is issued by the LGFVs that are commercial identities legally 
separated from the government. However, it is widely acknowledged that LGFV debts 
are a convenient tool for local governments to finance their infrastructural projects. The 
market also believes that those debts are government debts and will never be defaulted 
even if they do not bear government guarantees—and there has never been a single 
default. LGFV debt can be bank loans, municipal bonds, trusted loans and other forms 
of shadow bank finance. There are no reliable data on the size of LGFV debts, but, by 
most estimations, they make up the largest part of local government debts.

Figure 9.1 provides a visual presentation of the categorisation. The central government 
only recognises on-budget debts and direct and contingent implicit debts among 
the off-budget debts. In theory, this leaves most of the LGFV debts to the market, 
which contradicts the widespread belief held by the market that those debts are also 
government debts.
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Figure 9.1: Categories of local government debt in China
Source: Authors’ original illustration.

Causes of rising local government debt

The 1994 tax-sharing reform

From the early 1980s to early 1990s, China had a contract system for central–local fiscal 
relationships, which greatly tilted towards local governments. The rapid expansion of 
rural collective industries in the 1980s significantly propelled China’s early economic 
growth, generating a substantial surplus that became a primary revenue source for local 
governments (Tian 2000; Huang 2012; Banerjee et al. 2020). However, this led to 
a fiscal imbalance, with local government revenues significantly surpassing those of 
the central government. By 1993, the central government’s share of total on-budget 
revenues was merely 22.02 per cent, while local governments accounted for 77.98 per 
cent (see Figure 9.2).
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Figure 9.2: An effect of China’s 1994 tax-sharing reform
Notes: Central government (left) and local government (right).
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

To address this imbalance, the central government implemented the tax-sharing reform in 
1994, categorising tax revenue into central, local and shared taxes, thereby fundamentally 
altering the revenue-sharing arrangement between the central and local governments 
(Liu et al. 2017; Tsui 2005). Despite its intentions, the reform primarily resulted in an 
upward shift of fiscal resources to the central government (Chang et al. 2013). Stable 
and high-growth tax sources were designated as exclusive central government revenue 
or shared revenue. Consequently, local governments became increasingly reliant on 
smaller, less stable tax bases characterised by fragmented sources, inefficient collection 
mechanisms and high administrative costs. Notably, the value-added tax, the most 
significant shared tax, allocated 75 per cent to the central government and only 25 per 
cent to local governments (Liu et al. 2022). This redistribution effectively recentralised 
fiscal control, substantially reducing local government revenues.

Compounding the issue, the reform rectified the decentralised administrative system 
that allocated the bulk of financial responsibilities to local governments, including 
social security, basic education, health care and public safety (See Table A9.1). Wong 
(2025) observes that in China’s fiscal structure, prefectures and counties, constituting 
the third and fourth tiers of the government, respectively, are primarily responsible for 
nearly all social security expenditures, encompassing old-age pensions, unemployment 
insurance and other welfare programs. Counties and townships, representing the fourth 
and fifth tiers, respectively, account for approximately 70 per cent of total education 
spending and between 55 and 60 per cent of healthcare expenditures. As a result, local 
governments faced heightened fiscal pressures, with expanding expenditure obligations 
and contracting revenue bases. The decline in revenues coupled with rising expenditures 
produced a persistent and widening fiscal gap for local governments (see Figure 9.2). 
In  the post-reform period, although the central government has secured more than 
50 per cent of total on-budget fiscal revenues, local governments have been tasked 

http://data.stats.gov.cn/english/
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with nearly 80 per cent of on-budget fiscal expenditures. Although central government 
transfers fill most of the gap, fiscal independence forces local governments to increasingly 
resort to borrowing, thereby contributing to the expansion of local government debt.

Local development imperatives

China’s urbanisation has experienced a sustained upwards trend. In 1994, urban residents 
as a share of the national population exceeded 30 per cent and, by the end of 2023, the 
share reached 66 per cent, reflecting an average annual increase of 0.93 per cent over the 
previous five years.3 This rapid urbanisation has amplified local development demands; 
however, suboptimal infrastructure standards, insufficient coordination of infrastructure 
and service facilities between regions (for example, poor functional integration between 
transportation, utilities and public service systems) and deficiencies in urban governance 
have constrained local economic growth. Consequently, there is an urgent need for 
local governments to engage in municipal construction to stimulate GDP growth as 
well as to provide necessary public goods for the newly added urban population. Most 
government-invested projects are the responsibility of local governments rather than the 
central government, intensifying the urgency for local authorities to secure substantial 
financing resources within a short time.

Figure 9.3: The relationship between municipal construction, GDP and local 
government debt in China, 2015–23
Notes: On-budget local government debt (left) and LGFV-induced off-budget local government debt 
(right). MC = municipal construction. LGD = local government debt.
Sources: National Statistical Yearbooks (www.stats.gov.cn/english/Statisticaldata/yearbook/); 
Local Government Bond Information Disclosure Platform (www.celma.org.cn); and Enterprise Early 
Warning System.

3	 Data are sourced from the National Bureau of Statistics of China (data.stats.gov.cn/english/).

http://www.stats.gov.cn/english/Statisticaldata/yearbook/
http://www.celma.org.cn
http://data.stats.gov.cn/english/
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Local governments’ fiscal resources comprise four primary components: formal 
budgetary revenues, transfers from the central government, off-budget revenues and 
proceeds from land-related transactions (Wu and Feng 2014). Revenues from the first 
two components are strictly controlled under the budgetary arrangements and are 
predominantly allocated to daily government operations, education, health care and 
social security, leaving limited funds available for public projects. Notably, municipal 
construction—the principal component of infrastructure investments—is generally 
not included in these budgetary allocations (Xu and Zhang 2013). As a result, only the 
last two revenue sources can fund municipal construction, and any financing shortfall 
must be met through alternative channels—primarily debt borrowings. Empirical 
analysis demonstrates that both municipal construction and GDP had a positive linear 
relationship with local government debt from 2015 to 2023 (see Figure 9.3).

A unitary political system

Since the fall of Qing Dynasty, China has adopted a unitary political system (as shown 
in Figure 9.4). Under this system, the country is divided into administrative regions 
(provinces) that operate under a unified sovereign authority (Xu 2011). This structural 
arrangement has two key implications. First, the authority of local governments is 
entirely delegated by the central government as a direct consequence of the hierarchical 
political structure. As a result, local governments primarily function as administrative 
extensions of the central government rather than as autonomous political entities. 
Consequently, when local governments incur debt, the ultimate responsibility for 
repayment rests with the central government. This arrangement creates strong incentives 
for local governments to engage in excessive borrowing, as they can effectively shift 
the financial burden upwards, relying on the central government to absorb the risks 
associated with their fiscal imbalances. Second, the unitary political system precludes 
local governments from utilising formal bankruptcy mechanisms, such as Chapter 9 of 
the US Bankruptcy Code, to discharge their debt obligations. In this legal framework, 
any bankruptcy or default by a local government would undermine the creditworthiness 
of the central government and potentially trigger a systemic financial crisis (Gao et al. 
2021).4 As a result, the central government is compelled to assume responsibility 
for local government debt, which further incentivises local governments to borrow 
excessively to finance their development projects.

4	 Under this legal framework, Detroit’s bankruptcy proceedings facilitated the discharge of its outstanding debt, 
thereby laying the groundwork for its subsequent economic recovery.
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Figure 9.4: The hierarchical structure of the unitary political system in China
Notes: At the top of the hierarchy are the members of the Politburo of the Communist Party of China 
(CPC), including the party General Secretary and the Premier, who hold national rank. Directly beneath 
them is the Central Committee of the CPC, which comprises approximately 200 full members at the 
ministerial level and about 170 alternative members. Provincial party secretaries and governors, 
typically ranked at the ministerial level, also serve as members of the Central Committee. Notably, 
some provincial leaders, such as the party secretaries of Guangdong and Xinjiang, hold positions 
within the Politburo. Below this level are city secretaries and mayors, who are generally classified at 
the department level within the hierarchy.
Source: Authors’ description.

Frequent rotation of officials

Chinese officials are engaged in a promotion tournament. Frequent rotation is 
a distinctive feature of this system (Li and Zhou 2005; Chen and Kung 2019).5 
According to the Interim Provisions on Tenure of Leading Party and Government Cadres 
(General Office of the CPC Central Committee 2006), once an official has held a 
position for two consecutive terms, they will be moved to a new position if they have 
not reached retirement age. The performance of local officials is primarily evaluated 
based on short-term economic growth, which is crucial for advancing their political 
careers (Xu  2011). In pursuit of economic growth, local officials often engage in 
building physical infrastructure (Bai and Qian 2010; Ru 2018), establishing special 
economic zones to attract investment (Wang 2013; Lu et al. 2019) and appointing 
capable bureaucrats (Xu 2011; Yao and Zhang 2015). Among them, public investment 
requires significant financial resources and raising taxes may adversely affect officials’ 

5	 While the standard tenure for government officials is generally set at five years, early appointments to new positions, 
regardless of whether they constitute a promotion, may occur based on specific exigencies or directives from higher 
levels of government. Promotions typically proceed incrementally, with officials advancing one rank at a time, such as 
from the prefectural to the subprovincial level. Each political rank is subject to an age threshold—referred to as the ‘age 
dilemma’—above which officials become ineligible for promotion. This age limit varies across ranks, typically ranging 
from 40 to 67 years, as specified by Kou and Tsai (2014).
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reputations and prospects for promotion. As a result, borrowing becomes a preferred 
method for local officials to mobilise the necessary funds to achieve their economic 
objectives (Fan et al. 2022).

Frequent political rotations also complicate audits for short-tenure local officials, 
presenting challenges in assessing the legitimacy of borrowing decisions for public 
investments in the short term. This situation exacerbates the moral hazard associated 
with borrowing, as local officials may exploit this ambiguity to meet their economic 
objectives. Consequently, fiscal resources obtained through borrowing are frequently 
allocated to short-term and low-return projects, often serving to save face for the 
incumbent officials.

Insufficient regulation for off-budget debt under the 
Budget Law

The persistent lack of transparency and accountability in fiscal budgeting has significantly 
exacerbated the challenges inherent in soft budget constraints. In response, the Budget 
Law was introduced in 1995, banning local governments from running deficits in their 
fiscal budgets. However, the law did not ban local governments’ off-budget borrowing. 
Consequently, local off-budget expenditures have grown considerably yet remained 
largely unreported. The RMB4-trillion stimulus in 2009 accelerated this process.

To reflect the reality that off-budget borrowing had become an important source of 
finance for local governments, the Budget Law was revised in 2014 to allow local 
governments to borrow within their budget. The law requires that the drafting 
and  implementation of both central and local government budgets be reviewed and 
approved by the National People’s Congress (NPC). However, the law still does not 
provide a framework for the central government to regulate local governments’ off-
budget borrowing, which has allowed local governments to circumvent formal debt 
constraints. In particular, local governments have increasingly relied on massive 
borrowing through various financing vehicles, such as LGFVs. A large part of these 
borrowings is secured by pledges of land or other assets, which already exposes local 
governments to significant debt-related risks (for example, Ang et al. 2018; Chen et al. 
2018, 2020). Worse, to circumvent the borrowing constraints, local governments have 
progressively adopted more sophisticated and intricate financial instruments to run 
funds, including borrowing from trust funds, issuing LGFV bonds and borrowing from 
enterprises. Many of these are not reported, complicating the accurate estimation of 
their size (Chang et al. 2013).
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The dual consequences of local government debt

The developmental role of local government debt

Enhancing infrastructure investment
Local government debt (LGD) functions as a pivotal fiscal mechanism in stimulating 
aggregate demand, with a pronounced emphasis on infrastructure investment. 
On‑budget debt mechanisms, especially the special LGBs, have become the dominant 
financing channel for public infrastructure projects. Between 2015 and 2023, the 
infrastructure-targeted special LGBs accounted for 40.39 per cent (RMB9.42 trillion) 
of total special bond issuance. Within this allocation, infrastructure construction for 
municipal facilities and industrial parks comprised 20.78 per cent, transportation 
infrastructure 18.39 per cent and cold chain logistics and new infrastructure projects 
0.71 per cent and 0.51  per cent, respectively. Additionally, a substantial share was 
allocated to infrastructure-adjacent areas, including shantytown renovation (12.03 per 
cent), agricultural, forestry and water projects (3.49 per cent), ecological and 
environmental protection (2.58 per cent), rural revitalisation (0.84 per cent), urban old 
residential community renovation (0.64 per cent) and energy projects (0.33 per cent) 
(see Figure 9.5-A).

Complementarily, off-budget financing via LGFVs addresses diverse infrastructure 
needs (Chen et al. 2020). From 2015 to 2023, the bond issuance of LGFVs was 
distributed across urban infrastructure construction (36.09 per cent), industrial 
investment (27.77  per cent), transportation construction and operation (12.57 per 
cent), land development and consolidation (8.72 per cent), public utilities (5.76 per 
cent) and other areas such as shantytown renovation and affordable housing 
development (3.79  per cent), comprehensive platforms (3.39 per cent),6 industrial 
park development and operation (1.71 per cent) and cultural tourism (0.21 per cent) 
(see Figure 9.5-B). Correspondingly, the distribution of LGFVs’ total debt reflected 
a comparable pattern, with infrastructure construction (40.05 per cent), industrial 
investment (26.77 per cent), transportation construction and operation (7.88 per 
cent), land development and consolidation (9.24 per cent), public utilities (6.44 per 
cent), shantytown renovation and affordable housing development (4.44 per cent), 
comprehensive platforms (3.26 per cent), industrial park development and operation 
(1.66 per cent) and cultural tourism (0.26 per cent) (see Figure 9.5-C). The investment 
carried out by the LGFVs has significantly enhanced the functionality of the urban 
system and addressed critical infrastructure gaps while providing a robust foundation 
for sustainable economic development and improved quality of life for ordinary people.

6	 Comprehensive platforms are a type of LGFV the operations of which span multiple domains of urban development 
and serve dual purposes: financing and investing in public-interest projects and engaging in market-oriented operations.
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Figure 9.5: Distribution of special bond funds and LGFV bond issuance  
by business type
Notes: Allocation of funds raised through special bond issuance (A), share of LGFV bond issuance 
by business type (B) and proportion of LGFVs by business type (C).
Source: Wind database (www.wind.com.cn/).

Financial repurposing: From savings glut to productive capital
The rapid accumulation of savings in China has created a substantial pool of idle capital 
(Chen and Wen 2017; Piketty et al. 2019; Zhang et al. 2021). By the end of 2015, 
household deposit balances stood at RMB54.6 trillion, rising sharply to RMB137 
trillion by 2023 (PBOC 2024). However, this capital surplus has led to a decline in 
its utilisation efficiency, as substantial savings remain underemployed in productive 
economic activities.

Local governments have utilised financing platforms and related mechanisms to 
mobilise low-yield idle funds, redirecting them towards high-yield capital expenditures 
(Zhang and Tsai 2024). Strategically, these funds have been allocated to sectors critical 
to economic development, including transportation, agriculture and water conservancy, 
energy and ecological and environmental protection (Zhu 2021). Investments in these 

http://www.wind.com.cn/
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areas not only strengthen infrastructure but also promote industrial chain coordination, 
fostering regional economic growth. Furthermore, many infrastructure projects 
generate sustainable revenue streams, such as toll fees from highways and revenues 
from utility projects. These revenue flows mitigate local fiscal shortfalls and contribute 
to long-term GDP growth, thereby reinforcing the foundation for high-quality 
economic development. Through this dual mechanism of resource mobilisation and 
revenue generation, idle funds are effectively utilised to advance regional and national 
economic objectives.

Enhancing the fiscal flexibility of local governments
China has made significant progress in developing a market-oriented economy (Chen 
et al. 2020). Market-based financing instruments, characterised by high operational 
flexibility and risk-sharing mechanisms, have systematically enhanced local governments’ 
fiscal flexibility through three channels: 1) diversification of funding sources beyond 
traditional fiscal transfers; 2) optimisation of intertemporal resource allocation via 
capital market integration; and 3) establishment of shock-absorbing mechanisms for 
fiscal resilience. Through these mechanisms, local governments have strengthened fiscal 
stability, ensured expenditure continuity and improved resource allocation efficiency. 
This institutional innovation has enabled provincial and municipal authorities 
to maintain fiscal stability while ensuring expenditure continuity and improving 
allocative efficiency.

Between 2015 and 2023, a confluence of external and internal pressures, including 
escalating United States–China trade frictions, the transition to new growth drivers, 
tax and fee reductions and the economic disruptions caused by Covid-19, intensified 
fiscal imbalances. During this period, the national public budget self-sufficiency rate 
declined from 86.60 per cent in 2015 to 76.76 per cent in 2023.7 In response, local 
governments issued RMB26.91 trillion in new bonds, with the proportion of on-
budget bond issuance relative to fiscal resources rising from 3.88 per cent in 2015 to 
21.15 per cent in 2023.8 Additionally, LGFVs issued RMB33.44 trillion in bonds, with 
the proportion of LGFV bonds relative to fiscal resources increasing from 9.75 per cent 
in 2015 to 30.36 per cent in 2023.9 These bond issuances not only mitigated fiscal 
shortfalls but also strengthened local governments’ financial autonomy, enhancing 
their capacity to address regional economic challenges and implement development 
priorities more effectively.

The crowding-in effects: Stimulating private investment
While the conventional literature finds that government debt crowds out private 
investment, there are several ways for government debt to have a crowding-in effect for 
private investment.

7	 The fiscal self-sufficiency rate is the ratio of general budget revenue to general budget expenditure. The calculation 
is based on data from the official website of the Chinese Government (english.www.gov.cn/).
8	 The data are sourced from the local government bond information disclosure platform. See CELMA (n.d.).
9	 The calculation is based on data from the Wind database (www.wind.com.cn/).

http://english.www.gov.cn/
http://www.wind.com.cn/
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The first is the trade credit channel. A portion of local government debt arises from 
repayment obligations to private suppliers through procurement activities (Hu et al. 
2022). Delays in payments or the accumulation of accounts receivable often impose 
liquidity constraints on private enterprises, adversely affecting their financial stability. 
To mitigate these challenges, private enterprises have increasingly used high-credit 
government receivables as collateral to secure external financing, thereby replenishing 
working capital. In this context, local government debt may serve as a catalyst for private 
enterprise financing by enhancing access to financial resources that might otherwise be 
restricted. Contrary to concerns about crowding out private financing, government 
debt may stimulate additional funding opportunities, enabling private firms to address 
liquidity challenges and support their operational growth. Thus, local government debt 
not only stabilises private enterprise financing but also contributes to broader economic 
resilience and growth.

The second is the reputation channel. Private firms engaged in government procurement 
or investment projects must go through a screening process. As a result, they are often 
better than the average private firm in the market. In this case, local governments play 
the role of quality screening for the entire market. Private firms passing the screening 
process thus build a reputation that can facilitate their borrowing in the market.

The third is the channel of financial acceleration. Much local government borrowing has 
been spent on building infrastructure, which has accumulated a large number of assets, 
facilitating further local government borrowing. This is a kind of financial acceleration 
like the one created by investment in the real estate sector. Moreover, private firms can 
also benefit. Better infrastructure increases the value of assets held by private firms. 
As a result, private firms can borrow more from banks and other financial institutions 
because they have large amounts of collateral to offer.

The challenges of local government debt

Escalating debt servicing risks
The exponential growth of local government debt issuance and its cumulative stock 
has imposed severe repayment obligations, thereby amplifying local government debt 
risks. The off-budget debts are especially concerning. Traditionally, repayment of those 
debts has relied on revenues from government-managed funds, primarily coming from 
land sales, in addition to the revenue generated by the projects financed by those debts. 
However, in recent years, economic slowdowns, adjustments to real estate policies and 
other structural factors have constrained the growth of revenues from the sale of state-
owned land use rights. From 2015 to 2023, the average annual growth rate of revenues 
from government-managed funds stood at merely 5.07 per cent,10 significantly lagging 
the average annual growth rate of local debt balances. This widening gap has grown 
into a huge risk.

10	 The data are sourced from CELMA (n.d.).
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To make up the gap, local governments have increasingly relied on borrowing new debts 
to roll over the old debts, exacerbating the risks. As we will show later, more than 90 per 
cent of the LGFV bonds have been refinancing borrowings in recent years. However, 
this is not enough to cover all the maturing LGFV bonds. Local governments, under the 
approval of the central government, must issue on-budget refinancing special LGBs to 
swap maturing LGFV bonds. Since 2018, local governments have increasingly resorted 
to refinancing special LGBs to alleviate their repayment pressures. The issuance of such 
bonds surged from RMB135.8 billion in 2018 to RMB2.03 trillion in 2023, with their 
share of total special LGBs rising from 6.98 per cent to 33.96 per cent.11 While the 
swaps provided short-term relief, their rapid growth has created long-term challenges. 
Under the constraints of the official debt ceilings, the expansion of refinancing special 
LGBs has reduced the available quota for new bond issuances, thereby limiting 
the financing capacity for new projects. In addition, by moving local governments’ 
repayment pressures from their off-budget balance sheets to their on-budget balance 
sheets, debt swaps have increased local governments’ fiscal stress over time.

Return and term mismatches
Local government financing is predominantly directed towards public infrastructure 
projects. The heavy reliance on market finance leads to dual mismatches. First, there is a 
mismatch between the public nature of the projects and the cost of finance. Infrastructural 
projects bring low returns and many generate no return. But the interest rates incurred 
by LGFVs, whether through bond issuance (for example, 4.07 per cent in 2023) or other 
mechanisms,12 often exceed the financial returns generated by infrastructure projects. 
As of 31 December 2023, the average coupon rate of LGFV bond issuance was 4.07 
per cent. The resulting cost–return imbalances have led to persistent financial losses for 
LGFVs, undermining their long-term operational sustainability. Second, a mismatch also 
exists between the timespan for infrastructural projects to recoup their costs and the term 
of most off-budget debts. As Kroeber (2016) describes, ‘localities often used three to five-
year bank loans to finance infrastructure projects whose economic benefits (and revenue 
streams, if any) would only materialize over two or three decades’. The maturity of LGFV 
bonds is like that of bank loans. This disparity implies that debt obligations often mature 
before the infrastructure projects can generate sufficient returns, thereby exacerbating 
fiscal pressures and increasing financial risks.

Underutilisation of debt
Despite substantial funds raised through debt issuance, many local governments fail 
to effectively channel these resources into productive investments, leading to resource 
misallocation and the underutilisation of local economic development potential.

First, the prevalent issue of ‘over-packaging’ of investment projects significantly 
undermines the efficiency of fund allocation. To secure approval and additional 
financial support, some local governments artificially enhance project feasibility by 

11	 The data are sourced from the Wind database (www.wind.com.cn/).
12	 For details, see the subsection titled ‘Overview of the LGFVs’ bond issuance’.

http://www.wind.com.cn/
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inflating projected revenues or underestimating costs. In 2022, 24 regions issued 
a total of RMB198.21 billion in special LGBs through such practices. Of this amount, 
RMB5.03 billion was illegally allocated to prohibited areas, including landscaping and 
commercial projects. Moreover, 47 regions misappropriated RMB15.80 billion, while 
five regions falsified expenditure progress for 33 projects, leaving RMB6.03 billion in 
unused funds by the end of the year. These actions not only led to the inefficient use 
of financial resources but also increased repayment risks, particularly for projects with 
low or negligible returns.

Second, the persistence of idle funds exacerbates inefficiencies. Poor project preparation, 
inadequate planning and delays in implementation often leave allocated funds unutilised 
for extended periods. For example, the National Audit Office reported that the value 
of special bond funds left idle for more than one year was RMB13.2 billion in 2020, 
rising to RMB21.7 billion in 2021. Such prolonged underutilisation reflects structural 
weaknesses in project execution and resource management.

Third, the misuse of funds remains widespread, undermining the intended objectives of 
local government debt financing. While these funds are designated for public projects 
within specific sectors, some regions have diverted them to unauthorised purposes, such 
as projects on the negative list or recurrent expenditures such as employee salaries. From 
2020 to 2022, illegal fund usage amounted to RMB41.32 billion, RMB13.66 billion 
and RMB20.80 billion, respectively. Such mismanagement not only distorts resource 
allocation but also exacerbates fiscal risks, ultimately compromising the sustainability 
of local government finances (NAO 2023).

How big is Chinese local government debt?

On-budget local government debt

Over the years, the balance of on-budget debt has grown substantially while it generally 
remaining within the statutory limits. Figure 9.6 illustrates the trend in on-budget 
local government debt from 2015 to 2023. During this period, the total debt balance 
increased from RMB14.21 trillion in 2015 to RMB40.74 trillion in 2023, staying 
below the statutory debt ceiling of RMB42.17 trillion. However, by 31 October 2024, 
the total on-budget debt had risen to RMB45.31 trillion. In terms of debt composition, 
special debt has seen accelerated growth since 2019, surpassing general debt in terms of 
total balance. As of 31 October 2024, the balance of special debt reached RMB28.71 
trillion, compared with RMB16.60 trillion for general debt. Notably, the balance of 
special debt remains within the prescribed ceiling, with the ceiling projected to increase 
from RMB29.52 trillion to RMB35.52 trillion by the end of 2024.13

13	 The Standing Committee of the NPC (2024) approved an increase of RMB6 trillion in the local government debt 
ceiling to replace existing implicit debt. 
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Figure 9.6: Local government debt balance in China, 2015–24
Source: Local Government Bond Information Disclosure Platform (www.celma.org.cn).

Figure 9.7: Local government bond balances in Chinese provinces in 2023
Source: Local Government Bond Information Disclosure Platform (www.celma.org.cn).

Significant regional disparities exist. Figure 9.7 presents the regional trends in on-
budget local government debt ratios in 2023. The provinces with the highest debt ratios 
were Qinghai, Guizhou and Tianjin, with outstanding balances of RMB3.33 trillion, 
RMB15.12 trillion and RMB11.12 trillion, respectively, accounting for 87.87 per cent, 
72.32 per cent and 66.42 per cent of their regional GDP. Within these provinces, general 
debt stood at RMB2.54 trillion in Qinghai, accounting for 66.78 per cent of GDP; 
RMB8.23 trillion in Guizhou, accounting for 39.36 per cent of GDP; and RMB2.93 
trillion in Tianjin, accounting for 17.51 per cent of GDP. Meanwhile, special debt 
reached RMB800 billion in Qinghai, representing 21.08 per cent of GDP; RMB6.89 
trillion in Guizhou, or 32.96 per cent of GDP; and RMB8.18 trillion in Tianjin, or 48.91 
per cent of GDP. In contrast, the provinces with the lowest local government debt ratios 
were Guangdong, with outstanding balances of RMB27.19 trillion, accounting for 20.04 
per cent of GDP; Shanghai, RMB8.83 trillion, or 18.70 per cent of GDP; and Jiangsu, 
RMB22.73 trillion, or 17.73 per cent of GDP. General debt in these regions amounted to 
RMB7.50 trillion in Guangdong, representing 5.53 per cent of GDP; RMB3.68 trillion 
in Shanghai, or 7.78 per cent of GDP; and RMB7.66 trillion in Jiangsu, or 5.98 per cent 
of GDP. Meanwhile, special debt totalled RMB19.69 trillion in Guangdong, or 14.51 per 
cent of GDP; RMB5.16 trillion in Shanghai, or 10.92 per cent of GDP; and RMB15.06 
trillion in Jiangsu, or 11.75 per cent of GDP.

http://www.celma.org.cn
http://www.celma.org.cn
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Figure 9.8: Local government bond issuance in China, 2015–24
Source: Local Government Bond Information Disclosure Platform (www.celma.org.cn).

LGB issuance in China has shown a generally increasing trend, albeit with fluctuations. 
Figure 9.8 illustrates LGB issuance since 2015, revealing an upward trajectory. In 2015, 
the total LGB issuance amounted to RMB3.84 trillion, including RMB2.86 trillion 
in general LGBs and RMB970 billion in special LGBs. By 2023, total LGB issuance 
had risen to RMB9.34 trillion, comprising RMB3.35 trillion in general LGBs and 
RMB5.99 trillion in special LGBs. From January to October 2024, total LGB issuance 
amounted to RMB7.38 trillion, including RMB1.90 trillion in general LGBs and 
RMB5.49 trillion in special LGBs.

Regional disparities in LGB issuance are evident across China. Figure 9.9 illustrates 
the regional variations in the on-budget LGB issuance ratio for 2023. The provinces 
with the highest LGB issuance ratios were Tianjin, Jilin and Qinghai, with total LGB 
issuance of RMB361.2 billion in Tianjin, accounting for 21.58 per cent of regional 
GDP; RMB2.38 trillion in Jilin, or 17.58 per cent of regional GDP; and RMB57.0 
billion in Qinghai, or 15.00 per cent of regional GDP. In these provinces, general bond 
issuance reached RMB116.5 billion in Tianjin, or 6.96 per cent of GDP; RMB116.2 
billion in Jilin, or 8.59 per cent of GDP; and RMB46.0 billion in Qinghai, or 12.11 per 
cent of GDP. Meanwhile, special bond issuance amounted to RMB244.7 billion in 
Tianjin, or 14.62 per cent of GDP; RMB8.99 billion in Jilin (2.90 per cent); and 
RMB11.0 billion in Qinghai (2.89 per cent). In contrast the provinces with the lowest 
LGB issuance ratios were Beijing, RMB171.3 billion, or 3.91 per cent of GDP; Jiangsu, 
RMB458.0 billion (3.57 per cent); and Shanghai, RMB112.0 billion (2.37 per cent). 
General bond issuance accounted for RMB37.4 billion in Beijing, representing 0.85 per 
cent of GDP; RMB134.7 billion in Jiangsu (1.05 per cent); and RMB52.1 billion in 
Shanghai (1.10 per cent). Meanwhile, special bond issuance totalled RMB133.9 billion 
in Beijing, or 3.06 per cent of GDP; RMB323.3 billion in Jiangsu (2.52 per cent); and 
RMB59.8 billion in Shanghai (1.27 per cent).

http://www.celma.org.cn
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Figure 9.9: Regional distribution of local government bond issuance in China in 2023
Source: Local Government Bond Information Disclosure Platform (www.celma.org.cn).

In addition to general and special debt, local government fiscal deficits also constitute a 
component of on-budget local government debt, as these deficits are formally recorded 
in government accounts and reflect structural funding gaps where fiscal revenues are 
insufficient to meet expenditure demands, thus are legally required to be repaid through 
government debt instruments or other financing mechanisms. The primary drivers of 
local fiscal deficits can be summarised as follows: first, the reduction in tax revenue. As a 
fundamental pillar of fiscal income, tax revenue has undergone a significant contraction 
due to the sustained implementation of tax cuts and fee reduction policies in recent years. 
The ratio of tax revenue to GDP in China declined from 18.45 per cent in 2015 to 
14.36 per cent in 2023.14 This downward trend has substantially amplified local fiscal 
deficits, undermining the ability of local governments to meet their financial obligations. 
Second is the decline in revenue from land-use rights transfers. Traditionally, revenue from 
this source has served as an essential supplementary income stream for local governments, 
alleviating fiscal pressures and supporting expenditure needs. However, this revenue has 
experienced a sharp decline in recent years. In 2023, revenue from state-owned land-
use rights amounted to RMB5.8 trillion, representing a 31.8 per cent decrease from its 
peak in 2021.15 This contraction has further exacerbated fiscal shortfalls, reflecting both a 
cooling real estate market and the diminishing efficacy of land-based financing strategies. 
Third, the significant increase in government expenditure due to the Covid-19 pandemic. 
According to estimates by Chong’en Bai, the pandemic resulted in a cumulative local 
government fiscal deficit exceeding RMB4 trillion over three years. Specifically, local 
deficits were RMB2.08 trillion in 2020, RMB988.8 billion in 2021 and RMB1.19 
trillion in 2022. The financial pressures stemming from pandemic-related expenditures 
have directly contributed to the substantial growth of local fiscal deficits, ultimately 
increasing on-budget local government debt.16

14	 The data are sourced from the official website of the Chinese Government (english.www.gov.cn/).
15	 ibid.
16	 The data were presented by Chong’en Bai, a member of the Academic Committee of the China Economist 50 Forum, 
during the 403rd session of the Chang’an Forum on 21 September 2023.

http://www.celma.org.cn
http://english.www.gov.cn/
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In recent years, although the scale of on-budget local government debt has increased, 
it remains within a manageable range of risk. This is primarily due to the high 
transparency of on-budget debt, as the Chinese Government has established clear 
regulations governing the scale of on-budget debt financing, which stipulate that local 
governments may only borrow within prescribed limits, as well as the arrangements for 
debt repayment.

Off-budget local government debt

As indicated in section two, off-budget debt includes implicit local government debt 
and general LGFV debt. They pose a significant financial risk within China’s local 
government debt framework. They are not included in official government debt 
statistics and there is a lack transparency (Bai et al. 2016; Chen et al. 2020), creating 
substantial challenges for government departments to effectively supervise and manage 
them. Their concealed nature makes it difficult to accurately assess their scale.

Several studies have sought to estimate the scale of off-budget implicit local government 
debt using various methodologies, yielding significantly varied results. A common 
approach involves using the debt of LGFVs as a proxy for implicit debt. For instance, 
B. Zhang et al. (2018) and X.J. Zhang et al. (2018) estimated the off-budget implicit 
local government debt to be approximately RMB39.25 trillion by the end of 2017. 
Similarly, Liang and Liu (2019) reported that, by the end of 2018, off-budget implicit 
local government debt had surpassed RMB30 trillion. Another methodology for 
estimating this debt involves analysing various debt sources (for example, LGFV debt, 
debt from local SOEs, government-paid PPP projects and collateralised supplementary 
loans) and debt allocation. Mao et al. (2018) applied this approach and estimated that, 
as of 2016, the scale of off-budget implicit local government debt ranged between 
RMB21 trillion and RMB30.5 trillion, based on these debt sources. Li and Zhang 
(2024) refined this estimate further, projecting that implicit local government debt 
reached RMB59.83 trillion by 2020, considering debt allocation patterns. In addition 
to these domestic estimates, the IMF (2022) provided its own evaluation, estimating 
that the scale of implicit local government debt stood at RMB48.6 trillion by the end 
of 2020. Furthermore, data from the Bank for International Settlements reveal that 
the nominal value of government sector credit in China reached RMB68.05 trillion 
by the end of 2020. Taking into account the Ministry of Finance’s report that China’s 
government debt balance stood at RMB46.55 trillion by the same period, the scale of 
implicit local government debt for 2020 can be further estimated at RMB21.50 trillion 
(BIS n.d.). Additionally, after comprehensive project identification and multi-level 
reviews, the Ministry of Finance reported that the national balance of implicit local 
government debt stood at RMB14.3 trillion by the end of 2023.17

17	 These implicit debt data include obligations explicitly guaranteed and acknowledged by the government, while 
numerous implicit debts lacking government guarantees remain unrecognised. The data are sourced from NPC Finance 
and Economic Committee (2024).
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The implicit local government debt is not the total of local governments’ potential 
off-budget debt; all the debt incurred by LGFVs, regardless of whether it is guaranteed 
by local governments, could have to be paid back by local governments. This debt 
mainly comprises loans obtained from commercial banks, corporate bonds issued by 
LGFVs in the capital markets and funds obtained by non-standard financing tools (for 
example, trust loans financing, direct financing from non-bank financial institutions or 
investors, wealth management direct financing, factoring and financing leases). Here, 
we focus on the interest-bearing liabilities of LGFVs because relatively complete data 
exist for them. Note that these liabilities overlap with the implicit government debt.

Overview of the interest-bearing debt of LGFVs
The interest-bearing debt of LGFVs has experienced significant and sustained growth. 
As depicted in Figure 9.10, the total interest-bearing debt of LGFVs rose from 
RMB20.09 trillion in 2015 to RMB61.56 trillion in 2023.18 In terms of financing 
structure, bank loans have consistently remained the primary source of capital for 
LGFVs. From 2015 to 2023, bank loans accounted for more than 50 per cent of the 
total financing. Specifically, in 2023, bank loans to LGFVs amounted to RMB41.32 
trillion, representing 63.92 per cent of the total interest-bearing debt. Bond financing 
has emerged as the second-largest source of capital, contributing more than 27 per 
cent of the total interest-bearing debt since 2015. In 2023, bond financing reached 
RMB15.55 trillion, accounting for 27 per cent of the total debt. Non-standard financing 
had consistently accounted for more than 5 per cent of the total interest-bearing debt 
between 2015 and 2023. In 2023, non-standard financing totalled RMB4.69 trillion, 
constituting 5.72 per cent of the overall debt.

Figure 9.10: Interest-bearing debt balance of LGFVs, 2015–23
Source: Enterprise Early Warning System (www.qyyjt.cn).

18	 The interest-bearing debt of LGFVs here is based on the debt data disclosed by enterprises through the Enterprise 
Early Warning Platform. However, a significant portion of LGFVs’ interest-bearing debt remains unreported, primarily 
due to the opacity of many debt obligations. This includes debts incurred through PPP projects, entrusted loans, 
financing leases and other similar financial arrangements.

http://www.qyyjt.cn
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Figure 9.11: Interest-bearing debt balances of regional LGFVs in China in 2023
Source: Wind database (www.wind.com.cn/).

The interest-bearing debt of LGFVs also shows considerable regional variation. 
As depicted in Figure 9.11, in 2023, the provinces of Zhejiang, Guangdong and Tianjin 
recorded the highest interest-bearing debt ratios, with total debt of RMB7.57 trillion, 
RMB5.31 trillion and RMB1.29 trillion, respectively. These figures represented 
91.75 per cent, 88.28 per cent and 76.96 per cent of their respective regional GDPs. 
Financing through bank loans accounted for RMB5.02 trillion in Zhejiang, or 
60.88 per cent of regional GDP; RMB3.93 trillion in Guangdong (65.45 per cent); 
and RMB820 billion in Tianjin (49.31 per cent). Bond financing amounted to 
RMB2.14 trillion in Zhejiang (25.97 per cent of regional GDP); RMB1.06 trillion 
in Guangdong (17.57  per cent); and RMB390 billion in Tianjin (23.12 per cent). 
Non-standard financing totalled RMB405.19 billion in Zhejiang (4.91 per cent of 
regional GDP); RMB315.65 billion in Guangdong (5.25 per cent); and RMB75.84 
billion in Tianjin (4.53 per cent). In  contrast, the provinces exhibiting the lowest 
interest-bearing debt ratios were Hainan, with total debt of RMB75.70 billion, or 
10.02 per cent of regional GDP; Qinghai, with RMB29.89 billion (7.87 per cent); 
and Liaoning, with RMB141.66 billion (4.69 per cent). Bank loans amounted to 
RMB59.49 billion in Hainan, RMB20.71 billion in Qinghai and RMB99.53 billion 
in Liaoning, representing 7.88 per cent, 5.45 per cent and 3.29 per cent of regional 
GDP, respectively. Bond financing in these provinces totalled RMB15.46 billion in 
Hainan (2.05 per cent); RMB6.41 billion in Qinghai (1.69 per cent); and RMB23.28 
billion in Liaoning (0.77 per cent). Non-standard financing in these regions amounted 
to RMB740 million in Hainan (0.10 per cent); RMB2.76 billion in Qinghai (0.73 per 
cent); and RMB18.84 billion in Liaoning (0.62 per cent).

Overview of LGFV bond issuance
LGFV bonds are corporate bonds issued by LGFVs that have implicit government 
guarantees (Liu et al. 2017). Bond issuances of LGFVs in China have exhibited 
a consistent upward trend, albeit with minor fluctuations over time. As depicted in 
Figure 9.12, the issuance trajectory of LGFV bonds from 2015 to 2023 demonstrates 
sustained growth, except for declines in 2017 and 2022. The total bond issuance 
increased from RMB1.48 trillion in 2015 to a peak of RMB6.68 trillion in 2023.

http://www.wind.com.cn/
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Figure 9.12: LGFV bond issuance, 2015–23
Source: Enterprise Early Warning System.

Figure 9.13: Regional LGFV bond issuance in 2023
Source: Enterprise Early Warning System.

From a regional perspective, provinces with stronger economies and more robust fiscal 
capacities tend to exhibit higher LGFV bond issuance volumes, whereas less-developed 
provinces generally show lower issuance volumes. As shown in Figure 9.13, in 2023, 
Tianjin, Jiangsu and Zhejiang ranked as the top three provinces in terms of LGFV 
bond issuance relative to regional GDP, with issuance amounts of RMB360 billion, 
RMB1.47 trillion and RMB820 billion, respectively. These amounts accounted for 
5.43 per cent, 21.94 per cent and 12.24 per cent of the national total LGFV bond 
issuance (RMB6.68 trillion) and represented 21.70 per cent, 11.43 per cent and 9.91 
per cent of their respective regional GDPs. In contrast, Liaoning recorded issuances of 
RMB69.60 billion, accounting for only 0.10 per cent of the national total LGFV bond 
issuance; Hainan recorded RMB12.00 billion (0.02 per cent); and Inner Mongolia 
recorded RMB35.00 billion (0.05 per cent). These amounts represented 21.10 per 
cent, 11.43 per cent and 9.91 per cent of their respective regional GDPs.19

19	 In 2023, the GDP of Tianjin was RMB17.21 trillion; Jiangsu, RMB128.22 trillion; Zhejiang, RMB82.55 trillion; 
Liaoning, RMB30.21 trillion; Hainan, RMB7.55 trillion; and Inner Mongolia, RMB24.63 trillion.
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Figure 9.14: Fund allocation of LGFV bond issuance, 2015–23
Source: Enterprise Early Warning System.

The allocation of funds raised through LGFV bond issuance has undergone substantial 
changes in recent years, with a notable shift towards increasing the proportion directed 
to debt repayment. LGFVs reveal the fund allocation of bond proceeds in their 
prospectuses, and these funds can be classified into four primary categories: 1) debt 
repayment, which includes the settlement of maturing LGFV bonds, as well as the 
principal and interest on bank loans, non-standard borrowings and other financial 
obligations of LGFVs; 2) project construction such as rebuilding shanty areas or 
constructing infrastructure; 3) supplementing operating capital; and 4) others such 
as financing for other entities through entrusted loans. Figure 9.14 provides a detailed 
analysis of the allocation of funds from LGFV bond issuances between 2015 and 
2023. The data clearly indicate a shift towards debt refinancing, with the proportion 
of funds allocated to this purpose rising from 23.91 per cent in 2015 to 94.00 per cent 
in 2023. In contrast, the share of funds allocated to project construction has steadily 
declined, from 40.87 per cent in 2015 to only 2.31 per cent in 2023. Similarly, the 
proportion of funds used to supplement operating capital has decreased from 9.13 per 
cent in 2015 to 1.93 per cent in 2023. Moreover, the allocation of funds to other 
purposes has decreased significantly, from 26.09 per cent in 2015 to 1.76 per cent in 
2023. These trends highlight a growing reliance on bond issuance to service existing 
liabilities, accompanied by a substantial reduction in funding for new projects and 
operational needs.

Regionally, certain provinces allocate a larger proportion of the funds raised through 
LGFV bond issuance to the repayment of existing debt. As shown in Figure 9.15, all 
provinces allocate at least 70.03 per cent of the raised funds for debt repayment. Among 
them, provinces such as Ningxia, Jilin, Qinghai, Hainan, Tianjin, Guizhou, Liaoning, 
Yunnan and Tibet allocate close to 100 per cent of the raised funds to debt repayment. 
Additionally, Guangxi allocates 99.27 per cent to debt repayment; Hebei, 97.91 per 
cent; Jiangsu, 97.71 per cent; Hunan, 97.25 per cent; and Henan, 95.74 per cent. This 
pattern highlights the significant debt burdens in these regions and emphasises their 
increasing reliance on bond issuance as a key mechanism for managing and servicing 
growing debt obligations.
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Figure 9.15: Regional fund allocation of LGFV bond issuances in 2023
Source: Enterprise Early Warning System.

Figure 9.16: Distribution of LGFV bond maturity in 2023
Notes: Funds distribution by LGFVs bond issuance maturity (left) and distribution of LGFVs by 
issuance maturity (right).
Source: Enterprise Early Warning System.

In terms of maturity, most bonds are concentrated in the range of three to five years. 
As shown in Figure 9.16, in 2023, bonds with a maturity of three to five years accounted 
for the largest proportion of funds raised, representing 33.44 per cent of the total 
issuance amount. The corresponding issuance quantity was 31.53 per cent of the total 
number of issuances. Bonds with a maturity of one to three years ranked second, raising 
29.03 per cent of the total amount, with their issuance quantity making up 31.71 per 
cent of the total issuances. Bonds with a maturity of less than one year followed, 
representing 26.77 per cent of the total issuance value and 27.99 per cent of the total 
number of issuances. Bonds with maturities between five and seven years accounted for 
7.99 per cent of the total issuance value, with their corresponding issuance quantity 
representing 6.73 per cent of the total. Bonds with maturities exceeding seven years 
represented the smallest share, accounting for only 2.86 per cent of the total issuance 
value and 2.03 per cent of the total issuance quantity.
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Figure 9.17: Distribution of coupon rates for LGFV bond issuance in 2023
Source: Enterprise Early Warning System.

The coupon rate for LGFV bond issuance has consistently remained above 2.3 per cent. 
As shown in Figure 9.17, the average coupon rate for LGFV bond issuance in 2023 was 
4.07 per cent. A breakdown by maturity indicates that the weighted average coupon 
rate is 2.32 per cent for bonds with maturities of less than one year, 3.91 per cent for 
those with maturities of one to three years, 3.84 per cent for three to five years, 5.43 per 
cent for five to seven years, 4.45 per cent for seven to 10 years and 3.74 per cent for 
those exceeding 10 years.

The central government’s debt-swap programs
The indebtedness of local governments has profound implications for the country’s 
financial security and economic stability. To assess the scale of local government debt, the 
central government conducted two comprehensive audits between 2011 and 2013. The 
first audit, conducted in 2011, revealed that the total on-budget explicit local government 
debt amounted to RMB10.72 trillion. This figure included RMB6.71 trillion with direct 
repayment obligations, RMB2.34 trillion related to guarantee obligations and RMB1.67 
trillion potentially subject to bailout measures. In parallel, the off-budget implicit local 
government debt induced by LGFVs was quantified at RMB4.97 trillion. Of this, 
RMB3.14 trillion was classified as debt with repayment obligations, while RMB1.83 
trillion was considered contingent liabilities, collectively representing 46.38 per cent of 
the on-budget explicit local government debt (NAO 2011).

The second audit, conducted from November 2012 to February 2013, revealed a 
substantial increase in both on-budget and off-budget local government debt. On-budget 
explicit debt had surged to RMB17.89 trillion, with RMB10.89 trillion classified as 
debt with repayment obligations, RMB2.67 trillion as debt with guarantee obligations 
and RMB4.34 trillion as debt that could potentially require government intervention. 
Similarly, the off-budget implicit debt induced by LGFVs had risen to RMB6.97 trillion, 
with RMB4.08 trillion categorised as debt with repayment obligations and RMB2.89 
trillion as contingent liabilities. This off-budget debt accounted for 38.96 per cent of 
the on-budget explicit debt (NAO 2013).
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These audit results highlight the persistent and accelerating rise in local government 
debt, particularly the growing volume of off-budget implicit debt generated through 
LGFVs. In response to these mounting challenges, the central government conducted 
several rounds of debt swaps.

Debt screening and the first debt-swap program from 
2015 to 2018

In October 2014, the central government introduced the Measures for the Clearance 
and Screening of Local Government Outstanding Debt into Budget Management, which 
mandated a comprehensive assessment and classification of local government debt 
(MoF 2014). This initiative required local governments to integrate their outstanding 
debt into formal budgetary management frameworks. By the end of 2014, the total 
outstanding debt of local governments nationwide amounted to RMB15.40 trillion. 
Of this, RMB1.06 trillion had been authorised for LGB issuance, while RMB14.34 
trillion was raised through nongovernment financing channels, such as bank loans, 
trust financing and LGFV bond issuance (General Office of the State Council 2018).

To address the escalating debt burden, the revised Budget Law, effective 1 January 2015, 
authorised local governments to issue LGBs within the central government’s prescribed 
debt limits. This revision allowed local governments to swap off-budget implicit debt 
with more transparent on-budget debt instruments, primarily LGBs. As shown in 
Figure 9.18, for each year between 2015 and 2018, the amount of LGBs for the swap 
purposes was RMB3.24 trillion, RMB4.88 trillion, RMB2.77 trillion and RMB1.32 
trillion, respectively, accumulating to a total of RMB12.2 trillion. This debt-swap program 
converted virtually all off-budget implicit local government debt into LGBs with higher 
credit ratings, thereby reducing the interest burden on local governments. Moreover, this 
restructuring extended the maturity profile of the outstanding debt, further lessening 
local governments’ repayment burden. By the end of 2018, the outstanding balance 
of off-budget implicit local government debt had been reduced to RMB315.1 billion, 
successfully achieving the key objectives of the debt-swap initiative (Xinhua 2016).

Figure 9.18: Local government bond issuance for debt swaps, 2015–19
Source: Wind database (www.wind.com.cn/).

http://www.wind.com.cn/
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The pilot program for small-scale implicit debt resolution

Despite the effort of the first round of debt swaps, local government debt continued 
to rise significantly during this period. By the close of 2016, the outstanding debt of 
local governments had reached RMB15.32 trillion, marking an increase of more than 
RMB4 trillion compared with 2011 (NAO 2017). Two primary factors contributed 
to this upward trend. First, although a comprehensive debt screening was conducted 
in late 2014, certain local government debts were excluded from official statistics. 
These uncounted debts remained the responsibility of local governments, thus creating 
potential future repayment or bailout obligations. Second, while the revised Budget 
Law established clear regulations governing government borrowing, local governments 
continued to engage in unregulated borrowing through newly established public 
institutions and LGFVs. This led to further accumulation of off-budget implicit debt, 
exacerbating the fiscal risk.

In response to the escalating levels of local government debt, a pilot program was 
launched in November 2019 to resolve implicit debt again by way of debt swaps. 
The program specifically targeted fiscally vulnerable counties in six provinces: Guizhou, 
Yunnan, Hunan, Gansu, Inner Mongolia and Liaoning. Operating within the central 
debt issuance limits, the program resulted in the issuance of RMB157.92 billion 
in LGBs across seven provinces (see Figure 9.19). Of this total, Jiangsu Province—
although not initially included in the program—accounted for RMB15 billion, 
representing 24.27 per cent of the total issuance, while the remaining six provinces 
collectively issued RMB142.92 billion. The provincial breakdown is as follows: 
Guizhou, RMB38.32 billion (23.15 per cent); Yunnan, RMB22.62 billion (14.38 per 
cent); Hunan, RMB36.56 billion (14.32 per cent); Gansu, RMB5.97 billion (10.60 per 
cent); Inner Mongolia, RMB22.71 billion (9.50 per cent); and Liaoning, RMB16.74 
billion (3.78 per cent) (see Figure 9.19).

Figure 9.19: Local government bond issuance for the 2019 debt-swap program
Source: Wind database (www.wind.com.cn/).

http://www.wind.com.cn/
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The primary objective of this pilot program was to alleviate the implicit debt burden 
faced by financially vulnerable counties and cities, thereby mitigating fiscal risks 
and promoting regional economic stability. By converting implicit debt into more 
transparent and manageable LGBs, the program aimed to enhance fiscal transparency, 
improve debt sustainability and facilitate more efficient resource allocation within 
these regions.

Expansion of debt swaps and the ‘no implicit debt’ initiative

The Covid-19 pandemic significantly disrupted Chinese enterprises, leading to 
widespread production halts and, in some cases, permanent closures. This disruption 
resulted in a substantial decline in corporate income tax, value-added tax and other 
business-related revenues, thereby causing a sharp reduction in the overall tax revenue 
collected by the Chinese Government. Concurrently, the government increased public 
spending to ensure the wellbeing of citizens, including investments in nationwide 
nucleic acid testing, vaccination campaigns and the establishment and management 
of quarantine facilities. As a result, local governments faced mounting fiscal pressures, 
compelling them to resort to borrowing to address these financial difficulties, which 
contributed to a rise in local government debt (Oi et al. 2025; Wong 2025).

In response to these challenges, between December 2020 and September 2021, the 
government expanded its debt resolution pilot program, extending it from incorporated 
counties to 26 regions, and issuing special refinancing bonds (a type of LGB) to swap 
implicit debt.20 During this period, RMB612.8 billion in special refinancing bonds 
were issued (see Figure 9.20). From October 2021 to June 2022, the government 
further advanced its efforts by implementing ‘no implicit debt’ pilot programs across 
entire regions, beginning with Beijing, Shanghai and Guangdong. In this phase, special 
refinancing bonds amounting to RMB325.23 billion were issued in Beijing, RMB65.48 
billion in Shanghai and RMB113.48 billion in Guangdong, totalling RMB504.18 
billion across the three areas (see Figure 9.20). By the end of the initiative, several 
regions, including the initial three, formally announced the successful completion of 
their ‘no implicit debt’ pilot programs.

This round saw a notable expansion in both the scope and the scale of debt resolution 
efforts. The introduction of regional ‘no implicit debt’ pilots in major cities marked 
a critical milestone, signalling the beginning of a new stage of debt management. 
This phase represents a decisive shift towards achieving a state of ‘zero implicit debt’—​
a significant achievement in the Chinese Government’s ongoing efforts to address 
implicit debt risks and promote fiscal transparency.

20	 The distinctive feature of special refinancing bonds lies in the fact that the raised funds are not only allocated for 
the repayment of maturing debt, but also extended to address local governments’ existing debt stock, including non-
standard forms of off-budget implicit local government debt, such as debt associated with LGFVs and arrears owed to 
enterprises.
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Figure 9.20: Local government bond issuance for debt swaps, December 2020  
– June 2022
Source: Wind database (www.wind.com.cn/).

Strengthening of implicit debt resolution

Since 2022, local governments in China have faced severe financial challenges due to 
the combined effects of the Covid-19 pandemic and the downturn in the real estate 
sector. This has resulted in significant declines in tax revenues and land transfer income, 
severely reducing financial resources and solvency. Concurrently, local governments 
and LGFVs have accumulated substantial unpaid, interest-free debt, including supplier 
accounts, construction deposits, salaries and public sector allocations, exacerbating 
implicit debt risks and making its resolution a priority for both central and local 
authorities.

In response, the central government introduced a ‘comprehensive debt reduction plan’ in 
July 2023, marking the beginning of a new round of debt resolution efforts, focusing on 
three key areas. First, from October 2023 to September 2024, local governments issued 
special refinancing bonds and new special LGBs (as supplementary debt instruments) to 
address outstanding debt.21 High-debt (that is, priority) provinces predominantly issued 
special refinancing bonds to resolve outstanding debt, while low-debt (non-priority) 
provinces primarily issued new special LGBs. The issuance of special refinancing bonds 
totalled RMB1.1 trillion in high-debt provinces and RMB400.5 billion in low-debt 
provinces, while the issuance of new special LGBs amounted to RMB294.4 billion in 
high-debt provinces and RMB819.9 billion in low-debt provinces (see Figure 9.21). 
Second, the central government increased the debt ceiling by more than RMB2.2 
trillion for 2023 and committed to an additional RMB1.2 trillion for 2024. These 

21	 The new special government bonds represent a distinct category of local government bonds, characterised by the 
absence of detailed disclosures regarding the specific allocation of the funds raised for investment projects. Furthermore, 
these bonds do not provide key documents typically required for transparency, such as the project implementation 
plan, financial audit report and legal opinion. This lack of disclosure raises concerns about the level of transparency and 
accountability in the use of the funds.

http://www.wind.com.cn/
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measures aim to facilitate the issuance of LGBs to swap implicit debts and address 
outstanding arrears owed to enterprises (Shen 2024). Third, in November 2024, the 
government introduced the ‘6+4+2’ collaborative debt resolution plan, targeting the 
replacement of RMB14.3 trillion in implicit debt and achieving ‘zero implicit debt’. 
This includes: 1) a  RMB6-trillion increase in the local debt ceiling from 2024 to 
2026, with RMB2 trillion issued annually to swap existing implicit debt; 2) a RMB4-
trillion allocation over five years to replace implicit debt with RMB800 billion in new 
special LGBs annually; and 3) RMB2 trillion in continued repayment of debt related 
to shantytown renovation, due after 2029, in accordance with the original contractual 
terms. It is projected that, by 2028, the total implicit debt of local governments will 
decline substantially, from RMB14.3 trillion to RMB2.3 trillion.

Figure 9.21: Local government bond issuance for debt swaps in priority provinces 
versus non-priority provinces, October 2023 to September 2024
Source: Wind database (www.wind.com.cn/).

http://www.wind.com.cn/
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Conclusion and policy implications

Conclusion

Local government debt has played an indispensable role in driving China’s economic 
growth. However, the rapid accumulation of debt, particularly through off-budget 
financing mechanisms such as LGFVs, has led to significant systemic risks. The issue 
of local government debt in China has been the focus of scholarly attention. To this 
end, we have systematically examined the drivers and impacts of local debt expansion, 
provided a detailed overview of its current developmental characteristics and scale and 
reviewed the central government’s management of local debt. Our analysis reveals 
that the current debt resolution paradigm inadequately addresses the intertemporal 
fiscal stress. To address the challenges posed by local government debt, we propose 
a comprehensive three-step debt resolution strategy.

Policy recommendations

Step 1: Enhancing fiscal relief for local governments
The fiscal conditions of local governments have significantly deteriorated due to the 
Covid-19 pandemic, posing a major threat to regional economic stability. Between 
2019 and 2022, local governments in China recorded a cumulative fiscal deficit of 
RMB4 trillion. However, the scale of existing debt resolution plans is inadequate to 
effectively alleviate the growing fiscal pressure, leading to sharp reductions in public 
expenditures and declining quality of public service provision. This, in turn, may distort 
local government behaviour, such as increasing burdens on enterprises or adopting non-
market mechanisms to fill fiscal gaps, exacerbating market uncertainty. To address the 
issue, the central government should issue special bonds to bail out local governments, 
easing their short-term fiscal difficulties, ensuring the fulfilment of public service 
responsibilities and stabilising market confidence. The central government has taken 
steps to bail out local governments. Premier Li Qiang announced a plan of RMB4.4 
trillion in special bonds for local governments at the 2025 National People’s Congress. 
Local governments can use the funds to pay their wage and business arrears.

Step 2: Resolving the stock of local government debt
To deal with the mounting stock of local government debt, the central government 
should move all LGFV debts to new or existing asset management companies (AMCs). 
For distressed but promising projects or platform company debts, AMCs could facilitate 
debt restructuring by negotiating adjustments to debt terms, such as extending repayment 
periods, lowering interest rates or converting debt to equity. For debts backed by liquid 
assets, public auctions, listings or private sales could be employed to monetise assets 
and repay the debts. For assets generating stable cash flows (for example, toll roads, 
bridges, wastewater treatment plants), AMCs could securitise future revenue streams 
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into marketable financial products, raising funds in advance. AMCs could revitalise 
large fixed assets such as factories or equipment through leases or joint operations, 
securing rental income or profit-sharing agreements with capable enterprises.

On the other hand, local governments should clarify debt liabilities and share losses 
with other stakeholders. Local debt formation is not solely a result of government 
actions; financial institutions often contributed by overestimating local governments’ 
repayment capacity or inadequately assessing risks. For debts that cannot be fully 
resolved, the debt chains should be thoroughly audited and liabilities clearly identified. 
A ‘mutual offset’ mechanism could be implemented to clear debts through reciprocal 
write-offs. Stakeholders should bear their respective responsibilities and share part 
of the debt losses with local governments. This approach not only strengthens risk 
awareness in future credit decisions but also optimises debt management and enhances 
financial market discipline.

Step 3: Preventing the generation of new debt
The Chinese Government should accelerate the reform announced by the Third 
Plenum of the Twentieth Party Congress to create an asset balance sheet for every level 
of government. This would help governments comprehensively understand economic 
conditions, develop informed policies and strengthen local debt management. This 
system should cover enterprises, banks and governments, incorporating all types of 
local government assets and liabilities to ensure transparency and dynamic updates. 
Specifically, commercial and public welfare debts should be unified within the budget 
and final accounts system to improve financial transparency. Standardised statistical and 
disclosure guidelines should ensure data comparability and consistency, with regular 
public disclosures creating a transparent debt management environment. Additionally, 
incentives and penalties should be implemented, linking the quality of debt disclosure 
to government performance evaluations and holding local governments accountable for 
incomplete or misleading information disclosures.

The asset balance sheet will strengthen the central government’s monitoring of local 
government debt. A comprehensive, normalised monitoring framework for local 
government debt should be established, integrating implicit and statutory debts under 
unified supervision. Collaborative monitoring mechanisms should be improved, 
involving financial, banking, state-owned asset, auditing, legislative and disciplinary 
inspection bodies. Auditing agencies should enhance scrutiny of debt fund usage, while 
legislative bodies must reinforce monitoring throughout the debt lifecycle to ensure 
compliance and transparency. Violations leading to debt issues should face stringent 
penalties and responsible parties be held accountable. Highlighting and exposing cases 
can reinforce deterrence and serve as a warning.
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Appendix 9.1
Table A9.1: Top-10 government spending categories, central versus local government

Central government spending 
(top 10)

RMB 
billion

% Local government 
spending (top 10)

RMB 
billion

%

Total 1,876 100.0 Total 10,719 100.0

National defence 648 34.5 Education 2,014 18.8

Science and technology 221 11.8 Social security and 
employment

1,200 11.2

Interest payment for debt 206 11.0 General public service 1,170 10.9

Public security 118 6.3 Agriculture, 
forestry and water 
conservation

1,147 10.7

Education 110 5.9 Urban and rural 
community affairs

906 8.5

General public service 100 5.3 Transportation 733 6.8

Transportation 86 4.6 Medical and health 
care

717 6.7

Grain, oil & materials reserve 
& management services

65 3.4 Public security 593 5.5

Social security and employment 59 3.1 Housing security 407 3.8

Agriculture, forestry and water 
conservation

50 2.7    

Sources: Ministry of Finance (www.mof.gov.cn/en/data/); Barclays Research (research-centre.
barclays.co.uk/).

http://www.mof.gov.cn/en/data/
http://research-centre.barclays.co.uk/
http://research-centre.barclays.co.uk/
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10
From growth engine to fiscal 

drag: Rethinking China’s local 
government finance

Christine Wong

It is well known that China’s decentralised fiscal system assigns most public service 
provision to local governments and that, in aggregate, subnational governments 
account for 85–86 per cent of national budget expenditures. What is less well known 
but even more notable is that subnational governments also undertake and finance 
some 80  per cent or more of the investments in infrastructure nationally.1 Given 
their large weight in the performance of both these tasks, how local governments are 
faring not only dominates fiscal outcomes but also has major spillovers to the broader 
economy. The recent travails of local government finance have clearly hampered the 
central government’s capacity for macro-management.

Local government finances are under severe stress from three sources: a long-term 
erosion of the aggregate fiscal position of government, the collapse of land revenues and 
a looming debt crisis. In this chapter, I argue that although these problems manifest at 
the local level, their root causes are structural and systemic and often stem from larger 
underlying problems of the wider economy. I will also explain the central role of land 
revenues in the fiscal system in funding capital spending and service provision (including 
debt servicing). Given the restructuring of the property sector and demographic trends 
that point to a long-term reduction in the level of land receipts, this will require 
substantial adjustment in China’s public finances, not just a realignment of resources 
between the central and local governments. Resolving the problems of local finance 
will require structural and systemic reform rather than partial reforms focused on local 
government behaviours.

1	 The exact figure cannot be ascertained because a significant portion is financed by the off-balance-sheet borrowing 
of local government financing vehicles.
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Long-term erosion of the budget
In China, the government presents four ‘budgets’ in its annual report to the National 
People’s Congress (NPC).2 Among them, the general budget is the main and by far 
the largest account. It draws revenue from taxes and administrative fees to finance 
government operations and public services. New taxes introduced by reforms in 1994 
brought a long fiscal expansion that saw revenue growing robustly from the mid-1990s 
through the first decade of the 2000s (see Wong and Bird 2008; Wong 2021). During 
the period 2000–12, when China’s GDP grew at double-digit rates in the wake of 
its accession to the WTO, revenues were growing 20 per cent per annum, and their 
share in GDP climbed from 13.4 per cent to 22 per cent (Figure 10.1). As China’s 
economic growth moderated from 2012, revenue growth slowed and the revenue–GDP 
ratio plateaued. After 2015 the trend turned decisively downward under the combined 
weight of a further slowdown in economic growth and tax reform and tax cuts that 
began in 2016, including replacing business tax with an expanded value-added tax, 
followed by a series of tax cuts to support the economy during the Covid-19 pandemic 
and, later, the housing market downturn. By 2024, the revenue–GDP ratio had fallen 
to 16 per cent, and it is projected to fall further, to 15.5 per cent, in 2025.

Figure 10.1: China’s general budget revenues and expenditures, 2000–25
Note: The figures for 2025 are projected from the 2025 budget presented in March.
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

2	 The four budgets and how they evolved are discussed in detail in Wong (2024). 

http://data.stats.gov.cn/english/
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Table 10.1: Social spending programs introduced under the Hu Jintao–Wen Jiabao 
administration

Program Launch date Beneficiaries (no. of people)
Free Rural Compulsory Education: To eliminate out-
of-pocket costs of basic education for rural families 
and raise the minimum standard of school spending.

2006 150 million at peak (2007)

New Rural Cooperative Medical Scheme: To provide 
cooperative insurance for rural families. Later 
merged with the urban program and renamed the 
Basic Residents Medical Insurance Scheme.

2003 835 million in 2010; 963 
million in 2023

Rural minimum income guarantee (Dibao): To provide 
income support for the poor.

2007 53.9 million at peak (2013)

Rural pension scheme to cover all rural residents. 
In 2014, it was merged with the urban program to 
become the Basic Residents Pension Scheme.

2008 1.06 billion in 2024

Source: Author’s summary.

To put this in perspective, from their peak at close to 22 per cent of GDP in 2015, 
revenues had fallen to 16.5 per cent by 2022—a level that was lower than the 16.7 per 
cent collected in 2005. This is significant because several large social spending programs 
introduced during the Hu Jintao–Wen Jiabao administration—such as free basic 
education and near-universal coverage of health, pension and income support—came 
online in the mid-2000s. Because of their mammoth size, these programs pushed 
budget expenditures up by about 7 per cent of GDP from 2005 to the peak in 2015 
(Table 10.1). Since most of these programs have continued to grow, the current level of 
revenue collection is clearly insufficient to meet spending needs, resulting in growing 
deficits and spending cuts.

As they are on the frontline of service provision, local governments bear the brunt of this 
fiscal erosion and widening deficits. Under the current revenue-sharing arrangements, 
local governments ‘earn’ about 55 per cent of total revenues but account for 85 per cent 
of expenditures and depend on central government transfers to fund the gap.

In Figure 10.2, we show that the fiscal erosion and the need to fund transfers have 
in recent years squeezed the central government as well. In the years since 2022, the 
central government has turned over all its revenues to transfers.3 Even so, many local 
governments are unable to meet their spending needs. In their review of the 2022 
budget implementation, the Finance and Economics Committee of the NPC noted 
the ‘relatively prominent’ funding gap at the grassroots (county) level, and that many 
faced ‘difficulty in meeting the “three guarantees”’ of payroll, government operations 
and basic services (MoF 2023). In the same year, a survey of 521 counties and cities 
by the Chinese Academy of Fiscal Sciences, a Ministry of Finance inhouse think tank, 
found ‘most’ local governments admitting to ‘leaving a considerable portion of policy 
mandates unmet’ due to funding shortages (Cheng 2023a).

3	 In 2020, the government introduced a RMB1-trillion special treasury (‘Covid’) bond to supplement the additional 
RMB1-trillion deficit in response to the pandemic. In 2022, the central government called up a special remittance of 
RMB1.65 trillion from central government institutions to meet the shortfall.



THE GREAT ENERGY TRANSFORMATION IN CHINA

230

Figure 10.2: Transfers as a share of central government revenues, China
Note: Data for 2025 are projected from the 2025 budget presented in March.
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

The growing dependence on land revenues
Land has long been a key source of financing for local governments (Wong 1997, 
2013). From the 1990s, as China’s rapid urbanisation created enormous need for 
infrastructure, local governments began to tap land as a source of finance, both directly 
and as collateral for borrowing off-budget through local government financing vehicles 
(LGFVs). Even after the 2015 reforms allowed local governments to issue bonds for 
capital spending, land has remained the main source of funds for investment as well as 
debt servicing for both the special project bonds (SPBs) and the LGFV debt that is not 
included in local government balance sheets (Wong 2023).

In addition, over the past decade land revenues have been increasingly used to finance 
recurrent expenditures in local government budgets. This began in 2015, when budget 
reforms promoted more unified management of fiscal resources and local governments 
were encouraged to draw on land revenues to supplement budgetary resources. In 2022, 
for example, local governments brought in RMB1.2 trillion ‘from other budgets, 
reserve funds and carry-overs’.4 Nearly all of it presumably came from land revenues, 
which make up more than 80 per cent of government fund revenues; social security 
funds are earmarked for pension and health expenditures and the state capital operating 
budget for state-owned enterprises. Then finance minister Liu Kun confirmed in early 
2023 that 15 per cent of revenues from the local government fund budget have been 
transferred annually into the general budget (Cheng 2023b).

4	 Report on the execution of the central and local budgets for 2022 and on the draft central and local budgets for 
2023 at the first session of the Fourteenth National People’s Congress, 5 March 2023 (State Council 2023).

http://data.stats.gov.cn/english/
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Figure 10.3: Local government gross receipt of land revenues
Source: Ministry of Finance data via CEIC (www.ceicdata.com/en).

Figure 10.4: Funds brought into local government general budgets
Source: Calculated from annual budget reports and CEIC data (www.ceicdata.com/en).

Indeed, as general revenues declined and fiscal pressure grew, it appeared that local 
governments stepped up efforts to raise land revenues, which grew from 5 per cent of 
GDP in 2016 to 8.3 per cent in 2020 (Figure 10.3), and local governments tapped 
these revenues through ‘inter-budget transfers’ to fund as much as 9 per cent of their 
budget expenditures—until the Covid-19 pandemic and housing sector meltdown 
disrupted this funding source (Figure 10.4) (Wong 2023).

http://www.ceicdata.com/en
http://www.ceicdata.com/en
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In nominal terms, gross receipts from land peaked in 2021 at RMB8.7 trillion, 
compared with RMB11.1 trillion in local government general revenues, and made up 
43 per cent of the combined fiscal resources under local government disposal.5 Their 
collapse in recent years has sharply curtailed local governments resources, forcing the 
central government to step up transfers and precipitating a debt crisis as it cut sharply 
into local governments’ debt-servicing capacity.

The looming local government debt crisis
Local government debt has long been a problem in China. Large-scale local government 
borrowing began in the 1990s, when rapid urbanisation ushered in by market reforms 
created huge demand for new infrastructure. As the same market forces were eroding 
the monopoly profits of SOEs that had been the mainstay of government revenues 
under the planned economy, government revenues plummeted, from more than 30 per 
cent of GDP in 1978 to 10 per cent in 1995–96. Amid this steep fiscal decline, capital 
spending was largely pushed out of the budget, the fiscal system was decentralised 
and local governments were left on their own to cope with the needs of urban growth 
(see Wong 2009). With neither budget resources nor the legal authority to borrow, 
local governments turned to tapping the rising value of land and borrowing off-budget 
through state-owned urban development corporations and other financial vehicles to 
finance infrastructure (Wong 2013).

The size and viability of local government debt came under central government 
scrutiny in the wake of the massive RMB4-trillion stimulus during the GFC. Under 
permissive policies, LGFVs proliferated and quickly became the most active users of 
stimulus funds, adding rapidly to their stock of debt (Wong 2011; Bai et al. 2016). 
To get a handle on the problem, central authorities ordered nationwide audits of local 
government debt and found that, by 2013, local governments had accumulated as 
much as RMB30 trillion in debt (or more than 40 per cent of GDP) when guaranteed 
and partially guaranteed debts were included (NAO 2013).

Reining in local government debt and off-budget borrowing was a top priority of the 
fiscal reforms in 2015. The central government’s approach was two-pronged. First, it 
gave local governments the legal right to borrow through bond issuance under annual 
quotas approved by the NPC—known as ‘opening the front door’. Second, it sought 
to stop the unregulated borrowing off-budget and bring the existing debt onto local 
government balance sheets and under unified budget management. Over the period 
2015–18, RMB14.4 trillion in low-interest government bonds were offered to swap 
out high-cost LGFV debt, and LGFVs were banned from further borrowing on behalf 
of local governments, to ‘close the back door’.6

5	 General revenues and government fund revenues are the main fiscal resources under local government disposal. There 
are also revenues from the state capital operating budget and the social security fund budget, but these are earmarked for 
use in their relevant areas—for state-owned enterprises and pension and healthcare expenditures, respectively.
6	 This is discussed in Wong (2018). 
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Figure 10.5: Local government outstanding bonds
Source: Ministry of Finance (www.mof.gov.cn/en/data/).

With the introduction of local government bonds, the official debt of local governments 
has grown rapidly, especially after 2018, with its share of GDP growing from 20 per 
cent to 35 per cent in 2024 (Figure 10.5).

Despite the reform, however, off-budget debt has grown rapidly. Estimates vary, 
partly due to differing coverage. Based on projections from LGFV bond issues, the 
International Monetary Fund (IMF) estimates that LGFV debt grew from RMB40 
trillion in 2019 to RMB66 trillion in 2024 (Bloomberg 2024). Added to the official 
debt of RMB47.5 trillion, total (‘augmented’) local government debt reached 
RMB113.5 trillion by 2024 and was equal to 84 per cent of GDP (Figure 10.6). If state 
guidance funds were included, total augmented local government debt would rise to 
92 per cent of GDP (IMF 2024). In addition, there are informal debts that may add 
as much as 5–10 per cent more, including widespread and mounting payment arrears 
to construction companies, suppliers, contractors, public employees, civil servants and 
even ordinary citizens.

The reason for the continued growth of off-budget debt after 2015 can be found in the 
funding structure for investment in infrastructure, which shows a persistent, huge gap 
between annual investments in infrastructure and local government borrowing capacity 
as approved by the NPC (Table 10.2). This gap is expected to be filled by land revenues, 
fiscal resources and private investments through public–private partnerships and the 
like. When these resources fall short, local governments turn to LGFVs and, with the 
collapse of land revenues, this shortfall has grown in recent years even in the face of 
growing SPB quotas.

http://www.mof.gov.cn/en/data/
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Figure 10.6: Estimated augmented local government debt
Sources: Ministry of Finance (www.mof.gov.cn/en/data/). Hidden debt estimate is from IMF (2024).

Table 10.2: Local government investment in infrastructure and funding gaps,  
2016–21 (RMB billion)

Year Local government 
investment in 

infrastructure*

Quotas for local 
government general 

bonds

Quotas for local 
government SPBs

Funding gap

2016 9,510 780 400 8,330
2017 11,200 830 800 9,570
2018 11,626 830 1,350 9,446
2019 12,068 930 2,150 8,988
2020 12,176 980 3,750 7,446
2021 12,225 820 3,650 7,755

Note: * Calculations based on an average 80 per cent share by local governments.
Sources: Ministry of Finance (www.mof.gov.cn/en/data/); Liu and Liu (2022); Wu (2022).

As to what lies behind the growth of infrastructure investment—aside from the 
incentives for local officials to show ‘political achievements’—a big driver is the central 
government’s preference for infrastructure investment for fiscal stimulus and assigning 
it mostly to local governments. Since the 1990s, local governments have accounted 
for 70–90 per cent of the total infrastructure investment (Wong 2013, 2014). During 
the pandemic, and after it to counter the economic drag posed by the housing market 
meltdown, policymakers called for an ‘all-out push’ on infrastructure investment and 
local governments were allocated quotas for SPBs of more than RMB20 trillion over the 
period 2019–24, adding 14 per cent of GDP to official local government debt. During 
the same period, an additional RMB26 trillion was added to LGFV debt, according to 
IMF estimates (Bloomberg 2024).

http://www.mof.gov.cn/en/data/
http://www.mof.gov.cn/en/data/
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Squeezed by the slowing economy and weakening revenue receipts, the risk of default 
on local government debt rose sharply in 2022–23, exacerbated by a looming spike 
in debt maturities. The steep drop in land revenues hit LGFVs especially hard since a 
large proportion of their debt is tied to infrastructure and development projects, most of 
which depend on land finance. To avert the rising default risks, in late 2023, the central 
government rolled out a debt resolution program that offered refinancing bonds and 
concessions from state-owned banks to restructure the maturing loans of at-risk LGFVs 
(Wong 2025). A blanket guarantee of all maturing debt of LGFVs through 2025 helped 
to calm corporate bond markets, but the huge debt overhang and pressure to deleverage 
have continued to strain local finances and drag on economic growth. An additional 
package was approved by the NPC Standing Committee in November 2024, offering 
a total of RMB10 trillion in SPBs over the next three to five years to replace LGFV debt.7

To date, the approach remains the same as that applied in 2015. Holding firm to the 
belief that ‘each family must carry its own child’, the program offers no debt relief to 
local governments. The program aims to bring off-budget debt onto local government 
balance sheets under unified budget management and reduce the debt-servicing burden 
by offering low-cost government bonds, to buy time for local governments to gradually 
work down the debt and return to fiscal sustainability.

However, the debt resolution program is unlikely to achieve its objective of returning 
local governments to a sustainable level of debt. First, the much higher current level 
of debt on local government balance sheets does not leave much room for taking on 
off‑balance-sheet debt.

This is shown in Figure 10.7, where the stock of official local government debt grew 
in 2024 to 172 per cent of fiscal capacity—calculated as the sum of local government 
general budget revenues, local government fund revenues and central government 
transfers.8 This far surpasses the ‘red line’ of 120 per cent set by the Ministry of Finance 
for monitoring local government debt risks in 2016 (State Council 2016). Even under 
the more permissive ‘traffic light’ standards proposed in 2020, the debt ratio is currently 
near the high end of the ‘yellow light’ of 120–200 per cent (Li 2021).

Nor will the debt resolution program change the dynamics of the local government 
debt problem since it does not address the core issue of how to finance infrastructure 
without loading local governments with more debt. Until the central government 
stops using infrastructure for stimulus and assigning it to local governments, the long-
term dynamics of the fiscal system continue to be towards debt financing and debt 
accumulation, both on and off budget.

7	 This consists of RMB6 trillion in additional quotas of SPBs, to be used in three equal-sized increments over three 
years (2024–26), and the use of RMB800 billion annually from the allocated SPB quotas over five years (2024–28) 
(Cheng 2024). 
8	 Fiscal capacity calculations are based on figures projected from the first 10 months of 2024, except for transfers, 
for which the budgeted figure is used. Government fund revenues include mostly gross receipts from land sales, which 
constitute 75–90 per cent of the total, and significantly overstate the availability of disposable revenue. 
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Figure 10.7: Sustainability metrics for official local government debt, 2017–24
Sources: Ministry of Finance data from budget reports (www.mof.gov.cn/en/data/); and CEIC  
(www.ceicdata.com/en).

The urgent need for reform
China is currently on an unsustainable fiscal path. The challenge extends beyond 
the misalignment of resources and responsibilities between the central and local 
governments. There is simply not enough revenue to meet expenditure needs. 
Addressing this fiscal gap requires more than just redistributing shares of revenues and 
expenditures; it requires a comprehensive overhaul of the system.

The government faces a dual crisis: declining tax and land revenues, compounded by 
a hardline debt resolution campaign since 2018 that has severely constrained local 
government finances. The resulting fiscal squeeze has triggered a host of dysfunctional 
behaviours—from service cuts, delayed salaries and pay cuts for public employees to 
surging fines and fees, hasty liquidation of state assets and alarming reports of ‘profit-
seeking law enforcement’ targeting enterprises, particularly affluent, non-local firms. 
These practices are eroding investor and consumer confidence, ultimately threatening 
China’s economic growth.

With China entering its third year of deflationary pressures, a large fiscal stimulus is 
urgently needed to fend off the risk of falling into a Japan-style deflationary spiral. 
Injecting funds to support the housing sector recovery should be a priority given 
the outsized role housing plays in GDP, wealth holdings and consumer confidence. 
Direct subsidies to consumers would also add a quick boost to consumption and build 
confidence, in addition to providing much-needed assistance to hard-hit families at the 
bottom of the income distribution.

http://www.mof.gov.cn/en/data/
http://www.ceicdata.com/en
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For the longer term, it is imperative for authorities to formulate a plan for reforming the 
structure of the fiscal system, starting with tax reform to rebuild its revenue mechanism. 
After four decades of economic and demographic transformation, a  thorough 
reassessment and restructuring of public expenditures are also essential to ensure fiscal 
sustainability.
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11
National saving and 

macroeconomic imbalances 
in China

Weifeng Larry Liu, Ligang Song and Yixiao Zhou

China has experienced rapid economic growth since its economic reforms began in 
1978. This strong growth has been accompanied by high national saving rates and 
persistent current account surpluses. These patterns were most pronounced during 
the 2000s after China’s accession to the World Trade Organization (WTO) in 2001. 
China’s current account surpluses have significantly contributed to global structural 
imbalances, drawing considerable international attention, especially after the Global 
Financial Crisis (GFC) in 2008 (McKay and Song 2010). The patterns in national 
saving and current account balances reflect internal and external imbalances in China’s 
macroeconomic landscape.

Whether high saving rates and large current account imbalances are problems depends 
critically on their underlying causes (Blanchard and Milesi-Ferretti 2009). If the patterns 
arise from optimal intertemporal choices such as those driven by demographic changes 
or temporary productivity gains, they can be desirable as mechanisms for smoothing 
consumption, financing investment and sharing risks. However, if they result from 
domestic distortions such as market friction, financial repression or fiscal misbehaviour, 
they may reflect deeper structural problems that warrant policy intervention.

China’s persistently high saving rates and current account surpluses can be traced to 
longstanding structural issues in its economy. High saving rates are symptomatic of 
low consumption, suggesting that rapid economic growth has not fully translated 
to consumption-based welfare improvement. Low consumption, combined with 
substantial trade surpluses, suggests that China’s economic growth has heavily relied 
on domestic investment and external demand. This growth strategy is not sustainable 
in the long run when investment efficiency wanes and external demand declines. Also, 
as China moves towards high-income status, its consumption remains markedly low 
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relative to GDP compared with its high-income peers. At its current scale, China can 
no longer rely primarily on investment and external demand. Instead, it must shift 
towards domestic consumption as the main engine of economic growth. The structural 
problems have also exacerbated the economic challenges China has faced in the 
aftermath of the Covid-19 pandemic.

This chapter presents a long-term retrospective on the dynamics of China’s 
macroeconomic imbalances over the past five decades and explores the prospects for 
rebalancing the economy in the current context of population ageing, the energy 
transition and geopolitical fragmentation. While there are numerous studies of China’s 
economic growth, much less attention has been paid to its macroeconomic imbalances. 
Yang (2012) provides an excellent account of China’s saving and external balances from 
the 1980s to 2010, arguing that the high saving rates and current account surpluses are 
primarily attributable to a set of policies, institutions and structural distortions. This 
chapter extends his analysis to the present, with a particular focus on the period since 
2000, when China’s accession to the WTO marked a significant step in its integration 
into the global economy.

Many factors can shape the dynamics of saving, investment and current account balances. 
This chapter focuses on long-term structural factors, including demographic change, 
institutional frameworks (such as social welfare systems and state-owned enterprises), 
market regulations (related to production factors) and key policies (such as exchange 
rate, trade and fiscal policies). The analysis abstracts from short-term cyclical factors 
such as commodity price shocks, monetary policy shifts and changes in inflation, with 
the aim of providing a deeper understanding of the enduring forces at play in shaping 
macroeconomic balances.

China’s economic development since 1978 has occurred in several episodes, each 
characterised by distinctive economic reforms and transformations. For narrative 
convenience, we divide the entire period into six episodes: initial reform and opening-
up (1978–91), accelerated market reforms (1992–2000), accelerated global integration 
(2001–08), economic rebalancing (2009–19) and the post-Covid era (including the 
Covid period beginning in 2020).

The remainder of this chapter is organised as follows. Section two outlines key 
macroeconomic accounting relations for an open economy and presents data on 
major macroeconomic variables, including saving, investment and current account 
balances. Section three examines saving, decomposed into household, corporate and 
government sectors, while section four focuses on investment with a similar sectoral 
breakdown. Section five examines the role of institutions, regulation and policy. Section 
six explores prospects in the context of population ageing, the energy transition and 
geopolitical fragmentation, while section seven concludes with policy suggestions for 
economic rebalancing.
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Macroeconomic accounting and data
This section starts with macroeconomic accounting. The balance of payments comprises 
the current account, the financial account and the capital account. The current account 
includes the trade balance (goods and services) and the income balance. The financial 
account covers direct investment, portfolio investment, other investment and reserve 
assets. According to the balance of payments identity, the current account balance must 
equal net international capital flows.

From the perspective of national income accounting, the current account reflects the 
difference between national saving and investment. National saving can be further 
divided into household saving, corporate saving and government saving. Similarly, 
investment can be divided into three sectors: household, corporate and government. 
Thus, the current account is jointly driven by the saving–investment gaps in the 
household, corporate and public sectors.

Therefore, the current account can be analysed from three complementary perspectives: 
the goods market, the asset market and the national income identity. It is important 
to stress that they are accounting identities, and do not imply causality by themselves. 
A  current account imbalance can originate from a trade imbalance, which then 
necessitates a corresponding saving–investment gap. Alternatively, it can be driven 
by a domestic saving–investment imbalance, which subsequently manifests as a trade 
imbalance. Trade flows and capital flows are two sides of the same coin, and determining 
which side is driving the imbalance requires a deeper understanding of economic 
fundamentals and policy frameworks. For example, if a country allocates a portion of 
its domestic saving to purchase safe assets from abroad such as US Treasury bonds, it 
must run a current account surplus to finance those capital outflows. Conversely, if a 
country exports more than it imports, it accumulates a current account surplus and 
builds up foreign asset holdings.

Figure 11.1a presents the current account balance since 1980. From 1980 to the mid-
1990s, the current account fluctuated significantly, reflecting a period of economic 
opening, trade liberalisation and investment-driven growth. In the late 1990s and early 
2000s, the current account shifted into consistent surpluses, gradually increasing in line 
with China’s integration into the global economy and its export-oriented development 
strategy. The surplus peaked just before the GFC in 2008, reaching nearly 10 per cent 
of GDP. This period coincided with China’s accession to the WTO and strong global 
demand for Chinese goods. After 2008, the surplus began to decline sharply, falling 
below 2 per cent of GDP by the mid-2010s. The current account has since stabilised 
at moderate surplus levels—generally between 1 and 2 per cent of GDP—suggesting a 
more balanced external position amid a transition towards consumption-driven growth 
and changing global trade dynamics.
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The current account pattern mirrors both the difference between exports and imports 
(Figure 11.1b) and the gap between saving and investment (Figure 11.1c). Saving as 
a share of GDP rose steadily, moving from just over 30 per cent in the early 1980s to 
about 40 per cent by the early 2000s. It then surged rapidly, peaking above 50 per cent 
of GDP around 2010, followed by a gradual decline in the 2010s. In recent years, saving 
has stabilised at about 45 per cent of GDP—still high by global standards. On the 
other hand, investment hovered about 30 per cent of GDP before 2000, with volatility 
during the early 1990s reform period. A sharp increase in investment began in the early 
2000s, peaking around 50 per cent of GDP in 2010. After 2010, investment gradually 
declined, remaining slightly above 40 per cent of GDP in recent years. In addition, the 
pattern of consumption mirrors that of saving (Figure 11.1d). Consumption as a share 
of GDP followed a declining tread over the first several decades, falling to 50 per cent 
before the GFC, and then slowly increased throughout the 2010s.

Saving
China has maintained one of the highest saving rates in the world over the past several 
decades, with the national saving rate exceeding 50 per cent of GDP in the 2000s. 
In contrast, the United States has experienced a relatively stable saving rate of about 
20 per cent over the past several decades. China’s exceptionally high saving rate has 
been recognised as the major driver of its current account surpluses. To understand the 
drivers of China’s saving rate, it is essential to distinguish between household, corporate 
and government sectors, as their saving behaviours differ significantly. In particular, 
the prominent role of state-owned enterprises (SOEs) and the strong economic influence 
of the government set China apart from many other economies. China’s high saving 
rate has been driven not only by household saving, but also by substantial contributions 
from the corporate and government sectors (Ma and Wang 2010). Figure 11.2a presents 
saving by households, corporations and the government, while Figure 11.2b shows the 
breakdown of consumption across households and the government.

Household saving

Household saving is defined as the difference between disposable income and household 
consumption, so it is closely linked to household consumption behaviour. There is a 
broad consensus that individuals tend to smooth consumption over time. The degree 
of consumption smoothing depends on factors including income expectations and 
uncertainty, borrowing constraints, the availability of saving vehicles and so on. At the 
national level, aggregate consumption—the sum of consumption across individuals—
further depends on age structure and income inequality, as the propensity to consume 
varies across age groups and income levels.
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Figure 11.2: China’s saving and consumption by sector (% of GDP): a. Saving; 
b. Consumption
Sources: Authors’ compilation from Chinese Statistical Yearbooks, various years  
(data.stats.gov.cn/english/).

http://data.stats.gov.cn/english/
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Many studies examine household saving from different perspectives, including 
demographic change, underdeveloped social welfare systems, the transition from public 
to private provision of essential services (such as housing, health care and education), 
income inequality and precautionary motives related to income uncertainty. These 
explanations are not mutually exclusive but rather complementary.

Demographic change
Demographic change has been an important driver of China’s household saving rates. 
Declining fertility, particularly driven by the One-Child Policy, along with increasing 
longevity have resulted in China’s population ageing—a long-term transition that is 
expected to intensify over the coming decades. According to the lifecycle hypothesis, 
individuals tend to smooth consumption over their lifetime by saving during their 
prime to support their consumption in retirement when their income declines. As the 
population ages, aggregate saving may increase as more prime-age workers save for 
retirement. Increasing longevity requires individuals to accumulate more savings to 
support longer retirements, while declining fertility allows households to save more by 
reducing the financial burden of raising children. Also, income growth across generations 
can influence aggregate saving as a young individual would save more than an old 
individual spends because young generations tend to have higher lifetime incomes.

Some empirical studies show that demographic factors significantly contributed to 
China’s high household saving rates. For example, Modigliani and Cao (2004) argue 
that China’s demographic structure, of which the working-age population makes up 
a large share, significantly boosted aggregate saving. Bonham and Wiemer (2013) 
highlight that demographic change, including population ageing and declining 
dependency ratios, is key to shaping China’s household saving. Curtis et al. (2015) 
show that demographic structure with a rising share of middle-aged savers can explain 
much of the increase in China’s saving rate. Similarly, Ge et al. (2018) suggest that 
demographic change accounts for a substantial portion of the rise in household saving. 
Choukhmane et al. (2023) find that the One-Child Policy reduced expected old-age 
support from children and thus increased household saving, accounting for at least 
30 per cent of the rise in China’s household saving rate. Zhang et al. (2018) suggest that 
rising household saving resulted from a combination of factors, including demographic 
change and the transformation of social welfare and job security. He et al. (2019) find 
that demographic change and pension reforms have contributed significantly to the rise 
in China’s household saving rate.

Social welfare
Social welfare can affect household saving through several channels.1 A strong welfare 
system reduces household risk and shapes expectations, thus reducing the incentive for 
precautionary saving. Social welfare also raises disposable income through transfers, 

1	 Various terms are used in the literature to refer to state-provided support systems, including social welfare, social 
safety net, social security, social insurance, social protection, etcetera. 
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subsidies and public services, especially benefiting lower-income households who have 
a higher propensity to consume. A comprehensive pension system further reduces the 
need for retirement saving. In addition, a social welfare system redistributes income, 
increasing aggregate consumption by shifting resources to low-income groups.

China’s social welfare system has undergone significant changes over the past several 
decades. The 1990s marked a turning point, as the government dismantled the 
system of lifetime employment and SOE-provided welfare. As SOEs restructured or 
downsized, millions of urban workers lost access to job-based welfare benefits such as 
housing, health care and pensions. In the 2000s, China began to significantly expand 
its social welfare programs, including the basic pension system for both urban and rural 
areas, the New Rural Cooperative Medical Scheme for health insurance and various 
unemployment insurance schemes. Despite these improvements, China’s social welfare 
system remains constrained in both coverage and generosity, particularly for rural areas 
and informal sectors. This underdeveloped welfare system has been a key driver of 
households’ high saving and low consumption.

Also, the expansion of social welfare benefits has been accompanied by a rapid rise 
in the cost of living. The increasing cost of essential services, such as health care, 
education and aged care, have continued to drive precautionary saving behaviour. 
On the other hand, housing has been moved away from the social welfare system, 
making homeownership a major financial burden, further increasing household saving 
incentives, as discussed later.

Some empirical studies highlight the role of income uncertainty and social welfare 
in shaping household saving. Blanchard and Giavazzi (2005) argue that China’s high 
household saving rate stems from weak social welfare, limited public services and 
underdeveloped financial markets, which drive precautionary saving. Demographic 
shifts further reduce reliance on family support, reinforcing the need for households to 
save for future uncertainty. Feng et al. (2011) find that weaker pension coverage and 
reduced expected benefits after the SOE reforms in the late 1990s led to significantly 
higher household saving rates. Chamon et al. (2013) attribute China’s high household 
saving rates primarily to income uncertainty and inadequate social welfare. Ma and 
Yang (2013) also identify inadequate social welfare and limited pension and healthcare 
coverage, among other factors, as key drivers of household saving. He et al. (2018) find 
that the increased unemployment risk from the SOE reforms significantly increased 
precautionary saving among affected households, accounting for 40 per cent of their 
wealth accumulation between 1995 and 2002. İmrohoroğlu and Zhao (2018) suggest 
that the combination of increased long-term care risks for the elderly and the weakening 
of traditional family insurance due to the One-Child Policy accounts for half of the rise 
in China’s saving rate between 1980 and 2010.
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Housing reform and prices
China’s housing reform in the late 1990s marked a transition from a welfare-based to a 
market-based system, leading to significant housing price surges in the subsequent two 
decades. Figure 11.3 shows housing price trends between 2000 and 2021 across different 
city tiers. This reform had profound impacts on consumption and saving. The expansion 
of homeownership was a key driver of household wealth accumulation. Households 
needed to save significantly for down payments and prioritised saving for future home 
purchases over non-housing consumption. Parents often saved aggressively to help 
children afford homes. The high cost of homeownership reduced expenditure on non-
housing consumption, slowing China’s transition to a consumption-driven economy.

Several empirical studies explore the impacts of China’s rising house prices on household 
saving. Chen and Yang (2013) show that housing price increases drove households to 
save more, accounting for 45 per cent of the overall increase in the household saving 
rate between 2002 and 2007. Wang and Wen (2012) find that rising housing prices 
increased the saving rate by 2–4 percentage points. Chen et al. (2020) find that after 
China’s 1998 urban housing reform, households significantly increased their saving 
rates to meet housing purchase needs, especially young and middle-aged households.

Figure 11.3: China’s housing prices, 2000–21
Note: The National Bureau of Statistics of China classifies cities into four tiers: there are four first-
tier cities (Beijing, Shanghai, Guangzhou and Shenzhen), 31 second-tier cities, 35 third-tier cities, 
and all other cities fall into the fourth tier.
Source: Qiu and Liu (2024).
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The recent housing market crisis has strong implications for household saving. Housing 
prices have started to decline, and young generations have weaker preferences for 
homeownership compared with previous generations. These changes helped reduce the 
incentives for young generations to save. Local governments face revenue challenges as 
land sales slow, affecting public spending and saving.

Income inequality
Income inequality has widened significantly over the past several decades. While 
economic growth has lifted millions out of poverty, income disparities between urban 
and rural areas, between social classes and across regions have persisted (Zhou and Song 
2016). The Gini index rose from 0.3 in the 1980s to 0.45 in 2010 and then gradually 
declined. The top 10 per cent income share rose from 27 per cent to 41 per cent during 
the period 1978–2015 (Piketty et al. 2019). This inequality influenced national saving 
because saving behaviour differs across income levels.

High-income households save excessively for investment rather than increased 
consumption. On the other hand, low-income households have limited access to 
health care, pensions and education benefits and must self-insure against risks through 
saving. Job instability, especially in the private sector, also leads to high precautionary 
saving to prepare for periods of unemployment. The growing middle class faces strong 
homeownership pressure, leading to high saving for deposits and mortgages. Rising 
education costs require substantial saving.

Several empirical studies examined the relationship between income inequality 
and household saving in China. Jin et al. (2011) show that wealth disparities drive 
precautionary saving behaviour among lower-income groups based on urban household 
survey data from 1997 to 2006. Chu and Wen (2017) also suggest that income 
inequality significantly shapes saving behaviour at both individual and aggregate levels 
using both household survey data and macro data.

Corporate saving

Corporate saving—defined as the value added for financial and non-financial companies 
minus labour compensation, production taxes, net asset payments and net transfer 
payments—captures firms’ retained earnings. In China, understanding corporate 
saving requires distinguishing between SOEs and private firms, as their behaviours 
differ significantly.

Zhou (2009) argues that China’s high saving rate was closely linked to its unique 
pattern of income distribution across sectors, where a large share of national income 
accrued to the corporate sector and the government, both of which tended to have 
higher saving propensity than households. For example, household saving remained 
stable at about 20 per cent of GDP over the period 1992–2007. In contrast, corporate 
saving surged in the 2000s following China’s accession to the WTO and reached 23 per 
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cent of GDP by 2007, roughly doubling the level in 1992. SOEs—particularly in 
energy, finance and heavy industry—benefited from state support and monopolistic 
advantages and accumulated substantial retained earnings, reflecting a combination of 
high profitability and low dividend payouts.

The high profitability of SOEs was attributed to productivity improvements and 
market distortions of production factors. SOE reforms in the 1990s increased their 
competitiveness (Garnaut et al. 2006). Accession to the WTO removed trade barriers 
and introduced better technologies and management. Meanwhile, SOEs benefited 
from access to cheap production factors due to market distortions arising from China’s 
asymmetric market liberalisation (Huang and Tao 2010). The relaxation of worker 
mobility restrictions in the 1990s resulted in massive flows of migrants from rural 
to urban areas, creating a large pool of low-cost labour. SOEs enjoyed cheap credit 
due to low interest rates set by state-owned banks, which prioritised lending to SOEs 
over private firms. Since land is state-owned in China, SOEs could acquire land at 
artificially low prices—for example, in special economic zones. Also, price controls 
on coal and electricity kept energy costs low, further reducing production costs for 
SOEs, particularly those in heavy industry. In short, the combination of productivity-
enhancing and cost-constraining policies increased profits, especially for SOEs.

On the other hand, SOEs were subject to weak dividend distribution requirements, 
which allowed them to retain a large share of earnings instead of returning them 
to the state or funding public spending. The excessive corporate saving of SOEs in 
the 2000s was thus a structural feature of the economy, rooted in institutional and 
governance factors rather than standard firm-level behaviour (Bayoumi et al. 2010). 
Corporate saving contributed to macroeconomic imbalances and highlighted the need 
for institutional reforms of SOEs, including taxation, social security and corporate 
governance, to support economic rebalancing (Ma and Wang 2010).

Private firms also accumulated savings, but for different reasons. Without equal access 
to credit, given the dominance of state-owned banks, private firms had to rely more on 
internal saving to finance investment or borrowing from the informal financial sector, 
paying much higher interest rates than in the formal financial sector, pushing up the 
economy-wide opportunity costs (Song 2005).

After the GFC, corporate saving began to moderate for several reasons. The global 
economic slowdown reduced China’s export growth, which was a major driver 
of corporate profits and saving. The demographic dividend was vanishing and 
wages increased quickly (Cai and Lu 2013). Land prices, particularly in urban areas, 
increased rapidly during the housing boom. This increased costs for firms, especially 
in industries reliant on land for production or development, constraining their ability 
to accumulate savings.
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Government saving

In China, government income comes from multiple sources: value added from SOE 
production, returns on state-owned assets, taxes on production and income and net 
revenues from social insurance funds. In the 1990s, government saving stayed around 
5 per cent of GDP. However, it declined sharply in 2000 due to large-scale SOE reforms, 
which reduced profitability and the fiscal contributions from the state sector.

In the 2000s, after China’s accession to the WTO, rapid economic growth significantly 
increased government revenues, particularly through increased corporate tax income. 
SOEs in key sectors such as energy, banking and heavy industry regained profitability, 
contributing to a rebound in public saving. As a result, government saving returned to 
approximately 5 per cent of GDP during this period. Despite increased government 
revenues, government saving remained relatively stable because the government 
increased spending on public infrastructure—in particular, a massive fiscal stimulus 
package in response to the GFC reduced government saving.

In the 2010s, public saving as a share of national saving continued to decline. Slower 
economic growth led to a deceleration of fiscal revenue growth. Also, government 
spending increased significantly, driven by increases in investment in infrastructure and 
rising social welfare spending, including pensions, health care and poverty alleviation 
programs. The combination of slower revenue growth and expanding social spending 
placed downward pressure on government saving, raising a big issue about governments’ 
fiscal sustainability (especially at the local level), which continues today.

Investment
China’s investment landscape has significantly transitioned from a state-dominated 
model in the early reform period to a mixed system in which private enterprises play 
an increasingly important role. China’s investment as a share of GDP has been high 
compared with many other economies including major East Asian economies such 
as Japan, South Korea and Singapore, reinforcing the earlier point that it is the high 
saving rather than low investment that has primarily driven China’s current account 
surpluses. The topic of investment has received far less attention than saving in the 
literature. But the role of investment is also important, especially given China’s unique 
economic system, in which SOEs and the government at both the central and local 
levels play prominent roles in shaping investment dynamics. China’s investment-to-
GDP ratio was consistently lower than its saving-to-GDP ratio, leading to a pattern of 
excessive saving, which underscores the continued current account surpluses in China 
vis-a-vis the rest of the world. Figure 11.4 presents China’s investment by sector: private 
investment, government and SOE investment and foreign direct investment (FDI).
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Figure 11.4: China’s investment by sector (% of GDP)
Source: Authors’ compilation from Chinese Statistical Yearbooks, various years  
(data.stats.gov.cn/english/).

Private investment

During the 1980s and 1990s, the Chinese Government gradually allowed private 
firms and FDI to play a limited role in investing in the economy. Special economic 
zones were established to attract foreign capital and private investment. In the 2000s, 
following China’s accession to the WTO, private investment (both domestic and 
foreign) surged, particularly in the real estate, manufacturing, technology and services 
sectors. Real estate investment became a dominant form of capital allocation for both 
households and businesses throughout the 2000s and 2010s, until the housing market 
crisis of 2021–22. The rapid increase in housing prices over the two decades fuelled 
further investment in housing and spurred local government investment in public 
infrastructure. Figure 11.5 presents housing investment in absolute terms and as a share 
of economy-wide investment.

In the 2010s, the private sector continued to drive investment in the manufacturing, 
technological and service industries. In particular, private investment in green 
technologies has grown rapidly due to a combination of policy support and market 
demand. Private companies were increasingly leading in solar energy, electric vehicles 
and battery storage. Meanwhile, as production costs, especially wages and housing prices, 
increased continuously, many low-end manufacturing industries began relocating to 
other developing countries, such as Vietnam and Bangladesh. The recent housing crisis 
after the Covid pandemic marked the end of the two-decade-long housing boom. With 
already high homeownership rates and unaffordable housing prices, housing demand 
declined sharply and private investment dramatically shifted away from real estate.

http://data.stats.gov.cn/english/
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Figure 11.5: China’s housing investment: a. Investment level (RMB trillion); 
b. Investment share (%)
Source: Authors’ compilation from Chinese Statistical Yearbooks, various years  
(data.stats.gov.cn/english/).

http://data.stats.gov.cn/english/
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Private investment was generally constrained by financing capacity due to the 
fragmentation of the financial markets (formal versus informal financial sectors) and 
non–market-based interest rate determination—a typical feature of financial repression 
(Song 2005), as the state-owned financial system was not efficient in funnelling vast 
savings into private firms. Despite high national saving rates, much of the capital was 
allocated to SOEs and public infrastructure projects, while private firms faced significant 
barriers to accessing credit although they were generally more productive. This financial 
repression limited the scope for private investment and innovation, hampering the 
development of domestic entrepreneurship (Son and Song 2015). As a result, excess 
domestic saving was not fully absorbed by the domestic economy and instead flowed 
abroad. These capital outflows contributed to persistent current account surpluses and 
the rapid accumulation of foreign exchange reserves. A significant part of these reserves 
was invested in low-yielding safe assets, particularly US Government bonds, which was 
not an optimal use of national saving.

SOE investment

SOEs have been a central topic in China’s economic transition and policy debate as 
ownership reform constitutes a key part of the transition to a market-oriented economy. 
The evolution of SOE investment was largely shaped by a combination of policy 
directives, financial advantages and structural reforms.

The share of SOE investment declined during the 1980s and 1990s due to economic 
reforms and privatisation. Many inefficient SOEs were either closed or restructured 
(Garnaut et al. 2005). In the 2000s, SOEs regained momentum in heavy industries 
such as metals, materials, machinery, automobiles and chemical products as well as 
infrastructure, energy and finance, as promoted by the government. The investment 
boom after China’s accession to the WTO was mostly driven by SOEs and FDI. 
As mentioned earlier, SOEs benefited from preferential access to capital through state-
owned commercial banks and often operated under soft budget constraints, especially 
at the local level, where SOEs became tools for regional development under the auspices 
of local governments.

In the 2010s, SOE investment remained stable and maintained its dominant role 
in strategic sectors. SOEs increasingly aligned investment with national initiatives. 
In 2015, the government launched ‘Made in China 2025’ to boost investment in 
semiconductors, automation, advanced manufacturing and green technologies, with a 
focus on industrial upgrading and innovation. Meanwhile, the government introduced 
its ‘Supply-Side Structural Reform’ policy to reduce overcapacity in heavy industry. 
Investment in these areas was a combination of government, SOE and private sector 
investment, with SOEs central to the strategy and the private sector also playing an 
essential role, supported by government policies and financial incentives. Moreover, 
investment was also guided by ongoing urbanisation and environmental targets 
such as air pollution and climate policies, with SOEs taking the lead in areas such 
as high-speed rail expansion, space technology, the green energy transition and smart 
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city infrastructure. China has now become the world’s largest investor in renewable 
energy products. The government also encouraged SOEs to become more efficient and 
competitive through mixed-ownership reforms and overseas expansion through the 
Belt and Road Initiative and other overseas investments that generated some positive 
impact on domestic structural reform as SOEs investing abroad must comply with 
the rule-based market environment for their operation (Song et al. 2011). At the local 
level, governments increasingly relied on SOEs to carry out development projects and 
stimulate regional growth. The developments over the past decade have reinforced the 
enduring and complex role of SOEs in the economy.

Government investment

The government shifted away from direct control over investment to guiding 
investment through policies and incentives during the 1980s and 1990s. In the 2000s, 
the government heavily invested in infrastructure such as highways, railways including 
high-speed trains and urban development—all of which were key drivers of China’s 
rapid economic growth. In response to the GFC, the government launched a massive 
stimulus package to boost investment, targeting infrastructure development.

In the 2010s, the government gradually shifted investment priority from large-scale 
infrastructure projects to strategic industries. Guided by initiatives such as ‘Made in 
China 2025’ and ‘Supply-Side Structural Reform’, public investment increasingly 
targeted technological innovation, advanced manufacturing, green energy and high-
tech industries. This transition was also driven by growing concerns about diminishing 
returns from infrastructure investment, industrial overcapacity, environmental 
degradation and debt sustainability. Over the past decade, the government primarily 
acted as a facilitator rather than a direct investor, encouraging SOEs and private firms 
to invest in strategic industries through a range of policy tools such as subsidies, tax 
incentives, research and development grants, preferential access to credit and public–
private partnerships.

Institutions, regulation and policy
This section examines how China’s institutions, regulations and policies have shaped 
the patterns of saving, investment and external balances. We begin by extending the 
details of our earlier discussions of social welfare systems and factor market distortions, 
and then turn to other key policy areas, including exchange rate policy, trade policy, 
fiscal policy and financial regulations. Policies and regulations in these areas were not 
necessarily intended to promote external surpluses but were aimed at broader economic 
objectives such as sustained growth, full employment and financial stability. However, 
large trade surpluses emerged as a by-product of these policies (Song 1996; Goldstein 
and Lardy 2006; Fan 2008; Corden 2009; Huang and Tao 2010).
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Social welfare system

As discussed earlier, social welfare plays an important role in shaping household 
consumption and saving. China dismantled its system of lifetime employment and job-
based welfare in the 1990s as part of its broader transition from a planned to a market 
economy and began expanding a modern social welfare system in the 2000s. Figure 11.6 
presents China’s spending on social security with and without health care from 1990 
to 2023. Spending on social security not including health care increased from 0.3 per 
cent to 3 per cent of GDP between 1990 and 2023 and, in absolute terms, rose from 
RMB5.5 billion to RMB3.9 trillion over the period. Meanwhile, healthcare spending 
grew from 0.73 per cent to 1.73 per cent of GDP from 2007 to 2023, bringing total 
spending on social security to 5 per cent of GDP in 2023.

Figure 11.6: China’s social security spending (% of GDP)
Notes: Social security spending includes spending on pensions and social welfare, social security 
subsidies and expenditure for retirees by the government and other institutions. Healthcare 
spending was not separately reported in China’s statistical yearbooks until 2007.
Source: Authors’ compilation from Chinese Statistical Yearbooks, various years (data.stats.gov.cn/
english/).

Despite significant improvements, China’s social welfare system remains incomplete 
and faces significant challenges. Total social spending as a share of GDP was far below 
the Organisation for Economic Co-operation and Development average of 21 per cent 
in 2023 (OECD Statistics: www.oecd.org/en/data.html). Another major issue is the 
significant gap in welfare provision between urban and rural areas, which is maintained 
by the household registration (hukou) system. Migrant workers contribute to urban 
economic growth but have limited access to urban social welfare benefits, which 

http://data.stats.gov.cn/english/
http://data.stats.gov.cn/english/
http://www.oecd.org/en/data.html
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discourages their consumption in cities (Song et al. 2010). Pension coverage is not yet 
universal and benefit levels remain relatively low, particularly in informal sectors and 
rural areas (Cai and Cheng 2014; Fang and Feng 2018). Many rural residents also lack 
access to adequate health insurance. The benefits of health insurance are often limited 
in scope and depth. Out-of-pocket health expenses remain high for rural residents, 
particularly for serious illnesses or treatments requiring travel to urban hospitals. These 
issues contribute to high financial vulnerability and reinforce precautionary saving 
behaviours by households.

Factor market regulation

Huang and Tao (2010) argue that China’s current account surplus arose from the 
asymmetric liberalisation of product and factor markets. While China has significantly 
liberalised its product markets, with most goods and services priced by market forces, 
the government has retained strong regulations and distortions in factor markets, 
including labour, capital, land and energy. These distortions effectively repressed factor 
costs, particularly through low land prices and inadequate social welfare contributions 
for workers, which in turn reduced production costs, boosted corporate profits and 
saving and contributed to trade surpluses resulting from improved international 
competitiveness.

Despite some gradual reforms in the 2010s, factor markets in China remain significantly 
more regulated and distorted than product markets—a structural problem that still 
holds today. Labour mobility continues to be constrained by the hukou system, which 
limits migrant workers’ access to public services and social protection in urban areas. 
Social welfare contributions are not uniformly enforced, particularly for informal and 
migrant workers. Capital markets, although increasingly open to foreign participation, 
are still influenced by state-led financial intermediation, with SOEs often enjoying 
preferential access to credit and financing at below-market rates. Land markets remain 
under government control, with urban land allocated administratively and rural land 
locked in collective ownership structures that prevent free transfers and market pricing. 
While energy pricing has become more market-based in recent years, subsidies and 
regulated prices continue to affect energy-intensive sectors. These enduring distortions 
continue to suppress factor costs, bolster corporate saving and indirectly support 
China’s external surpluses.

Financial market regulation

As mentioned earlier, China’s financial system is highly regulated and overwhelmingly 
dominated by state-owned institutions, which are inefficient in channelling saving into 
private investment. Generally, firms finance investment through external debt or equity 
financing. In terms of debt financing, firms can borrow money from banks or issue 
corporate bonds. But China’s banking system is mostly state-owned and primarily lends 
funds to SOEs and government-backed projects. SOEs dominate the corporate bond 
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market, while private firms face higher borrowing costs. In terms of equity financing, 
China’s initial public offering (IPO) market is highly regulated, with government control 
over listings. As a result, it is difficult for small and medium-sized private firms to access 
funding, although China has made important progress in establishing platforms at both 
the Shanghai and the Shenzhen stock exchanges to attract investment for small and 
medium-sized enterprises and high-tech start-ups.

Also, China has not fully liberalised the capital account and its financial system has 
strict controls on international capital flows. This regulation limits the private sector 
(households and private firms) from investing abroad. Saving accumulates within 
the domestic financial system, mainly in the state-dominated banking system. Excess 
saving must be invested elsewhere—often abroad—primarily through government 
channels such as foreign exchange reserves, sovereign wealth funds and state-led 
overseas investment, although overseas investments by private firms have been steadily 
increasing over time. Figure 11.7 presents China’s foreign reserves since 1980. Reserves 
grew modestly until the early 2000s, and then surged rapidly after China’s accession 
to the WTO, peaking at nearly US$4 trillion in 2014. A sharp decline followed, after 
which reserves stabilised slightly above US$3 trillion.

Figure 11.7: China’s foreign reserves (US$ trillion)
Source: State Administration of Foreign Exchange of China (www.safe.gov.cn/en/).

http://www.safe.gov.cn/en/
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Exchange rate policy

A country’s exchange rate policy directly affects its current account balance. 
An  undervalued fixed exchange rate increases export competitiveness and supports 
current account surpluses, while an overvalued currency can lead to deficits. China’s 
exchange rate policy has been a focal point of public debate about its external 
imbalances. China maintained a dual (official and market) exchange rate system until 
the government unified the two rates in 1994 and then pegged the renminbi to the US 
dollar from 1994 to 2005 (Figure 11.8). The fixed exchange rate over the decade helped 
support trade surpluses, especially after China’s accession to the WTO. Increasing 
trade surpluses led to concerns over the renminbi’s undervaluation. The G7 and the 
International Monetary Fund (IMF) in 2005 called for revaluation of the renminbi 
and urged China to allow greater exchange rate flexibility. In response, China moved 
towards a more flexible exchange rate system, allowing the currency to appreciate 
gradually against the US dollar (or a basket of major currencies). This shift aimed to 
address trade imbalances and respond to international pressure. After the GFC, China 
allowed greater flexibility in the exchange rate, with more market forces in the exchange 
rate markets. China has also moved towards internationalising the renminbi, which 
became part of the IMF’s special drawing rights basket in 2016. The government has 
also implemented reforms to open its financial markets (including both equity and 
bond markets) to foreign investors.

Figure 11.8: China’s nominal exchange rate (RMB per USD)
Source: State Administration of Foreign Exchange of China (www.safe.gov.cn/en/).

http://www.safe.gov.cn/en/
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China’s exchange rate policies are often aligned with broader economic objectives. 
While promoting exports is frequently highlighted in public debates, the policies also 
aim to balance multiple goals, including maintaining short-term financial stability, 
managing inflation and capital flows, supporting renminbi internationalisation and 
reducing trade tensions.

Some studies argue that it is not realistic to expect a more flexible exchange rate regime 
to automatically correct the current account imbalance. Yu (2007) cautions that 
exchange rate reform alone is unlikely to lead to significant reductions in China’s current 
account surplus, arguing that structural factors play a more decisive role than currency 
appreciation. Chinn and Wei (2013), using a panel dataset of 170 countries over the 
period 1971–2005, find no strong, robust or monotonic relationship between exchange 
rate regime flexibility and current account reversion. Woo (2006) argues that trade 
surpluses are more effectively addressed by the establishment of an efficient financial 
intermediation mechanism than by currency appreciation. Similarly, Goldstein and 
Lardy (2008) argue that exchange rate policy alone is unlikely to be effective in solving 
external imbalances. Similarly, Ma et al. (2013, 2016) argue that while appreciation 
of the renminbi can help rebalance the economy by reducing net exports, exchange 
rate adjustment alone is insufficient. Rather, sustainable rebalancing requires structural 
reforms such as improving the social safety net, reforming the financial system and 
encouraging household consumption to address the underlying causes of China’s high 
saving rate.

Trade policy

China has pursued export promotion policies since its economic reform. Before its 
accession to the WTO in 2001, China practised a combination of export-promoting 
and import-restricting policies through tariffs, quotas and import licences (Yang 2012). 
After China’s accession to the WTO, trade barriers fell dramatically, increasing the 
profitability of firms. A large fraction of profits was either saved in the corporate sector 
or collected by the government as revenue.

China’s export policy has evolved through three stages, reflecting its economic 
development and integration into the global economy. Before 2000, China promoted 
exports by establishing special economic zones, reducing tariffs and trade barriers, 
attracting FDI and joint ventures, providing export tax rebates, low-interest loans, 
subsidies, preferential land deals and infrastructure support, alongside exchange 
rate polices. China’s accession to the WTO further liberalised its trade policies 
by systematically reducing trade barriers, leading to significant increases in trade 
surpluses during the 2000s. After the GFC, China gradually moved away from low-
cost manufacturing and rebalanced its economy from international trade to domestic 
consumption and technological innovation. The Belt and Road Initiative, launched in 
2013, expanded China’s trade network and infrastructure investments in developing 
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countries. More recently, initiatives such as ‘Made in China 2025’ enhanced exports in 
high-tech industries like semiconductors, automation and green technology products 
(solar panels and electric vehicles).

International trade has shifted from traditional simple exchanges of final consumption 
goods to more complex global value chains (GVCs), in which production is fragmented 
across countries, thanks to technological advancements and trade liberalisation, among 
other factors. China plays a central role in GVCs. A significant fraction of China’s trade 
surplus over the past two decades came from processing trade, in which intermediate 
goods are imported, assembled and then exported as finished products. This export 
model inflated China’s gross trade surpluses, while much of the value added originated 
from other countries. China’s move up the value chain increased the trade surplus and 
strengthened its net export position.

Rising geopolitical tensions and supply chain disruptions during Covid-19, together 
with rising labour costs, have diverted some low-cost manufacturing firms away 
from China, resulting in a slowdown in exports of low-cost manufacturing products. 
But China’s exports of high-value manufacturing goods have increased in recent years. 
China’s manufacturing exports have continued to account for about one-third of the 
world total.

Fiscal policy

Fiscal policy comprises two components: revenue and expenditure. In China, tax 
and land-related revenues have been the main sources of government income, with 
local governments heavily reliant on land sales and fiscal transfers from the central 
government. Government expenditure includes public investment, social welfare and 
transfer payments, debt servicing and policy instruments such as subsidies, grants and 
incentive programs.

The current account balance is the sum of the private sector balance and the public 
sector balance. The longstanding twin-deficit hypothesis suggests that a fiscal deficit 
is often associated with a trade deficit. If the government borrows more, it will 
increase domestic demand, which can increase imports and worsen the trade balance. 
If the deficit is financed by international capital flows, it can appreciate the domestic 
currency, further widening the trade deficit. This relationship is not always one-to-one 
but depends on the dynamic changes from exchange rate policy, monetary policy and 
international capital flows.

Fiscal policy can influence national saving and current account balances through 
expenditure. Government investment, as discussed above, is a key component of 
fiscal policy. An increase in public investment directly reduces public saving and thus 
national saving, which in turn reduces current account surpluses. Higher spending on 
social welfare can boost domestic consumption and thus reduce household saving and 
further narrow trade surpluses. In addition, fiscal instruments such as subsidies and 
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tax incentives (including those targeting international trade and broader distortions in 
factor markets) change the relative prices of exports and imports, thereby influencing 
the current account balance.

On the revenue side, the tax system plays an important role in shaping income 
distribution, which in turn influences income inequality, aggregate consumption 
and national saving. A more progressive tax system can reduce income inequality 
by redistributing income from high-income to low-income households, who tend 
to have a higher marginal propensity to consume. This redistribution boosts overall 
consumption and may reduce household saving rates. At the same time, corporate tax 
policies affect firms’ retained earnings and investment decisions, thereby influencing 
corporate saving. The structure of both personal and corporate taxes has important 
implications for the composition and level of national saving, as well as for broader 
macroeconomic imbalances.

Prospects
China’s national saving and current account balances are expected to continue shrinking 
over the coming decades. The decline in the saving rate reflects structural shifts in 
the economy, including population ageing, evolving consumption patterns, less public 
investment and rising public debt. As the saving rate declines, the current account 
surplus will likely narrow further.

A major factor contributing to the projected decline in China’s national saving is its 
rapid population ageing. According to the United Nations’ 2024 World Population 
Prospects (population.un.org/wpp/), the elderly dependency ratio in China is expected 
to increase dramatically, from about 15 per cent today to nearly 50 per cent by 2050. 
This demographic shift implies that a shrinking share of the working-age population 
will support a growing elderly population. As more people enter retirement, they will 
begin to decumulate their savings to finance consumption, leading to a structural 
decline in aggregate saving. Also, the ageing population will place increased pressure 
on public pension and healthcare systems, raising the fiscal burden on the government.

China has been expanding its social welfare system. If the government continues to move 
towards levels of social welfare like those in advanced economies, rising expenditures 
will place upward pressure on fiscal balances and thus reduce government saving. 
On the other hand, as social welfare improves, households may reduce precautionary 
saving, leading to a decline in household saving rates as well. Such structural increases 
in public spending may also necessitate tax reforms or reallocation of fiscal resources, 
given that China has already accumulated significant public debt, particularly at the 
local level (Wong 2024).

http://population.un.org/wpp/
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Shifts in the consumption–saving preferences of young generations are also expected to 
reduce household saving rates. Unlike previous generations, young Chinese are more 
inclined to spend than save, driven by improved access to credit and changing lifestyles, 
and less concern about old-age security due to expectations of social safety nets. This 
behavioural shift will reinforce the downward trend in national saving.

The housing market, which has long been a cornerstone of household wealth and 
saving behaviour in China, has been experiencing dramatic structural change in recent 
years. With homeownership already near saturation and housing prices peaking around 
the 2021–22 housing market crisis, the role of real estate as a store of value and a 
saving vehicle is diminishing. Future declines in property prices would further weaken 
household saving incentives. In addition, government revenues, particularly at the local 
level, have been heavily reliant on land sales and housing-related taxes. As the real estate 
sector contracts, this revenue stream is shrinking, thereby reducing government saving.

China’s ‘dual circulation’ strategy, introduced in 2020, emphasises strengthening 
domestic consumption (internal circulation) through building an integrated domestic 
market while maintaining openness to global markets (external circulation). This 
strategic pivot aims to rebalance growth drivers by reducing reliance on external demand 
and investment-led growth. Over time, this shift could reduce the trade surplus and 
change the composition of exports and imports.

Ongoing geopolitical tensions, particularly with the United States, may have long-
term implications for China’s trade relationships and supply chain integration. These 
disruptions may lead to a more fragmented global trading environment, further 
constraining China’s external balances and reducing its reliance on export-led growth.

Nevertheless, China remains well positioned to expand in high-value export sectors such 
as green technologies. As the world transitions to low-carbon energy systems, demand 
for Chinese electric vehicles, solar panels and battery technologies is expected to grow. 
This could partially offset the decline in traditional manufacturing exports and support 
external balances, even amid broader headwinds from rising trade protectionism.

Conclusion
China’s persistently high national saving rates and large current account surpluses have 
long reflected underlying structural imbalances in the economy, particularly the low 
levels of domestic consumption as a share of GDP. While China’s rapid economic growth 
over the past few decades has lifted millions out of poverty and transformed the country 
into a global economic powerhouse, this growth has not been fully translated into 
consumption-based welfare improvements for households. Instead, a disproportionate 
share of income has been directed towards investment and net exports, rather than 
household spending.
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The long-term macroeconomic imbalances stem from deep-rooted institutional, policy 
and structural distortions. Factors such as incomplete social welfare systems, constrained 
labour mobility, distorted factor markets and underdeveloped financial markets have 
suppressed consumption and encouraged excessive precautionary saving. Traditional 
macroeconomic policy tools have become increasingly less effective and less sustainable 
as mechanisms for promoting balanced growth.

Going forward, more sustainable and inclusive long-term growth in China must be 
driven mainly by domestic consumption and should aim to enhance household welfare 
more directly. This transition will require a strategic rebalancing of the economy from 
investment-led and export-led growth to consumption-led development. Such a shift is 
not only necessary for improving the quality of growth and the welfare of people, but 
also for ensuring economic resilience with an ageing population and growing global 
uncertainties.

Achieving this transformation will depend critically on broad-based policy and 
institutional reforms. These should focus on reducing structural distortions, 
better integrating domestic markets and fostering a more equitable distribution of 
income. Strengthening social welfare systems, including pensions, health care and 
unemployment insurance, can reduce the need for precautionary saving, while policies 
that boost household income, particularly for rural and low-income populations, and 
urbanise migrant workers will directly support consumption. Together, these reforms 
are essential for building a more balanced, welfare-enhancing and sustainable economic 
model for China’s future.
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Over the past 50 years, China has made significant strides in rural revitalisation, 
particularly achieving a pivotal phase in rural transformation. According to the Food 
and Agriculture Organization of the United Nations (FAO 2024), China’s agricultural 
labour productivity has risen significantly, from an average of US$10,000 in 1970 to 
more than US$13,000 in 2022—a growth rate that surpasses that of other developing 
regions in Asia, Latin America and Africa. Concurrently, there has been a marked 
shift in employment from agriculture to non-agricultural sectors; China’s off-farm 
employment increased from 20 per cent in 1970 to approximately 80 per cent in 2022, 
indicating a key structural change necessary for rural modernisation (FAO 2024). This 
transformation has improved living standards in rural communities and strengthened 
the nation’s economic growth and food security.

The success of China’s rural development is largely due to strategic market-oriented 
reforms and well-designed institutional, policy and investment measures. Since the 
1990s, China has rapidly reformed its agricultural sector, becoming a leader among 
developing countries with minimal agricultural support relative to GDP. Coupled with 
domestic reforms, China’s gradual opening of its agricultural markets to international 
trade has further stimulated growth. Meanwhile, dual market and government 
adjustment mechanisms have become crucial for stabilising rural and structural 
transformation processes. The government’s role in building agricultural infrastructure 
has been essential, especially in a context in which small-scale farming is prevalent, 
ensuring that market mechanisms are effectively supported and rural transformation 
is stabilised, leading to a robust and productive agricultural sector.
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Despite its significant strides, China’s rural revitalisation is now facing formidable 
challenges due to environmental and resource constraints. Climate change, as 
highlighted by the United Nations (UN Statistics Division 2023), impacts more than 
one-third of the global population, particularly in regions such as Asia, where water 
stress exceeds 75 per cent. This, coupled with the degradation of natural resources—for 
example, about 33 per cent of the world’s soils are moderately to severely degraded—
and the deterioration of more than 60 per cent of irrigated land in critical regions such 
as North Africa, South Asia and the Middle East, underscores the urgency of these 
obstacles. Additionally, ecological shifts, such as the loss of nearly 130 million hectares 
of agricultural land from 2000 to 2019 and the annual contamination of water bodies 
with nearly 600,000 tonnes of phosphorus from agricultural runoff, compound the 
issue. These multifaceted environmental pressures demand a strategic reassessment and 
adaptation of rural development approaches.

In response to these challenges, China has charted a new course for rural transformation 
and revitalisation, prioritising the enhancement of ‘new quality’ agricultural productivity. 
This innovative approach transcends conventional metrics of output and efficiency by 
embracing the principles of inclusivity and environmental sustainability. By integrating 
these core values, China is adopting advanced agricultural technologies—encompassing 
biotechnology, digital technologies and artificial intelligence (AI)—to increase 
agricultural productivity while considering ecological preservation. This approach 
seeks not only to augment current productivity but also to mitigate natural resource 
degradation and environmental pollution, thereby laying a foundation for sustainable 
agricultural practices that can endure for future generations. More importantly, 
especially for the rural sector predominantly comprising small-scale farmers, it ensures 
that the benefits of agricultural advancement are broadly shared across society.

This chapter delves into the evolution of rural revitalisation in China, examining its 
strategic role within the broader context of the developing world. It offers a comparative 
cross-country perspective by using data from authoritative sources such as the FAO’s 
database (FAOSTAT),1 the US Department of Agriculture’s International Agricultural 
Productivity database (IAP)2 and the National Bureau of Statistics of China (NBS).3 
By examining these trajectories, we seek to extract valuable lessons and insights that 
can benefit other developing countries in their quest to transform and revitalise their 
rural sectors. Ultimately, the goal is to provide a comprehensive overview that not only 
highlights China’s journey but also offers a roadmap for sustainable and inclusive rural 
development applicable to diverse global contexts.

The chapter is structured as follows. The first section outlines the motivation behind 
China’s rural revitalisation and its importance in the context of developing countries. 
The second section examines the main drivers of China’s rural transformation. The third 

1	 FAOSTAT: www.fao.org/faostat/en/#home. 
2	 ERS: www.ers.usda.gov/data-products/international-agricultural-productivity/. 
3	 NBS: data.stats.gov.cn/. 

http://www.fao.org/faostat/en/#home
http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://data.stats.gov.cn/
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section discusses the new challenges faced by China in its rural revitalisation efforts. 
Section four delves into new directions for China’s rural transformation, focusing 
on inclusiveness, fairness and sustainability, while the conclusion synthesises the key 
findings and their implications for other developing countries.

Rural transformation pathways in China and their 
significance for developing countries
Rural development and revitalisation often hinge on rural transformation, as revealed 
by an examination of various countries’ trajectories. The International Fund for 
Agricultural Development (IFAD) defines rural transformation as a process intricately 
linked to the ongoing enhancement of agricultural labour productivity, a shift in 
agricultural production from low-value food crops to more commercially viable high-
value agricultural products and a notable increase in non-agricultural employment 
and entrepreneurial opportunities (IFAD 2016). This process is also characterised 
by structural transformation, with the national economy transitioning from an 
agriculture-centric to an industry and service–oriented model. These transformations 
are interdependent and collectively pivotal for the advancement and modernisation 
of rural regions.

Economic studies initially primarily focused on examining the rural transformation 
triggered by the Industrial Revolution. This transformation was pivotal in shaping 
the trajectory of agricultural modernisation and its broader implications for national 
economies (Johnston 1970; Schultz 1964). Over the past two centuries, there has been 
a notable shift in global agricultural practices from extensive to intensive methods. This 
shift has been driven by the growing demand for food due to rising populations and 
urbanisation, occurring within the constraints of limited resources (Boserup 1976). 
The progression from extensive to intensive agricultural practices has been a critical 
response to the challenges posed by population growth and urbanisation, demonstrating 
the adaptability and resilience of the agricultural sector in the face of evolving global 
demands. Stable agricultural development is vital for ensuring global food security 
and is especially crucial for countries that rely heavily on agriculture (Block 1994; 
Dethier and Effenberger 2012). According to the World Bank (2023), the total value 
of global agricultural output has tripled since the mid-twentieth century. This trend is 
particularly pronounced among developing countries, with agricultural output in lower 
middle-income Asia-Pacific nations increasing more than sixfold (Alston and Pardey 
2014; Block 1994).

Global rural development faces core challenges, including food security, rural income 
generation and the pursuit of sustainable agricultural practices, which have recently 
drawn considerable attention. In response to these challenges, the UN Sustainable 
Development Goals promote the development and implementation of targeted 
solutions by developing countries, customised to their unique sociocultural and 
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economic contexts (UNDESA 2015). These solutions aim to curb rural decline, alleviate 
poverty and improve residents’ quality of life. The World Development Report highlights 
the critical role of rural transformation as a primary growth driver, particularly for 
economies with a strong agricultural base (Byerlee et al. 2008). This transformation 
is evident in the sizeable changes occurring in rural areas across Asia, Africa and Latin 
America, where economic and social shifts underscore the importance of strategic rural 
development in driving broader socioeconomic progress (IFAD 2016).

Theoretically, rural and structural transformation unfold through several developmental 
phases, each with distinct characteristics. IFAD (2016) divides this process into five 
evolutionary stages: starting with an agriculture-dominated phase, it advances through 
early industrialisation, service sector expansion, urbanisation and modernisation and, 
finally, matures into a knowledge and innovation economy. Each stage is a pivotal 
moment in the journey, reflecting profound shifts in the economic and social landscape 
of rural areas.

Nevertheless, it is evident that rural and structural transformations do not follow a 
one-size-fits-all pattern. As a notable example, China has exemplified successful rural 
transformation through an accelerated developmental trajectory. Over the past four 
decades, China has experienced rapid growth in per capita agricultural income and 
has released a significant agricultural labour force through increased agricultural 
productivity. This has led to a swift increase in the proportion of non-agricultural 
employment, achieving structural transformation alongside rural transformation. 
Nevertheless, not all nations have successfully navigated through the stages of rural 
transformation. For instance, in sub-Saharan Africa, postcolonial GDP growth has not 
significantly alleviated poverty and agricultural productivity growth remains subdued 
(Barrett et al. 2017; Wuyts and Kilama 2015).

To encapsulate the income and marketisation of the agricultural sector, we characterise 
rural transformation in developing countries by agricultural labour productivity and 
the share of high-value commodities. Figure 12.1 shows that, over the past 50 years, 
there has been substantial progress in agricultural labour productivity among 
developing  countries. In Asia, agricultural labour productivity has shown an overall 
upward trend, with an increase from an average of US$5,000 in 1970 to more than 
US$9,000 in 2022 (constant 2015 prices), indicating ongoing advancements in 
agricultural transformation and output. Latin American developing countries have 
seen a growth pattern similar to that of Asian developing countries, with agricultural 
labour productivity rising from US$5,000 in 1970 to more than US$15,000 in 2022. 
Conversely, African developing countries confront challenges of both low agricultural 
labour productivity and slow growth rates. Despite improvements, Africa’s per capita 
agricultural GDP remained below US$5,000 in 2022, reflecting a slower pace of 
development than other regions.
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Figure 12.1: Trend of agricultural labour productivity in China and other developing 
regions, 1970–2022
Sources: Authors’ own estimations based on the ERS (www.ers.usda.gov/data-products/
international-agricultural-productivity/); and NBS database (data.stats.gov.cn/english/).

Compared with other developing countries, China has exhibited accelerated growth in 
agricultural labour productivity. From 1970 to 2004, agricultural labour productivity 
in China fluctuated around US$1,000 to US$2,000. Since 2005, the growth rate has 
accelerated significantly with the advancement of market reforms and increased trade 
openness in China, rising from US$2,000 to more than US$10,000. Between 1997 and 
2020, China’s growth rate surpassed that of other Asian and Latin American countries. 
However, after 2020, there was a slowdown.

Between 1970 and 2020, the proportion of high-value agricultural products among 
developing countries grew, with significant regional variations (Figure 12.2). In Asia, 
the share of high-value agricultural products increased from about 55 per cent in 1970 
to nearly 70 per cent by 2020, indicating phased progress in agricultural production 
reform. In contrast, Latin America had a higher initial share, of more than 60 per cent, 
in 1970, growing slowly to nearly 70 per cent by 2020. Meanwhile, African countries 
mainly produced low-value food crops and, although the share of high-value products 
increased, it did not exceed 50 per cent overall.

As the same time, China’s growth rate of high-value agricultural products significantly 
outpaced other developing countries. Initially, China’s agricultural production focused 
on low-value food crops. However, government and market efforts shifted production 
towards higher-value crops. By 1990, China’s share of high-value agricultural output 
reached 40 per cent, surpassing the average level of African developing countries. 
By 2000, this proportion increased to more than 60 per cent, nearing the average level 
of Asia and Latin America. Over the next two decades, China’s share of high-value 
agricultural products fluctuated slightly but showed a general upward trend.

http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://data.stats.gov.cn/english/
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Figure 12.2: Trend of the share of high-value agricultural products in China and other 
developing regions, 1970–2022
Sources: Authors’ own estimations based on FAOSTAT (www.fao.org/faostat/en/#home); and NBS 
database (data.stats.gov.cn/english/).

With rural transformation, developing countries are also experiencing rapid structural 
changes, highlighted by the growing importance of non-agricultural GDP and off-
farm employment. As shown in Figure 12.3, the proportion of non-agricultural GDP 
in developing countries has a significant upward trend, reflecting urbanisation and 
industrialisation advancements. Latin America had the highest proportion, starting 
at 90 per cent in 1970 and stabilising around 95 per cent between 2010 and 2020. 
In Asia, the proportion grew rapidly, from about 65 per cent in 1970 to 90 per cent 
by 2020, surpassing the world average by 2000. This trend shows Asia’s progress in 
rural poverty reduction and structural transformation. In contrast, Africa is still in the 
early stages of structural transformation, facing obstacles in non-agricultural industry 
development. In 1970, African countries had just over 70 per cent non-agricultural 
GDP, which slowly increased to 80 per cent by 2020.

China has achieved significant success in developing its non-agricultural sector, with 
growth rates far exceeding those of other developing countries. In 1970, China’s 
non-agricultural GDP share was just over 30 per cent—lower than other developing 
countries. However, over the past five decades, this share grew rapidly, reaching 80 per 
cent by 2000, surpassing Africa’s average. By 2010, it exceeded the average level in Asia, 
approaching Latin American levels. This trend reflects China’s substantial progress in 
non-agricultural industry development and structural transformation.

http://www.fao.org/faostat/en/#home
http://data.stats.gov.cn/english/
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Figure 12.3: Trend in the share of non-agricultural GDP in China and other developing 
regions, 1970–2022
Sources: Authors’ estimations based on FAOSTAT (www.fao.org/faostat/en/#home); and NBS 
database (data.stats.gov.cn/english/).

In terms of off-farm employment, developing countries in different regions have 
shown positive growth trends, reflecting the ongoing release of rural labour from farm 
employment and deepening global rural structural transformation. In Latin America, 
the share of off-farm employment was as high as 40 per cent in 1970 and grew to 
about 60 per cent by 2022 (as shown in Figure 12.4). In Asia, the share increased 
continuously from about 35 per cent in 1970 to nearly 50 per cent in 2022. Africa also 
experienced a pronounced change in employment structure, but the share of off-farm 
employment is still lower than in other regions. Starting from a lower base at 20 per 
cent, the share of off-farm employment in African developing countries just exceeded 
40 per cent by 2022, reflecting the fact that African countries are still in an important 
stage of economic structural adjustment.

The growth rate of China’s share of off-farm employment has been even faster. Despite 
starting from a lower level, by the end of the sample period, China’s proportion exceeded 
the average level in other developing countries. In sync with rural transformation, 
China’s share of off-farm employment increased from about 20 per cent in 1970 
to about 70 per cent in 2022, representing nearly a 2.5-fold increase. By the early 
twenty-first century, China’s share had reached 50 per cent, surpassing the average 
in other developing countries. This continuously adjusting employment structure 
reflects the rapid progress of urbanisation and structural transformation alongside rural 
transformation in China.

http://www.fao.org/faostat/en/#home
http://data.stats.gov.cn/english/
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Figure 12.4: Trend in the share of non-agricultural employment in China and other 
developing regions, 1970–2022
Sources: Authors’ estimations based on FAOSTAT (www.fao.org/faostat/en/#home); ERS (www.ers.
usda.gov/data-products/international-agricultural-productivity/); and NBS database (data.stats.gov.
cn/english/).

The drivers of China’s rural transformation
Rural transformation and structural adjustment represent a gradual evolution towards 
marketisation, where the agricultural sector has shifted from government leadership to 
market mechanisms. From the end of the last century to the present, the total amount 
of agricultural support in most developing countries has shown an initial increase 
followed by a decrease, with its proportion in GDP generally declining, reflecting the 
decreasing relative importance of agricultural support in the national economy.

Table 12.1 shows a global comparison of government agricultural support in developing 
countries. In Latin America, the total value of agricultural support was US$8.9 billion 
between 2000 and 2009, constituting 0.47 per cent of GDP. This decreased to 
US$6.9 billion between 2010 and 2019, with the proportion of GDP slightly increasing 
to 0.54 per cent, and further reduced to US$4.4 billion between 2020 and 2023, with 
the GDP share dropping to 0.41 per cent. In Asia, the total amount of agricultural 
support was US$14.9 billion between 2000 and 2009, representing 0.75 per cent of 
GDP. This increased to US$17.1 billion between 2010 and 2019, with the GDP share 
slightly decreasing to 0.68 per cent, and significantly dropped, to US$13.9 billion, 
between 2020 and 2023, with the GDP share reduced to 0.59 per cent.

http://www.fao.org/faostat/en/#home
http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://data.stats.gov.cn/english/
http://data.stats.gov.cn/english/
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Table 12.1: Agricultural support in China and other developing countries

Region Agricultural support (US$ million, 
constant 2015 price)

% of GDP 

Panel A: 2000–09

China 8,205.05 0.16

Africa 258.00 1.12

Latin America and the Caribbean 892.07 0.47

Asia 1,491.94 0.75

Panel B: 2010–19

China 13,787.12 0.13

Africa 274.17 0.86

Latin America and the Caribbean 694.34 0.54

Asia 1,713.30 0.68

Panel C: 2020–23

China 8,273.99 0.05

Africa 297.02 0.76

Latin America and the Caribbean 436.67 0.41

Asia 1,389.94 0.59

Note: The level of agricultural support and its GDP ratio in the table pertain solely to mainland 
China, which is excluded from the ‘Asia’ sample.
Sources: Authors’ estimations based on FAOSTAT (www.fao.org/faostat/en/#home); World Bank 
(data.worldbank.org/); and NBS database (data.stats.gov.cn/english/).

In contrast, Africa’s agricultural sector continues to increase its reliance on public policy, 
with sustained growth in the total amount of agricultural support and a proportion 
of GDP significantly higher than in other developing regions. The total value of 
government agricultural support in Africa was US$2.6 billion between 2000 and 2009, 
accounting for 1.12 per cent of GDP. It slightly increased, to US$2.7 billion, between 
2010 and 2019, with the GDP share reducing to 0.86 per cent, and further increased, 
to US$3 billion, between 2020 and 2023, constituting 0.76 per cent of GDP.

Since the 1990s, China’s agricultural sector has undergone rapid marketisation reforms, 
making it one of the developing countries with the lowest agricultural support as a 
proportion of GDP. In China, the level of total agricultural support was about US$8.21 
billion between 2000 and 2009, accounting for 0.16 per cent of GDP. From 2010 to 
2019, the total increased to US$13.79 billion, while its proportion of GDP declined 
to 0.13 per cent. Between 2020 and 2023, the total decreased to US$8.27 billion, with 
its share of GDP reduced, to 0.05 per cent.

http://www.fao.org/faostat/en/#home
http://data.worldbank.org/
http://data.stats.gov.cn/english/
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Figure 12.5: Trend of tariff rate changes in China and other developing regions, 
1990–2022
Sources: Authors’ compilation based on the World Bank (data.worldbank.org/); WTO Stats (stats.
wto.org/); and NBS database (data.stats.gov.cn/english/).

In addition to domestic market reforms, China has gradually opened its market for 
agricultural products to the world. The acceleration of globalisation in the 1990s and 
the establishment of the World Trade Organization (WTO), along with the impetus 
of the Doha Round of negotiations in the twenty-first century, have led to a gradual 
reduction in tariffs and an expansion of market access for agricultural products in 
developing countries. As shown in Figure 12.5, there was a rapid decline in tariffs 
in  developing countries in the 1990s and a generally downward trend has been 
maintained in the twenty-first century. Starting in 1996, China reduced its tariffs below 
the average level of developing countries in Asia, Africa and Latin America, and has 
since maintained a long-term continuous decline.

Consequently, the reduction in tariffs has promoted international trade and market access 
for agricultural products from China, enabling these products to enter the international 
market at a lower cost, thereby increasing export opportunities and competitiveness. 
At the same time, the domestic market may face more intense competition due to the 
entry of foreign agricultural products, prompting domestic agricultural producers to 
improve their efficiency and product quality. Although there may be short-term pressure 
on some agricultural sectors that depend on protection, in the long run, reducing tariffs 
is beneficial for enhancing the competitiveness and sustainable development capacity of 
the entire agricultural sector. This ultimately supports the transition to a more mature 
stage of rural and structural transformation (Gale 2013; Orden et al. 2003).

http://data.worldbank.org/
http://stats.wto.org/
http://stats.wto.org/
http://data.stats.gov.cn/english/
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However, given the vulnerability of the agricultural and rural sectors in developing 
countries, relying solely on market adjustment mechanisms for rural and structural 
transformation is challenging. For example, to ensure food security and meet the basic 
nutritional needs of a growing population, these regions initially formed production 
models centred on staple foods such as rice, wheat and corn. This food production–
dominated model limited the development of non-agricultural employment, resulting 
in a concentration of rural labour in agriculture, a single rural development model 
and generally low incomes dependent mainly on agricultural output (Huang 2020; 
IFAD 2016). Therefore, governments in various developing countries continuously 
formulate and adjust institutions, policies (such as technology policy and market 
reforms) and investments to complement market mechanisms and facilitate smooth 
rural transformation.

In China, dual market and government adjustment mechanisms have become crucial 
for stabilising rural and structural transformation processes. The agricultural production 
model dominated by small farmers makes spontaneous market adjustment difficult 
for constructing agricultural and rural infrastructure. Consequently, the government 
has long undertaken the construction of agricultural production infrastructure. Public 
investment in infrastructure and R&D, due to their significant positive external effects 
on agricultural production, has been a central focus of rural public investment by the 
central and local governments in China since the period of reform and opening.

The long-term investment by China’s public sector in irrigation infrastructure is a 
typical and effective strategy for improving the efficiency of the agricultural sector 
and promoting rural transformation. Since the 1970s, China’s investment in irrigation 
infrastructure has expanded significantly, enhancing agricultural production and 
achieving stable and increased output. From 1970 to 2022, the proportion of irrigated 
land in China’s total arable land increased from less than 20 per cent to more than 
50  per cent—far exceeding the average level of developing countries in Asia, Latin 
America and Africa (as shown in Figure 12.6). By the end of 2022, China’s effective 
irrigated land area was 70.4 million hectares (Wang et al. 2017). The continuous 
improvement of irrigation infrastructure has become crucial for ensuring food security, 
with irrigated agriculture supporting more than 70 per cent of China’s grain crops, more 
than 80 per cent of its cotton and more than 90 per cent of its vegetable production 
(Wang et al. 2017).
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Figure 12.6: Trend of changes in the scale of irrigation infrastructure in China and 
other developing regions, 1970–2022
Note: The level of irrigation is measured by the proportion of irrigated land in the total area 
of farmland.
Sources: Authors’ estimations based on the ERS (www.ers.usda.gov/data-products/international-
agricultural-productivity/); and NBS database (data.stats.gov.cn/english/).

In addition to domestic market reforms, China has gradually opened its market for 
agricultural products to the world. The acceleration of globalisation in the 1990s and the 
establishment of the World Trade Organization (WTO), along with the impetus of the 
Doha Round of negotiations in the twenty-first century, have led to a gradual reduction 
in tariffs and an expansion of market access for agricultural products in developing 
countries. As shown in Figure 12.5, there was a rapid decline in tariffs in developing 
countries in the 1990s and a generally downward trend has been maintained in the 
twenty-first century. Starting in 1996, China reduced its tariffs below the average level 
of developing countries in Asia, Africa and Latin America, and has since maintained 
a long-term continuous decline.

However, the positive impacts of irrigation infrastructure on rural transformation have 
diminished over time (Sheng et al. 2024). Specifically, from 1980 to 1985, a 1 per cent 
increase in irrigation infrastructure boosted agricultural productivity by 0.3 per cent; 
from 2012 to 2018, this impact declined to 0.2 per cent. This trend aligns with the 
historical development of irrigation infrastructure. In the early 1980s, irrigation 
construction significantly optimised rural resource allocation and aided adjustment of 
agricultural structure, enhancing productivity. In the late 1990s, with a solid foundation 
of irrigation infrastructure, government policies and institutional innovations further 
accelerated productivity growth. Entering the twenty-first century, the focus on green, 
efficient and sustainable agricultural development has introduced new requirements 

http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://www.ers.usda.gov/data-products/international-agricultural-productivity/
http://data.stats.gov.cn/english/
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for transforming irrigation investment, presenting fresh challenges for productivity 
growth. Therefore, economic benefits should not be the sole criterion for evaluating 
rural revitalisation. In promoting dual circulation and sustainable development, 
the establishment of inclusive and fair sustainable rural development measurement 
indicators is urgently needed.

New directions in China’s rural transformation: 
Inclusiveness, fairness and sustainability
Climate change, natural resource degradation and ecological alterations have become 
significant factors constraining rural development due to their adverse impacts on 
the agricultural sector. Rapid global urbanisation leads to a continuous decrease in the 
amount of agricultural land and intensifies demand for water resources for agriculture. 
Long-term reliance on input-intensive strategies, such as the excessive use of chemical 
fertilisers and pesticides, has caused severe environmental pollution in agricultural 
production. This creates a ‘double constraint’ of tightening resource constraints 
and overloading the environmental carrying capacity, hindering sustainable agricultural 
development.

The challenges posed by climate change and resource degradation are even more 
severe for developing countries with large populations and limited cropland. The UN 
Statistics Division (2023) noted that, in 2020, more than one-third of the world’s 
population lived in countries experiencing water stress, with more than 75 per cent of 
those in Central and South Asia facing high water stress, and North Africa exceeding 
100 per cent. Approximately 33 per cent of soil globally shows moderate to severe 
degradation and, in North Africa, South and West Asia and the Middle East, more than 
60 per cent of irrigated land has been degraded. The impacts of water and soil resource 
shortages and pollution from pesticides and chemical fertilisers are expanding; globally, 
the amount of agricultural land decreased by nearly 130 million hectares between 
2000 and 2019, with up to 1.5 million hectares of cropland rendered unproductive 
annually due to soil salinisation (FAO 2021). Furthermore, nearly 600,000 tonnes 
of phosphorus enters water bodies annually from agricultural production, and a 
survey of 11 European countries found that nearly 60 per cent of agricultural topsoil 
contains multiple persistent pesticide residues (FAO 2018, 2021). Climate change also 
significantly impacts agricultural development, with the Food Security Information 
Network (FSIN and GNAFC 2024) reporting that nearly one-third of 59 countries 
(representing about 72 million people) face food crises related to climate—up from 
12 countries (and 56.8 million people) in 2022.

Despite some countries adopting measures to address environmental externalities, 
imbalanced regional development has led to different rural transformation paths. 
Countries such as India and China have improved agricultural productivity 
through large-scale irrigation projects, mitigating climate change uncertainties, 
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promoting the commercialisation and diversification of agriculture and accelerating 
rural transformation. However, in Africa, especially sub-Saharan Africa, irrigation 
infrastructure is insufficient, with most agriculture relying on rain, leading to low and 
unstable productivity and hindering rural transformation towards higher value-added 
agriculture and non-agricultural industries. In these regions, GDP per capita growth 
has not reduced poverty and agricultural productivity growth remains low (Dercon and 
Gollin 2014; Wuyts and Kilama 2015). Although the share of agriculture in GDP and 
employment has declined, the non-agricultural labour force has shifted more towards 
non-trade service industries rather than manufacturing (IFAD 2016; Rodrik 2015).

Traditionally, rural transformation has been deficient in considering inclusiveness, 
fairness and sustainability. First, regarding inclusiveness, agricultural labour productivity 
focuses on overall output efficiency. Policies and strategies often support large agricultural 
operators who can boost productivity, neglecting the productivity and income of small 
farmers and vulnerable groups. The emphasis on high-value agricultural products 
highlights economic benefits but overlooks whether small farmers have the resources 
to produce these products, potentially excluding them from high-profit production. 
Second, the focus on the proportion of non-agricultural GDP emphasises agricultural 
economic growth without reflecting on the fairness of income distribution. This can 
hide significant income disparities within rural areas, concentrating resources and 
opportunities among large farmers and affluent groups. Last, traditional agricultural 
total factor productivity (TFP) emphasises input–output efficiency but ignores 
potential environmental degradation and resource depletion during production, which 
is detrimental to the long-term sustainability of agricultural development.

To spearhead a new era of rural revitalisation, China is leading the way among developing 
countries by focusing on enhancing ‘new quality’ agricultural productivity—a concept 
that emphasises inclusion, fairness and sustainability. Inclusiveness is addressed by 
considering a broader range of input factors, such as natural resources and weather. 
In  terms of fairness, this approach aims to improve resource utilisation efficiency, 
reduce waste and environmental damage and increase farmers’ income through efficient 
production, promoting a fair distribution of resources and benefits. This is particularly 
important for developing countries because it encourages small farmers to participate 
in efficient, low-consumption agricultural production through technological and 
managerial innovations, thus improving their market competitiveness and achieving 
more inclusive development. Finally, sustainability is achieved by prioritising the 
efficient use of resources and environmental protection, which includes reducing 
chemical inputs and enhancing water efficiency—all aimed at supporting long-term 
agricultural resilience.

Enhancing ‘new quality’ agricultural productivity and fostering comprehensive rural 
revitalisation can take two primary pathways: capital deepening and sustainable 
environmental development. Capital deepening in agricultural production is the process 
of increasing the amount of capital, such as machinery, equipment and infrastructure, 
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used in the production process relative to the amount of labour. Historically, developed 
countries such as the United States and Australia have effectively utilised capital-
intensive technologies to spur agricultural productivity growth. The abundant natural 
resources in these nations, such as land, have diminished the potential for marginal 
improvements through biological and chemical technologies—a scenario that many 
land-scarce developing countries cannot replicate.

China has forged a unique path to capital deepening: the emergence of innovative 
management and business models, such as customised services, is transforming 
agricultural production methods and propelling a significant leap in productivity in 
developing countries. This is accomplished by integrating technological advancements 
into the use of capital goods (Sheng et al. 2022). For example, the development of 
customised service systems enables the substitution of capital for labour in areas that 
are densely populated and have limited land. This not only alleviates labour shortages 
at a reduced cost but also establishes conditions that are favourable for the adoption of 
sophisticated technologies. In contrast to labour-intensive technological advancements, 
this new capital-intensive approach, supported by customised services, is gaining 
popularity as a sustainable engine for agricultural productivity growth.

Concurrently, capital deepening facilitates the spread of agricultural technologies across 
regions with diverse agricultural ecosystems and climates, thereby reducing disparities 
in agricultural production efficiency. The natural geographic variations have historically 
limited the transferability of agricultural technologies between different ecological and 
climatic zones, leading to international differences in agricultural productivity (Gollin 
et al. 2014a, 2014b). Nevertheless, investments in R&D, particularly in fields such as 
biotechnology, AI and information technology, have enabled the broader application 
of agricultural technologies across regions (Sheng et al. 2015). Genetic modifications, 
for example, have made certain crops and livestock varieties originally suited for humid 
conditions more drought-resistant, allowing them to thrive in arid regions and thereby 
enhancing agricultural output and efficiency.

Figure 12.7 depicts the relationship between agricultural productivity—measured 
by TFP—and the degree of capital deepening in China relative to major developed 
countries. Generally, these developed countries and regions have achieved a higher level 
of capital accumulation. The European Union and Australia, in particular, are currently 
in a phase in which they are increasing capital investment to bolster productivity. 
Their agricultural productivity continues to grow at a rate that exceeds that of China, 
indicating a trend of convergence. However, in the United States, there is a clear negative 
relationship between agricultural productivity and capital deepening. This suggests that 
the United States has been the first to complete the phase of promoting productivity 
growth through increased capital investment, beyond which capital investment has 
started to decline.
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Figure 12.7: The pathways of agricultural capital intensification across countries 
(regions), 1978–2019
Source: Authors’ estimations based on the International Comparison of Agricultural Productivity 
database (icapproject.com/).

China’s agricultural capital accumulation is positively correlated with its agricultural 
productivity and its capital deepening is still on an upward trajectory, potentially 
progressing towards an optimal level in comparison with major developed countries 
and regions. Thus, there remains significant policy space for enhancing agricultural 
productivity in the future, particularly in the process of improving ‘new quality’ 
productivity. However, it should be noted that due to the declining efficiency of 
existing public capital investment, the current mode of such investment may no 
longer support the continuous growth of agricultural productivity (as evidenced by the 
downward trend in the internal rates of return on China’s infrastructure investment in 
the previous section). Therefore, the direction of China’s agricultural investment will 
require substantial reform.

An environmentally sustainable development path is another crucial route to achieving 
‘new quality’ in agricultural productivity. This approach emphasises maintaining or 
enhancing agricultural output while minimising the social and environmental costs 
associated with agricultural production. Meeting the growing global demand for food 
while achieving sustainable agricultural development presents a notable challenge. 
Throughout the long-term development of agriculture, producers have either increased 
the input of new land into production or enhanced yields to meet the ever-increasing 
demand by adding labour, machinery, energy, fertilisers and other inputs. Despite 
the remarkable achievements in global agricultural development, current production 
methods, including the massive increase in reactive nitrogen use and changes in 
land systems, may undermine land productivity, thereby affecting the long-term 

http://icapproject.com/
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sustainability of agriculture. Data indicate that if the current trend of global land 
degradation continues, 1.5 billion hectares of degraded land will need to be restored by 
2030 to achieve the zero-growth target for land degradation set in the UN Sustainable 
Development Goals (UN 2024).

Environmental conditions are crucial determinants of agricultural production, but 
the heterogeneity of these across countries leads to diverse paths in the pursuit of 
sustainable agricultural development. Figure 12.8 summarises the general principles 
of sustainable agricultural development by comparing the relationship between 
agricultural land productivity and agricultural labour productivity in China and major 
developed countries and regions. As shown, there is a positive correlation between 
agricultural land productivity and labour productivity in all countries. However, 
a weaker positive relationship indicates higher land production efficiency, implying 
a greater role for sustainable environmental utilisation in agricultural development. 
Because US agricultural production is capital-intensive and relies more on land to 
address agricultural development issues, its degree of resource utilisation contributes 
less to the sustainability of agriculture. In contrast, European countries and Australia, 
although initially following a similar development path to the United States, have 
recently begun to shift towards more effective resource utilisation methods.

Figure 12.8: Pathways to agricultural productivity across countries (regions), 
1978–2019
Source: Authors’ estimations based on the International Comparison of Agricultural Productivity 
database (icapproject.com/).

http://icapproject.com/


THE GREAT ENERGY TRANSFORMATION IN CHINA

286

Compared with major developed countries, China has increased agricultural productivity 
by relying on land and resource consumption. However, the effect of relying on land 
resources to enhance agricultural productivity is diminishing, meaning that further 
increases in land input cannot bring about more growth in productivity. Developed 
countries such as those in Europe and Australia have already effectively improved the 
sustainability of agricultural production through policies such as green agriculture. 
Only the United States still maintains a high dependency on resource consumption, 
with agricultural income growth coming at the expense of the environment. If the 
current path continues, the sustainability of China’s agricultural production will 
gradually decrease to below that of the United States.

Since the early twenty-first century, China has been making efforts to improve the 
efficiency of land and other natural resource utilisation. In 2005, China initiated 
environmental policies such as emission and fertiliser reduction, leading to a significant 
improvement in the country’s land production efficiency. There is a need to further 
enhance environmental efficiency by drawing on the sustainable agricultural 
development models of developed countries and regions such as Europe and Australia.

Conclusion
Over the past half-century, China has made remarkable achievements in rural 
revitalisation, transforming its agricultural landscape through strategic reforms and 
investments. The country has witnessed a significant increase in agricultural productivity, 
which has been instrumental in lifting millions of people out of poverty and enhancing 
the quality of life in rural areas. China’s approach to rural development has been 
characterised by large-scale infrastructure projects, technological advancements in 
farming and policies that encourage diversification and modernisation of the agricultural 
sector. This progress has not only improved the livelihoods of rural populations but also 
contributed to the nation’s overall economic growth and food security.

Currently, China has shifted in a new direction for rural transformation and revitalisation, 
focusing on enhancing the ‘new quality’ of agricultural productivity. This concept 
goes beyond traditional measures of output and efficiency, incorporating principles 
of inclusiveness and environmental sustainability. By emphasising these values, China 
aims to ensure that the benefits of agricultural growth are equitably distributed and that 
the practices adopted do not compromise the environment for future generations. This 
holistic approach to development seeks to create a balanced and lasting impact on rural 
communities, promoting economic prosperity in harmony with nature.

China’s remarkable progress in rural revitalisation over the past 50 years serves as a 
beacon for developing countries navigating similar paths. Yet, the road ahead is not 
without obstacles. The imperative to address environmental and resource degradation, 
financial constraints and the uneven distribution of skills and resources calls for a 
comprehensive and nuanced policy approach. To this end, a series of strategic reforms 
must be pursued with vigour and foresight.
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First, it is imperative to reform the science and technology policy system to ensure 
that it effectively supports the advancement of agricultural practices. This can be 
achieved by significantly increasing public investment in R&D, with a particular focus 
on biotechnology, digital technology and agricultural machinery technology. Such a 
reform will be pivotal in driving innovation that not only enhances productivity but 
also fortifies the agricultural sector against the impacts of climate change. By prioritising 
these areas, the potential for sustainable resource use can be maximised, leading to 
a more resilient and efficient agricultural sector that is better equipped to meet external 
shocks and can continue to thrive in the face of environmental and economic pressures.

Second, there is a clear need for the government to redefine its role in facilitating rural 
transformation. Market-oriented reforms should be at the forefront of this strategy, 
aimed at accelerating the transition to a more efficient and high-quality agricultural 
sector. It is essential that these reforms are designed to promote a sector that is not only 
productive but also environmentally sustainable and socially inclusive. To achieve this, 
the government must also focus on optimising the auxiliary role of institutional, policy 
and investment measures. These measures should be crafted to support and complement 
market mechanisms, ensuring that they effectively contribute to the development of the 
agricultural sector. The goal is to create an environment that encourages sustainable 
development, where the ‘new quality’ of agricultural productivity is not just a static 
objective but an ongoing process that adapts and innovates in response to the ever-
evolving challenges of rural development.

Last, and closely intertwined with the previous point, is the necessity to recognise the 
unique paths to transformation of China’s diverse rural regions. The promotion of new 
agricultural technologies must be sensitive to the varied conditions across the country’s 
vast expanse. By understanding and acknowledging the specific characteristics and 
stages of development of each region, from pastoral lands to fisheries and the forestry 
sector, policies can be crafted to resonate with the local context. This tailored approach 
is essential for the effective empowerment of small farmers, enabling them to harness 
technological solutions that are not only appropriate but also responsive to their 
immediate needs. Such an approach allows for the improvement of the productivity of 
land and water resources, which in turn increases farmers’ income and bolsters overall 
food security. It is through this inclusive and region-specific policy implementation that 
the interventions can avoid the pitfalls of a one-size-fits-all strategy, ensuring that rural 
transformation is both sustainable and equitable across China’s varied rural landscapes.
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Can China’s high growth continue? 

Considering global value chain 
reconstruction

Ran Wang, Jinjun Xue and Yang Zhou

The history of China’s economic development
Over the past four decades, China’s economic development has undergone a remarkable 
evolution—from an agrarian and planned economy to socialist market economy and 
then to the world’s second-largest economic powerhouse. Yet, beneath this headline 
success lies a more complex trajectory marked by multiple structural transitions. 
This chapter examines two key inflection points: the transition from high-speed growth 
to high-quality but medium-to-low-speed growth, and the gradual shift from an export-
oriented growth model to an economic structure oriented more to the domestic market.

The end of China’s high growth
For more than three decades, China sustained extraordinary economic growth, 
averaging double-digit annual increases in GDP. This period of rapid expansion was 
fuelled by industrialisation, urbanisation, export-led development and investment-
driven stimulus. However, after 2010, a structural deceleration began to emerge.

According to IMF data, China’s annual GDP growth has declined from a peak of more 
than 14 per cent in the early 1990s to below 5 per cent in recent years (see Figure 13.1). 
The sharp drop in 2020 due to the Covid-19 pandemic was followed by a short-
lived rebound, but growth has since moderated. IMF projections suggest this trend 
will continue, with China entering a phase of medium to low growth in the coming 
years. This slowdown reflects multiple headwinds: demographic ageing, diminishing 
marginal returns on infrastructure investment, rising labour costs, environmental 
constraints and geopolitical pressures—most notably, the US–China trade war, which 
has accelerated the restructuring of global value chains (GVCs) and reduced external 
demand for Chinese exports.



THE GREAT ENERGY TRANSFORMATION IN CHINA

292

Figure 13.1: Annual GDP growth in China, 1980–2027 (%)
Source: IMF data (data.imf.org/en).

This structural deceleration is underpinned by several factors. First, China’s demographic 
dividend is fading, with a shrinking working-age population and rising dependency 
ratios. Second, the marginal returns on capital investment have diminished, especially 
in infrastructure and real estate. Third, the external environment has become more 
volatile and uncertain, with rising trade frictions, supply chain restructuring and 
geopolitical tensions. As a result, China’s economy is transitioning from being driven 
by quantity and scale to being led by quality and efficiency.

Despite the slowdown, this shift does not necessarily imply weakness. Rather, it reflects 
a maturing economy moving towards sustainable development. The government has 
increasingly emphasised innovation, green technology and domestic consumption as 
new growth engines.

Transition from export-led growth to a domestic 
demand–led economy

One of the most significant hallmarks of China’s earlier growth phase was its export-led 
strategy. From the 1990s to the mid-2000s, international trade was the primary engine 
propelling economic expansion. China’s accession to the World Trade Organization 
in 2001 catalysed its integration into global value chains, leading to a sharp increase 
in trade activity. As shown in Figure 13.2, the trade-to-GDP ratio surged and peaked 
around 64 per cent in 2006—an indicator of China’s deep dependence on external 
demand.

http://data.imf.org/en
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Figure 13.2: Trade as a share of GDP, 1970–2024 (%)
Source: World Bank data (data.worldbank.org/).

Figure 13.3: Decomposition of GDP growth contribution rate, 1978–2024 (%)
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

However, after the 2008 GFC, the limits of the export-led model became increasingly 
apparent. External demand volatility combined with rising global protectionism 
exposed the risks of overreliance on foreign markets. Since then, the trade-to-GDP 
ratio has steadily declined, reaching approximately 37 per cent in 2024. This marked 
shift reflects both structural constraints and deliberate policy adjustments aimed at 
rebalancing China’s growth model.

http://data.worldbank.org/
http://data.stats.gov.cn/english/
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The pivot from export to domestic orientation is also reflected in the changing 
composition of GDP growth. According to Figure 13.3, the contribution of net exports 
has been declining and has become increasingly volatile over time. In contrast, final 
consumption has become a more stable and consistent contributor, while gross capital 
formation continues to play a significant—though more fluctuating—role.

This structural transformation is further supported by policy initiatives such as the ‘dual 
circulation’ strategy, which emphasises domestic demand as the primary growth driver, 
while maintaining openness to global trade and investment. Rather than a retreat from 
globalisation, the strategy represents a recalibration of economic priorities: leveraging 
the scale of China’s domestic market to build resilience in the face of global uncertainty.

The remarkable rise of China’s role in global 
production networks

China’s economic transition is also reflected in its changing position within global 
production networks. From the late 1970s to the early 2000s, China served primarily 
as a low-cost manufacturing hub—the so-called world’s factory—providing labour-
intensive assembly services for multinational firms. Visual network analysis for 1995 
and 2000 shows China as a peripheral node in the global production network (see 
Figure 13.4).

After its accession to the WTO in 2001, China rapidly climbed the value chain. With 
a more complete industrial base, coordinated development between SOEs and private 
firms and increased foreign direct investment (FDI), China became an integral part 
of global supply chains. By 2011, its network centrality had significantly increased, 
reflecting deeper integration (Figure 13.5).

Since 2012, China has evolved into a regional manufacturing centre, surpassing Japan 
in Asia’s production network. It now maintains strong linkages not only with advanced 
economies such as the United States and Germany, but also with emerging markets (see 
Figure 13.6). This shift from quantity to quality is a key backdrop for understanding 
China’s current focus on domestic upgrading and resilience.

These shifts in the pace and structure of growth reflect the broader changes discussed 
above: rising costs, weaker external demand and policy adjustments. Together, they 
mark a turning point in China’s development path. The evolution of China’s role in 
global production networks—from assembler to regional hub—further illustrates this 
transition, highlighting the deep link between domestic economic changes and GVC 
reconstruction.
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Figure 13.4: Global production network, 1995 and 2000 (all goods and services)
Source: Calculated based on OECD Input–Output Tables (www.oecd.org/en/data/datasets/input-
output-tables.html).

Figure 13.5: Global production network, 2011 (all goods and services)
Source: Calculated based on OECD Input–Output Tables (www.oecd.org/en/data/datasets/input-
output-tables.html).

http://www.oecd.org/en/data/datasets/input-output-tables.html
http://www.oecd.org/en/data/datasets/input-output-tables.html
http://www.oecd.org/en/data/datasets/input-output-tables.html
http://www.oecd.org/en/data/datasets/input-output-tables.html
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Figure 13.6: Global production network, 2017 (all goods and services)
Source: Calculated based on OECD Input–Output Tables (www.oecd.org/en/data/datasets/input-
output-tables.html).

The impacts of GVC restructuring on China
Over the past four decades, China has rapidly industrialised to become a global 
manufacturing hub and the ‘world’s factory’, greatly enhancing the efficiency of global 
production. However, with rising geopolitical tensions and escalating trade frictions, 
major economies such as the United States and Japan are promoting ‘de-Sinicisation’ and 
diversification of supply chains, resulting in reduced reliance on Chinese intermediate 
goods and a decline in foreign investment inflows to China. Against this backdrop, 
China is facing numerous challenges brought about by the restructuring of GVCs.

China, the world’s factory, becomes the target of 
decoupling and de-risking

After more than 40 years of rapid economic growth, China has established the world’s 
most comprehensive and integrated supply chain system, spanning virtually all industries 
and sectors and earning its reputation as the ‘world’s factory’. This unparalleled 
industrial ecosystem has brought significant benefits to the global economy by lowering 
costs and improving efficiency for countries around the world. However, it has also 
resulted in a high degree of dependence on Chinese intermediate goods among major 
manufacturing nations.

http://www.oecd.org/en/data/datasets/input-output-tables.html
http://www.oecd.org/en/data/datasets/input-output-tables.html
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Figure 13.7: Percentage-point difference between the reliance of one country’s 
manufacturing sector on another country’s inputs, 2009–15
Note: The figure shows the percentage-point difference between the reliance of a country’s 
manufacturing sector (in the horizontal row) on the inputs from another country (vertical columns).
Source: Freeman and Baldwin (2020).

As highlighted in Figure 13.7, from 2009 to 2015, every major manufacturing country 
increased its reliance on Chinese inputs, with positive and often substantial percentage-
point gains seen in China’s column. This trend, while economically advantageous, has 
heightened concerns among some countries about supply chain security and strategic 
autonomy, especially amid rising geopolitical tensions. As a result, there is growing 
support for ‘de-Sinicisation’ and ‘de-risking’ policies, encapsulated in the ‘China plus 
N’ strategy, in which countries and multinational firms seek to diversify their supply 
chains by incorporating additional sourcing destinations outside China.

New dynamic trends in global trade and investment

The United States and Japan have begun to decouple from China (Figure 13.8). 
China’s share of US intermediate goods imports fell from 18.5 per cent in 2018 to 
14.1 per cent in 2022, and further declined, to 11.4 per cent, in early 2023, with 
the most significant decrease occurring during the 2018–19 period when the Trump 
administration imposed  additional tariffs. During the same period, China’s share of 
Japanese intermediate goods imports also declined, from 26.5 per cent to 24 per cent, 
reflecting Japan’s ‘de-risking’ strategy—such as the implementation of technology 
export controls and targeted investments in the semiconductor industry after the G7 
summit in Hiroshima in 2023.
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Figure 13.8: China’s share in total intermediate goods imports of major economies (%)
Source: Nguyen-Quoc (2023).

In contrast to the United States and Japan, China’s importance as a supplier of production 
inputs has increased markedly in other major economies, including Germany, Brazil, 
Australia and the United Kingdom, driving up these countries’ shares of intermediate 
goods imports from China. This growth has been primarily driven by expanded trade 
in inputs related to electronics, machinery and chemical products. At the same time, 
China has been actively adjusting its export destinations for intermediate goods, with 
Vietnam and Malaysia seeing the most notable increases in their shares. This shift can 
be attributed both to rising labour costs in China and the relocation of downstream 
manufacturing activities in response to US–China trade barriers, as well as multinational 
enterprises investing in additional production capacity in other countries.

The US–China trade war and subsequent policy adjustments have led to significant 
shifts in the composition of US import sources. Between 2017 and 2022, China’s 
share of the US import market declined substantially across all goods and strategic 
industries, with a drop of nearly 6 percentage points—far exceeding that of any other 
country (see Figure 13.9). In contrast, countries such as Vietnam, Taiwan, Mexico, 
South Korea and India saw notable increases in their US market shares, with Vietnam 
and Taiwan standing out as the primary beneficiaries of the supply chain reallocation. 
This pattern suggests that trade tensions have accelerated the regional restructuring 
of  global production networks, driving supply chain diversification and reinforcing 
trends towards ‘nearshoring’ and ‘friend-shoring’. The effect is particularly pronounced 
in strategic industries, reflecting the United States’ deliberate efforts to reduce reliance 
on China in critical sectors and strengthen its sourcing from emerging Asian economies.
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Figure 13.9: US import share in top 10 countries and regions, 2017 and 2022 (%)
Source: Freund et al. (2024).
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Since the end of the GFC, rising labour costs in China, restrictions on foreign 
ownership (such as joint-venture requirements) and concerns about intellectual 
property protection have contributed to a sustained decline in greenfield FDI inflows 
into China’s manufacturing sector (Figure 13.10). This downward trend accelerated 
markedly after the onset of the US–China trade war in 2018. Investment from the 
United States, one of China’s major FDI sources, dropped sharply from 2018 and fell 
to nearly zero after 2020, underscoring the direct impact of geopolitical tensions on 
bilateral investment flows. Meanwhile, FDI from other key economies such as Japan, 
South Korea and Taiwan has also contracted significantly. This pattern suggests that the 
US–China trade conflict has not only affected bilateral investment but also, through 
supply chain restructuring and policy spillover effects, dampened the willingness of 
other advanced economies to invest in China. Overall, the escalation of the US–China 
trade war and ongoing geopolitical tensions have accelerated the diversification of 
China’s FDI sources. However, in the short term, emerging economies have not yet 
been able to compensate for the decline in investment from developed countries.

Figure 13.10: Evolution of China’s inward greenfield FDI projects in the manufacturing 
sector, 2005–22
Source: Alfaro and Chor (2023).
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Expected pathways for China to sustain 
economic growth
China’s economy has undergone remarkable transformations over the past few decades, 
evolving from a low-cost manufacturing hub to a global leader in technology and 
innovation. However, in recent years, China has faced multiple challenges, including 
trade tensions with the United States, demographic shifts and slowing domestic 
demand. To sustain economic growth, China must explore new pathways that leverage 
its strengths in global trade, outward foreign direct investment (OFDI) and emerging 
high-tech industries.

China’s new strategy of trade and investment via 
‘third countries’

China has increasingly relied on third countries to maintain its export volumes in 
recent years, particularly in response to US tariffs imposed during the first Trump 
administration and continued under Joe Biden. According to UN Comtrade data 
(comtradeplus.un.org/), China’s direct exports to the United States declined from 19 per 
cent of total exports in 2018 to 16 per cent in 2023, while exports to the United States 
through South-East Asia and Mexico surged. For instance, in 2017, China’s domestic 
value-added exports to the United States through Mexico and Vietnam were worth 
about US$500 million and US$9 billion, respectively, while in 2022, these values were 
about US$11 billion and US$18 billion, respectively (see Figure 13.11). Vietnam and 
Mexico have emerged as key intermediaries, absorbing Chinese components for final 
assembly before re-export to the United States. This strategy allows Chinese firms to 
avoid direct tariffs while maintaining access to the American market.

Beyond simply rerouting exports through third countries, China has actively increased 
FDI in key intermediary markets—such as Vietnam and Mexico—to establish 
production bases that can directly export to the United States while avoiding tariffs. This 
strategy helps Chinese firms not only circumvent trade barriers but also strengthen their 
integration into global supply chains. As illustrated in Figure 13.12, China’s FDI flows 
into Vietnam surged from US$500 million in 2017 to nearly US$1.6 billion in 2020, 
reflecting a deliberate shift in manufacturing relocation. Since Vietnam’s geographic 
and logistical advantages allow Chinese firms to maintain just-in-time production while 
reducing costs and its participation in the Comprehensive and Progressive Agreement 
for Trans-Pacific Partnership and the European Union–Vietnam free-trade agreement 
provides tariff-free access to Western markets.

http://comtradeplus.un.org/
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Figure 13.11: China’s domestic value added through third countries to the 
United States, 2011–22
Source: Authors’ calculations.

Figure 13.12: Foreign direct investment in Vietnam from China and the United States, 
2017–24 (US$ billion)
Sources: Vietnam Ministry of Commerce (vntr.moit.gov.vn/news/post/Statistics); LiveMint (www.
livemint.com/); South China Morning Post (www.scmp.com/); USI Global (www.usiglobal.com/en); 
Capco (www.capco.com/); Sohu (www.sohu.com/); Vietnam Investment Review (vir.com.vn/).

http://vntr.moit.gov.vn/news/post/Statistics
http://www.livemint.com/
http://www.livemint.com/
http://www.scmp.com/
http://www.usiglobal.com/en
http://www.capco.com/
http://www.sohu.com/
http://vir.com.vn/
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Promoting reverse technological spillovers and industrial 
upgrading through OFDI

While China is no longer the world’s top destination for foreign investment, it has 
strategically shifted towards OFDI—particularly in developed economies (such as 
the United States, Germany and the United Kingdom; Figure 13.13)—to acquire 
advanced technologies and accelerate domestic industrial upgrading. Empirical studies 
demonstrate that Chinese firms gain reverse technology spillovers through overseas 
mergers and acquisitions, joint ventures and research and development collaborations, 
which in turn enhance productivity and innovation back home (Li and Fabus 2019; 
Zhang et al. 2022). For instance, after acquiring Volvo in 2010, Chinese carmaker Geely 
gained access to patents for safety systems, hybrid engines, and so on, which were later 
integrated into its own brands. This not only promotes Geely’s technological upgrading 
but also drives it towards internationalisation. Despite these benefits, China’s OFDI 
faces obstacles. The first is Western scrutiny; the United States and the European Union 
have tightened FDI screening—through, for example, the Committee on Foreign 
Investment in the United States and the European Union’s FDI regulation—to block 
sensitive technology transfers. The second are intellectual property protection concerns; 
some acquired firms resist full technology sharing due to fears of forced transfers. The 
third obstacle is geopolitical tension, with US export controls (such as semiconductor 
bans) limiting China’s access to cutting-edge technology.

Figure 13.13: Destination countries for China’s outward FDI, 2017–22 (US$ million)
Source: National Bureau of Statistics of China (data.stats.gov.cn/english/).

http://data.stats.gov.cn/english/
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The ‘new three’ bring new momentum

China’s economy is undergoing a structural shift, with the ‘new three’ industries​—​electric 
vehicles (EVs), lithium-ion batteries and photovoltaic (PV) products (or solar cells)—
emerging as the country’s most dynamic export drivers. Meanwhile, the contribution 
to exports of the ‘old three’ industries—clothing, home appliances and furniture—
continues to weaken (Figure 13.14). In the first 10 months of 2024, the export growth 
of the new three contributed 18 per cent to total export growth (Figure 13.15). These 
industries not only reinforce China’s dominance in global green technology but also 
provide a crucial counterbalance to slowing growth in traditional industries such as real 
estate and low-end manufacturing.

China’s rapid expansion in the ‘new three’ industries has not only reshaped its own 
economic landscape but also catalysed growth in developing economies along the global 
supply chain. By integrating upstream resource extraction, midstream manufacturing 
and downstream applications, China’s industrial strategy has enabled developing 
countries to participate in high-value segments of global production networks, fostering 
technological spillovers and economic diversification. For example, China’s demand for 
raw materials such as lithium, cobalt and polysilicon has driven investments in resource-
rich developing nations. Chinese companies such as Ganfeng Lithium and Tianqi 
Lithium have established mining operations in Africa and South America, creating 
jobs and infrastructure while transferring sustainable extraction technologies. This 
vertical integration ensures stable supply chains for battery production and solar panel 
manufacturing, while also helping countries such as Chile and Democratic Republic 
of Congo to shift from raw material exports to intermediate processing in the future.

Figure 13.14: Shares of the ‘new three’ and ‘old three’ industries in total Chinese exports
Source: Citi Global Insights (2024).
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Figure 13.15: Chinese exports of the ‘new three’ industries
Source: China Customs Statistics database (english.customs.gov.cn/Statistics/
Statistics?ColumnId=1).

At the same time, the development of China’s ‘new three’ also faces various challenges 
from both domestic and international sources. On the one hand, due to excessive 
competition, the new-energy industry has experienced frequent price wars, leading to 
the risk of profit compression and overcapacity. On the other hand, geopolitical risks 
and trade barriers continue to rise, and some European and North and South American 
countries restrict the entry of Chinese products under the pretext of ‘national security’, 
which hinders the development of national markets. In addition, some key mineral 
resources (such as lithium) and non-core technologies (such as high-purity electrolytes 
and high-end separators) have a high degree of external dependence and face the risk 
of supply disruption.

Conclusion and discussion
Global value chains are undergoing significant restructuring, characterised by trends 
such as ‘de-Sinicisation’, ‘friend-shoring’ and ‘nearshoring’. At the same time, the 
dependence of the United States and Japan on Chinese intermediate goods imports has 
declined notably, and the scale of FDI inflows into China has decreased. Nevertheless, 
China’s export share in so-called friendly markets—including Vietnam, Mexico and 
the European Union—has been rising. For example, since 2018, China’s exports to 
Vietnam and Mexico have increased by 72 per cent and 155 per cent, respectively, 
and, from 2017 to 2023, China’s share of EU imports grew faster than that of any 
other country.

http://english.customs.gov.cn/Statistics/Statistics?ColumnId=1
http://english.customs.gov.cn/Statistics/Statistics?ColumnId=1
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In response to the evolving GVC landscape, China can pursue multiple strategies to 
sustain its economic growth, including maintaining exports through third-country 
trade and overseas production, expanding OFDI to promote industrial upgrading 
and technology spillovers and vigorously developing the ‘new three’ export industries: 
EVs, lithium-ion batteries and PV products. However, China currently faces numerous 
challenges, such as US trade restrictions on the ‘new three’, the European Union’s 
anti-dumping investigation into Chinese EVs, as well as external dependence on key 
resources and advanced technologies. In summary, China may be able to maintain 
a certain degree of growth, but achieving long-term sustainable growth will require 
effectively addressing the risks and uncertainties posed by GVC restructuring, economic 
decoupling and related external barriers.
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