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Executive Summary 

     To achieve the dual objectives of carbon peaking and carbon neutrality, with particular 
reference to the nationally determined contribution announced by President Xi Jinping at the UN 
Climate Change Summit on September 24, 2025, it is necessary to advance the early peaking and 
orderly phase-down of coal consumption. This process, while ensuring energy security and 
supporting regional sustainable economic development, constitutes a critical pathway for 
optimizing China’s energy structure and facilitating the low-carbon transition. At the same time, 
the global climate governance landscape is marked by growing uncertainties, as climate policy 
rollbacks in some countries add further complexity to the energy transition process. In this context, 
China’s firm pursuit of its carbon peaking and carbon neutrality strategy is not only essential for 
fulfilling its responsibilities as a major country and contributing to the global climate agenda, but 
also a fundamental requirement for driving the profound transformation of the domestic energy 
system toward green, secure, and efficient development.   

As a key strategic region for traditional energy development in China, the Coal Triangle 
Region encompasses four resource-rich provinces—Shanxi, Inner Mongolia, Shaanxi, and 
Ningxia—and ranks among the country’s major coal-producing areas. The systematic green and 
low-carbon transformation of the region’s energy structure and socio-economic development is 
not only closely linked to China’s energy transition and the achievement of its carbon peaking 
and carbon neutrality goals but also serves as an important example for global climate change 
mitigation efforts. This report examines the green and low-carbon transition pathways and 
practical experiences of the Coal Triangle Region, aiming to provide insights for promoting 
sustainable regional development, facilitating coordinated management of traditional energy 
sectors, and contributing Chinese solutions to the global energy transition. 

1. Research Methods and Focus 

This report is based on the CEAP-CP-3.0 model developed by the research team. It combines 
quantitative simulation, qualitative analysis, and field research to systematically examine the 
green and low-carbon transition pathways of the Coal Triangle Region. Through current-state 
assessments, policy analysis, and model scenario construction, it focuses on the potential to 
optimize the energy structure, industrial evolution trends, and their systemic socioeconomic 
impacts under different transition pathways, striving to ensure that the conclusions are both 
scientific and actionable. Furthermore, it extensively reviews national and local policy documents, 
industrial statistics, and transition cases from typical regions internationally to provide a solid 
policy foundation and practical reference for the research. 

In terms of the project’s research priorities, the research team systematically reviews the 
current industrial structure, energy mix, and economic development status of the Coal Triangle 
Region, clarifying its strategic positioning and emission reduction responsibilities in achieving 
the national “Dual-Carbon” targets. In this regard, it focuses on clean upgrading pathways for 
traditional energy industries and the development orientation of green emerging industries, 
proposing development indicators for zero-carbon trade demonstration zones and a systematic 
funding guarantee mechanism to support regional transition. Particular attention is paid to just 
transition issues, such as employment resettlement and sustainable regional economic 
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development, to ensure socio-economic sustainability. Finally, through comparison with and 
lessons drawn from international transition experiences, the study summarizes a policy system 
and implementation pathway suitable for the Coal Triangle Region, provides solutions for the 
low-carbon transition in China’s traditional energy areas and offers decision-making supports for 
optimizing national energy layout and promoting regional coordinated development. 

2. Key Findings and Conclusions 

Against the backdrop of both the global energy transition and China’s, this report 
systematically analyses the current status, challenges, and carbon peak pathways of the green and 
low-carbon transitions in the Coal Triangle Region. It identifies industrial transformation 
directions and emerging growth drivers, explores development models for zero-carbon industrial 
parks, estimates funding requirements, and proposes just transition policy recommendations 
informed by international experience. The key findings and conclusions of this report are as 
follows: 

(1) The energy transition in the Coal Triangle Region is of great significance and faces 
multiple challenges. In 2024, the region produced 3.45 billion tonnes of coal, accounting for 78.6% 
of China’s total output and approximately 37.3% of global production; its carbon emissions 
represent 6.4% of the global total. At the same time, the region is endowed with abundant 
renewable energy resources, with substantial potential for wind and solar power installations. The 
combined wind and solar power generation potential could account for up to 25% of the national 
total, indicating a strong capacity for green and low-carbon development. On the other hand, the 
region faces a salient challenge in balancing economic stability and the energy transition. The 
region heavily relies on coal-based industries, which include coal mining, coal power, and coal 
chemical sectors. These account for 15%–35% of the industrial value added in each sub-region. 
While supporting economic growth and ensuring national energy, this reliance has also led to a 
“lock-in effect” and path dependency, constraining industrial diversification and undermining the 
sustainability of the regional socio-economy. Moreover, high dependence on coal-based 
industries subjects the Coal Triangle Region to multiple environmental challenges, including 
mining-induced subsidence, water scarcity, air pollution, and solid waste disposal. The high costs 
associated with the development, demonstration, and application of zero-carbon technologies 
hinder technological substitution and emission reduction efforts. Key areas, such as the share of 
non-coal power generation, green retrofits in traditional heavy industries, and the upgrading of 
clean production technologies, lag behind. Compared to other regions in China, the Coal Triangle 
Region exhibits greater vulnerability when confronting rapid energy transition, industrial 
restructuring, ecological and environmental protection, and economic development pressures. 

(2) Under the guidance of the “Dual-Carbon” targets, the development of fossil energy 
in the Coal Triangle Region must align with China’s overall energy transition trend, 
requiring the establishment of a coal phase-down roadmap consistent with emission 
reduction goals. Model simulations of the emission reduction pathways for the Coal Triangle 
region indicate that, with policy efforts, its carbon emissions are expected to peak between 2026 
and 2029, at around 2.51 billion–2.7 billion tonnes. By 2060, residual emissions of 15 million–
275 million tonnes may still remain, which will need to be offset through ecological carbon sinks 
and external negative-carbon technologies. By accelerating the optimization of its energy 
structure, this implies that raw coal output is expected to peak in 2026/2027, followed by a slow 
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decline over approximately 3 to 4 years at an annual rate of about 1%–2%. Between the emissions 
peak and 2035, coal production in the region needs to decrease by 2.5%–3% annually, with 
significant reductions in coal use and emissions from transport, buildings, steel, and chemicals in 
addition to the power sector. From 2035 to 2060, coal consumption must fall rapidly, with 
electricity mainly supplied by wind, solar, and other green energy sources. By 2060, about 680 
million tonnes of coal may still be produced, serving as “last-resort backup” and “strategic 
reserves” to safeguard national energy security and the operation of key industries. Compared to 
other regions in China, this region faces an exceptionally challenging task in reducing coal 
consumption. From an industry perspective, coal-fired power and coal chemicals industries are 
the primary drivers of rising coal consumption in the Coal Triangle region, making it urgent to 
advance technological breakthroughs and system optimization to achieve proactive emission 
reductions and deep decarbonization in key coal-consuming industries.  

(3) Building on its existing industrial base and abundant green power resources, the 
Coal Triangle Region should systematically plan both deep decarbonization of existing 
industries and the development of alternative sectors. The core of industrial transformation 
lies in the orderly phase-out of coal-based industries, together with technological substitution and 
system optimization of high-carbon segments. In the short term, coal power and coal chemicals 
will remain major consumers of coal, though the region is already showing a dual trend of capacity 
expansion and green transition. Decarbonization of key sectors will advance in stages: between 
2025 and 2035, demonstration projects on green hydrogen, carbon capture, utilization and storage 
(CCUS), and hydrogen-based metallurgy should be launched, followed by large-scale deployment 
after 2035. By 2060, CCUS is expected to capture 0.3 billion–0.5 billion tonnes annually, with 
green hydrogen accounting for over 90% of hydrogen supply. On the renewable side, wind and 
solar installed capacity is projected to reach 590 GW by 2030 and 2,180 GW by 2060, supported 
by storage, smart grids, and green hydrogen facilities, thereby achieving integrated wind-solar-
storage-hydrogen development. Renewable power generation will account for more than 85%, 
while coal-fired power will gradually shift toward peak-shaving functions and be coupled with 
CCUS. The study proposes a “technology-driven tertiary–secondary integration” industrial 
pathway through a dual-track strategy: from 2025 to 2035, emphasis should be placed on low-
carbon retrofits in traditional industries to steadily reduce the share of secondary industry in 
energy consumption; from 2035 to 2060, the region should accelerate the transformation and 
upgrading of its industrial structure and boost the tertiary industry share to over 60%, forming a 
virtuous cycle of “coal exit–new sector cultivation–value creation.” A green manufacturing and 
service industries supported by renewables, hydrogen-based manufacturing, and carbon removal 
clusters will be systematically established, realizing a comprehensive shift from “black 
dependence” to “green dominance.”  

(4) Regional coordination mechanisms are essential to advance green electricity and 
green hydrogen, thereby reshaping the resource endowment of the Coal Triangle Region. 
With abundant wind and solar resources, it serves as a core area of China’s large-scale “desert, 
Gobi, and wasteland” renewable bases. Its vast land, low population density, and low costs make 
it highly suitable for wind and solar deployment, energy storage, and integrated generation–grid–
load–storage projects. At the same time, traditional industry upgrades—particularly modern coal 
chemicals—and national strategies such as “Eastern Data, Western Computing” are increasing 
green power demand and creating diverse technology application scenarios. The report estimates 
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the region’s total wind and solar potential at 14.5 billion kW of capacity (27% of China’s total) 
and 23.7 trillion kWh of generation (25% of the national total). By 2060, regional hydrogen 
demand is expected to exceed 40 million tonnes, with coal chemicals as the main consumer. As 
green hydrogen costs decline, its share could surpass 90%, reaching about 37 million tonnes 
annually and providing vital support for coal-based industry deep decarbonization. The rise of 
green electricity and green hydrogen will reshape the regional resource base, and their optimized 
development will also support the sustainable phase-out of coal consumption, but requires 
stronger collaboration, both internally, by enhancing industrial cooperation, grid interconnection, 
ecological co-protection, and knowledge sharing, and externally, by promoting industrial transfer, 
supply chain collaboration, and systematic optimization of industries and emissions. 

(5) Leveraging the construction of Zero-Carbon Industrial Parks and Zero-Carbon 
Trade Demonstration Zones as key initiatives, this effort explores the systematic integration 
of green technologies, standards, and policy mechanisms. Among the 169 provincial-level and 
above industrial parks in the Coal Triangle Region, over 60% (104 parks) are dominated by 
resource-dependent industries such as coal mining, coal chemicals, coal power, metallurgy, and 
chemicals, as well as energy equipment manufacturing. These parks collectively emit 636 million 
tonnes of CO2, accounting for about 33% of regional emissions, with a carbon intensity of 0.94 
tonnes per 1,000 USD (hereafter, $ denotes USD) of output. Notably, three major coal chemical 
demonstration zones—Yulin, Ordos, and Ningdong—emitted 174 million tonnes in 2023, 
comprising 27% of park emissions with a carbon intensity of 2.37 tonnes per $1,000, far 
exceeding the national average and highlighting urgent decarbonization needs. Developing Zero-
Carbon Industrial Parks has thus become a systemic endeavour involving renewable integration, 
green industrial transition, spatial optimization, energy restructuring, and institutional innovation. 
As a core production base for energy-intensive products, the Coal Triangle Region plays a 
decisive role in carbon-intensive sectors like energy and coal chemicals, significantly influencing 
product life cycle carbon footprints. The Coal Triangle Region’s abundant green power resources 
and the development prospects for related green hydrogen, green methanol, and green ammonia, 
will help reduce indirect emissions from purchased electricity and heat within industrial parks, as 
well as emissions across the supply chain, product use, and end-of-life stages. By accelerating the 
establishment of Zero-Carbon Industrial Parks and Zero-Carbon Trade Demonstration Zone in the 
Coal Triangle Region, and exploring green technologies, standard certifications, and policy 
frameworks to facilitate the production, circulation, and trade of zero-carbon products, the region 
will provide a critical model for the low-carbon and zero-carbon transformation of national 
industrial and supply chains.  

(6) Over the next 5 years, the Coal Triangle Region will face large-scale funding needs 
and multiple challenges for its transition, requiring full mobilization of private capital and 
accelerated innovation in fiscal and financial policy tools. Between 2025 and 2030, the total 
funding demand for coal-based industry transformation and upgrading, including coal-fired power 
plant retrofits, new renewable energy investments, ecological restoration of retired coal mines, 
and technological upgrading of downstream industries, is projected at about $254 billion. 
Provinces in the region have established initial financial support systems, but investment and 
financing still face three problems. First, capital supply and demand are mismatched, as private 
high-tech enterprises struggle to obtain financing while some government funds remain idle. 
Second, policy coordination is insufficient, with inconsistent standards for green credit and bonds 
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and complex approval procedures that limit financial institutions and enterprises. Third, risk-
sharing mechanisms are lacking, since current credit enhancement and insurance cannot cover 
technological and market uncertainties, and risk-reward allocation among government, financial 
institutions, and private capital is inadequate. The key to promoting green and low-carbon 
transition in the Coal Triangle Region is to leverage fiscal transfers to stabilize social costs, fill 
fiscal gaps, and prevent systemic risks, while establishing regional green development funds to 
generate commercial returns from viable projects and mobilize private capital. 

(7) Emphasizing a just transition, the goal is to achieve coordinated progress in social 
welfare, industrial revitalization, and the “Dual-Carbon” targets. The GDP and per capita 
GDP of the four provinces in the Coal Triangle Region rank in the lower-middle range nationally. 
The region’s green and low-carbon transition faces the challenge of balancing economic growth 
with carbon reduction. Its highly concentrated economic structure and heavy reliance on coal-
based industries increase vulnerability when confronted with rapid energy transition, industrial 
restructuring, and economic development pressures. The report estimates the impact of industrial 
upgrading and structural adjustment on employment. Industrial upgrading is expected to reduce 
the coal industry’s contribution to industrial GDP from 20.3% to about 4%, and total coal-based 
employment from 4.5 million in 2024 (accounting for 8% of the region’s total employment) to 
0.5 million in 2060 (accounting for merely 1% of the region’s total employment in that year. As 
emerging industries, such as green hydrogen and green transportation, are still in the early 
development stage, their short-term capacity to absorb employment is limited and cannot fully 
offset job losses from coal-based industries. In the long term, total employment in the new energy 
sector is expected to increase from 330,000 today to 1.4 million by 2060, with approximately 
1,400 of the newly created jobs each year suitable for women. It must be acknowledged that even 
with large-scale development of new energy, fully absorbing the large legacy workforce from the 
coal industry will be challenging. Constrained by skill transition barriers, the regional labor 
market will face long-term structural pressure. At the same time, industrial upgrading places 
greater demands on local education and training systems. Coupled with the unprecedented scale 
of China’s employment transition, this underscores the urgency and complexity of skills re-
training and social security system development. 

(8) Drawing on international experiences in traditional energy transitions, it is crucial 
to systematically advance the formulation and implementation of China’s transition policies. 
Both policy guidance and market dynamics are core drivers of the energy transition. Drawing 
upon the challenges and lessons encountered by Germany, Poland, and the UK provide valuable 
insights for advancing the transition of the coal triangle region: Germany incurred high costs due 
to an unclear path toward ending coal use; Poland’s single compensation mechanism failed to 
achieve true re-employment and industrial continuity; and the UK’s neglect of just transition led 
to long-term socio-economic difficulties in mining regions. These cases highlight that successful 
transitions require a coordinated and clear exit schedule, systematic industrial and employment 
support, and embedded mechanisms for fairness throughout the process. The European Union’s 
experience in diversified transition pathways also provides an important reference for China’s 
relevant practices. International experience indicates that successful transitions must involve 
coordinated planning of clear phase-out schedules, the establishment of systemic industrial and 
employment support systems, and the full integration of just transition mechanisms throughout 
the transition process. Compared with international counterparts, the Coal Triangle Region 
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currently has a more single-structured industrial base and a significantly lower share of the service 
sector, so it faces higher systemic transition risks. The lack of systematic planning for regional 
industrial development and energy transition goals may trigger prolonged regional economic 
decline. Therefore, national-level coordinated planning is needed to establish phased exit 
pathways, supported by fiscal, industrial, and social security measures to effectively mitigate 
transition impacts. Innovation in financial and policy instruments is key to enabling a just 
transition and achieving sustainable regional development.  

3. Key Policy Recommendations 

The report recommends that, under the national carbon peaking and carbon neutrality goals, 
a new energy security strategy be pursued to innovatively coordinate regional energy supply and 
emission reduction through policy mechanisms, optimize industrial layout to foster emerging 
industries, diversify funding to sustain industrial development, and establish a climate and just 
transition governance framework that strengthens the region’s role in green and low-carbon 
development. These approaches would promote a secure and low-carbon energy transition.  

The specific policy recommendations are as follows:  
First, formulate a national strategy for energy transition and regional coordinated 

development in the Coal Triangle Region, and establish green and low-carbon transition 
targets for the area. It is recommended that the “15th Five-Year” energy-related plans explicitly 
introduce the concept of “sustainable coal phase-down”, positioning it as a central measure to 
achieve carbon peaking and carbon neutrality goals and build a renewable energy-dominated new 
energy system. Concurrently, clear targets and a roadmap for sustainable coal phase-down should 
be formulated, with the Coal Triangle Region serving as a demonstration area to explore 
innovative transition pathways to facilitate this sustainable coal phase-down.  

Second, develop innovative intra- and inter-regional coordination mechanisms to 
advance the Coal Triangle Region’s green and low-carbon transition. Regional coordination 
should be strengthened by establishing a national-local joint policy framework for energy security 
and low-carbon transition and systematically integrating industrial restructuring, energy security, 
ecological governance, and high-quality development. Coal-based industry scale in the Coal 
Triangle Region should be strictly controlled, and energy, industrial, and infrastructure systems 
within the region should be coordinated. Partnerships with economically developed neighbouring 
regions should be encouraged, focusing on cultivating diversified industries such as specialty 
agriculture, ecotourism, and the digital economy and forming a “clean energy + diversified 
industries” structure to support green and sustainable regional economic development. At the 
same time, leveraging the Coal Triangle Region’s green energy, location, and industrial 
advantages, cross-regional resource complementarity and efficient integration should be 
promoted, establishing an “energy supply–industrial collaboration––benefit sharing” mechanism. 
This approach will help the Coal Triangle Region efficiently cultivate alternative industries and 
new growth drivers, ultimately achieving mutual benefits across regions. 

Third, position new energy as a regional growth engine to drive industrial restructuring 
and emerging industry cluster development in the Coal Triangle Region. The region’s 
abundant green power resources provide a solid foundation for building a clean and efficient 
industrial system and are key supports for high-quality regional economic development. 
Leveraging this advantage, efforts should accelerate the “Three New Pillars,” focusing on 
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developing a new power system, advancing hydrogen-based industries, and demonstrating carbon 
removal technologies. Technological innovation should facilitate the integration and application 
of low-carbon and zero-carbon technologies in coal-based industries, systematically advancing 
the Coal Triangle Region’s green and low-carbon transition. Building on zero-carbon park 
initiatives, breakthroughs should be achieved in green power allocation, low-carbon and zero-
carbon certification, and carbon accounting mechanisms, while cultivating zero-carbon industry 
clusters such as green hydrogen, green steel and green chemical products. Simultaneously, 
institutional innovation should establish carbon emission tracing, deepen electricity market reform 
by leveraging industrial parks as platforms, establish zero-carbon product standards, and 
implement carbon asset management systems to create a zero-carbon trade demonstration zone, 
guiding the Coal Triangle Region from a “high-carbon industrial hub” to a “zero-carbon industrial 
highland.” Through technology innovation and industrial coordination, new sectors such as 
energy storage, digital economy, and green services can be fostered, enhancing regional economic 
resilience and diversification and establishing a benchmark for zero-carbon transformation.  

Fourth, improve the diversified financing scheme in the Coal Triangle Region to ensure 
funding for its green and low-carbon transition. It is recommended to establish a Green 
Development Fund targeting the region, creating a diversified investment and financing system 
guided by the government and operated by the market. Fiscal transfers should be used to set up 
dedicated funds for mine ecological restoration, subsidence area management, and just transition 
arrangements. Innovate fund operation mechanisms can promote multi-level coordination and 
social participation, with a focus on supporting low-carbon, zero-carbon, and disruptive 
technological innovations, particularly favouring technology-driven private enterprises to 
accelerate large-scale deployment. Establish local fund tolerance mechanisms to enhance policy 
flexibility and improve financial services such as green credit and bonds. Broadly leverage social 
capital to build an efficient and diversified investment and financing system. 

Fifth, establish an international exchange platform for low-carbon transition in 
resource-based regions; develop an inclusive, just transition governance framework to 
provide the Coal Triangle Region with experience sharing; and explore regional transition 
practices. Just transition in traditional energy regions is a common global challenge, with the core 
difficulty lying in the structural impact of the transition on employment. Emerging non-coal 
industries will struggle to offset job losses from coal-based industries in the short term. To address 
employment pressure in the Coal Triangle Region, it is necessary to focus on employment tracking, 
community dialogue, and women’s employment needs, to accelerate the construction of a robust 
employment‑support system, to accurately identify affected groups, to strengthen differentiated 
skills training and placement assistance, to implement targeted social‑safety‑net measures for 
vulnerable groups, and to ensure job transition and income continuity. At the same time, bilateral 
and multilateral dialogues — notably China–Europe exchanges — should be deepened, and policy 
learning and project cooperation with Asia–Africa–Latin America regions should be expanded. 
By transforming the Coal Triangle region into a demonstration zone for green, low-carbon, and 
just energy transition, it can provide valuable experience for a global just transition.  

Key words: Coal Triangle Region; Green and Low-carbon transition; Energy transition; 
regional coordination mechanisms; Coal-based industries; New energy industries; Zero-Carbon 
Industrial Park; Just transition; Green Development Fund.  
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Nomenclature 

Abbreviation Annotate 

CCUS Carbon Capture Utilization and Storage 

CDR Carbon Dioxide Removal 

CGE Computable General Equilibrium 

CRiT Coal Regions in Transition Initiative 

ERDF European Regional Development Fund 

ESF European Social Fund 

EGD European Green Deal 

GDP Gross Domestic Product 

IEA International Energy Agency 

IPCC Intergovernmental Panel on Climate Change 

JTF Just Transition Fund 

LMDI Logarithmic Mean Divisia Index 

UNFCCC 
United Nations Framework Convention on Climate 

Change 

SCF Social Climate Fund 

SDG Sustainable Development Goals 
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Low-Carbon Transition of Traditional Energy Regions of 

China: A Case Study of the Coal Triangle Region 
    Amid the urgent global climate crisis, controlling greenhouse gas emissions and driving a low-carbon 

energy transition have become critical for sustainable development. However, geopolitical conflicts, energy 

security crises, and other factors have caused some countries to backtrack on fossil energy policies. For example, 

the United States reversed its climate policies by withdrawing from the Paris Agreement and emphasizing 

“energy sovereignty”, promoting expanded coal, oil, and gas extraction, creating significant uncertainty for 

global climate mitigation efforts.  

Faced with the new landscape of global climate governance, China has demonstrated firm determination. 

On September 24, 2025, President Xi Jinping announced China’s nationally determined contribution targets for 

2035 at the United Nations Climate Change Summit, committing to reduce net greenhouse gas emissions across 

the entire economy by 7% to 10% from the peak level, with efforts to achieve even better outcomes. China’s 

solid advancement of the “Dual-Carbon” strategy reflects both its fulfillment of major power international 

responsibilities and the inherent need to drive a profound green and low-carbon transformation of the domestic 

energy system. Currently, the coal-dominated energy system faces multiple challenges: high carbon emissions, 

significant environmental externalities, and ongoing ecological pressure. It struggles to adapt to the construction 

of a modern energy system guided by green low-carbon principles, system resilience, and strategic autonomy. 

Moreover, it deviates from the dual goals of sustainability and security emphasized in the new energy security 

strategy. Overreliance on coal exacerbates carbon lock-in, raises systemic transition costs, and limits energy 

structure optimization and resilience. Therefore, promoting the transformation of the energy structure and 

gradually reducing dependence on coal has become an inevitable path for China to achieve high-quality 

development and a high level of security. As the State Council’s White Paper China’s Energy Transition notes, 

China’s energy transition “is based on high-quality development, focuses on ecological civilization, and serves 

the construction of a community with a shared future for mankind.” This statement profoundly reveals the 

urgency and strategic significance of the clean and low-carbon transformation of the energy system, providing 

guidance for China’s and the world’s green future. 

Against this backdrop, this study, supported by the China Council for International Cooperation on 

Environment and Development (CCICED), focuses on the Coal Triangle Region, comprising Shanxi 

Province, Inner Mongolia Autonomous Region, Shaanxi Province, and Ningxia Hui Autonomous Region. 

As a core area for national energy security, the region’s low-carbon transition affects not only regional 

economic sustainability and social well-being but also the national carbon peaking and carbon neutrality 

progress and the resilience of the energy system. This report examines transition pathways for high-carbon 

industry phase-out, just transition, and green low-carbon industry development while analyzing supporting 

policy frameworks, aiming to provide a regional practice model and institutional innovation example to guide 

China’s construction of a clean, low-carbon, safe, and efficient energy system.  
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Figure 1-1. Geographical Location Map of the Coal Triangle Region 

1. Overview of the Development Context in the Coal Triangle Region 

 

1.1 Overview of Economic and Industrial Development in the Coal Triangle Region 

1.1.1 Economic Development of the Coal Triangle Region 

The Coal Triangle Region covers 16.8% of China’s total land area and is home to 7.5% of the national 

population. In 2024, it contributed 6.9% of the country’s GDP. Among the region’s provinces and autonomous 

Key Findings: 

· In 2024, China’s Coal Triangle region produced 3.45 billion tonnes of coal, accounting for 79% of 

the nation’s total output and 37% of global production, underscoring its pivotal role in both domestic 

and international energy landscapes. 

· The region’s economy remains heavily reliant on coal resources and coal-based industries. The 

secondary sector’s contribution to GDP exceeds the national average, with coal-based industries 

constituting 20.3% of industrial value-added, highlighting significant structural transition pressures. 

· The Coal Triangle serves as a critical energy base for China, accounting for 69% of its coal output 

and 37% of locally generated electricity being transferred to other regions, reflecting its 

longstanding responsibility in ensuring national energy supply security. 

· Over the past decade, the region’s carbon emissions rose from 1.547 billion tonnes in 2015 to 2.407 

billion tonnes in 2024. Coal-related activities remain the primary driver, contributing 85% of local 

emissions through coal production and consumption.  

· The Coal Triangle Region’s heavy reliance on coal-based industries exposes its ecological 

environment to multiple challenges, including mine subsidence, water scarcity, air pollution, and 

solid waste disposal. 

· In its energy transition, the Coal Triangle Region faces prominent issues, such as a single industrial 

structure, insufficient transition momentum, and inadequate financial support. 
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regions, only Inner Mongolia had a per capita GDP of 110,000 RMB, roughly $15,500 ($ denotes USD), 

exceeding the national average of 96,000 RMB, roughly $13,500, while Shanxi (74,000 RMB, roughly $10,400), 

Ningxia (73,000 RMB, roughly $10,300), and Shaanxi (85,000 RMB, roughly $12,000) all fell below the 

national average. Notably, the per capita GDPs of Shanxi and Ningxia were approximately 18% lower than the 

national average. In addition, 2024 data show that, with the exception of Shanxi, the primary industry share in 

Inner Mongolia, Shaanxi, and Ningxia all exceeded the national average of 7.4%. All four provincial-level 

regions reported a secondary industry share higher than the national average (36.5%), while their share of the 

tertiary industry lagged behind the national average (56.7%). 

 

Table 1-1. Socio Economic Profile of the Four Provincial-level Administrative Regions in the Coal 

Triangle Region 

Items Shanxi 
Inner 

Mongolia 
Shaanxi Ningxia Total 

Population 

(at the end of 

2023) 

Population 

(10,000 people) 
2,396 3,466 3,953 729 10,543 

Share of the national total 1.7% 2.5% 2.8% 0.5% 7.5% 

GDP 

(2024) 

GDP (trillion RMB) 

2.63 

($370.4 

billion) 

2.55 

($359.2 

billion) 

3.55 

($498.6 

billion) 

0.55 

($77.5 

billion) 

9.28 

($1305.7 

billion) 

Share of the national total 2% 1.9% 2.6% 0.4% 6.9% 

GDP per capita  

(1000 RMB per capita) 

110 

($15.5K) 

74 

($10.4K) 

90 

($12.7K) 

75 

($10.1K) 

88 

($12.4K) 

GDP of coal-based industries 

(100 million RMB) 

1,876 

($26.4 

billion) 

3,746 

($52.8 

billion) 

1,889 

($26.6 

billion) 

501 

($7.1 

billion) 

8,012 

($112.8 

billion) 

The proportion of GDP  

contributed by the coal-based 

industry to the total GDP 

7.2% 14.7% 5.3% 9.1% 8.6% 

The proportion of GDP from 

the coal-based industry in  

the total industrial GDP 

16.2% 34.0% 13.0% 21.4% 20.3% 

Area 
Land area (1,000 km2) 118.3 156.7 205.6 66.4 1611.7 

Share of the national total 12.3% 1.6% 2.1% 0.7% 16.8% 

Data sources: National Bureau of Statistics, China Industrial Statistical Yearbook, China Industrial Enterprise Database. 

1.1.2 Coal-Based Industry Development in the Coal Triangle Region 

Coal production and consumption are primarily driven by downstream demand. In this report, the coal-

based industry includes not only upstream coal mining and washing processes, but also the midstream sectors 

that rely on coal as a raw material or energy—specifically coal-fired power generation and coal chemical 

industries—as well as downstream sectors with high coal consumption such as steel and cement industries (see 

Appendix A for details). 
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Figure 1-2 compares the GDP development trends of the Coal Triangle Region to the national average. 

From 2015 to 2024, the regional GDP growth trend broadly aligned with the national trend, but the share of 

coal-based industries in GDP exhibited a fluctuation pattern of “initial decline followed by a rebound.” 

Although this share declined somewhat after 2015, the decrease was modest and remained consistently above 

the national average. Notably, between 2019 and 2022, the proportion of coal-based industries in the regional 

GDP increased markedly, reflecting the continued heavy reliance of the regional economy on coal extraction 

and utilization. By 2024, coal-based industries accounted for 20.3% of the industrial GDP in the Coal Triangle 

Region, with Shanxi Province recording the highest proportion at 34%. This indicates that coal-based industries 

continue to play a significant role in supporting the regional industrial system. Economic trends in the Coal 

Triangle Region reveal that heavy dependence on coal has not generated commensurate value-added benefits. 

Taking Shanxi as an example: although it has the highest share of coal-based industries in industrial GDP among 

the four provinces, its provincial GDP growth rate has remained among the lowest nationally for years. This 

contrast underscores the diminishing capacity of traditional coal-dependent industries to drive economic 

expansion. 

 

Figure 1-2. Changes in GDP and the Share of Coal-Based Industries in GDP for the Coal Triangle 

Region and the Whole Country, 2015-2024 

 

By sorting out the composition of the coal-based industry system in the Coal Triangle Region, the basic 

conditions of its main industries are summarized as follows. 

(1) Coal Mining and Washing Industry: Resource Advantage and Heavy Economic Dependence 

In 2024, operating revenue of coal mining and washing in this region accounted for 75.1% of the national 

total for this sector. The industry contributed 5.7% to the region’s total GDP, establishing it as an important 

pillar of local economic development. However, this resource-dependent economic model harbours inherent 

challenges-marked by an overly concentrated industrial structure and fragile risk resilience. These not only 

constrain the region’s economic diversification but also increase the difficulty of achieving carbon neutrality. 

(2) Coal-Fired Power Industry: Significant Scale Advantage and Pressing Efficiency Bottlenecks 

Coal power remains the primary source of energy consumption and carbon emissions in the Coal Triangle 

Region. The four provincial-level regions account for 22.4% of the national total coal-fired power installed 
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capacity, and 22.6% of coal-fired electricity generation. Although ultra-supercritical and advanced ultra-

supercritical units have been gradually deployed, the region’s average coal consumption per unit of electricity 

generated remains above the national average. This can be largely attributable to the high proportion of aging 

units, delayed flexibility retrofits, and inadequate grid peak-shaving capacity. 

(3) Coal Chemical Industry: Low Added Value and High-Carbon Lock-In. The Coal Triangle Region 

is the core cluster of China’s coal chemical industry, with modern coal chemical production capacity (such as 

coal-to-oil, coal-to-gas, and coal-to-olefins), accounting for more than 60% of the national total. However, the 

industry here has presented prominent high-carbon lock-in effects: first, carbon emissions from both raw 

material coal and fuel coal; second, the high cost of applying deep decarbonization technologies, which hinders 

the potential of carbon reductions; and third, inadequate development of high-value-added products, with the 

industry chain still focused on basic chemical raw materials, and the product added value lower than the national 

average for the chemical industry. 

(4) Steel Industry: Dominance of Long Process and Strong Coal-Coke Linkages. In 2024, the steel 

sector in the region accounted for about 10% of the national total operating revenue. Currently, local steel 

enterprises generally exhibit higher energy consumption and carbon emission intensities per unit of product 

than the national average. At the same time, heavy reliance on coke has driven the growth of the coal-coking 

industry, forming a tightly integrated coal mining—coking—steel production chain. 

(5) Cement and Other Coal-Based Industries: Prevalence of Small-to-Medium-Scale Capacity and 

Marginal Support Role 

Cement and other coal-using industries constitute a relatively small proportion of the Coal Triangle 

Region’s economy. In 2024, the region’s clinker production accounted for 9.4% of the national total, and the 

operating revenue of cement, lime, and gypsum manufacturing industries accounted for approximately 8.4% 

nationally. Their added value contributed only 0.53% to the local GDP. Although these industries do not serve 

as core drivers of regional coal consumption, their widespread small- to medium-scale production lines still 

contribute to coal demand to some extent, thereby complicating regional carbon-reduction efforts.  

1.2 Current Status of Energy Production and Consumption in the Coal Triangle Region 

1.2.1 Energy Production  

From 2015 to 2024, coal production in the Coal Triangle Region showed an overall upward trend. By 2024, 

the region’s coal output reached 3.45 billion tonnes, with Inner Mongolia Autonomous Region, Shanxi Province, 

and Shaanxi Province producing 1.297 billion tonnes, 1.27 billion tonnes, and 780 million tonnes respectively. 

Inner Mongolia and Shanxi accounted for 29.5% and 28.9% of the national coal output, while Shaanxi held a 

17.8% share. The Ningxia Hui Autonomous Region contributed 2.4%, bringing the total share of national coal 

production from the Coal Triangle Region to 78.6%. This underscored its crucial role as a key energy supply 

base for China. 
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Figure 1-3. Coal Production Pattern in China’s Coal Triangle Region (10 km Grid) 

 

In electricity production, the Coal Triangle Region had a coal-fired power installed capacity of 300.04 GW 

in 2024, representing 20.8% of the national total installed coal power capacity. The region’s coal-fired power 

generation reached 1,435.2 TWh, accounting for 22.5% of the country’s total coal-fired power output. 

Renewable energy capacity and generation in the region have also grown rapidly. In 2024, the Coal Triangle 

Region’s wind power installed capacity was 144.03 GW, accounting for 27.7% of the national total, with Inner 

Mongolia holding a significant advantage due to its abundant wind resources and land area, reaching 86.89 GW 

of installed wind capacity. Regarding solar power, the installed capacity in the Coal Triangle Region reached 

143.45 GW in 2024, accounting for 16.2% of the national total solar capacity. Due to limited water resources, 

hydropower capacity in the region remains relatively small, with only 8.06 GW installed in 2024. 

 
Figure 1-4. Changes in Power Generation Structure in China and the Coal Triangle Region, 2015-2024 

 

Figure 1-4 summarizes the changes in power generation structures nationwide and in the Coal Triangle 
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Region from 2015 to 2024. The data indicate that, over the past decade, despite the significantly higher average 

annual growth rate of non-fossil energy generation’s share in the Coal Triangle Region compared to the national 

average, this share consistently remained below the national total. During this period, the region’s coal-fired 

power installed capacity increased by 124 GW, and coal-fired power generation rose by 620 TWh. The share 

of coal power in total generation declined from 89.5% in 2015 to 76.5% in 2024. However, this proportion 

remains substantially higher than the national average (67.4% in 2024). Benefiting from the abundant wind and 

solar resources and national policy support, the share of non-fossil power generation in the Coal Triangle Region 

rose to 20.9% from 2015 to 2024, with the total power generation growing by 4.1 times compared with 2015, 

and the annual growth rate far exceeding the national average. 

1.2.2 Energy Consumption 

In 2024, China’s total energy consumption reached 5.96 billion tonnes of standard coal equivalent (tce). 

Coal consumption accounted for 53.2% of the total, and raw coal consumption was approximately 4.5 billion 

tonnes (physical volume). The Coal Triangle Region accounted for 34.9% of the national coal consumption; 

Shanxi, Inner Mongolia, Shaanxi, and Ningxia consumed about 600 million, 550 million, 240 million, and 170 

million tonnes of coal, respectively. Furthermore, coal processing and conversion consumption accounted for 

87.7% of the region’s coal consumption, slightly above the national average of roughly 81.5%. Within the 

processing and conversion segment of coal consumption, the share of thermal power generation in the Coal 

Triangle Region was 47.3%, which is 15.8 percentage points lower than the national average (63.1%), while 

coal washing accounted for 19.8%, substantially higher than the national level (2.7%). In terms of end-use 

consumption, coal use by the industrial sector made up a striking 91.1% of total regional coal consumption, 

exceeding the national average by 6.6 percentage points. Electricity consumption also showed a strong industrial 

bias, with 79% used by the industrial sector, 15.3 percentage points higher than the national average. Although 

this energy consumption structure has supported regional economic development, it has also placed significant 

pressure on energy transition efforts and the ecological environment. There is an urgent need to drive green and 

low-carbon transformation through industrial upgrading and technological innovation. 

1.2.3 Outbound Energy Transfers 

The Coal Triangle Region is a key coal and coal-fired power exporting area in China, long bearing an 

important responsibility for ensuring the nation’s energy supply. In 2024, the Coal Triangle Region transported 

over 2 billion tonnes of coal out of the region, accounting for more than 60% of its total coal production. Among 

the provinces, Shanxi had the highest outbound volume, with an annual average of about 750 million tonnes 

over the past two years. Given that official national statistics have not yet been released, according to incomplete 

statistics, the total electricity outbound transmission from the Coal Triangle Region is approximately 0.6 trillion 

kWh in 2024, accounting for 37% of the region’s total power generation. Within the region, Inner Mongolia 

Autonomous Region leads in electricity outbound transmission, reaching about 0.3 trillion kWh. Therefore, in 

the course of the energy transition, urgent interregional cooperation with major traditional coal and power-

importing provinces is needed to achieve complementarity and shared benefits in new-energy development, 

industrial upgrading, technical support, green investment, as are market mechanisms, to ensure that energy-

producing regions can achieve economic diversification and sustainable development while continuing to fulfill 

their responsibility for meeting the nation’s energy needs. 
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1.3 Carbon Emissions and Ecological–Environmental Status of the Coal Triangle Region 

1.3.1 Current Status and Driving Factors of Carbon Emissions 

In 2024, the Coal Triangle Region emitted 2.41 billion tonnes of carbon dioxide, accounting for 19.6% of 

China’s total emissions and 6.4% of global emissions. Of this, energy-related activities contributed 88.5% of 

the total emissions, while industrial processes accounted for 6.2%. Within energy-related activities, the power 

sector was the largest contributor, followed by direct emissions from energy use in the steel industry. In addition, 

energy use in the transport and building sectors contributed 2.8% and 2.4% of total emissions, respectively. Out 

of the region’s total emissions in 2024, coal production and consumption contributed 2.05 billion tonnes, 

representing 85.2% of the total. From a time-series perspective, carbon emissions in the Coal Triangle Region 

rose from 1.55 billion tonnes in 2015 to 2.41 billion tonnes in 2024. Of this increase, coal-related emissions 

accounted for as much as 86.0%.  

Economic growth is the core variable driving carbon emissions growth in the Coal Triangle Region and its 

four provinces, while a reduction in energy consumption intensity serves as the main factor for carbon emissions 

mitigation. Between 2015 and 2024, growth in per capita GDP in the region led to an increase of 1.058 billion 

tonnes in carbon emissions. Historical data show that for every 1% increase in GDP, carbon emissions rose by 

2.69 million tonnes; for every 1% reduction in energy intensity, emissions decreased by 3.55 million tonnes; 

and for every 1% reduction in carbon emissions per unit of energy consumption, total emissions dropped by 

1.72 million tonnes. Technological improvements that reduced energy intensity led to a cumulative reduction 

of 276 million tonnes of CO₂ emissions in the Coal Triangle Region over this period. 

Industrial structure adjustment contributed to emission reduction during 2015-2020. However, it led to 

emission increases from 2020 to 2024. The primary reason is that the rising coal prices significantly boosted 

the output value of coal and related industries, which in turn drove a rebound in the share of industrial value 

added. This delayed the industrial structure optimization process and exacerbated regional carbon emission 

pressure. The industrial structure, dominated by traditional manufacturing and heavy industries, has constrained 

industrial diversification and high-quality development, hindered the regional green transition process, and 

consequently led to increased carbon emissions. Regarding energy structure optimization, although renewable 

energy in the Coal Triangle Region developed rapidly between 2015 and 2024—with the share of non-fossil 

energy in power generation increasing from 10.5% to 20.4%—its proportion in the primary energy consumption 

structure remained limited. This has resulted in an insufficient overall contribution from energy structure 

adjustments to carbon reduction. 
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Figure 1-5. CO2 Emissions in the Coal Triangle Region in 2024 (100 million tonnes) 

 

Figure 1-6. Decomposition of Carbon Emission Drivers in the Coal Triangle Region, 2015-2024 

1.3.2 Overview of the Current Ecological and Environmental Conditions 

    The Coal Triangle Region spans multiple ecological units, including the Loess Hills, the Ordos Sandy 

Land, the Fen-Wei Plain, and the Helan Mountains–Ningxia Plain. It features diverse landforms but fragile 

ecological systems, where wind erosion and desertification, soil erosion, coal mining subsidence, and 

salinization coexist, leaving the land generally low in resilience. Long-term coal-based industrial development 

has exposed the region to pronounced natural vulnerability, excessive resource exploitation, and overlapping 

water, air, and solid waste pollution, with ecological degradation showing strong historical accumulation and 

structural rigidity.  

First, under prolonged high-intensity resource exploitation, regional ecosystems have been severely 

disturbed. Large-scale underground mining has caused expanding surface subsidence, accelerated grassland 
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degradation and desertification, and significantly reduced land productivity. Statistics show that in 2023, newly 

subsided mining areas in the region accounted for 47% of the national total, mostly due to cumulative coal 

mining over many years, making ecological restoration extremely difficult. 

Second, the region has inherently limited water resources, accounting for only 4.6% of the national total, 

yet it has long supplied about one-fifth of the water demand for coal-based industries nationwide. High water-

consuming sectors such as coal chemical, coal power, and metallurgy consume around 80% of withdrawals, 

mainly from the Yellow River’s main and tributary channels and shallow groundwater. This has kept the region 

in a long-term “red alert” status, creating a dual contradiction of resource-based water scarcity and structural 

over-extraction. 

Third, overlapping emissions from high-pollution industries, including coal, coke, power, and metallurgy, 

have kept the regional air environment under sustained pressure, with pronounced PM2.5 and ozone co-pollution. 

Although the Fen-Wei Plain and surrounding areas have focused on scattered coal management, overall 

improvements have been limited. Meanwhile, legacy issues such as mining dust, spontaneous combustion of 

gangue piles, and coke oven fugitive emissions remain severe, with total suspended particulate concentrations 

several to ten times above background levels and exhibiting significant cross-provincial transport. Methane 

leakage from coal mining further exacerbates regional greenhouse gas emissions. 

Fourth, solid waste generated during coal mining and utilization is particularly serious, mainly including 

coal gangue and fly ash. Producing 1 tonne of raw coal generates roughly 0.1 tonnes of coal gangue and 0.15 

tonnes of coal by-products (ash and gypsum), totalling about 0.25 tonnes of solid waste. It is estimated that over 

500 million tonnes of solid waste remain annually from coal transported out of the Coal Triangle Region. Long-

term gangue storage not only occupies land but also risks landslides and spontaneous combustion, releasing 

SO₂, CO, and polycyclic aromatic hydrocarbons, worsening secondary air pollution. Fly ash, containing heavy 

metals, can migrate and leach under wind and rain conditions, contaminating soil and groundwater and 

significantly increasing environmental risk.  

Overall, ecological governance in the Coal Triangle Region remains in a tug-of-war between localized 

restoration and widespread degradation, with historical ecological deficits yet to be systematically addressed. 

Therefore, it is essential to transform the energy and industrial structure at the source, gradually reduce reliance 

on coal resources, and accelerate the development of a green and low-carbon industrial system. On this basis, 

coordinated efforts in energy substitution, ecological restoration, spatial management, and governance 

innovation are needed to achieve a fundamental shift from end-of-pipe control to systemic regulation, fostering 

high-quality regional development in harmony with ecological security. 

Table 1-2. Statistical Overview of Mining Subsidence and Key Water Resource Indicators in the Four 

Provinces and Autonomous Regions of the Coal Triangle Region 

Indicators Shanxi 
Inner 

Mongolia 
Shaanxi Ningxia Total 

Mining-

damaged 

land area 

(2023) 

Existing mining-damaged land 

area (hectares) 
93,871 119,636 32,439 11,736 257,682 

Share of national total 11.0% 14.1% 3.8% 1.4% 30.2% 

Newly added mining-damaged 

land area (hectares) 
18,410 15,531 17,850 734 52,525 

Share of national total 16.5% 13.9% 16.0% 0.7% 47.1% 
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Indicators Shanxi 
Inner 

Mongolia 
Shaanxi Ningxia Total 

Water 

resources 

(2023) 

Total water resources (100 

million cubic metres) 
143.9 491.9 546.3 8.1 1,190.2 

Share of national total 0.6% 1.9% 2.1% 0.03% 4.6% 

Data source: China Environmental Statistics Yearbook. 

1.4 Challenges and Problems in the Transition of the Coal Triangle Region 

The Coal Triangle Region has developed a “coal lock-in” effect in its industrial development, resulting in 

a relatively single economic structure with limited resilience, while coal mining and utilization have exerted 

significant pressure on the local ecological environment. Considering its industrial base, strategic significance, 

and current green development status, establishing a safe, low-carbon, and sustainable modern energy system 

in the Coal Triangle Region and achieving its green low-carbon transition will not only enhance the long-term 

stability of China’s green energy supply but also drive industrial upgrading and optimization, promoting 

sustainable development and social stability in this resource-dependent region. The main challenges currently 

facing the Coal Triangle in achieving a green and low-carbon transition include: 

First, the Coal Triangle Region has long shouldered the responsibility of national energy supply, 

with its regional economy deeply dependent on coal-based industries. This has resulted in a persistent 

lack of transformation momentum and unclear targets. The region lacks a clear and feasible direction for 

alternative industries, constraining strategic planning and pathway selection for the green and low-carbon 

transitions. Coal-based industries dominate the region’s economic system, and the mutual reinforcement 

between coal production and regional economic growth has significantly raised the institutional and societal 

costs of adjusting the energy structure. Meanwhile, as a national energy base, the Coal Triangle Region faces 

dual pressures of emission reductions and energy supply assurance. Its transition process is thus highly complex 

and difficult. Local governments must coordinate competing interests under multiple layers of policy pressure. 

The region’s industrial structure adjustment still relies on external impetus, and its endogenous transformation 

mechanisms have yet to form. 

Second, zero-carbon green technologies for coal-based industries remain in the experimental and 

demonstration phases, characterized by high application costs and insufficient technological stability. 

These factors create uncertain development prospects and significant challenges for widespread adoption, 

thereby imposing multiple constraints on technological substitution and the emission reduction transition 

in the Coal Triangle Region. Achieving a regional transformation of the energy structure hinges on 

accelerating breakthroughs and the application of zero-carbon green technologies in coal-based industries, 

gradually weakening coal’s dominant position in the industrial chain. However, green alternatives for energy-

intensive industries have yet to form scalable solutions, with the absence of a comprehensive low-carbon and 

zero-carbon technology system and a lack of endogenous technological momentum for industrial upgrading. At 

present, insufficient technical support has become the primary bottleneck restricting the region’s green 

transition and carbon-reduction efforts. In particular, amid the still-uncertain prospects for alternative industrial 

pathways, enhancing research and development (R&D) investment intensity, building a systematic policy 

support framework, and promoting the integrated demonstration and commercialization of key zero-carbon 

technologies have become essential to unlocking the transition. 

Third, there is still no unified consensus among enterprises, industries, and local governments on the 
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need for transformation in the Coal Triangle Region. Overall, there is a lack of forward-looking planning 

and proactive deployment for a just energy transition and related industrial adjustments. Public 

understanding of climate change and energy transition remains insufficient, which hinders the systematic design 

and efficient implementation of relevant policies. Energy structure adjustments and the substitution of high-

carbon industries will trigger widespread employment impacts. Workers in traditional energy sectors face 

limited opportunities for skill transfer and high reemployment difficulty. Meanwhile, alternative industries 

meant to absorb labour and drive the economic transition—such as specialty agriculture, cultural tourism, and 

modern services—have developed slowly and possess limited driving capacity, failing to provide new and 

sustainable growth momentum for the regional economy. Balancing social stability and green development has 

created mounting pressure on local governments and enterprises. How to ensure sustained economic growth 

while aligning environmental responsibility with social equity, safeguarding the rights of vulnerable groups and 

workers, and establishing a more inclusive and just green transition mechanism has become a central issue for 

enabling high-quality transformation in the Coal Triangle Region. 

Fourth, disruptive green zero-carbon technologies with significant carbon-reduction potential, while 

promising, require substantial investment for widespread application. However, the existing fund and 

financial support systems remain inadequate, lacking diversified funding channels, with insufficient fiscal 

guidance and financial investment. As a strategic national energy base, the region’s low-carbon transition 

path is deeply intertwined with the national “Dual-Carbon” targets and urgently requires preferential support 

from the national fiscal system—particularly through vertical transfer payment mechanisms to enhance 

financial security. However, existing regional green development funds suffer from structural mismatches, 

especially in key areas such as green technology innovation and clean production upgrades in traditional heavy 

industries, reducing the effectiveness of these funds in supporting low-carbon transformation. Green zero-

carbon technologies represented by CCUS and hydrogen-based metallurgy require a fundamental restructuring 

of existing production processes. Characterized by substantial upfront R&D investments, long demonstration 

cycles, and the slow realization of commercial returns, these technologies have faced insufficient investment 

willingness from financial institutions, leading to the underutilization of their supporting effectiveness for 

regional low-carbon transition. In addition, local transition finance and funds have not yet effectively attracted 

private capital, limiting the leveraging effect of public funds and slowed the pace of green and low-carbon 

development.  
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2. Green and Low-Carbon Transition Targets for the Coal Triangle Region Under the 

“Dual-Carbon” Goals 

 

2.1 Analysis of Carbon Emission Pathways in the Coal Triangle Region Under the “Dual-Carbon” Goals  

According to long-term tracking of regional carbon emissions and projections of future emission pathways 

under different scenarios conducted by the Chinese Academy of Environmental Planning (CAEP), Ministry of 

Ecology and Environment, China’s total carbon emissions—covering both energy activities and industrial 

processes—are expected to peak between 2026 and 2028, with peak annual emissions ranging from 12.51 to 

13.04 billion tonnes. However, as a key traditional energy base, the Coal Triangle Region undertakes a critical 

role in energy supply security. Meanwhile, the lock-in effect of high-carbon industries, such as the coal chemical 

industry, is significant, causing the region’s carbon emissions to peak between 2026 and 2029, with peak year 

emissions ranging from 2.51 billion to 2.7 billion tonnes. In the process of achieving carbon neutrality, under 

policy scenarios, the Coal Triangle Region may still have residual carbon emissions ranging from 15 million to 

275 million tonnes by the carbon neutrality target year. This residual mainly originates from sectors like 

transportation and construction, where carbon removal technologies are currently difficult to apply effectively, 

as well as from certain coal-based industrial processes that are hard to fully decarbonize.  

 

Key Findings: 

· The Coal Triangle Region is projected to reach peak carbon emissions between 2026 and 2029, with 

peak emissions estimated at 2.51 billion to 2.7 billion tonnes. By 2060, approximately 275 million 

tonnes of residual emissions are expected to remain, requiring offset measures such as carbon sinks 

and external carbon removal technologies.  

· Coal power and coal chemical industries are projected to be the primary sources driving carbon 

emissions and coal consumption growth in the Coal Triangle Region over the next five years. It is 

urgently necessary to promote proactive emission reduction and deep decarbonization of the 

region’s coal-based industries through technological breakthroughs and system optimization.  

· Following national policies for energy transition and coal capacity optimization, coal production in 

the Coal Triangle Region is anticipated to reach a peak of roughly 3.68 billion tonnes in 2026-2027, 

entering a period of gradual decline over approximately 3-4 years at an average rate of 1-2% per 

year. Between 2030 and 2040, production is projected to decrease more rapidly, at an average annual 

rate of approximately 4%-5%, as part of a sustainable phase-out, reaching about 680 million tonnes 

by 2060.  

· To achieve national and regional carbon neutrality goals, the Coal Triangle Region should pursue 

an industrial transition path centred on the “Three New Pillars”: new energy systems, hydrogen-

based industries, and deploying carbon removal technologies, while simultaneously upgrading 

traditional energy systems and fostering emerging industries. 
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Figure 2-1. Carbon Emission Pathway of the Coal Triangle Region Under the “Dual-Carbon” Targets1 

 

From the peak year until 2035, the Coal Triangle Region’s annual average carbon emission reduction rate 

is expected to be 1.0% to 2.6%, which is lower than the national average of 1.7% to 3.0%. This is primarily due 

to the regional concentration of high-carbon industries, making emission reduction more difficult. On one hand, 

technical bottlenecks, equipment renewal cycles, and industrial path dependencies slow the decarbonization 

progress of high-carbon sectors compared to other regions nationwide; on the other hand, although renewable 

energy usage continues to advance, the substitution speed in end-use energy remains lagging, and clean energy 

infrastructure construction urgently needs strengthening. Further analysis of carbon emission pathways in the 

four provinces and regions of Shanxi, Inner Mongolia, Shaanxi, and Ningxia reveals that, due to high coal-

based industry dependence, a large share of heavy industry, relatively backward grid integration technologies 

for wind and solar resources, and insufficient application of clean power and low-carbon technologies in key 

industries, Shanxi and Inner Mongolia are expected to peak carbon emissions between 2027 and 2029, while 

Shaanxi and Ningxia are expected to peak between 2026 and 2028. 

 
1 Carbon emission accounting for the aforementioned scenarios incorporates industrial-scale carbon removal, such as CCUS, but excludes 

biological carbon sinks. Regarding the different scenario categories: the Baseline Scenario represents continuing current policies and implemented 
technologies under “Dual-Carbon” goals, adopting relatively conservative emission reduction measures; the Technology Scenario builds upon 
the baseline by strengthening the proactive deployment of technologies such as renewable energy, hydrogen-based industries, and CCUS; and the 
New Quality Development Scenario introduces more aggressive adoption of cutting-edge technologies, such as green hydrogen, zero-carbon 
processes, and negative-emission technologies, while simultaneously accelerating demand-side transformation. 
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Notably, under more aggressive scenarios of technological progress and new quality development, if the 

proactive deployment of low-carbon and zero-carbon technologies is accelerated, and the Coal Triangle 

Region’s advantages in large-scale demonstration and industrial application are fully leveraged, the region’s 

emission reduction pathway is expected to keep pace with the national trajectory, or even achieve a faster rate 

of reduction than the national average after 2035. This contrast underscores that the proactive deployment of 

green and low-carbon technologies is not only a crucial means to overcome regional emission reduction 

bottlenecks but also holds the potential to transform the Coal Triangle Region from a traditional high-carbon 

energy base into an exemplary region for nationwide zero-carbon technology application and the realization of 

“Dual-Carbon” goals.  

2.2 Analysis of Development Pathways for Coal-Based Industries in the Coal Triangle Region Under the 

“Dual-Carbon” Goals  

The core of industrial transformation in the Coal Triangle Region lies in responding to low-carbon 

development demands by actively promoting the orderly exit of coal-based industries and implementing 

technological substitution and system optimization for high-carbon emission segments. Among these, 

fluctuations in product demand from coal-based industries constitute a key influencing factor. From the 

perspective of industry evolution, steel production has passed its peak demand, and cement output is on a 

downward trajectory, with both sectors showing diminishing pull on coal consumption. Modern coal chemical 

industries remain in a capacity-expansion phase, while coal-fired power generation continues to grow in line 

with overall electricity demand. Overall, coal chemicals and coal power sectors will continue to lock in 

substantial coal consumption in the short term.  

As a core hub of China’s coal chemical industry, the Coal Triangle Region’s coal chemical sector 

demonstrates a dual focus on scale growth and green transition. In terms of coal consumption structure, 

traditional coal chemical processes still account for 18.6% of regional coal use but are gradually shrinking and 

accelerating their phase-out; modern coal chemical processes currently account for around 4% of consumption, 

maintaining a steady annual growth of 3%. The product structure is increasingly upgrading toward high-end 

chemicals such as olefins, aromatics, and biodegradable materials, with high-value product output expected to 

reach 25% by 2025 and exceed 35% by 2030. Between 2025 and 2030, nationwide new investment in modern 

coal chemical industries is projected to exceed 1 trillion RMB (approximately $140.85 billion), with the Coal 

Triangle Region accounting for 85% of this investment. Regarding carbon-reduction pathways for coal 

chemicals, the region should implement decarbonization systematically across source, process, and end stages: 

at the source, by substituting with green hydrogen and green electricity and utilizing carbon-containing waste; 

during processing, by adopting advanced gasification, high-efficiency catalysts, and waste heat recovery; at the 

end stage, through “emission reduction–value addition” technologies such as CO2 conversion to chemicals and 

enhanced oil recovery. Additionally, provincial development paths differ: Shaanxi strictly controls capacity and 

focuses on quality and decarbonization; Inner Mongolia and Ningxia leverage cluster advantages, integrating 

green electricity, green hydrogen, and CCUS; Shanxi emphasizes capacity replacement and high-end 

transformation. Going forward, enhanced regional coordination and policy alignment are needed to build a 

diversified, complementary, green-efficient, and modern coal chemical system that can serve as a demonstration 

for national industrial transformation.  

Regarding coal-fired power, driven by rigid electricity demand growth, nationwide coal power installed 
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capacity is expected to still have room for growth by 2030, with generation reaching its peak around 2027. The 

development trajectory of coal power in the Coal Triangle Region largely aligns with the national trend. Overall, 

the role of coal power is gradually shifting from a primary power source to a peaking resource. At the current 

stage, coal power in the Coal Triangle Region still serves as the main electricity supply, but as the installed 

capacity of renewables expands and coal power’s peaking role strengthens, its operating hours are very likely 

to decline, leading to potential increases in per-unit power consumption and carbon emission intensity. After 

2035, renewable energy is expected to dominate the power generation structure, accelerating the retirement of 

existing coal power capacity in the region. 

Furthermore, relying solely on market-driven demand contraction will not achieve effective long-term 

reductions in coal consumption; “proactive reduction” through technological innovation is necessary. Beyond 

market mechanisms, the low-carbon transition requires breakthroughs in key shared technologies. Critical 

technological directions for low- and zero-carbon transformation of coal-based industries include electrification, 

hydrogen substitution, CCUS, and resource recycling. Currently, most of these key technologies remain at the 

demonstration or early industrialization stage, facing challenges such as limited maturity, high costs, and 

insufficient policy support systems. Going forward, accelerating the integrated innovation and large-scale 

application of low-carbon technologies is essential to establish a systematic carbon reduction framework 

covering the full chain of coal mining, processing, conversion, and end use and providing a solid foundation for 

the safe, green, and deep decarbonization of coal-based industries. 

 

Box 2-1: Low-Carbon Development Case Study of Ordos Coal Chemical Industrial Park 

With the increasing global focus on carbon emissions and the advancement of the dual-carbon targets, the 

traditional coal chemical industry faces tremendous pressure to transform. In response, the Ordos Coal Chemical 

Industrial Park plans to implement low-carbon technologies in two phases to achieve sustainable development. 

Phase I (2023-2040): High-Concentration CO2 Capture and Green Hydrogen Utilization 

In the first phase, the industrial park will focus on capturing high-concentration CO2 generated during coal 

chemical processes and using green hydrogen to produce low-carbon methanol and olefins, which are high 

value-added products. Currently, the cost of capturing high-concentration CO2 is about 100 RMB per tonne of 

CO2. With technological advancements, decreasing green hydrogen costs, and the inclusion of the coal chemical 

industry in the national carbon market, the production costs of low-carbon methanol and olefins are expected to 

become competitive than traditional coal-based products in the coming years. This phase of transformation will 

not only significantly reduce CO₂ emissions but also double the output of key chemical products, thereby 

improving the economic benefits of the industrial park. 

Phase II (Post-2040): Low-Concentration CO2 Capture and Direct Air Capture Technology 

In the second phase, the industrial park will gradually capture low-concentration CO2 and introduce direct 

air capture (DAC) technology to offset the reduced carbon content from coal-based chemicals. Meanwhile, the 

output of coal-based chemical products will gradually decrease, replaced by chemical products produced with 

green hydrogen. This stage of transformation requires reliance on low-cost zero-carbon electricity, which should 

be considered from the initial process design stage, particularly in leveraging low-cost solar and wind resources. 

Although Ordos possesses abundant solar PV resources, the current development cost remains high. 

Technological innovation and policy support are needed to reduce these costs and ensure the economic viability 

and market competitiveness of zero-carbon electricity.  

Source: 2024 Ordos Low-Carbon Transition and Case Study Report 
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2.3 Analysis of Fossil Energy Development Targets in the Coal Triangle Region Under the “Dual-Carbon” 

Goals 

Guided by the “Dual-Carbon” goals, the development of fossil energy in the Coal Triangle Region must 

align with the broader China energy transition trend. It is predicted that China’s coal consumption will peak 

during the 2026-2027 period, with raw coal production also reaching its zenith around the same time, at 

approximately 5.16 billion tonnes. This will be followed by a 3 to 5-year period of stabilization. As a critical 

national energy supply base, and considering that coal production in regions such as Xinjiang is still in a growth 

phase, the raw coal output of the Coal Triangle Region is expected to largely align with the national trend, 

peaking at 3.68 billion tonnes in 2026-2027. At the provincial level, Shaanxi and Ningxia are forecasted to 

reach peak coal production earlier in 2026, at approximately 839 million tonnes and 108 million tonnes, 

respectively. Shanxi and Inner Mongolia are expected to peak in 2027, at around 1.37 billion tonnes and 1.347 

billion tonnes, respectively. 

Following the peak, coal production is projected to enter a slow decline phase lasting 3 to 4 years, with an 

average annual decrease of about 1%-2%. Taking into comprehensive consideration the sustained rapid growth 

of coal production in Xinjiang (China’s fourth-largest coal-producing province) and structural changes in 

national coal consumption, the regional coal supply and demand dynamics are undergoing adjustment. Given 

that Xinjiang primarily produces high-quality thermal coal with its sales radius concentrated in surrounding 

regions, while the Coal Triangle Region focuses mainly on coking coal and chemical coal, the two regions 

exhibit inherent complementarity in coal types and application fields, resulting in limited direct competition in 

the near term. Consequently, changes in coal production within the Coal Triangle Region are primarily driven 

by shifts in coal demand from key industrial sectors: on one hand, industries such as steel and cement have 

already achieved dual peaks in both capacity and output, leading to a rapid decline in coal consumption; on the 

other hand, the expansion of modern coal-to-chemicals drives an increase in coal demand, while the decline of 

traditional coal chemical industries (particularly coal-based coke production) contributes to a gradual reduction. 

Additionally, although coal-fired power generation is expected to peak around 2027, the role of thermal power 

in grid peak regulation has led to increased coal consumption per unit of electricity generated. As a result, coal 

consumption for power generation is projected to enter a plateau phase between 2027 and 2030.  

After 2030, with the power sector as a whole reaching its peak (coal power generation expected to peak in 

2027, and installed capacity projected to peak in 2030), along with the broad implementation of clean production 

technologies, national coal production is expected to enter a rapid decline phase. During this period, the annual 

decline rate of national coal production is expected to reach 4%-5% between 2030 and 2040, and 5%-6.5% 

between 2040 and 2050. The decline in coal production in the Coal Triangle Region is expected to largely 

mirror the national trend. Between 2050 and 2060, coal production will likely enter a slow-decline phase. By 

2060, China’s total raw coal output is projected to stabilize at approximately 950 million tonnes, with the Coal 

Triangle Region contributing around 680 million tonnes. The remaining coal production will serve specific 

functions in “safety net” and “strategic reserve” capacities. Meanwhile, the carbon emissions generated by 

residual coal usage in critical energy security sectors will be primarily neutralized through carbon removal 

technologies such as CCUS and biological carbon sinks, ensuring the achievement of carbon neutrality goals 

by 2060. 
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2.4 Development Roadmap for the Coal Triangle Region Under the “Dual-Carbon” Goals 

The core of achieving green and low-carbon development in the Coal Triangle Region lies in accelerating 

the green and low-carbon transformation and innovation of coal-based industries, promoting the transition and 

upgrading of traditional coal industries toward cleaner, more efficient, recycling-oriented, and diversified 

directions. Key focuses include developing green technology applications such as hydrogen energy, upgraded 

coal chemicals, optimized coal power, and advanced coal processing; facilitating integration across the 

upstream and downstream segments of the industrial chain; enhancing overall energy utilization efficiency and 

environmental benefits; and ultimately achieving synergistic improvement of economic and ecological 

outcomes. Table 2-1 presents the development targets for industrial transformation in the Coal Triangle Region 

under China’s national “Dual-Carbon” goals. It is worth noting that if the adoption of renewable energy 

accelerates on the power generation side and substitution by electric or hydrogen-based industries accelerates 

on the end-demand side, leading to a faster decline in coal demand, the emission reduction volume projected in 

the table through carbon removal may be lower. 

Guided by this core objective, the region’s industrial structure optimization should adopt a 

“technology-driven, tri-sector coordinated” approach, implementing a “dual-track strategy” that 

progressively advances both traditional energy cleanup and emerging industry cultivation. In the short 

term (2025-2035), the Coal Triangle Region should prioritize low-carbon retrofitting and extension of 

traditional coal-based industrial chains while gradually reducing the secondary sector’s share in energy 

consumption. During the medium-to-long term (2035-2060), the region must accelerate the structural shift from 

“secondary-sector dominance” to “tertiary-sector leadership,” establishing a virtuous cycle of “coal phase-out–

new industry cultivation–value addition” to elevate the tertiary sector’s proportion above 60%. 

Building on this foundation, to systematically advance the low-carbon transition of the regional 

industry, this report proposes focusing on the “Three New Pillars” to address the fundamental objective 

of carbon reduction: First, at the energy system level, based on resource endowments, it is essential to balance 

carbon reduction, energy security, and economic feasibility, promote the clean and efficient use of fossil fuels 

and the large-scale development of clean energy, and establish a new power system dominated by renewable 

energy. Second, accelerate the electrification and hydrogen-based transition of coal-related industries, 

positioning hydrogen energy as a key support for industrial restructuring and fostering a new energy 

consumption system centred on green hydrogen. Third, strengthen carbon removal capacity building, utilizing 

technologies such as CCUS as a foundational safeguard to support deep decarbonization and ultimate emission 

reductions in coal-based industries. Through technology integration and pathway evolution, promote the 

transformation of coal-based industries from “black dependence” to “green dominance,” achieving a systematic 

green and low-carbon leap. In the short to medium term, the “Three New Pillars” may not directly generate 

economic gains, but their long-term economic benefits will emerge as technology costs decline and policies 

improve. Therefore, pathway planning should combine technology forecasting with socioeconomic 

benefit assessment. Through supportive industrial and skills policies, technological advantages can be 

transformed into development dividends and employment opportunities, thereby reducing transition 

resistance and building social consensus.  
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Table 2-1. Energy Industry Transition and Development Goals for the Coal Triangle Region 

 
 

In addition, there are significant differences in industrial foundation among the provinces within the Coal 

Triangle Region, leading to varied pathways in promoting industrial transformation. Therefore, the focus of 

industrial restructuring efforts should be tailored accordingly. Shaanxi, leveraging the Yulin National Energy 

Revolution Innovation Demonstration Zone, focuses on coal grading and utilization, advanced coal-based 

chemical technologies, and CCUS, while fostering the development of industries such as coal-based specialty 

fuels and biodegradable materials. Inner Mongolia should prioritize building an integrated industrial cluster 

encompassing wind, solar, hydrogen, and energy storage, while exploring products that combine “green power 

+ carbon sinks.” Ningxia, highlighting its unique “photovoltaic + desertification control” model, seeks to 
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advance the integration of the solar photovoltaic (PV) industry chain with green hydrogen and coal chemical 

development. It needs to coordinate low-carbon retrofits in the Ningdong Base with an integrated mechanism 

for “new energy–ecological restoration–carbon sink development,” balancing economic benefits with 

ecological protection. For Shanxi, however, its transformation should not be limited to energy structure 

adjustment alone. This is due to its limited renewable energy endowments (as discussed in Section 3) and a 

notable skill mismatch between job opportunities in emerging renewable energy industries and the existing coal 

workforce. Consequently, a smooth transition would be difficult to achieve if solely reliant on energy 

transformation. Therefore, the key to Shanxi achieving a just transition lies in unlocking the diverse potential 

of industries such as agriculture, cultural tourism, big data, and advanced manufacturing. This approach aims 

to gradually reduce coal dependence and create safer, more dignified, and sustainable employment opportunities, 

thereby ensuring the orderly exit of coal-based industries and the seamless integration of successor industries.  

 

3. Development Pathways of Emerging Industries in the Coal Triangle Region 

 

3.1 Analysis of Renewable Energy Development Pathways in the Coal Triangle Region 

The Coal Triangle Region is rich in wind and solar energy resources. Considering geographic features such 

as land attributes and slope, the total wind power installed capacity potential in the region is estimated to reach 

Key Findings: 

· The Coal Triangle region boasts exceptional wind and solar resources. Driven by the “Dual-Carbon” 

goals, its total installed capacity of wind and solar PV power is projected to reach 2.18 billion kW 

by 2060—7.6 times the 2024 level—establishing it as a nationally leading renewable energy base. 

Explore the establishment of a “transition development partnership”, leveraging the proven model 

of “paired assistance” to create a framework of cooperation encompassing mutual energy supply, 

industrial collaboration, and shared benefits. 

· During the 15th Five-Year Plan period, the installed capacity of renewable energy is expected to 

maintain an average annual growth rate of around 15%. Given its inherent variability, the 

development of smart microgrids, cross-regional transmission, and energy storage systems should 

be accelerated simultaneously to enhance the integration and utilization of renewable energy.  

· Leveraging its large-scale renewable power generation capacity, the region could promote the 

production and application of green hydrogen. In the near to medium term, it should accelerate the 

deployment of hydrogen application scenarios, prioritizing technological demonstration for green 

hydrogen production and transportation. Efforts should focus on expanding its use in sectors such 

as transportation, chemical manufacturing, and new energy equipment production. This will provide 

stable low-carbon energy support for downstream industries and comprehensively enhance the 

competitiveness of the regional new energy industrial chain.  

· By integrating renewable energy development with low-carbon retrofitting of traditional industries, 

the region can foster emerging sectors like carbon removal technologies and artificial intelligence 

(AI), while promoting innovative models such as “renewables + agriculture” and “renewables + 

desert control” to achieve the synergistic development of energy transition and eco-service 

industries. 
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4,071 GW, accounting for 46.8% of the national total installed capacity potential. The wind power generation 

potential is 8,178 billion kWh, accounting for 27.9% of the national total potential. In terms of solar power 

generation, the installed capacity potentials of centralized PV and distributed PV are 9,975 GW and 451 GW, 

respectively, accounting for 23.8% and 12.1% of the national total installed capacity potential. The total solar 

power generation potential reaches 15,455 billion kWh, accounting for 23.2% of the national total potential. 

However, in the Coal Triangle Region, the distribution of renewable energy resources varies significantly 

among the four provinces and regions. Inner Mongolia Autonomous Region, with its vast land area and higher 

utilization hours for wind power and solar PV than other provinces, provides exceptional conditions for large-

scale renewable energy development. In contrast, the total wind and solar resources in Shanxi, Shaanxi, and 

Ningxia are relatively limited, making it difficult to establish a significant economic advantage solely through 

resource development scale. Therefore, these provinces should focus more on building a complete industrial 

chain around new energy, leveraging high-value segments such as new energy equipment manufacturing, 

integrated energy storage solutions, and the “wind and solar plus other industries” model to drive regional 

economic growth through industrial chain competitiveness.  

 

 
Figure 3-1. Current Status and Potential Distribution of Wind and Solar Power Installations in the 

Coal Triangle Region 

 

Under the guidance of the national “Dual-Carbon” Goals, China’s renewable energy sector is expected to 

experience rapid development. By 2030, the country’s total installed capacity of wind and PV power is projected 

to reach 2.8 billion kilowatts, with a further increase to 11 billion kilowatts anticipated by 2060. In this process, 

the Coal Triangle Region—particularly Inner Mongolia Autonomous Region—will play a critically important 

role in the national renewable energy layout. It is estimated that by 2030, the total installed capacity of wind 

and PV power in the Coal Triangle Region will reach 590 million kilowatts, rising sharply to 2.18 billion 

kilowatts by 2060. This highlights the region’s central position and immense potential in driving the nationwide 

energy structure transition. 

However, the rapid expansion of large-scale wind and PV power will also pose a series of challenges to 

the power infrastructure in the Coal Triangle Region. To address the inherent intermittency, instability, and 

variability of wind and solar power generation, corresponding optimization and upgrades of infrastructure and 

grid systems are necessary. Especially in the remote areas of the Coal Triangle Region, insufficient 
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infrastructure may hinder project construction and operational efficiency. Therefore, strengthening 

infrastructure, improving project accessibility, and enhancing operational convenience are critical to realizing 

large-scale renewable energy development.  

Furthermore, as China’s major electricity consumption hubs are concentrated in coastal regions, the 

development of large-scale clean energy bases in the Coal Triangle Region must rely on cross-regional 

transmission infrastructure and market mechanisms to achieve efficient power delivery. To advance the growth 

of emerging industries in the Coal Triangle Region, it is essential to explore the establishment of Transformation 

Development Partnerships with economically developed provinces that have traditionally relied on coal imports. 

Such partnerships would establish industrial cooperation mechanisms through which these provinces could 

provide reciprocal support. Building on the proven model of “paired assistance,” deep collaboration could be 

pursued in areas including renewable energy integration, industrial chain coordination, joint market 

development, technology transfer, and talent cultivation. These efforts would enhance complementary regional 

advantages and enable efficient resource integration across multiple domains, such as new energy utilization, 

industrial chain support, technological R&D, and green finance. Coastal provinces could accelerate renewable 

energy development and industrial upgrading in the Coal Triangle Region through investment and technical 

support; in return, the Coal Triangle Region could provide a stable supply of green energy and equipment 

products to its partner provinces, forming a pattern of “mutual energy supply–industrial collaboration–benefit 

sharing.”  

 
Figure 3-2. Wind and Solar Power Installation Pathway in the Coal Triangle Region Under the “Dual-

Carbon” Targets 

3.2 Analysis of Green Hydrogen Industry Development Pathways in the Coal Triangle Region 

Driven by the large-scale development of renewable energy, the Coal Triangle Region possesses a solid 

foundation for developing the green hydrogen industry. The abundant wind and solar resources in the region 

provide a stable and low-carbon power supply for green hydrogen production via water electrolysis, 

significantly reducing the marginal cost of hydrogen production and expanding its applications in energy and 

industrial feedstocks. The development of a green hydrogen industrial chain will not only enhance the flexibility 

regulation capacity and absorption efficiency of renewable energy systems but also drive growth across 

upstream and downstream manufacturing sectors, including electrolysis equipment, advanced materials, and 

storage/transportation infrastructure, ultimately establishing a new growth engine to support regional energy 
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transition and industrial upgrading and supporting the sustainable phase-out of coal consumption. 

Currently, coal-based industries, particularly coal chemical production, represent the primary consumers 

of hydrogen in the Coal Triangle Region. The demand for hydrogen as a raw material in processes such as coal-

to-ammonia and coal-to-methanol production will persist. Leveraging its abundant renewable electricity 

resources, the region can promote comprehensive transformation from source to process to system—gradually 

replacing coal gasification-based hydrogen production with green hydrogen—and establish a new near-zero 

emission system characterized by green hydrogen supplementation, CO2 resource utilization, and pipeline 

network adaptation. Under the pressure of constraints such as emission indicators, coal chemical enterprises 

should be urged to shift gradually from gray hydrogen to blue and green hydrogen, achieving systemic 

technological improvements rather than simply expanding coal-based hydrogen production. Over the next 5-10 

years, the Coal Triangle Region should take the lead in large-scale application of green hydrogen in new modern 

coal chemical projects, progressively expanding into existing systems, thereby facilitating deep decarbonization 

in applications such as hydrogen-based metallurgy and aviation fuel. Meanwhile, hydrogen application in the 

transportation sector continues to advance, with the region’s renewable electricity advantage providing a 

foundation for large-scale green hydrogen production. It should be noted that, due to constraints in storage and 

transportation technology, infrastructure, and economic feasibility, green hydrogen will primarily serve local 

consumption before 2050. By 2060, the annual hydrogen demand in the region is expected to exceed 40 million 

tonnes, with the chemical industry as the major consumer. As the cost of green hydrogen continues to decline, 

its annual consumption is projected to reach 37 million tonnes, accounting for over 90% of total demand, thereby 

providing critical support for the deep decarbonization transition of coal-based industries. 

Today, due to the limited application scenarios for hydrogen energy, the development pathway of green 

hydrogen remains uncertain. The Coal Triangle Region needs to balance technological substitution and risk 

management by establishing a phased transition plan. In the short term, reliance on gray and blue hydrogen will 

ensure supply stability while promoting demonstration projects that integrate hydrogen energy with CCUS in 

coal chemical processes. In the medium to long term, a gradual shift toward green hydrogen should be advanced, 

coupled with the active development of integrated systems linking renewable power, green hydrogen, and green 

chemical production. Diversified technology reserves must also be established to ensure the security and 

feasibility of the energy transition under various development scenarios.  

 

Figure 3-3. Total Hydrogen Demand and Green Hydrogen Demand by Industry in the Coal Triangle 

Region 
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3.3 Analysis of Development Pathways for Other Emerging Industries in the Coal Triangle Region 

In advancing the green and low-carbon transition of the Coal Triangle Region, it is essential to break away 

from the existing industrial framework and actively diversify into emerging sectors to mitigate potential phased 

economic downward pressure caused by overcoming the “carbon lock-in” effect. It is recommended to 

accelerate the development of a new industrial system centered on “wind and solar plus” models and promote 

context-specific integrated formats such as “renewable power + energy storage”, “renewable power + data 

centres,” and “renewable power + low-carbon manufacturing.” These efforts will gradually form a cluster-based 

development pattern characterized by positive interaction between green energy and emerging industries, 

providing solid support for building a stable, sustainable, and long-term new economic growth pole for the 

Box 3-1： Hydrogen Industry Research in Lvliang, Shanxi Province: Transformation 

Practices and Challenges of Pengfei Group 

Pengfei Group has established a comprehensive production system covering coal (30 million tonnes), coal 

washing (34 million tonnes), coke (5 million tonnes), methanol (300,000 tonnes), liquefied natural gas (200 

million cubic metres), synthetic ammonia (100,000 tonnes), and high-purity hydrogen (20,000 tonnes). It has 

also expanded into commercial vehicle manufacturing, core hydrogen equipment production, zero-carbon smart 

logistics, highway and railway transportation, cultural tourism real estate, five-star hotels, and 5G intelligent 

applications, becoming a large-scale energy enterprise characterized by digitalization, circularity, and low 

carbon. In recent years, Pengfei Group has accelerated its hydrogen industry development, establishing a full-

chain model covering production, storage, transportation, refuelling, utilization, and research while continuing 

to invest in hydrogen heavy-duty trucks, fuel cell stacks, and equipment manufacturing. During its transition, 

the enterprise faces several major issues, which to some extent reflect challenges commonly encountered by 

traditional energy companies: 

(1) Inadequate carbon reduction incentives: Currently, China’s national carbon emissions trading market 

has not yet fully covered sectors such as chemicals and transportation, and green hydrogen-related projects 

remain excluded from the China Certified Emission Reduction (CCER) mechanism. The emission reductions 

achieved through green hydrogen applications in zero-carbon logistics cannot be effectively quantified or 

translated into economic benefits, which undermines corporate motivation for emission reduction and weakens 

the industrial economic viability.  

(2) Limited Downstream Hydrogen Applications: The promotion of hydrogen-powered heavy trucks 

still relies heavily on policy support. Penetration in civilian transportation (e.g., buses and light trucks) remains 

low, with inadequate market-driven demand, which constrains the sustainable development of the hydrogen 

value chain.  

(3) Cost Pressures and Technological Uncertainty: Influenced by its coal chemical industry base, the 

cost of gray hydrogen remains below 20 RMB/kg (about $2.82/kg), significantly lower than the cost of 

producing hydrogen from renewable energy sources such as wind and solar. At present, green hydrogen 

production capacity is limited and not yet cost-competitive. Meanwhile, hydrogen technologies are evolving 

rapidly, fuel cell technology routes remain in competition, and derivative industries such as green hydrogen-to-

methanol (with a national target of 100 million tonnes) have ambitious development plans, posing potential risks 

of overinvestment.  

Source: Field research conducted by the project team at Shanxi Lüliang Pengfei Group in April 2025. 
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region. 

Energy Storage and Power System Support Measures: Accelerate the large-scale deployment of energy 

storage technologies and multi-energy complementary systems to enhance the regulation capacity and 

operational stability of the power grid. Promote the development of advanced grid technologies, such as smart 

grids and flexible DC transmission, to improve electricity transmission and integration capacity. Inner Mongolia 

can leverage its abundant resources to expand the scale of its clean energy and energy storage industries and 

boost regional absorption capacity. Shanxi, Shaanxi, and Ningxia should coordinate wind and solar installation 

planning with grid development, promote synergy between traditional and clean energy sources, and achieve 

optimized energy structures and efficient system operation. 

AI and Data Centres: The Coal Triangle Region holds significant potential for developing low-carbon 

digital industries. With abundant green power resources and relatively low land and cooling costs, areas such 

as Inner Mongolia and Ningxia can accelerate the deployment of low-carbon data centres and AI industry 

clusters, contributing to the implementation of the national “Eastern Data, Western Computing” initiative and 

serving the data processing needs of eastern China. To fully leverage local advantages such as rich renewable 

electricity and a robust manufacturing base, planning and guidance for high-performance computing centres 

should be strengthened, coupled with precise engagement with leading enterprises in the information industry 

and the promotion of green energy supply systems for data centres, alongside the construction of green energy 

supply systems for data centres, enabling integrated development of generation–grid–load–storage–computing. 

Meanwhile, digital technologies can support the intelligent upgrading of regional industries, offering digital 

transformation solutions for sectors such as traditional energy and manufacturing. 

Carbon Removal Industries: The Coal Triangle Region has both the necessity and potential to develop 

a carbon removal industry. Estimates suggest that by 2060, the region’s carbon removal demand will reach 

approximately 300 million to 500 million tonnes. The region can participate through multiple pathways such as 

CCUS, biomass energy with carbon capture and storage (BECCS), soil carbon sequestration, and mineralization 

storage. Although current carbon removal technologies are unlikely to generate significant economic benefits 

in the short term, it is noteworthy that China’s voluntary greenhouse gas emission reduction program has already 

included carbon sink projects such as afforestation. Moreover, as the national carbon market mechanism 

continues to improve, emission-reduction benefits achieved through other carbon removal technologies are 

expected to be incorporated into the national carbon trading system. This will further stimulate the development 

of related technologies while generating substantial low-carbon revenue and green benefits for enterprises. 

Additionally, carbon removal projects can be integrated with cultural tourism industries—for instance, by 

establishing negative-carbon ecotourism demonstration zones—to enhance industrial diversification value and 

regional ecological service functions. 

New Energy–Ecotourism Coupled Industries and Green Services: The region should fully tap into its 

traditional energy legacy and ecological resources to promote the integration of renewable energy, ecological 

restoration, and cultural tourism. For example, solar PV projects can be built on decommissioned coal mine 

sites, serving both power generation and environmental remediation. Coal enterprises are encouraged to shift 

investment toward renewable energy, broaden their business scope, and drive the integrated development of 

“wind and solar + agriculture/desertification control” models. These efforts aim to create emerging service 

industry clusters supported by green energy, facilitating the transition of traditionally energy-dependent areas 

toward green service economies, optimizing employment structures, and promoting high-quality regional 

economic development. 
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