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Foreword 
 
 
 
 
 

 
East Asia is pivotal to the world’s decarbonization efforts. In 2023, on a 

per-capita basis, greenhouse gas emissions in the East Asia and Pacific 

region (excluding high-income economies) were 7.11 tCO2e per capita— 

lower than in OECD countries (8.01 tCO2e per capita) and high-income 

countries (9.89 tCO2e per capita). Yet, the region’s contribution to global 

emissions is large and expected to rise alongside economic growth 

and industrialization. In 2023, the region produced more than a third 

of global greenhouse gas emissions and was the largest consumer of 

coal worldwide. China, Indonesia, and Viet Nam account for 80 percent 

of the region’s emissions and 88 percent of its coal consumption, with 

the power and industrial sectors responsible for 75–87 percent of ener- 

gy-related emissions. The choices made in East Asia will shape the global 

energy and industrial landscape for decades to come. This report - Green 

Horizon: East Asia’s Sustainable Energy Future is an important contribution 

to understand the pathways to intertwine energy and development im- 

peratives in East Asia. 

 

The power and industrial sectors must decarbonize in tandem. Their 

emissions are closely linked, with industries relying heavily on electricity 

and power generation shaped by industrial demand. As electricity use 

accelerates, decarbonizing the power sector is the linchpin of the region’s 

clean energy and industrial transformation—not only to reduce its own 

emissions but also to enable industry to shift to clean energy. Advanc- 

ing both transitions together, through energy and material efficiency, 

electrification, green hydrogen, carbon capture, and clean feedstocks, is 

essential to achieving deep and lasting reductions. 
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Massive and coordinated investments will be needed. Industrial de- 

carbonization alone will require USD 1.7 trillion in cumulative capital 

through 2050—around USD 70 billion per year across China, Vietnam, 

and Indonesia. Decarbonizing the power sector in these economies will 

require USD 9 trillion in cumulative investments from 2020 to 2040. 

These investments must be planned in a synchronized manner to ensure 

that industrial system of tomorrow run on the clean electricity generated 

by power systems of tomorrow. 

 

These transitions present a transformative opportunity. A shift to clean 

power and low-carbon industry can strengthen competitiveness, mod- 

ernize production systems, enhance energy security, and create signifi- 

cant new employment opportunities across East Asia’s economies. 

 

The World Bank Group is committed to realizing this opportunity. We will 

work with governments, industry leaders, financiers, and development 

partners to mobilize capital, share knowledge, and enable policies that 

will deliver an ambitious, integrated clean energy and industrial transfor- 

mation across East Asia. 

 
 

 

MANUELA V. FERRO 

Vice President 

East Asia and Pacific Region 

The World Bank 
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his overview lays out pathways to decarbonize the power and industrial 

sectors of the East Asia region, sectors that together constitute an over- 

whelming majority of the greenhouse gas emissions (GHG) emanating 

from these countries. With a specific focus on China, Indonesia, and Viet Nam, 

which together account for 80 percent of region’s emissions and represent 88 

percent of the region’s coal consumption, the report argues for a stepped-up role 

of renewables in driving the region’s ambitious growth agenda, net zero targets, 

and industrialization and urbanization trajectory. Combining desk research, 

private sector surveys, stakeholder consultations, and quantitative modeling— 

and drawing from World Bank’s widespread operational footprint in the region— 

this overview presents the barriers to be addressed to up transition from a coal 

dominated system in the power sector and then to create the conditions for 

technological interventions in industrial sectors—improving energy and material 

efficiency, increasing electrification, and adopting advanced technologies such as 

green hydrogen and carbon capture and storage. This overview – an amalgama- 

tion of two reports on renewable energy and industrial decarbonization in the 

region, is a follow-up to a 2010 World Bank report titled Winds of Change: East 

Asia’s Sustainable Energy Future. 
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East Asia tops all other world regions 

greenhouse gas emissions and coal 

consumption amid growing and 

uncertain energy demand 
 
 
 
 
 

 

 

As of 2023, the region produced 42 percent of global GHG emissions. This level of emissions 

emerges from heavy reliance on coal to meet the region’s rising energy demand. The region 

accounts for nearly 60 percent of global coal consumption and 69 percent of global coal power 

generation in 2023 (FIGURE 1a). From 2001 to 2023, coal consumption intensified in all focus 

countries: tripling in China, increasing six-fold in Indonesia, and rising more than ten-fold in 

Viet Nam. This has led to some of the world’s highest grid emissions factors—from 508 gCO2/kWh 

 

 
FIGURE 1a Total coal consumption by region (2000–2023) 
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region. 

 

 

in Viet Nam to 787 gCO2/kWh in Indonesia, far exceeding the OECD average of 322 gCO2/kWh. The 

growth in CO2-equivalent emissions has risen in East Asia faster than in any other region in the 

world (FIGURE 1b). 

 
 

 
FIGURE 1b Total carbon dioxide–equivalent emissions by region (2000–2023) 
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Sources: Emissions Database for Global Atmospheric Research (EDGAR 2024); Our World in Data 2024. 

Note: Regional groupings use the World Bank’s income-inclusive classification which differs from the World Bank’s operational regions as high-income 
countries are included. 

 
 

 

 

The two sectors contribute 75–87 percent of energy-related GHG emissions in the focus countries 

(FIGURES 2 and 3). Rising electricity demand, primarily driven by increased electrification and the 

region’s central role in global supply chains, have fueled a more than 400 percent increase in 

electricity and heat-related emissions between 1990 and 2021. The power sector’s share of total 

emissions in the region rose from 24 percent in 1990 to nearly 43 percent in 2021 (IEA 2022). 

The industrial sector mirrors this trend. In China, Indonesia, and Viet Nam, industry accounts 

for 44–51 percent of final energy use and 24–31 percent of energy-related CO2 emissions.1 The 

industrial sector remains fossil-fuel dominant, with coal (including coking coal) contributing 47–61 

percent of total industrial energy consumption. 

 
 

1  Based on the direct emission accounting method. 
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FIGURE 2a East Asian countries relied heavily on coal in their primary energy mix in 2023 
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FIGURE 2b East Asian countries relied heavily on coal in their power generation mix in 2023 
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FIGURE 3 Total carbon dioxide–equivalent emissions by subsector (2023) 
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Electricity demand is expected to increase by 25 percent to 12,600 TWh by 2030, up from roughly 

10,200 TWh in 2023, and to more than double to 22,700 TWh by 2060 (IEA 2024). Similarly, indus- 

trial energy demand is projected to grow by 72 percent in Indonesia and 143 percent in Viet Nam 

from 2022 to 2050. In the meantime, many East Asia and Pacific (EAP) countries have committed 

to ambitious climate targets. For example, China has committed to peaking carbon emissions 

by 2030 and reaching net zero by 2060; Viet Nam and Indonesia have pledged to achieve net 

zero carbon emissions by 2050 and 2060, respectively. They have also committed to ambitious 

renewable energy targets—for example, 1,200 GW of solar and wind by 2030 in China (which was 

achieved in 2024), and 111 GW and 5.6 GW of solar and wind by 2030 in Viet Nam and Indonesia, 

respectively. 

 

 

 

 

Climate change is intensifying the frequency and severity of natural disasters, which can severely 

disrupt electricity supply. Several countries in the region are particularly vulnerable. In 2021, 

Typhoon Rai caused widespread damage to energy infrastructure in the Philippines, leaving over 

three million people without power. Pacific Island nations similarly experience repeated infra- 

structure losses due to extreme weather events. In addition to sudden shocks, gradual climatic 

shifts are also straining energy systems. During the summer of 2022, prolonged heatwaves and 

droughts drove up cooling demand and lowered hydropower generation in Sichuan (a hydro-reli- 

ant province in China), leading to power shortages that disrupted industrial activity and hindered 

economic recovery across multiple provinces. 

 

 

 

 

Electrification is emerging as a central strategy for industrial decarbonization, from low-tempera- 

ture heat pumps to electric arc furnaces and green hydrogen production. Industrial electrification 

will be a main driver of power demand, which is projected to double in China, grow 3.3 times in 

Indonesia, and rise 4.3 times in Viet Nam between 2020 and 2050. Industrial electrification can 

deliver climate benefits only if the source of electricity generation itself is clean. Modeling results 

indicate that if power sector emissions remain high, industrial electrification could backfire, 

increasing total industrial emissions by 46 percent in Indonesia and 203 percent in Viet Nam by 

2050 over 2022 levels. 
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To achieve an energy system 

anchored in renewable energy, the 

region could adopt competitive 

tendering practices, invest massively 

in transmission networks and ancillary 

services; facilitate distributed 

renewable energy in local contexts; 

and revitalize the regional power grid 

 

 
China has been a global pioneer in harnessing renewable energy, but the experience of other 

countries of the region is mixed, despite prolific renewable energy potential. 

 

 

Resource assessments indicate that the focus countries are endowed with nearly 65,000 GW of 

clean energy capacity. They benefit from a vast solar energy potential, in excess of 50,000 GW. 

Indonesia is endowed with geothermal resources owing to its location on the Pacific Ring of Fire. 

Viet Nam benefits from a large offshore wind energy potential stemming from its extensive 3,000+ 

km coastline. China’s long coastline and favorable inland wind reserves in the northern region 

provide a combined wind energy potential of more than 11,000 GW. 

 
 

 

 

Countries fall into three groups: (1) advanced market countries like China, which lead the race; (2) 

transitioning market countries like Viet Nam and the Philippines, which have rapidly scaled up RE 

deployment in recent years; and (3) nascent markets such as Indonesia and other EAP countries 

that are still at an early stage of RE development. China initially adopted generous feed-in tariffs 

that kickstarted the RE market, then transitioned to RE auctions that significantly brought down 
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those tariffs. Today, RE is already the lowest cost power supply option, cheaper than coal power 

plants. China installed a total of 300 GW of new solar and wind capacity in 2023 and 358 GW in 

2024, more than the rest of the world combined, reaching an overall 1,400 GW by the end of 

2024. Thanks to the feed-in tariffs and massive private capital investment, Viet Nam developed 

22 GW of and wind and solar power plants before the pandemic, including a significant share of 

rooftop PV. However, the pace has significantly slowed since 2020 due to a regulatory vacuum. 

Capacity additions in other East Asian countries have been much slower. While Indonesia has 

developed dispatchable RE such as hydro and geothermal, its variable RE (VRE), such as solar and 

wind capacity, was only 750 MW by the end of 2023. 

 

 

 

 

While the countries have developed dispatchable RE (hydro, geothermal, and biomass), the bulk 

of future growth would come from VRE, given its abundance. China, to meet its ambition to 

achieve net zero by 2060, would need to deploy VRE capacity at a pace in excess of 260 GW per 

year from 1,400 GW at present to 10,800 GW by 2060. For that to happen, RE grid integration will 

have to become increasingly important. Viet Nam would need regulatory clarity on RE auctions, 

a transparent tariff framework, and additional investments in transmission grid infrastructure to 

further scale up RE and resolve VRE curtailment issues. To reach net zero by 2050, the country 

would also need to accelerate VRE additions to nearly 22 GW per year (from 22 GW now to 600 

GW in 2050). 
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Reaching targets will require 

integrated planning and coordination 

across various national and regional 

agencies, as well as investments 

across transmission grids 
 
 
 
 
 
 

 

 

A private sector developers’ survey identified the top deterrents to be (1) opaque and lengthy 

permitting processes; (2) unpredictable policy environments; (3) nonbankable power purchase 

agreements (PPAs); and (4) difficulties in securing land. The design and implementation of 

competitive auction frameworks with standardized and bankable PPA terms, complete with 

predictable auction schedules and predefined procurement targets, will be essential in building 

investor interest. Improved risk allocation mechanisms—such as indexed tariffs, curtailment 

compensation, and government-backed guarantees, where appropriate—will minimize the risks 

and uncertainties faced by developers and financiers. 

 

 

 

 

Auctioning RE through competitive procurement characterized by standardized, transparent, and 

bankable terms—and conducted on a large scale and predictable timetable—can attract private 

investment at scale and drive down the costs of RE. Experience in Brazil, China, India, Malaysia, 

South Africa, Uzbekistan, and elsewhere has demonstrated that RE auctions can scale up RE in a 

short time and reduce costs significantly to reach cost parity with coal power. For example, China 

reduced solar tariffs by more than half (from 5–7 US cents/kWh to 1.5–3 US cents/kWh) by shifting 

from feed-in tariffs to RE auctions. Similarly, solar auctions have resulted in 1.04 US cents/kWh in 

Saudi Arabia, 2.1 US cents/kWh in Uzbekistan, and 2.3 US cents/kWh in South Africa. This study 

recommends that Indonesia and Viet Nam to adopt auctions to scale up RE. 
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mission. 

 

 

 

 

Power grids are designed for centralized and dispatchable fossil-fuel based power generation 

and as VRE capacity comes online, RE generation has faced curtailment due to grid capacity 

constraints. Notably, the role of energy storage in improving grid flexibility to handle VRE capacity 

remains nascent in the absence of adequate pricing mechanisms for ancillary services. To adress 

these problems, comprehensive power system planning will be necessary, since grid infrastruc- 

ture takes longer to build than VRE capacity. Grid development in Indonesia faces an additional 

challenge owing to its archipelagic geography. Energy storage and transparent pricing mecha- 

nisms to compensate for storage and other grid flexibility services are relevant for integration 

of a large share of VRE into the grid. To incentivize the deployment of energy storage, enabling 

regulatory frameworks will be essential. Those frameworks must be supported by remuneration 

mechanisms such as capacity payments and the provisioning of grid balancing services such as 

frequency regulation and voltage control. 

 

 

 

DRE is facing the constraints of limited rooftop space in Asian cities with high-rise buildings, 

regulatory obstacles that keep DRE generators from selling excess electricity to the grids or 

to other consumers, and the absence of viable business models. China has made impressive 

progress on DRE in recent years from a slow start in solar PV development; it can offer valuable 

lessons. As of March 2025, China has installed 411 GW of distributed solar PV, 43 percent of the 

globe’s total solar capacity of 945 GW. In 2024 alone, distributed solar PV increased by 118 GW. 

This growth is largely driven by: (1) local government policies that require new buildings to install 

roof-top solar PV; (2) the Whole County Roof-top Solar PV Program in rural areas that requires a 

minimum percentage of each county’s rooftops to be equipped with solar PV; and (c) streamlined 

permitting and approval processes compared to utility-scale RE. Perhaps the biggest hurdles for 

scaling up DRE in most countries are the reluctance of utilities in many countries to purchase 

excess electricity generated by DRE and the prohibition against allowing DRE generators to sell 

electricity to neighboring consumers directly via grid wheeling charges. Furthermore, most DRE 

projects are invested and installed by renewable energy service companies, which are responsi- 

ble for investing, installing, and maintaining DRE systems for a fee. Most of these companies are 

small and medium enterprises (SMEs) that have difficulty obtaining financing. Lastly, to overcome 

the problem of limited roof-top space, land-based DRE such as industrial parks and installations 

along highways should also be considered. 
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Prerequisites are coordinated planning and regional interconnection networks, as well as harmo- 

nization of grid codes across both the Greater Mekong Subregion and ASEAN Power Grid regional 

trade systems. These steps will ensure that all participating member states follow minimum tech- 

nical, design, and operational standards to ensure reliability of the interconnected power system. 

At a minimum, grid code harmonization should be developed on the cross-border interconnec- 

tors to facilitate operations. Finally, developing a methodology to support transparent import and 

export price frameworks and common wheeling charges for multilateral power trading is vital. 

Countries engaged in power wheeling should be adequately compensated for future infrastruc- 

ture development. The wheeling charge must be stable and provide predictable price signals to 

investors engaged in transmission network development. 
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Tailored policy reforms are necessary 

to unlock private investment and 

accelerate the deployment of 

renewables in China, Viet Nam, and 

Indonesia 
 
 
 
 
 
 
 
 
 

 

 

The country needs to focus on developing capacity charges and an ancillary service market to 

adequately compensate energy storage services to support RE grid integration. Providing a clear 

and transparent revenue stream is vital for creating an enabling environment for private sector 

participation in energy storage. Furthermore, interprovincial power trade is key to transferring RE 

from the resource rich west to demand centers in the east. Increasing interregional power trade 

will require market-based medium- and long-term contracts between buyers and sellers, plus 

equal access to the grids for all RE developers. Improved power system planning is essential if a 

large share of VRE is to be integrated into the grid. Integration will depend on balancing different 

types of generating resources, aligning generation with transmission capacity, and ensuring co- 

ordination across provinces. In addition, increasing power system flexibility through hydropower 

and hybrid RE, making coal power plants more flexible, and decoupling heating from power for 

coal-based combined heat and power plants, are also important measures to improve RE grid in- 

tegration. Finally, adopting economic dispatch rules based on the marginal costs will ensure that 

RE is being dispatched first. 
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The country could improve the regulatory certainty for VRE by improving its RE auction frame- 

work, staging large-scale auctions and setting predictable timetables to attract credible private 

investors and allow them to plan their RE investments. Adhering to auction timelines is critical to 

avoid damaging investor confidence. Permitting independent power producers to sell electricity 

directly to corporate buyers through a standardized and streamlined corporate PPA process 

would further build market confidence. Acceleration of investments in the capacity and flexibility 

of transmission and distribution networks, particularly by enhancing interconnections between 

island systems, will be crucial. These efforts must be complemented by advanced grid technolo- 

gies, such as smart grid solutions and energy storage systems. Finally, DRE, done right, can play 

an important role in energy supply on Indonesia’s remote islands. 

 

 
 

 

 

RE investors in Viet Nam have been facing a regulatory uncertainty since the feed-in tariff scheme 

ended. The priority now is to design and roll out a robust competitive RE bidding framework that 

provides clarity on project eligibility, auction timelines and scale, grid connection responsibilities, 

and the roles of relevant stakeholders. PPA templates should be reviewed to ensure a more 

equitable risk allocation–especially to attract the foreign capital required for offshore wind devel- 

opment. In addition, after Viet Nam successfully installed more than 20 GW of RE in a short time, 

curtailment is posing a threat to the grid. Investments in transmission infrastructure are critical to 

resolve these issues. To maintain and manage grid stability, an ancillary services market must be 

designed and developed, including clarity on the role and long-term orientation of both storage 

and flexible power sources. 

infrastructure, and develop DRE on remote islands. 
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Decarbonizing the industrial sector 

will depend on improving efficiency, 

increasing electrification, and lowering 

the costs of advanced decarbonization 

technologies 
 
 
 
 
 
 
 
 
 

 

 

In China, iron and steel, chemicals, cement, petroleum refining, and non-ferrous metals account- 

ed for 87 percent of industrial energy use in 2022. These sectors rely heavily on carbon-intensive 

feedstocks and high-temperature heat. In Indonesia, iron and steel, food, beverages and tobacco, 

non-ferrous metals, and cement dominate 86 percent of industrial energy use; in Viet Nam, 

cement, iron and steel, textiles, food and beverages, and chemicals account for 72 percent of 

industrial energy use. Light manufacturing sectors, such as food and textiles, are more amenable 

to electrification and already draw a greater share of their energy from electricity, but the heavy 

industries are deep and structurally embedded, making industrial decarbonization particularly 

challenging. 

 

 

 

 

Industrial development is a main driver of economic growth and job creation, but high energy 

costs and inefficiencies are threatening their competitiveness. In addition, international pres- 

sures, such as greening supply chains and carbon border adjustment mechanisms, (CBAM) 

provide incentives for industries in EAP countries to reduce emissions. Furthermore, improved 

industrial efficiency and reduced energy costs can also enhance energy security. Finally, industrial 

decarbonization helps GHG emissions while improving local air quality and public health.  
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The first step is to improve energy and material efficiency (the most cost-effective form of emis- 

sions reduction) by 26–36 percent, which would yield substantial energy savings and lower energy 

costs. Electrification delivers another 32–53 percent of emissions reduction, depending on sector 

and country context, but it can significantly raise costs compared to direct consumption of fossil 

fuels. Furthermore, although advanced technologies such as green hydrogen and CCUS are re- 

quired for deep decarbonization, their costs are high, and the technologies are not yet commer- 

cially proven. Green hydrogen plays an important role in decarbonizing industrial processes that 

require high-temperature heat that cannot be electrified, particularly in the chemicals, petroleum 

refining, and iron and steel sectors, while CCUS serves as the last resort for reducing emissions, 

notably in the cement sector. 

 
 

 

 

 

While China produces more than half of global iron and steel and cement, their production and 

energy use are expected to decline by nearly half for the iron and steel sector and two-thirds 

for the cement sector by 2050. However, due to fast-growing energy use and emissions from 

the chemicals and aluminum industries, the net emissions reduction would be only 6 percent 

from 2022 to 2050 in China if no mitigation actions are taken. On the other hand, Indonesia and 

Viet Nam are expected to significantly increase their industrial energy use, which would result in 

an increase of GHG emissions by 70 and 88 percent, respectively, from 2022 to 2050 (FIGURE 4). 

In China, energy and material efficiency represent the largest and least-cost mitigation potential 

(34 percent), followed by electrification (30 percent). Green hydrogen and CCUS would close the 

remaining emissions reduction gap to reach net zero by 2060. In Indonesia, energy and materials 

efficiency would reduce emissions by 26 percent, while industrial electrification would bring in the 

largest mitigation potential (56 percent), since it has a large food and beverage industry that is 

relatively easy to electrify, followed by green hydrogen and CCUS to reach net zero by 2050. Sim- 

ilarly in Viet Nam, energy and materials efficiency would account for just 28 percent of emissions 

reduction to reach net zero by 2050, whereas electrification would result in the largest share (41 

percent), followed by 19 percent from CCUS, ascribable to the large cement sector. 
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FIGURE 4 Industrial decarbonization pathways vary in China, Indonesia, and Viet Nam 
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and pilots. 

 
 

 

 

To tap the huge potential of energy efficiency in industry, standards could be tightened and 

benchmarked for emissions-intensive industries. In particular, given the rapid growth in industrial 

energy use in Indonesia and Viet Nam and the rise of chemical industries in China, tightened 

energy efficiency standards should be incorporated into the approval or permitting process for 

newly built industries. Furthermore, improving materials efficiency and extending the lifetime of 

industrial plants can substantially reduce the need to build new plants. In addition, China plans  

to shift its focus from reducing energy intensity and energy consumption to reducing emissions 

intensity and total emissions in its 15th Five-Year Plan (2026–2030). It is recommended that 

decarbonization targets—based on either emissions intensity or total emissions—be adopted for 

large, emissions-intensive industries to advance industrial decarbonization. These targets should 

be underpinned by a robust measurement, reporting, and verification system 

 
 

 

 

Shifting from coal to electricity and green hydrogen, as well as adopting CCUS, involves higher 

costs. Carbon pricing is essential to provide a level playing field between fossil fuels and clean 

technologies. Many European countries, for example, provide subsidies and tax incentives for 

industries to shift from fossil fuels to electrification and green hydrogen. 

 

 

 

 

Since the industrial sector is a hard-to-abate sector, many of the mitigation technologies, partic- 

ularly those aimed at deep decarbonization, are not yet commercially viable or even available. 

Governments would need to support R&D and pilots and provide financial incentives to acceler- 

ate their commercialization and help drive down their costs. Innovative emerging technologies 

such as thermal batteries and clean chemical feedstocks should also be piloted to build market 

confidence and operational expertise. 
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Strategic pilots, such as thermal battery storage, CCUS in cement, and clean feedstocks in the 

chemical industry, can validate technical performance, reduce costs, and de-risk future invest- 

ments. As these technologies remain nascent in most EAP countries, international collaboration is 

critical to accelerate their commercialization. 

 
 

 

 

This approach not only reduces costs and risk; it also aggregates demand across industrial parks. 

For example, Norway’s zero-carbon cement production is enabled by a CCUS hub, while China’s 

emerging zero-carbon industrial parks have a high share of green electricity supply through ded- 

icated RE, energy storage, and demand optimization across firms. In addition, clusters can offer 

green electricity and carbon abatement certificates through shared energy and carbon manage- 

ment digital platforms, enhancing firms’ global competitiveness. These cases demonstrate how 

clustering can enable collective transitions that would be difficult for individual firms to achieve 

independently. However, realizing the full potential of cluster-based decarbonization requires 

moving beyond isolated pilots to scalable and replicable models. 

 
 

 

 

First, enabling regulatory frameworks that facilitate joint investment in shared low-carbon infra- 

structure—such as carbon transport and storage networks, hydrogen hubs, and centralized RE 

systems—should be established. Second, pilot projects with long-term offtake agreements that 

reduce market uncertainty for first movers and create a strong demand signal for follow-on in- 

vestments across the cluster should be identified and supported by public and private consortia. 

Third, blended finance mechanisms must be deployed in a coordinated manner, including con- 

tracts for difference, innovation grants, and concessional loans, so as to de-risk early-stage tech- 

nologies and bridge the commercial viability gap. By aligning regulation, finance, and industrial 

planning, policy makers can unlock the full benefits of cluster-based decarbonization and position 

industrial parks as engines of low-carbon growth. 
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Rapid transitions in energy and industry are driving increased demand for professionals who can 

integrate technical expertise with decarbonization, digital capabilities, and a strong understanding 

of regulatory frameworks at the local, national, and international levels. However, graduates of 

technical and vocational education and training (TVET) institutions, or even universities, are often 

not adequately prepared for real-world roles involving industrial energy management, carbon 

accounting, stakeholder engagement, or environmental compliance. This gap is further widened 

by the rise of hybrid roles, such as carbon trading specialists and clean energy market analysts, 

which are becoming essential to the industrial transition. Bridging this skills gap will be critical to 

developing a workforce capable of supporting large-scale industrial transformation. 

 
 

 

 

In China, the rise of the RE and carbon services sectors has underscored the need for a national 

certification framework that aligns with emerging job profiles and helps standardize and elevate 

vocational credentials. Similar efforts are underway in Indonesia, where the government has 

launched the Stranas Vokasi (National Strategy for TVET Reform) and established the National 

Team for TVET Coordination to better align training with industry needs in green manufacturing 

and energy. Viet Nam, through its Greening TVET initiative and international collaborations, is 

integrating sustainability principles and practical green skills into vocational education to support 

its low-carbon growth ambitions. Institutionalizing partnerships between industry and training 

providers across these countries is essential to ensure that training remains responsive to evolv- 

ing market demands, with regular updates to curricula and structured apprenticeships where 

apprentices are embedded within green infrastructure and industrial transformation projects. 

 

 

 

 

Industrial decarbonization requires professionals capable of managing industry and power 

sector co-optimization, engaging value chain partners to track and optimize carbon footprints, 

and navigating complex carbon and electricity markets—both domestically and internationally. 

This calls for embedding data science, systems thinking, and sustainability literacy into all levels 

industrial decarbonization policy. 
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during the industrial transition. 

 

 

of education and training. China’s experience highlights that even with strong policy direction, 

a lagging skills pipeline can impede decarbonization goals and deepen regional disparities. 

Policy makers must therefore integrate digital and interdisciplinary competencies into national 

skills frameworks, incentivize co-development of curricula between industry and academia, and 

promote continuous learning ecosystems. Without these foundational investments, industrial 

transformation risks being both inefficient and socially inequitable. 

 
 

 

 

In China, to take one example, the decline of fossil-intensive sectors has disproportionately 

affected provinces like Shanxi and Inner Mongolia, where automation further reduces the avail- 

ability of low-skilled jobs. Tailored programs are needed to help displaced workers transition to 

cleaner roles in energy efficiency, industrial electrification, CCUS, and clean energy operations 

and maintenance. Support for mid-career training, mobile learning platforms for remote regions, 

and retraining subsidies linked to clean industrial investments are needed. Similar dynamics 

are emerging in Indonesia, where coal-dependent provinces such as East Kalimantan are facing 

employment vulnerabilities due to shifting energy priorities. In Viet Nam, workforce skilling gaps 

are particularly acute among SMEs and in rural industrial zones, where access to reskilling oppor- 

tunities remains limited. Embedding labor strategies into industrial and infrastructure planning 

is therefore critical across the region to ensure that workforce development and job creation 

advance in parallel with decarbonization goals. 
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regulatory frameworks. 

 
Mobilizing sustainable financing and 

unlocking private investment are 

needed to meet pressing needs 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Power sector decarbonization in the focus countries would need a cumulative US$ 9 trillion (un- 

discounted) in investments from 2020 to 2040 under the Accelerated Decarbonization Scenario 

used in the World Bank’s Climate Change and Development Reports, about 40 percent higher 

than the amount needed under the Current Policy Scenario. China accounts for the lion’s share 

of the investment need (US$ 8 trillion), followed by Indonesia (US$ 336 billion), and Viet Nam (US$ 

352 billion), including both generation and transmission costs. Beyond the power sector, decar- 

bonizing the industrial sector would require a total cumulative investment of US$ 1.7 trillion in 

the same countries from 2022 to 2050. Here, too, China leads the way at US$ 1.5 trillion, followed 

by Indonesia at US$ 122 billion, and Viet Nam at US$ 120 billion. Encouragingly, early investments 

in efficiency and electrification yield strong returns, offering 65 percent of abatement at just 20 

percent of the total cost. However, deployment of higher-cost technologies such as green hydro- 

gen and CCUS will require targeted financial and policy support. 

 

 

 

 

Hard-to-abate sectors face added challenges owing to limited demonstration of clean technolo- 

gies and uncertain market returns. SMEs, which form a large portion of industrial activity in the 

region, often lack access to affordable finance because of high collateral requirements, limited 

credit histories, and weak financial balance sheets. 
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The World Bank has a wealth of experience working with local financial institutions to mobilize 

local financing for clean energy investments in Bulgaria, China, Hungary, India, Türkiye, Viet Nam, 

and other countries. Public financing is important to mitigate financiers’ risk perceptions, aggre - 

gate small deals, and increase the interest and capacity of domestic banks. Credit lines whereby 

multilateral development banks’ financing on-lends to local financial institutions are effective at 

increasing local banks’ capacity and confidence in clean energy investments, as well as providing 

long-term tenure for RE projects. Risk sharing instruments are effective at increasing local banks’ 

confidence in clients; they mitigate both perceived risks (e.g. for ESCOs and SMEs) and RE tech- 

nology risks—including resource risks for geothermal and technology risks for concentrated solar 

power—while also extending loan tenure. Dedicated funds are an effective instrument for in- 

creasing access to energy efficiency financing for SMEs and public sector projects when domestic 

banks are not ready to provide RE financing. Lastly, green finance ecosystems must be developed, 

including ESG-compliant capital markets, sustainability-linked bonds, and domestic green banks. 

 
 

 

 

Today, only 1.4 percent of climate finance reaches industry, and just 0.07 percent flows to East 

Asia’s manufacturing sector. Bridging this gap will require concessional finance, risk sharing 

instruments, carbon credit mechanisms, and investment aggregation platforms tailored to local 

needs. Concessional financing can de-risk early-stage technologies and attract private investors. 

Market aggregation platforms can pool small-scale investments, such as industrial energy effi- 

ciency retrofits and distributed renewables, into investable portfolios. 

 

 

 

 

The World Bank and other multilaterals are uniquely positioned to provide policy support, up- 

stream analytics, programmatic technical assistance, and sustainable financing. Multilaterals can 

support governments in identifying priority investments and in designing financing mechanisms 

to unlock commercial capital at scale. Tailored financial instruments—aligned with policy reforms 

and institutional capacity—can make clean energy and industrial decarbonization viable for a 

broader range of actors, from large corporations to SMEs and subnational governments. For 

example, the World Bank’s Accelerating Sustainable Energy Transition Multiphase Programmatic 

Approach provides $2.5 billion to support the deployment of RE at scale in the East Asia region, 

with a combination of concessional financing and risk guarantee instruments. 

tial for mobilizing local financing at scale. 
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A review of 125 post-2020 energy projects in the region found that only two had progressed to 

the carbon finance pre-transaction stage, despite strong mitigation relevance. Most projects lack 

the technical design features needed to generate carbon credits, such as quantifiable emissions 

baselines and robust monitoring, reporting, and verification (MRV) systems. Carbon finance, as a 

results-based instrument, often requires complementary funding to cover upfront costs. It also 

demands alignment with carbon market standards—including additionality, credit registration, 

and transfer protocols, as well as MRV—much of which falls outside traditional project develop- 

ment processes. Without this infrastructure and domestic ecosystem support, credible participa- 

tion in compliance and voluntary markets remains limited. 
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