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1  Research questions of this book revisited

The Paris Agreement spurs system transformation toward carbon neutral 
and climate resilient development around the world. Green recovery from 
the COVID-19 pandemic coupled with digital transformation intensifies 
global competition over green technologies, infrastructure, systems, and 
platforms, prompting governments to renovate policies and institutions, 
and to redirect expenditure for developing infrastructure.

China emerges as a top runner in the global competition amid the 
COVID-19 pandemic. Strict city-wide lockdown, large-scale surveillance 
supported by digital monitoring systems, and preparation of made-in-
China medical facilities, supplies, and vaccines to reduce the epidemic 
enable the country to accelerate digital transformation and to revitalize 
production of conventional goods and services. The 14th Five Year Plan 
(FYP, 2021–2025), the first FYP after the commitment to carbon neutral-
ity by 2060 at the United Nations General Assembly, raises the ratio of 
non-fossil fuel sources in China's energy mix from 15% in the 13th FYP 
to around 20%. The plan also sets targets to build 1200 GW of wind and 
solar capacity by 2025—higher than that of coal power capacity in 2016 
(Braun, 2021).

The ambitious targets and industrial fostering policies for wind and solar 
power have boosted Chinese manufacturers. They have capitalized on do-
mestic and foreign markets to enjoy economies of scale, lowering leveraged 
cost and upgrading technologies. As a result, wind and solar power become 
competitive with coal power (IRENA, 2020). An increasing number of com-
panies around the world import wind and solar power technologies from 
China to increase installed capacity, which is expected to generate carbon 
halos effect in the end.

However, a large-scale integration of renewable-energy-sourced electric-
ity (RES-E) into the grid goes beyond a change in energy mix to demand a 
whole system change from fossil fuel-intensive, vertically integrated, and 
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hierarchical and centrally controlled electricity supply system toward a 
capital-intensive, distributed, and smart grid-based electricity system. As 
pointed out in Chapter 2, the system change poses three challenges: taming 
the incumbent influential regime actors; reconciling the compelling narra-
tives of “energy for development,” “energy for industrial development,” and 
“energy for all”; and reducing uncertainty and unpredictability of the new 
system and the transition process.

In addition, an industrial transformation from a polluted “factory of the 
world” to a clean, green producer of homegrown high-tech and digitalized 
goods and services reduces domestic pollution-production, accelerates 
consolidation, and generates massive unemployment in pollution-intensive 
sectors such as coal and coal-intensive industries. A perception of an un-
promising future can incentivize these industries to geographically diversify 
their investments in countries with loose regulations, increasing the proba-
bility of causing carbon relocation.

Against these conflicting perspectives, this book raises three research 
questions.

a	 How has China’s carbon-energy policy incentivized outward FDI in 
coal power and renewable-energy-sourced electricity (RES-E) projects 
and exports of these technologies?

b	 How have Chinese outward FDI in and exports of coal power and 
RES-E generated energy transitions in host countries and caused car-
bon leakage, relocation, and halos?

c	 Can regional connectivity be a countermeasure to minimize carbon 
relocation and enhance the carbon halo effect in the context of China–
Asia energy relations?

2  China’s carbon-energy policy and firms’ responses

A scenario input–output analysis in Chapter 3 finds that a large-scale in-
tegration of RES-E reduces CO2 emissions without significantly affecting 
GDP and employment at the national level. However, coal power and its 
related industries such as mining, coal products, and transportation will 
have negative impacts on output and employment. Although larger job 
creation effects of the solar power industry can mitigate the negative im-
pacts of an energy switch as opposed to wind power, it does not mean that 
employees working at coal power or mining will get jobs at solar power 
manufacturing. Improper regulation of transaction cost associated with 
the energy transition can be a driving force for incumbent coal power gen-
eration companies to geographically diversify their business portfolio into 
foreign countries, joining in foreign coal power projects. The Chinese gov-
ernment may push their outward FDI to mitigate the transaction costs 
of the transition, at the cost of an increase in CO2 emissions in foreign 
countries.
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A retrospective analysis of Chinese solar photovoltaic (PV) manufactur-
ers in Chapter 4 shows that successful commercialization of the passivated 
emitter and rear cell (PERC), as well as investments in PV module manu-
facturing equipment, has enhanced technological capabilities and the com-
petitive edge of emerging Chinese manufacturers, eliminating incumbent 
manufacturers from the domestic market. The enhanced competitive edge, 
coupled with the phase-out of feed-in tariff (FiT) for solar power in China, 
drives Chinese manufacturers toward exports, supplying trade partners 
more efficient solar PV at a lower price.

Despite the stronger competitive edge, Chinese power companies, manu-
facturers, and developers have made much less investments in foreign RES-E 
projects than coal power, as shown in Chapter 5. Although this result can 
be biased against RES-E projects, most of which are small-scale and out of 
coverage of the database on which the analysis is based, the chapter finds 
that Chinese power project developers have proactively responded to the 
stringent regulations and the Belt and Road Initiative (BRI) to increase in-
vestments and contracts in foreign power projects.

Given the continuous increase in installed coal power generation capac-
ity in China, this result implies that China’s carbon-energy policy and BRI 
have incentivized Chinese power generators, manufacturers, and developers 
to make outward FDI in power projects, but have not relocated their plants 
to foreign countries.

3 � Impacts on energy transitions, carbon relocation,  
and halos in Asia in action

A computable general equilibrium (CGE) model analysis in Chapter 6 
shows that China’s outward FDI in coal power projects is likely to increase 
global CO2 emissions, but the extent varies by energy mix in power gen-
eration and non-electricity sectors. China’s outward FDI in power pro-
jects in coal-rich countries, especially those rich in low-quality coal such 
as India and to a lesser extent Indonesia, will increase CO2 and sulfur di-
oxide (SO2) emissions in host countries that significantly outweighs a de-
crease in emissions in China. Furthermore, a declining demand for coal 
in China’s electricity sector may reduce the global coal price, which may 
stimulate coal consumption in non-electricity sectors in both China and 
coal-dependent countries. In contrast, FDI in coal-poor countries or those 
using high-quality coal may not increase emissions so much as to outweigh 
a decrease in China.

Matching econometrics in Chapter 7 elucidates that renewable energy 
policies, such as renewable portfolio standard and a FiT, significantly in-
crease imports of wind and solar power components from Asia—dominated 
by China to satisfy the renewable energy target in host countries. However, 
host countries experienced difficulties in increasing imports when Chinese 
manufacturers directed production capacity to fill out domestic demand 
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stimulated by the same policies in Asian countries, typically in China. Cou-
pled with the recent investments in production capacity for PERC PV by 
Chinese manufacturers, renewable energy policies are more likely to in-
crease imports of PERC PV.

The impacts on energy transitions and carbon relocation and halos ef-
fects are more or less similar in India, Indonesia, and Vietnam. As shown 
in Chapter 5, they were largest host countries of China’s outward FDI 
in coal power projects when the Chinese government began stringent 
carbon-energy-environmental policies and the BRI. To invite Chinese 
investors, financiers, and developers, they have changed the elements 
of complementarities along the value chain of the electricity supply sys-
tem. They reallocated domestic coal to new coal power plants that were 
built by Chinese investments, financial supports, or under the engineer-
ing, procurement, and construction contracts with Chinese companies. 
The Indonesian government was forced to provide full guarantee to the 
credit risk of the state-owned utility to ensure loan repayment to Chi-
nese financial institutions (Mori, 2020). The consensus of interest between 
China and host countries resulted in the large Chinese investments in and 
developments of coal power plants, enhancing generation capacity and 
enabling electricity supply to wider areas at an affordable cost, but at 
the cost of increase in air pollution and CO2 emissions. In other words, 
China’s carbon-energy policy and BRI caused carbon relocation effect by 
stimulating outward FDI in coal power projects in an unintentional and 
indirect manner.

China’s presence as a technology supplier remains unchanged or even 
larger in the transition toward an RES-E-based electricity system. Chinese 
manufacturers compete to supply a range of solar PV modules from low- 
to high-end consistent with the needs of host countries, whereas manufac-
turers in these host countries tend to have insufficient capability to supply 
components and insufficient product branding or quality, trust, or loyalty. 
However, the Chinese government restricts exports of solar PV cells, not to 
mention foreign investments in manufacturing plants, to prevent manufac-
turers in host countries from enhancing technological capabilities through 
reverse engineering (Chapter 8). A number of domestic and international 
developers and independent power producers (IPPs) invest in solar power 
projects under a FiT or join reverse auctions to win concessions of solar 
power projects, bringing in imported solar PV modules from China. As a 
result, the most of the host countries have not succeeded in developing do-
mestic solar PV manufacturers and national technological capabilities for 
developing solar PV. In other words, they have not gained carbon halos ef-
fects through Chinese exports of solar PV.

Coupled with the excess installed capacity of coal power in the Java-Bali 
Grid and the lock-in into a coal-based electricity supply system, the lack 
of carbon halos effects prompts the Indonesian government to narrow the 
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scope of favorable RES-E policies for electrification in off-grid areas. In 
India, coupled with divergences in political, economic, and strategic inter-
ests, it triggers repercussions from overdependence on Chinese manufactur-
ers, leading to an anti-dumping duty on solar cell (Chapter 9).

Japan also goes through the negative feedback effect without having 
the carbon halo effects. Chinese solar PV manufacturers emerged as com-
petitors to Japan’s once-world-leading manufacturers. The Japanese gov-
ernment has placed energy security as the top priority in energy policy, 
strengthening lock-in and coalition of nuclear power in the narrative of op-
timal energy mix (Mori, 2019). Japanese solar PV manufacturers and solar 
power developers are required to contest the nuclear power-based, vertically 
integrated electricity supply system to scale them up and gain economies of 
scale to compete with Chinese ones. The coalition is so powerful that Japa-
nese solar PV manufacturers and solar power developers fail to do so, result-
ing in large market deployment by Chinese solar PVs. Chapter 10 finds that 
Japanese manufacturers’ loss of a competitive edge redirects the principle of 
Japanese energy policy toward technology self-sufficiency through research 
and development (R&D) of advanced RES-E technologies, and diversifica-
tion of energy sources to ensure energy security, rather than anti-dumping 
measures.

The carbon relocation and a lack of carbon halo effect in the electric-
ity sector do not imply that China is generating carbon leakage. Chapter 
11 shows that China reduced exports of CO2 emissions to Japan during 
2005–2015, implying shrinking carbon leakage from Japan. This reduction 
accrues to the decrease in carbon intensity in electricity, chemical, and 
transport equipment sectors, as well as the shift of exports toward less 
carbon-intensive sectors. In contrast, the country increased exports to In-
donesia and Vietnam in the same period, implying increasing carbon leak-
age from them. This comes from the rise in carbon intensity in electricity 
generation in both countries that rapidly shifted toward coal-based power 
generation, as well as increase in the trade volume. These findings suggest 
that China may increase CO2 emissions globally by increasing imports of 
carbon-intensive goods from countries with higher carbon intensity even if 
the country reduces the emissions domestically.

To summarize the results, China’s outward FDI in coal power projects 
has pushed transitions to and strengthened lock-in into a coal-based elec-
tricity system, thus increasing CO2 emissions. In contrast, China’s outward 
FDI and exports of solar PV technologies have generated carbon halo effect 
marginally at best, and discouraged host country governments from imple-
menting favorable RES-E policies in the extreme. These outward FDI and 
exports might have caused partial carbon leakage in the electricity sector, 
because Chinese power companies continue to operate most of the efficient 
coal power plants within China. Nonetheless, they can add on global in-
crease in CO2 emissions because they have increased coal power and carbon 
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intensity in industries in host countries and China’s shift to less carbon-
intensive industries increases imports of carbon-intensive goods from these 
host countries.

4  Regional market integration as a countermeasure?

The integrated assessment of regional electricity market integration 
in Chapter 12 shows that it is regionally efficient location of electric-
ity generation rather than optimization of the energy mix through the 
reduction of new power plants that will generate newly installed ca-
pacity for fossil fuel power and reduce CO2 emission in the region by 
regional market integration. Countries with low levelized cost of elec-
tricity (LCOE) in coal power—due to easier access to cheap coal, coal 
power technology, or lax environmental regulations—are more likely to 
increase coal power generation and CO2 emissions, whereas those with 
low LCOE in RES-E, typically China, will reduce coal power genera-
tion and CO2 emissions.

This finding implies that regional electricity market integration and con-
nectivity is more likely to cause carbon relocation effect than carbon halo 
effect unless host countries develop domestic high-tech RES-E technolo-
gies and capitalize on the integrated regional market to enjoy the econo-
mies of scale for RES-E technologies. This implication is in line with Khosla  
et al. (2020), who argued the essential role of public sector enterprises (PSEs) 
in leveraging economies of scale, reinforcing complementarities between 
global value chains and related domestic technology policy choices, and 
strengthening domestic academia-industry R&D linkages as an integral 
part of the energy policy mix.

However, findings from the analysis of Chinese solar PV manufacturers in 
Chapter 4 suggest that the chances may become less and less likely. Chinese 
manufacturers have already commercialized the PERC and enhanced com-
petitive edge against solar PV manufacturers around the world, and against 
coal power. As pointed out in Chapter 5, they have invested in few solar 
PV manufacturing plants in foreign countries, and thus spillover effect can 
hardly be expected.

To summarize, regional market integration and connectivity cannot be 
expected as a panacea.

5  The future

This paper has two main contributions to the arguments over international 
trade, FDI, and the environment. First, it expands the concept of pollution 
haven and halos and carbon leakage to define carbon relocation and ha-
los that explain impacts of both outward FDI in power projects and inter-
national trade of RES-E technologies on CO2 emissions in host countries. 
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Second, it adds empirical novelty to the underlying mechanisms that gen-
erate carbon relocation and halos, the extent carbon relocation and halos 
in the electricity sector can contribute to carbon leakage in a country, and 
effectiveness of regional electricity market integration and connectivity as 
countermeasures to carbon relocation.

Novelty invites the next research agenda. We point out three of them as 
future research directions.

First is to explore the effectiveness of emerging innovative green finance 
instruments. The global divestment movement gives additional driving 
force by pressuring multilateral development banks, public export credit 
agencies, financial institutions, institutional investors, and businesses in 
OECD member countries to move out of fossil fuel industries, including 
coal power plants. Local protests against coal power become fierce around 
the world. In response, some developing countries such as Vietnam, Bang-
ladesh, and Kenya give up advancing China-backed coal power projects un-
der preparation.

The movement itself does not provide any alternatives that can reconcile 
the divestment with other objectives of energy policy such as energy secu-
rity and energy justice. As illustrated in Figures 2.1 and 2.2, the transition 
from fossil fuel-intensive toward a capital-intensive RES-E-based electricity 
system is accompanied by changes in the elements of complementarities in 
the electricity system, which requires investments in and rearrangements 
of the elements of technologies, organizations, institutions, and infrastruc-
ture. Traditional formal financial institutions are generally less willing to 
make loans for these new capital-intensive power generation plants (Haskel 
and Westlake, 2018).

Green finance such as green bonds, green banks, and community-
based green funds can potentially overcome financial bottlenecks (Sachs 
et al., 2019). Pension funds are providing financial capital for these new 
innovative financial instruments (Rifkin, 2019). Environmental, social, 
and governance (ESG) investments have gained momentum. If green fi-
nance provides financial capital that enables host countries to reconcile 
divestment and other energy purposes, they will be attracted to use it to 
change the elements of complementarities toward RES-E-based electric-
ity system instead of relying on Chinese outward FDI and development 
finance.

Second is to investigate tipping points and decisive factors that affect 
incumbent influential firms’ responses. Firms are not homogeneous. They 
have different perceptions on damages caused by policy and institutional 
changes, and are diverse in knowledge, prior experience, assets positions, 
and organizational culture on sustainable practices (Teece et al., 1997; Hart-
mann et al., 2020). As responses to policy and institutional changes prompt 
them to take heterogeneous responses, resulting in changes to their com-
petitive edge and market share, they perceive conflicts of interest among 
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them and they may become reluctant to take collective actions or lobbying 
to the government. Such dynamics will generate policy feedback effects, co-
evolving policy and institutions, and firms’ strategies (Mori, 2021). Given 
that complete or partial relocation of industrial plants, industry, and pro-
duction processes can be categorized as a geographical diversification strat-
egy, carbon leakage, relocation, and halo effects should be investigated in 
the context of sustainability transitions in China.

Third is to explore how to connect Chinese outward FDI with local as 
well as global value chain. Chinese outward development finance and FDI 
are often criticized for allocating infrastructure projects that would bring 
political gain and satisfy leaders’ selfish interests rather than local benefits 
(Dreher et al., 2014), and creating an unfavorable degree of dependency on 
China in terms of value chain as well as finance (Collier, 2018). They are 
also criticized for demanding fair treatment to host countries despite un-
fair treatment to foreign companies in the domestic market including forced 
joint companies with Chinese counterparts; insufficient protection of in-
tellectual property rights; preferential treatment of state enterprises; and 
subsides from central and local governments (Chapter 8). These criticisms 
suggest China’s outward FDI and exports narrow spaces for industries and 
business in host countries to gain economic benefits in the transitions to 
RES-E-based system.

Even if domestic manufacturers can hardly compete with Chinese ones 
and have to reply on Chinese solar PV cells and modules, distributed re-
newable energy access systems—stand-alone, off-grid renewable-based 
systems that can generate and distribute energy independently of a central-
ized electricity grid—still have a potential for job creation in many coun-
tries (REN21, 2020). Local community power enterprises may support the 
local economy by involving local companies in installation, racking and 
mounting, cabling, and wiring. However, it has to be balanced with LCOE 
(IRENA, 2020).

Given that a large-scale integration of RES-E into the grid requires the 
transformation to a capital-intensive, distributed, and smart grid-based 
electricity system, grid companies with smart grid will be platformers in the 
electricity system and generate the highest value added in the whole value 
chain. In reference to ongoing platform business, grid governance will be 
a decisive role in just transitions to the RES-E-based system, and RES-E 
technologies will fall into a low value-added segment. In fact, Chinese state 
grid companies acquire grid companies in the Philippines (Lema, 2007), 
Brazil (China Daily, 2017), Portugal, Italy, Greece (Xinhua, 2017), and Laos 
(RFA’s Lao Service, 2021). It is a promising but challenging research agenda 
to be tackled in the future.
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