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1 The Paris Agreement and Asia

In 2015, 195 countries and the European Union (EU) signed the Paris Agree-
ment under the United Nations Framework for Climate Change Conven-
tion (UNFCC). The agreement aims to strengthen the global response to 
the threat of climate change by limiting the global temperature rise in this 
century to below 2°C, above pre-industrial levels, and endeavoring to limit 
the temperature increase even further to 1.5°C (UNFCCC, 2015). This goal 
requires all Parties to submit nationally determined contributions (NDCs), 
report their emission and efforts regularly, and update them every five years.

In response, 186 countries submitted their first NDCs by September 2020 
(UNFCCC, 2020), but only some submitted their updates. Except for Bru-
nei and the Philippines, all the countries in Northeast, Southeast, and South 
Asia submitted their NDCs (Table 1.1). Although full implementation of 
unconditional NDCs is estimated to result in a 15 gigaton gap in CO2 emis-
sions (GtCO2e) by 2030 compared with the 2°C scenario, and a global mean 
temperature rise of 3.2°C by 2100 (UNEP, 2019), the step is an advancement 
toward reducing greenhouse gas (GHG) emissions.

In its NDC, China committed to achieving peak carbon dioxide (CO2) in 
approximately 2030 and to an endeavor to peak early and reduce CO2 per 
unit of GDP or carbon intensity by 60%–65% from the 2005 level. To achieve 
the targets, the government committed to an increase of approximately 20% 
in the share of non-fossil fuels in primary energy consumption, and an in-
crease of approximately 4.5 billion cubic meters in the forest stock volume 
compared with the 2005 level (NDRC, 2015). However, these commitments 
can raise the long-standing concerns of energy security and the cost of cli-
mate change measures decreasing economic growth.

To prevent climate policy from restricting economic growth, the govern-
ment reframed climate change prevention as part of development (NDRC, 
2007) and clean energies as new growth points (Chen, 2013). It fostered re-
newable and nuclear power industries and energy efficiency as a means of 
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safeguarding energy security. The government mandated large power gener-
ators to supply renewable energy-sourced electrcity (RES=E), and annually 
increased its ratio to the total power supply. Additionally, it implemented 
various preferential measures to foster renewable-energy manufacturers (de 
la Tour et al., 2011; Horii, 2014) and expanded the scope of the feed-in tariff 
(FiT) to solar photovoltaic (PV) to rescue their manufacturers from the ad-
verse impacts of the anti-dumping measures by the EU and the United States. 
The government also initiated local carbon emission trading pilots in four 

Table 1.1  Nationally determined contributions (NDCs) in selected Asian countries

Unconditional 
contribution 
target

Conditional 
contribution 
target 
(international 
support)

Year of 
achievement

Metrics Base 
year

Year of 
submission

Northeast Asia

China 60%–65% - 2030 Intensity 2005 2016
Japan 25% - 2030 Absolute 2005 2016/2020
South Korea 37% - 2030 BAU 

scenario
2020 2016

Taiwan - 2030 BAU 
scenario

-

Mongolia 14% - 2030 BAU 
scenario

2030 2016

Southeast Asia
Cambodia 27% 2030 BAU 

scenario
2017

Indonesia 29% 41% 2030 BAU 
scenario

2010 2016

Malaysia 35% 45% 2030 Intensity 2005 2016
Singapore 36% - 2030 Intensity 2005 2016/2020
Thailand 20% 25% 2030 BAU 

scenario
2005 2016

Vietnam 9% 27% 2030 BAU 
scenario

2014 2016/2020

South Asia
Bangladesh 5% 15% 2030 BAU 

scenario
2016

India 33%–35% 2030 Intensity 2005 2016
Pakistan - 20% 2030 BAU 

scenario
2016

Sri Lanka 3% 7% 2030 BAU 
scenario

2010 2016

Note: As of September 2020.
Source: The author’s compilation based on UNFCCC (2020) and Industrial Energy Saving and Carbon Re-
duction Information Web, Taiwan (n.a).
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provinces and five cities to advance the nationwide emission trading scheme, 
and low-carbon development pilots in 42 provinces and cities. After the gov-
ernment implemented these measures, in the 13th Five-Year Plan for Energy 
(2016–2020), it set mandatory targets, for example, to reduce carbon intensity 
by 18% of the 2015 level and increase the installation capacity of wind and 
solar power by 210–250 and 110–150 GW, respectively.

The sudden increase in wind and solar power in the domestic market 
intensified the contestation with incumbent coal power generators, re-
sulting in substantial wind and solar curtailment in the first half of the 
2010s (Mori, 2018). In addition, rising health concerns over China’s wors-
ening air pollution, represented by Chai Jing’s 104-minute documentary 
Under the Dome (2015), provided opportunities to transform consumer 
behavior and government policy (Koehn, 2016). The government re-
sponded to the pressures to implement administrative order and regula-
tions on coal power and heating plants, including consolidation of small 
and obsolete plants, mandates to employ technologies that are more effi-
cient, and installation of fuel-gas desulfurization. It also prompted State 
Grid to invest in long-distance ultra-voltage transmission lines to miti-
gate the renewable curtailment and increased consumption of wind and 
solar power.

These stringent regulations on coal power and complementary measures 
to increase RES-E have increased the installed capacity of wind and solar 
PV and their power generation (Figures 1.1a and 1.1b) and decreased the 
potential new coal power opportunities within China.
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Figure 1.1a Energy mix in power generation in China in 2000–2018.
Source: The author’s compilation based on IEA (2020).
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2 Implications to China–Asia energy relation

The decreased opportunity for new coal power projects and fierce compe-
tition over RES-E have motivated the Chinese power industry—including 
existing power companies, emerging RES-E producers, manufacturers, 
and developers (engineering and construction companies)—to seek busi-
ness opportunities in foreign countries.1 On this temporal occasion, the 
Chinese government has accelerated its “going global” strategy and Belt 
and Road Initiative (BRI), which direct them toward foreign projects (Mori 
and Takehara, 2018).

China had already started overseas official finance in the resource ex-
traction sector to secure energy that was indispensable for sustaining 
economic growth. In the mid-2000s, it reframed energy security to recog-
nize that additional development of oil and gas worldwide would enhance 
the energy security of China through increasing global energy security 
(Hayashi, 2006). In this recognition, China expanded the scope of over-
seas finance to infrastructure projects necessary for mining and trans-
porting resources to China, and then Chinese company-initiated projects, 
including new installed capacity (greenfield investment) in the electricity 
sector (Hervé-Mignucci and Wang, 2015). To reduce country and commer-
cial risks, the country employed the resource-financed infrastructure in 
which host country governments pledge their interest in some or all of the 
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Figure 1.1b  Energy mix in installed power generation capacity in China in 
2000–2018.

Note: Data for the years 2001–2009 is available only for thermal power as a whole.
Source: The author’s compilation based on China Electricity Power Statistical Yearbook, each 
year.
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revenue flows it will receive from the resource production project to a lender 
(Beardsworth and Schmidt, 2014). In addition, the Chinese government 
set up bilateral and regional development funds to finance investments in 
connectivity infrastructure as a part of the BRI. These funds amounted to 
US$164.4 billion, of which the Silk Road Fund accounted for the largest 
contributors (Gallagher et al., 2018). Fossil fuel investments accounted for 
91% of energy-sector syndicated loans by the six major Chinese banks and 
61% of energy-sector loans financed entirely by state-backed China De-
velopment Bank or Export-Import Bank of China between 2014 and 2017 
(Lechner et al., 2020).

Finance and investments can satisfy increasing electricity demand in 
developing countries, helping them increase access to affordable, reliable 
modern energy, overcome power shortages, and sustain economic growth at 
a lower cost. In particular, developing countries with power shortages that 
could easily access cheap coal accepted China’s finance and investments in 
the 2000s. Indonesia’s ratio of coal power increased from 24% in 1995 to 
36% in 2000, and to 56% in 2015. Vietnam’s ratio also increased from 12% 
in 2000 to 30% in 2015, despite a temporal decline in 2006–2009 due to the 
completion of large-scale hydropower (Figure 1.2). This finance and invest-
ments go beyond coal-rich countries to arrive at coal-poor small countries, 
such as Cambodia, Laos, and Uzbekistan, after the global financial crisis in 
2008–2009; the crisis sharply reduced the appetite of commercial banks for 
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Figure 1.2  Ratio of coal power in power generation in selective Asian countries in 
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long-term financing, and Chinese financing institutions became a valuable 
source for power projects (Vagliasindi, 2013). As a result, these countries 
have sharply increased coal and lignite imports (Figure 1.3), deteriorating 
the trade balance. 

Foreign finance and investments result in the suspicion that they might 
generate cross-border carbon relocation or relocation of CO2 emissions 
to countries with lax commitments in GHG emissions reduction in their 
NDCs, in addition to ecological and social concerns that have triggered 
local protests and the suspension or abandonment of coal power projects 
(Vidal, 2016; Boulle, 2019), as well as hydropower (Fawthrop, 2019). The 
increase in coal power can intensify a tradeoff with NDCs in host coun-
tries, especially those who entrench dependency on China and the institu-
tional lock-in for coal-centered energy systems. It makes these countries 
incapable of moving the system toward a more sustainable pathway 
(Mori, 2020).

In response, Ma et al. (2019) argue that decarbonizing the Belt and Road 
is a means to mitigate adverse environmental impacts of finance and in-
vestments. Such de-carbonization requires a mandatory environmental as-
sessment of Chinese investments, applying the green investment principle, 
transparency regarding the carbon footprint of infrastructure investments 
for the international society, and building capabilities for green finance in 
host countries.

Whether such a mitigation measure is sufficient to prevent carbon ha-
ven and generate halo effects remain unknown. This investigation became a 
critical focal point of the argument when President Xi Jinping, at the United 
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Figure 1.3 Net coal and lignite imports in the selected Asian countries in 2000–2018.
Source: The author’s compilation based on United Nations Statistics Division (n.a).
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Nations assembly in 2020, pledged carbon neutrality before 2060, without 
providing details. This ambitious target would result in substantial carbon 
relocation and creation of carbon havens without a deeper understanding of 
push and pull factors; mechanisms of and institutions for carbon leakage, 
relocation, and halos; and evidence-based countermeasures in China and 
host countries.

3 Pollution haven and halos

Increasing the foreign direct investment (FDI) flows accompanied by glo-
balization has raised concerns about their side effects, including those on the 
environment. On the one hand, a country with lax environmental policies 
tends to specialize in more pollution- or resource-intensive sectors, becom-
ing a pollution haven of “dirty” industries. To attract foreign investment, 
developing countries compete to relax or not strictly enforce environmental 
regulations, resulting in a “race to the bottom” phenomenon in environ-
mental protection called the pollution haven hypothesis. When there are 
strict environmental regulations, footloose investors of pollution-intensive 
industries relocate their plants to regions or countries with lax environmen-
tal regulation to decrease the costs of protecting the environment, called the 
industrial flight hypothesis.

On the other hand, the economic structural transformation from manu-
facturing to services and stringent environmental regulations in investing 
countries could lead to the relocation of manufacturing industries (Araya, 
2005). Alternatively, this transformation provides opportunities for other 
countries to increase the international competitive edge of their manufac-
turing sectors. This industrial relocation and the change in comparative ad-
vantage might cause negative consequences for the environment.

Theoretically, whether environmental regulations propel pollution- 
intensive industries to relocate depends on pollutant generation intensity, 
pollution abatement cost, and relocation cost. Corruption in host countries 
loosens enforcement of environmental regulations, thus inviting relocation 
(Candau and Dienesch, 2017). The total amount and intensity of pollutant 
emissions increase after relocation, and the extent of the increase is posi-
tively correlated with the regulation in the home country and negatively cor-
related with that in the host country (Li and Wang, 2020). This implies that 
industrial relocation reduces pollution in the home country while increasing 
it in the host countries.

Empirical studies have supported the pollution haven hypothesis partially 
at best. Many researchers have pointed out the international relocation of 
production to countries with weaker environmental regulations in specific 
periods and regions (Mani and Wheeler, 1998; Zarsky, 1999; Brunnermeier 
and Levinson, 2004, Ogura and Mori, 2015), and in industries such as re-
source extraction (Boocock, 2002; Dam and Scholtens, 2012). However, the 
evidence is weak. Higher pollution abatement costs induced by stringent 
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environmental regulations have not substantially affected international 
trade and FDI flow compared with other factors such as income, trade 
openness, and the manufacturing share of host countries (Copeland and 
Taylor, 2003; Cole, 2004). “Dirty” industries do not always invest in dirty 
technologies and practices (Auer, 2000).

Instead, many empirical studies have found that FDI significantly re-
duces environmental emissions (Demena and Afesorgbor, 2020). Foreign in-
vestors provide more energy-efficient technologies and better management 
practices, and use cleaner types of energy (Eskeland and Harriso, 2003). 
Some researchers have further supported pollution halo effects or pollu-
tion reduction by demonstrating positive externalities of cleaner technol-
ogies and practices (Zarsky, 1999) in countries with higher emissions (Zhu  
et al., 2016) and in countries with strong governance and quality institutions 
(Wang and Chen, 2014; Bokpin, 2017; Liu et al., 2017).

However, the halo effect does not always reduce emissions in a host coun-
try as a whole. FDI inflow tends to be a tiny portion of domestic capital stock. 
As long as domestic capital stock is pollution intensive, its net increases lead 
to increases in production activities and emissions that outweigh the halo 
effects (Sung et al., 2018). Thus, each nation or firm is reluctant to take uni-
lateral action that undermines competitiveness. The “regulatory chill,” or 
no change in the emission standard, became a rule rather than the exception 
(Zarsky, 2002).

4 Carbon leakage and carbon relocation

Unilateral climate policy, represented by carbon pricing, re-sparks the pol-
lution haven debate in the name of carbon leakage (CL). In particular, the 
European Union Emissions Trading System (EU ETS) has been criticized 
for threatening the competitiveness of European industry and generating 
CL or increasing GHG emissions in foreign countries. Two options have 
been argued to address CL: border carbon adjustments and output-based 
allocation, and auctioning with border adjustment, which is more efficient, 
at least theoretically (Monjon and Quirion, 2011). However, the European 
Commission implemented the grandfathering of CO2 allowances in propor-
tion to historical GHG emissions in phases 1 and 2. This drew criticism 
for rewarding higher emitters, not considering firms’ early actions, and 
exempting high trade exposure industries instead of high carbon-intensive 
industries from auctions, despite the latter’s stronger correlation with CL 
(Martin et al., 2014). In response, the commission employs product-related 
GHG emission benchmarks in phase 3 and initiates a carbon border ad-
justment mechanism, that is, putting a carbon price on imports of certain 
goods from outside the European Union in the EU Green Deal (European 
Commission, 2020).

To determine the sectors exposed to a significant climate policy- 
induced CL or strong CL (Michalek and Schwarze, 2015), and thus be 
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grandfathered, the commission provides a formula to calculate the in-
duced carbon costs (European Union, 2015: 63–65). Ex ante modeling 
analysis has also been conducted, including the computable general equi-
librium (CGE) model to assess strong CL at the country level. They sug-
gest a range of 10%–40% of leakage, depending upon the scenario (e.g., a 
unilateral 0% CO2 emission reduction by the European Union or Annex I 
countries in the Kyoto Protocol), scope (fuel combustion or including pro-
cess emissions), and the extent of sectoral disaggregation (Bednar-Friedl 
et al., 2012; Caron, 2012).

Ex post empirical studies have demonstrated that EU ETS has induced 
only a small amount of investment leakage in phases 1 and 2.2 Although 
ETS-regulated German firms on average have increased FDI outside the EU, 
most of them do not operate in the targeted energy-intensive sectors (Koch 
and Mana, 2019). Relocation can be averted after phasing out the grandfa-
thering scheme only if the permit price triggers sufficient investments into 
low-carbon technologies or abatement capital that create a lock-in effect 
that makes relocation unprofitable (Schmidt and Heitzig, 2014).

This finding implies that firms do not always choose among staying inert 
with grandfathering, investments in low-carbon technologies for compli-
ance, and complete industrial flight or closure and relocation. They may 
choose to be multilateral corporations that have industrial plants in many 
countries or unbundle their closed integral production system to form a 
global value chain (Ezaki, 2018), to optimize their production in accordance 
with global demand and local regulations. This implies that foreign inves-
tors may selectively relocate carbon-intensive processes to countries with 
weak environmental regulations, producing intermediate products there 
and importing them for the last stage of production at their home (Zhang  
et al., 2017). The partial relocation enables home countries to reduce domes-
tic CO2 emissions through a technological effect and an effect on domes-
tic industrial structure and simultaneously increases embodied emissions 
through the scale effect (Hao et al., 2020).

Partial relocation of carbon-intensive processes can occur in the electric-
ity sector. Sunk investments, high entry barriers, long operating lifetimes, 
and complementary capital investments justified public ownership, a ver-
tically integrated supply system, and a monopolistic supply of electricity 
under the price regulation. Foreign companies were allowed to join only as 
contractors of turnkey projects funded by foreign donors or host country 
governments. In the 1990s, pressures for cheap electricity, the lack of fund-
ing and insufficient investments, inefficient operation and being suscepti-
ble to corruption and bribery due to agency problems, and technological 
development pushed liberalization of the electricity market, unbundling of 
the vertically integrated supply system, and privatization of electric utilities 
or public–private partnership (PPP). This change in the supply regime is 
expected to mobilize additional sources of funding and financing for in-
frastructure development, enhance project selection, foster efficiency gains, 
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and ensure service delivery (World Bank, 2017). Under the PPP framework, 
foreign power companies are allowed to join in power projects as independ-
ent power producers, and foreign project developers as engineering, pro-
curement, and construction (EPC) contractors. Power companies can invest 
in switching to gas and RES-E at home, and simultaneously in coal power 
in foreign countries with weaker regulations when stringent environmen-
tal and climate regulations are encountered at home. The selective reloca-
tion can be accelerated when cross-border transmission lines are connected 
between the investing and host countries, and the regulation gap remains 
intact.

China can not be exempted from the CL risk because it already imple-
mented local carbon emissions trading pilots and a nationwide scheme for 
the electricity sector. A study identifies 17 four-digit sectors considered at 
actual risk of CL (Wang et al., 2017).

The above arguments on relocation as firms’ responses to stringent 
carbon- energy policy suggest a specific conceptualization. In this book, we 
define carbon relocation as the complete and partial relocation or FDI of 
carbon-intensive industrial plants, industry, and production processes. Car-
bon relocation constitutes a part of carbon leakage, which is defined as an 
incremental increase in CO2 emissions in host countries induced by more 
stringent climate policy in investors’ countries and generated by both FDI 
and international trade.

5 Carbon halos

Empirical studies have demonstrated mixed results on the relationship be-
tween FDI inflow and CO2 emissions. Some find the halo effect in CO2 
emissions, or carbon halo effect in China in 1995–2010 (Zhang and Zhou, 
2016), in higher emission countries in the five Association of Southeast 
Asian Nations (ASEAN) countries of Indonesia, Malaysia, the Philip-
pines, Singapore, and Thailand in 1981–2011 (Zhu et al., 2016), and in the 
Gulf Cooperation Council countries in 1980–2009 (Al-Mulali and Tang, 
2013). Others find opposite results in China in 1980–2012 (Sun et al., 2017); 
in Malaysia in 1970–2008; in middle-income South and Southeast Asian 
countries in 1980–2012 (Bahera and Dash, 2017); in 15 developing coun-
tries in Asia in 1990–2013 (Hanif et al., 2019); and in BRI countries across 
South Asia, Southeast Asia, East Asia, and Europe in 1985–2017 (Khan 
and Bin, 2020).

Because of the similarity in countries and regions and the period of years 
for analysis, and assuming monotonous increases or inverse-U-shaped re-
lations between per capita income and CO2 emissions, we summarize this 
research as follows: FDI has generated the carbon halo effect in a limited 
number of countries, regions, and periods with stringent energy and CO2 
emission regulations, and less carbon-intensive sectors at best (Zheng et al., 
2010; Lee, 2013; Lau et al., 2014).
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At a micro level, however, greenfield FDI for renewable-energy projects is 
one of the promising subsectors to generate the carbon halo effect. Such FDI 
allows both foreign and local companies to engage in the transfer of capital, 
technology, and expertise through trade and investment (United Nations 
ESCAP, 2012). India, China, and Indonesia accounted for more than 60% in 
the amount of renewable-energy investments in Asia in 2013–2016 (OECD, 
2017).

Nonetheless, FDI in the clean energy subsector and exports of clean 
technology can cause repercussions and backlash in host countries. Grid 
companies may contest against sharply increased RES-E induced by FDI 
or imports, resulting in a renewable curtailment. A host country govern-
ment may impose anti-dumping or restrictive measures to protect domes-
tic manufacturers and power producers if foreign companies are perceived 
too competitive to push them out of the market. However, anti-dumping 
or restrictive measures are more likely to trigger a vicious cycle of higher 
costs, lower demand, and lower deployment of clean technology and energy 
(Burke et al., 2019). These measures reduce the willingness of the industry 
to reorient innovation or reorganize to take advantage of FDI and exports 
to gain a profit (McCarthy, 2016). This eventually retards development of 
regulations, national capabilities to benefit from the technological spillover 
effect, and industrial structural change. Worse, these measures may simply 
motivate foreign manufacturers to intensify their efforts to “tariff jump,” 
offsetting the effectiveness of the measures. This increases uncertainty on 
whether investment can catch up with future demand for power and climate 
targets.

Connectivity has the potential to prevent carbon relocation and overcome 
the repercussions of the FDI-induced increase in RES-E. It enables least-
cost dispatch, price stabilization, and improving the economies of scale for 
new renewable-energy supplies, thus significantly promoting the adoption 
of renewable energy-sourced electricity (Chang and Li, 2015). It is also ex-
pected to reduce CO2, sulfur dioxide (SO2), and nitrogen oxides (NOx) emis-
sions, and develop clean energy, power, and high-tech industries that will 
increase GDP (Global Energy Interconnection Development and Coopera-
tion Organization, 2019).

Connectivity can also provide technical benefits, including the reinforce-
ment of system stability, opportunities for sharing ancillary services, and 
optimization of the energy mix while reducing system vulnerabilities. These 
benefits will save newly installed capacity for fossil fuel power, reduce fuel 
import dependencies, and affect resource constraints accordingly (UNES-
CAP, 2019).

To generate these benefits, United Nations Economic and Social Com-
mission for Asia and the Pacific (UNESCAP) has supported the ASEAN 
Power Grid and the Trans-ASEAN Gas Pipeline, the two flagship energy 
connectivity programs in the ASEAN Economic Community “Blueprint 
2025.”
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6 Aims and scope

Against the backdrop, this book defines carbon relocation as a policy- 
induced complete and partial relocation of carbon-intensive industrial 
plants and industry and production processes that generate an incremental 
increase in CO2 emissions in host countries. This book also defines carbon 
halos as a CO2 emission reduction induced by FDI-brought cleaner technol-
ogies and types of energy and better management practices. In this regard, 
carbon relocation is defined as a specific form of CL, and carbon halos as 
CO2-focused pollution halos.

With these definitions, this book aims to answer three research questions.

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

b How have Chinese outward FDI in and exports of RES-E technolo-
gies generated energy transitions in Asian countries, and caused carbon 
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?

To answer these questions, this book employs a mixed method of scenario- 
based simulation analysis and empirical case studies. For the detailed case 
studies of host countries, we examine Indonesia, India, and Vietnam. These 
three countries are rich in easily accessible coal and thus initiated a tran-
sition to a coal-centered electricity supply system when they foresaw the 
depletion of other cheaper sources of energy such as oil and hydropower. 
They have been the largest recipients of China’s overseas FDI in coal power 
projects in Asia throughout the 2010s, along with Pakistan and Bangladesh, 
who suddenly emerged in the latter half of the decade (referred to in Chap-
ter 5). In addition, this book analyzes Japan as a case to assess the possible 
repercussions against the increase in the imports of goods for RES-E from 
China. Japan was the largest manufacturer of solar PV but lost competitive-
ness amid the global decline in production cost.

Although this book focuses on Asian countries for empirical case stud-
ies, it provides a deeper understanding of the contexts and conditions that 
generate carbon relocation and halos, and implications that go beyond the 
context of China–Asia energy relations.

7 Book overview

The structure of this book comprises four parts: introduction; China’s en-
ergy and industrial transformation as a push factor; carbon, leakage, relo-
cation, and halo effects in host countries; and possible countermeasures and 
future perspectives.
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In Chapter 2, Akihisa Mori develops the complementarities in socio- 
technical systems as an analytical framework to investigate how Asian 
countries have struggled with the energy-climate conundrum under the 
Paris Agreement, taking Vietnam, Indonesia, India, and Japan as cases. 
The chapter finds that they have struggled with the challenges of resistance 
of influential incumbent regime actors, reconciling compelling narratives, 
and highly unclear and uncertain benefits of the transformation, and these 
challenges incentivize incumbent regime actors to retard the restructuring 
of the existing complementarities, especially when they are backed by inter-
national actors such as Chinese investors.

The second part, China’s energy and industrial transformation comprises 
three chapters. The first of the three, Chapter 3 by Jiayang Wang and Kiyoshi 
Fujikawa investigates how a switch in energy mix from coal to wind and solar 
can be a driving force for China’s outward FDI in coal power projects. By 
employing a scenario input–output analysis, they analyze impacts on eco-
nomic activity, employment, and CO2 emissions of the shift in energy mix.

In Chapter 4, Nobuhiro Horii investigates how Chinese solar PV man-
ufacturers have enhanced sufficient competitive edge as to dominate the 
global market. Through a retrospective analysis, this chapter explores how 
Chinese solar PV manufactures have enhanced technological capabilities 
to overcome the anti-dumping measures by Europe and the United States, 
and the phase-out of FiT for solar power in China, resulting in a surge of 
exports.

In Chapter 5, Akihisa Mori investigates the relations between China’s 
stringent environmental, energy, and climate policy; outward FDI in coal 
power projects; and carbon relocation.

The third part of the book analyzes how Chinese outward FDI and ex-
ports have affected energy transitions, causing carbon relocation and halo 
effects in the electricity sector in host countries, and generating carbon leak-
age from China.

Chapters 6 and 7 conduct modeling analyses of the impacts in multiple 
countries. Chapter 6 by Hikari Ban and Kiyoshi Fujikawa investigates the 
possible impacts on GDP and CO2 emissions of China’s outward FDI in 
coal power projects in Indonesia, Vietnam, India, and five Central Asian 
countries of Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uz-
bekistan. To make the simulation analysis be more realistic, they employ 
an energy–environmental version of the Global Trade Analysis Project 
(GTAP-E) model, a global CGE model, and use actual China’s development 
finance in coal power projects compiled by the China’s Global Power Data-
base (Gallagher et al., 2019).

In Chapter 7, Yasuhiro Ogura explores possible carbon halo effects 
through imports of wind and solar PV technologies. The chapter employs 
matching econometrics to analyze the correlation between renewable- 
energy policy and the international trade of these technologies, gaining in-
sights on enabling factors of market deployment of these technologies.
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Chapters 8–10 adopt a case study of one country as a methodology to 
explore the dynamics of Chinese outward investments in power projects, ex-
ports of wind and solar PV technologies, and policy responses in Indonesia, 
India, and Japan.

Chapter 8 by Maxensius Tri Sambodo investigates the role of Chinese in-
vestments, finance, and contracts in coal power projects in and their exports 
of RES-E technologies to Indonesia from the energy security perspective.

Nandakumar Janardhanan in Chapter 9 evaluates the opportunities and 
obstacles of China’s role in energy transition in India. Although India set 
ambitious renewable-energy targets, it suffers from the lack of an inter-
nationally competitive domestic RSE-E manufacturers and thus increases 
dependency on imports from China. Based on a conceptual framework of 
bilateral energy cooperation, this chapter explores conditions for Chinese 
large exports of RES-E technologies to generate carbon halo effect.

In Chapter 10, Takashi Hattori and Yi-chun Chen investigate Japan as 
a case of a host country. Japanese solar PV manufacturers used to be the 
world’s leading ones but lost competition against Chinese ones, resulting 
in a massive deployment of Chinese solar PV modules in Japanese market. 
This chapter explores what has brought about this result, and how the losing 
competitive edge of Japanese manufacturers affects carbon-energy policies 
in Japan.

In Chapter 11, Tuyet Le Vo and Yiyi Ju investigate how carbon relocation 
and halo effects in the electricity sector generated by Chinese outward FDI 
affect the increasing trend of CL in terms of embodied CO2 emissions in 
China. They take Vietnam, Indonesia, India, and Japan as cases and employ 
single-region and multi-region input–output tables to estimate embodied 
CO2 emissions of the whole sector as well as by industrial sectors.

The final part explores countermeasures that host countries can take to 
mitigate carbon relocation and increase carbon halo effects of Chinese in-
vestments and export, and enhance energy security to satisfy growing de-
mand, supply electricity around the country at an affordable price at the 
same time.

In Chapter 12, Budy P. Resosudarmo and Yuventus Effendi investigate if 
Asian regional electricity market integration can generate the above positive 
effects, with special focus on macroeconomic and CO2 emissions. They em-
ploy the inter-regional constrained fixed price multiplier (CFPM) method 
and an inter-regional social accounting matrix (IRSAM)-based micro- 
simulation, and a carbon emission model to make a comparative analysis of 
the socioeconomic and environmental impacts of regional electricity mar-
ket integration between ASEAN and Asian Pacific Region covering China, 
South Korea, Japan, and Australia.

Chapter 13 summarizes the main findings presented in each chapter of 
this book, discusses implications for carbon leakage, relocation, and halo 
effects of Chinese outward FDI and exports of RES-E technologies, and 
suggests that the remaining challenges are topics for further research.
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Notes
 1 Chapter 5 presents the list of companies in each category.
 2 Energy–environment–economy (E3) simulation model also shows that environ-

mental tax reform in EU member states in 1985–2012 induces investment leakage 
by only 3% at best. This occurs because the reform induces innovation and re-
duces the energy intensity of the associated industries (Barker et al., 2007).
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