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H I G H L I G H T S  

• We find China, Japan, and the U.S. to be major financiers of overseas power plants. 
• Most of their financed power capacity additions are from coal and gas plants. 
• Bilateral financing of fossil fuel plants locks in carbon emissions for decades. 
• It is urgent to align bilateral power sector financing with the Paris commitments.  
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A B S T R A C T   

Power sector decarbonization requires a fundamental redirection of global finance from fossil fuel infrastructure 
towards low carbon technologies. Bilateral finance plays an important role in the global energy transition to non- 
fossil energy, but an understanding of its impact is limited. Here, for the first time, we compare the influence of 
overseas finance from the three largest economies – United States, China, and Japan – on power generation 
development beyond their borders and evaluate the associated long-term CO2 emissions. We construct a new 
dataset of Japanese and U.S. overseas power generation finance between 2000 and 2018 by analyzing their 
national development finance institutions’ press releases and annual reports and tracking their foreign direct 
investment at the power plant level. Synthesizing this new data with previously developed datasets for China, we 
find that the three countries’ overseas financing concentrated in fossil fuel power technologies over the studied 
period. Financing commitments from China, Japan, and the United States facilitated 101 GW, 95 GW, and 47 GW 
overseas power capacity additions, respectively. The majority of facilitated capacity additions are fossil fuel 
plants (64% for China, 87% for Japan, and 66% for the United States). Each of the countries’ contributions to 
non-hydro renewable generation was less than 15% of their facilitated capacity additions. Together, we estimate 
that overseas fossil fuel power financing through 2018 from these three countries will lock in 24 Gt CO2 emis
sions by 2060. If climate targets are to be met, replacing bilateral fossil fuel financing with financing of 
renewable technologies is crucial.   

1. Introduction 

To stabilize global average temperature increase at less than 2 ◦C in 
order to avoid catastrophic outcomes from climate change, it is critical 
to rapidly decarbonize the global economy and approach net-zero car
bon emissions by mid-century [1–4]. Decarbonizing the power genera
tion sector is particularly crucial, as electrification is a key strategy for 

decarbonizing other end-use sectors like transport and buildings 
[1,3,5–7]. This energy transformation requires vast investment in low 
carbon technologies and a rapid and fundamental redirection of global 
finance away from fossil fuel infrastructure. 

International investment through bilateral and multilateral financing 
has been facilitating power infrastructure development in developing 
countries [8,9] and can play a pivotal role in the clean energy transition 
[10]. Among international financiers, most of the largest multilateral 
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development banks (MDBs) have gradually shifted their financing 
portfolios away from fossil fuel power projects towards renewable pro
jects since the 2010s [8]. In 2017, the major MDBs declared jointly with 
members of the International Development Finance Club (IDFC) that 
they would align their financing activities with the Paris Agreement and 
in 2018 further reinforced this commitment [11,12]. After 2017, none of 
the major MDBs have provided new financing for coal-fired power plants 
and will not in the future. 

While most research and policy arrangements on power sector 
decarbonization have focused on multilateral finance, bilateral finance 
plays an increasingly important role. However, structured analyses of 
bilateral financing of the power generation sector are limited and its 
influence is much less understood. Advanced economies such as Japan 
have long provided both technologies and financing in the power sector 
of developing countries [9]. Beginning in the late 2000s, China emerged 
as a prominent source of international finance for global power gener
ation [13–15]. Existing studies on coal power financing indicate that 
national development finance institutions (DFIs) and commercial in
vestors from China, the United States, Japan, Germany, and South Korea 
have provided significant finance for overseas coal-fired power plants 
since 2000 [16–19]. Yet comprehensive analyses that cover all types of 
power technologies, especially non-coal technologies, are missing. 
Therefore, the impact of bilateral financing on global fossil fuel and 
renewable power adoption remains unclear. Bilateral financing of 
renewable technologies is critical to facilitate the low carbon energy 
transition in developing countries and financing of fossil fuels amplifies 
carbon lock-in [20]. Thus, understanding the role of bilateral financing 
and its implications for global power sector decarbonization is 
important. 

Here, for the first time, we elucidate the role of bilateral finance from 
the United States, China, and Japan, the three largest economies in the 
world, in facilitating power generation technology deployment beyond 
their borders. Chen et al. [13] and Li et al. [15] have compiled Chinese 
overseas power finance data but similar research for U.S. and Japanese 
overseas finance across power generation technologies has not been 
conducted due to data limitations. To fill this gap, we construct new 
datasets for Japanese and U.S. overseas finance across all power gen
eration technologies. Synthesizing this new data with previously 
developed datasets for China, we provide the first characterization of 
bilateral power finance from China, Japan, and the U.S. between 2000 
and 2018 and a systematic comparison of their contributions to power 
generation deployment around the world. We analyze two channels of 
financing from these three countries: public financing from their na
tional DFIs and commercial financing in the form of greenfield foreign 
direct investment (FDI). The new Japanese and U.S. power finance 
datasets are compiled by analyzing Japanese and U.S. DFIs’ press re
leases and annual reports and tracking Japanese and U.S. greenfield FDI 
in overseas power plants using the World Electric Power Plant Database 
(WEPP) from S&P Global Market Intelligence. Utilizing the newly con
structed datasets, we evaluate the contribution of Chinese, Japanese, 

and U.S. financing to the global power generation sector and distill their 
role with respect to the deployment of fossil fuel and renewable power 
technologies across different regions for each type of bilateral finance. 
We also estimate the long-term CO2 emissions resulting from these 
countries’ financial commitments to overseas fossil fuel power plants. 

The paper is structured as follows: in Section 2 we review and discuss 
bilateral financing in the power generation sector and relevant policy 
arrangements; in Section 3 we introduce data sources and methodology; 
in Section 4 we discuss results and findings from multiple perspectives; 
in Section 5 we discuss policy implications for global power sector 
decarbonization; lastly, we conclude in Section 6. 

2. Bilateral financing in the power generation sector from the U. 
S., China, and Japan 

Bilateral financing is overtaking the role of multilateral lending in 
global power generation development [13,14]. Bilateral financing oc
curs in the commercial sector through FDI and increasingly through 
national DFIs, in addition to traditional official development assistance 
(ODA). Through FDI, electric power companies invest in overseas power 
plants and hold controlling ownership of the power plants, with the 
expectation that they will profit from the operation of the plants. In 
contrast, national DFIs are established by national governments to fulfill 
public policy goals. They promote the development of key sectors as 
mandated by the governments, such as electricity generation, infra
structure and power technology export, and the promotion of national 
firms. Given that there is no universal definition of DFI, in this study 
“DFI” is used broadly to include both national development banks and 
export credit agencies (ECAs). 

Here we focus on bilateral financing of global power generation from 
the world’s three biggest economies – the U.S., China, and Japan. 
Among the three economies, overseas finance from the U.S. and Japan 
has been fueling power generation development around the world for 
decades, whereas China only emerged in the 2000s as a major source of 
finance and became a significant international financier in the 2010s. 

2.1. U.S. overseas power finance 

In the 1990s, annual outward direct investment from the U.S. to 
electric and gas services grew from around US$1 billion to US$20 billion 
[21]. Since then, its contribution to the overseas electric power sector 
(including generation, transmission, and distribution) has been around 
US$10–20 billion annually [21]. At the same time, public finance in
stitutions from the U.S., such as the Overseas Private Investment Cor
poration (OPIC) and the Export-Import Bank of the United States 
(US-EXIM), have also been active globally. OPIC began operation in 
1971 and has mobilized private capital to support U.S. businesses and 
advance U.S. foreign policy and national security objectives. It provided 
political risk insurance and investment guarantees in the early years and 
expanded its business to offer direct loans later. In the electricity 

Nomenclature 

BRI Belt and Road Initiative 
CDB China Development Bank 
CHEXIM The Export-Import Bank of China 
DFC U.S. International Development Finance Corporation 
DFI Development Finance Institution 
ECA Export Credit Agency 
FDI Foreign Direct Investment 
GHG Greenhouse Gas 
GREEN Operations “Global action for Reconciling Economic growth 

and ENvironmental preservation” Operations 

IDFC International Development Finance Club 
JBIC Japan Bank for International Cooperation 
JFC Japan Finance Corporation 
JICA Japan International Cooperation Agency 
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MDB Multilateral Development Bank 
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generation sector, OPIC supported off-grid and utility-scale power pro
jects around the world. Prominently, through partnership in the U.S. 
Power Africa Initiative, OPIC supported more than 30 power projects 
since 2013 [22]. In 2019 OPIC merged with the Developed Credit Au
thority in the U.S. Agency for International Development (USAID) and 
formed the new U.S. International Development Finance Corporation 
(DFC), which further added equity investment to its financing toolkit. 
US-EXIM, founded in 1934, is the official U.S. ECA. US-EXIM has been 
facilitating U.S. export of goods and services through offering export 
credit insurance, working capital loan guarantees, medium- and 
long-term loan guarantees, direct loans, and finance lease guarantees. 
US-EXIM’s participation in the overseas power sector ranges from 
financing the export of U.S. manufactured gas turbines to financing the 
construction of foreign power plants. Notably, US-EXIM did not engage 
in new finance between 2015 and 2019 due to a lapse in Congressional 
authorization. It resumed operation in 2019. 

2.2. Japanese overseas power finance 

Japanese finance has played a significant role in the global power 
sector, both through overseas expansion of Japanese electric power 
companies and through Japanese DFIs. Japanese FDI has grown steadily 
since 1985, from US$6 billion in 1985 to US$45 billion in 2000 and a 
peak of US$258 billion in 2019 [23]. Japanese electric power com
panies, which hold large domestic power generation assets, such as 
Mitsubishi Corporation, have successfully expanded to the overseas 
power sector as power plant investors and/or major equipment sup
pliers. Additionally, Japanese DFIs, such as Japan Bank for International 
Cooperation (JBIC) and Japan International Cooperation Agency (JICA), 
have been supporting overseas power infrastructure development 
through both commercial loans and ODA. Specifically, JBIC and JICA 
have been among the largest public financiers for overseas coal-fired 
power plants since the 2000s. JICA was first formed in 1974 as a 
semi-governmental organization and was re-launched in 2003 as an 
independent administrative institution. JBIC was first created in 1999 
via the merger of Export-Import Bank of Japan and Overseas Economic 
Cooperation Fund. In 2008 the former JBIC was divided into Japan 
Finance Corporation (JFC) and the new JICA, when the new JICA suc
ceeded operation of ODA loans previously managed by the former JBIC 
and part of the grant aid dispersed by Japan’s Ministry of Foreign 
Ministry. At the same time, JBIC became the international wing of JFC 
with domestic finance managed by the rest of the JFC units. In 2012 the 
new JBIC was established with the mission of securing natural resource 
import, supporting Japanese industries, preserving global environment, 
as well as preventing financial market disruptions. JBIC’s financial in
struments include loans, guarantees, and equity participation. Its loans 
extend from those for export, import, and overseas investment, to untied 
government loans. In the power sector, JBIC uses loans to support Jap
anese power equipment export or Japanese FDI. Specifically, under its 
“Global action for Reconciling Economic growth and ENvironmental 
preservation” (GREEN) operations, JBIC supports overseas renewable 
energy and energy efficiency projects as well as other environmental 
conservation projects. JICA, one of the world’s largest bilateral aid 
agencies, is mainly in charge of Japan’s ODA and provides assistance 
including loans, grants, and technical cooperation. Additionally, JICA 
also offers private-sector commercial finance, therefore it is included 
here as a DFI. Via its ODA loans, JICA has financed power plant devel
opment around the world for decades since its first operation in the 
1970s. Especially in Asia, it has greatly facilitated power generation 
development in developing countries such as Indonesia and India, as 
well as China before the early 2000s [9]. 

2.3. Chinese overseas power finance 

China’s overseas financing of power plants has been rapidly 
expanding for over a decade. Before 2000, China was a major 

destination of FDI with around US$40 billion FDI inflows and less than 
US$5 billion outflows [24]. Encouraged by the “Going Abroad Strategy” 
initiated in 1999 and subsequently the “Belt and Road Initiative (BRI) 
adopted in 2013, Chinese FDI outflow grew significantly from US$17 
billion in 2007 before the global financial crisis to a peak of US$216 
billion in 2016. It fell after to US$137 billion in 2019 [24]. Chinese 
power companies have also increasingly integrated with the global 
economy, leading to a rapid increase of FDI in overseas power genera
tion. As a result, by 2017 Chinese companies held around US$115 billion 
foreign power generation assets [15]. Meanwhile, China emerged as a 
prominent financier in international development finance, which has 
long been dominated by DFIs from developed countries. In 2018, 
China’s policy banks held more assets than major Western-backed MDBs 
combined [14]. Two Chinese DFIs, China Development Bank (CDB) and 
the Export-Import Bank of China (CHEXIM), now provide more 
financing to overseas power plants than the combined financing of 
major MDBs [13]. Founded in 1994, CDB has facilitated the imple
mentation of national strategies both domestically and globally. Guided 
by the Going Abroad Strategy and BRI, CDB supports cooperation be
tween China and foreign entities by offering loan financing as well as 
equity investment through multilateral platforms under CDB. With US 
$2.4 trillion in assets in 2018, CDB is now the largest DFI in the world. 
Also established in 1994, CHEXIM is dedicated to facilitating both 
China’s foreign trade and international investment. CHEXIM offers 
export credit for trade and loans for China’s overseas investment and 
contracting. Additionally, it also facilitates international economic 
cooperation by granting loans to eligible projects that may not involve 
Chinese companies. 

2.4. Policy arrangements on bilateral power finance 

Despite the significant role of bilateral financing in global power 
generation development, information about its contribution to the 
deployment of various power technologies is dispersed and hard to 
compare. Countries publish annual FDI data with different categoriza
tion standards. Moreover, statistics for the power generation sector are 
often merged with other sectors such as power transmission and distri
bution. Transparent and consistent disclosure of national DFIs’ financial 
commitments is also absent. Although national DFIs publish press re
leases and annual reports, detailed information about their contribution 
to generation capacity additions lacks completeness. Overall, compre
hensive documentation of bilateral financing of power plants at the 
project level is missing. 

Despite this lack of transparency, the technology choices of bilateral 
finance have great implications for the recipient countries’ power gen
eration development pathways and thus global decarbonization and 
future climate change. Policies regarding the alignment of bilateral 
financing with climate goals, however, are currently limited. The OECD 
Arrangement on Officially Supported Export Credits (the “Arrange
ment”) places environmental regulation on export credit; however, 
emerging market countries such as China are not bound by it. Partici
pants to the Arrangement, including the U.S. and Japan, agreed in 2015 
to restrict official export credits for low-efficiency coal-fired power 
plants; nevertheless, it remains a “gentlemen’s agreement” with no 
formal enforcement mechanism [25]. The IDFC, of which JICA and CDB 
are members, is committed to implementing the Sustainable Develop
ment Goals and the Paris Agreement, but has not committed to specific 
targets and timelines in which to do so. National-level policies regarding 
overseas fossil fuel power financing are also absent. The Obama 
Administration announced in 2013 that the U.S. would stop providing 
public finance to overseas coal plants, but it has not restricted com
mercial banks or investors nor public financing of gas plants. Japan 
announced plans in 2020 to reach carbon neutrality domestically by 
2050 and to halt financing of overseas coal plants. However specific 
measures regarding its overseas finance remain vague and loopholes 
exist – for example, it still allows financing of ultra-supercritical coal 
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plants. The governor of JBIC was quoted as stating in an interview with 
the media in April 2020 that it will “no longer accept loan applications 
for coal-fired power generation projects” but following up verification of 
this quote has failed [26]. China, with the largest overseas financing 
volume, announced in September 2020 that it would peak domestic 
carbon emissions before 2030 and reach carbon neutrality domestically 
by 2060; however, it has not yet announced or implemented any policy 
regarding overseas finance. After the U.S.-led Climate Summit in April 
2021 where South Korea announced an end to its public financing for 
overseas coal plants, China and Japan are left as the only major public 
financiers for overseas coal plants. Nevertheless, none of China, Japan, 
the U.S., or other major economies has put in place policies to restrict 
private financing for overseas coal plants or public financing for other 
types of fossil fuel plants such as gas power plants. 

3. Methods and data 

To examine the impact of bilateral financing from China, Japan, and 
the U.S. on power generation technology deployment around the world, 
we compile a new database for Japanese and U.S. overseas finance and 
combine it with the existing Chinese data from Chen et al. [13] and Li 
et al. [15]. In our new database, we track Japanese and U.S. national 
DFIs’ overseas power financing commitments between 2000 and 2018 
as well as Japanese and U.S. greenfield FDI in overseas power plants by 
the end of 2018. National DFIs, which can catalyze additional public and 
private investment beyond their financial commitments, are the most 
important national public institutions that facilitate overseas power 
sector development. In this study, we examine two national DFIs from 
China, Japan, and the U.S. respectively, namely CDB, CHEXIM, JBIC, 
JICA, OPIC, and US-EXIM, because they are the largest analogous na
tional DFIs from the three countries. CHEXIM and US-EXIM are Chinese 
and U.S. official ECAs. JBIC, while being a national development bank, 
also plays the role of an ECA. CDB, JBIC, and OPIC (now DFC) are all 
national development banks or institutions that are responsible for 
overseas development financing. JICA, though mainly providing ODA, 
also offers commercial loans and hence qualifies as a DFI. Additionally, 
JICA is analogous to CHEXIM as CHEXIM is also the Chinese govern
ment’s vehicle to provide Two Concessional Facilities (including Chi
nese Government Concessional Loan and the Preferential Export Buyer’s 
Credit). Concessional loans provided by the Developed Credit Authority 
of USAID are not included in this study because we examine finance 
committed by national DFIs between 2000 and 2018 whereas the 
Developed Credit Authority merged with OPIC after this period in 2019. 

We focus on select bilateral financing mechanisms and evaluate the 
contribution of bilateral financing to overseas generation capacity 
expansion. As discussed in Section 2, national DFIs offer a variety of 
financial instruments in the power generation sector, including sover
eign loans, guarantees, export credit, as well as equity investments. For 
purposes of evaluating the impact of DFI financing on power plant 
development, in this study we quantify their contributions to generation 
capacity expansion through direct loans and export credit. Their con
tributions through guarantees and portfolio investments are not exam
ined here because national DFIs do not directly fund the power plants in 
these two financing mechanisms. Similarly, national insurance agencies 
which offer political or commercial insurance rather than direct 
financing, such as China Export & Credit Insurance Corporation, are 
outside the scope of this study. For commercial investment, we examine 
greenfield FDI where the investors build new power plants from the 
ground up. We do not include FDI through mergers and acquisitions 
(M&A), where power plants often are already built at the time of in
vestment. In M&A, investors have a much smaller influence in enabling 
the development of new power plants. We also do not consider foreign 
portfolio investment where investors do not directly affect power plant 
development. 

3.1. Constructing datasets for DFI overseas power financing 

Each of the examined national DFIs from China, Japan, and the U.S. 
lacks full transparency when disclosing their overseas financing activ
ities. Except for JICA, no structured database exists for any of the other 
five national DFIs examined here that fully documents their past 
financing commitments. To capture the Japanese and U.S. national DFIs’ 
financing commitments at the project level, we adopt a bottom-up 
approach and analyze the archived press releases and annual reports 
of the examined DFIs. 

Among the four Japanese and U.S. DFIs, JBIC archives its past press 
releases back to 2004, and US-EXIM archives its press releases back to 
1996. We construct plant-level data of JBIC’s and US-EXIM’s financing 
of overseas power plants between 2000 and 2018 utilizing the press 
release archives, annual reports, the WEPP database, together with web 
searches. We construct JICA’s plant-level financing data using JICA’s 
ODA Loan Project Data [27], JICA’s press release archive, JICA’s project 
evaluation reports, and the WEPP database. OPIC’s project-level 
financing data is constructed using three data sources: OPIC’s annual 
reports from 2000 to 2019, OPIC’s Portfolio by Project as of 9/30/2018 
[28], and DFC’s Active Projects database as of 6/30/2020 [29] (see 
Supplementary Method for more detailed steps of constructing each 
DFI’s financing data). 

3.2. Constructing datasets for FDI in power plants 

Companies’ FDI is considered commercial information and thus 
project-level data is generally not publicly disclosed in a systematic way. 
Therefore, we track Japanese and U.S. greenfield FDI in overseas power 
plants following the methodology in Li et al. [15]. We search through 
the WEPP database using a list of keywords of Japanese and U.S. electric 
power companies to identify power plants that are partially or fully 
owned by a Japanese or a U.S. company. We then use public information 
from news, annual reports of listed companies, as well as company 
websites, to verify the identified power plants. While information about 
the investment amount of FDI is generally unavailable, we obtain the 
generation capacity of invested power plants from WEPP and evaluate 
the power plants’ distribution across technologies, countries, and 
regions. 

Because the exact year of the investment decision is difficult to trace, 
the constructed dataset of Chinese, Japanese, and U.S. FDI to the global 
power sector reflects all FDI which occurred before the end of 2018. In 
order to compare the impact of DFI financing and greenfield FDI on 
global power capacity additions over the same period of 2000–2018, we 
examine financed power plants with a commissioning year of 2005 or 
later so that the impact of FDI occurring before 2000 is excluded. This 
allows for a 5-year lag between financing commitments and power plant 
commissioning, which is the average lag estimated based on DFI 
financing of power plants. Power plants examined in this paper through 
both DFI financing and greenfield FDI include plants that were in 
operation or under construction as of 2019. 

3.3. Impacts on generation capacity growth 

Bilateral financing plays a pivotal role in enabling the commissioning 
of new power plants. National DFIs, in particular, mitigate risks and 
leverage additional investments that may not occur otherwise. There
fore, to evaluate the impact of bilateral financing on global power 
generation capacity growth, we examine the total generation capacity of 
new power plants that received partial or full financing from China, 
Japan, and the U.S. Similar to the approach in Chen et al. [13], we label 
this impact of bilateral financing on power capacity growth as “facili
tated capacity additions”. 
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3.4. Committed CO2 emissions from financed power plants 

We evaluate the lifetime committed CO2 emissions from China, 
Japan, and the U.S. financed fossil fuel plants following the method 
described in Chen et al. [13]. Each coal, gas, and oil plant’s committed 
CO2 emissions are estimated based on its generation capacity, capacity 
factor, emission intensity, and an assumed 40-year economic lifetime. 
Each power plant’s capacity factor and emission intensity are estimated 
using the Carbon Monitoring for Action database [30]. 

4. Results and discussion 

4.1. Development financing from China, Japan, and the U.S. to the global 
power generation sector 

The national DFIs from China, Japan, and the U.S. committed sig
nificant finance to global power generation development between 2000 
and 2018. Chinese DFIs specifically, despite being latecomers to inter
national development financing, committed US$112 billion, more than 
twice the overseas power finance than Japanese DFIs (US$46 billion), 
and five times that of U.S. DFIs (US$21 billion) between 2000 and 2018 
(Fig. 1). Japanese and U.S. DFIs were steady sources of moderate finance 
over this period. Japanese DFIs provided up to US$5 billion annually to 
overseas power plants, while U.S. DFIs provided a lesser amount 
generally (Fig. S1). In contrast, overseas finance from Chinese DFIs 
increased substantially from the late 2000s to the late 2010s – from less 
than US$5 billion per year before 2010 to a peak of US$21 billion in 
2015 (Fig. S1). More recently, Chinese DFIs have scaled back their 
overseas finance since 2017. 

The technology mix of Chinese, Japanese, and U.S. DFIs’ overseas 
power finance shows their commitments to various power generation 
technologies. The largest share of overseas development finance from all 
three countries went to non-renewable power generation, but the 
technology choices differed (Fig. S2–S4). The most Chinese DFI 
financing was committed to coal (US$47 billion; 42%), with lesser 
amounts to hydro (US$38 billion; 34%) and nuclear power (US$16 
billion; 15%) generation and limited financing of non-hydro renewables 
(US$5 billion; 4%). Japanese DFI financing was mostly committed to gas 
power (US$18 billion; 39%), followed by coal (US$13 billion; 27%) and 

hydroelectric power plants (US$5 billion; 11%). Its US$6 billion com
mitments to non-hydro renewables accounted for 14% of total finance, 
mostly to geothermal and wind power. Another US$3 billion was 
committed by JBIC to overseas renewable projects through its export 
credit lines and GREEN Operations. Besides US-EXIM’s US$8 billion 
finance (39%) to nuclear power projects in China, the United Arab 
Emirates (UAE), and Bulgaria, most of the rest of U.S. DFI financing was 
to gas (US$4 billion; 18%), solar (US$3 billion; 15%) and wind power 
(US$3 billion; 12%). Meanwhile, OPIC contributed to the vast majority 
of these solar and wind projects. 

Chinese, Japanese, and U.S. DFIs’ different financing portfolios 
reflect their distinct policy priorities. Two Chinese DFIs, CDB and 
CHEXIM, supported the most large infrastructure projects such as coal 
and hydroelectric plants, which have high up-front costs and often face 
difficulty securing finance from the private sector or the MDBs after 
MDBs moved away from coal power financing. U.S. DFIs are signifi
cantly different. OPIC followed its vision to support small and medium 
enterprises and catalyze private sector investment, and was mostly 
engaged in financing wind and solar plants. US-EXIM’s contributions to 
overseas gas, solar, and wind plants were closely linked with its policy 
agenda to support U.S. export. JBIC supported Japanese businesses 
through its financing of overseas gas and coal plants which utilize 
Japanese FDI or equipment. Its financing of renewable projects was 
mainly through the GREEN Operations and export credit lines. JICA’s 
ODA, in contrast, was mostly untied loan commitment. 

Looking back, the technology mix of Chinese, Japanese, and U.S. 
DFIs’ overseas power finance evolved from 2000 to 2018 although there 
was no fundamental shift among technologies (Fig. S1). All three 
countries’ commitments to non-hydro renewables increased after 2010 
when the development and deployment of wind and solar technologies 
took off globally. Chinese and Japanese DFI finance to overseas coal 
plants also increased after 2010, possibly due to increasing demand for 
expanding electricity access in developing countries. Two U.S. DFIs had 
distinct financing portfolios. While the technology mix of US-EXIM 
didn’t change significantly (mostly to fossil fuel and nuclear projects), 
OPIC’s financing of solar and wind projects substantially increased after 
2010. Notably, the first new financing from US-EXIM, after five years of 
not approving new projects from 2015 to late 2019, was a US$5 billion 
direct loan in 2019 to a liquefied natural gas plant in Mozambique. 

Fig. 1. Total financing commitments from Chinese, Japanese, and U.S. DFIs to recipient countries between 2000 and 2018, by technology type (unit: billion 
2015USD). Colors of financing flow indicate different technology types. Numbers indicate financing commitments. Also see Figs. S2-S4 for financial flows from 
Chinese, Japanese, and U.S. DFIs to individual recipient countries, respectively. 
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Geographically, Chinese and Japanese DFIs both committed the 
largest portion of their overseas finance to developing countries in Asia, 
whereas U.S. DFIs mostly financed power plants in other regions of the 
world (Fig. S2-S4). Chinese and Japanese DFIs both financed hotspot 
recipient countries like Indonesia, Vietnam, and India, where electricity 
demand grows rapidly, mostly in support of their coal plants. Other 
recipient countries, likely strategic or close partners of the financing 
countries, received preferential finance from DFIs of one country. For 
example, Chinese DFIs greatly supported power generation develop
ment in Pakistan and Nigeria. Japanese and U.S. DFIs contributed 
greatly to power plants in UAE. Together, development finance from 
China, Japan, and the U.S. supported power sector development in all 
developing regions of the world. Their development finance to overseas 
power plants combined surpassed the major MDBs’ total commitments 
as estimated in Steffen and Schmidt [8], doubling the available global 
development finance. 

4.2. Contribution of Chinese, Japanese, and U.S. overseas finance to 
global power generation 

We aggregate the contribution of bilateral financing through DFI 
financing and greenfield FDI from China, Japan, and the U.S. and show 
their impact on the global power generation capacity growth in Fig. 2. 
The three countries’ total overseas finance committed between 2000 
and 2018 facilitated 233 GW new capacity added around the world since 
2005 (with 225 GW located outside of the three financing countries). 
2–25 GW new capacity were added annually in recipient countries with 
an increasing trend over time. Between 2005 and 2018, on average 
approximately 70 GW of new generation capacity were commissioned 
annually in non-OECD countries except China [31]. Thus, about one- 
fifth of capacity growth in non-OECD countries except China was facil
itated by bilateral finance from China, Japan, or the U.S. 

Respectively, Chinese, Japanese, and U.S. overseas finance facili
tated 101 GW, 95 GW, and 47 GW generation capacity additions 

Fig. 2. Total power generation capacity additions facilitated by Chinese, Japanese, and U.S. overseas financing between 2000 and 2018, by technology type (A). The 
facilitated capacity additions include power plants that were in operation or under construction as of 2019 which have a commissioning year of 2005 or after. Colors 
indicate different fuel/technology types. Widths of bars represent facilitated capacity additions. The widths of bars are proportional to the facilitated capacity 
additions in each panel but are not proportional across panels. Panel A shows total capacity additions facilitated by bilateral financing from China, Japan, and the U. 
S., respectively. The numbers in panel A do not add up because DFI co-financed power plants occasionally. Panels B-D disaggregate capacity additions facilitated by 
each financing country, through their DFI financing and greenfield FDI. Because DFI financing and greenfield FDI may support the same power plants, their overlap in 
facilitated capacity additions is listed separately. Panels E-G show new generation capacity added domestically within China, Japan, and the U.S. between 2001 and 
2009 and between 2010 and 2018, by technology (retired and decommissioned capacity not included). 
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(including co-financed plants; Fig. 2). Although overseas finance 
committed by Chinese DFIs is much larger than that of Japanese and U.S. 
DFIs, China’s overall contribution to capacity additions is similar to that 
of Japan and only double that of the U.S. On the one hand, facilitated 
capacity additions per dollar of financial commitments made by Japa
nese and U.S. DFIs are larger than those of China. One reason is that 
Chinese DFIs financed more hydroelectric plants which generally have 
higher capital costs per GW than other technologies. Another possible 
reason is that Japanese and U.S. DFI financing leveraged other financial 
resources more than China, whereas Chinese DFI financing was more 
concentrated and funded a larger portion of the power plant’s total 
costs. On the other hand, Japanese enterprises contributed more over
seas capacity additions through greenfield FDI than Chinese and U.S. 
enterprises. 

All three financing countries facilitated far more fossil fuel power 
deployment than renewable technologies. The percentages of Chinese, 
Japanese, and U.S. finance facilitated capacity additions in fossil fuel 
power were as high as 64%, 87%, and 66%, respectively. China’s 
overseas finance contributed the most to coal-fired power generation, 
followed by hydroelectric power. Together coal and hydroelectric power 
account for over 80% of China’s facilitated capacity additions. In com
parison, China’s involvement in overseas natural gas plants was limited, 
whereas Japan and the U.S. both contributed the most generation ca
pacity additions to overseas gas power. Most of the capacity additions 
facilitated by Japanese finance were gas plants (54%); coal (27%) and 
oil plants (6%) follow. Gas power also takes the most, at 39%, of the 
capacity additions facilitated by U.S. finance, with coal (22%) and nu
clear (17%) following. Overall, the three countries’ contributions to 
non-hydro renewable technology deployment were limited, with the U. 
S. being the only one that devoted over 10% to non-hydro renewable 
power generation. 

Disaggregating the contributions of bilateral financing from China, 
Japan, and the U.S. into DFI financing and greenfield FDI, it appears that 
the technology choices through these two financing mechanisms differ. 
In the case of China, the technology portfolio of capacity additions 
facilitated by its FDI is more diversified than its DFI financing. In 
addition to supporting coal, hydro and nuclear power, like Chinese DFI 
financing, Chinese FDI extended support to overseas gas plants as well as 
to more renewable projects including wind and solar plants. In contrast, 
the portfolio of Japanese DFI financing is more diversified than its FDI. 
Japanese DFI financing made a larger contribution to overseas coal 
plants and hydroelectric dams. The technology portfolio of Japanese 
FDI, on the other hand, was predominantly gas power. Setting aside the 
nuclear plants financed by US-EXIM, shares of capacity additions facil
itated by U.S. DFI financing and FDI in non-renewable technologies are 
similar. Their difference comes from fossil fuel technology choices 
instead – U.S. DFI financing supported more gas power plants whereas 
U.S. FDI supported more coal plants. 

The “greenness” of the technology portfolios of Chinese, Japanese, 
and U.S. overseas finance has lagged behind their domestic power sector 
transition, except for Chinese greenfield FDI. Compared with the 2000s, 
China, Japan, and the U.S. all added a larger fraction of renewable 
power capacity domestically in the 2010s (Fig. 2). Between 2010 and 
2018, 34%, 50%, and 65% of new capacity additions (retirement and 
decommissioning of old generation capacity excluded) were wind or 
solar power in China, Japan, and the U.S., respectively. Yet, overseas 
capacity additions facilitated by their DFIs were much more concen
trated on fossil fuels, resembling the three financing countries’ domestic 
capacity development between 2001 and 2009. While the portfolio of 
Chinese greenfield FDI is similar to China’s domestic development be
tween 2010 and 2018, portfolios of Japanese and U.S. FDI are much less 
“green” than their domestic development in recent years. 

To further examine the linkages between bilateral financing and the 
financing country’s domestic power industry, we analyze the adoption 
of power equipment supplies as well as engineering and construction 
contractors in power plants supported by Chinese, Japanese, and U.S. 

overseas finance. We find that China, Japan, and the U.S. all used 
bilateral financing to support their equipment and service export 
(Fig. 3). Among China, Japan, and the U.S. financed power plants, 
42–53% deployed major equipment manufactured within the financing 
country. Not surprisingly, DFI financing supported the financing coun
try’s equipment export to a larger extent than greenfield FDI. Besides 
equipment export, service export is another strategic area that receives 
DFI support and may be associated with FDI. Through analyzing the 
nationality of engineering and construction contractors hired in power 
plants financed by China, Japan, and the U.S., we find that 54% of 
China-financed power plants hired a Chinese contractor. Chinese engi
neering and construction contractors were mostly hired in power plants 
financed by CDB or CHEXIM. In comparison, 35% of Japanese financed 
plants and 22% of the U.S. financed plants hired a Japanese or U.S. 
contractor. 

Moving from the financing countries to the recipient countries, in 
Fig. 4 we summarize the top ten recipient countries with the most power 
capacity additions facilitated by bilateral finance from China, Japan, 
and the U.S. together. Bilateral finance from the three countries facili
tated the most capacity additions in Indonesia, India, Vietnam, UAE, and 
South Africa. Except for India and Saudi Arabia, bilateral financing from 
China, Japan, and the U.S. facilitated 35–62% of generation capacity 
added in these recipient countries since 2005. In all these recipient 
countries, the technology mixes of facilitated capacity additions 
receiving bilateral finance align with these recipient countries’ domestic 
power sector development. Bilateral finance facilitated the most ca
pacity additions in coal power in Indonesia, India, and Vietnam, where 
the majority of added generation capacity since 2005 were coal plants. 
In recipient countries like UAE and Thailand, which added the most 
capacity in gas power generation since 2005, bilateral finance also 
contributed the most capacity growth in gas power. This suggests that 
bilateral financing follows the recipient countries’ power sector devel
opment strategies, with limited or no role in leading an energy transition 
away from fossil fuels. 

4.3. Committed CO2 emissions associated with Chinese, Japanese, and U. 
S. overseas power finance 

Bilateral finance has significantly facilitated global power generation 
development, both through direct financing and its instrumental influ
ence in catalyzing additional investment. With a larger financing ca
pacity than the MDBs, bilateral finance from China, Japan, and the U.S. 
fills the financing gap in developing countries’ power infrastructure 
development and extends their impact to all regions of the world. 
However, their commitments were mostly concentrated on coal and gas 
power generation, at a time when public finance needs to catalyze a low 
carbon transition and private finance needs to be mobilized for the 
uptake of renewable technologies. 

Past financing commitments to fossil fuel infrastructure have a lock- 
in effect because fossil fuel power infrastructure often operates for de
cades. Continued financing of fossil fuel infrastructure incurs climate 
consequences and may decrease opportunities for renewable technology 
deployment. To demonstrate the long-term commitments from fossil 
fuel power generation to CO2 emissions, we analyze the lifetime CO2 
emissions expected from coal, gas, and oil power plants that received 
overseas finance from China, Japan, and the U.S. (Fig. 5). The financed 
fossil fuel plants which were operating or under construction as of 2019, 
will emit 24 Gt CO2 over an assumed 40-year lifetime. Over 90% of the 
emissions from these plants would occur after 2019. Because fossil fuel- 
based power generation infrastructure locks in large CO2 emissions for 
multiple decades, it may interfere with the critical goal of decarbonizing 
the global power sector by mid-century as detailed in the Paris Agree
ment or result in stranded assets of prematurely decommissioned fossil 
fuel plants. 

X. Chen et al.                                                                                                                                                                                                                                    



Applied Energy 300 (2021) 117318

8

5. Policy implications 

The financing commitments from China, Japan, and the U.S. to 
overseas fossil fuel power infrastructure are misaligned with the Paris 
Agreement Article 2.1(c) to “[make] finance flows consistent with a 
pathway towards low greenhouse gas emissions and climate-resilient 

development” and will pose long-term climate and financial risks. The 
goal of the Paris Agreement to limit global average temperature in
creases to less than 2 ◦C or preferably 1.5 ◦C requires that the global 
power generation sector fully decarbonize around mid-century. How
ever, we find that a large number of overseas power plants financed by 
China, Japan, and the U.S. were still under construction as of 2019 and 

Fig. 3. Nationality of manufacturers and contractors of power plants that received bilateral finance from China, Japan, and the U.S. The hollow circles and the 
numbers at the center of these circles represent numbers of power plants with overseas financing from (A) China, (B) Japan, and (C) the U.S. U.S. DFI financing only 
includes US-EXIM. The financed plants include power plants that were in operation or under construction as of 2019 which have a commissioning year of 2005 or 
after. For each hollow circle, different colors indicate the origins of the equipment manufacturer and engineering or construction contractors for the power plants. 
Shaded patterns represent DFI financing and greenfield FDI. 

Fig. 4. Ten recipient countries with the most power capacity additions facilitated by overseas finance from China, Japan, and the U.S. A: Capacity additions 
facilitated by Chinese, Japanese, and U.S. finance committed between 2000 and 2018 and their shares in the total capacity added in the recipient countries in or after 
2005. Facilitated capacity additions include power plants that were in operation or under construction as of 2019 which have a commissioning year of 2005 or after. 
B: Total power generation capacity added in or after 2005 in the ten recipient countries. Capacity added in recipient countries includes plants that were in operation 
or under construction as of 2019. Colors indicate different technology types. 
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the vast majority of the projected CO2 emissions would occur after 2019. 
On the one hand, if these fossil fuel plants continue operating with 
similar capacity factors and for the number of operational years typical 
in the past, decarbonization of the global power sector by mid-century 
will be impossible. A delayed decarbonization pathway implies both a 
heavier reliance on negative emissions technologies after mid-century 
and a larger likelihood of exceeding the 2 ◦C climate target and result
ing in catastrophic outcomes [3]. On the other hand, with the costs of 
renewable technologies such as solar and wind power decreasing 
rapidly, operating existing and new fossil fuel plants will soon be more 
costly than building and operating renewable power plants [32], making 
past fossil fuel investments less profitable in the future. Moreover, in 
case of failing to meet the 1.5 ◦C target, climate risks could materialize 
for financiers via physical damages to their assets as a result of climate 
change induced extreme events. Therefore, it is critical that bilateral 
financing commitments take into account the great potential of future 
renewable technology development and fully anticipate the risks and 
diminishing profits from investing in fossil fuel power assets. 

In contrast to extensive domestic and multilateral mitigation efforts, 
bilateral fossil fuel infrastructure financing from China, Japan, and the 
U.S. has faced little restriction. All the financing countries have outlined 
mid-century national decarbonization targets. However, limited climate 
policies exist regarding these countries’ overseas finance. In this study, 
we find that DFI financing from China, Japan, and the U.S. is closely 
related to supporting their domestic power industry. Nevertheless, the 
technology portfolios of capacity additions facilitated by their overseas 
finance are not as “green” as each financing country’s domestic power 
sector development, especially for Japan and the U.S. The climate im
plications of bilateral financing are not fully captured in current policy 
arrangements. At present, national climate policies only account for 
greenhouse gas (GHG) emissions produced domestically. Neither na
tional nor international climate policies consider the impacts of inter
national financing on global GHG emissions. To characterize the impacts 
of bilateral financing commitments on the climate, more transparency is 
needed. While all major MDBs have open data policies that allow 
scholars and stakeholders to download project-level data, all three 
financing countries analyzed in this study lack comparable trans
parency. Japanese and U.S. financing, specifically, is misaligned with 
the Paris Agreement which in Article 9.7 requires developed country 
parties to “provide transparent and consistent information on support 

for developing countries” [33]. Importantly, more transparent and 
consistent disclosure of the financing by national DFIs is crucial as a first 
step to evaluate the national DFIs’ wider environmental impacts. Going 
forward, it is imperative that national DFIs divest away from financing 
overseas fossil fuel infrastructure and move towards financing a low- 
carbon power system. 

The technology choices of bilateral financing from China, Japan, and 
the U.S., rather than leading a low-carbon transition, align with port
folios of power sector development in the top recipient countries, which 
have mainly prioritized fossil fuel power development. Nevertheless, 
China, Japan, and the U.S. all have the potential to facilitate global 
power sector decarbonization. China has built a large renewable tech
nology manufacturing capacity in the process of its domestic renewable 
power development. China’s renewable power development has also 
contributed to the manufacturing cost reduction of solar panels and 
wind turbines globally and has facilitated global renewable power 
deployment. Through the BRI, China has signed a Memorandum of 
Understanding with 138 countries as of March 2020. Although overseas 
finance from CDB and CHEXIM decreased in 2019 [34], BRI still stands 
as an umbrella of bilateral cooperation, through which CDB and 
CHEXIM may support overseas renewable and sustainable businesses in 
the future. Furthermore, President Xi’s announcements to peak domestic 
emissions before 2030 and reach carbon neutrality by 2060 show 
China’s determination to decarbonize its domestic economy. In the 2020 
new National Determined Contribution target, China further committed 
to increasing the share of non-fossil fuels in its primary energy mix to 
25% by 2030. If China’s domestic measures are extended overseas, it has 
the capability to facilitate renewable technology deployment globally 
and hence facilitate GHG emission reductions in recipient countries. 
With a domestic carbon neutrality goal by 2050, there is room for Japan 
to strengthen its policies regarding overseas financing too. Japan’s 
current policy, which partially restricts overseas public coal power 
financing but still allows the financing of ultra-supercritical coal plants, 
has been criticized by environmental communities. If Japan completely 
bans public financing of coal plants, the Japanese government’s climate 
policies and efforts to phase out domestic coal power will be more 
credible and face less pressure from local environmental groups. As the 
U.S. reentered the Paris Agreement in January 2021, it also has the 
opportunity to adopt stricter policies regarding overseas financing. The 
Obama Administration’s announcement in 2013 to stop public support 
for overseas coal power led several other banks to follow suit and adopt 
similar policies. If the Biden Administration extends this policy to also 
restrict financing of gas power infrastructure, U.S. policies would have 
larger climate benefits. 

6. Conclusions 

Through tracking overseas finance from China, Japan, and the U.S. to 
the global power generation sector between 2000 and 2018, our ana
lyses illuminate the key role that bilateral financing is playing in filling 
the infrastructure financing gap and supporting power capacity expan
sions in developing countries. Chinese, Japanese, and U.S. overseas 
finance between 2000 and 2018, respectively, facilitated 101 GW, 95 
GW, and 47 GW of generation capacity additions since 2005 around the 
globe. This accounted for one-fifth of generation capacity growth in non- 
OECD countries except China. However, while multilateral financing 
has shown signs of moving towards supporting renewable technologies 
in line with the Sustainable Development Goals and the Paris Agree
ment, bilateral finance has lagged in this transition. We find that Chi
nese, Japanese, and U.S. overseas finance between 2000 and 2018, 
through their DFI financing and greenfield FDI, mostly contributed to 
fossil fuel power generation including coal and gas plants. Over 60% of 
China- and U.S.-facilitated capacity additions and over 80% of those 
facilitated by Japan are fossil fuel power plants. Among their total 
facilitated capacity additions, less than 10% are non-hydro renewable 
technologies. To decarbonize the power generation sector and meet the 

Fig. 5. Committed lifetime CO2 emissions from power plants with Chinese, 
Japanese, and U.S. overseas financing between 2000 and 2018. Emissions from 
power plants with a commissioning year of 2005 or after, which were in 
operation or under construction as of 2019, are shown. Numbers above each 
country bar indicate total committed lifetime CO2 emissions from power plants 
financed by China, Japan, and the U.S. respectively (unit: Gt CO2). Numbers for 
each financing country do not add up to the total emissions because they co- 
financed a few plants. Percentages over shaded areas indicate the fractions of 
future CO2 emissions (emissions occurring after 2019) out of total lifetime 
emissions. Colors indicate different fossil fuel types. 
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Paris climate targets, steering bilateral financing from fossil fuel tech
nologies towards renewables is crucial. 

Our study is the first attempt to systematically track and evaluate the 
impact of bilateral financing on power technology deployment by 
analyzing national DFIs and greenfield FDI from China, Japan, and the 
U.S. Our methodology may be extended to analyze additional countries. 
For example, German and South Korean DFIs, although outside the 
scope of our study, also have large financial commitments to overseas 
coal plants. We have focused on DFI financing and its direct impact on 
power generation projects. However, national DFIs can also influence 
power sector development through guarantees or equity investment. For 
example, besides US-EXIM’s direct loans to gas power plants, it also 
provided large guarantees to overseas gas power projects to facilitate U. 
S. export of natural gas infrastructure. Such indirect support from DFIs 
to overseas fossil fuel infrastructure is worthy of future research. In 
future studies, continuous tracking of the impact of bilateral financing 
on power sector technology choices is needed. National governments 
must make DFIs transparent in their fossil fuel lending practices to allow 
understanding of the alignment of their balance sheets with climate 
goals and to facilitate decarbonization. 

7. Data availability 

Chinese, Japanese and U.S. overseas power generation finance data 
can be found at https://doi.org/10.34770/dgqm-rk88. Part of our 
database utilizes proprietary data through subscription to the World 
Electric Power Plant Database from S&P Global Market Intelligence. We 
provide WEPP unit IDs for this data and additional information from 
WEPP can be obtained using the power units’ IDs via subscription to the 
WEPP database. 
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Masson-Delmotte V, Zhai P, Pörtner H-O, Roberts D, Skea J, Shukla PR, et al. 
(editors). Global Warming of 1.5◦C. An IPCC Special Report on the Impacts of 
Global Warming of 1.5◦C above Pre-Industrial Levels and Related Global 
Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global 
Response to the Threat of Climate Change, Sustainable Development, and Efforts to 
Eradicate Poverty; 2018. p. 82. 

[4] Rogelj J, Luderer G, Pietzcker RC, Kriegler E, Schaeffer M, Krey V, et al. Energy 
system transformations for limiting end-of-century warming to below 1.5 ◦C. 
Nature Clim Change 2015;5:519–27. https://doi.org/10.1038/nclimate2572. 

[5] Elzinga D, Baritaud M, Bennett S, Burnard K, Pales AF, Philibert C, et al. Energy 
technology perspectives 2014: harnessing electricity’s potential. Paris, France: 
International Energy Agency (IEA); 2014. 

[6] Kennedy C. Key threshold for electricity emissions. Nat Clim Change 2015;5: 
179–81. https://doi.org/10.1038/nclimate2494. 

[7] Knobloch F, Hanssen SV, Lam A, Pollitt H, Salas P, Chewpreecha U, et al. Net 
emission reductions from electric cars and heat pumps in 59 world regions over 
time. Nat Sustain 2020;3:437–47. https://doi.org/10.1038/s41893-020-0488-7. 

[8] Steffen B, Schmidt TS. A quantitative analysis of 10 multilateral development 
banks’ investment in conventional and renewable power-generation technologies 
from 2006 to 2015. Nat Energy 2018. https://doi.org/10.1038/s41560-018-0280- 
3. 

[9] Tirpak D, Adams H. Bilateral and multilateral financial assistance for the energy 
sector of developing countries. Climate Policy 2008;8:135–51. https://doi.org/ 
10.3763/cpol.2007.0443. 

[10] Granoff I, Hogarth JR, Miller A. Nested barriers to low-carbon infrastructure 
investment. Nature Clim Change 2016;6:1065–71. https://doi.org/10.1038/ 
nclimate3142. 

[11] IDFC and the MDBs. Joint IDFC-MDB Statement: Together Major Development 
Finance Institutions Align Financial Flows with the Paris Agreement; 2017. htt 
ps://www.adb.org/news/together-major-development-finance-institutions-align- 
financial-flows-paris-agreement [accessed 7.6.21]. 

[12] The MDBs. The MDBs’ alignment approach to the objectives of the Paris 
Agreement: working together to catalyse low-emissions and climate-resilient 
development; 2018. https://thedocs.worldbank.org/en/doc/78414154380634833 
1-0020022018/original/JointDeclarationMDBsAlignmentApproachtoParisAgree 
mentCOP24Final.pdf. [accessed 7.6.21]. 

[13] Chen X, Gallagher KP, Mauzerall DL. Chinese Overseas Development Financing of 
Electric Power Generation: A Comparative Analysis. One Earth 2020;3:491–503. 
https://doi.org/10.1016/j.oneear.2020.09.015. 

[14] Gallagher KP, Kamal R, Jin J, Chen Y, Ma X. Energizing development finance? The 
benefits and risks of China’s development finance in the global energy sector. 
Energy Policy 2018;122:313–21. https://doi.org/10.1016/j.enpol.2018.06.009. 

[15] Li Z, Gallagher KP, Mauzerall DL. China’s global power: Estimating Chinese foreign 
direct investment in the electric power sector. Energy Policy 2020;136:111056. 
https://doi.org/10.1016/j.enpol.2019.111056. 

[16] Chen H, Doukas A, Godinot S, Schmidt J, Vollmer SL. Swept under the rug: How G7 
nations conceal public financing for coal around the world. Natural Resources 
Defense Council; 2016. 

[17] Chen H, Schmidt J. Power Shift: Shifting G20 International Public Finance from 
Coal to Renewables; 2017. https://doi.org/10.1163/9789004322714_cclc_2017- 
0016-080. 

[18] Schmidt J. Way Too Much Public Funding is Going into Coal Projects in Key 
Countries: Preliminary Findings Show. Natural Resources Defense Council; 2013. 
https://www.nrdc.org/experts/jake-schmidt/way-too-much-public-funding-go 
ing-coal-projects-key-countries-preliminary [accessed 7.6.21]. 

[19] Urgewald. Banks and Investors Against Future: NGO Research Reveals Top 
Financiers of New Coal Power Development; 2019. https://coalexit.org/sites/def 
ault/files/download_public/COP25_PR_Logos.pdf [accessed 7.6.21]. 

[20] Unruh GC. Understanding carbon lock-in. Energy Policy 2000;28:817–30. https:// 
doi.org/10.1016/S0301-4215(00)00070-7. 

[21] U.S. Bureau of Economic Analysis. U.S. Direct Investment Abroad: Balance of 
Payments and Direct Investment Position Data. https://www.bea.gov/inte 
rnational/di1usdbal [accessed 7.2.21]. 

[22] OPIC Annual Report 2019. https://www.dfc.gov/sites/default/files/media/do 
cuments/OPIC_Retrospective_2019_rs2.pdf [accessed 7.1.21]. 

[23] World Bank. Foreign direct investment, net outflows (BoP, current US$) – Japan. 
https://data.worldbank.org/indicator/BM.KLT.DINV.CD.WD?locations=JP 
[accessed 7.2.21]. 

[24] World Bank. Foreign direct investment, net outflows (BoP, current US$) - China. 
https://data.worldbank.org/indicator/BM.KLT.DINV.CD.WD?locations=CN 
[accessed 7.2.21]. 

[25] Hopewell K. How Rising Powers Create Governance Gaps: The Case of Export 
Credit and the Environment. Global Environm Polit 2019;19:34–52. https://doi. 
org/10.1162/glep_a_00490. 

X. Chen et al.                                                                                                                                                                                                                                    

https://doi.org/10.34770/dgqm-rk88
https://doi.org/10.1016/j.apenergy.2021.117318
https://doi.org/10.1016/j.apenergy.2021.117318
https://doi.org/10.1126/science.aas9793
https://doi.org/10.1126/science.aas9793
https://doi.org/10.1038/ngeo3031
https://doi.org/10.1038/nclimate2572
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0025
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0025
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0025
https://doi.org/10.1038/nclimate2494
https://doi.org/10.1038/s41893-020-0488-7
https://doi.org/10.1038/s41560-018-0280-3
https://doi.org/10.1038/s41560-018-0280-3
https://doi.org/10.3763/cpol.2007.0443
https://doi.org/10.3763/cpol.2007.0443
https://doi.org/10.1038/nclimate3142
https://doi.org/10.1038/nclimate3142
https://www.adb.org/news/together-major-development-finance-institutions-align-financial-flows-paris-agreement
https://www.adb.org/news/together-major-development-finance-institutions-align-financial-flows-paris-agreement
https://www.adb.org/news/together-major-development-finance-institutions-align-financial-flows-paris-agreement
https://thedocs.worldbank.org/en/doc/784141543806348331-0020022018/original/JointDeclarationMDBsAlignmentApproachtoParisAgreementCOP24Final.pdf
https://thedocs.worldbank.org/en/doc/784141543806348331-0020022018/original/JointDeclarationMDBsAlignmentApproachtoParisAgreementCOP24Final.pdf
https://thedocs.worldbank.org/en/doc/784141543806348331-0020022018/original/JointDeclarationMDBsAlignmentApproachtoParisAgreementCOP24Final.pdf
https://doi.org/10.1016/j.oneear.2020.09.015
https://doi.org/10.1016/j.enpol.2018.06.009
https://doi.org/10.1016/j.enpol.2019.111056
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0080
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0080
http://refhub.elsevier.com/S0306-2619(21)00730-3/h0080
https://www.nrdc.org/experts/jake-schmidt/way-too-much-public-funding-going-coal-projects-key-countries-preliminary
https://www.nrdc.org/experts/jake-schmidt/way-too-much-public-funding-going-coal-projects-key-countries-preliminary
https://coalexit.org/sites/default/files/download_public/COP25_PR_Logos.pdf
https://coalexit.org/sites/default/files/download_public/COP25_PR_Logos.pdf
https://doi.org/10.1016/S0301-4215(00)00070-7
https://doi.org/10.1016/S0301-4215(00)00070-7
https://www.bea.gov/international/di1usdbal
https://www.bea.gov/international/di1usdbal
https://www.dfc.gov/sites/default/files/media/documents/OPIC_Retrospective_2019_rs2.pdf
https://www.dfc.gov/sites/default/files/media/documents/OPIC_Retrospective_2019_rs2.pdf
https://data.worldbank.org/indicator/BM.KLT.DINV.CD.WD%3flocations%3dJP
https://data.worldbank.org/indicator/BM.KLT.DINV.CD.WD?locations=CN
https://doi.org/10.1162/glep_a_00490
https://doi.org/10.1162/glep_a_00490


Applied Energy 300 (2021) 117318

11

[26] Sheldrick A. JBIC muddies comments from chief on ending coal finance. Reuters; 
2020. https://www.reuters.com/article/us-coal-japan-jbic-climatechange-idUS 
KBN22D4MG [accessed 7.6.21]. 

[27] JICA. ODA Loan Project DATA. Japan International Cooperation Agency. https:// 
www2.jica.go.jp/en/yen_loan/index.php [accessed 7.6.21]. 

[28] OPIC. FY2017 OPIC Portfolio Data - DFC; 2018. https://www.dfc.gov/sites/defa 
ult/files/2020-01/FY2018_Downloadable_Spreadsheet_20190319.xlsx [accessed 
7.6.21]. 

[29] DFC. Global Project Map - All Available Pending and Active DFC Projects. 
https://www.dfc.gov/our-impact/all-active-projects [accessed 7.6.21]. 

[30] Carbon Monitoring for Action. Center for Global Development; 2012. http 
s://www.cgdev.org/topics/carbon-monitoring-action. 

[31] S&P Global Market Intelligence. World Electric Power Plants Database; 2020. 
[32] Hodges J. Wind, Solar Are Cheapest Power Source In Most Places, BNEF Says. 

Bloomberg Green; 2020. https://www.bloomberg.com/news/articles/2020-10- 
19/wind-solar-are-cheapest-power-source-in-most-places-bnef-says [accessed 
7.6.21]. 

[33] United Nations. Paris Agreement; 2015. 
[34] Kynge J, Wheatley J. China pulls back from the world: rethinking Xi’s ‘project of 

the century’; 2020. https://www.ft.com/content/d9bd8059-d05c-4e6f-968b-167 
2241ec1f6 [accessed 7.6.21]. 

X. Chen et al.                                                                                                                                                                                                                                    

https://www.reuters.com/article/us-coal-japan-jbic-climatechange-idUSKBN22D4MG
https://www.reuters.com/article/us-coal-japan-jbic-climatechange-idUSKBN22D4MG
https://www2.jica.go.jp/en/yen_loan/index.php
https://www2.jica.go.jp/en/yen_loan/index.php
https://www.dfc.gov/sites/default/files/2020-01/FY2018_Downloadable_Spreadsheet_20190319.xlsx
https://www.dfc.gov/sites/default/files/2020-01/FY2018_Downloadable_Spreadsheet_20190319.xlsx
https://www.dfc.gov/our-impact/all-active-projects
https://www.cgdev.org/topics/carbon-monitoring-action
https://www.cgdev.org/topics/carbon-monitoring-action
https://www.bloomberg.com/news/articles/2020-10-19/wind-solar-are-cheapest-power-source-in-most-places-bnef-says
https://www.bloomberg.com/news/articles/2020-10-19/wind-solar-are-cheapest-power-source-in-most-places-bnef-says
https://www.ft.com/content/d9bd8059-d05c-4e6f-968b-1672241ec1f6
https://www.ft.com/content/d9bd8059-d05c-4e6f-968b-1672241ec1f6

	Financing carbon lock-in in developing countries: Bilateral financing for power generation technologies from China, Japan,  ...
	1 Introduction
	2 Bilateral financing in the power generation sector from the U.S., China, and Japan
	2.1 U.S. overseas power finance
	2.2 Japanese overseas power finance
	2.3 Chinese overseas power finance
	2.4 Policy arrangements on bilateral power finance

	3 Methods and data
	3.1 Constructing datasets for DFI overseas power financing
	3.2 Constructing datasets for FDI in power plants
	3.3 Impacts on generation capacity growth
	3.4 Committed CO2 emissions from financed power plants

	4 Results and discussion
	4.1 Development financing from China, Japan, and the U.S. to the global power generation sector
	4.2 Contribution of Chinese, Japanese, and U.S. overseas finance to global power generation
	4.3 Committed CO2 emissions associated with Chinese, Japanese, and U.S. overseas power finance

	5 Policy implications
	6 Conclusions
	7 Data availability
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


