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Abstract

Chinese investments into fossil fuel-based electricity generation capacity under its belt and road
initiative will create lock-in for decades. Despite China’s recent rise as major public finance
provider for the electricity sector of the developing world and the related environmental impacts,
there is limited knowledge of the extent and characteristics of non-Chinese participation in
Chinese-funded projects. We apply complexity theory approaches and network modeling on a new
dataset that links funding activities of developmental institutions (Chinese developmental
institutions (CDIs), Western-backed multilateral development banks (MDBs)) and the
involvement of companies in different roles (i.e., as direct investors, contractors, equipment
suppliers, and other service providers) to power plants around the world at the unit-level
(1999-2020). Previous literature suggests that CDI funded projects show preference to Chinese
commercial partners, but we find more than 70% include non-Chinese participants. This also
applies for fossil-fuel based technologies where we observe increasing shares of international actors
that together account for nearly every third commercial linkage. However, involvement levels and
interaction patterns not only differ by technologies (fossils, hydro, non-hydro renewable, nuclear)
but also by the time period and types of commercial partners and we observe overall convergence
between the CDI- and MDB-supported power plant networks over time. The decreasing
involvement of Chinese companies in CDI-funded projects, across technologies, in favor of
increasing Western involvement, has important implications for development and climate policy
on which we elaborate. However, the failure of both MDB and CDI funding to promote domestic
company involvement in the recipient countries may be the largest failing of both sets of agencies

in the pursuit of development outcomes.

1. Introduction

Western policymakers and scholars often state that
Chinese development finance is more ‘self-interested’
than its Western complements [1-4]. A central claim
is that China is using its development program sup-
ported by Chinese development institutions (CDIs)
to secure unfair commercial advantage for the inter-
national expansion of Chinese companies (e.g. 5, 6)

© 2024 The Author(s). Published by IOP Publishing Ltd

related to construction, equipment manufacturing,
and trading [6]. Given the immense scale and
related potential environmental impacts of China’s
belt and road initiative (BRI)—for which infrastruc-
ture investment estimates range in the trillions [7,
8]—suggestions regarding the possible unfair advant-
age enjoyed by Chinese companies in BRI pro-
jects have become more frequent (e.g. 9-15). Given
that this Chinese Government backed infrastructure
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investment programme spans over 70 countries, the
commercial opportunities it could offer are signi-
ficant. However, despite increasing attention to the
involvement of different types of commercial entit-
ies (e.g. owner, contractor, equipment supplier) in
implementing Chinese-funded infrastructure pro-
jects, the various claims of a Chinese bias lack empir-
ical evidence (see Supplemental Text S1 for a more
detailed literature review and more background on
Chinas BRI and its underlying motivations). This lack
of clear data is largely a result of difficulties tracking
project funding activities of CDIs [16, 17] their pro-
ject procurement processes [18] and the companies
involved. In the words of a recent World Bank paper:
‘comprehensive and comparable cross-country data
permitting analysis do not exist’ (18, p 133).

The present study addresses this gap for com-
mercial entities involved in CDI-funded power plant
projects in the global electricity sector in compar-
ison to those funded by multilateral development
banks (MDBs) and non-CDI/MDB-supported pro-
jects. MDBs, have long been considered the key devel-
opment finance providers in the power sector [19—
21]. For the purposes of this paper, we consider
Western-backed MDBs to be traditional MDBs with
at least one country from the global north amongst
their main contributors, in line with Steffen and
Schmidt (2019).

The recent rapid emergence of CDIs now rivals
their dominating role [16, 22, 23]. The electricity
sector is an important sector to understand because
there is evidence that it has received the majority
of China’s investments under its BRI so far [24, 25]
and research indicates that the majority of CDI-
funded electricity capacity is coal fired with immense
environmental implications [ 16, 26]. Coal-fired capa-
city increases supported by CDI were calculated as
46.5 MW in 2020 [16], the largest area of CDI-backed
electricity investment, causing concern as to climate
impacts.

We apply complexity theory approaches [27, 28]
and simple network modeling to a new dataset that
not only links funding activities of financial insti-
tutions (CDIs, MDBs), but also the involvement of
companies in different roles, to power plant invest-
ments around the world between 1999 and 2020.
The database breaks power plants down to unit (tur-
bine) level, reflecting that some plants are built in
unit-based stages rather than all at once, and thus
that the companies involved in construction may dif-
fer between units. Thee corporate roles can be as
diverse as direct investors, contractors, equipment
suppliers, and other service providers, and together
with the financiers, are described generically, in this
paper, as ‘actors’ in the field of power plant develop-
ment. This allows us to analyse: the evolution of the
prevalence of non-Chinese commercial involvement
in CDI-funded power plants. Hence expanding con-
sideration of the ways in which companies interact
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along the CDI-funded power plant value chain relat-
ive to MDB- and non-CDI/MDB-supported projects
and across different technologies (fossils, hydro, non-
hydro-renewables, nuclear). Our research contrasts
with previous global quantitative academic research
on the Chinese expansion in the global power sector,
which has tended to focus on separate actors such as
developmental institutions: [16, 22]; direct investors:
[26,29]; and contractors: [29] (see text S1 for a more
detailed literature review).

By following this comparative approach and
including the broad range of actors involved in power
projects, this study maps the evolution of networks of
actors in both CDI- and MDB-funded projects glob-
ally. Building on studies that understand energy sys-
tems as complex adaptive systems (CASs) [28, 30, 31],
we expand beyond a reductionistic ‘single-species’
research approach [28] by creating a granular power
plant unit-level network perspective that includes all
main commercial entity types involved in CDI- and
MDB-funded power plants globally. This is particu-
larly valuable in the Chinese context as it has been
suggested that CDIs and Chinese companies consti-
tute a highly interlinked system in their internation-
alization with a considerably higher degree of state
coordination in comparison to the approach from the
West ([6, 18, 32-34]; supplemental text S1 for literat-
ure review).

2. Methods

2.1. Covered actors

Following Sauer et al [16] this work not only cov-
ers China’s two largest bilateral developmental insti-
tutions (the Export-Import Bank of China (ExIm)
and the China Development Bank (CDB)), but also
China-backed development funds which are restric-
ted to specific areas or purposes (such as the Silk
Road Fund) and two newly established China-backed
MDBs: the Asian infrastructure investment bank
(AIIB) and New Development Bank (NDB)). Table S1
provides a full list of the developmental institutions
and Western-backed MDBs included in the study.
The involvement of Chinese companies is contras-
ted with the evolution of the involvement of domestic
(headquartered in the country where the power plant
project is located) and other international companies
including companies from the top five major Western
shareholder countries of traditional MDBs, namely,
of the United States, Japan, France, United Kingdom
and Germany. The commercial entities are categor-
ized across the power plant value chain covering
funding, development, construction, equipment and
operation (see Supplemental Methods M2 and table
S6 for more details).

2.2. Network analysis
Complexity theory ‘provides an integrative and
dynamic framework to understand the interaction
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patterns in networks of interdependent agents’ (35, p
356). Within this flexible framework, we consider the
interaction of project funders and commercial entities
involved in the planning, implementation and oper-
ation of power plant infrastructure as CASs defined
as ‘highly connected networks of semi-independent
agents from which system wide patterns emerge’ (36,
p 334). More specifically, we use social network ana-
lysis techniques to investigate the interaction patterns
of actors (see Bale et al [28] for a review). In line
with Wang, Bar, and Hong [37], we develop and ana-
lyse two simple types of networks: first, an agency-
power plant network that captures ties between dif-
ferent types of actors involved in power plant; and
second, an agency-agency collaboration network that
connects actors with a tie when their commercial
activities appear in the same power plant units.
Collaboration patterns in these networks are ana-
lyzed and visualized with force-directed spatializa-
tion algorithms, which model the network graph-
ically (e.g.ForceAtlas2 [38]). A network community
detection analysis is applied to the agency-agency
collaboration networks using the Louvain algorithm
[39] which helps to identify the groups of actors
with the strongest connections to each other (see
Supplemental Methods M1 for more details). This
approach not only allows us see the global interaction
patterns in CDI-supported plants, but also to explore
comparative trends with the MDB-supported power
plant network over time (using 1364 power plants,
and 3024 distinct actors, between 2000 and2020).

Furthermore, we expand the analysis to sev-
eral supporting comparison groups to contrast pat-
terns with projects that are not supported by devel-
opmental institutions. As pointed out by Ghossein
et al [18], this is important, as high observed shares
in other projects might reflect that Chinese com-
panies have simply become highly competitive and
are equally prevalent in all types of infrastructure
projects.

2.3. Dataset construction

The data on power plant funding activities from CDIs
and MDBs for power plants globally in the period
1999-2020 was compiled by the authors of this work
as described in more detail in Sauer et al (2022).
This dataset draws on commercial data tracking, pub-
licly available datasets, and more than 1000 support-
ing documents to match financial transactions by the
main CDIs and MDBs in power plant projects world-
wide. Here, we extend this dataset to involve commer-
cial actors along the power plant value chain of those
publicly supported power plants (and beyond) by
using the commercial power plant dataset GlobalData
(2020) and publicly available sources. This commer-
cial data provider tracks the involvement of commer-
cial companies along the power plant value chain of
more than 130 000 power plants globally (according
to the provider nearly all power plants in the world)
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and maintains a (separate) database with more than
40000 energy companies. We use publicly available
sources to track the headquarters of those compan-
ies, to classify them as state-owned or private and to
support the matching and linking process needed for
the analysis (using unique power plant identifiers as
described in more detail in the supplemental method
sections M2 and M3. This section also describes sev-
eral robustness checks that have been conducted such
as to verify indirect Chinese origins by, for example,
checking for the headquarters of parent companies).

3. Results and discussion

3.1. Non-chinese participation in CDI-funded
projects

We identify 350 CDI-funded power plants globally
between 1999-2020 in our power plant network
(i.e. directed network that captures ties from com-
mercial entities to publicly supported power plants).
Within this network of CDI-funded plants and com-
panies involved in each project, we identify a link
(tie) for at least one Chinese company for almost
three-quarters (260/350) of all CDI-funded plants.
For those plants where at least one Chinese actor is
present, the share of Chinese actors in the total num-
ber of involved actors varies broadly from plants with
minimal Chinese involvement (e.g. one-time supply
of uncritical equipment) to a few plants where only
Chinese actors could be identified (see supplemental
figure S1 for the distribution of the shares). The mean
share of Chinese commercial actors involved in CDI
funded power plant implementation is 32.4%, with
a standard deviation of 28.5%. This means that, on
average across our data set, one in three commer-
cial actors involved in CDI funded power plants are
Chinese-based companies.

Figure 1 shows that across different actor types,
the prevalence of Chinese actors in CDI-funded
plants differs markedly. We observe the highest share
being for Chinese equipment suppliers (43.9%), fol-
lowed by Chinese contractors (38.9%) and consid-
erably lower shares for Chinese power plant own-
ers (19.6%). These differences may reflect the global
competitiveness of different types of Chinese actors
and institutional barriers to foreign plant owner-
ship in CDI-funded recipient countries. As expec-
ted, and in line with their mandate to support the
internationalization of Chinese companies [32],
projects supported by the ExIm and CDB have
the largest share of Chinese company participation
across all actor types: 36.1% and 30%, respectively.
These projects have considerably higher shares of
Chinese commercial ties when compared to the newly
established China-backed MDBs (AIIB = 7.2%,
NDB = 2.8%) and China-backed development
funds (19.7%), which might be explained by the
lower degree of influence of the Chinese state that
goes along with the multilateral nature of those
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institutions. Supplemental table S2 provides more
details on the number of actors involved and of
plants per funding vehicle. Supplemental figure S2
demonstrates how involvement levels are relatively
stable across technologies. The results are robust to
several robustness checks, including checking for
potentially missed indirect Chinese involvement
via parent companies of subsidiaries and exclud-
ing the hypothesis that non-Chinese ties are lim-
ited to niche transactions’ (see Methods for more
details).

An important finding is that nearly 70% of
the actors involved in CDI-funded projects are
non-Chinese actors. CDI-supported projects are
therefore considerably more open to non-Chinese
involvement than recently suggested by the exist-
ing empirical estimates and various case-study based
analysis (e.g. [10, 11, 13—15, 40]), according to which
non-Chinese participation in Chinese-funded pro-
jects is restricted to ‘niche roles’ [9, p 6]. To con-
trast, Hillman [12] estimates that nearly 90% of the
contractors in Chinese-funded projects covered are
Chinese (see Supplemental Text S1 for more details).
In addition, the heterogeneity of results across differ-
ent CDIs implies the need for a more differentiated
approach that goes beyond a generic BRI project
classification—often any presence of Chinese actors
that involves some form of funding or even only con-
tracting in a foreign project is used to define a ‘BRI
project’ (e.g. [9,24]), despite very different degrees to
which the Chinese state is involved (see table S1). Two
potential explanations for the observed discrepancy
between our results and the existing literature might
be data limitations from previous empirical studies
(see supplemental text S1) and our focus on the more
complex and knowledge-intensive electricity sector
compared to other types of infrastructure, such as
roads. The latter argument is supported by the fact
that non-Chinese participation (in particular in the
form of Western companies) is particularly prevalent
for goods and services related to knowledge-intensive
turbines and generators, as we elaborate later on in
the results section.

3.2. Comparison with non-CDI-supported projects
Nevertheless, and as is also evident from figure 1,
the share of Chinese actors in CDI-supported plants
(32.4%) is nearly eight times greater than the share of
Chinese actors in all non-CDI financed power plants
(4.2%) in the same recipient countries excluding

5 The data available does not provide evidence that domestic and
other non-Chinese involvement was restricted to ‘niche roles’ [9,
p.6] (see table S5 and S6 for full analysis that supports this conclu-
sion). In only 37 cases (0.1%) it was possible to detect a Chinese
parent company for the involved companies with a headquarters
outside China (check 2). Out of the 3,507 ties between actors and
power plants, only 29 (0.8%) had a headquarters in Hong Kong,
and another 21 had Chinese origins (0.6%) (check 3).

J M T Sauer et al

India®. This difference in the share of Chinese actors
in CDI financed and non-CDI-financed power plants,
which we refer to as the ‘elevation effect’ is signi-
ficant at the 0.01 significance level. A disaggregation
of the elevation effects by actor type (see figure 1)
indicates that the relative elevation effect is by far
the highest for plant owners (x17), followed by con-
tractors (x7) and equipment suppliers (x5). The
total CDI-supported plant capacity with full or par-
tial ownership of Chinese companies equals to 38.4
GW (1999-2020), which represents 47% of the total
global power plant capacity (81 GW) with Chinese
foreign direct investments, as recently estimated by
Li, Gallagher and Mauzerall [26] for the period 2000—
2017. The elevation effect related to foreign plant
ownership is particularly high for the CDB where
31% of all plant ownership ties are Chinese. Hence, we
see a strong association between CDI financial sup-
port and the participation of Chinese companies in
the ownership of foreign power plants.

We observe a considerably smaller ‘elevation
effect’ for companies with a headquarters in major
Western donor countries (USA, GER, FRA, GBR,
JPN) when comparing Western-backed MDB-
supported power plants (21.5%) and remaining
power plants in recipient countries (20.5%). The
observed difference is not statistically significant at
the 0.05 significance level in this aggregated view.
However, a disaggregated view by country and fin-
ancial institutions indicates a few positive elevation
effects for major Western shareholders of MDBs.
For example, we see more companies from Japan
in plants supported by the Asian development bank
(see figure S3).

In line with claims that Chinese-supported
projects are marked by low domestic involvement
(e.g. [12,13]), by which we mean a low involvement
of commercial actors from recipient countries, the
share of domestic actors in CDI-supported plants
(40%) is significantly (at the 0.01 significance level)
lower when compared to all remaining non-CDI-
supported plants in CDI recipient countries (57%).
We also observe significantly lower domestic involve-
ment for plants supported by Western-backed MDBs
(see figure 1). However, for MDB-supported power
plants, the ‘crowding-out’ effect (defined as reduced
domestic actor shares compared to all remaining
plants in MDB-recipient countries) is approxim-
ately three times smaller compared to the CDI-
supported power plants when measured in abso-
lute percentage difference (see figure 1). To some

6 India has been excluded from the main comparison group due to
its skewing effect linked to its relatively large size. Several robustness
checks with synthetic counterfactuals (with and without India)
support the view that the observed elevation effect in the main ana-
lysis is not artificially created by other unobserved variables (see
supplemental note S4).
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Share of involved owners (=A ), contractors (=0) and equipment suppliers (=<) by headquater location

' 70.9% of all actor ties have non-Chinese origins
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Legend

Color coding headquater origin: [l = Companies with headquarter in China

by given actor type).

sareholders, hence not always bilateral (see Table S1).

time span than the power plants that received CDI- and MDB-support.
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Symbols: @ =Mean of power plant-based shares of involved companies (equipment suppliers, contractors, owners) with a given headquator loation. @ Standard deviation
Fraction of identified plant owners (= AA), contractors (=), and equipment suppliers (=) with a given headquator location divided by total number of identified actors of same
category in all plant-units under consideration. A Institutions ranked by the shares/influence of the Chinese state (see Table S1 for details of the ranking).

= Companies with headquator in country where power plant is located. Wl = Companies with
headquarter in one of the major Top-5 MDB shareholder countries (United States, Japan, Germany, United Kingdom, France). n = sample size (i.e. number of power plants supported

Color coding finance type = bilateral finane. [ll= multiateral finance. China-backed development funds are marked as bilateral and mulilateral as they are partly also open to other

Note: For power plants that received Chinese or Western development finance plant (sub) units without development finance were excluded. The sample of CDI- and MDB-supported
power plants received financial support in the period 1999-2020. The comparsion goups (remaining power plants in recipient countries) were sampled from the same grid connection

finance types.

Figure 1. Share of Chinese and non-Chinese actors in ownership, contracting, and equipment supply engaged in power plants
funded by Chinese developmental Institutions and Western-backed MDBs. The number in the ovals refers to the ‘elevation effect’
i.e. the ratio between the actor shares in publicly-supported power plants (CDIs top half, MDBs bottom half) divided by the
observed shares of the same actor category in all remaining power plants in the recipient countries of the considered public

extent, the observed lower domestic involvement in
CDI- and MDB-supported plants when compared
to remaining power plants in recipient countries
might be explained by the fact that the presence of
MDBs and CDIs signals risk mitigation for private
actors [41] which may make the investments and
engagement more attractive for international players.
Another possible explanation is that domestic actors
may not have sufficient expertise to compete with the
international bidders in such internationally funded
projects. Future research could consider the extent
to which one or both of these explanations play the
dominant role.

3.3. Evolution of participation levels over time and
technologies
Figure 2 displays how involvement levels for Chinese
actors change over time. The three-year rolling aver-
age for companies with a headquarters in China in
CDI-supported power plants shows a clear decreasing
trend for plants connected to the grid in the period
2000-2020 (see figure 2(A)). This is in marked con-
trast to that which can be observed, in the same coun-
tries, for the share of Chinese companies in non-CDI-
supported power plants, and for Western companies
in MDB-supported plants.

As shown in panel B of figure 2, the share of
Chinese actors decreased from 35% in the period

before the initiation of the BRI (1999-2013) to 26%
in the following period of the BRI (2013-2020) in
favor of higher involvement of international actors
including companies from the major Western MDB
shareholder countries. From 2013-2020, these inter-
national actors show a strong increase in their pres-
ence in CDI-supported plants from 13% to 20%.
The observed increase in Western and other inter-
national involvement levels is particularly prominent
in the hydropower sector, where companies from the
top 5 major MDB shareholders from OECD coun-
tries nearly triple their involvement (see figure 2(B1)).
Fossil-fuel based technologies (of which the majority
is coal-fired) also show a slight reduction of Chinese
involvement in favor of more commercial linkages
from Western and other international actors. The
share of Western and other international linkages
in fossil-fuel plants raises from 28% (1999-2012) to
33% in the period 2013-2020.

In contrast, domestic involvement (by com-
panies headquartered in the recipient country) is
not increasing with the decreasing Chinese pres-
ence as domestic involvement levels stay constant
or decrease across technologies. Domestic involve-
ment levels decrease from 38% in the period of the
Going Out policy to 34% in the period of the BRI
However, averaged across all technologies we like-
wise do not find increasing domestic involvement
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MDB-supported power plants. Panel (A1) displays the 3-year-ro

The sample is the number of power plant units and the number

Figure 2. Chinese actor shares over time and by technology for CDI-supported power plants in comparative perspective to

plants over time (1999-2020) in comparison to the shares of Chinese actors in all remaining power plants in countries where those
CDI-supported plants are built. Panel (A2) provides a comparison for MDB-supported plants and the cumulative share from its
major top-5 shareholders (United States, Japan, Germany, France, and United Kingdom) by replicating the analysis from Panel 1
for those actors. Panels (B1) and (B2) disaggregate the actor structure in CDI (Panel (B1)) and MDB (Panel (B2)) supported
power plants further by technologies (fossils, hydro, non-hydro renewable, nuclear) and time-periods (1999-2012, 2013-2020).

lling average of the share of Chinese actors in CDI-supported

in parenthesis is the number of actors mentioned for that plant.

levels for power plants supported by Western-backed
MDBs when the period of the Going Out Policy
(36%) is compared with the following period of the
BRI (35%).

Hence, we observe a decreasing share of Chinese
involvement over time in favor of international and,
in particular, Western actors from major MDB donor
countries. The increasing shares of Western and other
international actors in CDI-supported power plants
might be a combined effect of the materialization
of the announcements [42] of the Chinese state to
make procurement processes within BRI projects
more transparent and open. Similarly, it may reflect
an increasing willingness of international actors to
invest in CDI-supported projects as the CDI invest-
ments are increasingly converging towards less risky
and thereby commercially more viable environments.
As illustrated by Sauer et al [23], CDI investments
cumulated in particularly risky environments during

the period of the Going-Out policy, which raises the
question of whether those projects would have been
initiated and completed without the willingness of
Chinese companies to invest in those high-risk areas.
In addition, the steady or declining shares of domestic
actors (local to the recipient country) over time for
CDI- and MDB-funded projects alike raise the ques-
tion of whether developmental institutions could do
more to support the involvement of domestic actors,
and consequent local development.

3.4. Comparison of network characteristics

We now present results on the collaboration pat-
terns in CDI-supported power plants relative to what
can be observed for MDB-supported power plants.
The combined agency power plant network for the
entire time period 1999-2020 contains 1364 power
plants (350 CDI supported, 1050 MDB supported)
and 3024 distinct actors (acting as funders, owners,
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contractors, equipment suppliers, and other service
providers) with a total of 12 354 ties. On average, a
CDI-supported power plant had 10.3 reported ties to
other actors, whereas MDB-supported plants had 9.5
ties. Likewise, we find that the average number of dis-
tinct actors involved in CDI-supported power plants
(2.8) is comparable and slightly higher compared to
MDB-supported plants (2.4). Table S7 provides addi-
tional network statistics (i.e., modularity, graph dens-
ity), including the distribution of ties across different
actor types, indicating that there are no evident major
structural differences between the networks of actors
involved in CDI- and MDB-supported power plants.

Figure 3 visualizes the combined agency-power
plant (panels (A1) & (A2)) and agency-agency (panel
(B)) network for CDI- and MDB-supported power
plants. We separate the network of funding trans-
actions before (1999-2012) and after the initiation
of China’s BRI (2013-2020). For CDIs, which are
colored in dark red, the ExIm and CDB (denoted by
the numbers 1 and 2, respectively, in figure 3) are the
largest institutions measured by the number of ties to
power plants, as represented by the size of the bubbles.
The newly established AIIB (# 3 in figure 3), NDB (#
4) and development funds (# 5) still play a smaller
role. The ties can be weighted by the capacity of the
power plants supported (total plant capacity divided
by number ties, i.e. where there are few actors on a
very large power plant each actor maybe considered
more significant than one of many actors on a small
power plant). As shown in panel (A2), this weighting
further decreases the relative relevance of the newly
established developmental institutions and strongly
increases the relevance of the ExIm and CDB in com-
parison to the unweighted network in panel (Al).
This shows that those two institutions are increasingly
investing in larger (mostly fossil fuel based) power
plants. On the side of MDBs, which are colored in
dark blue, the World Bank (#5), Asian development
bank (#6) and African Development Bank (#7) are the
largest institutions in the capacity-weighted network
(see figure 3(A2)).

Contrary to our expectations, we do not find that
the Chinese actors involved in CDI-supported pro-
jects (marked in light red in figure 3) are highly
concentrated in a few large state-owned companies.
Instead, we find that there is a wide range of Chinese
companies involved in the 350 CDI-supported pro-
jects: we find 172 distinct Chinese commercial actors
in CDI-supported plants, most of which (>80%) are
headquartered in the more developed coastal regions
of China’s East. Ranking companies by absolute and
cumulative involvement as measured by their number
of ties to power plants, we find that the network char-
acteristics of Chinese firms in CDI-funded projects
are comparable to those of companies from major
Western shareholder countries in MDB-funded pro-
jects (see figure S4 for the comparison of these
Pareto plots). The top 3 Chinese companies (see table
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S13 for more details), for example, have comparable
involvement levels when measured by the sum of
ties to power plants (Sinohydro = 95, Dongfang
Electric = 47, China Gezhouba Group = 39) to the
top 3 Western companies in CDI-supported power
plants (GE Power = 70, GE Renewable Energy = 47,
and Siemens AG = 28).

From the total number of observed ties between
companies with a headquarters in China and CDI-
supported power plants, considering the entire time
period (CDI-transactions 1999-2020) 42% origin-
ate from state-owned companies (as defined in the
Methods section) with a decreasing trend from the
period before (1999-2012: 46%) to the period after
the BRI (2013-2020: 38%).

In contrast, the share of state-owned companies
for companies with a Chinese headquarters in MDB-
supported power plants is only slightly lower, with
39% over the full time-period (1999-2020). Hence,
although the significant involvement of state-owned
companies is a main distinguishing feature compared
to Western companies, their observed prevalence is
still surprisingly low given the notion of dominat-
ing state-owned companies in existing (mostly qual-
itative) research (e.g.[32]). This might be explained
by the fact that a lot of the smaller transactions are
not reflected in case studies or analyses with highly
aggregated data.

3.5. Convergence of collaboration patterns

An analysis of the interaction patterns between the
actors involved supports a convergence trend between
the CDI and MDB-supported networks over time in
three ways:

First, although the ExIm and CDB have com-
parable collaboration clusters that are different from
those of the Western-backed MDBs, the newly estab-
lished institutions (AIIB, NDB, Development Funds)
show collaboration patterns that are closer and partly
comparable to those of Western-backed MDBs. This
is supported by their position in the combined
agency-power plant as well as agency-agency net-
work. The network position of the AIIB (#3) in
the agency-power plant network (figure 3(Al)), for
example, lies in between Western-backed MDBs.
This is also supported by a comparison of their
respective collaboration communities. Figure 4 dis-
plays the detected collaboration communities for the
major CDIs. While the communities of the ExIm
(figure 4(A)) and CDB (figure 4(B)) form hub
and spoke-like clusters with limited involvement of
Western actors, the clusters for the newly established
CDIs (in particular the one of the AIIB) are less cent-
ralized and marked by high levels of collaboration
with Western-backed MDBs as well as higher collab-
oration with Western companies (i.e. companies with
a headquarters in one of the top-5 Western share-
holder countries marked in light blue in figure 4).
This contradicts to some extent non-empirical claims
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Going-Out Period (financial transactions1999-2012)

Period of Belt and Road Initiative (financial transactions 2013-2020)
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Figure 3. Combined CDI- and MDB-supported agency-power plant (A) and agency-agency (B) network for the period before

(left) and after (right) the initiation of China’s BRI. The blue and red bubbles represent the actors funding the projects. Note that
red dotted circles are simply to highlight the presence of small red bubbles where those bubbles might otherwise be overlooked. In
network A2 the ties are weighted by the supported capacity (total plant capacity divided by number ties) whereas the network A1
is based on unweighted ties. Note: color coding nodes: red = CDI, blue = MDB, light red = actor with Chinese headquarters, light

blue = actor with headquarters in top five major Western shareholder countries (US, JPN, FRA, GER, GBR), yellow = power
plant (Al). Numbering: 1 = ExIm, 2 = CDB, 3 = AIIB, 4 = NDB, 5 = WB, 6 = AsDB, 7 = AfDB.

(e.g. 43) that the AIIB has been established by China
as a vehicle to fulfill its bilateral policy interests.
Second, we find that major companies with a
headquarters in Western MDB shareholder coun-
tries (marked in light blue) cluster around MDBs
in the combined network in the period 1999-2012,
but they seem to have moved closer towards the
ExIm and CDI in the period 2013-2020 as shown in

figure 3. This effect is particularly prominent for a few
large companies including GE Power, Siemens and
Mitsubishi that mostly act as providers of knowledge
and cost-intensive generator and turbines technolo-
gies (figure S5 provides a more detailed overview of
the shares of respective major equipment categories
provided by involved Western companies in the net-
work). Alternative potential explanations for parts of
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these shifts might also include possible misconduct in
the context of increasingly strict and monitored pub-
lic procurement rules in MDB-supported projects.
Examples of this latter possible explanation include
the fact that subsidiaries of GE Power, Siemens, and
Mitsubishi have been temporarily banned from par-
ticipation in bids for projects supported by several
major MDBs (covered in our sample) over allegations
of violations of public procurement rules (see supple-
mental text S2). Similar bans on many large Chinese
companies [44], such as Sinohydro (see figure 4(A)),
might explain why we only see considerably smal-
ler convergence from the largest Chinese compan-
ies towards the MDBs from the period before to the
period after the initiation of the BRI (see figure 4).

Third, beyond selective convergence trends
related to newly-established CDIs and major actors
from Western shareholder countries, the overall CDI-
and MDB-supported networks are increasingly inter-
connected over time. The CDI and MDB-supported
networks stay isolated only for the first 5 years after
the initiation of China’s Going Out policy in 1999,
with the networks becoming strongly interconnected
over time. This not only includes more actors that are
present in both networks but also more joint invest-
ments between China’s traditional bilateral financing
institutions (ExIm, CDB) and the MDBs.

Thus, we do not find a dominating role of
large state-owned Chinese companies whose expan-
sion is ‘orchestrated’ [32, p 27] by the Chinese
state in an (isolated) Chinese ‘sphere of influence’
[45, p 10, 15, p 2]. Instead, a more accurate char-
acterization of the emerging network over time is
that of a highly interconnected, emergent, dynamic
and self-organizational nature of a heterogenous set
of involved Chinese and Western actors. This sup-
ports the value of understanding the complex and
‘messy’ realities on the ground from the Chinese
and Western foreign expansion as co-evolving CASs.
Further research into the long-term impact of the
observed convergence could be of use to future global
energy financiers.

4. Implications for public policy

There is a pressing necessity to redirect the CDI port-
folio of support for power plant infrastructure out-
side of China, which is presently significantly inves-
ted in coal-fired capacity, towards paths with lower
carbon intensity. Power plants are long lived assets
and investment in coal-fired plants now will cre-
ate lock-in to this fuel for decades to come [23].
However, we observe that more than 70% of all
involved actors in Chinese fossil-fuel-based (mostly
coal-fired) power plants have non-Chinese origins
with a growing prevalence of companies from five
major Western economies (Germany, USA, Japan,
UK, France) and other international actors account-
ing for nearly every third commercial transaction.
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Hence, while Chinese engagement into foreign coal
plants is strongly criticized it is also important to
acknowledge that Western companies—in particu-
lar providers of advanced technologies such as plant
turbines—play an important role in this expansion
that has been steering the pathways of the electri-
city sector of the developing world into a fossil-fuel
based . Governments and climate-policy makers from
the five major Western economies analyzed in detail
in this work might consider providing more over-
sight over outgoing commercial transnational tech-
nology coal linkages. They might, for example, con-
sider extending the OECD deal to ban export credits
for coal plants from October 2021 to the provision of
equipment and contracting services; and potentially
even question whether the neo-institutional market
logic would require more substantial adjustments
to induce the radical socio-technical change that is
needed in the global electricity sector to meet climate
goals.

In addition, the finding that more than 70%
of involved actors in CDI-funded power plants
have non-Chinese origins across all technologies
and that this fraction is increasing over time might
inform Western policymakers tasked with developing
policies to assess potential market distortions linked
to China’s BRI, as well as various critics claiming
that there is a severe lack of openness in Chinese-
supported projects. Nevertheless, the small observed
sub-sample of power plants with high levels of integ-
ration of Chinese actors (see figure S1) might have
(geo) political implications for recipient countries.
We also find that over 20 years the role of domestic
companies has remained stable (around 1/3), not
growing, in spite of many pledges and requests to sup-
port domestic capacity development [20]. Given the
criticality of power plant infrastructure—something
that is increasingly prominent in the ongoing Ukraine
war—countries might negotiate more ambitious local
content requirements and upper limits to foreign
involvement levels in domestic power plants, in par-
ticular with respect to plant ownership and opera-
tion. Such requirements would also address the sig-
nificantly lower domestic involvement levels for CDI-
as well as Western-backed MDB-funded power plants
in our sample when compared to remaining power
plants in recipient countries. Likewise, international
developmental institutions should wrestle with these
findings because they question the extent to which
the reduced domestic involvement levels in their sup-
ported plants reflects their mandates to foster local
development.

Finally, the global network perspective developed
in this work emphasizes the highly interconnected
and dynamic nature of interactions among a hetero-
genous set of Chinese and Western actors. Our res-
ults highlight the importance of leaving behind, or
at least questioning, the, often prevalent, narrative in
qualitative research and in the international discourse
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of a bipolar world with China and the West as two
opposed monolithic blocks, as this does not reflect
the ‘messy’ and complex reality on the ground. Given
the heterogeneity of involved actors, a more differen-
tiated micro-data-driven approach that goes beyond a
generic BRI project classification is needed. This work
has also demonstrated how complexity theory and,
in particular, the concept of CASs in combination
with social network modeling techniques (i.e. com-
munity detection algorithms, spatial network visu-
alization) is a promising approach to improve our
understanding of complex multi-actor relationships
and their evolution to inform policy and research
alike.

Data availability statement

The data on power plant funding activities from CDIs
and MDBs for power plants globally in the period
1999-2020 has been compiled by the authors of this
work as described in more detail (incl. a specific-
ation of used publicly available sources) in Sauer
et al (2022, https://doi.org/10.1016/j.gloenvcha.2022.
102553). We extend this dataset to involve commer-
cial actors along the power plant value chain of those
publicly supported power plants by using the com-
mercial power plant dataset GlobalData (2020) and
other publicly available sources (see method section).
While we provide sufficient detail for replication of
the dataset (see section ‘dataset description’ and cor-
responding Supplemental information sections) we
are unable to provide access to the underlying unit-
level power plant data from GlobalData (2020) as this
part of the data is proprietary and subject to a fee-
based data access license (i.e. our data use agreement
does not allow for making the unit-level data access-
ible). Non unit-level views on the data are provided
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publication because they contain commercially sens-
itive information. The data that support the findings
of this study are available upon reasonable request
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