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ABSTRACT

Clean and affordable energy is crucial to achieve a sustainable future. Despite being controversial, hydropower remains the predominant low-cost and reliable source
of energy at global level, as it stabilizes the provision of electricity and it bears the power peaks without losing efficiency. However, hydropower requires huge
upfront investments and patient functional capital. Under the Paris Agreement, countries committed to direct financial capital flows towards a low-emission pathway
in order to enable the transition. Furthermore, private capital strongly engaged with a transition towards a climate-smart economy. The aim of this work is to study
the investment system behind hydropower, investors’ behaviour and the optimal allocation of finance to favour the deployment of capital flows. We use Bloomberg
Energy Finance database to track public—private investments over the past century (1903-2020). We use network models to represent the hydropower project
financing landscape as a network of co-investments. We find that investors are highly localized, with continental players mostly interacting with counterparts in the
same area of the world. Powerful exceptions are international organisations and multilateral banks which coinvest across the globe. They also tend to support low-
income and fragile countries, meeting their mandate of sustainable development champions. Multilateral banks and international organisations are the most critical
actors in enabling public-private co-investments; they activate partnerships with a wider diversity of investors within the network creating more opportunities for
blended finance tools. Our results offer a novel perspective on finance for the energy transition: it challenges the idea that more capital invested is better and calls for

a more efficient allocation of the available resources.

1. Introduction

Supporting the transition towards a carbon neutral global economy
requires the conversion of our energy systems to fully renewable sources
(Bogdanov et al., 2019; McCollum et al., 2018). To work, this trans-
formation calls for the mobilization of required financial capital, beside
technological and knowledge transfers (IRENA, 2019; Van de Putte
et al., 2020). Over the past decades, solar and wind technologies have
witnessed growth in investment and capacity (IEA, 2020) and their role
is expected to increase in the future (McCollum et al., 2018). However,
hydropower remains the primary renewable energy technology by ca-
pacity and generation (IEA, 2020) accounting for approximately 60% of
international investment flows in renewable energy (Renewable Energy
Agency, 2020). In particular, hydropower is at the core of several
developing countries’ energy systems (IEA, 2020), where it provides the
base for energy security and makes progress towards the UN Sustainable
Development Goals. As such, hydropower helps to fill the “transition
gap”: it supplies low-cost clean electricity and continuous power with
existing infrastructure while countries integrate other emerging and

clean technologies into their energy systems.

Despite its importance in the overall energy mix, capacity additions
and investments in hydropower have been showing a decreasing trend
for the last five consecutive years (2019 global net additions declined
45% with respect to 2018 (IEA, 2020). The need for significant capital
investment, along with the controversial socio-economic and environ-
mental impacts of hydropower facilities, constrain project development
(Ansar et al., 2014). Indeed, financing hydropower projects requires
investors to pay large upfront capital and lock-in their capital for de-
cades (hydro projects can last for 100 years), while also bearing high
investment risks (Markkanen et al., 2020). A large hydropower dam on
average costs more than a billion dollars (Ansar et al., 2014), carries
relevant construction/development risks, domestic risks associated with
emerging economies (macroeconomic conditions, business confidence,
policy uncertainties and regulatory frameworks), and has a long-term
repayment period (Markkanen et al., 2020). These factors imply that
financial actors must be assembled to ensure access to finance for hydro
projects and have patient capital to stay through the natural cycle of the
investment. As a result, a complex architecture of investors, project
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financing structures and efficient capital allocation are vital to enhance
future hydropower development.

Currently we have limited understanding of these aspects, as the
focus on increasing the financial flows for the transition has diverted
attention away from who is operating in this space and how (Mazzucato
& Semieniuk, 2018; Polzin et al., 2019). Few researchers have investi-
gated the complex landscape of finance for low-carbon technologies
(Buchner et al., 2019; Hong et al., 2020; Mazzucato & Semieniuk, 2018;
Naran et al., 2020; Nelson & Pierpont, 2013; Zhang, 2020), and there is
scarce evidence on which financial actors and investment models (e.g.
public and private partnerships, blended finance (UNEP, 2016), private
or public sector leadership (Geddes et al., 2018; Kumar, 2015)) are more
relevant to enhance equitable financial access and energy security
around the globe. For instance, North and Sub-Saharan Africa, together
with South Asia collectively received only 15% of global climate
financing flows between 2013 and 2018 (Naran et al., 2020). Current
literature also lacks a technology-specific financial outlook (Mazzucato
& Semieniuk, 2018) and tends to assess the importance of different ac-
tors by using aggregated international financial flows as a key metric
(Naran et al., 2020).

Our study responds to these crucial policy questions by showing how
a just transition can be accelerated around the world through improving
access to finance for hydropower. We explore which investment models
and co-investment patterns have driven hydropower deployment over
the past century (1903-2020) and what are the implications for its
future financing. First, we detect how different actors co-mobilised the
capital needed for hydropower projects at global level. Second, we zoom
into the most critical investors who hold the project finance landscape
together, allowing capital to flow from developed to developing nations.
Finally, we investigate investors’ facilitator role in the investment chain
and assess their ability to activate public-private partnerships (PPPs)
over time.

Our results show that public and international institutions are the
critical actors driving hydro finance through multilateral and bilateral
financing mechanisms and global PPPs. These investors interact both
within and across distant communities (meant as clusters of highly
connected investors) acting as connectors and allowing finance to reach
the most vulnerable areas. They integrate climate objectives into their
development goals by mandate, enhancing economic prosperity and
sustainable growth, while also boosting clean and affordable energy
sources. This virtuous investment cycle is enabled by the diversity of
partnerships activated by international institutions, who pave the road
for banks and private actors across multiple countries.

As one of the biggest challenges in sustainable energy transitions is
likely to be in developing countries, our effort serves as a policy base to
ensure equitable access and effective capital allocation for hydropower,
the principal energy source in these regions. A strong investment ar-
chitecture and effective investment channels will accelerate sustainable
power deployment while leaving room for new technologies in the en-
ergy transition.

2. Data and methods

Our analysis is based on small and large hydro investments over the
past century (1903-2020) (Bloomberg New Energy Finance dataset),
which combines information about project finance, the economic actors
involved and the related transactions. In particular, key project infor-
mation includes its value, capacity, and location, financing structure
used, and actors involved (e.g. current owner, project developer). In
addition, details of companies and organisations involved in developing
and financing hydropower projects, such as their country and business
description, as well as transaction-specific data, such as the type of
finance: debt and equity.

We focus the analysis on completed small and large hydropower
projects. We merge the project, transactions, and organisations database
to obtain a complete overview of hydropower project financing at global
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level. After merging and cleaning, we obtain a dataset of 3610 obser-
vations, where each record represents a financial transaction referring to
a specific project as described by a unique ID. We assign categories
(Table 1) to each investor to reflect their nature and business, through a
combination of automated and manual routines based on Bloomberg’s
categorization data (e.g. “Public” and “Private”). We filled the missing
company-reported information by analysing the companies’ abstract
reported in the Bloomberg database and through a manual search.

We represent the hydropower project financing landscape as a set of
interactions (links) between investors (nodes) (Fig. 1). At the micro
level, investors raise (equity) and borrow (debt) capital to finance pro-
jects (Head, 2006) depending on their heterogeneous preferences,
market expectations and risk appetite (Barazza & Strachan, 2020; Ber-
gek et al., 2013; Kaminker et al., 2015; Mazzucato & Semieniuk, 2018).
Nodes belong to two disjoint and independent sets and they are linked
through a direct connection from equity (Q) to debt (B). Hence, links
between nodes materialise in the presence of at least one loan or bond
between an equity and debt investor. Links are all equal (i.e. the network
is unweighted) and they form a complex network of interactions,

Table 1
Investor categories.
Type Ownership  Sub-activity Description
Non- Private Renewable Energy ~ Core focus on renewables.
financial Company Typically, component

types manufacturers, project
developers, O&M services in RE
Core focus on traditional energy
sources. Can have renewables
in portfolio, but they are highly
involved in conventional
energy. Typically, component
manufacturers, project
developers, O&M services in
conventional energy

Main business is the generation
and distribution of energy.
They are not state-owned, nor
public. Generation and
distribution are two necessary
conditions

All remaining private non-
financial companies, including
engineering and construction
companies whose main
business is not in the energy
sector

Energy Company

Private Utility

Diversified

Public Public Utility Main business is the generation
and distribution of energy.
Owned by largest share by
public actors

Government Government ministries,

Agency authorities, municipalities,
councils, research institutions,
universities

State-owned All remaining state-owned non-

Institution financial companies e.g. oil and
gas exploration companies.
These institutions are both
private and public

Financial Private Commercial Bank Main business is commercial
types banking

Institutional Non-bank financial companies

Investor e.g. private equity firms,
pension funds, investment
funds, insurance companies

Non-profit Foundations, co-operatives,

investor community organisations

Public Public Bank State-owned commercial banks,

national development banks,
export credit agencies
Multilateral development banks
and funds, organisations and
institutions

International and
multilateral actors
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BNEF hydropower asset transaction data
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Project Name Date Debt Investors Equity investors
Hydropower A DD/MM/YYYY Bank A, Bank B Company A
Hydropower B DD/MM/YYYY Bank A, Bank C Company B
Hydropower C DD/MM/YYYY Company B

Bipartite network representation

Equity nodes

Company B

Debt nodes

Fig. 1. Representation of bipartite network structure derived from BNEF asset transaction data.

organized in structures, namely communities. Communities are groups
of investors more densely connected than the rest of the system (New-
man, 2006). Communities also simplify the study of the system by acting
as meta-levels and highlighting properties that would otherwise have
been neglected (Newman, 2006).

We identify communities by clustering links between nodes to assess
whether investors belong to overlapping communities, a commonly
observed feature in real world networks (Palla et al., 2005, Palla et al.,
2007). We extract link communities from the empirical network by
mirroring existing literature (Ahn et al., 2010; Kalinka & Tomancak,
2011). We measure the similarity between pairs of links ey and ey
sharing at least a node k. Similarity is obtained from the Jaccard coef-
ficient, which measures the asymmetries between two variables (see
Supplementary material for details). Pairwise similarities are the seeds
of a hierarchical dendrogram where branches describe communities.
Communities are formed by links occupying a unique position and nodes
assigned to multiple clusters. This setup responds to an economic intu-
ition: investors may potentially belong to multiple groups (regions,
countries, legal status, mandate). On the contrary, links between them
exist for a particular purpose (de-risking investments, forming a new
partnership). Hence, connections are unique, while investors populate
different clusters.

To further understand the financing structure behind hydropower
investments, we compute a community-based centrality score (CC). The
CC is strongly anchored to the link community structure. In fact, well-
connected investors are not just the ones with many active co-
investments, but rather those who operate in communities with high
connecting power. Investors with high CC score will belong to com-
munities capable of reaching distant groups of actors, hence spreading
the available financial resources to different players. We express CC
(equation a) as the weighted sum of communities a node belongs to over
the X communities weighted by the average similarity between pairs of
communities:

where the communities X to which node i belongs to are summed
together; S(j, k) is the similarity between community jandk defined as
the Jaccard coefficient for the shared nodes between each pair of com-
munities. The summation is averaged over m communities paired with
community j where node i also belongs.

Finally, we measure the ability of each investor to form pub-
lic—private partnerships (PPPs). Public-private partnerships (PPPs) are
becoming an increasingly popular investment model to bridge different
expertise and knowledge gaps (Head, 2006; Reagans & McEvily, 2003).
Investors act as brokers of information: the more diverse their network,
the lower their risk on investing in low-return projects (Reagans &
McEvily, 2003). PPPs also support coordinated objectives by crowding
in private finance to maximize the provision of capital. In the climate
finance domain, being connected to diverse stakeholders helps de-risk
projects, ensures the sustainability of long-term commitments (Bayliss
etal., 2020; UNDP, 2020) and triggers virtuous learning mechanisms via
co-investments (Geddes & Schmidt, 2020).

We introduce a novel metric, the Partnership Index (PI), to assess the
strength of each investor in forming connections with diverse stake-
holders (equation b). The PI acknowledges the role of network structure
in influencing the resource transfer process (see details in Supplemen-
tary material). The metric builds upon the intuition described by Burt
(1983) in social networks and applied by Reagans & McEvily (2003),
where investors connected to multiple groups access a wider pool of
information and do not process redundant knowledge. The PI is an
investor-specific measure of diversity: the wider the set of connections
with different actors, the higher the index. Given the capital and time-
intensive nature of hydropower projects, diverse co-investments allow
each player to solve multiple challenges.

We compute the PI (equation b) for the whole time series and across
different time splits. Hence, we checked whether investors opened
market opportunities to incumbents overtime, leading to a crowding-in
effect and pooling together private and public finance.

This metric is the ratio of two sums. The numerator counts investor
i’s connections with Ny distinct categories of investor, where z; = 1 if the
connection to category j exists and 0 otherwise. The denominator counts
the N connections of node i with all other investors q. The ratio describes
the extent to which the connections of node i are spread between
different categories of investor.
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3. Results
3.1. How investors group together and why it matters

Our dataset well represents the distribution of hydropower facilities
at global levels. Our dataset is widely dominated by smaller projects (in
value) especially prior to 2000s (Fig. 2). Small hydropower projects
range between 0.070 and 674 MW and include Run of River, Existing
Dam and New Dam projects. We observe a substantial interest in East
Asia and the Pacific and a growing wide investment trends in Latina
America and the Caribbean (with Brazil as a hydropower champion).

We find that renewable energy firms are the dominant players of the
equity market (Fig. 2a, Supplementary material), followed by private
utilities. This is striking in the top three countries (per transaction
value): Brazil, China and United States. The market structure differs in
Japan, where private utilities take the largest share. Public banks and
commercial banks shape the debt market (Fig. 2b, Supplementary ma-
terial). Different countries have distinct market structures: while some
are oriented towards a more publicly-owned form of debt (Brazil and
Costa Rica), others are stimulated by loans and bonds provided by
commercial banks (i.e. Turkey and Spain).

We move to the study of the characteristics of the network of hy-
dropower finance investments to detect possible regularities and
important features of the global landscape. We find a strong presence of
hubs in the debt network. Hubs are nodes with a number of links that
greatly exceeds the average. The topological analysis reveals the exis-
tence of a community structure. Hubs act as connectors of often distant
groups of investors. We find 95 overlapping communities (groups of
related investors (Girvan & Newman, 2002)), where different players
connect for a common goal (e.g. forming a new partnership) rather than
reflecting their specific characteristics (business nature or mandate).

The investor community analysis reveals geographical investment
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patterns. In far-east Asian countries (Korea and Vietnam) the in-
teractions between domestic investors (i.e. community density) are
more frequent compared to the rest of the world. In India, the financial
landscape is dominated by domestic state-owned banks, while Japan has
a strong presence over the continent through the investment made by its
second biggest bank, namely Sumitomo Mitsui Banking Corporation and
a private utility (Kansai Electric Power Co Inc.). Brazil has a similar
investment architecture, where investors act through the BNES, which
facilitates transactions in both large and small hydropower projects.
Investors mainly cluster together at national and regional level con-
firming the existence of a “home bias” in investments (Lindblom et al.,
2018).

Multilateral, bilateral and blended finance agreements constitute a
powerful exception to home-bias (Fig. 3) and they reveal important in-
sights about different contract structures in the hydropower financing.
Multilateral development banks provide mainly multilateral finance to
host countries directly. While bilateral finance includes primarily loans
and debt reliefs to finance large hydropower projects in low-income
African (Angola, Cameroon, Uganda and Zambia) and Asian middle-
income countries (Indonesia and Thailand) by far-East actors (China,
Korea and Japan), as well as in selected East European countries
(Armenia and Georgia). Finally, blended finance agreements include
bilateral finance institutions, governmental budget and private com-
panies. These contracts are usually complex in their nature as they often
rely on a set of mixed actors and subsidiaries of the national govern-
ments. They increase beneficiaries’ public debt and they have a strong
uptake in the African continent (Mali, Burundi, Senegal and Uganda)
and in low-income Asian countries (i.e. Pakistan). We observe a strong
presence of foreign investors in lower-income countries. These players
are not limited to the pool of international institutions and organisa-
tions, but they also include private utilities, commercial banks and
renewable energy firms.
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Fig. 2. Distribution of hydropower facilities per continent, capacity and transaction value.
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Fig. 3. a. The most connected communities in the hydropower investment landscape. Community density signals the presence of a strong geographical home bias,
with few actors (here with pie charts) connecting distant communities: b. the most central actors as key links across geographies. They predominately link investors

operating in Africa, far-east and south-east Asia.

Multilateral and bilateral institutions are also highly ranked by CC
values: 40% of the highest 20 ranked investors by centrality score are
international actors and multilateral organisations. We find that by
connecting investors in distant geographies, they boost hydropower
deployment globally and embody the globalized nature of the financial
system. Moreover, highly central actors are involved in at least one large
(>50 MW) hydropower project, where the highest capital disbursement
is concentrated.

The International Finance Corporation (IFC) ranks first in terms of
CC and connects several overlapping communities (including South
America and Africa). It enables co-investments between governmental
agencies (e.g. Uganda Development Corporation), renewable energy
firms (e.g. Nachtigal Hydro Power Co), international development
agencies (e.g. Aga Khan Fund for Economic Development) and institu-
tional investors (e.g. CDCD Group). Highly ranked investors also affect
other investors’ centrality, revealing a strong network effect. For
instance, the second ranked investor is Nachtigal Hydro Power Company
(NHPC), a private company jointly owned by Electricité de France (EDF,
40%), International Finance Corporation (IFC, 30%) and the Republic of
Cameroon (30%). NHPC shares with the IFC the interests in the African
continent and operates with other international organisations (i.e. Eu-
ropean Bank for Reconstruction and Development, African Development
Bank, OPEC Fund for International Development) in other continents.

Our community findings highlight the challenge of mobilizing funds
for developing countries. Since most finance is sourced domestically and
mature capital markets are mainly in developed countries, the most
central group of investors (e.g. multilateral and bilateral institutions)
play a key role in redirecting financial flows across borders. The
mismatch between geographical location of investment needs and
available capital, also implies the need to find novel mechanisms to
attract and crowd-in private finance especially in developing countries,
underlining the complexity behind project finance for the energy
transition.

3.2. Partnerships as crucial leverage to ensure access to finance globally

We observe that many of the most central investors facilitate con-
nections between financial actors operating under a diverse governance
(national, regional and international) and legal (public and private)
structure. These relationships help to raise public and private funds for
strategic objectives (e.g. climate and development), while attracting
new stakeholders in the form of partnerships.

Multilateral and bilateral institutions, alongside commercial banks
are the top investors per PI (Table 2). Multilateral and bilateral in-
stitutions, as well as development agencies, typically form consortia to

Table 2
The top ten investors by partnership index across the whole timeframe.
Investor Centrality ~ Partnership Category
Index
African Development Bank 1 0.875 International and
multilateral
actors
European Investment Bank 2.9 0.852 International and
multilateral
actors
Nederlandse Financierings- 2.8947 0.837 Public Bank
Maatschappij voor
Ontwikkelingslanden NV
International Finance 5.5651 0.835 International and
Corporation multilateral
actors
BNP Paribas SA 3.5714 0.833 Commercial Bank
Sumitomo Mitsui Banking Corp 3.6349 0.83 Commercial Bank
Inter-American Development 1 0.82 International and
Bank multilateral
actors
Asia Development Bank 3.6071 0.817 International and
multilateral
actors
Societe de Promotion et de 1 0.815 Public Bank
Participation pour la
Cooperation Economique SA
Export Import Bank of Thailand ~ 2.8889 0.815 Public Bank

provide debt financing to renewable energy companies or governmental
agencies of the host country. Commercial banks interact with other
banking entities and form partnerships with multilateral institutions.
Commercial banks trigger a project financing structure that enables
large hydropower projects across the world. The top ten investors by PI
promoted projects located mainly in developing and emerging countries
(e.g Uganda, Peru, China, India and Vietnam) (Fig. 4). This signals their
role in enabling capital to flow: by reaching the most vulnerable and
triggering investments where financial infrastructures are more fragile.
Fig. 5..

The role of actors in activating partnerships has evolved overtime.
Prior to the 1970s and up to the 1980s, multilateral banks (e.g. The
Asian Development Bank, the IFC, the World Bank Group) have played a
central role in enabling partnerships across the world. The hydropower
project financing infrastructure changed over the 1990s especially in
developing countries, with the entrance of private utilities, renewable
energy firms and commercial banks as key facilitators of PPPs in Africa
and far-east Asia. In the first decade of the new century, we observe a
renewed interest of multilateral and bilateral institutions, including
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Fig. 5. The location of investments: colors indicate the frequency of partnerships in a given country as activated by the top ten actors.

European players (e.g. European Bank for Reconstruction and Devel-
opment, European Investment Bank), which is consistent with the need
to support developing countries in both “management and develop-
ment” (The World Bank, 2003) of their resources. The 2010s presents a
mixed public-private project financing infrastructure. Largely, multi-
lateral and bilateral institutions enabled business opportunities for
incumbent and smaller players, widening the diversity of active in-
vestors in hydropower project financing.

Our analysis shows the relevance of different investors in activating
and promoting PPPs for hydropower projects as important mechanisms
to access finance globally - they indeed leveraged private capital,
especially in the areas with most need. The effectiveness of PPPs is
strictly linked to the underlying project financing structures and seems
essential to ensure a just transition where climate objectives go together
with other SDGs.

4. Discussion and conclusions

The Paris Agreement recognises the need to align finance consis-
tently with “climate-resilient development” (UNFCCC, 2015). The wake-
up call is coherent with other existing frameworks (e.g. the Addis Ababa
Action Agenda (United Nations, 2015a) and the 2030 Agenda for Sus-
tainable Development (United Nations, 2015b)), but it is still far from
being sufficient. Maximising the uptake, spread and efficiency of
renewable technologies is a key challenge, especially in the most
vulnerable areas of the world. Finance supports the shift: enhancing a
sustainable and just transition strongly depends on a more equitable
access to finance. This analysis moves the attention towards which in-
vestment channels and actors maximise the available financial resources
for hydropower. Rather than asking how much more capital we need,
our approach points to who is better to spread the capital. This is
essential in hydropower resources given the technology suffers from
declining investment trends (IEA, 2020) despite its role in supporting
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several developing economies.

Our work reveals the systemic complexity of hydropower project
financing models. It highlights how investors cluster together and
identifies the key actors in crowding-in public and private efforts to
reach the most vulnerable. As finance is dominated by strong home bias,
investments in such areas still depend on effective public—private part-
nerships (Ahmad et al., 2019; Hodge et al., 2018) that cross borders and
connect diverse stakeholders. Partnerships are also crucial in promoting
learning through co-investments and in supporting systemic trans-
formations (Geddes & Schmidt, 2020). We find that international actors,
multilateral development banks and bilateral institutions have been
critical in widening the market for incumbents, crowding-in different
active investors in hydropower project financing. Our findings reinforce
the need for a global policy agenda (Finance in Common, 2020; G20,
2017), but also highlights the importance of the commercial banking
sector in boosting a more equal deployment of financial resources.

Strong partnerships have also allowed countries to make progress
towards their NDCs, especially where hydropower played a central role
in the energy system. For instance, in its updated NDC, Vietnam iden-
tified the maximization of hydropower production as a key priority, in
line with improved mobilization of capital “for investments in devel-
oping the power sector” (The Socialist Republic of Vietnam, 2020). India
also presented hydropower as an essential energy source in its NDC
(India, 2016), which is consistent with its pressing domestic energy se-
curity objectives. As highlighted by the NDC Partnership Forum
(UNFCCC, 2020), solid partnerships are critical to boost a sustainable
economic recovery after the COVID-19 pandemic to meet the objectives
declared in the single NDCs while restructuring economic prosperity
after the shock.

Our findings open new research questions. Partnerships could be also
powerful tools to align the energy transition objectives with debt sus-
tainability. If successful in building mature markets, partnerships can
promote a sustainable domestic environment for investments, reducing
the occurrence of debt instruments. Indeed, while creating a space for a
tighter climate-development nexus, the strong dependency of devel-
oping countries on public resources can increase the pressure on public
debt. International, bilateral and multilateral actors are increasingly
deploying finance through non-concessional resources (OECD, 2018),
which ultimately contributes to higher levels of indebtedness among
many developing countries. Understanding the consequences of term
and development loans and which financing mechanisms ensure debt
sustainability, has to become part of the energy transition agenda (Buhr
& Volz, 2018).

Finally, future assessments of equitable project finance for hydro-
power will need to account for changing climate conditions. Past, pre-
sent and future projects require updated projections of water availability
to estimate the return on investments under different conditions (Far-
inosi et al., 2020) hence altering the profitability of different investment
models. The use of systemic approaches can incorporate these questions
in the policy agenda and fill the existing transition gap that threatens the
success of a just transition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements

This project has received funding from the European Research

Council (ERC) under the European Union’s Horizon 2020 research and
innovation programme (grant agreement No 802891).

Global Environmental Change 74 (2022) 102518
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gloenvcha.2022.102518.

References

Ahmad, E., Dowling, D., Chan, D., & Godfrey, N., 2019. Scaling Up Investment for
Sustainable Urban Infrastructure: A Guide to National and Subnational Reform |
Coalition for Urban Transitions. https://urbantransitions.global/en/publication/sca
ling-up-investment-for-sustainable-urban-infrastructure-a-guide-to-national-and-su
bnational-reform/.

Ahn, Y.-Y., Bagrow, J.P., Lehmann, S., 2010. Link communities reveal multiscale
complexity in networks. Nature 466. https://doi.org/10.1038/nature09182.

Ansar, A, Flyvbjerg, B., Budzier, A., Lunn, D., 2014. Should we build more large dams?
The actual costs of hydropower megaproject development. Energy Policy 69, 43-56.
https://doi.org/10.1016/j.enpol.2013.10.069.

Barazza, E., Strachan, N., 2020. The impact of heterogeneous market players with
bounded-rationality on the electricity sector low-carbon transition. Energy Policy
138, 111274. https://doi.org/10.1016/j.enpol.2020.111274.

Bayliss, K., Bonizzi, B., Dimakou, O., Laskaridis, C., Sial, F., & Van Waeyenberge, E.,
2020. The use of development funds for de-risking private investment: how effective
is it in delivering development results? doi:10.2861/09434.

Bergek, A., Mignon, 1., Sundberg, G., 2013. Who invests in renewable electricity
production? Empirical evidence and suggestions for further research. Energy Policy
56, 568-581. https://doi.org/10.1016/j.enpol.2013.01.038.

Bogdanov, D., Farfan, J., Sadovskaia, K., Aghahosseini, A., Child, M., Gulagi, A.,
Oyewo, A.S., de Souza Noel Simas Barbosa, L., Breyer, C., 2019. Radical
transformation pathway towards sustainable electricity via evolutionary steps.
Nature Commun. 10 (1), 1077. https://doi.org/10.1038/541467-019-08855-1.

Buchner, B., Clark, A., Falconer, A., Macquarie, R., Meattle, C., Tolentino, R., &
Wetherbee, C., 2019. Global Landscape of Climate Finance 2019.

Buhr, B., & Volz, U., 2018. Climate Change and the Cost of Capital in Developing
Countries - UNEP Inquiry. https://unepinquiry.org/publication/climate-change-an
d-the-cost-of-capital-in-developing-countries/.

Burt, R.S., 1983. Range. In: Burt, S.R., Minor, M.J. (Eds.), Applied Network Analysis.
Sage, pp. 176-194.

Farinosi, F., Dosio, A., Calliari, E., Seliger, R., Alfieri, L., Naumann, G., 2020. Will the
Paris Agreement protect us from hydro-meteorological extremes? Environ. Res. Lett.
15 (10), 104037 https://doi.org/10.1088/1748-9326/aba869.

Finance in Common, 2020. Joint Declaration of all public development banks in the world.

G20, 2017. G20 Operational Guidelines for Sustainable Financing (Issue March). https
://www.bundesfinanzministerium.de/Content/EN/Standardartikel /Topics/worl
d/G7-G20/G20-Documents/g20-operational-guidelines-for-sustainable-financing.
pdf?_blob=publicationFile&v=1.

Geddes, A., Schmidt, T.S., Ste, B., 2018. The multiple roles of state investment banks in
low-carbon energy finance: An analysis of Australia, the UK and Germany. Energy
Policy 115 (December 2017), 158-170. https://doi.org/10.1016/j.
enpol.2018.01.009.

Geddes, A., Schmidt, T.S., 2020. Integrating finance into the multi-level perspective:
technology niche-finance regime interactions and financial policy interventions. Res.
Policy 49 (6), 103985. https://doi.org/10.1016/j.respol.2020.103985.

Girvan, M., Newman, M.E.J., 2002. Community structure in social and biological
networks. Proc. Natl. Acad. Sci. U. S. A. 99 (12), 7821-7826. https://doi.org/
10.1073/pnas.122653799.

Head, C., 2006. The Financing of Water Infrastructure A Review of Case Studies.

Hodge, G., Greve, C., Biygautane, M., 2018. Do PPP’s work? What and how have we been
learning so far? Public Manage. Rev. 20 (8), 1105-1121. https://doi.org/10.1080/
14719037.2018.1428410.

Hong, H., Karolyi, G.A., Scheinkman, J.A., 2020. Climate finance. Rev. Financial Stud. 33
(3) https://doi.org/10.1093/rfs/hhz146.

(IEA), I E. A. (2020). IEA Tracking Report 2020.

India, R. of., 2016. India’s Intended Nationally Determined Contribution (INDC).
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/India First/INDIA
INDC TO UNFCCC.pdf.

IRENA, 2019. Global energy transformation: A roadmap to 2050.

Kalinka, A.T., Tomancak, P., 2011. linkcomm: An R package for the generation,
visualization, and analysis of link communities in networks of arbitrary size and
type. Bioinformatics 27 (14), 2011-2012. https://doi.org/10.1093/bioinformatics/
btr311.

Kaminker, C., Eklin, K., Kawanishi, O., Youngman, R., 2015. Mapping Channels to
Mobilise Institutional Investment in Sustainable Energy. In: Kaminker, C.R. (Ed.),
OECD Publishing. OECD Publishing. https://doi.org/10.1787/9789264224582-en.

Kumar, N., 2015. National Development Banks and Sustainable Infrastructure in South
Asia.

Lindblom, T., Mavruk, T., Sjogren, S., 2018. East or west, home is best: the birthplace
bias of individual investors. J. Bank. Finance 92, 323-339. https://doi.org/10.1016/
j.jbankfin.2016.10.002.

Markkanen, S., Plummer Braeckman, J., Souvannaseng, P., 2020. Mapping the evolving
complexity of large hydropower project finance in low and lower-middle income
countries. Issue 2. In: FutureDAMS Working Paper. https://doi.org/10.3934/
gf.2020009.


https://doi.org/10.1016/j.gloenvcha.2022.102518
https://doi.org/10.1016/j.gloenvcha.2022.102518
https://urbantransitions.global/en/publication/scaling-up-investment-for-sustainable-urban-infrastructure-a-guide-to-national-and-subnational-reform/
https://urbantransitions.global/en/publication/scaling-up-investment-for-sustainable-urban-infrastructure-a-guide-to-national-and-subnational-reform/
https://urbantransitions.global/en/publication/scaling-up-investment-for-sustainable-urban-infrastructure-a-guide-to-national-and-subnational-reform/
https://doi.org/10.1038/nature09182
https://doi.org/10.1016/j.enpol.2013.10.069
https://doi.org/10.1016/j.enpol.2020.111274
https://doi.org/10.1016/j.enpol.2013.01.038
https://doi.org/10.1038/s41467-019-08855-1
https://unepinquiry.org/publication/climate-change-and-the-cost-of-capital-in-developing-countries/
https://unepinquiry.org/publication/climate-change-and-the-cost-of-capital-in-developing-countries/
http://refhub.elsevier.com/S0959-3780(22)00056-5/h0050
http://refhub.elsevier.com/S0959-3780(22)00056-5/h0050
https://doi.org/10.1088/1748-9326/aba869
https://www.bundesfinanzministerium.de/Content/EN/Standardartikel/Topics/world/G7-G20/G20-Documents/g20-operational-guidelines-for-sustainable-financing.pdf?__blob=publicationFile%26v=1
https://www.bundesfinanzministerium.de/Content/EN/Standardartikel/Topics/world/G7-G20/G20-Documents/g20-operational-guidelines-for-sustainable-financing.pdf?__blob=publicationFile%26v=1
https://www.bundesfinanzministerium.de/Content/EN/Standardartikel/Topics/world/G7-G20/G20-Documents/g20-operational-guidelines-for-sustainable-financing.pdf?__blob=publicationFile%26v=1
https://www.bundesfinanzministerium.de/Content/EN/Standardartikel/Topics/world/G7-G20/G20-Documents/g20-operational-guidelines-for-sustainable-financing.pdf?__blob=publicationFile%26v=1
https://doi.org/10.1016/j.enpol.2018.01.009
https://doi.org/10.1016/j.enpol.2018.01.009
https://doi.org/10.1016/j.respol.2020.103985
https://doi.org/10.1073/pnas.122653799
https://doi.org/10.1073/pnas.122653799
https://doi.org/10.1080/14719037.2018.1428410
https://doi.org/10.1080/14719037.2018.1428410
https://doi.org/10.1093/rfs/hhz146
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/India+First/INDIA+INDC+TO+UNFCCC.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/India+First/INDIA+INDC+TO+UNFCCC.pdf
https://doi.org/10.1093/bioinformatics/btr311
https://doi.org/10.1093/bioinformatics/btr311
https://doi.org/10.1787/9789264224582-en
https://doi.org/10.1016/j.jbankfin.2016.10.002
https://doi.org/10.1016/j.jbankfin.2016.10.002
https://doi.org/10.3934/gf.2020009
https://doi.org/10.3934/gf.2020009

F. Larosa et al.

Mazzucato, M., Semieniuk, G., 2018. Financing renewable energy: who is financing what
and why it matters. Technol. Forecasting Social Change 127, 8-22. https://doi.org/
10.1016/j.techfore.2017.05.021.

McCollum, D.L., Zhou, W., Bertram, C., de Boer, H.-S., Bosetti, V., Busch, S., Després, J.,
Drouet, L., Emmerling, J., Fay, M., Fricko, O., Fujimori, S., Gidden, M., Harmsen, M.,
Huppmann, D, Iyer, G., Krey, V., Kriegler, E., Nicolas, C., Riahi, K., 2018. Energy
investment needs for fulfilling the Paris Agreement and achieving the Sustainable
Development Goals. Nature Energy 3 (7), 589-599. https://doi.org/10.1038/
s41560-018-0179-z.

Naran, B., Furio, V., Buchner, B., & Linstaedt, J., 2020. Global Landscape of Renewable
Energy Finance 2020.

Nelson, D., & Pierpont, B., 2013. The Challenge of Institutional Investment in Renewable
Energy (Issue March).

Newman, M.E.J., 2006. Finding community structure in networks using the eigenvectors
of matrices. Phys. Rev. E — Statist., Nonlinear, Soft Matter Phys. 74 (3) https://doi.
org/10.1103/PhysRevE.74.036104.

OECD, 2018. Multilateral Development Finance. doi:10.1787,/9789264308831-en.

Palla, G., Derényi, 1., Farkas, ., Vicsek, T., 2005. Uncovering the overlapping community
structure of complex networks in nature and society. Nature 435 (7043), 814-818.
https://doi.org/10.1038/nature03607.

Palla, G., Barabasi, A.L., Vicsek, T., 2007. Quantifying social group evolution. Nature 446
(7136), 664-667. https://doi.org/10.1038/nature05670.

Polzin, F., Egli, F., Steffen, B., Schmidt, T.S., 2019. How do policies mobilize private
finance for renewable energy?—A systematic review with an investor perspective.
Appl. Energy 236, 1249-1268. https://doi.org/10.1016/j.apenergy.2018.11.098.

Global Environmental Change 74 (2022) 102518

Reagans, R., McEvily, B., 2003. Network structure and knowledge transfer: the effects of
cohesion and range. Admin. Sci. Q. 48 (2) https://doi.org/10.2307/3556658.

Renewable Energy Agency, 1., 2020. Renewable Energy Statistics 2020. www.irena.org.

The Socialist Republic of Vietnam, 2020. Vietnam’s Intended Nationally Determined
COntribution (INDC) updated version.

The World Bank, 2003. The Water Resources Sector Strategy.

UNDP, 2020. De-risking mechanisms can increase private capital to achieve the SDGs. htt
ps://www.europe.undp.org/content/geneva/en/home/our-perspective/2017/10/
10/De-risking-mechanisms-can-increase-private-capital-to-achieve-the-SDGs-.html.

UNEP, 2016. Financial Institutions taking actions on climate change.

UNFCCG, 2015. The Paris Agreement. https://unfccc.int/sites/default/files/english_
paris_agreement.pdf.

UNFCCC, 2020. NDC Partnership Forum Identifies Ways to Help Countries Recover
Better. NDC Partnership Forum.

United Nations, 2015. Addis Ababa Action Agenda of the Third International Conference
on Financing for Development.

United Nations, 2015. Transforming our world: The 2030 agenda for sustainable
development UNITED NATIONS TRANSFORMING OUR WORLD: THE 2030
AGENDA FOR SUSTAINABLE DEVELOPMENT.

Van de Putte, A., Campbell-Holt, A., Littlejohn, G., 2020. Financing the sustainable
energy transition. In: Hafner, M., Tagliapietra, S. (Eds.), The Geopolitics of the
Global Energy Transition. Lecture Notes in Energy. Springer, pp. 257-277. https://
doi.org/10.1007/978-3-030-39066-2_11.

Zhang, F., 2020. Leaders and followers in finance mobilization for renewable energy in
Germany and China. Environ. Innov. Societal Trans. 37 (August), 203-224. https://
doi.org/10.1016/j.eist.2020.08.005.


https://doi.org/10.1016/j.techfore.2017.05.021
https://doi.org/10.1016/j.techfore.2017.05.021
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1103/PhysRevE.74.036104
https://doi.org/10.1103/PhysRevE.74.036104
https://doi.org/10.1038/nature03607
https://doi.org/10.1038/nature05670
https://doi.org/10.1016/j.apenergy.2018.11.098
https://doi.org/10.2307/3556658
http://www.irena.org
https://www.europe.undp.org/content/geneva/en/home/our-perspective/2017/10/10/De-risking-mechanisms-can-increase-private-capital-to-achieve-the-SDGs-.html
https://www.europe.undp.org/content/geneva/en/home/our-perspective/2017/10/10/De-risking-mechanisms-can-increase-private-capital-to-achieve-the-SDGs-.html
https://www.europe.undp.org/content/geneva/en/home/our-perspective/2017/10/10/De-risking-mechanisms-can-increase-private-capital-to-achieve-the-SDGs-.html
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://doi.org/10.1007/978-3-030-39066-2_11
https://doi.org/10.1007/978-3-030-39066-2_11
https://doi.org/10.1016/j.eist.2020.08.005
https://doi.org/10.1016/j.eist.2020.08.005

	Finding the right partners? Examining inequalities in the global investment landscape of hydropower
	1 Introduction
	2 Data and methods
	3 Results
	3.1 How investors group together and why it matters
	3.2 Partnerships as crucial leverage to ensure access to finance globally

	4 Discussion and conclusions
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


