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A B S T R A C T

While governments increasingly employ state investment banks (SIBs) to finance renewable energy projects,
whether these institutions’ actual behavior aligns with expectations remains uncertain. Here, we assess the
predictors of SIB involvement in renewable energy deals in OECD countries using a fixed-effects logit model.
Our results show greater SIB involvement in higher-risk technologies such as offshore wind and biomass
but decreased activity once domestic markets for solar photovoltaics mature. Contrary to what the literature
suggests, however, SIBs show no increased involvement in first projects using novel technology, unlike other
public-sector lenders, and less involvement in smaller renewable energy deals. The evidence on whether SIBs
mobilize private sector lenders or crowd them out favors the former but remains equivocal. We conclude by
discussing the implications for policymakers regarding the mandates and guidelines for SIBs.
1. Introduction

Achieving the Paris Agreement targets will require renewable en-
ergy (RE) investments of magnitudes that substantially exceed current
levels (McCollum et al., 2018; IEA, 2023; Klaaßen and Steffen, 2023).
Given the scale of investment needs, mobilizing finance from the
private sector is necessary (IPCC, 2022). While economists typically
consider a combination of carbon pricing and research subsidies to be
the optimal policy strategy to achieve this aim (Acemoglu et al., 2012),
governments use a wide variety of RE support policies such as feed-in
tariffs (FiTs) and portfolio standards (Polzin et al., 2019; Abrell et al.,
2019b). In many OECD countries, policy makers have also increasingly
used state investment banks (SIBs), i.e., publicly capitalized financial
institutions with independent day-to-day operations and a domestic
focus, as part of their policy strategy to finance RE projects and the
low-carbon transition in general (Campiglio, 2016; Cochran et al.,
2014).1 Public investment banks with “green” lending mandates exist
in numerous countries (Whitney et al., 2020), including jurisdictions
that traditionally lean toward less government intervention such as the
United Kingdom (UK) and Australia (Geddes and Schmidt, 2020). Most

∗ Corresponding author.
E-mail addresses: paul.waidelich@gess.ethz.ch (P. Waidelich), bjarne.steffen@gess.ethz.ch (B. Steffen).

1 While this paper uses the term state investment bank, other studies also refer to such institutions as national development banks (Zhang, 2020; Torres and
Zeidan, 2016).

recently, the United States set up a USD 14 billion fund to capital-
ize national clean finance institutions under the Inflation Reduction
Act (US EPA, 2023), while the European Investment Bank will raise
an additional EUR 45 billion for clean energy financing (EIB, 2023).
However, while the theoretical and empirical understanding of other
RE support policies has greatly advanced in recent years (Schmalensee,
2012; Reguant, 2019; Abrell et al., 2019a,b; Kalkuhl et al., 2013),
states’ prevalent use of SIBs to foster the clean energy transition has
received little attention.

Conceptual studies suggest that SIBs can finance projects unable to
source funds from the private sector, thus facilitating additional trans-
actions (OECD, 2016, 2017). Furthermore, they can mobilize private
financiers through signaling and derisking, allowing commercial banks
to gain experience with novel technologies (Waidelich et al., 2023;
Mazzucato and Penna, 2016; Mazzucato and Semieniuk, 2018; Geddes
et al., 2018). However, the potential deficiencies of state-owned banks,
such as lower performance and politically distorted decision making,
are well known (La Porta et al., 2002; Berger et al., 2005; Carvalho,
2014; Sapienza, 2004). As a result, the actual financing behavior of SIBs
regarding the energy transition might deviate considerably from the
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literature’s recommendations, but whether this is the case remains un-
derstudied (Polzin et al., 2019). Existing studies either investigate how
public financing in general affects RE investments (Polzin et al., 2015;
Cárdenas Rodríguez et al., 2015; Deleidi et al., 2020) or assess how
the involvement of public financial institutions affects bank syndicates,
without considering energy technologies or SIBs in particular (Gurara
et al., 2020; Broccolini et al., 2021; Degl’Innocenti et al., 2022).

Quantitative evidence on whether SIBs’ financing activities align
with theoretical rationales can guide policy makers who are considering
designing a new, green SIB or adding RE financing to the mandates
of existing institutions. Furthermore, such evidence can support future
research on the causal impacts of public financial institutions for the
clean energy transition and for technological change more generally.
Therefore, this paper addresses the following research question:

RQ. How does the financing behavior of SIBs with respect to RE technolo-
gies differ from that of private banks, and is SIBs’ actual behavior consistent
with their intended role?

To answer this question, we derive hypotheses regarding the op-
timal behavior of SIBs from the literature and test them by assessing
the predictors of SIB involvement in debt-financing new RE projects
in OECD countries using a fixed-effects logit model. We focus on debt
provision because it accounts for the majority of SIB financing (Mazzu-
cato and Macfarlane, 2017; Geddes et al., 2018). Furthermore, we limit
our sample to OECD countries because, in developing countries, the
primary role of public financial institutions like SIBs is to compensate
for the absence of deep and well-developed credit markets, which is
very different from their narrower role in countries with developed
financial sectors (Torres and Zeidan, 2016).

Our paper bridges previous empirical studies on public financing for
RE technologies and sector-agnostic econometric assessments of public
financial institutions in general. As part of the first strand, Polzin et al.
(2015) regress the newly installed RE capacity in OECD countries on
RE support policies in a fixed-effects model, reporting positive impacts
for FiTs, emission trading systems, and other policies but inconclusive
findings for public direct investment. Studying over 5000 deals in
87 countries, Cárdenas Rodríguez et al. (2015) regress private RE
investment on deal-, project-, and organization-level characteristics and
public policies in a simultaneous equation Tobit model and find mixed
effects of public on private investment. By contrast, Deleidi et al. (2020)
report a positive impact of public direct investment on country-level
private RE investment that exceeds the effect of other support policies,
including FiTs. However, none of these papers analyze the role of public
financial institutions or SIBs in particular.

Regarding the second strand of literature, Broccolini et al. (2021)
investigate the mobilization effects of multilateral development banks
on syndicated loans in developing countries using fixed-effects re-
gressions, reporting increases in private financing inflows, syndicate
sizes, and loan maturity. Similarly, Gurara et al. (2020) regress syn-
dicated loan characteristics in developing countries on the presence of
multilateral development banks in a fixed-effects model and report a
positive association with loan pricing, maturity, and the propensity to
service borrowers in high-risk countries. Degl’Innocenti et al. (2022)
regress loan syndicate structure on the presence of development banks
and report a lower syndicate concentration, particularly in times of
financial turmoil, for financially constrained borrowers, and for green
industries. These papers make important contributions regarding the
role of public financial institutions but do not consider the energy
sector or the technology risks involved. In addition, they either focus
on developing countries or group SIBs together with distinctive public
financial institutions such as public export credit agencies.

By combining these two strands, we make a twofold contribution to
the literature. First, we provide what is – to the best of our knowledge
– the first econometric assessment of SIBs’ role in RE financing and
2

the underlying drivers, thus advancing the understanding of SIBs as RE
support policies. Second, we introduce the consideration of technology-
specific risks and non-syndicated loans, which account for an important
share of SIB lending (see Section 5), into empirical assessments of
public financial institutions.

The remainder of the paper is structured as follows. Section 2 de-
rives our research hypotheses, while Sections 3–4 summarize the data
and methodology, respectively. In Section 5, we present and discuss our
findings and conclude with the overall implications for policy making
and research in Section 6.

2. Hypothesis development

We develop hypotheses on how SIBs should behave by taking into
account that SIBs are actors in the banking market and, when used to
induce RE investments, energy policy instruments at the same time.
Therefore, we build on theoretical insights and suggestions from finan-
cial and environmental economics and, more specifically, the litera-
ture on clean energy policies to derive four hypotheses on desirable
financing behavior of SIBs.

2.1. Risk-bearing ability of SIBs

Compared to private-sector actors, governments can distribute risks
among large pools of taxpayers and hence incur lower costs of risk
bearing (Arrow and Lind, 1970). SIBs are state-backed enterprises
operating on a soft budget without hard constraints in case of finan-
cial distress (Kornai et al., 2003). Therefore, they inherit the govern-
ment’s risk-bearing abilities and access to capital, whether they are
directly capitalized by the state or raise funds on the capital markets at
government-like credit ratings (Cochran et al., 2014). In high-income
countries, SIBs’ investments overwhelmingly take the form of loans,
whereas bonds, guarantees and equity investments account for minor
portfolio shares (Macfarlane and Mazzucato, 2018). Unlike commercial
banks, however, SIBs do not face the risk of deposit withdrawals (Di-
amond and Dybvig, 1983) and face lower return expectations than
privately owned investment banks. This allows them to provide financ-
ing to high-risk undertakings that provide societal benefits but may not
be financially viable at the market rate, such as small and medium-sized
enterprises (SMEs) or infrastructure projects (Stiglitz, 1993; Eslava and
Freixas, 2021; Hainz and Kleimeier, 2012).

In RE financing, a key determinant of risk is technology, which is
mirrored by substantial cost-of-capital differences between RE tech-
nologies (Steffen, 2020). These differences are partially driven by
technology-inherent characteristics. For instance, offshore wind re-
quires large upfront investments with high risks around construction
and grid access (Dukan et al., 2023), whereas biomass projects involve
high feedstock risks since supply contract lengths are typically lim-
ited (Geddes et al., 2018). However, a key determinant of a power
generation technology’s risk–return profile is its position in the tech-
nology life cycle ranging from pilot and demonstration projects to
large-scale diffusion (Wüstenhagen and Menichetti, 2012). In this life
cycle, debt financing typically occurs at the deployment stage and
facilitates a wide ramp-up by reducing financing costs (Grubb et al.,
2021). This is because relatively immature technologies with a limited
track record are less attractive for loan providers for various reasons.

First, technological developments, as well as the evolution of con-
tract and regulatory structures, can significantly improve the risk–
return structure as market shares increase (Grubb et al., 2021; Egli,
2020). Second, financiers need to build up competencies to carry out
credit screening and due diligence at low transaction costs for novel
technologies with low deployment (Polzin, 2017; Waidelich et al.,
2023) and beliefs about risk–return profiles can be sticky (Masini and
Menichetti, 2012). As a result, increases in deployment typically reduce
risk premiums and raise loan tenors through financial learning (Egli

et al., 2018; Egli, 2020).
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Against this background, there is a case for tailoring RE support
policies to technology maturity. Several studies suggest that SIBs can
leverage their risk-bearing ability to be first movers that build a track
record for novel technologies and signal commercial viability to other
lenders (OECD, 2016, 2017; Geddes et al., 2018; Geddes and Schmidt,
2020; Zhang, 2020). By absorbing high initial risks, SIBs have been de-
scribed as ‘‘creating markets’’ and fostering financial and technological
innovation (Mazzucato and Penna, 2016; Mazzucato and Semieniuk,
2017). From an economic perspective, a publicly capitalized first mover
can resolve the coordination failure between financiers to create a track
record that spills over across the financial sector (Waidelich et al.,
2023). Indeed, there is anecdotal evidence of SIBs financing lighthouse
projects,2 and the extant literature suggests that state-owned banks
in general have been key for financing growth in high-risk technolo-
gies (Mazzucato and Semieniuk, 2017, 2018). Therefore, we propose
the following hypothesis:

Hypothesis 1. SIBs are more likely to provide debt financing for projects
that use a higher-risk technology than for those that use a lower-risk
technology.

However, that SIBs have a greater risk-bearing ability does not
imply that they leverage this ability efficiently. Undue political in-
fluence and rent-seeking behavior can distort the decision-making of
all state-owned banks (Carvalho, 2014; Sapienza, 2004), which have
been found to slow down financial development (La Porta et al., 2002)
and be less profitable than their private-sector counterparts (Berger
et al., 2005). Although these findings are often less pronounced in high-
income countries (Micco et al., 2007), they suggest that state-owned
banks’ taking on of higher credit risks could also be explained by mere
inefficiencies rather than by welfare-enhancing behavior. Moreover, as
state-owned enterprises, SIBs are subject to principal–agent problems
that might lead to deviations from societal objectives (Shleifer and
Vishny, 1994). Through their mandates, SIBs typically have multiple
objectives that are difficult to measure and weigh against each other,
diffusing incentives for officials (Tirole, 1994). In particular, public
employees can have weaker incentives to invest in innovative but
unproven solutions because their personal upside in the case of success
is lower than that of private sector employees (Hart et al., 1997; Steffen
et al., 2022), leading to more risk-averse decisions. Therefore, the
state ownership literature paints a more pessimistic picture regarding
Hypothesis 1 and highlights the importance of assessing this question
empirically.

Importantly, whether a technology is high or low risk is not static
over time. Since deployment increases the financial sector’s experi-
ence with a technology, risk profiles can evolve significantly over
time (Egli et al., 2018), particularly given the dynamic capacity growth
for wind and solar PV in many jurisdictions (IRENA, 2022). Indeed,
the private sector’s willingness to finance these technologies has in-
creased, albeit not homogeneously across countries. In the case of
offshore wind, markets like the UK or Germany have matured to the
extent that the necessity for SIB support has been questioned (Geddes
et al., 2018)—whereas, in other countries, the technology’s banka-
bility remains limited without concessional finance. Therefore, unlike
technological maturity, financial maturity is driven by time-variant,
country-specific factors, such as the existence of credible support policies
and experienced financiers (Polzin, 2017; Polzin et al., 2019). However,
SIBs are typically required to provide only additional financing that
cannot be sourced from the private sector (or only at prohibitive costs).
If access to sufficiently cheap financing is provided for mature markets,
then SIBs should move on to novel, less mature technologies (OECD,

2 For instance, the Australian Clean Energy Finance Corporation set up
he Clean Energy Innovation Fund (OECD, 2017), and the German Kredi-
anstalt fuer Wiederaufbau (KfW) financed the country’s first offshore wind
ark (Geddes et al., 2018).
3

i

2016; Geddes et al., 2018). More generally, Torres and Zeidan (2016)
argue that once domestic credit markets mature, SIBs either should
turn toward indirect instruments, such as credit guarantees, and newly
targeted borrowers or should be privatized.3 Therefore, the literature
suggests that it is socially beneficial for SIBs to move counter to a
technology’s maturity cycle, leading to the following hypothesis:

Hypothesis 2. For the same RE technology, SIBs are more likely to provide
debt financing at an early stage of low deployment levels and are less likely
to provide financing at higher levels of deployment.

Of course, technology risk and maturity are only one determinant of
renewable energy finance. Project- or deal-specific characteristics can
have an equal impact on financing conditions, with the size of com-
panies and projects being an important factor (Steffen and Waidelich,
2022). Hence, SIBs and other public finance institutions are usually
mandated to provide SME financing (Eslava and Freixas, 2021; Hainz
and Kleimeier, 2012). This is justified by the fact that such enterprises
face constrained access to finance (Beck and Demirguc-Kunt, 2006;
Beck et al., 2005) and are more vulnerable to credit crunches (Iyer
et al., 2014). In general, smaller entities typically face higher financ-
ing costs (Fama and French, 1992), potentially due to less favorable
risk profiles and higher transaction costs (van Dijk, 2011). Indeed,
SIBs themselves report that their higher-risk loans, on average, fea-
ture smaller ticket sizes, which come with lower profitability (EIB,
2022a). Such a transaction cost argument applies particularly to RE
financing, where projects are often realized as special purpose vehicles
with smaller ticket sizes (Steffen, 2018). Therefore, studies suggests
that SIBs should pool transactions deemed too small by commercial
banks (Geddes and Schmidt, 2020) or finance them via on-lending
through local financial institutions (Hall et al., 2016), leading us to the
following hypothesis:

Hypothesis 3. SIBs are more likely to be involved in deals with smaller
than in deals with larger ticket sizes.

2.2. Mobilization and crowding-out of private banks

Most SIBs have a mandate to induce private capital, and many
institutions report how much external funding they mobilize (Mac-
farlane and Mazzucato, 2018; OECD, 2016, 2017). Aside from creat-
ing a track record as first movers, SIBs can vet projects and attract
other financiers by signaling the project’s commercial viability (Geddes
et al., 2018). This enables the private sector to learn by co-investing
through syndication (Degl’Innocenti et al., 2022; Geddes and Schmidt,
2020). As borrower and technology monitoring has public-good prop-
erties (Stiglitz, 1993), SIBs can deliberately maximize opportunities for
financial learning by attracting more lenders and increasing knowledge
spillovers (Waidelich et al., 2023). Indeed, previous empirical studies
on multilateral development banks and public financial institutions
have found that their involvement correlates with larger and less
concentrated syndicates (Broccolini et al., 2021; Degl’Innocenti et al.,
2022). To determine whether these findings hold for SIB financing of
RE projects, we propose the following hypothesis:

Hypothesis 4. SIBs are more likely to engage in RE transactions with a
higher than in those with a lower number of private-sector lenders.

However, the extant literature also discusses the possibility that
public financial institutions could have a ‘‘crowding-out’’ effect on
private-sector finance, whereby ‘‘public intervention directly displaces
private investment by undertaking projects the private sector would have

3 An empirical example of such a step is the UK Green Investment Bank,
hich started operation as a state investment bank in 2012 and was privatized

n 2017.
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otherwise financed’’ (OECD, 2016). As SIB financing is provided below
the market rate, commercial banks cannot compete with SIBs’ loan
terms and therefore run the risk of their lending being replaced by that
of SIBs, which can ultimately hamper the long-term development of do-
mestic credit markets (Torres and Zeidan, 2016). Ceteris paribus, such a
replacement of lenders would imply the same number of overall lenders
and a lower number of non-SIB lenders on a transaction. Notably,

any SIBs address these risks through on-lending via private-sector fi-
ancial institutions, through so-called additionality checks (Mazzucato
nd Macfarlane, 2017), or by limiting their financing provisions—for
xample, to 50% of overall project costs in the case of the Euro-
ean Investment Bank (EIB, 2022b). However, how effective these
ountermeasures are remains an open question (OECD, 2016), with
ome studies suggesting a substitution relationship between private and
ublic financing provision (Cárdenas Rodríguez et al., 2015).

. Data

To assess our hypotheses, we combine project-, transaction- and
rganization-level data from Bloomberg New Energy Finance (BNEF),
he most comprehensive database for transaction-level information
n RE asset finance (BNEF, 2022a,b,c). It features information on
wide range of variables such as project technology and capacity

nd the different organizations involved as sponsors, debt providers,
r developers. Notably, the BNEF database only captures utility-scale
rojects (Mazzucato and Semieniuk, 2018), such that household-scale
E power generation (i.e., small rooftop solar PV) is not included

n our sample. We consider all transactions that finance new-build
ower generation projects in OECD countries and that reached financial
losing from 2004–2021.4 As we aim to investigate the role of SIB
ending, we exclude transactions financed purely through equity or for
hich the lender column in BNEF is empty.5

For all transactions, we merge the respective project information
rom BNEF using matching files provided by Bloomberg and match
rganization information on the basis of company names. For the 9% of
ransactions financing multiple RE projects, we merge the transaction
ith the project of the highest value or, if project values are missing,
ith the project with the highest power generation capacity.6 Following

hese steps, we arrive at an overall sample size of 𝑁 = 4, 999 trans-
ctions for onshore and offshore wind, solar PV, concentrated solar
ower (CSP), geothermal, biomass and waste, and small hydro over the
eriod 2004–2021 in OECD countries. As our interest is in studying the
inancing decisions of SIBs, we do not exclude deals for projects that
ere canceled after a financial close (0.6% of our sample). We combine

hese data with country-level information, such as GDP, technology
hares in the national installed capacity, and technology-specific FiTs.

To identify SIBs in our sample, we start with the Global Database on
ublic Development Banks and Development Financing Institutions (Xu
nd Marodon, 2021).7 Specifically, we include all institutions (i) based

4 For years prior to 2004, BNEF does not offer information with the same
evel of detail, particularly on loan syndicate members.

5 There are an additional 138 transactions (2.8% of the sample) for which
he lender is simply stated as “Not Reported”. In our main results, we code
hese transactions as not involving SIB lending since BNEF analysts should
e able to identify lender information if SIBs feature in the syndicate, as the
nstitutions report on their activities. However, we display the results obtained
hen these transactions are instead excluded in Table B4 in Appendix B.
6 Only 10 transactions in the sample finance projects that either are based in
ultiple countries or cover multiple RE technologies, which mitigates potential

oncerns about our matching strategy.
7 To be included in the database, an institution must (i) be a stand-alone

ntity without a short-term specific goal, (ii) use financial instruments as its
rimary product/service, (iii) finance itself through means beyond regular
udget transfers, (iv) have a public policy-oriented mandate, and (v) have
orporate strategies steered by the government (Xu and Marodon, 2021).
4

(

in an OECD country, (ii) with a subnational or national scope of
operation, and (iii) with a mandate that either is flexible or focuses
on infrastructure, local government, or microenterprises/SMEs.8 Fur-
hermore, we add the OECD-based state investment banks discussed
n Macfarlane and Mazzucato (2018) and Geddes et al. (2018) including
he European Investment Bank (EIB) because, while it is not a national
nvestment bank, the EIB’s loans are made predominantly within the
U—that is, domestically (EIB, 2022c). For the same reasons, we also
nclude the North American Development Bank, capitalized by the US
nd Mexico (NADB, 2022), and the Nordic Investment Bank, capitalized
y the Nordic and Baltic countries—in line with research treating
hese multilateral institutions as SIBs rather than development finance
nstitutions (Humphrey, 2023). Furthermore, we include other OECD-
ased state investment banks that meet the criteria specified above
rom Degl’Innocenti et al. (2022) and OECD (2017) if they are not
overed by the previous sources.9 Last, we add all subsidiaries of the
dentified SIBs in the BNEF Organizations database that (i) show up on
ny RE transactions within our sample and (ii) can be clearly identified
s a financial-sector company on the basis of company classification
nd abstracts in BNEF.

By collapsing the subsidiary activity to the SIB parent, we arrive at a
ist of 32 SIBs that provide debt financing for 572 RE transactions in our
ample (11.4% of all transactions). A list of the individual institutions is
isplayed in Table 1.10 In addition, Table 2 provides summary statistics
n the key variables in our data set, which are explained in more detail
n Appendix A.

. Methodology

To assess different predictors of SIB financing for RE projects, we
stimate the following fixed-effects (FE) logit model at the transaction
evel:

𝑛
(

𝑃𝑟(𝑌𝑖𝑐𝑡𝑎 = 1|𝑋)
1 − 𝑃𝑟(𝑌𝑖𝑐𝑡𝑎 = 1|𝑋)

)

=𝛽0Tech𝑎 + 𝛽1I(Tech matured)𝑐𝑡𝑎 +

𝛽2I(First-3 deal)𝑖𝑐𝑎 + 𝛽3ln(Capacity𝑖) +
𝛽4I(Cap. in 1st decile)𝑖𝑡𝑎+
𝛽5NonSIBLenders𝑖 +𝑋′

𝑖𝑐𝑡𝑎𝛾+

𝛼𝑐 + 𝛿𝑡 + 𝜖𝑖𝑐𝑡𝑎

(1)

here 𝑌𝑖𝑐𝑡𝑎 is a dummy variable indicating whether a transaction 𝑖 in
ountry 𝑐 that closed in year 𝑡 involved SIB lending. 𝑎 denotes the
E technology financed by transaction 𝑖, with 𝑇 𝑒𝑐ℎ𝑎 being the re-
pective technology dummy. 𝐼(𝑇 𝑒𝑐ℎ 𝑚𝑎𝑡𝑢𝑟𝑒𝑑)𝑐𝑡𝑎 is a dummy indicating
hether the technology had reached financial maturity in country 𝑐
nd year 𝑡, while 𝐼(𝐹 𝑖𝑟𝑠𝑡-3 𝑑𝑒𝑎𝑙)𝑖𝑐𝑎 indicates whether deal 𝑖 featured
mong the first three transactions in country 𝑐 to provide debt for
rojects featuring technology 𝑎 (for more detailed definitions, see be-
ow). 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 and 𝑁𝑜𝑛𝑆𝐼𝐵𝐿𝑒𝑛𝑑𝑒𝑟𝑠𝑖 account for the total generation
apacity financed by transaction 𝑖 and the number of non-SIB lenders
nvolved, respectively, while 𝐼(𝐶𝑎𝑝. 𝑖𝑛 1𝑠𝑡 𝑑𝑒𝑐𝑖𝑙𝑒)𝑖𝑡𝑎 is a dummy indi-
ating whether 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 falls within the first decile of all deals for

8 These criteria lead to the exclusion of institutions with mandates in
atabase categories not relevant to our research question (social housing, rural
nd agricultural development) and of export credit agencies and develop-
ent finance institutions whose financing activities occur primarily abroad

exports and foreign trade promotion, international financing of private-sector
evelopment).

9 This step effectively adds the Japanese Green Finance Organisation and
he Italian Mediocredito Centrale, which account for four RE transactions in
ur sample.
10 Since the UK Green Investment Bank was privatized in August 2017, we
onsider only its activities up to July 2017 to be SIB lending. For our reasons to
ot include other German Landesbanken not featured in the Xu and Marodon
2021) database, we refer the reader to Appendix B.2.



Energy Economics 132 (2024) 107455P. Waidelich and B. Steffen

o
𝜖
E
f

h
b

S
i
s

Table 1
List of SIBs including in-sample lending activity.

Organization Country BNEF IDs No. of transactions

1 Kreditanstalt fuer Wiederaufbau Germany 3352, 31950, 503082, 53425 135
2 European Investment Bank Luxembourg 538 133
3 BPIFrance SA France 147133, 41599, 146361, 6700 47
4 Instituto de Credito Oficial Spain 4259, 147751 39
5 Clean Energy Finance Corp Australia 70222 37
6 Korea Development Bank/The Korea (Republic) 38923, 539175, 593715, 601477 32
7 North American Development Bank United States 1451 28
8 Nordic Investment Bank Finland 20802 24
9 Development Bank of Japan Inc Japan 724 21

10 UK Green Investment Bank Ltd United Kingdom 569520, 36386 18
11 Nacional Financiera SNC Mexico 16251 16
12 Turkiye Sinai Kalkinma Bankasi AS Turkey 22365, 40512 15
13 Banobras Mexico 11408 14
14 BNG Bank NV Netherlands 151067 14
15 Japan Finance Corp Japan 41811 10
16 NY Green Bank United States 147083 9
17 Corp de Fomento de la Produccion Chile 8474 8
18 Caisse des Depots et Consignations France 3071, 45754, 795283 6
19 Banca del Mezzogiorno Italy 11149, 628739 6
20 Nederlandse Waterschapsbank NV Netherlands 81042 5
21 Cassa Depositi e Prestiti SpA Italy 10748, 91142 4
22 Bank Gospodarstwa Krajowego Poland 47021 2
23 Financiera de Desarrollo Nacional SA Colombia 778777 2
24 Green Finance Organization Japan 85954 2
25 MFB Magyar Fejlesztesi Bank Zrt Hungary 147803 2
26 Scottish Investment Bank/The United Kingdom 71610 2
27 Connecticut Green Bank United States 16013 1
28 Development Bank of Wales Plc United Kingdom 4310 1
29 Finnvera Oyj Finland 569251 1
30 Korea Finance Corp Korea (Republic) 41562 1
31 Landesbank Saar Germany 365495 1
32 NO Burgschaften und Beteiligungen GmbH Austria 802619 1
Table 2
Summary statistics.

Statistic N Mean St. Dev. Min Median Max

I(SIB lending) 4999 0.114 0.318 0 0 1
Closing year 4999 2014.803 4.430 2004 2015 2021
Capacity (MW) 4987 51.275 102.341 0.2 14.0 1467.0
I(Cap. in 1st decile — onshore & PV only) 4999 0.094 0.292 0 0 1
# of non-SIB lenders 4999 1.746 1.937 0 1 29
# of sponsors 4999 1.217 0.598 1 1 8
I(First-3 deal) 4999 0.052 0.223 0 0 1
I(Term loan) 4999 0.906 0.292 0 1 1
I(Any public sponsor) 4874 0.056 0.230 0 0 1
I(Tech matured — onshore & PV only) 4999 0.316 0.465 0 0 1
Feed-in tariff (2010 USD/kWh) 4977 0.109 0.164 0.000 0.011 0.812
Real GDP PPP growth (%) 4999 1.524 3.127 −14.839 2.005 25.176
CCPI Overall Score (0–100) 4873 47.540 13.068 18.596 49.470 76.620
Long-term interest rate (%) 4873 2.169 1.904 −0.511 2.064 22.497
Country Bank Z-score 4999 18.694 8.728 0.017 16.603 43.060
Gov. expenditures (% of GDP) 4999 18.774 3.445 10.336 19.412 26.732
Primary balance (% of GDP) 4999 −2.481 3.499 −29.896 −2.242 15.461
Environmental Policy Stringency Index (0–6) 4956 3.080 0.702 0.000 3.028 4.889
Climate policy density (cumulative #) 4999 143.317 103.451 0 108 411

Categorical variables denoted by I(...).
the same technology 𝑎 that closed in the same year 𝑡. 𝑋 is a matrix
f explanatory variables at the transaction or country level, while
𝑖𝑐𝑡𝑎 denotes the error term. To control for additional confounders,
quation (1) also includes FEs at the country (𝛼𝑐) and year (𝛿𝑡) levels,
ollowing Cárdenas Rodríguez et al. (2015).11

We rely on a categorical dependent variable because, for more than
alf of transactions with a SIB lender, the financing volume provided
y the SIB is not available (see Appendix D). As our sample involves

11 For the Czech Republic, Latvia, New Zealand, Slovakia, Slovenia, and
witzerland, we do not observe any RE transactions involving SIB lend-
ng; hence, we omit 53 transactions from these countries that are perfectly
eparated by the respective country FEs.
5

only closed debt-financed deals, the logit model identifies predictors
that distinguish deals involving SIBs from those financed by the other
lenders in our sample, which are predominantly commercial banks and
other private-sector financial companies (accounting for 78% and 12%
of non-SIB lending activity, respectively; see Figure C1 in Appendix C).

To test whether SIBs are more or less likely to be involved in deals
featuring high-risk technologies (Hypothesis 1), we use onshore wind
as the baseline for our 𝑇 𝑒𝑐ℎ dummy because it has historically been
viewed as relatively low risk and mature (Polzin et al., 2015, 2019;
Cárdenas Rodríguez et al., 2015; Lehmann and Söderholm, 2018). On
the basis of a literature review of technology risks and costs, Maz-
zucato and Semieniuk (2018) classify onshore wind and small hydro
as low risk, biomass and waste as low-to-medium risk, geothermal

as medium risk, and CSP and offshore wind as high risk. Regarding
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solar PV, the authors suggest that the technology’s risk has transitioned
from high to low, in line with strong capacity growth over the last
two decades (IRENA, 2022). These risk differences directly affect the
expected return required to attract funds to RE projects, which has
been found to increase from solar PV and onshore wind to offshore
wind (Steffen, 2020; IRENA, 2023). Therefore, Hypothesis 1 implies
higher involvement of SIBs in offshore wind, CSP, geothermal and
biomass than in onshore wind and solar PV.

To test whether greater market maturity predicts lower SIB involve-
ment (Hypothesis 2), we set 𝐼(𝑇 𝑒𝑐ℎ 𝑚𝑎𝑡𝑢𝑟𝑒𝑑)𝑐𝑡𝑎 to take a value of 1
if the respective technology 𝑎 accounts for at least 10% of the na-
tional installed capacity following the International Renewable Energy
Agency IRENA (2023). The dummy is restricted to onshore wind and
solar PV, which account for 91% of our sample, because the IRENA
interviews informing the threshold were carried out only for solar PV
and wind and because the sample size for the remaining technologies
is too small to differentiate the technologies by their country-specific
market maturity. To assess whether SIBs enter the market particularly
early, we define 𝐼(𝐹 𝑖𝑟𝑠𝑡-3 𝑑𝑒𝑎𝑙)𝑖𝑐𝑎 on the basis of a country’s first three
deals corresponding to a specific technology, following the definition of
very early market-opening projects in Steffen et al. (2018). Regarding
the hypothesized link between SIB lending and smaller ticket sizes (Hy-
pothesis 3), we use the log-transformed deal capacity (net of technology
FEs) as a proxy for transaction volumes since the monetary transac-
tion volume is missing for 62% of our sample. Moreover, we include
the first-decile dummy 𝐼(𝐶𝑎𝑝. 𝑖𝑛 1𝑠𝑡 𝑑𝑒𝑐𝑖𝑙𝑒)𝑖𝑡𝑎 to allow for a specific
effect of small deal size relative to other transactions for the same
technology and closing year. The time-dependent threshold accounts
for the fact that typical project sizes have evolved substantially for some
technologies. Again, we define this more granular dummy variable only
for onshore wind and solar PV due to sample size constraints for the
remaining technologies.

Throughout our analyses, 𝑋 features several control variables. The
first is the annual growth in real GDP in country 𝑐 and year 𝑡 because
SIBs often engage in countercyclical credit provision and therefore
should be more likely to feature in deals during economic crises (Levy
Yeyati et al., 2004; Mazzucato and Penna, 2016; D’Orazio and Popoyan,
2019; Eslava and Freixas, 2021).12 The second, following Gurara et al.
(2020), is a dummy indicating whether the sponsor of transaction 𝑖 is a
public-sector entity or is publicly owned since SIBs are often mandated
to finance public-sector activities (Mazzucato and Macfarlane, 2017).
The third, following Gurara et al. (2020) and Degl’Innocenti et al.
(2022), is a dummy indicating whether transaction 𝑖 involved a term
loan, which is the main financing instrument of many SIBs (Mazzucato
and Semieniuk, 2017). The fourth is the inflation-adjusted FiT for
technology 𝑎 in country 𝑐 and year 𝑡, which is a key RE support
policy that has been shown to correlate with public RE financing
provisions (Cárdenas Rodríguez et al., 2015). Due to the potential link
between SIB activity and GDP growth, which correlates strongly across
OECD countries, we cluster standard errors at the year level and report
results for clustering at the country level in Appendix B.

Despite our inclusion of a variety of controls and FEs, some issues
of potential endogeneity remain, because of which our findings might
not imply that specific deal characteristics and outcomes cause SIBs to
engage. First, we observe lenders only for transactions that reached
a financial close. If SIB involvement prevents a project from being
canceled, as their de-risking role suggests, then variables that correlate
positively (negatively) with cancellation risk, such as technology risk
(number of non-SIB lenders), will correlate positively (negatively) with
SIB involvement even if SIBs do not target these characteristics. Second,
SIBs might target high-risk projects that struggle to attract commercial

12 In contrast to authors of previous studies (Polzin et al., 2015; Deleidi
t al., 2020), we use GDP growth instead of absolute GDP to avoid spurious
esults resulting from the typical unit root in GDP time series (Greene, 2003).
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lenders, but once an SIB is involved, this could mobilize other debt
providers.13 Therefore, the estimated coefficient for the number of non-
SIB lenders can be seen as the net effect of these aspects. While we
provide a more detailed discussion of potential sources of endogeneity
in Appendix E, we note, however, that the hypotheses in Section 2 are
not of a causal nature. Although for some variables our findings do not
necessarily speak to what caused SIBs to engage, they control for most
potential distortions in correlational patterns and thus are informative
of SIBs’ financing behavior with respect to RE.

5. Results and discussion

5.1. Descriptive statistics

Fig. 1 displays how the transactions in our sample are distributed
across different countries, years, and RE technologies, with the blue
bars and value labels indicating the share of transactions that involved
lending by at least one SIB. The annual number of debt-financed RE
deals in OECD countries increased from less than 100 in 2004 to 300–
500 over the last few years. The share of transactions with SIB lending
started relatively low at 5%–8% from 2004–2008, then ramped up
following the global financial crisis (14%–17% from 2009–2013) and
remained at 9%–13% thereafter. Approximately 80% of transactions
are located in the G7, Spain, South Korea, and the Netherlands, with
SIB involvement varying significantly across countries. With respect to
technology, solar PV and onshore wind dominate the sample with 60%
and 31% of transactions, respectively, followed by biomass and waste
(5%), whereas the remaining technologies account for no more than 1%
of transactions each. Solar PV and onshore wind also feature the lowest
share of SIB involvement with 6% and 14%, respectively. By contrast,
SIBs lent money to 73% of all offshore wind transactions, while their
involvement in other RE technologies with small project numbers –
such as small hydro, geothermal, biomass and waste, or CSP – ranges
from 23%–44%.

When we compare transactions with and without SIB lending
through naive t-tests, the former are larger in terms of capacity (+58
MW), involve more lenders and sponsors, and are more likely to feature
a term loan and a public sponsor (see Table 3). More interestingly,
SIB-financed deals are less likely to fall into the first decile of deal
size in a given year, feature more often among the first three debt-
financed transactions in a country for the technology in question and
feature less often in a mature market. In addition, the FiT for the
technologies that SIBs finance is, on average, approximately 1 USD
ct/kWh lower. Furthermore, countries and years in which an SIB-
financed transaction takes place exhibit lower GDP growth (−0.2 pp),
higher long-term interest rates (+0.6 pp), and lower banking sector
stability, as evidenced by a lower banking system z-score.

5.2. Regression results

Importantly, many of the correlations discussed above are driven by
the heterogeneity in SIB activity across countries and RE technologies.
For example, due to the large size of offshore wind deals, which finance
a mean capacity of 362 MW per deal, they feature 7.7 non-SIB lenders
on average compared to only 1.7 non-SIB lenders for the remaining
technologies. To control for such confounders, Table 4 displays our
main specification featuring the predictors discussed in Section 4 with
and without country and year FEs (columns 1 and 2, respectively), with
additional technology FEs (column 3) and differentiating the IRENA-
based market maturity dummy by individual technology (column 4).
As discussed in Section 4, Hypothesis 1 on technology risks implies that

13 In addition, co-lending requirements in SIBs’ mandates might also cause
SIBs to prefer projects that already have a certain number of non-SIB lenders
in place.
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Fig. 1. Sample composition by country, technology, and year. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
rticle.)
Table 3
Mean values by I(SIB lending) & t-tests.

Variables w/ SIB lending w/o SIB lending Diff. t-stat
mean (s.e.) mean (s.e.)

Closing year 2014.6 (4.2) 2014.8 (4.5) −0.184 −0.99
Capacity (MW) 102.9 (152.9) 44.6 (91.8) 58.3 8.89
I(Cap. in 1st decile — onshore & PV only) 0.033 (0.18) 0.1 (0.3) −0.0691 −7.88
# of non-SIB lenders 2.2 (3.5) 1.7 (1.6) 0.558 3.71
# of sponsors 1.5 (0.89) 1.2 (0.54) 0.272 7.15
I(First-3 deal) 0.13 (0.33) 0.043 (0.2) 0.0849 5.94
I(Term loan) 0.96 (0.2) 0.9 (0.3) 0.0612 6.52
I(Any public sponsor) 0.13 (0.34) 0.046 (0.21) 0.0834 5.7
I(Tech matured — onshore & PV only) 0.21 (0.41) 0.33 (0.47) −0.122 −6.64
Feed-in tariff (2010 USD/kWh) 0.1 (0.15) 0.11 (0.17) −0.0103 −1.5
Real GDP PPP growth (%) 1.3 (3.2) 1.5 (3.1) −0.202 −1.41
CCPI Overall Score (0–100) 52.1 (11.1) 47 (13.2) 5.15 9.95
Long-term interest rate (%) 2.7 (2.3) 2.1 (1.8) 0.571 5.52
Country Bank Z-score 16.4 (7) 19 (8.9) −2.6 −8.1
Gov. expenditures (% of GDP) 19.4 (3.8) 18.7 (3.4) 0.745 4.43
Primary balance (% of GDP) −2.2 (3.4) −2.5 (3.5) 0.356 2.37
Environmental policy stringency index (0–6) 3 (0.89) 3.1 (0.67) −0.0767 −1.98
Climate policy density (cumulative #) 111.5 (72.8) 147.4 (106.1) −35.9 −10.4
Observations 572 4427
SIB involvement is more likely for offshore wind, biomass and waste,
CSP, and geothermal than for onshore wind and solar PV. Indeed,
relative to the baseline technology (onshore wind), biomass and waste,
CSP, and offshore deals are significantly more likely to involve SIB
lending, whereas our coefficient with respect to geothermal is not
significant at the 5% level. The effect is strongest for offshore wind,
with the odds of SIB lending increasing by a factor of 𝑒2.6 ≈ 13.5 for
ffshore relative to onshore wind, which corresponds to an average
artial effect of +40 pp on the probability of SIB lending (see Figures
1–B2 in Appendix B). Although small hydro is considered a low-risk
echnology, the respective coefficient indicates a significantly higher
ikelihood of SIB involvement in such deals, as well. By contrast, solar
V deals are significantly less likely to involve SIB lending than onshore
ind transactions. As a result, the differences of the technology FEs vis-
-vis solar PV are also positive and significant at the 5% level for all
echnologies, including geothermal, in the respective F-tests.

With respect to the maturity cycle (Hypothesis 2), the coefficient of
he IRENA-based market maturity dummy is negative but insignificant
7

t the 5% level if we consider solar PV and wind together (column 3).
However, the effect of market maturity is highly significant for solar PV
if we differentiate by individual technology in column 4, translating
into a -6 pp average partial effect on the probability of SIB lending
(see Figure B2 in Appendix B). By contrast, the coefficient for onshore
wind is insignificant, with a t-statistic well below 1. Interestingly, the
𝑝-value of the solar PV FE increases considerably to almost 10% in
column 4, suggesting that the significantly lower likelihood of SIB
lending for PV in column 3 is driven primarily by mature markets.
Indeed, if we differentiate the maturity dummy’s effect by country (see
Figure B5 in Appendix B), the coefficient is significantly negative at the
5% level only for Germany and Japan—which are markets where solar
PV obtained capacity shares of 10% relatively early (see Figure C2 in
Appendix C).

Since our dependent variable is a dummy indicating SIB involve-
ment, this finding could stem either from SIBs reducing their activities
as markets mature or from commercial banks ramping up their lending,
which would also make it less likely that we observe SIB involvement
for a given deal. Therefore, Fig. 2a displays the number of PV deals

in the six largest markets that reached the maturity threshold in our
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Fig. 2. Solar PV deals in main markets reaching maturity and solar PV financing of the corresponding main SIBs. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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sample period, with transactions involving SIBs marked in blue. In
most markets, the overall deal activity declines after market maturity is
reached, meaning that the decrease in SIB involvement shares results
from an even stronger decline in SIB activity. Italy and Spain show
the strongest reductions in PV deals after 2010, when fiscal pressures
caused these countries to reduce their PV support policies (Karneyeva
and Wüstenhagen, 2017).

Whether this means that SIBs reduce their lending activity for the
technology depends on their mandate and scope of activities. Fig. 2b
displays the PV lending activities of the most active SIBs in the respec-
tive PV markets: for Germany, France, Japan, and Korea, their national
SIBs, and for Spain and Italy, the supranational European Investment
Bank. Dashed vertical lines denote when the respective home market
for PV reaches maturity, while blue (red) points represent deals inside
(outside) the SIB’s home market.14 As displayed, the German KfW, the
most active national SIB in our sample, has expanded its geographic
scope of activity abroad to less mature PV markets, such as Mexico,
Chile, and Spain, while its domestic RE financing decreased (D’Orazio
and Löwenstein, 2022). Similarly, the Korean Development Bank is
increasingly financing PV deals abroad, while the in-sample lending
of the European Investment Bank has shifted away from markets such
as Germany and Italy, primarily toward Spain. All of these institutions
have in common that their activities span a wide range of countries.
Conversely, the Development Bank of Japan, which almost exclusively
provides debt domestically, features in no further PV transactions after
2015.15

Regarding the alleged first-mover role of SIBs, Table 4 suggests that
SIBs are not significantly more likely to engage in a country’s first
three market-opening deals providing debt to the respective technology
once we control for technology differences. Our differentiating the
market-opening dummy by technology does not affect this conclusion:
the effect remains insignificant for all technologies except CSP (see
Figure B7 in Appendix B), for which our sample includes only 13

14 The European Investment Bank’s PV lending in our sample occurs entirely
ithin current or, in the case of the UK, former EU member countries.
herefore, all these deals are classified as domestic. Since the bank does not
ave a single home market, no dashed line denoting PV market maturity is
isplayed.
15 The small, nonzero SIB involvement shares for Japan from 2016–2020
re due to activities by Japan Finance Corp and lending abroad by the Korea
8

evelopment Bank.
market-opening deals. Therefore, SIBs’ first-mover role does not go
significantly beyond the general targeting of high-risk technologies and,
in the case of solar PV, reacting to increasing market maturity. This
poses the question of who else, if not SIBs, provides debt through
market-opening deals in OECD countries. To answer this, we classify
the lenders appearing on such deals based on their Bloomberg Indus-
try Classification Standard (BICS) codes and calculate the shares of
financial and nonfinancial private-sector lenders and of SIBs and other
public-sector lenders.

Fig. 3b displays the results separately for solar PV, onshore wind,
and the remaining technologies and reveals that most first-mover
lenders remain commercial banks and other private-sector financial
companies—although the prevalence of these lenders increases consid-
erably in subsequent deals. In contrast, public-sector lenders account
for 19%, 23%, and 33% of lender appearances in market-opening deals
for solar PV, onshore wind, and other technologies, respectively—
but for only approximately half of these shares in subsequent deals.
Importantly, however, this difference is not primarily driven by SIBs
but by other public-sector entities, such as export credit agencies
and (subnational) governments. In addition, multilateral development
banks are particularly important in the case of Latin American OECD
new-joiners, whose financial markets are less developed. Notably, the
activity of other public-sector entities drops considerably for subse-
quent deals, illustrating that these institutions, unlike SIBs, appear to
deliberately target market-opening deals through their lending.

Regarding Hypothesis 3, the results in Table 4 show that SIBs are
significantly more likely to be involved as lenders for larger transactions
fter we include technology FEs, with the odds of SIB lending increasing
y 0.47% for every 1% increase in financed capacity (column 3). This
inding is robust across all specifications in this paper and, for our
ain specification, corresponds to an average partial effect of +0.3 pp

n the probability of SIB lending per 1 MW increase in capacity (see
igure B1 in Appendix B). In addition, we find no evidence that a deal
apacity that falls within the 1st decile of all transactions financing the
ame technology and closing in the same year affects the likelihood of
IB lending significantly. To explore this relationship further, Table 5
isplays additional regression results where we use a second-order poly-
omial of deal capacity instead of the log-transformed value (columns
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Table 4
Regression results for the main specification.

I(SIB lending)

(1) (2) (3) (4)

(Intercept) −5.09****
(0.472)

I(First-3 deal) 1.17**** 1.01**** 0.128 0.111
(0.144) (0.171) (0.225) (0.223)

ln(Capacity in MW) 0.528**** 0.568**** 0.474**** 0.481****
(0.053) (0.056) (0.060) (0.060)

I(Cap. in 1st decile — onshore & PV only) 0.084 0.216 0.221 0.220
(0.306) (0.337) (0.308) (0.306)

# of non-SIB lenders −0.039** −0.007 −0.104**** −0.104****
(0.019) (0.019) (0.029) (0.030)

Real GDP PPP growth (%) −0.029 −0.040 −0.031 −0.029
(0.021) (0.030) (0.035) (0.036)

Feed-in tariff (2010 USD/kWh) 0.651** 0.036 1.43**** 1.27***
(0.302) (0.449) (0.435) (0.481)

I(Any public sponsor) 0.831**** 0.555** 0.427* 0.433*
(0.200) (0.222) (0.258) (0.262)

I(Term loan) 1.33**** 0.693** 0.788*** 0.729***
(0.268) (0.275) (0.274) (0.262)

Tech = Biomass&Waste 1.45**** 1.57****
(0.275) (0.278)

Tech = PV −0.686**** −0.395*
(0.168) (0.220)

Tech = SmallHydro 1.42** 1.49**
(0.690) (0.689)

Tech = CSP 1.15*** 1.39***
(0.411) (0.443)

Tech = Offshore 2.60**** 2.74****
(0.685) (0.692)

Tech = Geothermal 0.799 0.878*
(0.524) (0.530)

I(Tech matured — onshore & PV only) −0.365*
(0.219)

I(Tech matured) × Tech = Onshore 0.038
(0.309)

I(Tech matured) × Tech = PV −0.854****
(0.247)

Country FEs Yes Yes Yes
Closing year FEs Yes Yes Yes

Observations 4841 4797 4797 4797
Pseudo R2 0.111 0.208 0.261 0.264
BIC 3125.4 3166.1 3044.0 3043.7

Clustered (Closing year) standard-errors in parentheses
No. of observations decreases due to missing values in regressors (column 1) as well as perfect separation by country FEs (columns 2–4), see Section 4.
* Signif. Codes: 0.1.
** Signif. Codes: 0.05.
*** Signif. Codes: 0.01.
**** Signif. Codes: 0.001.
1–2) and bin dummies for all deciles relative to the 6th decile as a
baseline (columns 3–4).16

Indeed, the coefficients for the linear and squared capacity terms
uggest a positive, concave relationship between deal size and the
ikelihood of SIB involvement. In addition, when we use decile bins
elative to the 6th decile, lower (higher) capacity deciles correlate
ith lower (higher) odds of SIB involvement, although the respective

oefficients are statistically significant only for the 1st and the 9th–
0th deciles. Therefore, we conclude that a lower transaction size is, in
eneral, significantly and robustly associated with a reduced likelihood
f SIB lending for the utility-scale projects in our sample. Importantly,
he different specifications to capture size effects do not alter our
revious conclusions regarding technology risk and maturity, as most
f the technology FEs (except the FE for geothermal) and the maturity
ummy for PV remain economically and statistically significant and SIB

16 To explore the robustness of the previous findings, Table 5 also displays
he coefficients for all variables related to technology risk and maturity, but,
or the sake of conciseness, omits the coefficients for all further controls.
9

involvement shows no significant pattern for the first deals providing
debt to a technology in a country.

Regarding the question of mobilizing private banks (Hypothesis 4),
Table 4 seemingly suggests a significant negative correlation between
the number of non-SIB lenders and SIB involvement (columns 3–4).
However, this result is heavily driven by the fact that 188 deals
have an SIB as the only lender. Since our sample includes only debt-
financed transactions with at least one lender, having zero non-SIB
lenders perfectly predicts our dependent variable, which can introduce
a spurious negative correlation. To avoid this artifact, we restrict our
sample to transactions with at least one non-SIB lender, such that
our dependent variable indicates whether at least one SIB featured
as a co-lender—which addresses the question of mobilization more
appropriately.

The results are presented in Table 6 and show that, conditional on
the presence of non-SIB lenders on a deal, a larger number of non-SIB
lenders correlates positively with a higher likelihood of SIB lending,
albeit not significantly at the 5% level for our main specification
(columns 2–3). Our interacting the number of non-SIB lenders with the
technology FEs reveals that the effect is driven primarily by solar PV
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Fig. 3. Involvement of SIBs and other lenders in market-opening and subsequent deals. (For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)
and offshore wind transactions (see Figure B9 in Appendix B). Overall,
these findings favor the lender mobilization hypothesis over potential
crowding-out concerns. This is in line with the mobilization effect
of public financial institutions and multilateral development banks
reported by previous, sector-agnostic studies (Degl’Innocenti et al.,
2022; Broccolini et al., 2021), which consider only syndicated loans,
similar to the subsample used in Table 6. However, we note that the
relationship is not statistically significant, and in addition, we cannot
rule out that, for deals with SIBs as the only lender, some crowding-out
has occurred.

Regarding our previous conclusions about technology risk, market
maturity, and size, we note that excluding solo lending by SIBs reduces
the statistical significance of several of the technology FEs with small
sample sizes (offshore, CSP, small hydro). This is somewhat unsurpris-
ing since for these small-N technologies, our omitting deals with SIBs
as the only lender(s) removes over a quarter of all deals involving SIBs
from our sample and reduces the overall number of deals by more
than 10%. However, the offshore wind FE remains significant at the
10% level, and by contrast, both the magnitude and the significance
of the market maturity dummy (column 3) increase relative to the
estimates from our main specification in Table 4 above. With respect to
market-opening deals and size effects, our previous conclusions remain
unaltered for this subsample.

Notably, the results for the control variables in our regressions
are informative about other potential roles of SIBs suggested in the
literature. First, our results provide no evidence that SIB lending is
significantly more likely in years with lower GDP growth or higher
banking sector instability (see Table B4 in Appendix B). Since busi-
ness cycles correlate strongly across OECD countries (see Table C1 in
Appendix C), this outcome could be driven by the country and year
FEs absorbing the identifying variation. However, the year FEs for the
years of the global financial crisis and those directly thereafter are
not significantly larger than those for subsequent years if we estimate
them explicitly (see Fig. 4). This suggests that countercyclical financing
provision plays a less significant role in RE lending by SIBs, potentially
because the number of RE transactions shows little reaction to the
global financial crisis (see Fig. 1).

Furthermore, we find that the FiT level for a transaction’s tech-
nology shows a significant positive correlation with the likelihood of
SIB lending, which is particularly driven by onshore wind and solar
10
Fig. 4. Year fixed effects using the main specification (Table 4, column 3).

PV transactions (see Figure B6 in Appendix B). This finding can be
interpreted in multiple ways. First, it could indicate that the use of SIBs
for RE financing correlates with more stringent levels of RE support pol-
icy in general. However, the significantly positive association remains
unaltered if we include measures of overall climate policy stringency
such as the CCPI, the OECD’s Environmental Policy Stringency Index,
or the density of energy- and climate-related policies following Steffen
(2021), which themselves are not significantly related to SIB lending
(see Tables B4 and B8 in Appendix B). Second, the FiT variable could
capture some variation related to market maturity since most OECD
countries have reduced their FiT levels as RE technologies have become
more cost-competitive (see Figure C3 in Appendix C). In this case, the
positive association between FiT and SIB lending further corroborates
our finding that, at least for solar PV, SIB lending is more likely at lower
market maturity.

5.3. Robustness checks

To ensure that our results are robust, we deploy a wide battery
of checks. Regarding operationalization, ticket size proxies other than
the log-transformed deal capacity have already been discussed in the
previous section. Furthermore, we apply the market maturity dummy to
all RE technologies (instead of only onshore wind and solar PV), use the
technology’s share in the country’s installed capacity as a continuous

variable in place of the binary variable with the 10% threshold, and
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Table 5
Additional specifications for size effects.

I(SIB lending)

(1) (2) (3) (4)

Tech = Biomass&Waste 1.38**** 1.49**** 1.54**** 1.62****
(0.280) (0.287) (0.323) (0.324)

Tech = PV −0.949**** −0.683*** −1.32**** −1.07****
(0.172) (0.231) (0.139) (0.204)

Tech = SmallHydro 1.19* 1.26* 1.33* 1.38**
(0.662) (0.665) (0.709) (0.704)

Tech = CSP 1.17*** 1.38*** 1.73**** 1.93****
(0.417) (0.463) (0.420) (0.461)

Tech = Offshore 2.46**** 2.59**** 3.59**** 3.68****
(0.671) (0.682) (0.649) (0.655)

Tech = Geothermal 0.727 0.807 0.795* 0.848*
(0.555) (0.562) (0.479) (0.484)

I(Tech matured — onshore & PV only) −0.329 −0.352
(0.234) (0.221)

I(Tech matured) × Tech = Onshore 0.048 0.0006
(0.331) (0.317)

I(Tech matured) × Tech = PV −0.775*** −0.774****
(0.271) (0.233)

I(First-3 deal) 0.112 0.096 0.028 0.011
(0.227) (0.225) (0.242) (0.241)

Capacity (MW) 0.008**** 0.008****
(0.001) (0.001)

Capacity (MW) square −5.88 × 10−6**** −5.98 × 10−6****
(1.39 × 10−6) (1.42 × 10−6)

I(Cap. in 1st decile) −0.426* −0.435*
(0.237) (0.237)

Capacity decile = 1 −0.688** −0.688**
(0.303) (0.297)

Capacity decile = 2 −0.320 −0.309
(0.342) (0.346)

Capacity decile = 3 −0.495 −0.485
(0.317) (0.314)

Capacity decile = 4 −0.492* −0.484*
(0.282) (0.280)

Capacity decile = 5 −0.266 −0.235
(0.400) (0.398)

Capacity decile = 7 0.195 0.193
(0.299) (0.289)

Capacity decile = 8 0.276 0.305
(0.322) (0.320)

Capacity decile = 9 0.802**** 0.813****
(0.217) (0.216)

Capacity decile = 10 1.30**** 1.31****
(0.224) (0.224)

Further controls of main specification Yes Yes Yes Yes
Country FEs Yes Yes Yes Yes
Closing year FEs Yes Yes Yes Yes

Observations 4797 4797 4797 4797
Pseudo R2 0.256 0.258 0.258 0.260
BIC 3072.2 3073.1 3115.5 3117.4

Clustered (Closing year) standard-errors in parentheses
All capacity decile dummies are applied only to onshore wind and solar PV.
* Signif. Codes: 0.1.
** Signif. Codes: 0.05.
*** Signif. Codes: 0.01.
**** Signif. Codes: 0.001.
deploy separate technology FEs for early- and later-stage solar PV,
following Mazzucato and Semieniuk (2018). Regarding the definition
of market-opening deals, our main specification considers the first three
deals associated with a given technology in a country, but we conduct
robustness checks using just the first and the first 5, 10, and 25 deals.
Aside from the climate policy stringency measures discussed in the
previous section, we also explore the inclusion of further control vari-
ables from the literature, such as government surplus and expenditures
in percentage of GDP to measure the available fiscal space (Cárdenas
Rodríguez et al., 2015), the bank z-score to measure domestic banking
sector distress (Degl’Innocenti et al., 2022), the long-term interest
rate (Polzin et al., 2015; Deleidi et al., 2020), and the number of
sponsors (Cárdenas Rodríguez et al., 2015). However, the coefficients
11
for all these control variables are insignificant, while missing values for
some countries further reduce our sample size—which is why we omit
them in our main specification.

In addition, we explore more demanding specifications with tech-
nology and country–year FEs or with country and technology–year FEs,
as well as standard errors clustered at the country instead of the year
level. Since noise in the FEs can contaminate our coefficient estimates
due to the incidental parameter problem (Neyman and Scott, 1948;
Lancaster, 2000), we further present the results obtained when we
drop each FE group (country/year/technology) with fewer than 25
observations and when we use the bias-corrected two-way FE estimator
proposed by Fernández-Val and Weidner (2016). Moreover, we explore
whether to omit observations for which the BNEF data classify the
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Table 6
Regression results for lender mobilization.

I(SIB lending)

(1) (2) (3)

(Intercept) −6.47****
(0.489)

I(First-3 deal) 0.941**** 0.164 0.160
(0.148) (0.267) (0.265)

ln(Capacity in MW) 0.517**** 0.535**** 0.537****
(0.062) (0.081) (0.082)

I(Cap. in 1st decile — onshore & PV only) 0.305 0.432 0.430
(0.377) (0.374) (0.375)

# of non-SIB lenders 0.102**** 0.066* 0.066*
(0.020) (0.035) (0.035)

Real GDP PPP growth (%) −0.019 −0.009 −0.008
(0.022) (0.036) (0.036)

Feed-in tariff (2010 USD/kWh) 1.00*** 1.87**** 1.80***
(0.361) (0.538) (0.578)

I(Any public sponsor) 0.558**** 0.142 0.148
(0.164) (0.253) (0.257)

I(Term loan) 2.02**** 1.32**** 1.29****
(0.301) (0.299) (0.284)

Tech = Biomass&Waste 1.15**** 1.19****
(0.295) (0.304)

Tech = PV −1.03**** −0.903***
(0.188) (0.278)

Tech = SmallHydro 1.06 1.10
(0.675) (0.678)

Tech = CSP 0.459 0.577
(0.485) (0.541)

Tech = Offshore 1.21* 1.26*
(0.633) (0.648)

Tech = Geothermal 0.680 0.706
(0.499) (0.510)

I(Tech matured — onshore & PV only) −0.479**
(0.200)

I(Tech matured) × Tech = Onshore −0.314
(0.326)

I(Tech matured) × Tech = PV −0.704***
(0.219)

Country FEs Yes Yes
Closing year FEs Yes Yes

Observations 4664 4600 4600
Pseudo R2 0.138 0.284 0.284
BIC 2321.9 2354.8 2362.1

Clustered (Closing year) standard-errors in parentheses.
* Signif. Codes: 0.1.
** Signif. Codes: 0.05.
*** Signif. Codes: 0.01.
**** Signif. Codes: 0.001.
enders as “Not Reported”, instead of coding them as not involving SIB
ebt-financing. To ensure that our using a binary dependent variable
oes not drive our findings, we also extract SIB loan volumes from
nstructured text information in BNEF and use the share of SIBs in a
eal’s total debt financing as an alternative fractional dependent vari-
ble with a suitable estimator (Papke and Wooldridge, 1996). However,
his requires assumption-based imputation for almost 170 of our 572
eals involving an SIB. Therefore, we deem this approach inferior to
ur logit model.

The results are displayed in Tables B1–B8 in Appendix B and, for
he alternative dependent variable, in Tables D1–D2 in Appendix D.
egarding the effects of size and market maturity, our main findings
namely, of a significant and positive (negative) effect of deal size

PV market maturity) – are robust across all the models under con-
ideration. The same holds true for our main results on the FEs for
iomass and waste (significantly positive), offshore wind (significantly
ositive at the 5% level or, if deals with an SIB as the only lender
re discarded, at the 10% level), and geothermal (insignificant). By
ontrast, the difference between solar PV, CSP, and small hydro vis-à-
is onshore wind is not consistently significant, and neither is the weak
ositive association between SIB lending and the number of non-SIB
12
lenders (if deals financed by SIBs alone are discarded). Therefore, we
conclude that our main findings regarding size, PV market maturity,
and technology risks for offshore wind as well as those on biomass and
waste constitute strong evidence. By contrast, the findings on lender
mobilization and on the differences in SIB lending between onshore
wind and the remaining technologies are less conclusive.

6. Conclusion

This paper examines the financing behavior of SIBs with respect
to RE technologies relative to that of commercial banks and whether
this behavior coincides with the role of these institutions suggested by
the academic literature. By considering debt-financed RE transactions
in OECD countries, we provide strong evidence that SIB financing
activities are significantly more likely than financing activities by other
lenders to involve higher-risk technologies, which could be explained
either by deliberate targeting or by SIBs’ reduction of cancellation
risks through their (technology-agnostic) involvement. In the case of
solar PV, the likelihood of SIB financing decreases for markets reaching
maturity, as SIBs reduce their lending activities or shift them toward
foreign markets if their mandates allow for it. By contrast, we find
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no evidence of similar maturity-related patterns for onshore wind.
Potential reasons for this difference are the less dynamic market growth
for onshore wind over our sample period (see Figure C2 in Appendix
C), which could limit both the identifying variation net of FEs and the
likelihood that either SIBs or private-sector lenders proactively revise
their financing behavior, or the lower social acceptability of onshore
wind projects compared to solar PV, which might warrant continued
SIB activity (Schumacher et al., 2019).

While the flip side of the maturity-related patterns is that SIBs are
more likely to act as debt providers in immature PV markets, we find no
clear evidence that SIBs are significantly more involved in a country’s
very first debt financing deals for a novel technology. Such first-mover
oles are instead played by other public-sector entities, with a particular
ole for export credit agencies and multilateral development banks in
ess-developed OECD countries. However, the maturity-related patterns
f SIB financing seem to be very jurisdiction dependent, which might
econcile our findings with previous, qualitative studies on selected
IBs acting as first movers for RE financing. Beyond technology risk and
aturity, in contrast to the literature’s suggestions, SIBs are more likely

o finance larger utility-scale RE transactions, which could result from
politically influenced decision making with respect to more prominent
deals or from misalignment of SIB managers’ and staff’s incentives with
the policy objective of enabling smaller-scale (but more laborious and
potentially less profitable) RE projects.

Regarding the question of mobilizing private banks, we find that
SIBs often operate as sole lenders. In a co-lending role, however, the
presence of an SIB in a transaction correlates with higher syndicate
sizes—a finding that aligns with previous studies on public financial
institutions but that is not consistent across all our robustness checks.
Therefore, the question of whether and to what extent SIBs mobilize
other lenders in RE financing remains an important avenue for future
research with more causality-focused research designs. Last, stringent
RE policy support in the form of feed-in tariffs robustly predicts SIB
involvement, hinting either at a complementary use of policy measures
or at further maturity-related financing patterns. Conversely, the gen-
eral countercyclical financing behavior of SIBs seems to play a limited
role in RE financing.

Taken together, our results reveal that SIBs do indeed leverage
their risk-bearing abilities to foster riskier RE technologies in immature
markets but do not seem to prioritize first-mover roles or the financing
of smaller utility-scale assets. These findings are immediately relevant
for policy makers who are considering establishing a new institution or
revising an SIB’s mandate. Given our results, decision makers in such
situations should place particular emphasis on deliberately targeting
smaller-scale deals, ensuring that the SIB’s mandate and guidelines are
effective in this regard if enabling smaller RE projects is a policy objec-
tive. Furthermore, policy makers should mandate that SIBs withdraw
from sufficiently mature technologies or incentivize them to do so—for
example, by setting clear guidelines for additionality. Moreover, our re-
sults illustrate that empirical relationships in RE financing are strongly
moderated by technology differences. This highlights the importance of
researchers’ use of a high technological resolution in assessing energy
financing and can inform future empirical research to avoid spurious
findings.

However, there are several limitations to the findings presented
here that lend themselves to exploration in further research. First,
our results might speak to correlational rather than causal patterns
of SIB financing activities for some variables, primarily the number
of non-SIB lenders. While our empirical method allows us to identify
significant and important effects across SIBs, it should not be seen as a
substitute for causal analysis of individual banks’ project patterns in
their precise context. Second, although this paper disentangles SIBs’
financing patterns from those of other public financial institutions,
we treat SIBs as a homogeneous group of institutions and do not
explore or compare the mandates of different SIBs in more detail. Third,
13

our sample is limited to utility-scale RE projects, and therefore, our
findings do not speak to SIBs’ financing of household-scale projects and
investments, which, for some countries, can be extensive. Last, while
our research design implicitly compares SIBs to non-SIB lenders, we do
not carry out comprehensive comparisons with other types of public
financial institutions to explore how SIBs’ financing patterns and roles
differ from those of other state-owned institutions.

To advance our understanding of SIBs as RE support policies, future
research should leverage the specifics of SIB mandates and available
information on governing parties to explore how different legal stipula-
tions and political orientations of policymakers translate into financing
patterns and, ultimately, deployment outcomes. Another avenue for
research would be to empirically assess the RE financing behavior of
state-owned export credit agencies or development finance institutions
to highlight similarities and differences with public financial institu-
tions whose focus lies abroad. This would not only provide additional
context for the findings presented here but also could guide policy
makers further on how to channel SIB and public financing in general
to foster the clean energy transition.
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