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Abstract: As renewable energy supply chains have grown increasingly globalized,
national clean energy transitions have become highly influenced by international
dynamics. However, these dynamics are themselves collectively shaped by domes-
tic policy that drives the deployment of renewables. While spatial spillovers of
domestic renewable energy policies have been studied on an aggregate level
regarding policy diffusion or the flows of technology across countries, implications
on an actor-level have been largely neglected. This article addresses this gap by
analyzing global patterns of market openings for wind, solar PV, and biomass,
focusing on the role of private project developers in developing countries. We
use a mixed method design, based on a newly merged dataset encompassing
eighty countries, and on interviews with pioneering project developers. Results
highlight how patterns in market openings are shaped considerably by technology
characteristics. Further, empirical results show international private developers are
a key first mover in many developing countries. We explore drivers for this interna-
tionalization trend, including the impact of international developers’ home country
policies and the accumulation of tacit knowledge from home country markets for
market openings abroad. Finally, we discuss implications for industrial policy and
argue for further research on global spillovers of national policies on the actor-level.
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1. Introduction

Clean-energy transitions, or the transformation of energy systems toward low-
carbon technologies, are an increasingly globalized phenomenon.! In particular,
investments in renewable energy (RE) technologies have grown rapidly in recent
years, with developing countries overtaking developed countries in investment
volumes in 2015.2 While China and India represent the largest non- OECD
markets, the number of developing countries that have garnered RE investments
has grown in recent years.

Despite these trends, many developing countries are still struggling to kick-
start the diffusion of RE technologies, with more than seventy developing countries
still lacking any utility-scale RE plants as of 2016.3 The starting point for the diffu-
sion of a technology in a new country is the market opening, i.e., the first project
using that technology in the local context. While market openings are crucial in
paving the way for followers and, as such, indispensable for technology diffusion,
they hardly have been studied.* An improved understanding of market-opening
patterns and drivers can inform international institutions and national policy
makers in accelerating the diffusion of RE worldwide.

Unlike goods or commodities that can easily be imported, large-scale RE
power plants require in situ activities to ensure that the technology is compatible
with local conditions, with the required adaptations typically increasing with the
complexity of the technology itself.> While extant literature has investigated how
the successful diffusion of RE technologies—whose value chains are shaped

Bridge et al. (2013).
McCrone and Moslener (2017).
Data source and methodology are explained in section 3.
Market entry decisions have been studied from a firm strategy point of view, see section 2.2. To
our knowledge, no study exists that considers market openings as element of the (clean energy)
technology diffusion process.
5 Hansen and Ockwell (2014); Schmidt and Huenteler (2016); Binz et al. (2017).
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largely by forerunner countries®—is moderated by technology complexity, most of
these studies have focused on the role of international technology suppliers in the
transfer of technologies” and technology financing.? A separate stream of research
has studied the diffusion and adoption of national RE support policies in developing
countries.® However, policies do not necessarily precede the initial use of new tech-
nologies in a market, but might instead follow a nation’s initial experience with a
technology.'® Thus far, extant literature largely has overlooked the role that project
developers play in opening RE markets, despite their decisive role in connecting local
markets with global RE-technology supply chains. For renewables, these actors typ-
ically are key coordinators for identifying appropriate sites, obtaining local permits,
procuring equipment and services, and defining the overall business case.!!

In the case of RE projects, many adaptations that are required to ensure that the
technology is compatible with local conditions involve development activities such as
site-specific engineering design, permitting procedures, or tapping into local supply
chains and labor markets.'? For the first RE projects, on-the-ground activities can be
even more challenging due to underdeveloped regulatory processes or lack of exist-
ing industry networks.!3 As a result, market openings for renewables generally are
characterized by high risks and complexities in project development—both of
which often can be compounded in many developing-country contexts.'* Given
the importance of managing project risks and complexities associated with RE pro-
jects, developers, thus, are crucial actors in opening new markets. Despite this impor-
tance, little attention has been given to the role that project developers play in
creating knowledge spillovers, developing local markets for specialist skills and ser-
vices, or shaping appropriate regulations.!® While some case studies have begun to
characterize project developers in forerunner countries, 6 little research has investi-
gated who these entrepreneurial actors are in developing-country contexts.

This paper draws on extant literature, including studies on innovation and
firms’ internationalization processes to investigate how market-opening patterns

6 Lewis and Wiser (2007); Lewis (2014); Nahm (2017).

7 Lall (1992); Keller (2004); de la Tour, Glachant, and Méniére (2011); Zhang and Gallagher
(2016); Binz et al. (2017).

8 Tirpak and Adams (2008); Steffen and Schmidt (2017).

9 See, e.g., Stadelmann and Castro (2014).

10 Schmidt and Sewerin (2017).

11 BNEF (2017a).

12 Gann and Salter (2000).

13 Painuly (2001).

14 Waissbein et al. (2013); Schmidt (2014).

15 Breschi and Lissoni (2001); Jacobsson and Bergek (2004).
16 Bergek, Mignon, and Sundberg (2013).
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and the role of project developers in nascent RE markets differ across RE technol-
ogies. In a first step, we utilize a newly merged dataset of project and organizational
information from two Bloomberg databases to address the research question:

(RQ1) How do the global dynamics of market openings differ across clean-energy
technologies?

In a second step, we combine quantitative data from these databases with inter-
views of early project developers to address the second research question:

(RQ2) How do technologies differ regarding the fype of actors who engage in
project development to open new markets?

This article presents the first large-N study of early project developers, drawing on evi-
dence from eighty developing countries that had developed at least one RE project by
the end of 2016. Results from this empirical analysis show that a specific type of actor
—international, private project developers—opened the markets for solar photovolta-
ics (PV) and wind power in many countries despite the electricity sector typically
being a largely public domain. Hence, in a third step, we further explore the origins
and motivations for these international developers, drawing on both quantitative and
interview data. Accordingly, our third research question is more exploratory:

(RQ3) Why do international private developers open renewable-energy markets?

The article begins with a theoretical perspective on the potential impact of technology
complexity on market-opening patterns and the motivation of international project
developers to open new markets. Section 3 briefly describes the empirical approach.
Results on technology differences in market-opening dynamics (RQ1) are presented
in section 4, while section 5 summarizes the evidence on the roles of different types of
actors for different RE technologies (RQ2). Section 6 focuses on international private
developers and the drivers for developing the first RE projects in developing countries
(RQ3). The final section discusses broader implications and concludes.

2. Theory

2.1 Renewable-energy technology complexity and market
openings

Coming from an in-depth understanding of technologies, innovation studies pos-

tulate that the inherent characteristics of new technologies impact how technolo-
gies diffuse. One important characteristic is a technology’s complexity in terms of
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its technology product architecture, which describes the number and linkages
between sub-systems of a technology.!” We use this concept to provide the theo-
retical underpinnings regarding expected differences in market-opening patterns
across RE technologies. Specifically, technologies can be located on a complexity
continuum: from simple and modular (often mass-manufactured'®) products, to
assembled design-intensive products, to very complex product systems with multiple
interacting sub-systems and components.'® Figure 1 illustrates this continuum.
Empirical research locates RE technologies across the entire continuum: From
solar PV (simple), over wind (design-intensive), to biomass (complex product
system).20

Complexity of product architecture

Simple products Design intensive products Complex product systems

low <« | | » high

Figure 1: Different degrees of complexity in technologies’ product architecture

Simple mass-produced technologies typically do not require strong adapta-
tion to local contexts, whereas more design-intensive products typically are tai-
lored to individual users’ needs or, in the case of complex product systems,
often are entirely custom-made.?! Differences in technological complexity and
in required interaction with local contexts hold important implications regarding
patterns in technological learning and cost reductions, as well as the tacit knowl-
edge required for their successful adoption.

2.1.1 Global cost reductions in renewable-energy technologies

RE technologies have seen significant technological advances. This progress often
is represented using the concept of a learning curve, which imposes a relationship
between the decrease in unit cost of a technology and the cumulative experience

17 Tushman and Rosenkopf (1992).

18 Note that the production of simple products can be highly complex, as these are often
mass-produced in fully automated plants. Cf. Huenteler et al. (2016).

19 Binz et al. (2017).

20 Schmidt and Huenteler (2016); Binz et al. (2017).

21 Davies (1997).
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gained from deploying the technology.?? RE technologies traditionally have
received substantial public support in forerunner countries since the 1980s. This
policy support stimulated domestic deployment, fostered the buildup of techno-
logical capabilities and manufacturing capacities, and ultimately pushed RE tech-
nologies down their learning curves.?® The drastic fall in the costs of renewables,
which are available in many countries now and are competitive with conventional
fossil-fueled energy generation, has only accelerated their global proliferation in
recent years.

Importantly, the domestic deployment of renewables in forerunner countries
often has elicited lower renewables costs worldwide. This international spillover?*
stems from certain technology-product architectures that allow their value chains
to become highly globalized. In part, technological capabilities can accumulate in
the technologies or components themselves,?> or in the equipment used to man-
ufacture these technologies and components—particularly for technologies lying
to the left on the complexity continuum in figure 1 (i.e., rather simple products).?¢
These technologies often are assemblies of globally traded components, essentially
commodities with standardized interfaces that allow them to be applied to multi-
ple contexts and geographies with little adaptation required. For these simple and
modular technologies, global deployment drives technological learning,?” result-
ing in considerable global spillover effects in the form of technology-cost reduc-
tions. This effect is particularly evident in the case of solar PV, which has
experienced rapid cost reductions since 2010 (see figure 2). This effect is less pro-
nounced with increasing product complexity. More design-intensive technologies,
such as wind farms, typically require a higher share of locally adapted or sourced
components.?® As a result, while some components are derived from global com-
modity markets, a greater share of technological learning depends on the buildup
of local technological capabilities, resulting in a less-steep learning curve. Complex
products, because they often need to be designed or customized for each unique
context, typically result in little learning across projects, resulting in a relatively flat
learning curve (see figure 2 for biomass, which has seen little cost reduction over
time).29

22 Ferioli, Schoots, and van der Zwaan (2009).

23 Trancik (2014); Schmidt and Sewerin (2017).

24 In economics, international spillover effects refer to the impact that events in one country can
have on the economy in another country, cf. Feldman (1999).

25 Bell and Pavitt (1992).

26 Huenteler et al. (2016).

27 Hayward and Graham (2013); Huenteler, Niebuhr, and Schmidt (2016).

28 Hayward and Graham (2013); Schmidt and Huenteler (2016).

29 Grubler (2010).
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Global average levelized cost of electricity generation
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Figure 2: Development of average generation cost per technology

Therefore, technologies whose product architectures are characterized by
high modularity, allowing for incorporation of large amounts of globally traded
components, are likely to see a rapid spike in many market openings worldwide
once technology costs have fallen sufficiently to become competitive with conven-
tional energy sources. In contrast, more design-intensive or complex technologies
whose costs are less driven by global deployment likely will experience global and
less-rapid market-opening dynamics.

Of course, local energy policy also affects technology diffusion and market
openings, particularly in highly regulated sectors such as the electricity sector.3°
In fact, many countries enacted support policies for RE,3! with certain support
instruments (such as feed-in tariffs)3? undergoing an international policy-diffusion
process.33 Importantly, policies do not always precede the (early) diffusion of a
new technology. Sometimes technologies can be a driver of policy, especially if
the technology is not new to the world, but “only” new to a country.3* Often,
policy makers only enact policies that target specific technologies once they
have gained some experience with the technology, e.g., through first-demonstrator
projects.3® Thus, in the present study, we also compare the timing of market open-
ings with the timing of policy implementation per country and technology.

30 Jacobsson and Johnson (2000); Trancik (2015).

31 REN21 (2017).

32 Stadelmann and Castro (2014).

33 Braun and Gilardi (2006); Dobbin, Simmons, and Garrett (2007).
34 Schmidt and Sewerin (2017).

35 Rondinelli (1993).
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2.1.2 Tacit knowledge in renewable-energy project development

Theoretical insights from technology complexity also contribute to the second
research question, concerning the role of different types of actors in developing
anation’s first RE projects. As discussed previously, for simple products, a large
share of knowledge and technological capabilities is codified within the hard-
ware itself. For more complex technologies, successful deployment requires a
larger share of tacit knowledge—or knowledge related to processes and rou-
tines.3% A high degree of tacit knowledge is involved in the case of first RE pro-
jects: From a technical perspective, renewables might require specialized skills
and services (e.g., wind measurements or installation techniques)3” that might
not be available in a country a priori. Also, specific regulations (e.g., environ-
mental and building-permit procedures, grid connections for fluctuating
renewables, or exact terms of public remuneration schemes) often are initially
uncertain or not yet implemented?®® and, therefore, must be navigated and
shaped concurrently with first projects. Even within RE technologies, the
tacit knowledge involved in, e.g., power-plant design, is likely higher for
biomass—a technology that must be designed around the particular fuel -
than for solar PV, which utilizes a modular design and universal energy input
(solar energy).3°

Tacit knowledge, which accumulates in actors or organizations,*? is prevalent
in project-based organizations, as the multi-interface nature of their businesses
requires much “know-how” and “know-who” that tends to be uncodified.*! Due
to this uncodified nature, the tacit knowledge required to navigate the process
of opening markets is difficult to transfer*? as it is built up through a firm’s expe-
rience, i.e., learning by doing. As a result, firms that have accumulated this tacit
knowledge, e.g., international firms that have opened markets in their home coun-
tries, may be able to function more easily as market openers in developing coun-
tries. At the same time, the tacit knowledge involved in project development may
be context-specific.*® In such cases, domestic project developers may have an
advantage, provided that sufficient local technological capabilities exist.4

36 Polanyi (1958).

37 Schmidt and Huenteler (2016).

38 Friebe, von Flotow, and Tdube (2014).

39 Binz et al. (2017).

40 Polanyi (1958).

41 Gann and Salter (2000).

42 von Hippel (1994).

43 Levinthal (1998); Shum and Watanabe (2008).
44 Bell and Figueiredo (2012).
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Although lacking experience in developing RE projects, local actors may have
greater accumulated knowledge about navigating local regulatory processes or
accessing local labor markets and industrial networks.*>

The degree to which tacit knowledge is localized, as well as the level of tech-
nical capabilities required in project development, will vary across different RE
technologies*¢ and should be reflected in project developers’ origins. Technologies
that require hard-to-acquire capabilities and no major local tacit knowledge are
more likely to be initially developed by international firms, with the share of local
project developers possibly increasing in follow-up projects.*” Conversely, technolo-
gies that do not require such hard-to-acquire capabilities, but do require important
local tacit knowledge, are more likely to attract local project developers.

2.2 Internationalization of private project developers

Regarding the third research question on why international project developers
have been particularly active in market openings, management theory can help
explain the motivation and behaviors of these specific actors. Following the clas-
sical transaction-cost argument, companies make market-entry decisions based
on a comparison of internationalization costs and expected outcomes in each
market.*® While early entrants potentially can reap benefits from being a first
mover (e.g., access to the most-attractive sites and exclusive partnerships with
local firms),*? it is often more attractive to be a later mover and free-ride on invest-
ments after major challenges involved in market opening have been overcome.>°
This free-riding option seems to be an important consideration in the case of RE
technologies, in which the advantages of more mature markets, e.g., local regula-
tors’ familiarity with the technology, often are non-exclusive and benefit all future
players, rather than just first movers.5!

Given the trade-offs involved, international-management literature has con-
ceptualized firms’ internationalization processes.>? Three strands of literature
provide theoretical insights on market openings for RE technologies. First,
rooted in the resource-based view of the firm, the Uppsala Model describes an
incremental internationalization process from initial exports to wholly-owned

45 Johanson and Vahlne (2009).

46 Schmidt and Huenteler (2016).

47 Hansen and Ockwell (2014).

48 Anderson and Gatignon (1986); Erramilli and Rao (1993).
49 Ramamurti and Doh (2004).

50 Lieberman and Montgomery (1988).

51 Jacobsson and Bergek (2004).

52 De Villa, Rajwani, and Lawton (2015).
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local operations, allowing for gradually building relevant knowledge on new
markets.>® However, the process can be less-incremental if the experience
gained from entering markets with comparable conditions can be generalized to
other markets.>* Comparing technologies, market-entry experiences should be
more generalizable for technologies that require little localized tacit knowledge.
Regarding the choice of new markets, the Uppsala model postulates that firms
start with foreign markets that are similar to their home markets regarding cultures
and institutional conditions.>®

Second, building on a broader set of economic theories, the Eclectic Paradigm
postulates that ownership, location, and internationalization advantages influence
firms’ internationalization strategies.®® Such ownership advantages include firm-
specific knowledge—e.g., from previous market-entry experience—that might
allow developers to acquire “market-entry” skills as a firm-specific advantage.
Location advantages refer to the attractiveness of specific new markets, and inter-
nationalization advantages involves the costs associated with different market-
entry modes.5”

Third, complementary extant literature points toward the importance of
Industrial Networks, i.e., the web of business relationships required to successfully
operate in new markets.>® For RE, the importance of local networks again will
depend on the degree to which crucial tacit knowledge is localized for a certain
technology.

3. Research design

This paper uses quantitative data to answer the first research question and applies
amixed-methods design, using both quantitative data and qualitative interviews to
answer the second and third research questions. The following section describes
the scope of analysis, the quantitative data, and the qualitative interviews.

While hydropower has been used in some developing countries since the
beginning of the twentieth century, the global diffusion of other RE technologies
is a comparably recent development. In this paper, we consider the three most
important non-hydro RE technologies: onshore wind turbines, solar PV, and
biomass/biogas combustion (referred to as biomass in the paper). On an industrial

53 Johanson and Vahlne (1977).

54 Ibid. (1990).

55 De Villa, Rajwani, and Lawton (2015).
56 Dunning (1988).

57 Dunning and Lundan (2008).

58 Johanson and Vahlne (2009).
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scale, these technologies initially have been developed primarily in the Global
North, then diffused to the Global South after the 1990s. Importantly, these tech-
nologies differ markedly in the complexity of their product architecture, including
their requirements for localized knowledge and adaptation.5® With this selection of
diverse cases,% we would expect to see differences in the results for each technol-
ogy regarding market-opening dynamics, as well as the share of international
developers involved, as outlined in the theory section. We focus on the period
between 1992 (when the United Nations Framework Convention on Climate
Change (UNFCCC) was adopted) and 2016, and analyze all 154 developing and
newly industrialized countries that are non-Annex I parties to the UNFCCC.

To identify early project-developer characteristics across geographies, the
present study draws on two financial databases maintained by Bloomberg New
Energy Finance (BNEF). The first dataset includes all utility-scale—typically
above 1 megawatt (MW)—RE projects globally that are known to Bloomberg.5!
Using the operation/commissioning date, projects within the same country and
technology are numbered according to their sequence of realization. We analyze
the first projects in each of the three technologies in each studied country and then
compare the characteristics of project developers with those of follow-up projects.
The analysis is restricted to a maximum of twenty projects per country to prevent
an overrepresentation of a select few countries with a very high total number of
wind or solar projects (e.g., China). In sum, 863 projects in eighty countries
were identified through this analysis.

For most projects, BNEF provided the name of the original project developer,
or else it could be researched based on other information available (e.g., through
the involvement of a multilateral development bank). We use the project develop-
er’s name to match our dataset to a second BNEF database containing information
on approximately sixty thousand organizations in the RE sphere.®2 If a developer is
labeled as a subsidiary in that database, we refer to data on its top parent firm. For
joint ventures, information on both developers (or on their respective top parents)
is used. Characteristics analyzed include the ownership type (public or private),53
country of origin, and a description of the business sectors in which a company is
active. Particular effort was necessary to gain an overview concerning which point
in time technology-specific support policies were introduced in different

59 Schmidt and Huenteler (2016); Binz and Truffer (2017); Binz et al. (2017).

60 Seawright and Gerring (2008).

61 BNEF (2017c).

62 Ibid. (2017b).

63 We consider a project developer as public if labelled in the BNEF database as “Government/
Public Sector” or as “State-owned commercial entity,” and as private otherwise.
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countries. To this end, we used data from the 2007-17 REN21 reports,5* which list
countries with RE-deployment policies, to compile an initial database of policy-
introduction dates and the “technology-specificity” of policies®® in non-Annex I
countries. The database scope includes renewable portfolio standards, feed-in
tariffs, and RE auctions. For countries that already had an RE policy in 2007, the
date of policy introduction was researched on a case-by-case basis. For auctions,
the date of introduction was taken as the date of the first auction, rather than the
date of approval of the auction framework.

By design of the quantitative analyses, the validity of results depends on the
completeness of the database used. Although BNEF is the most comprehensive
global source for project-level information and strives at being complete for projects
>1MW, some early projects may be missing. However, the large size of the dataset
should prevent any major bias. It also should be noted that many of the challenges
that a nation’s first entrant faces also apply to its second or third project developers.
A sensitivity analysis of not only the first, but also “very early” project developers
(e.g., entrants 1-3), yielded results that resemble those presented below.

Complementing the quantitative data, a qualitative interview study aims to
explain the role and motivation of first-project developers in greater detail. To
this end, additional information on the developers of first projects in new countries
was collected from BNEF and news-media research, and we contacted executives
involved in those projects, as well as other individuals involved in “very early” pro-
jects. Also, experts from a development agency and a bank involved in first projects
have been interviewed. A total of thirteen semi-structured interviews have been
conducted, transcribed and analyzed (see table 1). Discussions took place under
the Chatham House Rule;% thus, no references to interviewees or their affiliations
are provided.

4. Global market openings over time

Over the last two decades, wind, solar PV, and biomass technologies all have been
deployed in developing countries. Focusing on market openings for each of the
three technologies, figure 3 shows the years in which countries realized their
first utility-scale projects.

64 Cf. REN21 (2017) and respective reports from earlier years.

65 Policies can be more technology-specific, e.g., targeting individual technologies, or less
specific, e.g., targeting RE technologies in general. Schmidt et al. (2016).

66 When a meeting is held under the Chatham House Rule, participants are free to use the infor-
mation received, but neither the identity nor the affiliation of the speakers may be revealed.
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Table 1: List of interviewees

Type of company Role/job title of interviewees Technology

Interview 1 RE project developer Chief executive officer Wind

Interview 2 RE project developer Chief technical officer Wind

Interview 3 RE project developer Commercial bid manager Wind

Interview 4 RE project developer Country manager Solar PV
Interview 5 RE project developer Development manager Wind

Interview 6 RE project developer Director general of energy Solar PV
Interview 7 RE project developer Managing director Solar PV, Wind
Interview 8 RE project developer Technical director Solar PV, Wind
Interview 9 Development agency Team leader for renewable Solar PV

energy
Interview 10  Commercial bank Vice president renewable- Solar PV, Wind

energy project finance
Interview 11 Pulp and paper company  Vice president business dev. &  Biomass
sustainability

Interview 12 Agriculture/forestry- Electrical engineer Biomass
related company
Interview 13 RE project developer Director of operations Solar PV

The technologies differ considerably regarding the diffusion pattern over time.
The technology differences reflect the respective importance of global and local
learning: While wind power diffused quite continuously over time, solar PV prolif-
erated in a “big bang” from 2009 onward, with nine or more markets opened each
year during the 2012-15 period. Solar plants’ key components—PV modules and
inverters—are globally traded commodities that can be applied across geographies
with very little localized knowledge or adaptation required.®” The cost of PV
modules experienced a steep drop, resulting in much higher competitiveness
from 2010 onward (see figure 2), driven predominantly by deployment in forerun-
ner countries (mainly Germany)® and buildup in production capacity in China at
the time.%9 As expected from the theoretical discussion, this technology-cost
reduction “spilled over” to other countries and paved the way for market openings
in many developing countries after solar became cost-competitive.

In contrast, wind power has not exhibited a pronounced peak in deployment,
despite also achieving significant cost reductions over time, though less-dramatic
during the period under study (see figure 2). Although wind turbines themselves

67 Huenteler, Niebuhr, and Schmidt (2016); Schmidt and Huenteler (2016); Zhang and Gallagher
(2016).

68 Trancik (2015).

69 Gallagher (2014); Quitzow (2015); Meckling and Hughes (2017).
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Number of countries with first project

12
Wind XX = Country in which first project Note: AE= United Arab
10 has been realized in that year Emirates, AF= Afghanistan,
AG= Antigua and Barbuda,
AM= Armenia, AR=
Argentina, AZ= Azerbaijan,
BE= Barbados, BH=
Bahrain, BJ= Benin, BN=
Brunei Darussalam, BO=
Bolivia, BR= Brazil, BS~
Bahamas, BW= Botswana,
BZ= Belire, Cl= Cite
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Figure 3: First renewable-energy projects realized in developing countries over time

are supplied by a few leading global manufacturers, developing a wind farm typ-
ically requires a higher degree of engineering design to suit site-specific condi-
tions, as well as greater complexity in procurement and construction, resulting
in additional costs that tend to reduce the share of global learning within wind'’s
learning curve compared with PV.70

Finally, the conversion of biomass to electricity can utilize a broad set of
combustion concepts and operating profiles developed in different regions,
driven by different types and availability of predominant biomass feedstocks and
energy demands.”! Consequently, biomass power plants often need to be tailored
to specific sites; thus, their deployment typically requires substantial local

70 Huenteler, Niebuhr, and Schmidt (2016).
71 Faaij (2006).
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adaptation.”® As in the case of wind, a rather continuous diffusion over time in new
developing countries could be expected. Surprisingly, however, figure 3 shows that
a peak in market openings occurred in 2008, a wave driven by seven projects devel-
oped under the Clean Development Mechanism (CDM), which could be used to
offset emissions in countries with emissions-reduction obligations under the
Kyoto Protocol. The EU ETS emission trading system, as a large buyer, had
accepted CDM credits since 2008. While solar PV played a marginal role under
the CDM due to its high abatement cost,”®> many wind projects realized under
the CDM are likely to be non-additional (i.e., they also would have been built
without CDM).”# In contrast, biomass and biogas projects were particularly attrac-
tive under the CDM (and thus much more likely to be additional) due to their
avoidance of methane, a greenhouse gas twenty to thirty times more powerful
than CO, and, thus, able to generate more revenue under the crediting mecha-
nism.”®> Consequently, they have been developed in many different countries
(while wind was much more concentrated in fewer countries).”® In other words,
the CDMV, as a global climate-policy instrument, led to technology-specific incen-
tives that translated directly into market openings for biomass.

There are also country-specific factors beyond these general patterns
(cf. figure 3): Large countries such as Brazil, China, and India have been
among the first with market openings, which was expected given that their
large markets are attractive to investors (a location advantage under the
Eclectic Paradigm).”” Additional early markets have included comparably
higher-income nations, such as Israel, South Korea, and Singapore (all of
which are categorized as non-Annex I parties to the UNFCCC, despite their
growth during the 1970s-90s period), which could afford costly renewables
early on and offered a comparatively more stable macro-economic investment
environment.

To illustrate the potential role of national (and sub-national) policies on the
diffusion of RE technologies, figure 4 shows the introduction of RE-deployment
policies (including renewable portfolio standards, feed-in tariffs, and auctions)
by technology. Recent years have seen a comparably high number of countries
newly introducing policies for solar PV. Otherwise, the pattern over time is quite
similar across technologies, with policies only being introduced starting in 2007

72 Binz et al. (2017).

73 Schneider, Schmidt, and Hoffmann (2010).

74 Au Yong (2009); Zhang and Wang (2011).

75 Au Yong (2009); Alexeew et al. (2010); Schneider, Schmidt, and Hoffmann (2010).
76 Schneider, Schmidt, and Hoffmann (2010).

77 Dunning (1988); Dunning and Lundan (2008).
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Figure 4: Introduction of renewable-energy deployment policies

to a significant extent. Hence, while extant empirical literature has shown the
importance of policies for RE diffusion in general,”® it seems to be less relevant
for market openings. As additional analysis, figure 5 shows the number of years
between the first introduction of an RE policy and the development of the first
RE project in each country within the dataset. Over two thirds of the projects
were developed in the absence of any deployment policy,” either developed
before policy introduction or in contexts in which no policy exists, as recently
as 2017. This corresponds with findings from interviews with early developers
(see below). Wind and biomass projects were developed particularly early,
with solar PV projects more frequently following policy introduction. However,
out of the forty-three projects developed at least one year after policy introduc-
tion, seventeen were developed more than four years after the policy was intro-
duced, also indicating that policy alone may not be the key driver of these
market-opening projects.

78 Polzin, von den Hoff, and Jung (2015); Baldwin et al. (2017).

79 Note figure 3 only shows data for countries that have a renewable energy deployment policy in
place as of 2017; forty-seven projects have been developed in countries which still have not intro-
duced any policy.
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developments

5. Actors engaging to open new markets

Data on the project developers behind the market openings summarized in
figure 3 are used to discuss the role of different project developers in three
steps: In section 5.1, the relevance of private developers (compared with public
entities) is analyzed. In section 5.2, we investigate how technology characteristics
influence whether domestic or international developers open markets. Section 6
then discusses the motivation of the latter.

5.1 Role of private project developers

The structure of the electricity sector differs considerably across countries, ranging
from integrated public monopolies, to hybrid models, to unbundled and competitive
markets. Many developing countries traditionally consider power generation a public
service, electrifying their countries with state-owned utility companies.?® However,
independent power producers became more common starting in the 1990s.8! Also,
international donors, e.g., multilateral development banks, provide financing for
both public- and private-sector activities in power generation.??

80 Eberhardt et al. (2005).
81 Holburn and Zelner (2010).
82 Steffen and Schmidt (2017).
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Figure 6: Split between public and private developers by technology

Indeed, private developers have been responsible for a considerable share of
market openings across wind, solar PV, and biomass, as seen in figure 6. For each
technology, the numbers of first and follow-up projects that have been realized by
private developers, public-private joint ventures, and public developers, respec-
tively, are indicated. The share of each type of developer can be read from the
y-axis. Across technologies, private developers are very relevant already for a
nation’s first projects. They make up 45 percent of first-project developers for
wind, 61 percent for solar PV, and 89 percent for biomass. Many biomass plants
originate in adjacent businesses, e.g., in agriculture or pulp and paper that
produce bio feedstock as waste. Consequently, those developers mitigate the
core supply-chain risk of biomass projects (see section 5.2, below).83

Once a market has been opened, for all technologies, the share of private
developers increases over time, already within the direct follow-up projects (cf.
figure 6). It seems to be the case that some public players’ advantages (such as
insights into the workings of government agencies) are relevant early, especially
for first projects, when regulations are still being shaped, but less relevant later.
One developer explained: “It is difficult early-on when there isn’t any legal frame-
work—if a country is more advanced with a law for grid connection, a nice rulebook,
an authority for renewable energy, it becomes much easier” (Interview 8).

5.2 Domestic and international players

With private players being responsible for most first projects, it is worth further
differentiating that group. Figure 7 splits the private developers into domestic
and international players. The patterns for wind and solar PV are almost iden-

tical, with 58 percent and 61 percent of all private first-project developers

83 Gold and Seuring (2011).
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Figure 7: Split between domestic and international private developers by technology

coming from abroad, respectively. Interviewees indicated that tacit knowledge
accumulated by realizing projects in other countries, including knowledge
related to the technology itself, project management, and navigating regulatory
frameworks provided key advantages for international players in the market-
opening phase.

First, regarding technical competencies, the whole value chain of competen-
cies often needed to realize wind and solar PV projects are being brought to the
country by the international developer: “In choosing new markets, technical capa-
bilities in the countries do not play a role, as we have to bring all the know-how with
us anyway” (Interview 8). International developers can also bring specific compe-
tencies that give them a competitive advantage in a new market compared with
local developers, as explained by one wind developer: “We developed this wind-
mapping software ... so we were able to find windy sites where no one else thinks
that there’s wind, because we understand wind” (Interview 5).

Second, the (typically tacit) knowledge on project-management processes, or
how to develop RE projects specifically in new markets, is relatively easy to apply
across national contexts: “You have the process, the project management ... because
you've done a lot of installations that are very similar, so that’s basically something
you can export to new markets. You also have the experience of how to deal with
similar issues that they have in every part of the world” (Interview 1). One of
these issues in new markets is understanding how to cope with and shape local
regulations (compare section 4), which also can be a capability acquired by devel-
opers through learning-by-doing, as “it is always comparable [between countries):
How to deal with partners, how to secure land, who to contact in which order
without causing problems ... how to deal with grid operators etc.” (Interview 8).
Thus, many international developers, due to their knowledge accumulated
through learning-by-doing in developing RE projects in other countries, often
were better-equipped to open new markets abroad.
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However, the share of a nation’s domestic developers for wind and solar PV
increases during follow-up projects. This effect could be due to “spillovers” from inter-
national firms into the local market. While initially, international developers may
bring competencies completely from abroad, there is often a natural transfer and
buildup of local capabilities in the process of project development. A solar PV devel-
oper explains it: “The technical team [from the home country] on the ground was two
people, who have done, of course, all the system design, quality control during installa-
tion, and instruction of the local technicians ...they trained many technicians around
that project, both private sector and from the grid operator ... so ifyou want, you can say
that our work laid the foundations for solar competence in that part of Africa”
(Interview 9). In addition to these knowledge spillovers, first-mover project develop-
ers often shape the necessary regulatory frameworks, including familiarizing regula-
tors with RE technologies and “remov(ing] the fear of the utility, the grid operator, of
having [renewables] on the grid” (Interview 2), or even pushing for policy incentives, as
explained by a developer who “started discussing net metering with the government
one and a half years before the project finally started” (Interview 9). Once these
enabling frameworks are established, they often lower the barriers to entry for subse-
quent project developers that may lack the capabilities to manage such processes.

For biomass, the results are different, with the share of domestic developers
much higher (61 percent of first projects). This result is driven by the inherent need
to manage the aforementioned supply-chain risk, which often is a show-stopping risk
for biomass power plants, with the bankability of the project depending on certainty of
low-cost biomass supply. One local biomass project developer explained: “There was
a lot more interest coming from other corporates and individuals. The big barrier to
entry was biomass supply. A lot of these projects are geared quite highly, and [the
banks] become very risk-averse [...] so of the about five or six projects [...] ours was
the only one that was successful, and I expect that was because of the security of
supply, because we were our own [biomass]| supplier” (Interview 11). As a result,
biomass-project developers are often owners of the biomass-feedstock plant (e.g.,
local pulp and paper-mill companies or agricultural companies). In addition, many
of these companies already have tacit knowledge in project management and in man-
aging the design and operation of combined heat- and electricity-production pro-
cesses using their context-specific feedstocks to meet internal heat loads. As one
local developer explained it, as the developer’s company was breaking into utility-
scale biomass: “It’s on a sawmill, and we trust that saw-millers know sawmilling
best, so we would be able to make better choices than an external company |[...] we
have 16 boilers in our fleet at the moment, we do have an electricity plant [for self-con-
sumption] - we’ve been working on this for five years, so we've already established a
competency” (Interview 12). In follow-up projects, the share of local developers
increases even further (to 85 percent), possibly after a track record for the technology
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has been set. The lack of (tacit) design know-how around the biomass plant-design is
often compensated for by strong involvement of (international) actors in the upstream
supply chain, particularly through turn-key suppliers, that both play an important role
in biomass plant design, as well as procurement of components and construction.

Interestingly, international-domestic joint ventures seem to play only a very
limited role (<7 percent of projects under study), even though the Uppsala Model con-
siders this entry mode to be part of the typical gradual internationalization.?4
However, the data only cover obvious joint ventures with two companies being
listed as original project developers, and it might be the case that some of the inter-
national entrants have a close partnership with a domestic player that is not visible in
the BNEF database or who forms local teams in host countries under the parent name.

In sum, the analysis points to some variety among early project developers, but
private international players clearly play an important role: In total, fifteen wind-
power markets, twenty-two solar-PV markets, and eleven biomass markets in
developing countries have been opened through private project developers’
cross-border activities. While interviews suggest this trend could be due to the
advantage that international developers typically have with respect to tacit knowl-
edge related to project-development processes, we explore the drivers for these
international market openings in more detail in section 6.

6. Origin and internationalization of private project
developers

The notion that the clean-energy transition has become a globalized phenomenon
is underlined by the global footprint of international project developers. Figure 8
shows the home countries and entry destinations of international developers that
realize first projects in developing countries.?> These actors typically are active well
beyond their home continents. Five countries stand out as the places of origin for
market openers: France (five market openings), Germany (four), Spain (four), the
United States (four), and the United Kingdom (three). Germany, the United
Kingdom, Spain, and the United States have been forerunner countries in terms
of RE deployment, primarily driven by stringent domestic policies for RE sources
early-on®%: Germany’s feed-in tariff has been considered a role model®’; the United
Kingdom used tenders, then quotas/green certificates later; and Spain used a feed-

84 De Villa, Rajwani, and Lawton (2015).

85 Chart excludes joint ventures.

86 Schmidt and Sewerin (2018).

87 Hoppmann, Huenteler, and Girod (2014).
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Figure 8: Home country and destination of international first-project developers

in premium.®8 In the United States, policies were cultivated on both the federal and
state levels, in which various laws were enacted on renewable portfolio standards
and tax incentives, among other initiatives, some dating back to the 1980s.8° As
international developers who open new markets originate primarily from coun-
tries with a significant home market for RE, RE-support policies in forerunner
countries seem to affect project development abroad.

Concerning regional linkages, it is noticeable that developers from these fore-
runner countries often expanded into countries with which their home countries
have post-colonial ties and share the language, such as Latin America for Spanish
developers and parts of Africa for French developers. This finding is in line with
the Uppsala Model, suggesting that the internationalization of firms starts with
host countries that share similar cultures and institutions.?® Only a few “South-
South entries” to neighboring countries occurred (e.g., from South Africa to
Zimbabwe, and from Chile to Argentina), primarily for biomass. However, for
wind and solar PV, developers from industrialized countries dominate, particularly
from countries with major local manufacturing industries that produce these tech-
nologies. This industrial base enables experimentation and close collaboration
with the original equipment manufacturers (OEMs), allowing not only the transfer
of tacit knowledge and buildup of technology-specific capabilities,®! but also

88 Klessmann et al. (2011).

89 Carley (2009); Delmas and Montes-Sancho (2011).
90 Johanson and Vahlne (1977).

91 Malhotra, Schmidt, and Huenteler (2016).
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access to a strong network of value chains that they can easily tap when entering a
virgin market.

To further inspect the relationship between home markets and first-project
developers, tables 2-4 present additional details on international developers of
first projects in wind power, solar PV, and biomass, respectively.9? For wind and
solar PV, about half the players are specialized companies focusing on RE-
project development. These companies typically realized projects in their home
countries before moving on to developing countries. In addition, RE-technology
equipment manufacturers that also act as project developers play a role. For
solar PV, many of the firms are multinationals with previous PV projects in
several countries. Conversely, biomass involves a different set of actors, includ-
ing agricultural and industrial players such as sugar or pulp and paper
producers.

Specialized companies focusing on wind- and solar-project development,
especially in Germany, Spain, and France, typically emerged in response to
strong RE deployment and industrial policies in those countries.?® As their
home markets stagnated, many of these specialized companies sought oppoz-
tunities abroad, bringing their know-how and tacit knowledge in RE-project
development to the table. For instance, a developer from Germany explained
that they had been “doing solar development in Germany, but then the renew-
able-energy policy changed and the feed-in tariff for utility-scale solar was
stopped. This was quite a big hit to the organization. [...] how it has developed
over the years is that now the development on the solar side takes place interna-
tionally” (Interview 7). Likewise, a Spanish developer explained that after the
solar market in Spain collapsed, the company decided to “look for new
markets to implement our know-how in solar energy. Because we’d spent many
years doing solar PV projects, because everything was subsidized or there was a
big demand, so we did a lot in a short period of time in terms of solar energy in
Spain” (interview 4).

New markets provided a forum in which these experienced and highly spe-
cialized developers had a competitive advantage due to their well-developed
technological capabilities. As the first developer in a country explained it:
“Because the [host country] market was pretty virgin, we had the chance to take
advantage of our know-how and have a little advantage over our competitors”
(Interview 4). Thus, the market opener tried to reap the benefits of being a first
mover, as discussed in section 2.3. For already internationalized companies,

92 The tables include all players for which the respective information was available in the BNEF
database, information could be found on the company homepage, or via press research.
93 Mignon and Bergek (2016); Nahm (2017), Steffen (2018).
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Table 2: First wind projects developed by international firms

First project in country

Developer of first project

Country  Year

Project name and
size

Company name

Company’s
home country

Type of company

projects in
home country

Previous
projects in other
countries

Algeria 2014

Armenia 2005

Chad 2016

Chile 2001

Honduras 2011

Jamaica 2004

Jordan 2015

Mauritius 2016

Kabertene
(10 MwW)

Vanadzor

(2.6 MW)

Amdjarass
(1.1 Mw)

Alto Baguales
(2 Mw)

Cerro de Hula
(102 MW)

Wigton (20.7 MW)

Tafila (116.9 MW)

Quadran Plaine
des Roches
(9.4 MW)

Cegelec SAS

Sahand Afzar Niroo

(SUNIR)

Vergnet SA

Public Service

Enterprise Group

Inc.
Energias Reno-

vables de Meso-

américa SA
Renewable Energy
Systems
Americas Inc.
Vestas Wind
Systems A/S
Quadran SASU

France

Iran

France

United States

Costa Rica

United States

Denmark

France

Engineering-services
provider focused on
electrical power, IT

Engineering, pro-
curement, and con-
struction contractor

Renewable-energy and
water-project
developer/installer

Energy and energy services
conglomerate

Renewable-energy project
developer

Renewable-energy project
developer

Wind-turbine OEM

Renewable-energy project
developer

Yes

Yes

Yes

Yes

Yes

Yes

Yes (CU, MR, NG)

Yes (GB, IE, PT)

Yes (CZ, DE, ES,
GB, IN)
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Pakistan 2009  Zorlu Jhimpir Zorlu Enerji Elektrik ~ Turkey Cogeneration and - -
(6 MW) Uretim AS renewable-energy
project developer
Panama 2014 Nuevo Chagres Viento y Energia SL  Spain Renewable-energy project  Yes —
(55 MW) developer

Note: Excludes joint ventures. Company names and home country as of project realization. CU = Cuba, CZ = Czech Republic, DE = Germany, ES = Spain,
GB = United Kingdom, IE = Ireland, IN = India, MR = Mauritania, NG = Nigeria, PT = Portugal.
Source: Own analysis based on Bloomberg New Energy Finance, company websites, further desk research.
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Table 3: First solar projects developed by international firms

First project in country

Developer of first project

Previous Previous
Project name and Company projects in projects in other
Country Year size Company name home country Type of company home country countries
Antigua and 2015 Bird Interna-tional PV Energy Ltd. UK Solar-project — —
Barbuda Airport (3 MW) developer
Bahrain 2014 BAPCO Bahrain Petra Solar Inc. us Solar-electronics — —
(5 MW) OEM
Barbados 2016 BLPC Trents St. Lucy  Emera Inc. Canada Energy utility Yes —
(10 MW)
Benin 2014 Kandi (6 MW) Helios Energie France Renewable-energy - —
project developer
Botswana 2012 Gaborone (1.3 MW) ITOCHU Corp. Japan Industrial — —
conglomerate
Cape Verde 2010 SolarLa Sal (2.5 MW)  Martifer Solar SA Portugal Renewable-energy - Yes (ES, IT)
project developer
El Salva-dor 2015 Moncagua (2.5 MW)  AES Corp./VA us Energy utility Yes Yes (BG, ES, FR,
GR, IT, PR)
Jamaica 2014  Grand Palladi-um Sofos Energia SL Spain Renewable-energy Yes Yes (DO)
Hotel Lu-cea project developer
(1.6 MW)
Kenya 2011 Mombasa (0.1 MW) Asantys Systems Germany Renewable-energy Yes —
project developer
Mauritius 2014 Bambous (15.2 MW)  Tauber Solar Germany Renewable-energy Yes Yes (ES)

Management
GmbH

project developer

8.9
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Mozam-bique 2014

Nigeria 2016
Pakistan 2015
Peru 2012
Rwanda 2007
South Africa 2011

FUNAE Mozambique
(1.3 MW)

Kaduna Hospital (1.7

Mw)
Bahawalphur
(100 MW)

Reparticion (22 MW)

Kigali (0.3 MW)

Lethabo/Kendal

Portfolio (1.2 MW)

Hyosung Corp

Sunco Renewable
Energy SL
TBEA Co. Ltd.

Grupo T-Solar
Global SA
juwi AG

AU Optronics Corp

South Korea
Spain

China

Spain
Germany

Taiwan

Industrial
conglomerate
Renewable-energy
project developer
Electrical equipment
OEM
Renewable-energy
project developer
Renewable-energy
project developer
Electronics OEM

Yes

Yes

Yes

Yes

Yes

Yes (RO)

Yes (AR, BR, CL,
CO, MX)

Yes (IN, IT)

Yes (IT)

Note: Excludes joint ventures. Company names and home country as of project realization. AR = Argentina, BG = Bulgaria, BR = Brazil, CL = Chile,

CO = Colombia, DO = Dominican Republic, ES = Spain, FR = France, GR = Greece, IN = India, IT = Italy, MX = Mexico, PR = Puerto Rico, RO = Romania.

Source: Own analysis based on Bloomberg New Energy Finance, company websites, further desk research.
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Table 4: First biomass projects developed by international firms

First project in country

Developer of first project

Country Year

Project name
and size

Company name

Company
home country

Type of company

Previous
projects in
home country

Previous
projects in other
countries

Argentina 2002

Bahamas 2002

Nicara-gua 2005

Qatar 2011

Serbia 2011
Swazi-land 2011
United Arab 2008

Emirates
Zimbab-we 2013

Alto Parana
Piray Port
(30 MW)

Freeport (1 MW)

Monte Rosa El
Viejo
(62.5 MW)
DSWMC
Mesaieed
(40 MW)
Curug (0.7 MW)

Ubombo
(25 Mw)

Ras Al Khaimah
(2.7 MW)

Hippo Valley
(33 MW)

Celulosa Ara-uco y
Consti-tucion SA

Veolia
Environmental
Services

Pantaleon Su-gar

Holdings Co. Ltd.

Keppel Seghers NV

Envitec Biogas AG

Associated British
Foods plc

Biogas Technology
Ltd.

Tongaat Hulett Ltd.

Chile

France

Guatema-la

Belgium

Germany

United
Kingdom

United
Kingdom

South Africa

Forestry, paper, and pulp
company

Infrastructure and
environmental services
conglomerate

Sugar-products producer

Environmental technology
and services provider

Developer and owner of
biogas plants

Food and agricul-ture
business group

Engineering company
focused on biogas

Sugar-products producer

Yes

Yes

Yes

Yes

Yes

Yes (GB, TW, US)

Yes (SG)

Yes (BE, FR, HU,
IT, NL, SK)

Yes (MX)

Note: Excludes joint ventures. Company names and home country as of project realization. BE = Belgium, FR = France, GB = United Kingdom,
HU = Hungary, IT = Italy, MX = Mexico, NL = Netherlands, SG = Singapore, SK = Slovakia, TW = Taiwan, US = United States.
Source: Own analysis based on Bloomberg New Energy Finance, company websites, further desk research.
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opening new markets also allowed for utilizing otherwise-idle capacities: “[For
the new country], we formed a development team out of the sales team from the
Dutch market, because the Dutch market at that point in time was stuck”
(Interview 3). Thus, strong RE policies in forerunner countries led to actors
that were experienced and stable enough to spread abroad once home-market
demand plunged.

Overall, these results illustrate how international developers, often special-
ized firms with home-country experience, have taken the important role of being
first developers of a technology. These results suggest a spillover of policies from
the Global North to the Global South through actors, complementing the previ-
ously studied effects of policy diffusion, technology-cost reductions, and capital
flows.

7. Implications and conclusion

Overall, the experiences from the eighty developing countries that have commis-
sioned RE plants as of 2016 show that the patterns of RE-market openings have
differed markedly among wind, solar PV, and biomass. Technology characteris-
tics determine the importance of global and local learning, and international
spillovers through technology-cost reductions have been the largest for solar
PV, whose components comprise mostly commodities sourced from the global
supply chain.

Once technology costs fell sufficiently to allow for their more widespread
deployment in developing countries, a variety of players acted as first-project
developers and opened new markets. Private actors seem to be particularly impor-
tant. In total, approximately fifty first projects deploying wind, solar PV, or biomass
have been realized by international developers, most of which came from indus-
trialized countries with a large home market for RE. Consequently, evidence sug-
gests there has been a spillover effect of national RE-support policies in
frontrunner countries to other countries, by creating or fostering companies that
are willing and able to take the entrepreneurial challenge of developing projects in
new countries, starting the transfer of technology and capabilities, and creating
positive externalities for followers overall.

Understanding these potential spillovers holds several implications for policy
makers: First, it supports the appeal of national regulatory and industrial policies
aimed at building an RE industrial complex. To date, many green industrial poli-
cies have targeted the buildup of manufacturing facilities for RE equipment. In
addition, the growth of local RE-project developers into multinational players
not only creates jobs in project development, but also can increase and stabilize
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manufacturers’ business activities from the same country across business cycles.
For example, opportunities abroad helped not only Spanish project developers,
but also their equipment suppliers remain in the RE market, even after their
home market collapsed following subsidy cuts in 2012. The impact of domestic
project developers on different types of manufacturers in the same country (e.g.,
wind turbine engineering versus solar PV cell production) is worth further
research.

Second, actor-level spillovers can help diffuse RE further into those developing
countries that do not yet have a single utility-scale wind or solar PV plant. Given
that the results showed the importance of international private actors in opening
new renewable markets, policy makers could focus on creating an environment
that is attractive to the private sector, including establishing frameworks for
private-sector participation in electricity generation. While financing for risky
first-RE projects might need to come from the public purse,® it still can be
private actors that draw on public finance instruments to bring renewables to
new shores.

Third, results also have implications beyond renewables. It might be a prom-
ising pathway to specifically foster private actors that can accelerate the global dif-
fusion of other, less-mature, low-carbon technologies around which a country
aims to build an industry. One example is grid-scale battery-electricity storage,
which is being intensively supported by some East Asian countries.

By revealing global patterns, the large-N analysis in this article contributes to
the understanding of interactions between domestic clean-energy policies and
global technology diffusion. Subsequent interviews also shed some light on the
reasons why specifically international private developers have been instrumental
in opening new markets. Still, we consider this paper only a starting point for
further research regarding international spillovers on the actor level, which
could, for instance, assess the moderating effect of home and host-country insti-
tutions on market openings by private developers. In the future, it also will be
important to consider the growing number of RE-support policies in newly indus-
trialized and developing countries. For instance, China has had ambitious policies
in place for quite some time already, such that we might see more Chinese devel-
opers open new markets in the near future, including for emerging technologies
such as battery storage. With additional deployment policies foreseen in several
developing countries’ Nationally Determined Contributions under the Paris
Agreement, the relevance of “South-South” spillovers through developers also
might increase. In sum, private actors’ potential cross-border, market-shaping

94 Mazzucato and Semieniuk (2017); Steffen and Schmidt (2017).
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activities should be considered when analyzing spatial policy spillovers in the
future.
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