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This thesis examines how public financing can most effectively support the commercializa-
tion of radical clean energy innovation and how the impact of financing can be assessed. The
study is motivated by the need to accelerate the energy transition towards clean energy tech-
nologies and strengthen European competitiveness in a context where many technologies
required for meeting decarbonization targets remain in development or early commerciali-
zation stages and struggle to reach mainstream adoption or compete with existing solutions.

The thesis applies a mixed-methods research design. The empirical part consists of an ex-
ploratory quantitative analysis of PitchBook data on cleantech investments in Europe, North
America and China, and semi-structured interviews with actors in the Finnish clean energy
sector. The research questions are addressed by comparing the empirical results with the
literature review, followed by drawing conclusions on the main results of the study.

The findings suggest that demand conditions are decisive for the successful commercializa-
tion of clean energy technologies, while public financing can accelerate commercialization
when credible current or future demand signals exist. Challenges were identified in the align-
ment of financing with the innovation lifecycle, in public risk tolerance, and the slower en-
gagement of public funding in Europe compared with main global competitors. The thesis
concludes that effective public support for radical clean energy innovation requires financing
instruments aligned with lifecycle stages, and a stronger demand-side policy, particularly at
EU level, to enable industrial-scale deployment and diffusion.
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Tédmai diplomityd tutkii, miten julkinen rahoitus voi tehokkaimmin tukea radikaalien puhtaan
energian innovaatioiden kaupallistamista ja miten rahoituksen vaikuttavuutta voidaan arvi-
oida. Tutkimuksen ldhtokohtana on tarve vauhdittaa energiasiirtymii ja vahvistaa Euroopan
kilpailukykyé tilanteessa, jossa monet ilmastotavoitteiden saavuttamisen kannalta keskeiset
teknologiat ovat vield varhaisessa kehitys- tai kaupallistamisvaiheessa. Uudet innovaatiot
myos kilpailevat vakiintuneiden ratkaisujen kanssa, edelleen vaikeuttaen kaupallistumista.

Téssd tyOssd sovelletaan monimenetelmallistd tutkimusotetta. Empiirinen osuus koostuu
PitchBook-dataan perustuvasta ekploratiivisesta kvantitatiivisesta analyysista, jossa tarkas-
tellaan cleantech-investointeja Euroopassa, Pohjois-Amerikassa ja Kiinassa, sekd puo-
listrukturoiduista haastatteluista suomalaisten puhtaan energian alan toimijoiden kanssa.
Tutkimuskysymyksiin vastataan vertaamalla saatuja tuloksia olemassa olevaan kirjallisuu-
teen ja muodostamalla niiden pohjalta tyon keskeiset johtopédatokset.

Tulokset korostavat kysyntdolosuhteiden ratkaisevaa merkitystd puhtaan energian teknolo-
gioiden kaupallistamiselle. Julkinen rahoitus voi nopeuttaa kaupallistamista, kun uskottava
kysyntésignaali on olemassa. Haasteita havaittiin rahoitusinstrumenttien oikeassa kohdistu-
misessa innovaatiokaaren eri vaiheisiin, seka julkisen rahoituksen riskitoleranssissa ja hitau-
dessa Euroopassa verrattuna keskeisiin globaaleihin kilpailijoihin. Johtopaétokset painotta-
vat erityisesti vahvempaa kysyntédpuolen politiikkatoimia EU-tasolla yhdesséd ennakoitavan
sadntelyn kanssa, jotta teollisen mittakaavan kéyttoonotto mahdollistuu.
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1 Introduction

This chapter outlines the motivation, background, objectives, and scope of the thesis. It ex-
plains why the topic is timely and relevant, what gaps in knowledge the thesis addresses, and

how the chosen methods aim to fill those gaps.

1.1  Motivation and background

Reaching climate goals requires a transformation of both energy technologies and the struc-
tures, policies, and markets that surround them. Deploying existing clean energy technolo-
gies but also creating entirely new ones is required. According to the IEA (International
Energy Association), over 35% of the technologies required to achieve net-zero carbon emis-
sions by 2050 are not yet commercially available (IEA, 2023). Clean energy innovation is
therefore essential, but also remarkably resource-intensive and risky. Clean energy tech-
nologies describe technologies or business models that enable clean energy generation, stor-
age, distribution and efficiency. Clean technology companies, cleantechs, are defined as
private for-profit enterprises that develop, commercialize, or integrate such innovations in
their business. (Gaddy et al., 2017) This definition is aligned with classifications used by the
IEA (2025a) and major EU innovation funding instruments (EU, 2019, 2025a, b, ¢ & d).

Public funding plays a critical role in the emergence of breakthrough technologies, thus,
evaluating where and how public funding can most effectively accelerate clean energy inno-
vation is important. This also brings about a need for reliable tools for measuring the effects
of funding. This discussion of impactful resource allocation is timely, as the innovation gap
between Europe compared to the US and China continues to widen. Innovation capacity is
increasingly viewed not only as a climate imperative but also as a question of global com-
petitiveness. Importantly, Europe’s comparably weak position in breakthrough technologies
risks Europe missing opportunities for value creation, growth, and technological leadership,
resulting Europe to mainly influence regulation rather than leading the way of developing

and deploying new technologies. (Draghi, 2024)



The European cleantech industry has an opportunity to become the leader in technologies
enabling the green transition. According to Draghi (2024), innovation commercialization is
mainly hindered by lack of finance and unclear linkages to industrial policies, forming a
need to streamline the path from early research to successful scale-up. However, compared
by GDP, the EU is spending more on research and development (R&D) than the US, pointing
to inefficient allocation of funds. Furthermore, research has suggested the bottleneck in
cleantech scaling up stemming more from a financing mismatch between private investor
expectations and the risk-return profile of clean energy technologies than the absolute vol-
ume of capital. (Gaddy et al., 2017; Polzin & Sanders, 2020) Aligning the right funding
instruments across the innovation lifecycle is a priority to successfully commercialize

emerging technologies (Polzin et al., 2021).

Measuring innovation impact remains a key challenge (Owen et al., 2018; Mukherjee et al.,
2024; Liu et al., 2025). Conventional proxies such as patent counts or R&D expenditure
capture only narrow aspects of innovation and often fail to capture the nuanced nature of
clean energy innovation, producing inconsistent impact evaluations (Owen, 2023; Liu et al.,
2025). The difficulty arises from several factors: long development horizons delay observa-
ble outcomes (Owen, 2023), overlapping public and private interventions in the innovation
process make measuring impact complex (Owen et al., 2018), and difficulty in finding the
right indicators to measure the innovation ecosystem or policy-effects beyond financial and
technological markers (Mukherjee et al, 2024; Polzin et al., 2021). Data limitations and in-
consistent definitions of “cleantech” further constrain comparability across regions and stud-
ies (Mukherjee et al, 2024). As a result, policymakers lack clear tools to evaluate the effec-
tiveness of funding decisions, especially in distinguishing whether resources are accelerating

breakthrough innovation or sustaining existing technologies.

Governments have made clean energy innovation central in their industrial and climate strat-
egies, and breakthrough innovation a priority (IEA, 2025a). In Finland, for instance, the en-
ergy aid program (Energiatuki), administered by Business Finland, mandates at least 50%
of funding to target breakthrough technologies. However, the evaluation criteria for novelty
remain vague, leading to inconsistent funding decisions and limited follow-up analysis
(VTV, 2025). Without clear frameworks, the EU risks spreading its resources too thinly
across multiple fields, rather than focusing them strategically, undermining both climate tar-

gets and competitiveness.



1.2 Objectives and research questions

The objective of the thesis is to examine how public financing could most efficiently foster
transformation of the energy sector through clean energy innovation, and how innova-

tion impact can be measured.

The scope of the thesis is shaped by the data availability in the PitchBook investment data-
base, which allows targeted analysis of cleantech investments and companies’ financing
lifecycles. The global investment patterns also shape the scope of the thesis. As shown in
Figure 1, China sets the pace for government spending on energy R&D investments, with
the EU and North America following behind. Together, these regions account for most pub-

lic investment in clean energy innovation, emphasizing their relevance as the focus of this

thesis.
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Government energy-related R&D reached a global total of USD 54 billion in 2024, four-fifths of which went to clean energy technologies.

Figure 1. Government spending on energy R&D, 2015-2024 (IEA, 2025b)

These three regions together account for the overwhelming majority of clean energy R&D
worldwide, making them the most relevant reference points for understanding clean energy
innovation. That said, China’s innovation ecosystem is shaped by centralized decision-mak-
ing and state-led industrial strategy, limiting comparability with investment numbers from
EU and the North America. For example, Chinese enterprises spend most on energy R&D
globally, but a high number of state-owned enterprises blur the spending estimates per in-
vestment actor. Furthermore, the Chinese government’s pursuit of global leadership in clean

energy innovation has led to substantial subsidies and low-cost capital allocated for



companies, possibly distorting competition. (IEA, 2022) By contrast, the US relies more on
private venture capital, with public R&D efforts focused on the federal level. Europe is strug-
gling with fragmentation of EU-level programs and national innovation priorities. (Draghi,
2024) This divergence in models underscores why comparing Europe, North America, and
China is critical, as they represent three distinct approaches to funding and commercializing
clean energy innovation. Since the differences between market-led innovation and the Chi-
nese case can affect data availability and reliability, these factors will be considered in the

reliability of the results.
With these definitions, the thesis seeks to answer the following research questions:

Q1: How can radical innovations be identified from incremental innovation in the clean

energy sector?
Q2: How can the impact of public funding be measured for radical energy innovation?

Q3: How can public financing most successfully support commercialization of radical en-

ergy innovation?

The thesis does not distinguish between product and process innovation, as companies
included in clean energy innovation can engage in both. The nature of innovations, however,
is considered central to the analysis. Distinguishing between radical and incremental inno-
vations is essential for assessing impact, as the assumption of the thesis is that radical inno-
vation drives the transformation of the energy sector. These two types of innovations differ
in risk, financing needs, investment incentives, and commercialization processes, forming

the key analytical lens of this study.

This thesis does not compare the innovation impact of individual technologies within the
clean energy sphere, nor does it directly assess consumer adoption or market deployment.
The analysis is conducted from a European perspective, focusing on the role of public
actors in financing and shaping energy innovation. Furthermore, the analysis is limited to
for-profit companies, excluding universities, research centres, and non-governmental organ-
izations. This focus is justified as companies are the primary actors driving commercializa-
tion, therefore critical actors in determining whether innovations ultimately succeed or fail

in the market.



1.3 Methods and data

This thesis deploys an explanatory sequential mixed methods design, where first a quan-
titative analysis is conducted, followed by a qualitative section to expand the interpretation
of the results. The research is grounded in pragmatism, which allows for methodological
flexibility and a more liberal use of both quantitative and qualitative data to best address the
research questions. A mixed methods approach was chosen due to the complex nature of
clean energy innovation and the difficulty of capturing it only through numerical indicators.
(Creswell & Creswell, 2023; Johnson et al., 2007) As noted by Mukherjee et al. (2024), the
prevalence of quantitative methods in green finance research often limits the understanding
of policy effects and the government’s role in stimulating clean energy innovation, further
suggesting a need for mixed approaches. By combining quantitative evidence of investment
patterns with qualitative insights into underlying mechanisms and policy drivers, described
in Figure 2, this approach aims to provide a more comprehensive view of how public financ-

ing supports innovation and market formation in the clean energy sector.

Narrative litera- Quantitative Qualitative
ture review > analysis analysis

! i l

Theoretical
framework

Findings

Exploratory Semi-structured
data analysis interviews

Figure 2. Research design and methods

The quantitative analysis utilizes a dataset from the PitchBook platform, which consists of
individual investment datapoints done in the clean energy sector. Exploratory data analysis
is employed, aiming to reveal underlying structures of the dataset and identify patterns in
investment outcomes across regions and funding types (Tukey, 1977). Following previous
approaches in innovation and venture capital research (Kortum & Lerner, 2000; Gompers &
Lerner, 2004; Howell, 2017), firm-level indicators such financing deal types and exit prob-

abilities are employed as proxies for innovation performance. The quantitative analysis



compares investment patterns across regions to explore whether certain funding models are
associated with higher success probabilities. Through using investment-based indicators, the
thesis aims to address the limitations of traditional proxies, such as R&D expenditure or
patent counts, and aims to evaluate how resources are allocated and which configurations
are linked to higher likelihoods of success. This approach also allows to explore possible

shortcoming in Europe’s clean energy financing patterns compared to its global competitors.

The qualitative analysis includes semi-structured interviews conducted with public fun-
ders, corporations, start-ups and intermediate actors working with clean energy technologies
in Finland. The interviews expand on the quantitative findings, offering deeper insights
through perceptions of the current energy innovation landscape. (Kallio et al., 2016;
Hirsjarvi & Hurme, 2022) The interviews provide contextual understanding of how public
financing instruments are perceived and implemented in practise, how they shape collabo-
ration between market actors, and what structural challenges are seen to hinder scaling and

diffusion of clean energy technologies.

Preceding the empirical section, a narrative literature review is conducted to establish the
theoretical framework for the study and to synthesize prior research on cleantech innovation
lifecycles, innovation impact assessment, and the cleantech investment landscape (Salminen,
2011). Relevant publications from peer-reviewed journals were gathered from the university
library, LUT Primo, as well as Scopus. Foundational books on innovation and complemen-
tary institutional reports from the International Energy Association (IEA), Finnish govern-

ment agencies, and the European Union were included.

The search began by familiarizing with the IEA publication The State of Energy Innovation
(2025), from which important keywords were observed for article search. The main keyword

combinations used in LUT Primo and Scopus searches included:
- “cleantech” AND “investment” AND “policy”
- “exploratory green innovation” AND “exploitative green innovation”
- “R&D” AND “incremental” OR “radical”
- “radical innovation" OR “incremental innovation” AND “public funding”

- “venture capital” AND “renewable energy”



- “valley of death” AND “energy”

After manually identifying a few relevant publications, a snowballing technique (citation
tracking) was used to expand the review. By following references and citations of sources
deemed valid for the research, other influential studies could be identified. Both highly cited
papers as well as newer research were included, as the topic of research is very timely and

relevant research is conducted continuously.

Three main areas of research were noted: cleantech investments, cleantech innovation lifecy-
cles, and innovation impact studies. Together, these domains form the foundation of the the-

oretical framework, illustrated in Figure 3.

Cleantech
Investments

Financing Financial
alignment effectiveness

Cleantech
Innovation

Lifecycles Impact
metrics

Innovation
Impact

Figure 3. Theoretical framework

The theoretical framework highlights the interfaces between these domains with financing
alignment, financial effectiveness, and impact metrics, positioning the mixed-methods ap-
proach at their core. It also defines the analytical boundaries for the study by guiding how

the quantitative and qualitative components are integrated.



1.4  Structure of the thesis

The thesis consists of six chapters, which are illustrated in Figure 4.

INPUT CHAPTER OUTPUT
Introduction to subject, current 1. Introduction Background, motivation, purpose, re-
situation and timeliness of the search questions, objectives, methodol-
theme ogy, and structure of the thesis
. 4 .
Prior research on clean energy 2. Measuring and Overview of state-of-the-art concepts and
innovation, lifecycle, and in- financing en- frameworks, synthesis of theories, hypoth-
vestments ergy innovation esis
g
4 N . . oo
Research methods and 3. Data and Reasoning behind chosen indicators,
data gathering methodology presentation of research design, structure
of interviews
g _J
o 4 ) iy . o
Investment data and interviews 4. Results Empirical findings from quantitative and
qualitative analysis
g _J
iy . 4 ) o .
Empirical results, theoretical 5. Synthesis Indicative results based on literature and
framework empirical section
g _J
. . 4 ) o
Synthesis of findings, research 6. Discussions & Answers to research questions, implica-
questions Conclusions tions, limitations, further research topics
g J
. . 4 ) .
Synthesis of previous chapters 7. Summary Summary of the thesis
o J

Figure 4. Structure of the thesis

The first chapter establishes the background context and outlines the scope of the work,
including the research questions. In the second chapter, the theoretical framework of the
thesis is presented in more detail. The theoretical framework includes a literature review and
synthesis of theories. Next, the methodology and data used to conduct the empirical section
are presented. The fourth chapter presents the result from the investment data as well as
interviews. The synthesis chapter integrates the quantitative and qualitative findings together

by focusing on the most important findings from the previous chapter. The discussions and



conclusion chapter will answer the research questions, summarize implications for ecosys-
tem actors, discuss limitations of research, and provide recommendations for future research.

Lastly, a summary of the thesis is presented.
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2 Measuring and financing energy innovation

This chapter presents the theoretical foundation of the thesis through a narrative literature
review, combining aspects of three key areas: cleantech innovation lifecycles, innovation
impact assessment methods, and the cleantech investment landscape. Together, these per-
spectives form a basis for understanding how financing mechanisms influence clean energy

innovation (Gaddy et al., 2017)

The goal of the literature review is to build a conceptual framework based on energy inno-
vation lifecycle and its financing path. First, innovation is defined based on literature and
applies the ambidextrous innovation framework to clean energy innovation, followed by an
overview of tools for measuring innovation impact. The second section examines financing
along the innovation lifecycle including key actors, investment flows, and policy instru-
ments, concluding with challenges and critiques of current financing tools. Compiling the
literature review together, this chapter ends with a conceptual framework that guides the

empirical analysis.

2.1 From invention to impact: Understanding energy innovation

Innovation is the first attempt to carry out a new product or process idea into practice. In-
ventions — the first occurrence of a new idea — can happen anywhere but turning them into
innovations happens mostly in firms, as they possess the capabilities, skills, resources to
combine them into a commercially viable product. Furthermore, what is thought of as a sin-
gle innovation is often the result of a lengthy process involving many complementary inno-
vations, which must be brought together to successfully diffuse an innovation into practise.
For commercial viability, complementary factors (e.g. supporting processes and innovations,
production capabilities, skills and knowledge) must be available, and there needs to be suf-
ficient need for the innovation, stemming from either its technological superiority, lower
than current market price, or government policy steering and market-making. Innovations
are a continuous process, complicating the definition, measurement, and their management.
(Fagerberg et al., 2005) The interrelated nature of innovations guide towards applying a sys-

tem perspective to reach a satisfying theoretical framework.
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2.1.1 Ambidextrous innovation theory and clean energy technologies

Based on the innovation theorist’s Joseph Schumpeter’s work, innovations can be classified
according to how radical they are compared to current technology. Continuous improve-
ments to existing technologies or business models are referred to as incremental or exploi-
tative innovations, as opposed to totally new innovations referred to as radical, novel, dis-
ruptive or exploratory. (Fagerberg et al., 2005; Liu et al., 2025) First presented by March
(1991) and more recently in the context of energy innovation by Wiistenhagen & Menichetti
(2012) and Liu et al. (2025), the thesis applies a definition where the nature of innovation is

split into:

- incremental/exploitative: leveraging existing knowledge and resources achieving

short-term profits and market position

- radical/explorative: exploring disruptive technologies, business models, and market
possibilities outside the firm’s current knowledge base with a strong future-oriented

focus

Organizational ambidexterity is an established theory in literature to describe an organiza-
tion’s capability to balance exploitative and explorative activities, vital for their survival in
an ever-changing market dynamic (March,1991; O’Reilly & Tushman, 2008). Companies
balance exploitation and exploration with different intensities as a strategic decision or nat-
urally be more inclined to be either or. Ambidexterity can also be applied to an industry and
is especially suited for the context of clean energy technologies, where successful green
transition depends on both the introduction of new technologies and the optimization of ex-

isting systems. (Hockerts & Wiistenhagen, 2010; Tidd, 2023)

In practise, this ambidexterity can be observed through market actors and their distinct roles.
Hockerts & Wiistenhagen (2010) split them in two: new entrants and incumbents. New
entrants function within a small market niche, usually born to commercialize a specific in-
vention to its full potential. For them, environmental objectives are just as important as eco-
nomic ones. Incumbents are dominated by economic objectives, with complementary envi-

ronmental objectives. (Hockerts & Wiistenhagen, 2010)

New entrants, particularly start-ups, often act as key drivers of exploratory clean energy

innovation (Howell, 2017). These actors operate under high uncertainty with scarce
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resources but are agile in delivering potential high-impact solutions to further sustainability
goals (IEA, 2023; Liu et al., 2025). By its nature, exploratory innovation is about possibili-
ties with doing something new and unknown, and so the process involves uncertainty. Espe-
cially in the early stages of the innovation lifecycle, technological viability as well as future
demand are uncertain. (Tidd, 2023) Because of this, combined with long development cycles
and payback periods, new entrants face challenges at attracting private investors. This high-
lights the role of public funding to support the progress of these companies to move across
the innovation phases, as private investors solely aren’t sufficient for the whole process. (Liu

et al., 2025)

In contrast, incumbent firms tend to focus on exploitative innovation. This typically in-
volves improving existing technologies and boosting efficiency, with aims to conserve re-
sources or reduce emissions. Engaging in exploitative innovation can be driven by regulatory
and compliance criteria. Exploitative innovation presents lower risks, faster commercializa-
tion, and quicker returns, aligning better with corporate structures and shareholder expecta-
tions. (Beck et al., 2016; Liu et al., 2025) Incumbents that engage in exploratory innovation
do so to change the direction of their product portfolio or react to a changing market land-
scape pushing them to find new alleys of business (Liu et al., 2025). The effectiveness of
separating exploratory innovation activities from core business, by creating corporate ven-
ture capital funds (CVCs) or spin-offs, is debated. Still, while less agile, incumbents have
the financial resources for large-scale industrial investments, possibly allowing to scale, in-
tegrate, and benchmark sustainable practises and new technologies across the energy sector.

(Hockerts & Wiistenhagen, 2010).

Notably, this dual dynamic reflects broader observations in innovation management litera-
ture: large organizations tend to resist radical innovation due to internal constraints and risk
aversion, while start-ups operating with a singular innovation focus outside organizational
constraints can take bolder technology and market risks (Christensen, 1997; Hockerts &
Wiistenhagen, 2010; Bernstein, 2015). This suggests that true organizational ambidexterity
is difficult to achieve due to the essence of radical innovation being misaligned with corpo-

rate objectives.



2.1.2 Innovation lifecycle of clean energy technologies

The development of clean energy technologies can be characterized through distinct phases,
most typically captured by technology readiness levels (TRLs), but also involving interre-
lated aspects such as risks, company-level activities, financial milestones, or government

policies. Used in combination, these elements can better capture the complexity of the inno-

vation system. (Fagerberg et al., 2005; Nemet et al., 2018)

Figure 5 combines frameworks to capture the ecosystem in which energy innovation is con-
ducted, structured around the TRL framework, net cash flow, a company perspective, and
technology-push and demand-pull factors. This innovation lifecycle refers only to radical

innovations that are new-to-market, not incremental process improvements conducted within

companies.

Technology
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level 1 2 3

Net Cash
Flow

Company Basic
perspective re

search

Applied
research

Technology push

Demaonstrations

*+ High spillovers
* Large capital requirement
High technology risk

Uncertain demand

"Valley of Death”

Diffusion
Commercial product

Pre-

Early adoption
commercial .

Proof of

concept * Retained earnings
Business
plan
Warking
prototype
Demand pull

Figure 5. Radical innovation lifecycle (Modified from Polzin et al., 2017, Nemet et al., 2018, IEA, 2025a)

From a company perspective, activities can be mapped through technology readiness:

- TRL 1-3: Basic and applied research

- TRL 4-5: Demonstration (proof-of-concept, business planning, prototyping)
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- TRL 6: Pre-commercialization
- TRL 7-8: Early adoption
- TRL 9: Commercial diffusion

Until TRL 6, innovation is typically considered early-stage with levels 7 and above later-
stage innovation. Early adoption of technology usually happens on levels 7 and 8, while
diffusion at level 9. At the demonstration and piloting phase, firms often struggle with rising
capital expenditures while revenues remaining minimal, leading to the well-known valley of
death. A second, earlier valley is sometimes described at the hand-over from research to
businesses, but isn’t inherently a financial barrier, and is thus not the focus of this study.

(Polzin et al., 2017; Nemet et al., 2018; IEA, 2025a)

Demonstration and prototyping at scale demand substantial capital investments, yet inves-
tors are hesitant due to long, capital-intensive projects with uncertain returns, causing even
promising innovations to fail. (Nemet et al., 2018; Mazzucato & Semieniuk, 2018) Low
appropriability is found to be one of the reasons for underinvestment, where market players
anticipate knowledge spillovers without having to borne innovation costs themselves (Nemet
et al., 2018; Greco et al., 2022) The problem is compounded for radical innovations, which
often require multiple demonstration projects and face barriers in proving scalability and
reliability at scale. Unlike incremental innovations, radical technologies are harder to patent

and commercialize. (Nemet et al., 2018)

Finally, the later stage of innovation (TRL 9) is shaped by how new technologies diffuse
into markets and how they interact with, complement, or ultimately cannibalize existing
solutions. Radical technologies often begin in niche segments by offering different value
propositions than existing ones, and once early users demonstrate viability, mainstream up-
take is possible. As adoption expands, technologies gradually move into mainstream markets
and start competing directly with established technologies. Cannibalization occurs when
customers begin substituting existing solutions with new ones, reducing existing business
models and revenue streams of incumbents. Once customers begin shifting, the diffusion of
new and the cannibalization of old technologies are already underway. (Rennings et al.,

2013; Petzold et al., 2019)

Incumbents can be constrained in their response to shifting market dynamics by their exist-

ing business models and expectations of where value is created and captured, if new
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innovations are not continuously adapted or developed (Petzold et al., 2019). On the other
hand, cannibalization can also be partial. Incumbents may absorb elements of radical inno-
vations into existing systems without replacing the system as a whole. Furthermore, collab-
orative R&D among incumbent companies can reinforce this dynamic by faster incremental
upgrades and partial diffusion of radical technologies, thereby extending the life of the ex-
isting trajectory. Considering this, new innovations compete not only against existing solu-
tions but also with their continuous improvement. Radical innovations face a moving target
as they must outperform existing solutions while incumbents optimize in response, while
markets tend to reward short payback periods and low risk. As a result, incremental trajec-
tories can remain competitive even when radical solutions offer higher theoretical efficiency
or environmental performance. Credible decarbonization policies can shift incentives toward
radical innovation by increasing the cost of remaining on the old trajectory. (Rennings et al.,
2013)

Furthermore, Bergek et al. (2008) emphasize legitimation of new technologies for them to
emerge. While technology assessments that shape legitimacy of new technologies are nec-
essary to reduce uncertainty, they also constitute a source of uncertainty. They may subtly
influence expectations of decision makers in favour of incumbents, who typically have su-
perior access to funding, media actors, and policymakers. Independent competence in as-
sessing technology potential is therefore essential, particularly for policymakers in forming
their own vision of the future of emerging technologies. A critical mass of emerging actors
is also needed to shape institutions and early markets, which in turn requires protected spaces
where technologies can be developed long before they are competitive in the market. (Ber-
gek et al., 2008) As Petzold et al. (2019) note, cannibalization is not the result of a single
event nor is the diffusion of new technologies rarely linear. Rather, acceleration can happen
abruptly when conditions become favourable. In energy systems where market design, reg-
ulation, and institutional structures strongly shape incentives, decisions from public bodies
strongly dictate the delay or acceleration of the uptake of new technologies. (Petzold et al.,
2019)

Throughout the whole innovation lifecycle, governments and public bodies play a crucial
role in supporting energy innovation ecosystems, both acting as market-fixers (e.g. correct-
ing underinvestment in high-risk development projects) and market-makers (e.g. creating

stable demand and a predictable future) (IEA, 2025a; O’Reilly et al., 2025). As market-
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fixers, governments can use technology-push mechanisms, typically including instruments
like R&D grants, tax credits, supporting knowledge networks to reduce innovation costs in
early phases. Demand-pull mechanisms as market-making activities include subsidizing de-
mand, government procurement, technology standards, or carbon pricing, to increase future
market visibility and assure investors of returns since commercialization is more certain.
These mechanisms are necessary and effective only together, as they interact with the lifecy-

cle in different phases, as shown in Figure 5. (Nemet et al., 2018)

As energy innovation is largely dependent on government decisions and public funding, it
is vulnerable to shifting political support and interest group lobbying. In the demonstration
phase, elected officials may favour projects aligning with their political support base (e.g.
specific technologies, geographical focus), potentially leading to inefficient public invest-
ments that prioritize short-term impact. (Nemet et al., 2018) A dependable and rising market
demand provides one of the strongest incentives for firms to innovate, and such demand can
only be created through stable, long-term government strategies for energy innovation (IEA,
2025a). Governments may crowd out private investment if a mindfully risk-seeking strategy
is not implemented but rather a focus on “low hanging fruits” — projects that would attract
private finance regardless of public involvement (Nemet et al., 2018). Moreover, many clean
energy firms operate under thin profit margins in competitive and heavily regulated markets,
further decreasing the return potential of investments (Polzin & Sanders, 2020). When de-
mand signals remain weak or uncertain, private investors will often expect low returns from

clean energy investments, reducing the overall capital available.

2.1.3 Financing and policy measures across the lifecycle

The green transition is driven by innovation, with financing at the core of the innovation
lifecycle (Mazzucato & Semieniuk, 2018; Polzin & Sanders, 2020). To capture investment
patterns, the IEA (2025a) categorizes capital flows into three main types: public spending,
corporate R&D and venture capital (VC). Since the signing of the Paris Agreement in
2016, energy-related R&D spending from these three sources have increased globally by
roughly 75%, underlining the importance of innovation in meeting climate goals. (IEA,

2025a)
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As illustrated in Figure 6, clean energy funding mechanisms evolve across the TRLs. Each
phase is characterized by distinct levels of risk, capital intensity, and investor profiles. Ap-
proaches are multifaceted, combining tools like grants, venture capital, concessional debt,
guarantees, with banks and private equity. The IEA (2025a) highlights that governments act
simultaneously as funders and market-shapers, with both technology-push and demand-

pull mechanisms.
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Angel, friends
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Figure 6. Representative changes in capital provision for energy technology scale-up (IEA, 2025a). “Industry”
refers to corporate R&D budgets of established firms.

Early Stage (TRL 1-5)

Support during earlier R&D phases is often crucial in developing new ideas or testing tech-
nologies up to small pilot scale. These activities are difficult for the private sector to justify,
particularly for SMEs and start-ups working on technologies with large potential public ben-
efits but weak near-term market signals. The most common instruments at this stage include
technology-push mechanisms, such as R&D tax incentives, grants, and institutional funding,
but also early-stage private investors such as venture capital, angel investors, or family and
friends. Debt instruments or private equity are not available due to lack of collateral and
track record, combined with nascent technology, leading to difficulty in assessing outcomes.

(IEA, 2025a; Owen et al., 2018; Polzin et al., 2017)
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Demonstration & Scale-up (TRL 6-8)

Scaling up successfully requires increasing amounts of funding. As technologies progress
from small pilots to first-of-a-kind (FOAK) demonstrations, each stage becomes slower and
riskier to complete. Consequently, many cleantechs, especially those without large balance
sheets, depend on government grants, concessional loans or equity partnerships to finance
demonstration projects. As capital intensity increases, a diverse set of funding instruments
are necessary. Cleantechs experience a lack of access to loan funding, highlighting the role
of governments on offering concessional loans, loan guarantees, or equity co-investments to
help bridge the valley of death (Owen et al., 2018). Public bodies’ investments also signal

market viability and can help attract institutional investors (IEA, 2025a).

Incumbents can participate in this phase through partnerships, joint ventures or CVC (Cor-
porate Venture Capital) investments, which allow them to access emerging technologies
without diverting resources from core operations. CVC can also provide start-ups with mar-
ket access, industry expertise, and validation signals to further attract later-stage investors

(IEA, 2025a; Hockerts & Wiistenhagen, 2010)
Market Entry & Commercialization (TRL 9)

At market entry, private equity, banks, and project finance dominate, but only when risk is
reduced. De-risking measures near market entry by public funders, such as long-term offtake
agreements, public procurement, and export credits, can enable scaling up still vulnerable
new businesses. Blended finance combining public and private funding helps share risk

across participants (IEA, 2025a; Polzin et al., 2017)

Start-ups’ lack of a track record hinders them from accessing traditional debt or project fi-
nance, where instruments such as concessional debt, loan guarantees, equity co-investment,
and long-term offtake agreements can collectively de-risk investments and attract institu-
tional investors. Corporate actors at this stage can acquire promising businesses (Hockerts

& Wiistenhagen, 2010).
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2.1.4 Indicators for measuring innovation and their outcomes

This section reviews how innovation has been measured in prior research. The innovation
impact indicators identified in the literature relevant to this thesis are summarized in Table
1 and categorized into quantitative and qualitative dimensions. The selected studies examine
innovation in terms of investments, outputs, the nature of innovation, or the combinations

thereof.

Along with identifying indicators, this section reflects on the key findings of these studies.
Together, the reviewed literature provides the analytical foundation for formulating the hy-

pothesis presented in the last chapter of the literature review.



Table 1. Common indicators used to measure innovation impact
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Category Indicator Study or report
Quantitative =~ Number of patents, patent citations, [PC Howell (2017); Plank & Doblinger
novelty classification (2018); Bernstein (2015); Seru (2014);
Liu et al. (2025); European Commission
(2025a,b & ¢)
Number of innovations launched to market, = EU reports *
start-ups created, [PRs
Total investments mobilized, co-investment ~ EU reports *
amounts, leverage ratio, follow-on funding
Financial and business outcomes (revenue Gaddy et al. (2017); Goldstein et al.
growth, employment, exit via [PO or acqui-  (2020); Van der Heuvel & Popp (2023);
sition) O’Reilly et al. (2025)
Share of sales from radical or incremental Beck et al. (2016)
innovation
CO2 emissions avoided, renewable energy EU reports *
produced (real and projected)
Series A or seed funding probability through ~ Van der Heuvel & Popp (2023)
VC, exit probability
Qualitative Novelty, scalability, market potential of EU reports *
product
Strategic alignment with government climate EU reports *

goals, spillover for societal good

Mazzucato & Semieniuk (2018)

Stakeholder engagement, skills development

Deloitte & White Research (2023); Inno-

vation Fund

Innovation risk profile (technology, market)

Mazzucato & Semieniuk (2018)

Barriers to commercialization

Owen (2023); Goldstein et al. (2020)

* EU reports = Clean Hydrogen Joint Undertaking, 2024, Deloitte and White Research, 2023; European
Commission, 2019, 2025a, 2025b, 2025¢ & 2025d
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Patenting

Patent-based indicators are an established metric due to their availability, standardization,
and comparability across technologies and countries. They offer a way to measure innova-
tion quantity through patent counts and quality through patent citations. Tracking growth
over time can also reveal emerging technological domains and shifts in innovation sector by
sector. (Howell, 2017; Liu et al., 2025) Although being a widely accepted method to measure
innovation, patents have significant limitations. They don’t account for business mode, ser-
vice, process innovation, or commercial success, thereby capturing only a fraction of inno-

vation activity. (Seru, 2014)

Seru (2014) and Bernstein (2015) show how patent data can track organizational change,
finding a decline in patent quality after mergers and reduction in novelty following IPOs. In
the context of green innovation, Liu et al. (2025) measure engagement in novel technologies,
innovation quality, and breakthrough potential among Chinese listed companies. The study
finds that subsidies stimulate exploratory innovation in financially constrained firms, while
effluent charges (pollution fees) encourage exploitative innovation. Howell (2017) uses cite-
weighted patents and venture capital engagement to evaluate U.S. Department of Energy
grants, finding that small, early-stage public grants yield the strongest boost in patent quality
and financing without crowding out private capital. Studying Germany’s photovoltaic and
wind sectors, Plank and Doblinger (2018) report that public R&D funding increases patent

quantity but not quality, suggesting limited breakthrough outcomes.

While patents can be valuable indicators of innovation potential, especially when supported
by financial or investment data (e.g. Howell, 2017), this thesis places stronger emphasis on
output indicators that reflect real-world impact, like commercial success, exits, revenue, or

follow-up investments.
Financial indicators

Availability of capital is essential for technologies to progress beyond research and devel-
opment (Mazzucato & Semieniuk, 2018). Consequently, innovation performance is often
assessed through financial and commercialization metrics, such as mobilized investments,

investor returns, exits, company survival, and follow-on funding.

Gaddy et al. (2017) evaluated U.S. cleantech start-ups backed by venture capital (VC),

benchmarking them against other tech sectors. Long development cycles, high capital
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intensity, and low-margin markets lowered returns, arguing that a more diverse and patient
set of financing tools is needed since VC alone is poorly suited to the structural characteris-
tics of cleantechs. Goldstein et al. (2020) show that while early public R&D funding through
the U.S. ARPA-E program increased patenting activity, it did not improve commercializa-
tion outcomes. By analyzing patent data alongside business success indicators such as sur-
vival, IPO or acquisition, and obtained VC funding, the authors concluded that grants might

mitigate risk but don’t generate market success.

O’Reilly et al. (2025) tracked UK cleantech companies’ ability to cross the valley of death
through financial milestones: revenue generation, profitability, and retained earnings. Their
results showed that equity-funded (venture, angel, or crowdfunding) cleantechs reached
these milestones more slowly than non-equity-funded counterparts, suggesting that external
equity alone does not accelerate commercialization. The authors argue that policymakers
should focus less on filling funding gaps and more on regulatory stability, procurement, and
ecosystem coordination to create demand for green energy technologies. Similarly, Van der
Heuvel & Popp (2023) show that the post-2009 drop in U.S. cleantech venture capital is
largely explained by falling expectations of future policy support.

Major public programs

Major EU and U.S. innovation programs, such as Horizon Europe, InnoEnergy, the Clean
Hydrogen Joint Undertaking, and the U.S. Department of Energy’s EERE, use a combination
of quantitative and qualitative indicators to assess innovation outcomes. Quantitative metrics
included patent counts, start-up creation, mobilized investments, leverage ratios, project suc-
cess rates, and firm-level outcomes such as revenue and employment growth. Environmental
impacts were measured through CO2 emissions avoided or renewable energy produced,
while technology-specific initiatives applied indicators like TRL progression, CAPEX effi-

ciency, and other technical KPIs.

Qualitative assessments complement these measures by examining novelty, scalability, eco-
system depth, like cooperation with universities, research institutions, and private investors,
and alignment with policy goals such as climate neutrality and technological sovereignty.
Despite diverse approaches, evaluations across the EU, UK, and U.S. consistently call for
stronger monitoring, clearer target-setting and outcome-focused frameworks to better cap-

ture real-world innovation impact (IEA, 2025a).
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Measuring the ecosystem

Measuring the ecosystem refers to assessing innovation not only at the level of individual
firms or projects, but by looking at the collective direction, scale, and outcomes of innovation

by examining financing structures, policy frameworks, and actor interactions.

The source of financing can shape and skew the direction of innovation at the systemic level.
Mazzucato & Semieniuk (2018) link investor risk tolerance and financial metrics, covering
technology, market, and country risk, to the types of clean energy technologies that reach
commercialization. The nature of innovation outcomes can also be studied through a subjec-
tive, firm-level perspective through questionnaires: Perez-Alaniz et al. (2025) and Beck et
al. (2016) used indicators shared by companies on share of sales from new-to-firm or new-
to-market products, comparing firms with and without subsidies. This approach allows to

measure both the novelty and outcome of innovation.

A mixed-methods study by Owen (2023) on UK government venture capital funds highlights
that ecosystem coordination, long policy horizons, and flexible governance are central to
successful commercialization. The study underlines the importance of an integrated financ-
ing escalator, strong public-private cooperation, and a strategic policy design tailored to the

specific challenges of exploratory green innovation.

Overall, combining quantitative and qualitative indicators enables ecosystem-level assess-
ment. This approach provides a more comprehensive understanding of clean energy innova-
tion than patents or financial metrics alone, as it can capture both system directionality and

commercialization pathways.

2.1.5 Challenges for clean energy innovation

Clean energy innovation faces persistent financing and coordination barriers across all stages
of the lifecycle. Nearly half of potential cleantech innovations are hindered at the demon-
stration or prototype stage, unable to overcome the valley of death. (Mazzucato & Semie-
niuk, 2018) Polzin & Sanders (2020) argue further that the challenge is less about the ab-
sence of funds than about the mismatch with project risk profiles and time horizons com-

pared to investor expectations.
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Early-stage cleantech ventures face information asymmetries, long payback periods, and un-
dervalued social and environmental benefits, discouraging private investment. Despite their
potential to make significant contributions to the energy transition, the risk-reward balance
remains structurally tipped against cleantechs, leading to underinvestment in early-stage in-
novation. (Owen et al., 2021) Moreover, market players anticipate governments or public
programs to take primary responsibility for advancing green innovation given its societal
relevance. Firms expect to benefit from knowledge spillovers while bearing little of the ini-
tial cost or risk themselves. This furthers underinvestment, as companies assume that public
R&D investments will eventually generate innovations that they can later adopt or commer-

cialize. (Greco et al., 2022)

The structure of venture capital funding presents distinct challenges for clean energy tech-
nologies. While VC plays a central role in early-stage financing for high-growth firms, its
performance in clean energy has been weaker than in sectors such as ICT. Van den Heuvel
& Popp (2023) show that investment in clean energy technology is highly responsive to
anticipated future demand, suggesting that VC flows are driven less by technological char-
acteristics alone and more by strong and credible demand signals. At the same time, Gaddy
etal. (2017) argue that VC’s short investment horizons and return expectations misalign with
the long development cycles and high capital intensity of cleantechs. Low-margin end mar-
kets such as electricity further reduce the attractiveness of these ventures, directing investors
toward sectors with faster and higher returns. O’Reilly et al. (2025) find equity-backed clean-
techs to not reach key financial milestones faster than those relying on non-equity instru-
ments, suggesting that conventional assumptions about the agility of VC do not hold in this
context. Reflecting on the literature, the valley of death appears less as a funding gap and

more as a test of market validation, where regulatory stability and demand signals dictate.

Relying solely on market logic to drive the clean energy transition is problematic due to
existing path dependencies. Energy and industrial systems are not neutral arenas of compe-
tition but products of historical investment trajectories, institutional interests, and risk per-
ceptions. For example, investors with a legacy in fossil fuels often view cleantech ventures
as riskier, regardless of actual returns, constraining capital flows to emerging technologies.
Since new energy technologies rarely enter mature markets, the assumption that capital will
flow efficiently toward them under equal conditions is flawed. A “level playing field” within

an energy system still dominated by fossil fuel infrastructure does not provide sufficient
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incentive for investment to reallocate toward cleantech. Early policy impulses supporting
clean energy technologies could establish new technological pathways and stimulate market

formation. (Wiistenhagen & Menichetti, 2012)

Policymakers should therefore focus not only on correcting market failures but also on cre-
ating markets that enable commercialization of cleantech. A shift from market fixing to mar-
ket making involves aligning policy, finance, and industrial ecosystems to generate stable
demand signals and investor confidence. Instruments such as regulatory certainty, public
procurement, and carbon pricing serve as examples of indicators of long-term market oppor-
tunities. (O’Reilly et al., 2025; Van den Heuvel & Popp, 2023) Considering the two innova-
tion pathways of new entrants and incumbents, an innovation policy targeting this ambidex-
terity was suggested by Hockerts & Wiistenhagen (2010). Instruments could cater to differ-
ent investor segments since incremental and radical innovation fundamentally differ from

each other.

There’s no clear consensus on the optimal financing mix for clean energy innovation, nor
how to measure the policy impact of such financing. Financial indicators, such as those pro-
posed by O’Reilly et al. (2025), are practical to evaluate performance of individual firms.
However, the broader policy, industry, and finance landscape lack coherence, creating bar-
riers for funding and eventually slowing diffusion of innovation. Owen et al. (2021) note
that existing innovation metrics are fragmented and often poorly aligned with policy objec-
tives and financial mechanisms. The lack of harmonized frameworks makes it difficult for
both policymakers and investors to assess innovation performance or to identify where fund-
ing gaps persist. Many existing key performance indicators (KPIs) are suited for larger com-
panies, while start-ups or SMEs remain unaddressed. Moreover, there are a few sector-spe-
cific guidelines for selecting appropriate indicators, but an abundance of overlapping and

inconsistent metrics. (Owen et al., 2021)

Taken together, the literature suggests that effectiveness cannot be judged by single instru-
ments in isolation. Instead, successful financing frameworks combine market-fixing and
market-making roles, acknowledge path dependence and investor psychology. Evaluating
impact therefore requires shifting attention from input-based measures, such as funding vol-
umes or patent counts, to outcome-oriented indicators that capture commercialization and

market diffusion. A stringent and predictable policy mix targeting all stages of the innovation
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lifecycle while accounting for the diversity of investors involved is required. (Polzin et al.,

2017)

2.2 Core assumptions of the thesis

This section presents the core assumptions of the thesis based on the narrative literature re-
view. This also functions as the synthesis of the literature, which later guides the empirical

analysis.
The assumptions formed are:

1. New entrants and incumbents engage in different kinds of innovation, and their

financing models differ

New entrants drive exploratory innovation under high uncertainty, often operating with a
mission to shift the direction of energy systems. In contrast, incumbents typically engage in
exploitative innovation, focusing on efficiency improvements within established technolo-
gies and markets. (Liu et al, 2025; Howell, 2017; Tidd, 2023; Beck et al, 2016) Incentives
for engaging in innovation are fundamentally different: incumbents operate under share-
holder and regulatory pressures favouring predictable returns, while new entrants can as-
sume higher technological and market risks (Christensen, 1997; Bernstein, 2015). The first
assumption in thus that when examining cleantech investments, high-risk financing (venture

capital, angel investments) is generally directed towards more novel innovations.

Nevertheless, incumbents possess the capital and industrial infrastructure to scale and diffuse
new technologies once validated (Hockerts & Wiistenhagen, 2010). The interaction between
these actors can be seen complementary with exploratory innovators creating novel solutions

and incumbents enabling system-level transformation.

2. Policy coordination and segmentation determine long-term innovation out-

comes

Governments play a role as both market fixers and market makers in the clean energy tran-
sition. Market fixing corrects underinvestment in high-risk projects, while market making
includes creating stable demand and a predictable regulatory environment. (IEA, 2025a;

O’Reilly et al., 2025) Policy mixes combine technology-push instruments in the earlier
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stages of innovation, such as R&D grants, tax incentives, and knowledge networks, with
later-stage demand-pull tools, such as public procurement, technology standards, or carbon

pricing (Nemet et al., 2018).

O’Reilly et al. (2025) argue that policymakers should focus less on filling funding gaps and
more on regulatory stability, procurement, and ecosystem coordination (later-stage support).
O’Reilly et al (2025) reconceptualize the valley of death as a market validation gap, arguing
that regulatory stability and goal-oriented policies are more efficient for commercialization
of cleantech innovations than mere funding availability. Structural mismatches between in-
vestor incentives and cleantech timelines further call for targeted public support in de-risking
(Gaddy et al., 2017). A dependable and increasing market demand is a strong innovation
incentive, achieved through long-term government strategies for clean energy technologies

(IEA, 2025a).

From a historical perspective, markets rarely favour novel solutions due to path dependence.
The risk for existing technologies is perceived lower with higher short-term rewards, high-
lighting the need for policymakers to design differentiated instruments that recognize dis-
tinct constraints for cleantechs and their financiers. (Wiistenhagen & Menichetti, 2012) Gov-
ernments should also be careful not to crowd out private investments by funding projects
already viable by market standards. The government’s engagement with novel, high-risk

projects can signal viability, thus attract private investments (Nemet et al., 2018).
3. A challenge lies in public financing alignment, not only in the amount

The literature remains divided on whether a cleantech financing gap truly exists. While
Owen et al. (2021) find that early stage cleantech ventures suffer from lack of finance, others
find financing amounts sufficient but poorly aligned with lifecycle needs (Gaddy et al., 2017;
Van den Heuvel & Popp, 2023; O’Reilly et al., 2025). Polzin & Sanders (2020) argue that
clean energy innovation outcomes depend on institutional and regulatory conditions that en-
able capital allocation and connect diverse investor types, rather than the absolute volume of
available funding. Building effective incentives to invest requires detailed financial data,
allowing policymakers to align investment needs with an actionable agenda based on emis-

sion reduction goals (Polzin et al., 2021).
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3 Data and methodology

This chapter outlines the methodological choices, data sources, and analysis procedures used
in the thesis. The research process is presented in Figure 7, which presents how the research

was conducted as well as what data was collected and used for analysis.
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Figure 7. Research process

The literature review established a conceptual framework used as a base for the research
itself. Chapter 3 presents the methodological approach, data sources, and processing steps

ensuring a smooth transition to the analysis in Chapter 4.

3.1 Methodological approach

This study employs a mixed-methods design, combining both quantitative and qualitative
elements. Creswell & Creswell (2023) argue that a mixed methods design allows integrating
statistical generalizability of quantitative approaches with contextual depth of qualitative
inquiry, which is particularly suitable when examining complex and rapidly evolving do-
mains such as the energy innovation landscape (Mukherjee et al., 2024). The methodological
choice is guided by pragmatism, which emphasizes methodological flexibility for address-

ing the research questions (Creswell & Creswell, 2023; Johnson et al. (2007). Instead of
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focusing on a rigid paradigmatic approach, the production of useful knowledge is prioritized.
Prior studies on innovation evaluation (Bracio & Szarucki, 2020) also highlight the value of
methodological plurality. This directly supports the study’s ambidextrous framework,
which distinguishes between pathways of incremental improvement and radical innovation,

and allows their interplay to be analysed across financing models.

Finally, the mixed-methods design strengthens the relevance and robustness of the study.
Quantitative analysis considers cross-regional comparability (Europe, North America,
China), while qualitative interviews highlight institutional differences in how innovation fi-
nancing is organized and assessed. This dual perspective is particularly important for draw-
ing conclusions on the effectiveness and directionality of innovation financing, furthermore

for making evidence-based recommendations for policymakers and practitioners.

The quantitative component of this study is designed as an exploratory comparative
analysis rather than a formal hypothesis-testing model. The aim is not to develop a predictive
econometric framework, but to identify and illustrate patterns between financing types and
regions. Following prior research on innovation and venture capital (Kortum & Lerner,
2000; Gompers & Lerner, 2004; Howell, 2017), firm-level indicators on exit status proba-
bilities are also used as proxies for innovation performance. Different variables are analysed
descriptively and visualized using Excel. Several alternative visualizations were tested dur-
ing the analysis process; the final selection of core graphs was made based on their ability
to highlight structural differences relevant to the research questions. This approach is con-
sistent with the logic of exploratory data analysis (Tukey, 1977), where descriptive statis-
tics and visualization are used to reveal underlying structure in complex datasets. In applied
social science, exploratory and descriptive methods are widely recognized as legitimate
when the objective is to generate empirically grounded insights into emerging phenomena
(Shields & Rangarajan, 2013). Thus, the quantitative section is designed to provide an em-
pirical foundation that is both transparent and aligned with the theoretical framework com-

paring incremental and radical innovation financing.

The qualitative component consists of semi-structured interviews with industry profession-
als. This approach focuses on understanding and interpreting social phenomena through the
lens of participants' perspectives and experiences. Semi-structured interviews are particu-
larly suitable when the logic and underlying drivers of a phenomena cannot be explained by

quantitative datasets alone, with a possibility to gain unexpected insights (Kallio et al., 2016;
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Hirsjarvi & Hurme, 2022). The qualitative component complements the statistical analysis
by offering interpretative depth and linking observed investment patterns to the lived expe-

riences and quiet knowledge of professionals in the field.

A qualitative content analysis was conducted in an abductive manner, where the initial focus
was guided by the theoretical framework, but emerging themes from the interview data were
incorporated and considered as important as the original questions. This approach provided
a systematic yet flexible way to interpret textual data by identifying, coding, and categoriz-
ing recurring themes. The approach allows the researcher to group concrete expressions in
the interview data to larger themes, particularly suited for capturing professionals’ perspec-

tives on complex systemic issues such as innovation financing. (Kallinen & Kinnunen, 2021)

3.2 Data acquisition and analysis

This section describes how data was acquired and analysed. The PitchBook section includes
what indicators were chosen, what data were used for analysis and how data was processed.
The interview section describes who were interviewed and why and how interview material

was coded and grouped.

3.2.1 PitchBook data

To describe the investment flows, a dataset from the PitchBook platform was sourced, which
provides deal-level data with a variety of attributes per deal. It includes information on the
type of deal, deal size, timestamps, with company information including industry classifica-
tion, capital raised, current financing status, along with a set of key financial variables such
as turnover, net income, and growth percentages. PitchBook was selected due to its extensive
coverage, granularity, and global reach, which also makes it widely used in both policy and

academic research. (Sharma, 2017; European Commission, 2024)

The initial data query, using keywords “CleanTech OR Renewable Energy” as industry, a
timeframe from 2010 to 2024 returned 7 822 rows of data for Europe, North America and
China. Figure 8 shows the completeness of columns, which dictated the decisions on what
indicators were chosen, while also provided a basis for evaluating the validity and trustwor-

thiness of the data and subsequent results.
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Figure 8. Completeness of Columns

The indicators were chosen considering both the completeness of data and the aim to capture
innovation from different perspectives (Liu et al., 2025; Owen, 2023; Polzin & Sanders,
2020). The quantitative indicators chosen were financing status by region, time between fi-
nancing rounds, average exit probabilities and distribution of exit probabilities. Table 2 lists
the chosen indicators, columns used, and data processing methods, with detailed data tables

in Appendices 1-5.



Table 2. Quantitative indicators

Indicator
Financing status
by region

Time
between
financing
rounds

Average exit
probabilities

Distribution of
Success
Probabilities

Columns used
Company
financing
status

Region

Region
Year founded

First/Last
Financing Date

First

Financing Deal
Class

Company ID
Region

Success Class (Suc-
cess or No Exit)

First/Last

Financing Deal
Class

Region

Success Class (Suc-
cess or No Exit)

Success
Probability
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Data processing
For clarity, financing statuses were grouped followingly:

(1) Early-Stage Risk Capital = VC, angel, accelerator
financing.

(2) Strategic/Corporate Capital = corporate-backed or
solely independent corporations.

(3) Later-Stage/Structured Capital = private equity and
private debt.

“Formerly”, “Failed” or “Pending” statuses were excluded,
resulting in 7 822 data rows.

The time between financing rounds was calculated for time
from “Year Founded” to “First Financing Date”.

As “Year founded” is stated on a yearly basis, and “First Fi-
nancing Date” monthly, an assumption was made: the year
founded was marked as the 1% of January in order calculate
differences with more granularity.

After discarding blanks, 2 462 data rows resulted.

The “Success Probability” provided by PitchBook’s internal
calculations was grouped by “Deal Class” and “Region”.

Average exit probability was calculated as the ratio of suc-
cessful exits to the total number of companies with the prob-
ability calculation available (Success / (Success + No Exit)).

Success probabilities were available for VC-, angel-, private
equity -, or accelerator/incubator -backed companies by
“Company financing status”.

629 data rows, data for Chinese companies doesn’t exist.
Using “Success Probability” provided by Pitchbook, proba-
bility distributions considering only successful European
and North American investments were compared using Ex-

cel’s box-and-whisker chart.

325 data rows, data for Chinese companies doesn’t exist.

The financing statuses of companies with cleantech investments aims to provide an over-

view of which companies are engaging in cleantech investments, furthermore the data in the

column is complete. Time between financing rounds aims to describe the speed at which

companies can obtain their first financing deal after being founded. This indicator compares

the pace and swiftness of investment ecosystems by region and type of financing. Lastly,

predicted exits and their probabilities are compared only between Europe and North
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America, since data for China is missing. This indicator uses Pitchbook’s own calculations
on exit probabilities, which are provided for VC-, angel-, private equity -, and accelerator or
incubator backed companies. Considering the thesis’ core assumption that high-risk financ-
ing is more commonly associated with exploratory (i.e. radical) innovation, the companies
for which PitchBook reports exit probabilities are treated as an analytical proxy for firms
more likely to engage in radical cleantech innovation, rather than a direct measure of radi-

calness.

The first and last financing deal classes include more detailed deal types within them, de-
tailed in Appendix 6. For clarity and ensuring methodological consistency, the broader cat-
egories provided by PitchBook were used. PitchBook also applies a hierarchical priorisation
logic for company financing statuses. A company can hold only one financing status at a
time dictated by their current dominant backer, even if it has multiple investor types. This
hierarchy ensures consistency but limits visibility to hybrid investment rounds and financing
transitions, which is why it needs to be considered to reflect the current dominant financing

structure rather than full financing history.

3.2.2 Interview data

The exploratory observations of the quantitative analysis served as a foundation for the qual-
itative component of the study. The interviews aimed to capture how actors perceive inno-
vation impact, funding effectiveness, and the balance between incremental and radical inno-
vation. Eleven semi-structured interviews were conducted with representatives from public
funding bodies, corporations, start-ups, and intermediary organizations in the Finnish inno-
vation ecosystem. This selection was designed to capture perspectives from actors from var-
ious backgrounds, covering those who design, allocate, and utilize innovation funding. Par-
ticipants who were deemed to possess vast experience in the field, either through work or
various cooperation projects, were chosen to capture views with a holistic system-under-
standing-level Interviews were conducted through Microsoft Teams between September and
October 2025, lasting approximately 30-60 minutes each. All participants gave their in-
formed consent to record their interviews and were informed that their identities are anony-
mised in this report. Table 3 summarises the interviews, their date and duration, and the roles

and organizations of interviewees.
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Table 3. Interview composition

Interview Organization Role Date Duration

no.

1 Large Corporation  Director, R&D and Engi- 9.9.2025 55 min 51 s
neering

2 Large Corporation  Head of Ecosystem 10.9.2025 42 min 18 s

3 Public Funder Head of Program 11.9.2025 58 min 26 s

4 Start Up Co-Founder 12.9.2025 51 min 55s

5 Start Up Co-Founder, CEO 12.9.2025 34min 1s

6 Public Funder Senior Ministerial Advisor 12.9.2025 36 min 26 s

7 Start Up Partner, Corporate Relations 15.9.2025 54 min 14 s
and ESG

8 Large Corporation  Director, Grant Management 16.9.2025 53 min 28 s

9 Industry Associa- Executive Director 16.9.2025 29 min 49 s

tion
10 Public Funder Senior Specialist 17.9.2025 39 min 51 s
11 Innovation Cluster CEO 16.10.2025 58 min6s

The interview structure was grouped into four main themes: i) Background questions and
role in innovation financing, ii) actor-specific views on innovation and its evaluation, iii)
current state of public financing, and iv) future perspectives, with detailed questions in Ap-
pendix 7. The interviews primarily followed the prepared framework, but the order and em-
phasis varied according to the flow of discussion and the interviewee’s role. In some cases,
interviewees addressed several themes spontaneously, whereas in others the questions re-
quired reframing to elicit more detailed responses. The interview style was intentionally
flexible, allowing follow-up questions on unanticipated topics to capture new insights. The
interview questions provided predefined categories but expanded as new ideas emerged from
the data. An abductive approach, where content dictates coding and themes was applied,

allowing for emerging themes to arise also outside the interview questions.

Interview recordings were transcribed and analysed using qualitative content analysis. The
process began with initial themes derived from the theoretical framework and interview
questions, after which manual coding was conducted in Excel. After coding, related codes

were grouped into broader thematic clusters that reflected shared meanings and relationships
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between actors’ experiences. The process involved iterations between empirical material and
theoretical concepts to identify converging and diverging views across actor groups. Table

4 presents the larger themes and code examples within them.

Table 4. Thematic groups and coding examples

Theme Count Code examples

A Financing_and Gaps 123 Public_Funding, Public Funding_Challenges, Busi-
ness_Finland, Ecosystem Funding Tool Business Fin-
land, R&D_VS_ Commercialization, Start-up Funding,
Funding_Continuity

B _Innovation_Pathway 64 Innovation Radical, Commercialization And Market-
ing, Innovation Process, Innovation_Hybrid, Suc-

cess_Factors

C Actors_and Ecosystems 122 Ecosystem_Thinking, Capabilities, Start-ups_ And Re-
newal, Corporations And Renewal, Corporate R&D,

Future Trajectories, Consultant_Influence

D Policy and Allocation 91 Demand_Creation, Public_Procurement, Public_Fund-
ing_Allocation, EU_Regulation, EU_competitiveness,

Subsidies And Market Distortions

While most codes fell under the same theme, it was not a requirement. Since coding was
done based on the content of the citation, not the role or the position of the interviewee,
quotes from all participants could fall under codes of start-ups, not only start-up representa-
tives. The content led the coding process, not the source of the content. Codes were built
relatively detailed to ensure capturing the meaning and context of the content. In this thesis,
the theoretical framework and interview questions gave structure to preliminary theme cat-
egories, while the abductive approach allowed for movement between them. Table 5 de-
scribes the research process from quotations to codes and themes, aiming to ensure tracea-

bility of the coding process.
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Table 5. Traceability of interview coding

Citation Core idea Code Theme
”Large corporations Large firms can ena-  Corporate-Startup C_Actors
could take care of the sur-  ble start-ups to focus  Collaboration and_Ecosystems

rounding structures, while —on breakthroughs
start-ups focus on their
niche breakthrough tech-

nologies”

Coding rules and theme definitions were refined iteratively throughout conducting the inter-
views as the subject became more contextualized. The material was reviewed retrospectively

multiple times to ensure dependability and coherence of coding.

3.3 Validity and reliability considerations

Data quality refers to the fitness of data for their intended use in analysis and is thus an
important consideration. Good data is free of defects, meaning it is correct, complete, valid,
reliable, consistent, and current. Furthermore, desirable features for data include contextual
traits such as the right level of detail, pertinence, comprehensiveness, and clarity. Data can
be assessed through its intrinsic quality, such as accuracy and internal consistency, inde-
pendent of the context of use. In contrast, contextual quality depends on whether data are

relevant, timely, and appropriate for the specific analytical task. (Mahanti, 2018)

Pitchbook data can be considered fit for its contextual quality because they meet the needs
of the study’s objective: identifying comparative patterns in clean energy investments. How-
ever, the intrinsic quality of data has limitations, as it has missing values in some key attrib-
utes. The PitchBook dataset has limited coverage across variables, resulting in many missing
values as described in Figure 9. For comparability, incomplete rows were removed, which
significantly reduced the sample size and the scope of the statistical analysis. The process
nevertheless improved the validity of results by ensuring that comparisons made were based

on consistent and reliable data points.

No single filtering variable was applied to constrain the dataset, as it would risk introducing

bias towards specific financing types or firm stages. Instead, all available records were
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retained, and missing observations were handled on a graph-by-graph basis. For each indi-
cator or visualization, only non-empty records were included in the descriptive analysis and
the available data points were stated in each case (Table 2). This approach aims to preserve
transparency regarding data availability and avoids artificially constraining the dataset to a
subset of firms with higher data completeness. Uncertainty and data gaps which may affect
overall trustworthiness are visible, allowing for an objective evaluation of trustworthiness,

rather than controlling the dataset.

While the qualitative analysis provides a flexible method for the study, several methodolog-
ical challenges are inherent to it. Granheim et al. (2017) note that one central issue concerns
maintaining the “red thread” throughout the study, referring to maintaining a clear and log-
ical connection between the themes and codes, while making clear as to whose voice is heard
in various parts of the research report. The reader judges the quality of the report, while the
authors responsibility is to present the trustworthiness through accuracy during the research

process and by visibility on how and why decisions were taken.

A further challenge lies in balancing levels of abstraction and interpretation. Themes and
codes can be developed on various abstraction levels, but inconsistency challenges both
credibility and authenticity overall. Showing the logic of how themes and codes were de-
veloped through examples from direct citations from the interview material is one way to
facilitate the readers’ ability to judge the credibility and authenticity of the findings, as pre-
sented in Table 5. (Granheim et al., 2017)

The researcher’s preunderstanding and question framing affects both the data collected and
its interpretation. Similarly, the formation of themes and codes is subjective thus presenting
challenges to the study’s dependability. The selection and amount of interview participants
is important for both transferability and credibility of the results. To achieve credibility,
participants should be sufficiently familiar with the phenomenon of the study, while trans-
ferability requires an adequate sample size and variation in participants’ backgrounds.
(Granheim et al., 2017) Even if there’s no universally accurate measure of the right number
of interviews, the 11 interviews conducted in this study can be considered a small sample
size. Interviews included participants from a variation of backgrounds, however were all

Finnish, limiting the transferability of results into other regional contexts.
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4  Findings

This chapter synthesizes the empirical findings derived from the Pitchbook data as well as
the interviews with representatives of public funding agencies, intermediary organizations,
start-ups, and established corporations operating within Finland’s and the EU’s clean energy

innovation ecosystem.
4.1 Quantitative observations

The explorative analysis aims to identify structural differences in cleantech financing be-
tween Europe, North America, and China. Several approaches were tested to examine how
regional financing profiles, financing speed, and performance outcomes differ. The analysis
focused on three main dimensions: (i) financing statuses by region, (ii) time of first financing

deal relative to company founding, and (iii) exit probabilities by financing deal class.

Regional financing compositions are presented in Figure 9.
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Figure 9. Financing status by region
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Across Europe and North America, the distribution of financing types is relatively similar,
and corporate financing dominates the cleantech investment landscape. This category in-
cludes both corporations without external investors and companies dominantly backed by
corporate or strategic investors. North America displays a moderately higher share of early-
stage risk capital, reflecting the region’s more developed venture ecosystem. The difference,
however, remains smaller than could be assumed, as corporate investments also hold a strong

presence in North America.

In contrast, China is oriented more towards early-stage risk capital. This should be inter-
preted with caution, as Chinese state-owned and corporate-backed companies are often un-
derrepresented in commercial databases. China’s leading position in energy-related R&D
volumes is not fully captured in this dataset, which can be seen in the significantly lower
amount of datapoints available. Thus, visibility to the real financing structure can be consid-

ered more limited compared to Europe and North America.

The average time span from company founding to the first recorded financing deal is illus-

trated in Figure 10.
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Figure 10. Average time from year founded to first financing deal

Perhaps the most interesting observation here is the difference between Europe and North

America in public investment speed, with North American companies receiving public
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investment under a year, and European counterparts after 1,5 years. In China individual in-
vestments engage more rapidly than other regions, while corporate funding lags. In addition
to public investment, venture capital and private equity tend to appear somewhat earlier in
North America. Excluding public investment, Europe is not showing significant differences
compared to either China or North America. In Europe and North America, debt appears
much later in the investment cycle, on average after 2,5 years, reflecting that debt financing

usually requires financial stability to be obtained.

The success probabilities were compared by first and last financing deal classes across Eu-

rope and North America. The results are shown in Figures 11 and 12.
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Figure 11 & 12. Exit Probability by First and Last Financing Deal Class

Across both first and last financing deal classes, the share of successful exits is higher among
European companies compared to North American counterparts. By first financing deal
class, especially debt stands out in Europe with an average success rate of 100% compared
to North America at 40%. By last financing deal class, the contrast is highlighted for debt
and private equity investments. Europe is standing at around 90% for both, while North
America at 50% for private equity and 65% for debt. Taken together, higher predicted exit
averages in Europe, especially in debt and private equity, suggest that European investors
may enter only when ventures are already highly de-risked, whereas North American inves-

tors appear to tolerate more failures within these financing classes.
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The overall distribution of success probabilities between Europe and North America are il-
lustrated in Figure 13. The comparison includes companies predicted to exit, excluding those
categorized as “No Exit”. The figure presents the spread of success probabilities among these
companies. In the box-and-whisker chart, the line inside the boxes marks the median value,
the cross the mean value, the height of the box the interquartile range (from 25% to the 75%
percentile), and the whiskers extend to the minimum and maximum observations. The North
American mean and median probabilities are slightly higher for companies predicted to suc-

cessfully, while both regions show comparable overall dispersion.
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Figure 13. Distribution of Success Probabilities

The results indicate broadly similar dynamics between Europe and North America. China
shows a VC-lead financing mix, which may be attributed to data limitations and differences
in reporting visibility. Europe seems to be performing better in start-up exits, indicating a
lower risk-appetite than North American counterparts, and in Europe public funders reach
new companies around twice as slow as in North America. Of successful exits, the data
suggests that North America’s mean and median values for probabilities are higher. Overall,
the quantitative analysis revealed only moderate regional variation in clean energy invest-
ment structures, timing, and outcomes, but can be considered indicative of differences in

risk-appetite for both risk-financing and for the speed of public financing.
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4.2 Qualitative observations

The qualitative findings describe how interviewees perceive innovation outcomes and the
role of public financing at national and EU levels. Figure 14 positions the interview material

along two dimensions: the governance level at which themes were discussed (EU — national)

and degree of consensus (agreement — tension).
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Figure 14. Key themes across governance levels

Figure 14 synthesizes the interview material into four clusters: x-axel characterized by con-
sensus versus tension, and y-axel themes emphasizing EU versus national level. As the in-
novation funding environment in Finland mainly consists of national and EU level pro-
grammes, the distinction emerged naturally across interviews. The following sub-chapters
examine these themes in more detail along the innovation process: how innovation is defined
and assessed (4.2.1), where commercialization bottlenecks arise (4.2.2), how actor roles

shape outcomes (4.2.3), which frictions emerge in the financing architecture (4.2.4), and
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how these dynamics connect to European competitiveness (4.2.5). Each sub-chapter high-
lights where views converged or diverged, linking the observations back to the dimensions

of Figure 14.

4.2.1 How innovation is defined and assessed

Positioned in the national tensions quarter in Figure 14, this section examines how respond-
ents defined radical innovation and how novelty and impact are assessed in funding deci-
sions. Interviewees resisted a strict split between incremental and radical innovation, de-
scribing it as analytical but often too rigid for practise. Corporate projects were described to
combine elements of both, introducing novel components while improving existing systems.
Debates recurred on whether applying existing technologies or scientific principles into new
industrial contexts or business models constitute radical innovation. Similarly, whether
transformation should be defined by system-level effects through scaling or by substituting
a component into an otherwise unchanged system that deliver substantial emission reduc-
tions. Some respondents stated that they wouldn’t even know how to accurately define the

term.

Albeit the ambiguous definition of the term, public funders stated that novelty is used as one
criterion among others to make funding decisions to reach the objective of transforming the
energy system through radical innovations. Consequently, they pointed to the difficulty of
evaluating project propositions by their novelty and the innovation potential. Some initial
ideas viewed with scepticism have later proved themselves to be both transformative and
commercially viable. Public actors generally viewed funding as well targeted towards radical
innovations but admitted that comparatively little new business has been created around
clean energy that would change dynamics on a systemic level, new technologies are rather

embedded within existing solutions.

Respondents diverged in how they perceive the practical effects of assessment criteria. Start-
ups and one intermediate respondent perceived funding criteria to reward low-risk projects
that fit existing market structures, leading to public funding to channel towards supporting
incremental development. They were critical of directing significant public resources to
large corporation projects labelled as transformative, arguing that incumbents’ established

structures and incentives inherently favour efficiency improvements over disruption. One
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start-up representative described large firms to approach innovation through a risk-manage-
ment lens, prioritising existing assets and stakeholder expectations rather than pursuing un-
known directions. Opinions diverged also among corporate interviewees. A corporate rep-
resentative expressed confidence in Business Finland’s rigorous and consistent screening
process in evaluating radicalness of innovations. Some corporate representatives felt that
funding in practise tends to favor incremental rather than radical innovation, pointing to pro-

jects meeting novelty criteria through deliberate optimization of funding applications.

While discussing the funding application process, a critique concerning the growing influ-
ence of consultancy firms in the application process was pointed out by one corporate re-
spondent. They observed that the preparation of funding applications has become a commer-
cial activity, with specialized services provided by consultancy firms. This dependence was
seen to distort accessibility, as large firms can easily afford external support, while for
smaller firms it’s a substantial cost with no guarantee of success. Consultants possess expe-
rience of evaluation practises, increasing the chance for approval if their services are used.
Business Finland has provided additional support for application preparation, particularly

for large EU instruments.

Another tension concerned public risk-taking and the role of criteria in shaping project se-
lection. Public funders emphasized responsible use of public money, maintaining that
granted projects align with transformation goals, whereas other respondents argued that a
higher risk appetite would yield greater impact, and that current funding criteria systemati-
cally steer investments towards incremental projects. Respondents also compared assess-
ment practises across institutions, criticising aspects of the Academy of Finland’s funding
logic practises. One start-up representative argued that the requirement for a track record of
peer-reviewed publications excludes nascent, potentially transformative research that has yet
reached academic maturity. A corporate interviewee viewed the Academy’s strategic focus

areas poorly misaligned with Finland’s existing technological strengths.

Several respondents noted that what appears radical in research must still reach a high degree
of maturity before market entry. This can push technology choices toward familiar options
to avoid early operational risk in first-of-a-kind demonstrations and pilot projects. Thus, the
same funding instruments were considered unfit in serving both low-risk incremental and
high-risk radical projects. A more varied set of instruments that match risk and maturity was

called for, including risk-sharing tools that can draw private capital in for radical
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technologies. Across respondent groups, impact was repeatedly mentioned as a more com-
prehensive assessment criterion. Potential for breakthrough alone is insufficient without
credible pathways toward industrial performance, and interviewees emphasized that funding
should prioritize initiatives capable of achieving industrial scale and reliable operation.
Overall, scalability, reliability, and readiness for industrial use were viewed to determine
funding decisions, reflecting the ultimate objective of transforming the energy system. This

links directly to the commercialization and demonstration bottlenecks discussed next.

4.2.2 Demonstration and commercialization gaps

One interviewee described recent cases in Finland and at EU level where several companies
have withdrawn their cleantech investments and returned granted funds because market de-
mand and regulatory predictability were too uncertain. This was interpreted as evidence that
the only bottleneck is not a lack of capital, but the absence of a coherent policy environment
that both prices fossil fuels and creates favourable conditions for clean alternatives. EU-level
mandates, regulations, and pricing signals were seen as essential tools for driving the green
transition, while carbon pricing, emission quotas, and distribution obligations of carbon-
neutral fuel were mentioned among mechanisms that can steer investment away from fossil
fuels. Frequent changes to subsidies or inconsistent implementation across EU member
states undermine confidence, as projects usually have long time horizons and bind large re-

sources.

A fundamental reason for the demonstration and commercialization gap emerged from an
interview with an intermediary respondent. The problem specifically for clean energy tech-
nologies lies in insufficient market demand, making it difficult for them to compete with
existing and cheaper options. The market is not yet mature and current demand levels don’t
meet the needs of companies or investors to proceed. Few are willing to invest in large-scale
or entirely new facilities when payback periods and market prospects remain uncertain.
Many interviewees emphasized that future market visibility ultimately is the strongest in-

centive for investing in new technologies, whereas subsidies can only push adoption so far.

Nevertheless, the existence of a funding gap was acknowledged, with the demonstration
phase (TRL 5-7) emerging as the tightest bottleneck. The level of technological and financial

uncertainty remains high, yet the coverage of traditional R&D instruments has ended, while
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private investors are not yet willing to commit. Interviewees also described notably thinner
coverage of funding instruments that share first-of-a-kind (FOAK) risk. As one start-up rep-
resentative noted, buyers and lenders both wait for proof of viability, yet it cannot exist

without them.

The government could do more than merely remove obstacles from commercialization, with
public procurement repeatedly described as an underutilized tool for providing early refer-
ences, reducing first-mover risk and aligning public procurement spending with domestic
technological capabilities. Currently Finnish public procurement practises were described as
prioritising price over innovation criteria. At the same time, respondents noted that demand
can materialise quickly once conditions align, which may come too late for pioneering firms

if early customer are absent.

One start-up representative stated that the demand created by government tools could never
replace a genuine market-based pull. They stated that the reduced operational cost from their
product make adoption an economically viable choice for customers, ultimately what dic-
tates uptake. The importance of business fundamentals was highlighted by other respondents
as well. Technologies were considered more likely to attract funding when they were
grounded in clear customer needs, credible revenue logic and early validation of feasibility,
desirability, and viability. Views differed on how early customers should be involved: some
corporate representatives emphasized early co-development to ensure relevance and reduc-
ing the risk of technological misalignment compared to customer needs, while others pre-
ferred establishing core technology and proving its viability before engaging with external

partners.

Energy systems have little tolerance for failure and instruments that could share operational
risk remain scarce, even they could move promising projects beyond demonstration. Public
funders underlined their responsibility to use public funds responsibly, requiring evidence
of viability before committing large sums, yet another interviewee argued that this conserva-
tive approach supports current solutions catering to the existing market, ultimately prevent-
ing transformation. The discontinuation of instruments such as the Finnish Climate Fund
was viewed as reducing the availability of public actors willing to take FOAK risk or to
catalyse private finance in projects deemed more radical. Furthermore, the rigidity of some
funding instruments was pointed out as a structural barrier. Several respondents raised con-

cerns related to research-to-business (R2B) projects where commercial activities are
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prohibited during the project, which can delay early market testing that could shorten the
path to scaling.

Finally, most respondents underlined that increasing R&D budgets alone does not produce
innovation. Public funders themselves emphasized that the key metric should not only be in
increasing the R&D budget, but results through scaling and matching with market needs.
Without proportional support for commercialization and demand creation breakthrough in-

novations risk underutilization.

4.2.3 Roles of incumbents, new entrants, and public funders

Corporate respondents described innovation as a process closely tied to their core business
operations, with R&D teams integrated within different business divisions. One company
described process improvements made team-by-team, while exploration is situated in a sep-
arate CVC unit. The innovation process was characterized as pragmatic: risk levels are esti-
mated, innovations are evaluated considering current assets, and market conditions are fore-
casted using market intelligence and regulatory foresight. The motivation to innovate was
described to remain aligned with global technological progress, ensuring competitiveness.
Another corporate representative described decarbonization requirements as drivers for sub-
stantial in-house investment from basic research to applied development, with a strategy of

focusing deeply on a few selected technologies to maintain global leadership.

Across all respondent groups, large corporations were recognized to possess the “muscle”
for scaling: financial resources for large-scale investments, production capacity, and market
access. However, noted especially by start-up representatives, corporate innovation was seen
to be driven by a risk management perspective of current assets, rather than pursuing disrup-
tion. This raised questions among start-up representatives about whether directing signifi-
cant public funding to incumbents yields transformative outcomes. These respondents
viewed that radical change in business models of incumbents tends to occur mainly in re-
sponse to external shocks rather than internal initiative. Public funders and intermediaries
broadly shared the view that while large companies may do familiar things in more efficient
or lower-emission ways, they rarely redefine the underlying system. Start-ups, in turn, were
viewed as essential for niche breakthroughs and rapid experimentation, though their finan-

cial fragility limits their capacity to scale alone.
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All respondents agreed that cooperation is vital for system-level change, as no single actor
possesses all required capabilities alone. At national level, Business Finland’s Ecosystem
funding tool was widely discussed as the central mechanism in Finland enabling such col-
laboration. Interviewees agreed on the value of cooperation and innovation ecosystems, the
importance of dialogue with Business Finland during funding processes, and the view that
higher R&D budgets alone do not guarantee innovation without support for demonstration
and demand creation. Views diverged clearly on the allocation of funding and the ultimate
impact it has in generating radical or incremental innovation. Large corporations described
it positively, emphasizing its role in fostering networking, learning and risk sharing, with the
main value derived from access to partners and expertise rather than access to funding alone.
Start-up representatives and some intermediaries expressed a more critical view. They ar-
gued that when large corporations oversee project agendas, the outcomes tend to lean toward
incremental outcomes. Again, several questioned whether significant public resources
should be aimed to large firms under the premise of systemic change, noting that Finland’s

stagnant economic growth suggests limited impact from such programmes so far.

Nevertheless, it was acknowledged that without this coordination from Business Finland,
cooperation might not occur at all in practise. Many corporate interviewees saw the roles of
large firms and start-ups complementary, with corporations to providing scale, experience,
and legitimacy, while smaller actors bring speed and specialized expertise. By taking on
some administrative responsibility, corporations can allow start-ups to focus on developing
the technology. However, one corporate respondent raised concerns of the underlying moti-
vations of some large companies, especially when partnerships are structured around lowest-
cost procurement rather than genuine co-development. Start-up representatives suggested
increasing CVC and merge and acquisition (M&A) activities in Finnish corporations as a

way for them to access radical innovation while preserving the radical edge of innovations.

Several interviewees agreed that governments should avoid picking technological “winners”
and instead create conditions that allow markets to identify viable solutions and to provide
a stable, predictable regulatory environment. However, interviewees from various back-
grounds argued that public investors could use their capital more proactively and use their
participation to signal confidence, for example by entering earlier into high-potential pro-
jects, thereby catalysing private finance. These respondents saw that when public invest-

ments enter after private ones, public funding only validates already safe projects.
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4.2.4 Alignment and frictions in the financing architecture

Grant sizes, long decision times and rigid administrative rules were described as the main
friction points in public funding. Long decision cycles are a detriment especially for radical
technologies, since edge of novelty can be lost before funding arrives. A respondent from an
industry association described that union members regard reporting and compliance require-
ments burdensome. Yet, other respondents noted that systematic data collection is essential
for assessing the effectiveness of funding allocation. Several respondents called for more
transparent and consistent monitoring, enabling fair assessment of outcomes and redirecting

focus when necessary.

EU funding instruments drew mixed assessments. According to one corporate respondent,
evaluation criteria may vary across member states, with some projects receiving support
without deploying the new technology planned. Furthermore, several respondents high-
lighted that sometimes EU programmes continue supporting “sunset industries” to protect
national interests, even when these technologies add little to EU’s long-term competitive-
ness. One respondent however felt that the public debate about EU bureaucracy sometimes
stems from perceptions rather than direct application experience. In contrast, Business Fin-
land was praised for flexible processes and encouragement towards dialogue during the ap-
plication process. The opportunity to refine proposals in discussion with administrators was
considered to improve both project quality and Business Finland’s understanding of the field,
whereas similar feedback loops were seen weaker in Academy of Finland and EU pro-
grammes. Internal capabilities in Business Finland were deemed better than national equiv-

alents in other European countries.

Interviewees also reflected on the overall design and coordination of the public financing
architecture. One intermediary respondent perceived Business Finland as having drifted
from its original mandate as a funding body toward a facilitator role, weakening its core
function. Proposals for improvements included strengthening a systemic role through a more
deliberate ecosystem-level coordinator, for example along a pentahelix model, bringing to-
gether companies, the public sector, academia, civil society, and financiers into a structured
dialogue. This should include activities that identify and study regulatory bottlenecks, broad-

ening understanding of barriers and how to overcome them.
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Public bodies and start-up representatives also highlighted the importance of incorporating
capacity building in storytelling and pitching to build trust with potential financiers in
early-stage financing. Before proof-of-concept or first demonstrations, start-ups have only
their conviction to ensure investors, which is why interpersonal skills matter greatly. This
mounted in all interviews as the importance of having a good team. Many start-ups were
seen to focus on product development while underinvesting or -focusing on service and

sales-readiness and cross-cultural investor relations, leaving an otherwise solid product to

fall short.

Several interviewees argued that fragmentation within the public financing system limits
alignment with long-term innovation objectives. A more coherent use of blended-finance
tools and clearer funding paths for projects moving from research to demonstration and
scale-up was emphasized. Suggestions ranged from closer coordination between Business
Finland, Tesi and Solidium to streamline the funding process, to requiring funded projects
to prepare continuation plans through structured matchmaking between companies and fun-
ders for subsequent funding stages. Furthermore, competencies in effective market demand
stimulation both in Finland and at the EU level should be improved. Regulators often have
a limited exposure to business decision-making and investment logic, constraining their abil-
ity to design efficient policy tools. Deeper cross-sectoral dialogue could help clarify market
prospects, find accurate tools to stimulate demand and eventually support cleantech innova-

tion and commercialization.

4.2.5 European competitiveness

At the EU level, there was broad convergence on the importance of coordinated policy and
regulation to support European competitiveness, with demand creation and price-competi-
tiveness seen as central for the adoption of new technologies. The “tech-race” between the
United States and China largely dictates global trade and industrial policy, while geopolitical
shocks have left Europe to reflect on its security of supply, raise technological autonomy to
a strategic priority, and view Europe’s leadership in sustainability as a key driver in compe-
tition. Tensions or differences in respondents’ emphasis related to fragmented governance
and sectoral silos, assumptions of market maturity that constrain demand for new technolo-

gies, dependencies on external suppliers, and gaps in interdisciplinary competence within
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innovation governance and public funding agencies. Interviewees linked Europe’s long-term
competitiveness to progress on these coordination challenges and to stronger integration of
industrial and energy policy and ensuring that innovation frameworks address systemic ra-

ther than sector-specific impacts.

The issue of European competitiveness is fundamental. While Europe may have lost com-
petitiveness in some sectors, respondents viewed energy as an area of strength, supported by
strong structural drivers such as sustainability, security and autonomy. They stressed that
European cleantech firms do not compete in a neutral market but against a mature, globally
subsidized fossil fuel value chains. Major powers, i.e. the United States and China, aim to
prevent energy from becoming a bottleneck for other domains such as artificial intelligence
and digital industries, therefore all available sources of energy are used to meet the growing
demand. Without a strong political focus and commitment, clean technologies are unable to

compete with prices, since innovation alone isn’t enough to bring down prices.

The action for cleantech demand must involve partner countries outside of Europe as well,
as companies operate in global markets. One intermediary suggested “green export corri-
dors” with specific partner countries to link European technology deployment and trade with
competitiveness goals and decreasing dependence on just a few partner countries. To main-
tain economic autonomy, interviewees pointed to the need to expand European manufactur-
ing capacity, strengthen circular economy, and diversify sources of raw materials. The raise
in costs in the short term was acknowledged; long-term competitiveness depends on resilient

supply chains and predictability.

Several interviewees underlined that the green transition is not only about energy but about
the structural transformation of European industry. Hydrogen was cited as a key example:
rather than being treated purely as an energy carrier, it should be prioritized for essential
industrial uses, such as fertilizer production, where current reliance on fossil-based hydrogen
and Russian natural gas is high. Shifting to low-carbon hydrogen from more diversified and
reliable sources, including European production, would simultaneously strengthen Europe’s
energy security and decarbonize value chains. Industries are expected to become more inter-
connected through shared raw materials and supply chains, requiring a shift from a sectoral

policy approach to a systemic one.
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Respondents noted that energy and industrial policy discussion in Europe remains siloed.
Current frameworks for energy innovation funding were perceived to treat cleantech markets
as if they are already mature, applying largely the same criteria to both incremental and
radical projects. Under these conditions, solutions that fit current market structures are more
likely selected, systematically favouring incremental improvements over more transforma-
tive options. One intermediary stressed that funding criteria should place greater weight on
systemic impact and renewal potential when assessing proposals. Across the board inter-
viewees agreed that demand creation and closing loopholes that allow avoiding fossil penal-
ization need to take place on the EU-level, so that competition is consistent across member

states and smaller countries like Finland are not disadvantaged.

At the same time, Europe’s internal structure limits the speed of this transformation. The
issue is fundamental in the sense that a single market without common taxation makes coor-
dination across 27 member states complex and slow. Several interviewees compared Europe
with the United States, highlighting that while they produce similar volumes of research, the
U.S. converts invention into business outcomes more efficiently due to deeper capital mar-
kets and a stronger private investment and risk-taking culture. This was seen as evidence of
the underutilized potential of radical innovations reaching commercialization in the EU, as

compared to global competitors.

Finland’s approach to EU state-aid rules was seen as overly cautious especially by start-up
representatives. This “model student” position may come at a cost of competitiveness, and
although Finland cannot match larger economies in total funding volume, more flexible in-
struments could play a key role in bridging the commercialization gap by targeted support.
Corporate and intermediate respondents pointed to Finland’s strength in in coordinating
complex energy systems as exportable expertise, furthermore that integration of digitaliza-
tion and cybersecurity into solutions are essential to ensure they remain compatible with
emerging risks and system requirements. On a larger note, a larger shift in incorporating
broader green goals in industrial strategies is dependent on EU level changes. If EU pro-

ceeded first, Finland would follow.

One intermediate also noted that the energy transformation is only about developing new
solutions but properly deploying existing ones. For example, in major EU countries like
Germany and France, the infrastructure and market mechanisms for the energy transition are

advancing slowly. The interviewee also stated a lack of interdisciplinary competencies and
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systemic understanding in innovation governance, with funding bodies and policymakers
operating in silos. Organizational culture is oriented towards minimizing risk, not transform-
ative innovation. Overall, respondents called for stronger cross-sectoral dialogue and capac-

ity building to enable new cleantech pathways to emerge under clearer strategic missions.
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5  Synthesis of results

Combining the literature with the quantitative and qualitative findings yield three main re-
flections on how public financing, markets and actors shape clean energy innovation out-

comes.

First, challenges relate also to the alignment, timing and risk appetite of public financ-
ing than only to its absolute volume. The PitchBook analysis indicates broadly similar
financing mixes and success probabilities between Europe and North America, yet with
slower public funding reach and slightly higher exit success in Europe. This pattern is par-
ticularly clear for debt and private equity, where exit success rates in Europe are markedly
higher than in North America, hinting at stricter selection and lower tolerance for default.
The interviews reflect these patterns through tensions in public risk appetite and criticism in

funding criteria being tipped against radical, more high-risk projects.

The speed of financing in Europe was also mentioned as evidence as a barrier to EU’s com-
petitiveness and attributed to cautious public funding criteria and the structures favouring
incremental solutions. There was indication of public financing engaging more slowly with
new companies in Europe in the PitchBook data as well. Public funding needs to align cor-
rectly with the innovation lifecycle, being the right size at the right time. A funding gap in
the demonstration phase was noted in interviews, but a chronic funding gap in the entire
cleantech lifecycle wasn’t supported. As was pointed out by many interviewees, increasing
R&D budgets doesn’t automatically lead to successful innovation outcomes. This reinforces
one of the core assumptions of the thesis: European clean energy investment challenges stem
also from financing alignment, institutional frictions, and fragmentated regulatory design,

not only the lack of capital (Polzin & Sanders, 2020).

Public funders stressed their responsibility to use public funds responsibly, demanding evi-
dence of viability before engaging with new technologies, while other respondents argued
that such caution tends to favour projects that fit existing markets and risk profiles. This
tension extends to a geopolitical context, as remaining competitive against the United States
and China requires strong support for new innovations, which could imply more tolerance

for high-risk projects.
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In this setting, funding criteria and assessment practices become central. Public funding
agencies shape firm behaviour through their evaluation frameworks, making it essential that
criteria genuinely reward transformative potential it being the strategic goal (Greco et al.,
2022). Interview perspectives diverged: incumbents and public funders largely viewed cur-
rent instruments supporting transformation, while start-ups and intermediaries perceived
them as favouring low-risk, incremental projects. Capacity to evaluate radical projects was
considered uneven across institutions, though Business Finland was regarded as more agile
than its European counterparts. Overall, the evidence suggests that the effectiveness of pub-
lic financing for radical innovations depends on how well instruments are calibrated to dif-

ferent risk profiles and lifecycle stages, not mere spending levels.

Second, commercialization of radical clean energy technologies depends primarily on
demand-pull and market formation, that technology-push tools can conditionally ac-
celerate. A key finding of this study is that commercialization appears to depend primarily
on demand-pull conditions rather than on traditional R&D or subsidy-based technology-push
mechanisms. Although the literature (Nemet et al., 2018; [EA, 2025a) frames these two
forces as complementary with push-policies reducing early-stage costs and pull mechanisms
creating market visibility, the empirical material suggests that demand-side dynamics are the
decisive element. Long-term market confidence, predictable regulation, and clear demand
signals ultimately determine private investments into radical innovations, furthermore,

which innovations reach industrial scale.

The market for transformative clean energy technologies was described nascent, with prices
still unable to compete with established, subsidized fossil-based systems. This reality leads
firms to pursue incremental solutions that optimise existing assets while satisfying regula-
tory requirements of decarbonization. The issue of path dependence (Wiistenhagen & Meni-
chetti, 2012) was acknowledged by interviewees, with a broad consensus on government
initiative as essential to break existing trajectories and shape market conditions. Public pro-
curement was mentioned in both interviews and literature as a tool to support uptake of new
technologies (Nemet et al., 2018; Van den Heuvel & Popp, 2023; O’Reilly et al., 2025).
Furthermore, achieving transformation is not only about developing totally new technolo-

gies, but also implementing existing solutions on a significant scale.

Several interviewees emphasized that public actors could use their soft power more strate-

gically as early anchor investors to de-risk projects and attract private capital to high-risk,
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radical ventures. Some participants, however, cautioned against direct public intervention in
“picking winners” and maintained that private investors’ stricter return expectations are im-
portant in screening projects. The government ought to provide conditions that enable the
markets to pick most viable technologies. This market-based logic presumes that markets
allocate capital efficiently and that the international rule-based system functions predictably,
which is at odds with the path dependence theory, furthermore competitors like Chinese
companies are heavily subsidized by the government. Taken together, the material suggests
that a strong demand-pull and deliberate market creation by policymakers are imperative for
radical innovations to commercialize, while the exact role of the government divided opin-

ions.

Third, the dynamics of actor roles and responsibilities in innovation ecosystems shape

whether innovation remains incremental or becomes transformative.

There was no definitive evidence from interviews to support that current public funding
models produce radical outcomes. Public actors largely considered funding well targeted but
admitted that comparatively little new business has been created around clean energy that
would change dynamics on a systemic level, rather that new technologies are embedded

within existing solutions.

This was reflected in the diverging views on Business Finland’s Ecosystem funding tool,
where start-up and intermediate representatives highlighted that incumbents approach inno-
vation through a risk-management lens, focusing on protecting existing assets. With large
firms setting the agenda, projects within the ecosystems were perceived to lean towards in-
cremental innovation. Given the limited number of corporations in Finland with sufficient
financial capacity to lead such projects, the model risks becoming self-reinforcing: eventu-
ally, will all large firms be responsible for an ecosystem project? Concentrating public re-
sources among a limited number of incumbents challenges the principle of competitiveness
and raises the question of whether government funding streams should support firms already

dominant in their field.

Incumbents do however possess scaling capacity, established supply chains and manage-
ment systems — the industrial “muscle” capable of taking on larger projects. Perhaps the
balance of government support between incumbents and new entrants should be re-evalu-

ated, with Hockerts & Wiistenhagen (2010) describing an ambidextrous policy approach
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where governments support both radical new entries and incumbents’ diffusion capacity.
Cooperation may be most effective once start-ups have advanced their solutions beyond the
early phase, ensuring that their originality is not constrained by incumbent priorities. Some
interviewees suggested CVC and M&A strategies to be more actively used by incumbents

to access radical innovation while preserving its transformative character.

Overall, the findings indicate that ecosystem design and actor roles and responsibilities are
central to whether public financing reinforces existing trajectories or broadens the innova-

tion base needed for system-level transformation.
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6  Discussion and conclusions

The objective of the thesis was to examine where public financing could most efficiently
foster transformation of the energy sector through clean energy innovation, and how inno-
vation impact can be measured. A large part of new clean energy technologies needed to
achieve net zero targets by 2050 are not yet commercially available, and clean energy pro-
jects are risky, slow, and capital-intensive while competing with established fossil-fuel sup-
ply chains, public financing and its correct allocation can be deemed crucial. Furthermore,
closing the innovation gap between Europe and its main competitors in the cleantech field,

is important for European competitiveness. (IEA, 2023; Draghi, 2024)

The thesis combined a narrative literature review with a mixed-methods empirical study. To
conduct the study, PitchBook data were used to describe financing mixes, the speed of fi-
nancing ecosystems, and exit probabilities as a proxy to describe radical innovation dynam-
ics in the field. Semi-structured interviews with Finnish public funders, corporations, start-
ups and intermediaries were conducted to explore how cleantech innovation, public financ-
ing and market formation are understood in practise. The following subsection summarizes
the main results by answering the research questions and discusses their implications and
limitations. Lastly, suggestions for further research are presented alongside limitations of

research.

6.1 Answering the research questions

Q1: How can radical innovations be identified from incremental innovation in the clean

energy sector?

Interviews did not support a strict split between incremental and radical innovation. No one
definition for “radical” was concluded, some concluding they wouldn’t know how to pre-
cisely define the term. Interviewees described the split as analytical but poorly suited to
describe the technologies or projects respondents are working with. Corporate projects often
combine elements of both: introducing novel components to otherwise unchanged systems,

thus improving it. This finding supports the ambidexterity perspective discussed in the
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literature review where companies engage in both explorative and exploitative activities sim-
ultaneously (March, 1991; O’Reilly & Tushman, 2008; Wiistenhagen & Menichetti, 2012).
However, the interview material adds nuance to the theoretical framing, as ambidexterity
helps explain firm behaviour, but actors do not necessarily think or communicate about in-
novation through this lens in practise, which can limit the use of radical and incremental

innovation as an operational category.

Results on whether applying established technologies to new industrial contexts or business
models constitutes radical was undecisive. Radicalness emerged as a question of system-
level effects, only obtained through industrial-level scaling. Innovations were viewed trans-
formative when, once scaled, could achieve substantial emission reductions while changing
the underlying value chains and systems, rather than only improve the efficiency of existing
solutions. This view aligns with the lifecycle framing of the thesis, as novelty at early stages
becomes meaningful for impact assessment only when technologies progress through
demonstration, prove reliability on an industrial scale, and diffuse (Nemet et al., 2018; IEA,
2025a). Furthermore, it resonates with path dependence arguments, where existing infra-
structures and continuous incremental improvements can absorb or delay radical trajectories

unless market and policy conditions shift (Wiistenhagen & Menichetti, 2012).

The interviews suggest the first assumption of the thesis “New entrants and incumbents
engage in different kinds of innovation and their financing models differ” is not a clean
split in practise. Start-up respondents in particular described incumbents to approach inno-
vation through a risk-management perspective, whereas other respondents presented a more
nuanced view. Incumbents themselves emphasized engaging in explorative innovation, even
if it is embedded within broader solutions. Overall, the theoretical framing captures real
tendencies, but the meaning of “radical” varies across contexts. This tension between theory
and reality does raise a practical question of how well this split functions operationally. Nev-
ertheless, this categorization is used in funding allocation and project screening. If the con-
cept remains weakly defined, there is a risk that public resources are not systematically di-

rected toward projects with the renewal potential required for a system-level green transition.

Radicalness could therefore be considered as observable transformation: scaling innova-
tions until system-level changes can be quantified, rather than through technical novelty po-

tential or incremental efficiency improvements alone.
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Q2: How can the impact of public funding be measured for radical energy innovation?

The study finds that the impact of public funding on radical energy innovation is reflected
in commercialization and diffusion. Interviewees consistently pointed to scalability, reliabil-
ity, and readiness of industrial use as the most relevant outcomes of funding, with industrial-
scale deployment imperative for transformative impact. The key metric shouldn’t only be in
increasing the R&D budget but whether funded projects reach a scale of operating reliably
in real markets and match a clear customer need, ultimately translating into companies’ fi-
nancial performance indicators. Consistent with the literature, input measures or direct out-
put measures such as patents capture only part of innovation performance, whereas outcome-
oriented indicators closer to diffusion are more informative of impact (IEA, 2025a; Owen,

2023; O’Reilly et al., 2025).

There wasn’t clear evidence to support that current funding models produce radical or trans-
formative outcomes. While public actors considered funding well targeted towards transfor-
mation, admittedly little new business has been emerged around clean energy that would
change dynamics on a systemic level, new solutions are rather embedded within existing
solutions. The findings further suggest that funding alignment in the innovation lifecycle is
important, not only funding amounts, also supporting the thesis’ third assumption of a chal-
lenge in funding alignment (Gaddy et al., 2017; Van den Heuvel & Popp, 2023; O’Reilly
et al., 2025). Since the demonstration phase emerged as the tightest funding bottleneck, one
way to measure impact for radical innovation is to track how public funding changes the
number of projects able to cross the valley of death, by building first demonstrations or com-

mercial facilities, and how this progress translates into commercialization outcomes.

In the quantitative analysis, high-risk capital, especially venture capital, was used as a proxy
to operationalize the risk orientation dimension of radical innovation. This proxy-based ap-
proach is best interpreted as indicative of differences in risk orientation and commercializa-
tion outcomes across regions (Gaddy et al. 2017; Van den Heuvel & Popp, 2023). Exit suc-
cess rates were consistently higher in Europe than in North America across financing back-
grounds, and the contrast was especially high for debt and private equity. Europe performs
better, but when combined with the interview evidence about cautious criteria and lower
risk-appetite, a more comprehensive interpretation is that European debt and private equity
may enter only once ventures are already de-risked. North American counterparts tolerate

more failures within cleantech investments. This matters for impact measurement: if public
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funding aims to support radical innovation, impact shouldn’t be measured only by high exit
success rates. A high rate can indicate conservative selection and a tendency to fund safer

projects suiting existing market structures, which was also a tension raised in interviews.

A second perspective is to view impact through the ability of public funding to mobilise
private capital into high-risk projects. Interviewees described cases where an early commit-
ment by a public funder unlocked subsequent private investment, also highlighted by Nemet
et al. (2018). Furthermore, the quantitative results indicated that debt and private equity in-
vestors in Europe are particularly cautious towards projects deemed radical, only investing
in safe projects. From this perspective, impact could be viewed as how much private financ-
ing follows once public actors have taken the first step. This could result in the indicator of
success probabilities decreasing for European investments, but should be not viewed as a

failure, but rather that risk-tolerance has increased.

Overall, measuring impact for radical energy innovation requires combining diffusion-ori-
ented outcomes (scaling, reliability, market entry), lifecycle alignment metrics (speed and
stage of public entry), and additionality metrics (private crowding-in and shift in portfolio-

level risk).

Q3: How can public financing most successfully support commercialization of radical en-

ergy innovation?

The combined evidence suggests that the main challenge lies in financing alignment and
demand conditions, not only overall capital availability. While the literature and the thesis’
second assumption described technology-push and demand-pull instruments comple-
mentary (Nemet et al. 2018; IEA, 2025a; O’Reilly et al., 2025; Van den Heuvel & Popp,
2023), the empirical material places much stronger emphasis on demand. Across the inter-
views long-term market visibility, predictable regulation and price competitiveness were
found to be the decisive factors for commercialization. As clean energy technologies com-
pete against established and subsidized fossil-fuel value chains, the role of the governments
(in Europe, the EU) in shaping markets for cleantech is central. Once credible markets exist,

public funding can accelerate uptake rather than try to substitute for lack in demand.

The demonstration phase was identified as a funding gap, where technological and market
risks remain high, traditional R&D instruments phase out and private investors hesitate to

commit. The cleantech race is won by those able to commercialize solutions fast, and as the
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quantitative results indicated, public financing engages slower with new companies com-
pared to North America. Consistent with Polzin & Sanders (2020), to support commerciali-
zation of radical innovation, instruments need to be available at the right time and size, with
faster, more agile decisions and the option for smaller grants that match different project
needs. In this sense, public financing supports commercialization most successfully by se-
quencing instruments across the lifecycle and entering early enough to de-risk projects in the

demonstration stage, possibly crowding in private capital.

For Finland, there wasn’t comprehensive evidence to support that Business Finland’s Eco-
system Funding tool (Veturihanke) successfully produces commercialization of radical en-
ergy innovation. While it provides a platform for cooperation and knowledge sharing among
different actors, the transformative aspect was questioned especially by those who didn’t
directly benefit from the project. On the contrary, interviewees from organisations leading
the ecosystems tended to view the tool as pushing the energy transformation forward. The
role of incumbents was central in this tension: when large firms lead, project agendas natu-
rally reflect their existing assets and risk profiles, which can tilt outcomes towards incre-
mental innovations suiting the current business models. This reflects the ambidexterity fram-
ing by Hockerts & Wiistenhagen (2010) presenting incumbents essential for scaling and dif-
fusion, but ecosystem governance can still bias collaboration toward incremental rather than
radical outcomes. The evidence does not establish a causal effect of the instrument itself but
rather shows a recurring tension in how different actor groups perceive its transformative

impact.

Overall, the Finnish innovation ecosystem portrays as functional but cautious. It contains the
key elements for open innovation but tends to reproduce existing structures rather than chal-
lenge them. Achieving genuine transformation may require a different balance between in-
cumbents and newcomers, and between public facilitation and market-driven renewal, so
that cooperation becomes not only a means to manage risk and incremental improvement
but a driver of system-level change. The results point to a need to re-examine funding crite-
ria, risk tolerance and the concentration of support on already dominant firms. Public financ-
ing could support radical innovation more effectively by speeding up processes, considering
a higher level of risk on portfolio level, and incorporating innovation criteria to public pro-
curement. Ultimately creating conditions that allow radical innovations to emerge on mar-

ket-terms is imperative, with public financing as an accelerating tool. Since energy markets
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and state-aid rules are largely defined at EU-level, the market creation needs to primarily

happen through decisions there.

6.2 Implications for ecosystem actors

This section translates the findings to implications and practical actions for ecosystem actors,
with a focus on public funders, while noting that results are indicative and some actions are
within Finnish control and others depend primarily on EU-level market design and frame-

works.
Clarifying radicality

The absence of a shared definition for “radical” innovation is a central implication of the
thesis. It is used as one criterion in allocating public funding, yet respondents struggled to
define it consistently. If transformative outcomes are the goal, actors across the public sys-
tem, from evaluators to strategic decision-makers, should define radicality operationally in
programme criteria, and train evaluators to apply these criteria consistently. Evaluation tem-
plates should distinguish between technical or business model novelty, and system-level
transformation potential. The potential increase in portfolio risk must also be acknowledged
if a more radical route is chosen. Without clearer definitions, radicalness may continue to

function as a strategic objective without consistent operational meaning in funding decisions.
Demand and lifecycle alignment

Innovation policy should more aptly move towards creating demand and aligning instru-
ments along the innovation lifecycle, after which funding can be effective. The study sug-
gests that commercialization depends mainly on long-term market visibility, created by pre-
dictable regulation and a credible demand for cleantech solutions. Existing instruments al-
ready price emissions and mandate low-carbon fuels, but demand for many radical technol-
ogies remains too weak to justify large investments. Policymakers should strengthen de-
mand-pull instruments in parallel with creating clearer instrument pathways from R&D to
demonstration and first commercial facilities, including faster decision-making and smaller

“bridge” grants when needed.

Strategic public procurement is a concrete, underused tool in Finland. By acting as an early

customer, the public sector could provide first references, reduce first-mover risk, and align
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procurement spending with domestic technological strengths. Shifting the perception from
short-term price savings to seeing the value in investing into new promising technologies
could be one tool to produce long-term competitiveness both on a European and Finnish

level.

Evidence from the interviews also supports the existence of a demonstration gap, but more
importantly, the importance of funding alignment. The tightest bottleneck lies between R&D
and first commercial facilities, where technological and market risks remain high while pub-
lic instruments phase out and private investors hesitate. Sharing operational risks through
guarantees, concessional loans, or blended-finance structures could help expand the financ-
ing pool available for this stage. Instruments should be varied and flexible enough to match
different risk levels and technological maturity, with clearer pathways from research to
demonstration and scale-up to advance commercialization. Requiring mandatory exploration
plans from granted projects and providing sparring and matchmaking opportunities with

possible funders could ensure granted projects progress toward later stages.
Roles between incumbents, new entrants and public funders

Business Finland’s Ecosystem tool (Veturihanke) illustrates a tension in Finnish public in-
novation funding. While cooperation benefits were highly appreciated, there was no clear
evidence to support that the nature of innovation the program produces is truly radical. Given
the limited pool of corporations in Finland capable of leading such projects, there is a risk
that public resources concentrate around a small group of incumbents and incremental pro-
jects that fit their current assets and risk profiles. This raises questions about how ecosystem
design and leadership could be adjusted so that incumbents’ scaling capacity and new en-
trants’ radical ideas both contribute to system-level change. Programme design should in-
clude mechanisms that protect the exploratory role of new entrants, and the evaluation metric
should include, among collaboration activity, whether projects broaden the innovation base

beyond incumbent priorities.
Increasing risk on a portfolio-level

For public investors, the results suggest revisiting risk tolerance and evaluation criteria.
Higher exit success rates in Europe, combined with interview narratives of cautious funding
criteria, indicate that project selection favours safer cases that fit well into the current market

structure. If some portfolio-level failure is a precondition for genuine renewal, public
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funding strategies should be explicit about the acceptable level of risk and about where in
the lifecycle it is taken. A more risk-tolerant approach doesn’t mean carelessness but also
investing in better analytical tools. Systematic data collection, automatization, market fore-
casting tools and consistent follow-up would help focus public funds on projects with cred-

ible pathways to industrial scale and market adoption.

This points to need for a stronger feedback loop between funded projects, data and policy
design. Quantitative datasets reveal where investments flow, but say little about their trans-
formative impact, while qualitative insights reveal insights into how instruments work in
practice. For ecosystem actors, this implies developing comparable project data, structured
follow-up on commercialization outcomes, and regularly using these results to adjust fund-
ing criteria and programme design. Cross-sectoral dialogue is part of this loop. To identify
regulatory and systemic bottlenecks and build shared understanding, companies, public
agencies, academia, financiers and civil society should be more systematically brought to-

gether at both national and European level.
Priority of challenges

Finally, the priority of challenges must be addressed. The findings underline that demand is
the decisive factor, while subsidies and government support can accelerate commercializa-
tion when demand or future market visibility exist. The implication to strengthen demand
conditions mainly concerns EU- and national-level policymakers. Secondly, while govern-
ments cannot directly influence firms’ internal decisions, it must be recognized that funding
schemes that primarily reward incumbents for incremental improvements are unlikely to en-
able transformation. Public funding allocation requires critical evaluation, particularly under
constrained government resources. This implication is important for public funding agencies
and programme designers, as they define the operational criteria that guide allocation deci-

sions.

Therefore, the risk tolerance and evaluation criteria should be reassessed to ensure that fund-
ing instruments genuinely target renewal potential and global competitiveness. This rein-
forces the need for robust analytical tools and market insights within public agencies, so that
limited resources can be directed toward projects with credible prospects for system-level

impact. Perhaps the bigger risk is to keep funding projects that do not have evidence of
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transforming the energy system or building high-value Finnish cleantech, rather than to ac-

cept more risk at the portfolio-level of public funding programmes.

6.3 Trustworthiness and limitations of research

Measuring innovation remains inherently difficult, even though it is vital for designing ef-
fective policy and targeting public support. Quantitative datasets are valuable, but as the
PitchBook dataset displayed, large variation in data completeness across variables con-
straints analysis, even with PitchBook being a widely used database with a global reach.
Many financial indicators were missing or inconsistently reported, and some key metrics
such as success probabilities for Chinese firms were not available at all, decreasing the in-
trinsic quality (Mahanti, 2018). Removing incomplete rows and making assumptions for ex-
ample in timestamps improved validity of comparison but reduced sample size, thus the re-
sults should be interpreted as indicative. From a data-quality perspective, the dataset is rele-
vant and sufficiently granular for the research questions, thus fulfilling the definition of con-

textual quality.

In addition, PitchBook covers deal-backed companies and applies its own industry classifi-
cations and success-probability algorithm. The data therefore reflect one specific view of the
cleantech sphere rather than the full ecosystem. The exercise illustrates the methodological
challenge of quantifying innovation performance, and why innovation outcomes can’t be

fully understood through numerical indicators alone (Mukherjee et al., 2024).

The study uses financing background and exit probabilities as proxies for radical innovation
based on previous work linking high-risk capital to exploratory innovation (Gaddy et al.,
2017; Liu et al., 2025). This enables comparison across regions but remains an analytical
assumption, not a direct measure of technological novelty or system-level impact. The quan-
titative analysis is descriptive and comparative and can reveal patterns in where capital flows
and which companies are predicted to exit, but it cannot establish causal relationships be-

tween funding models and innovation outcomes.

To mitigate PitchBook specific weaknesses, an alternative would’ve been to combine it with
other commercial databases and compare whether patterns remain stable in comparison. Us-

ing multiple sources could also help add coverage to deficiencies in the PitchBook data. A
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further mitigation strategy would have been to complement investment data with datasets
showing direct innovation output or deployment statistics. This would allow for further ex-
amination on whether investment patterns are associated with downstream outcomes and

innovation diffusion beyond exit proxies.

The qualitative material is also subject to limitations. The interview sample consisted of
eleven participants, all from Finland, which limits transferability to other national or regional
contexts. In line with guidance on qualitative content analysis, credibility and dependability
were strengthened through transparent coding rules, traceability from citations to themes,
and iteration between theory and data (Granheim et al., 2017). While there’s no universally
agreed sample size for qualitative research, the findings should be interpreted as indicative
of real-world dynamics. They reflect the views of some ecosystem actors within the Finnish
cleantech context, not a comprehensive analysis of the sector. Transferability could have
been strengthened by extending interviews to non-Finnish actors, like EU-level funders, in-
vestors, or companies operating in other member states. This would allow for comparison

on whether the identified frictions are generalizable beyond the Finnish context.

Despite these limitations, the mixed-methods approach partly mitigates a bias if only one
source was used. Furthermore, the methodological limitations illustrate a core finding of this
thesis: innovation, particularly in the clean energy sector, has no simple means of measure-
ment (Mukherjee et al., 2024). Quantitative data reveal investment flows but not their trans-
formative impact, while qualitative data capture contextual insights and personal experiences
of respondents. Combining both approached offers a more balanced understanding, though
with recognition that the complexity of innovation limits the generalisability of any single

method, dataset, or study.

6.4 Further research topics

Future research presented can be grouped into four priorities: 1) actor roles and ecosystem
governance, 2) public portfolio-level risk tolerance and evaluation, 3) demand-pull policy

effectiveness, and 4) lifecycle case studies of technologies and firms.

As collaboration through innovation ecosystems was strongly supported in the findings, fu-

ture research could focus on defining how different actor roles and responsibilities could be
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arranged for achieving most impactful outcomes. Specifically, investigating how to leverage
the existing resources of incumbents without constraining the radical innovation of new en-
trants, and how to design ecosystem governance so that both contribute to system-level
change. Furthermore, the potential of CVC and M&A as strategies for incumbents to access
radical innovation could be further explored, including what kinds of deals lead to scaling,
not only technology acquisition. Future research could operationalize “ecosystem design”
by comparing leadership models across ecosystem programmes and test which structures are
associated with higher rates of start-up scaling, follow-on financing, and first commercial
references. A relevant angle would be to study value capturing inside ecosystems after scal-
ing-up an innovation: how intellectual property, procurement terms, and partnership con-
tracting shape whether start-ups remain exploratory or shift toward a more incremental tra-

jectory.

If a more risk-tolerant approach from public funders is considered, better tools for accurate
measurement and evaluation are required. Increasing risk appetite doesn’t mean public funds
should be distributed without proof of potential, but rather recalibrating evaluation criteria
to better suit radical and riskier projects. It is important to consider the feedback loop to
ensure the data gathered systematically guides further investment decisions. Building auto-
mated, data-driven tools that combine technical, financial and market indicators to support
ex-ante assessment of projects and studying whether these tools improve allocation decisions
compared to current practice. Beyond ex-ante assessment tools, research could also examine
portfolio-level design throughout the innovation lifecycle. Examining an efficient failure
rate for public innovation portfolios when the objective is system renewal, and how this

differs across TRL phases.

The thesis points to demand as the decisive factor. Further work could compare demand-
side instruments such as procurement, standards, carbon pricing and state-aid flexibility
across EU member states and the US to identify which policy mixes help projects cross the
demonstration gap fastest. EU state-aid rules and their national interpretations (e.g. Finland
versus France and Germany) also allow for closer analysis: how different interpretations
shape the timing and structure of demonstration funding, and whether more flexible ap-
proaches can accelerate radical innovation without causing market distortion. As public

funding in Europe was visibly slower to reach cleantech ventures, a useful contribution
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would be to evaluate policy mixes not only by magnitude but by time-to-effect, and to iden-

tify which institutional characteristics explain this delay.

Finally, more granular work could complement this thesis. In-depth case studies of individ-
ual clean energy technologies or firms could follow them from early-stage public support
through to commercialization, mapping which funding and policy conditions are essential at
each stage. Further studies could examine how Finnish and European firms experience the
“speed” of funding processes in practice, and which concrete changes in grant sizes, process
timelines or criteria toward risk tolerance would matter most for high-risk technologies. The
PitchBook data used in this thesis could also be enriched by linking investment data with
patent data, technology-specific deployment statistics or environmental indicators, such as

avoided emissions to build richer measures of transformative impact.
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7 Summary

The objective of this thesis was to examine where public financing could most efficiently
foster transformation of the energy sector through clean energy innovation, and how inno-
vation impact can be measured. The thesis examined clean energy innovation through an
ambidextrous innovation lens, which includes both exploratory (radical) and exploitative

(incremental) innovation pathways.

The literature review included three perspectives: cleantech investments, cleantech innova-
tion lifecycles, and innovation impact studies. Together, these domains formed the theoreti-
cal framework of the thesis. After the literature review, the mixed-methods research design
and data acquisition methods to conduct the study were presented. Investment data from the
PitchBook platform were used to describe financing mixes, the speed of financing ecosys-
tems, and exit probabilities as a proxy to describe radical innovation dynamics in the field
of cleantech. Semi-structured interviews with Finnish public funders, corporations, start-ups
and intermediaries were conducted to explore how cleantech innovation, public financing
and market formation are understood in practise. The results from the empirical section were
interpreted by comparing the quantitative and qualitative results with each other and with

previous literature before answering the research questions and moving to conclusions.

Lastly the research questions were answered, implications for ecosystem actors were pre-
sented, the limitations of research were discussed, and further research topics presented. The
thesis’ main finding was how decisive long-term market visibility, predictable regulation,
and price competitiveness are for commercialization. After a credible demand exists, public
financing can accelerate uptake of radical technologies and help them cross the valley of
death. Impact should thus examine whether funded projects contribute to the energy transi-
tion through commercialization and industrial diffusion of radical technologies. Also, the
distinction between radical and incremental innovation is not so precise in practise but still

used for decisions on funding allocation.

The practical implications for public funders include a recalibration of both the definition
and the tolerance for radicalness in innovation funding. The findings underline the need for

clearer definitions of radical innovation, more outcome-oriented impact metrics, stronger
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demand-pull policy instruments, and more flexible and faster funding processes across the

innovation lifecycle.

The study is subject to limitations, including incompleteness of the PitchBook dataset, the
use of proxy variables in the quantitative analysis, and the Finnish scope of the interview
participants. Despite the limitations, the mixed-methods approach provided a balanced per-
spective by combining observations from investment data with contextual insights from in-
novation landscape actors. Future research could examine demand-side policy effectiveness,
portfolio-level risk tolerance in public funding, and necessary improvements in analytical

tools for a consistent measurement of funding allocation.



72

References

Beck, M., Lopes-Bento, C., Schenker-Wicki, A. (2016) Radical or incremental: Where does
R&D policy hit? Research policy. [Online] 45 (4), 869—883.

Bergek, A. et al. (2008) ‘Legitimation’ and ‘development of positive externalities’: two key
processes in the formation phase of technological innovation systems. Technology analysis

& strategic management. [Online] 20 (5), 575-592.

Bernstein, S. (2015) Does Going Public Affect Innovation? The Journal of finance (New
York). [Online] 70 (4), 1365-1403.

Bracio, K. & Szarucki, M. (2020) Mixed methods utilisation in innovation management re-
search: A systematic literature review and meta-summary. Journal of risk and financial man-

agement. [Online] 13 (11), 1-25.

Christensen, C. M. (1997) The innovator’s dilemma: when new technologies cause great

firms to fail. Boston, MA: Harvard Business School Press.

Clean Hydrogen Joint Undertaking, (2024) Programme review report 2024. Publications
Office of the European Union. Available at: https://data.europa.cu/doi/10.2843/261415

Creswell, J. W. & Creswell, J. D. (2023) Research design : qualitative, quantitative, and
mixed methods approaches. Sixth edition. Los Angeles: SAGE.

Deloitte and White Research. (2023) Final Review of the 1st Wave KICs: EIT InnoEnergy —
Final Report. Cited: 4.7.2025. Available at: Final Review EIT InnoEnergy | EIT

Draghi, M. (2024) The future of European competitiveness: A competitiveness strategy for
Europe. Part A. Brussels: European Commission. Available at:_https://commission.eu-
ropa.eu/document/download/97e481fd-2dc3-412d-bedc-f152a8232961 en?file-
name=The%20future%200f%20European%?20competitiveness%20_%20A%20competi-
tiveness%20strategy%20for%20Europe.pdf

European Commission. (2019, February 26) Commission Staff Working Document: Impact

Assessment.  Accompanying the document Commission Delegated Regulation,



73

supplementing Directive 2003/87/EC of the European Parliament and of the Council with
regard to the operation of the Innovation Fund. (Report SWD/2019/85 final). Cited:
3.7.2025.

European Commission (2024). Examining European Scale-Ups: The Role of Venture Capi-

tal and Private Equity. Brussels: European Union.

European Commission, European Innovation Council and SMEs Executive Agency,
(2025a) Scaling Deep Tech in Europe : European Innovation Council : impact report 2025.
Publications Office of the European Union. https://data.europa.eu/doi/10.2826/1391424

European Commission. (2025b, April 30) Communication from the Commission to the Eu-
ropean Parliament and the Council: Horizon Europe — Research and Innovation at the heart
of competitiveness. (Report COM/2025/189) Cited: 4.7.2025. Available at: EUR-Lex -
52025DC0189 - EN - EUR-Lex

European Commission. (2025c¢, April 30). Commission Staff Working Document: Interim
Evaluation of the Horizon Europe Framework Programme for Research and Innovation
(2021-2024). Accompanying the Communication to the European Parliament and the Coun-
cil: Horizon Europe — Research and Innovation at the heart of competitiveness. (Report
SWD/2025/110 final, Parts 1-2/21). Cited: 4.7.2025. Available at: https://eur-lex.cu-
ropa.eu/legal-content/EN/TXT/?uri=SWD:2025:110:FIN

European Commission. (2025d, June 16). Report from the Commission to the European Par-
liament and the Council: 2024 Annual Report on the Strategic Technologies for Europe
Platform (STEP). (Report COM/2025/322 final). Cited: 4.7.2025. Available at: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=COM:2025:322:FIN

Fagerberg, J., Mowery, D. C., & Nelson, R. R. (Eds.). (2005). The Oxford Handbook of

Innovation. Oxford University Press.

Gaddy, B. E., Sivaram, V., Jones, T. B, Wayman, L. (2017) Venture Capital and Cleantech:
The wrong model for energy innovation. Energy policy. [Online] 102 (C), 385-395.

Goldstein, A., Doblinger, C., Baker, E. and Anadén, L.D., (2020). Patenting and business
outcomes for cleantech startups funded by the Advanced Research Projects Agency-Energy.

Nature Energy, 5(10), pp.803—-810.



74

Gompers, P. and Lerner, J. (2004). The Venture Capital Cycle. 2nd ed. Cambridge, MA:
MIT Press.

Greco, M., Germani, F., Grimaldi, M., Radicic, D. (2022) Policy mix or policy mess? Effects
of cross-instrumental policy mix on eco-innovation in German firms. Technovation. [On-

line] 117.

Hirsjérvi, S. and Hurme, H. (2022). Tutkimushaastattelu: Teemahaastattelun teoria ja kdy-

tinto. Helsinki: Gaudeamus.

Hockerts, K. & Wiistenhagen, R. (2010) Greening Goliaths versus emerging Davids — The-
orizing about the role of incumbents and new entrants in sustainable entrepreneurship. Jour-

nal of business venturing. [Online] 25 (5), 481-492.

Howell, S. T. (2017) Financing Innovation: Evidence from R&D Grants. The American eco-

nomic review. [Online] 107 (4), 1136—1164.

IEA (2022), Tracking Clean Energy Innovation: Focus on China, IEA, Paris
https://www.iea.org/reports/tracking-clean-energy-innovation-focus-on-china, Licence: CC

BY 4.0

IEA (2023), Net Zero Roadmap: A Global Pathway to Keep the 1.5 °C Goal in Reach, IEA,
Paris. Cited: 25.6.2025. Available at: https://www.iea.org/reports/net-zero-roadmap-a-
global-pathway-to-keep-the-15-0c-goal-in-reach, Licence: CC BY 4.0

IEA (2025a), The State of Energy Innovation, IEA, Paris https://www.iea.org/reports/the-

state-of-energy-innovation, Licence: CC BY 4.0

IEA (2025b), World Energy Investment 2025, IEA, Paris https://www.iea.org/reports/world-
energy-investment-2025, Licence: CC BY 4.0

Johnson, R.B., Onwuegbuzie, A.J. and Turner, L.A. (2007). Toward a definition of mixed
methods research. Journal of Mixed Methods Research, 1(2), pp.112—133

Liu,J., Long, F., Chen, L., Li, L., Zheng, L., Mi, Z. (2025) Exploratory or exploitative green
innovation? The role of different green fiscal policies in motivating innovation. Technova-

tion. [Online] 143.



75

Kallinen, T. and Kinnunen, T. (2021) Etnografia. In: Vuori, J. (ed.) Laadullisen tutkimuksen
verkkokdsikirja. Tampere: Yhteiskuntatieteellinen tietoarkisto. Cited: 10.9.2025. Available

at: https://www.fsd.tuni.fi/fi/palvelut/menetelmaopetus/

Kallio, H., Pietild, A.M., Johnson, M. and Kangasniemi, M. (2016). ‘Systematic methodo-
logical review: developing a framework for a qualitative semi-structured interview guide’,

Journal of Advanced Nursing, 72(12), pp.2954-2965.

Kortum, S. and Lerner, J. (2000). ‘Assessing the contribution of venture capital to innova-

tion’, RAND Journal of Economics, 31(4), pp.674—692.

Mahanti, R. (2018) Data quality : dimensions, measurement, strategy, management, and

governance. 1st ed. Milwaukee, Wisconsin: ASQ Quality Press.

Mazzucato, M. & Semieniuk, G. (2018) Financing renewable energy: Who is financing what

and why it matters. Technological forecasting & social change. [Online] 1278-22.

March, J. G. (1991). Exploration and exploitation in organizational learning. Organization

science, 2(1), 71-87.

Mukherjee, A., Owen R., Scott, J. M., Lyon, F. (2024) Financing green innovation startups:
a systematic literature review on early-stage SME funding. Venture capital (London).

[Online] 1-27.

Nemet, G. F., Zipperer, V., Kraus, M. (2018) The valley of death, the technology pork barrel,
and public support for large demonstration projects. Energy policy. [Online] 119154-167.

O’Reilly, C. A. & Tushman, M. L. (2008) Ambidexterity as a dynamic capability: Resolving

the innovator’s dilemma. Research in organizational behavior. [Online] 28185-206.

O’Reilly, S., Mac an Bhaird, C., & Greene, F. J. (2025) The role of equity capital in speed-
ing cleantechs across the ‘Valley of Death’. International small business journal. [Online]

43 (1), 3-29.

Owen, R., Brennan, G., Lyon, F. (2018) Enabling investment for the transition to a low car-
bon economy: government policy to finance early stage green innovation. Current opinion

in environmental sustainability. [Online] 31137-145.



76

Owen, R., Brennan, G., Lyon, F., Harrer, T. (2021) Financing Cleantech SME Innovation:
Setting an Agenda. IEEFE transactions on engineering management. [Online] 68 (4), 1168—
1172.

Owen, R. (2023) Lessons From Government Venture Capital Funds to Enable Transition to

a Low-Carbon Economy: The U.K. Case. IEEE transactions on engineering management.

[Online] 70 (3), 1-15.

Perez-Alaniz, M. Lenihan, H. Doran, J., Rammer, C. (2025) Subsidising innovation outside
or within firms’ existing knowledge bases: which is best for radical innovation? Economics

of innovation and new technology. [Online] 1-29.

Petzold, N. et al. (2019) Disruptive innovation from a process view: A systematic literature

review. Creativity and innovation management. [Online] 28 (2), 157-174.

Plank, J. & Doblinger, C. (2018) The firm-level innovation impact of public R&D funding:
Evidence from the German renewable energy sector. Energy policy. [Online] 113430-438.

Polzin, F., Sanders, M., Téube, F. (2017) A diverse and resilient financial system for invest-

ments in the energy transition. Current opinion in environmental sustainability. [Online]

2824-32.

Polzin, F., Sanders, M. (2020) How to finance the transition to low-carbon energy in Eu-

rope? Energy policy. [Online] 147.

Polzin, F., Sanders, M., Serebriakova, A. (2021) Finance in global transition scenarios: Map-
ping investments by technology into finance needs by source. Energy economics. [Online]

99.

Rennings, K. et al. (2013) How clean is clean? Incremental versus radical technological
change in coal-fired power plants. Journal of evolutionary economics. [Online] 23 (2), 331—

355.

Salminen, A. (2011) Mikd kirjallisuuskatsaus? : johdatus kirjallisuuskatsauksen tyyppeihin
Jja hallintotieteellisiin sovelluksiin. Vaasa: Vaasan yliopisto. [online]. Available from:

http://www.uwasa.fi/materiaali/pdf/isbn_978-952-476-349-3.pdf.

Seru, A. (2014) Firm boundaries matter: Evidence from conglomerates and R&D activ-

ity. Journal of financial economics. [Online] 111 (2), 381-405.



77

Sharma, S. (2017). PitchBook. Journal of Business & Finance Librarianship, 22(3-4), 244—
247.

Shields, P. and Rangarajan, N. (2013). A Playbook for Research Methods: Integrating Con-

ceptual Frameworks and Project Management. Stillwater, OK: New Forums Press.

Tidd, J. (ed.) (2023) Radical innovation challenges : corporate to climate. London, England:
World Scientific Publishing Europe Ltd.

Tukey, J.W. (1977). Exploratory Data Analysis. Reading, MA: Addison-Wesley.

Valtiontalouden tarkastusvirasto VTV (2025) Energiainvestointien tuki vihredn siirtymén
edistdjand. Tarkastuskertomus 3/2025. Helsinki. Cited: 31.7.2025.  Available at:
http://urn.fi/urn:isbn:978-952-499-568-9

Van den Heuvel, M. & Popp, D. (2023) The role of venture capital and governments in clean

energy: Lessons from the first cleantech bubble. Energy economics. [Online] 124.

Wiistenhagen, R., & Menichetti, E. (2012). Strategic choices for renewable energy invest-

ment: Conceptual framework and opportunities for further research. Energy policy, 40, 1-1



Appendices

Appendix 1. Financing structure by region (number of datapoints)

Region Strategic/Corporate  Early-Stage Risk Later-Stage/Structured Grand To-
Capital Capital Capital tal

China 188 365 53 606

Europe 2664 881 428 3973

North America 2051 864 328 3243

Grand Total 4903 2110 809 7822

Appendix 2. Average of founding to first funding deal date by financing deal type in

years
North

Row Labels China Europe America Grand Total
Average of = Count of | Average of @ Count of = Average of | Count of | Total Average of
Founding Com- Founding Com- Founding Com- Founding to
to First pany ID | to First pany ID | to First | pany ID | First Financing
Funding Funding Funding

Corporate 1,61 37 0,98 113 1,04 57 1,11

Debt 2,88 19 2,76 21 2,82

Individual 0,90 1 2,13 29 2,15 32 2,12

Other 0,95 8 1,40 133 1,57 140 1,47

Private 1,52 12 1,70 81 1,10 53 1,47

Equity

Public 1,83 4 0,73 7 1,13

Investment

Venture 1,99 181 1,95 154 1,65 146 1,88

Capital

Grand Total = 1,87 239 1,61 533 1,56 456 1,64




Appendix 3. Average exit probability by first financing deal type

First Financing No Exit Success Europe Success No Exit Success NA Suc- Grand

Deal Class Europe Europe rate NA NA cess Rate  Total

Corporate 10 12 55% 7 5 42 % 34

Debt 2 100 % 3 2 40 % 7

Individual 30 15 33 % 22 10 31 % 77

Other 53 75 59 % 65 58 47 % 250

Public  Invest- 1 2 67 % 3

ment

Venture Capital | 52 79 60 % 61 65 52% 257
Appendix 4. Average exit probability by last financing deal type

Last Financing No Exit Success Europe Success No Exit Success NA Suc- Grand

Deal Class Europe Europe rate NA NA cess Rate Total

Corporate 6 6 50 % 2 2 50 % 16

Debt 1 8 89 % 5 9 64 % 23

Individual 13 6 32% 10 6 38 % 35

Other 21 29 58 % 32 17 35% 99

Private Equity 1 6 86 % 2 2 50 % 11

Venture Capital | 103 128 55% 108 106 50 % 443

Grand Total 145 183 56 % 159 142 47 % 629
Appendix 5. Success probability distributions

Region N Min Q1 Me- Q3 Max  Mean StDev

dian
Europe 183 | 50 59 |70 80 98 69,97 13
North Ame- | 142 | 51 62 |72 84 98 72,82 14

rica




Appendix 6. Financing Deal Class contents

First Financing Deal Class

Last Financing Deal Class

O

O

Debt: debt — general

Corporate: university spin-out, corpo-
rate, later-stage venture capital, early-
stage venture capital, spin-off
Individual: accelerator/incubator, an-
gel (individual), capitalization, equity
crowdfunding, product crowdfunding,
seed round

Other: accelerator/incubator, grant,
joint venture, university spin-out
Public investment: spin-off

Venture capital: seed round, early-
stage venture capital, later-stage ven-
ture capital, accelerator/incubator, joint

venture

o Debt: project financing, debt — general,

capital spending, mezzanine, debt — ac-
quisition

Corporate: later-stage venture capital,
early-stage venture capital, reverse
merger

Individual: angel (individual), equity
crowdfunding, product crowdfunding
Other: accelerator/incubator, grant,
secondary transaction — private
Private equity: PE growth/expansion,
leveraged recapitalization

Venture capital: seed round, early-
stage venture capital, later-stage ven-
ture capital, secondary transaction —

private




Appendix 7. Interview questions

1. Background questions

L

IIL.

O

Could you briefly describe your role in the organisation?
How does your work relate to innovation financing in the energy sector?
At which stages of the innovation lifecycle are you typically involved?

What types of financing does your organisation receive or provide?

2. Actor-specific questions

One of the objectives of this master’s thesis is to examine how the impact and radicalness of

innovation can be measured and assessed.

IIL.

I1I.

Does your organisation define innovations in terms of how radical they are?
If yes, how does this appear in practice?

If not, how is the nature of innovations described?

How does your organisation assess the impact of its financing on innovation?
Which indicators of success do you use?

What kinds of successful commercialisation projects have you seen?

Which factors were decisive in those successful projects?

Conversely, have you seen cases where financing did not produce the desired impact?

What was learned?

3. Current state of financing

L

IIL.

In its strategic guidelines, the public sector has stated that funding should be increas-
ingly directed towards the commercialisation of radical innovations. How do you see

this being realised in practice?
What types of energy innovation projects does public funding support?

How does this differ, for example, from VC, corporate venture or companies’ own

R&D funding?



I1I.

O

Have you observed different funders having different expectations regarding perfor-

mance and impact (e.g. quick financial returns vs. long-term societal effects)?

How do you see the role of public actors in market creation (“market pull”) in relation

to the role of early-stage funders (“technology push”)?

In your view, is the balance appropriately set?

4. Future and new disruptions

I.  Which actors do you see as the most central developers of future energy technolo-
gies?
II.  How do funding models and instruments need to evolve so that new energy technol-
ogies can scale globally?

II.  Inthe quantitative part of my thesis, I examine Al-enabled energy technologies when
comparing Europe, the United States and China. How could Europe or Finland suc-
cessfully take advantage of this disruption?

5. Closing

I.  Is there anything related to innovation financing that we have not discussed and that

you would like to add?



