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PUBLIC R&D SUPPORT, FINANCIAL

INSTRUMENTS, AND ENERGY

START-UP ECOSYSTEMS IN EUROPE:

EVIDENCE ON NON-LINEAR
AND DELAYED EFFECTS

Abstract

The transition to climate neutrality in Europe increasingly depends on the capacity
of public policy to stimulate innovation, entrepreneurship, and investment in the en-
ergy sector. This study aims to examine whether, and under what conditions, public
R&D support and finance-related policy instruments are associated with energy-re-
lated start-up activities and financing across European and neighboring economies,
while accounting for delayed, non-linear, and country-specific effects. The analysis is
based on panel data for 37 countries over the period 2018-2023. The study employs
fixed-effects, PPML, lagged, and quadratic specifications. The findings suggest weak
short-term associations between policy support and energy start-up outcomes, while
several delayed and non-linear patterns emerge. Two-year lagged estimations reveal
significant delayed associations: government support is negatively associated with
green start-ups (-0.0072) and digital start-ups (-0.0114), which may reflect crowding-
out mechanisms or reactive policy behaviour, although these explanations are not di-
rectly tested. In contrast, finance-related support is positively associated with digital
energy start-ups after two years (0.0225). Funding models show weaker transmission
effects, although government support is negatively associated with early-stage green
funding (-0.0605). Quadratic specifications reveal meaningful thresholds for govern-
ment support at 51.33, 93.71 and 107.39 in baseline models and between 80.80 and
158.28 points in lagged models. The results suggest that policy-start-up relationships
vary by timing, intensity, support type, and start-up segment. This highlights the scien-
tific value of analyzing public support as a delayed, non-linear and context-dependent
mechanism rather than as a simple direct stimulus.

Keywords climate neutrality, energy start-ups, European
economies, financial support, lagged effects, non-linear
effects, public R&D support

JEL Classification 038, Q42, Q55, G28, C23

INTRODUCTION

This study is relevant because the transition towards climate neutrality
requires a better understanding of how public R&D support and fi-
nance-related policy instruments influence the development of energy
start-up ecosystems. In this article, energy start-ups are understood as
a broad category that includes both green energy start-ups, focused on
clean and sustainable energy solutions, and digital energy start-ups,
focused on the application of digital technologies to energy systems.
These categories are derived from the International Energy Agency’s
classification framework and are analyzed as separate segments of the
energy start-up ecosystem; potential overlap at the firm level cannot
be excluded.

http://dx.doi.org/10.21511/imfi.23(2).2026.31
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The transition to climate neutrality has become a key priority for Europe, increasing the importance
of innovation and entrepreneurial ecosystems. Clean energy start-ups are essential for accelerating the
development and deployment of net-zero technologies (IEA, 2024), while Europe’s competitiveness de-
pends on scaling green and digital firms across sectors such as renewable energy, hydrogen, and smart
energy systems (European Commission, 2025). However, differences in institutional capacity and ac-
cess to risk finance still create unequal start-up conditions across advanced and transition economies
(European Commission, 2024; EIB, 2024).

Public R&D support and financial instruments are key tools for energy-sector innovation, especially in
early-stage clean technologies where market failures are most pronounced (IRENA, 2024; IEA, 2024).
Their effectiveness depends on policy design, scale, institutional quality, and financial system matu-
rity, which can create both crowding-in and crowding-out effects (OECD, 2024; EIB, 2024). Despite
REPowerEU and the European Green Deal Industrial Plan, European finance remains fragmented, with
transition economies still facing limited access to venture capital for scaling energy start-ups (European
Commission, 2025).

Understanding how public R&D support and financial instruments are associated with energy start-up
activity is increasingly important for European integration and global competition. However, evidence
remains limited on their delayed, dynamic, and non-linear effects across different national contexts.
Addressing this gap is essential for assessing their contribution to climate neutrality, economic con-
vergence, and Europe’s role in the global innovation system (IEA, 2024; European Commission, 2025).

The contribution of this study is threefold. First, unlike previous research that mainly examines general
determinants of start-up development, entrepreneurial ecosystems, or innovation performance, this ar-
ticle focuses specifically on public R&D support and finance-related policy instruments as drivers of en-
ergy start-up formation and financing. Second, the study moves beyond immediate, linear policy effects
by explicitly testing delayed and nonlinear relationships, including one- and two-year lags, quadratic
specifications, and turning-point analysis. Third, by distinguishing between green and digital energy
start-ups and between early- and later-stage funding, the article provides a more differentiated under-
standing of how policy instruments operate across different segments of the energy start-up ecosystem.
In this way, the study complements existing literature by examining how the associations between pub-
lic support and start-up outcomes vary across policy timing, policy intensity, and different segments of
the energy start-up ecosystem.

Therefore, this article aims to examine whether, and under what conditions, public R&D support and
finance-related policy instruments are associated with energy-related start-up activity and financing
across European and neighboring economies, while accounting for delayed, non-linear, and country-
specific effects. To achieve this aim, the study analyses the formation of green and digital energy start-
ups, early- and later-stage funding, and the roles of policy timing and intensity using cross-country
panel data methods.

1. LITERATURE REVIEW

and enhance competitiveness within the global
economy. Start-ups support growth by develop-

The development of energy start-up ecosystems
is increasingly recognized as a key driver of
sustainable economic transformation, partic-
ularly in the context of climate neutrality and
the green transition. Innovation and entrepre-
neurship are central to economic growth, as
they facilitate the diffusion of new technologies

http://dx.doi.org/10.21511/imfi.23(2).2026.31

ing and commercializing innovations in uncer-
tain and capital-intensive energy sectors (Ziane
et al., 2025; Dadkhah et al., 2024). Their per-
formance depends on institutional frameworks,
digitalization, and collaborative networks that
shape innovation dynamics (Mursalov et al,
2023; Zhuravka et al., 2025).
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Public policy instruments, especially R&D sup-
port and financial mechanisms, are important
for innovation and entrepreneurship, particular-
ly when early-stage financing is characterized by
high uncertainty and risk. Targeted support can
stimulate eco-innovation and green entrepreneur-
ship, but its effectiveness depends on design and
implementation (Juracka et al., 2024; Burrell et al.,
2025). Public finance may also crowd in or crowd
out private capital depending on institutions and
market maturity, showing that policy effects are
non-linear and context-specific (Streimikiene et
al., 2024; Benlefki et al., 2024). These findings sug-
gest that the impact of policy instruments is not
linear and may vary across countries and sectors.

Access to finance remains a major constraint
for energy start-ups, especially in transition and
emerging economies. Limited credit, weak in-
vestor protection, and underdeveloped financial
markets hinder start-up growth (Artyukhov et al.,
2024; Halynskyi & Telizhenko, 2024). Regulatory
burdens and complex market-entry procedures
further constrain clean and digital energy start-
ups (Podosynnikov et al., 2024; Myroshnychenko
et al., 2024). Entrepreneurial decisions are also
shaped by financial perceptions and risk attitudes
in uncertain environments (Civelek et al., 2025;
Dorusincova et al., 2025).

The role of entrepreneurial ecosystems and institu-
tional support structures has been widely empha-
sized in the literature. Start-up success depends
on finance, ecosystem resources, entrepreneurial
competencies, and networks (Imo & Makanjuola,
2025; Jurgelevicius & Raisiené, 2025). University—
industry collaboration and knowledge transfer
support innovation in technology-intensive sec-
tors (Kuzior et al., 2024a; Samoilikova et al., 2023;
Zhylinska & Sitnitskiy, 2018), while digital devel-
opment strengthens knowledge exchange (Kuzior
et al., 2024b). Leadership, decision-making, and
adaptability also enhance start-up resilience and
performance (Arfara & Karasavvoglou, 2026;
Saba et al., 2025).

Recent studies also highlight the importance of
contextual factors, including regional develop-
ment, post-crisis recovery, and socio-economic
conditions, in shaping entrepreneurial ecosys-
tems. Transition and post-war economies face
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specific innovation challenges, requiring target-
ed policy and institutional reforms (Khymych
& Masurel, 2025; Sitnicki et al., 2024). Ensuring
economic freedom is crucial amidst the rap-
id development of entrepreneurial ecosystems
(Sitnicki et al., 2026). Crisis experience, includ-
ing COVID-19, shows the importance of timely
government support for SMEs (Kornyliuk et al.,
2022). Sustainability awareness and energy-re-
lated attitudes also shape energy entrepreneur-
ship and innovation ecosystems (Sardianou &
Kougias, 2025; Urmanaviciene, 2025).

Knowledge management, leadership, and deci-
sion-making processes also shape entrepreneur-
ial outcomes. Effective knowledge and leadership
practices strengthen innovation and performance
in uncertain environments (Alemu, 2025; Behar
Villegas et al., 2024), while cost management and
decision-making tools improve start-up efficiency
and sustainability (Daowadueng, 2024; RaiSiené &
Raisys, 2024). Digital technologies and innovation
systems further support resilient entrepreneurial
ecosystems (Zahidi et al., 2025; Yassin et al., 2024).

Despite the growing literature on start-up eco-
systems, green entrepreneurship, innovation
policy, and sustainable finance, several impor-
tant gaps remain. First, many existing studies
focus on broad entrepreneurial conditions, in-
stitutional quality, access to finance, or univer-
sity-industry collaboration. In contrast, fewer
studies isolate the specific effects of public R&D
support and finance-related policy instruments
on energy start-up ecosystems. Second, previous
empirical research often assumes immediate and
linear effects. In contrast, policy support may in-
fluence start-up formation and venture financing
only after a time lag and only within certain in-
tensity thresholds. Third, limited attention has
been paid to differences between green and digi-
tal energy start-ups and between early- and later-
stage funding. This study addresses these gaps by
applying a cross-country panel framework with
fixed effects, PPML models for start-up counts,
log-linear models for funding variables, lagged
specifications, and quadratic turning-point anal-
ysis. Therefore, the article contributes to the lit-
erature by integrating policy timing, policy in-
tensity, and start-up segment heterogeneity into
a single empirical framework.

http://dx.doi.org/10.21511/imfi.23(2).2026.31
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2. METHODOLOGY

This study employs a quantitative panel-data ap-
proach to examine the relationship between pol-
icy support mechanisms and the development of
energy-related start-up ecosystems. The empirical
analysis is based on a cross-country dataset cov-
ering 37 European and neighboring economies,
including Albania, Austria, Belgium, Bosnia and
Herzegovina, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Moldova,
Netherlands, North Macedonia, Norway, Poland,
Portugal, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, Ukraine, and the United
Kingdom, over the period 2018-2023, yielding
222 country-year observations. This sample en-
sures broad heterogeneity in economic develop-
ment, institutional capacity, and innovation per-
formance, enabling a comprehensive assessment
of policy impacts across diverse national contexts.
The sample includes EU member states, non-EU
European countries, and neighboring economies.
These countries were analyzed jointly because they
participate in a broadly interconnected European
innovation and energy-transition environment
while displaying substantial variation in institu-
tional quality, financial-market development, and
innovation-system characteristics. Such heteroge-
neity increases the dataset’s analytical variation
and enables the identification of broad cross-coun-
try patterns. Country fixed effects are employed to
account for time-invariant national differences.

Importantly, the sample includes both EU mem-
ber states and non-EU European and neighbor-
ing economies, enabling interpretation of the re-
sults across different levels of economic develop-
ment, institutional maturity, and public policy
frameworks.

The dependent variables capture both the scale
of entrepreneurial activity and the availability of
financial resources within energy-related inno-
vation ecosystems. Specifically, the analysis in-
cludes the number of energy and green start-ups,
energy and digital start-ups, as well as early- and
later-stage funding volumes for both categories.
In this study, the term “energy start-ups” refers to
young, innovative firms whose products, services,

http://dx.doi.org/10.21511/imfi.23(2).2026.31

or business models are related to the energy sector.
Within this broader category, two segments are
distinguished. Green energy start-ups are firms
developing technologies, products, or services that
directly support the clean energy transition, de-
carbonization, renewable energy deployment, en-
ergy efficiency, storage, or other environmentally
sustainable energy solutions. Digital energy start-
ups are firms whose activities are based on digital
technologies, data-driven services, software, arti-
ficial intelligence, smart grids, digital platforms,
demand-side management, or other digital tools
applied to energy systems. This distinction is im-
portant because green and digital energy start-ups
may respond differently to public R&D support
and financial instruments: green start-ups are of-
ten more capital-intensive and technology- and
infrastructure-dependent, whereas digital start-
ups may scale faster but require stronger digital
infrastructure, data access, and market integra-
tion. These data are sourced from the International
Energy Agency’s Energy Start-up Data Explorer
(IEA, n.d.), which provides harmonized and com-
parable cross-country indicators of start-up eco-
systems. To address strong right skewness and the
presence of zero values in funding variables, loga-
rithmic transformations of the form log(x+1) are
applied in linear specifications. In contrast, count
variables are analyzed using Poisson-based mod-
els. Different estimation approaches are applied
because the dependent variables differ in their sta-
tistical properties. Start-up activity is measured as
count data and is therefore analyzed using PPML
estimators. In contrast, funding outcomes are
measured as continuous financial variables and
are analyzed using log-linear fixed-effects specifi-
cations after logarithmic transformation.

The key explanatory variables, namely direct and
indirect government support for business R&D
and finance and support, are obtained from the
European Innovation Scoreboard (European
Commission, n.d.). These variables are compos-
ite index indicators reported by the European
Commission (n.d.) and expressed as performance
scores rather than monetary values. Higher val-
ues indicate stronger relative performance in the
corresponding policy dimension compared with
the benchmark framework used in the European
Innovation Scoreboard. Consequently, values
such as 50, 100, or 150 should be interpreted as
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positions on the European Innovation Scoreboard
indicator scale rather than as percentages, mon-
etary units, or direct measures of public expendi-
ture. To control for broader macroeconomic and
technological conditions, the models include GDP
per capita (PPP, constant 2021 international dol-
lars) from the World Bank (n.d.) and research and
development expenditure as a percentage of GDP
from the United Nations Economic Commission
for Europe (UNECE, n.d.). These variables cap-
ture differences in economic development and
innovation capacity that may influence both en-
trepreneurial activity and access to funding. The
objective is not to estimate country-specific policy
effects but to examine average cross-country as-
sociations within a diverse set of European and
neighboring economies.

The analysis is conducted at the ecosystem level
using aggregated indicators reported by the IEA
Energy Start-up Data Explorer. Therefore, green
and digital energy start-ups should be interpreted
as analytical categories within the database rath-
er than necessarily mutually exclusive groups of
firms. Some start-ups may possess both green and
digital characteristics; however, the study follows
the classification framework of the underlying
data source and analyzes the reported categories
separately.

The empirical strategy is based on two-way fixed-
effects (TWFE) models that control for unobserved
country-specific heterogeneity and common time
shocks. For start-up count variables, Poisson pseu-
do-maximum likelihood (PPML) estimators are
employed because the dependent variables are non-
negative counts and include many zero observa-
tions. Funding variables are continuous monetary
measures characterized by strong right-skewness
and occasional zero values. Therefore, they are
transformed using log(x+1) and estimated using
log-linear fixed-effects models. Complementary
log-linear fixed-effects models are estimated as ro-
bustness checks for funding variables. To account
for potential delayed policy effects and mitigate
reverse causality, the analysis incorporates lagged
specifications (t-1 and t-2) of the explanatory vari-
ables. Furthermore, to capture potential threshold
and diminishing-return effects, quadratic specifi-
cations based on mean-centered variables are es-
timated. The turning-point analysis is used as an
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exploratory tool to assess the economic relevance
of estimated curvature and should not be inter-
preted as identifying precise optimal policy levels.
Standard errors are clustered at the country level to
account for serial correlation and heteroskedastic-
ity. This multi-step modelling framework allows
for a comprehensive assessment of linear, non-lin-
ear, and dynamic policy effects on energy start-up
ecosystems. Given the relatively short time dimen-
sion of the panel, model complexity is limited by
estimating each specification separately rather than
combining lagged and non-linear structures within
a single comprehensive model.

The modelling strategy follows a sequential rather
than cumulative logic. Baseline TWFE and PPML
models are first estimated to examine contempo-
raneous associations. Lagged specifications are
subsequently introduced to assess delayed rela-
tionships, while quadratic terms are estimated
separately to explore potential non-linear patterns.
Turning-point calculations are derived from the
quadratic models and are used solely to assess the
economic relevance of the estimated curvature.
Therefore, the empirical framework consists of
complementary model specifications that address
different analytical questions rather than a single,
highly parameterized model.

The empirical framework is designed to identify sta-
tistical associations between policy variables and
start-up outcomes rather than establish causal effects.
Consequently, the estimated coefficients should be
interpreted as conditional relationships after con-
trolling for observed covariates and fixed effects. All
data processing, model estimation, and statistical
analyses were conducted in RStudio, ensuring re-
producibility and consistency of the empirical results.

3. RESULTS

Table Al (Appendix A) shows substantial cross-
country heterogeneity across 222 observations
from 37 countries during 2018-2023. Energy and
green start-ups are more numerous on average
than energy and digital start-ups, but both vari-
ables are highly dispersed and right-skewed, with
medians far below means. This indicates that
start-up activity is concentrated in a few innova-
tion hubs.

http://dx.doi.org/10.21511/imfi.23(2).2026.31
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Funding variables are even more asymmetric.
Average early- and later-stage funding is high, but
medians are much lower, and some later-stage ob-
servations are zero. Extreme skewness and kur-
tosis show that venture capital is concentrated in
selected countries and periods. These patterns jus-
tify the use of Poisson/PPML models and logarith-
mic transformations in the econometric analysis.

GDP per capita varies widely across countries,
from about USD 13,500 to over USD 136,000,
while R&D expenditure averages 1.62% of GDP.
Government support for business R&D and finan-
cial support instruments also differ substantially,
with mean values of 68.28 and 80.11. The data show
strong heterogeneity, non-normality, and extreme
values. This supports the use of fixed-effects panel
models and robust estimation methods.

The results are presented sequentially, beginning
with baseline specifications and then extending
the analysis to lagged and non-linear models to
evaluate the robustness and dynamics of the ob-
served relationships. PPML estimations are re-
ported for start-up count variables, whereas log-
linear fixed-effects models are reported for fund-
ing outcomes. Table 1 shows that, after controlling
for country- and time-fixed effects, none of the
explanatory variables has a statistically signifi-
cant effect on the number of energy-related start-
ups. For green start-ups, government support for
business R&D, financial support, GDP per cap-
ita, and R&D expenditure are insignificant, al-
though GDP per capita has a weak positive sign.

The results are similar for digital energy start-ups,
where all coefficients are close to zero and insig-
nificant. However, high pseudo R? values indicate
that variation is mainly explained by country- and
time-specific factors rather than short-term policy
changes.

Table 2 shows delayed associations between pol-
icy variables and energy-related start-ups. One-
year lag models are insignificant, while two-year
lag models reveal significant effects. Government
support for business R&D is negatively associated
with start-up activity after a two-year lag on both
green and digital start-ups, which may be consis-
tent with crowding-out mechanisms or reactive
policy behavior. However, these explanations are
not directly tested in the present study. In con-
trast, financial support is positively associated
with digital start-ups after a two-year lag. GDP per
capita and R&D intensity also become significant
for digital start-ups, showing the importance of
broader structural conditions.

Table 3 shows that government support for busi-
ness R&D has a significant negative effect only
on early-stage green start-up funding, suggest-
ing possible crowding-out of private venture capi-
tal or stronger support for weaker ecosystems.
Other variables, including financial support, GDP
per capita, and R&D expenditure, are not sig-
nificant. For later-stage green funding and both
digital funding categories, no significant effects
are found. Low R? values indicate that short-term
policy and macroeconomic changes explain little

Table 1. Poisson fixed-effects estimation results for energy start-ups

Source: Author’s calculations in R Studio.

Variables Green start-ups Digital start-ups
, ~0.000862 0.000221
Gover”m?ff support Of‘?f‘s'”ess Red (0.001632) (0.002217)
Firance and suooort 0.004708 0.001409
PP (0.005250) (0.005442)
. 0.682731 ~0.147587
Log GDP per cprta (L295452) (1.313499)
, -0.160123 -0.169163
0
R&D expenditure (% of GDP) (0279146) (0.406161)
Observat‘i'gr]s """""" : 204 204‘““
Country FE """""""" : Yes i Yes """
Year FE : Yes Yes
Adj. Pseudo R? ' 0.8296 0.7363

Notes: Poisson pseudo-maximum likelihood estimations with country and year fixed effects. Standard errors clustered at the
country level are reported in parentheses. No coefficients are statistically significant at conventional levels.

http://dx.doi.org/10.21511/imfi.23(2).2026.31
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Table 2. Lagged Poisson fixed-effects estimation results for energy start-ups

Source: author’s calculations in R Studio.

Variables

Government support (a )§ —0.001533 —-0.003022 —0.007218%*** —0.011364**
e ..l0001678) _(0.002640) _(0002228) (000a152)

Finance and support (lag) 0.006800 0.001610 0.011062 0.022514***
ance and suppor’ tee 004894) 0.005006) 007992) . (0007169)

Log GDP per capita (lag) 0.129539 1.107244 308439 4.892767**
BT percopta tee) (1407510) (1381325) _(2.004059) aa%0)

R&D expenditure (lag) —-0.127635 0.363741 0.082288 0.880441**
pencifure ee) (0456447)  (0474760) . (0.532774) © (0381949

Observations :

Country FE
Year FE

B S
Yes

Yes

0.8178

80
Yes

Yes

0.7172

Yes

2
Yes

0.8088

' Green start-ups (t— 1) : Digital start-ups (t — 1) | Green start-ups (t — 2) : Digital start-ups (t - 2)

Yes

Adj PseudoR2

Notes: Poisson pseudo-maximum likelihood estimations with country and year fixed effects. Standard errors clustered at the
country level are reported in parentheses. Significance levels: *** p <0.01, ** p < 0.05, * p < 0.1.

variation, while country- and year-fixed effects
dominate. Policy effects on funding appear weak
in the short run and may operate through delayed
or indirect channels.

Table Bl shows that one-year lagged policy effects
on start-up funding are mostly insignificant, con-
firming weak short-term impacts. R&D expendi-
ture is weakly negative for early-stage green and
digital funding, suggesting a possible initial real-
location of resources towards internal innovation
rather than venture financing.

Two-year lag models reveal stronger but still limit-
ed effects. R&D expenditure significantly reduces
early-stage green funding, while financial support

is weakly negative for early digital funding. Most
effects remain insignificant, indicating that fund-
ing dynamics depend more on persistent country-
specific structural and institutional factors than
on short-term policy changes.

The funding models suggest that public policy in-
struments have a weaker and less direct impact on
venture financing than on start-up formation. The
predominance of insignificant coefficients should
not be interpreted as evidence that public R&D
support and financial instruments are unimport-
ant. Rather, it indicates that their short-term aver-
age effects are limited after controlling for coun-
try- and year-specific factors. Venture financing
appears to depend more strongly on persistent

Table 3. Log-linear fixed-effects estimation results for funding variables

Source: Author’s calculations in R Studio.

Variables Early green funding Late green funding Early digital funding Late digital funding
Government support of —0.060516** 0.032946 0.019616 0.018413
DUSINESSRED . o $0:0222848) {o037883) .. (0020717} . .(0028933) ..
Finance and support 0.009846 0.007269 : —0.014549 -0.002844
PP (0.032887) (0.022238) : (0.038219) (0.016125)
Loz GDP per capita —8.573798 2.467492 -2.962777 -4.351619
g Burpercap (8.737128) (7.145191) : (10.053532) (5.859534)
R&D expenditure (% of —0.931335 —2.879449 —3.498043 —2.281630
LGDP) s A 010781} (4.369167)  .......(3769081) .2909695) .
Observations : 222 222 222 222
Country FE : Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Adj. R?

0.6830
Within R?

0.0503

0.0176

0.0087

0.6534
0.0081

Notes: Linear fixed-effects estimations with log(x+1) transformation of funding variables. Standard errors clustered at the
country level are reported in parentheses. Significance levels: ** p < 0.05.
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ecosystem conditions, such as the maturity of fi-
nancial markets, the availability of private inves-
tors, the quality of the start-up pipeline, regula-
tory predictability, and the capacity of firms to
absorb external capital. Therefore, public support
may influence funding indirectly by improving
the broader innovation environment, but this ef-
fect is unlikely to appear immediately in aggre-
gate funding volumes.

Table 4 presents weak, uneven evidence of non-
linear policy effects on start-up activity and fund-
ing. Most linear and squared terms for govern-
ment support and financial instruments are statis-
tically insignificant, suggesting limited short-term
non-linearity. However, early-stage green funding
shows a weakly significant negative squared effect
of government support. This suggests a possible
inverted U-shaped relationship: moderate support
may help, but excessive intervention may crowd
out private funding or lead to inefficient allocation.

For late-stage green, early digital, and late digital
funding, insignificant quadratic terms show no
clear thresholds or diminishing returns. This is
consistent with the interpretation that short-term
policy changes poorly explain funding dynamics
and are more strongly influenced by structural
and institutional factors.

Stronger non-linear effects appear in PPML start-
up models, especially for digital start-ups, where
government support shows a significant inverted
U-shaped relationship. This means support initial-
ly stimulates entry, but excessive support may be-
come ineffective or counterproductive. No similar
effect is found for green start-ups.

Table 5 suggests that only some turning points are
economically meaningful. Valid turning points
appear at approximately 51.33, 93.71, and 107.39
points on the European Innovation Scoreboard
indicator scale within the observed range, sug-
gesting the presence of potential non-linear rela-
tionships. These values should not be interpreted
as precise optimal policy levels. Other extreme
or negative turning points are not practically
interpretable.

A similar pattern appears for finance and support
variables. Only two models show valid turning
points within the observed range, around 78.72
and 117.86, suggesting potential threshold-like
patterns in the association between support inten-
sity and observed outcomes.

Most other turning points are outside the empiri-
cal range or below zero, so they should be inter-
preted cautiously. Table 4 shows that non-linear ef-

Table 4. Quadratic fixed-effects estimation results

Source: Author’s calculations in R Studio.

. Early Green Late Green Late Digital Early Digital . Green Start— Digital Start—
Variables : :
(log) (log) (log) (log) ups (PPML) ups (PPML)

Gov. support -0.0129 0.0330 0.0114 0.0320 0.0026 0.0054
centered) i....00323) ¢ ..(00519) | i....(00329)  : .(00367)  ....00037)  :...100045)

Gov. support? —0.0004* —0.000002 0.000055 —0.0001 : —0.000050 : —0.000069**
e 10:0002) . 10:0004) 5 (0:0002) . (0.0002) . (0.000037) ¢ ..(0.000032)

Gons o omm . eoweom s owol o odm

Finance & 0.0003 0.000037 0.000002 0.0003 -0.000017 i -0.000014

support® ...i....(0:0003) .{0.0004) ..10.0003) | ...{0:0004) ..10:000040) |

Log GDP per -8.158 2.756 —4.024 -1.487 0.1715 .
capita i A7919) 5 8994) L (ee0e) 880 ST 3

R&D expenditure -0.8647 -2.825 -2.218 -3.222 -0.1896 -0.2172
e N 2B 28) (4.280) ..\2.867) .A3:765) ..0:2746) (0.4014) .
Observations  : ......222 . 222 222 222 204 204 .
Country FE .. Les . Lues . Lues . Lues . LYes .. R
JearFE o es es . es es . e YES R
Model O ein O8Ot O5S  DPML i PPML

Pseudo /Adj. R? 0.198 ' 0.190 ' 0.186 ' 0.173 ' 0.847 ' 0.767

Notes: Linear fixed-effects (log(x+1)) and Poisson pseudo-maximum likelihood estimations with country and year fixed effects.
Standard errors clustered at the country level are reported in parentheses. Significance levels: ** p <0.05, * p < 0.1.
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Table 5. Turning point analysis of quadratic models

Source: Author’s calculations in R Studio.

Turning point
(original)

Variable Min Max Within range

_Government support 1 b 0000055 B2 T2
Government support L.70000105 .220.2L

191.83
L1918
Lo 19183
JA91.83
191.83

o000

..0000037 1

0014 000057

00070 0000017
0.0035 —0.000014

Finance & support  t .
_Finance & support

BEVE I
28992
203.37

JFinance & support

_Finance & support 1

ciocciocioicicicioioioio

Finance & support

Notes: Turning points are calculated as -B+/(2B,) and adjusted for mean-centering. Turning-point values are expressed on
the original European Innovation Scoreboard indicator scale of the corresponding policy variable. “Within range” indicates
whether the turning point lies within the observed range of the corresponding variable. Only turning points within the ob-

served range are considered economically meaningful.

fects are selective rather than universal, and that
only a few policy relationships have economically
meaningful thresholds.

Table 6 shows that lagged non-linear effects re-
main weak for funding variables. Neither lagged
government support nor financial instruments
have robust, significant linear or squared effects
on early- or later-stage funding for green and digi-
tal start-ups. This suggests that delayed policy ef-

fects do not create clear thresholds or diminish-
ing returns in venture financing. However, R&D
expenditure has a marginal negative effect on
early-stage green and digital funding, possibly re-
flecting a temporary shift of resources away from
external venture funding.

In PPML start-up models, clearer effects appear
for green start-ups. Lagged government support is
weakly positive, while its squared term is weakly

Table 6. Lagged quadratic fixed-effects estimation results (t - 1)

Source: Author’s calculations in R Studio.

Green Start—
ups (PPML)

0.0091*

(0.0039)

Digital Start—
ups (PPML)
0.0021
.10.0059)
—0.00007
.{0.000055)
0.0039
..{0.0091)
—0.000009
{0.000059)

0.3513
(1.498)

Late Green
(log)

Late Digital
(log)
0.0721 -0.0046 -0.0164
(0.0789) ......M00579)  i...100514)
0.0003 : 0.0004
(0.0004)  :....(0.0003)

Early Digital
(log)

Early Green
(log)
-0.0583
. (0.0528)

Variables

Gov. support (lag, :
Centered) '

-0.0001*

..10.000044) .
0.0013

10.0068)

0.000073

(0.000049) ...
0.0419

(1.268)

Gov.support | 00002 | 0000056
N28) o (00009) L (00008)
Finance & ~00067 |  -0.0305 00153 00490
support(lag) ¢....(0.0344) G ..00361)  ...00.0239) 004
Finance & -00003 . 00001 .  -00003 .  -00003
_support* (lag) (00003) ....100008) . ..[00005) . ...100004) .
1603 ~1.556 -15.25

logGDPper . 5748
(7.272) (8.045) . . (6:498) (1062) ¢

-8105* | -0.1949 . 03219
(4.183) 1...(04152) 1 (0.4333)

ves i Yes o

_capita (lag)

L
.13:067)

R

2532
L5379

3.680
(3.971)

oS

R&D expenditure :

GOUNTY FE

oS S

LYes
0.198

Pseudo / Adj. R?

0.214 0.196 0.197

Notes: Lagged quadratic fixed-effects estimations with log(x+1) transformation for funding variables and Poisson pseudo-max-
imum likelihood for start-up counts. Standard errors clustered at the country level are reported in parentheses. Significance
levels: * p<0.1.
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negative, indicating an inverted U-shaped rela-
tionship: moderate support encourages entry, but
excessive support may reduce effectiveness. For
digital start-ups, no significant lagged non-linear
effects are found. Table 6 suggests that policy ef-
fects are delayed, heterogeneous, and context-de-
pendent. Non-linearity is more visible in start-up
formation than in funding, while high pseudo R?
values suggest that unobserved structural and in-
stitutional factors remain dominant.

Table 7 provides additional evidence of delayed non-
linear effects, especially for start-up formation and,
to a lesser extent, for early-stage funding. Funding
results remain weak overall, but early-stage green
funding shows a weakly significant U-shaped effect
of lagged government support: low and high lev-
els of support are associated with higher funding,
while intermediate levels are less effective. Lagged
financial support has a weak negative effect after
two years, suggesting possible crowding-out or in-
efficient capital allocation. R&D expenditure also
remains negative, supporting the view that pub-
lic R&D intensity may substitute for private early-
stage investment in the medium term.

PPML start-up models show stronger effects.
Lagged government support has a significant
U-shaped effect on digital start-ups, with higher

activity at low and high support levels and weak-
er effects at moderate levels. For green start-ups,
government support has only a weak negative lin-
ear effect. GDP per capita and R&D expenditure
also significantly support the formation of digi-
tal start-ups after 2 years. Policy effects become
clearer when lagged and non-linear models are
combined, especially for start-up formation rather
than funding. The limited significance of funding
models suggests that venture financing depends
more on structural and institutional conditions
than on short-term policy changes.

Table 8 shows that meaningful non-linear effects
in one-year lagged models are selective. For gov-
ernment support, valid turning points appear
mainly for digital funding and both green and dig-
ital start-ups, suggesting potentially meaningful
threshold-like patterns. In contrast, green fund-
ing turning points fall outside the observed range
and are not economically meaningful. For finance
and support variables, some valid thresholds are
identified for early green funding, digital funding,
and green start-ups, suggesting potentially mean-
ingful non-linear patterns within the observed da-
ta range. However, several turning points remain
outside the empirical range. Policy effects are non-
linear but not universal, and they differ by instru-
ment, timing, and start-up segment.

Table 7. Lagged quadratic fixed-effects estimation results (t - 2)

Source: Author’s calculations in R Studio.

. Early Green Late Green Late Digital Early Digital © Green Start— : Digital Start—
Variables : :
(log) (log) (log) (log) ups (PPML) ups (PPML)
Gov. support (lag, | -0.0489 0.0205 : -0.0635 g -0.0288 i -00106* —0.0180%*
centered) ...(00536) .. ...(00804)  .....100445)  © ..(00867) .. ...(00059) . ..[0:0070)
Gov. support? 0.0010* -0.0001 0.0006 0.0009* 0.000023 : 0.0001*
Aag) i (00005) 00005) ..{0.0004) ..(0.0005) i ...(0.000046)  : . (0.000052)
Finance & -0.0836* 0.0470 : 0.0582 ~0.1724* 0.0147 0.0163
_support(lag) . ..(0.0370) Lfoos7a) . 10.0372) ..(o0es0) i ...(00120) i (0.0114) .
Finance & -0.0004 0.0010 i 0.0011 -0.0011 i —0.000047 0.000047
_support® (lag) (00005 . .(00010) G .(0.0007) . . ..(00011) @ (0.000095)  :  (0.000100)
Log GDP per -0.9869 6.991 17.32 -32.96* 1.041 6.703*
copita(lag) i ...1302) i.....(2986) i.....\1659) i .(1645) .....123500) G ...(2839) .
R&D expenditure —7.737* 4.265 9.752 —7.164 0.1645 : 0.9882*
28) i 3:500) (8.400) .15.835) a.e77) .0581) i ..(04644)
_Observations .48 .48 .48 .48 128 A28
CountryFE .. LTes . Ltes . Ltes LYes .. e
Model o O8S t O8S OSSO PPV PPML
Pseudo /Adj. R? 0.237 : 0.193 : 0.207 : 0.216 : 0.837 : 0.753

Notes: Lagged quadratic fixed-effects estimations (t-2) with log(x+1) transformation for funding variables and Poisson pseu-
do-maximum likelihood for start-up counts. Standard errors clustered at the country level are reported in parentheses. Sig-

nificance levels: ** p <0.05, * p<0.1.
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Table 8. Turning point analysis for lagged quadratic models (t - 1)

Source: Author’s calculations in R Studio.

Model Variable B4 B2 Turm.ng. point. Min Max Within
: (original) range
Early green funding Gov. support i 0.000192 218.21 0 No
Late green funding Gov. SL:J:pport i —0.000056 19 0
Late digital funding _Gov.support 0.000314 0 Yes
Early digital funding Gov. support 0.000351 0 Yes
Green start-ups Gov. st!pport R —0.000100 0 Yes
Digital start-ups ) Gov. support & —-0.000070 0 o Yes
Early green funding Finance & support —0.000257 0 Yes
Late green funding F:i:nance & support o —0.000139 0 o
Late digital funding Finance & support & - —0.000343 0 o Yes
Early digital funding Finance & support —0.000339 0 Yes
Green start-ups F'i‘nance & support . 0.000073 0 Yes
Digital start-ups Finance & support 0.0039 :—-0.000009 : 0 No

Notes: Turning points are calculated as -B+/(2B,) and adjusted for mean-centering. Turning-point values are expressed on
the original European Innovation Scoreboard indicator scale of the corresponding policy variable. “Within range” indicates
whether the turning point lies within the observed range of the corresponding lagged variable. Only values within the range

are considered economically meaningful.

Table 9 provides additional evidence of potentially
meaningful non-linear effects in two-year lagged
models, especially for government support. Most
turning points fall within the observed range
across funding categories and digital start-ups.
This is consistent with potential U-shaped pat-
terns: the estimated quadratic relationships imply
turning points within the observed range, sug-
gesting possible changes in the direction of the as-
sociation at different support levels. The results are
consistent with the view that timing and scale may
matter to influence entrepreneurial and funding
outcomes.

For finance and support variables, the evidence
is weaker. Only late green and late digital fund-
ing show valid turning points, suggesting selec-
tive non-linear effects in later-stage financing.
Most other thresholds fall outside the observed
range, so they are not economically meaning-
ful. Government support shows clearer delayed
threshold effects than financial instruments, con-
firming that policy effectiveness depends on tim-
ing, scale, and intensity.

The empirical results reveal three main patterns.
First, the baseline models confirm that short-term

Table 9. Turning point analysis for lagged quadratic models (t - 2)

Source: Author’s calculations in R Studio.

Turning point

Model Variable B1 B2 (original) Min Max Within range
_Early green funding G pport 0.000964 89.83 0 20757 Yes
ate green G pport —0.000109 158.28 0 207.57 Yes
Latedigital funding  Gov support - 0000600 11744 020757 Yes
Early digital funding ...Gov. support ...0.000881 80.80 0 20757 ¢ ... Yes
ort 0.000023 292.01 0 207.57 No
Gowseport ooiso ooo0ws ez 0 amsres
) o Finance & support .70.000401 ~29.64 0 ;16909 No
Late green funding Finance & support 0.000988 50.83 0 169.09 Yes
el fondng. Fnonce &support 00562 0001078 4758 01909 es
[Early digital funding ! Finance & support : -0. .70.001054 =718 0 ;16909 . No
Greenstartups . Finance &support | 00147 : ~0.000047 23268 0 16909 0 No
Digital start-ups i Finance & support : 0.0164 0.000047 -100.77 0 ¢ 169.09 No

Notes: Turning points are calculated as -B+/(2B>) and adjusted for mean-centering. Turning-point values are expressed on
the original European Innovation Scoreboard indicator scale of the corresponding policy variable. “Within range” indicates
whether the turning point lies within the observed range of the corresponding lagged variable. Only turning points within the
range are considered economically meaningful.
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policy effects are limited: public R&D support
and financial instruments do not immediately in-
crease the number of energy start-ups or funding
volumes. Second, lagged specifications show that
policy effects become more visible over time, espe-
cially for digital energy start-ups, where financial
support has a positive effect two years later. Third,
quadratic models suggest that some policy-start-
up relationships may be non-linear and depend on
the intensity of support. This means that neither
insufficient nor excessive intervention is optimal.
The weakest and least stable results are observed
for funding variables, which indicates that ven-
ture financing is less sensitive to short-term pol-
icy changes and more dependent on structural
ecosystem characteristics. Thus, the key empiri-
cal message is that direct short-term associations
between policy variables and energy start-up out-
comes are generally weak. More pronounced pat-
terns emerge only in selected lagged and non-lin-
ear specifications, suggesting delayed and context-
dependent relationships that should be interpreted
cautiously.

4. DISCUSSION

Compared with previous studies that mainly em-
phasize the general importance of entrepreneur-
ial ecosystems, financial access, regulatory qual-
ity, and innovation capacity, this study provides
a more specific policy-oriented explanation of
energy start-up development. Its added value lies
in showing that direct short-term associations
between public R&D support, finance-related in-
struments, and energy start-up outcomes are gen-
erally weak, while selected lagged and non-linear
patterns emerge. Most direct short-term associa-
tions are weak, while more pronounced patterns
emerge only when delayed and non-linear rela-
tionships are considered. This finding refines ear-
lier arguments on the roles of institutions, finance,
and ecosystem resources by demonstrating that
the same policy instrument may be statistically
insignificant in some specifications, negatively as-
sociated in others, or linked to stronger outcomes
only in selected lagged or non-linear models. Thus,
the study contributes to the literature by shifting
the interpretation of policy support from a sim-
ple “more support is better” logic towards a more
conditional understanding based on delayed, non-
linear, and segment-specific effects.

http://dx.doi.org/10.21511/imfi.23(2).2026.31

Although the models estimate average cross-
country effects, the results should be interpreted
in light of substantial differences in economic de-
velopment, institutional maturity, and public pol-
icy frameworks across the analyzed countries. In
more developed economies, public support may
operate mainly through co-financing, de-risking,
and scaling mechanisms. The following mecha-
nisms should be interpreted as plausible explana-
tions of the observed associations rather than as
directly identified causal channels. In contrast, in
transition and non-EU economies, its effective-
ness may depend more strongly on administrative
capacity, regulatory predictability, investor pro-
tection, and access to international finance.

The empirical findings of this study broadly align
with the existing literature in highlighting that the
impact of public R&D support and financial instru-
ments on entrepreneurial ecosystems is complex,
context-dependent, and often non-linear rather than
immediate and linear. The absence of statistically
significant effects in baseline models suggests that
short-term policy interventions do not directly trans-
late into increased start-up formation or funding,
consistent with the view that innovation systems are
shaped primarily by structural and institutional fac-
tors rather than short-run policy fluctuations. This
supports prior evidence that entrepreneurial eco-
systems depend on deeper determinants such as in-
stitutional quality, access to finance, and ecosystem
resources (Imo & Makanjuola, 2025; Jurgelevicius
& Raisiené, 2025). At the same time, the negative
short-run association between government support
and early-stage green funding, as well as the delayed
negative effects on start-up formation, provides em-
pirical support for the crowding-out hypothesis dis-
cussed in the literature, where public intervention
may substitute for private investment or be more
intensively directed towards weaker ecosystems
(Streimikiene et al., 2024; Benlefki et al., 2024). These
findings also resonate with studies emphasizing reg-
ulatory barriers and inefliciencies in policy design,
which may limit the effectiveness of public support
in clean and digital energy sectors (Artyukhov et al.,
2024; Myroshnychenko et al., 2024).

At the same time, the results extend the litera-
ture by demonstrating that policy effects are not
only delayed but also exhibit clear non-linear
and threshold dynamics, particularly in the case
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of start-up formation and digital entrepreneur-
ship. The identification of economically meaning-
ful turning points suggests that the association be-
tween government support and start-up outcomes
varies across levels of policy intensity, consistent
with theoretical arguments on diminishing returns
and optimal policy intensity (Juracka et al., 2024;
Burrell et al., 2025). Moreover, the positive delayed
effect of financial support on digital start-ups high-
lights the importance of well-functioning financial
instruments in fostering technology-oriented entre-
preneurship, in line with studies emphasizing the
role of financial development and risk perceptions
in shaping entrepreneurial behavior (Civelek et al.,
2025; Dorusincova et al., 2025). However, the lim-
ited and inconsistent effects observed for funding
variables suggest that venture financing remains
largely driven by structural ecosystem character-
istics, including university—industry collaboration,
digitalization, and knowledge transfer mechanisms,
rather than short-term policy changes (Kuzior et
al., 2024a; Mursalov et al., 2023). The findings con-
tribute to the literature by providing cross-country
panel evidence suggesting that the observed rela-
tionships between policy support and start-up out-
comes vary according to timing, scale, and interac-
tions with broader institutional conditions, thereby
reinforcing the need for dynamic, targeted policy
design in the context of European economic inte-
gration and climate-neutral transformation. These
findings represent average patterns across a hetero-
geneous group of European and neighboring econ-
omies and should therefore be interpreted with ap-
propriate caution at the country level.

From a practical perspective, these findings sug-
gest that policymakers should avoid evaluating
public R&D support and financial instruments
only by their immediate impact on start-up num-
bers or funding volumes. The weak short-term
effects imply that energy start-up policy should
be designed as a long-term ecosystem-building
strategy rather than as a quick stimulus mecha-
nism. For green start-ups, public support should
be carefully coordinated with private finance to
avoid crowding-out effects, especially at the early
funding stage. For digital energy start-ups, finan-
cial instruments appear more effective when their
impact is assessed with a time lag, suggesting the
need for stable, predictable support schemes. The
presence of non-linear effects also suggests that
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policy intensity should be calibrated: very low
support may be insufficient to mobilize entrepre-
neurial activity, while excessive intervention may
reduce efficiency or weaken private-sector incen-
tives. Therefore, the practical implication is that
public policy should combine financial instru-
ments with regulatory stability, investor incen-
tives, university-industry cooperation, and target-
ed support for start-up scaling.

These implications should also be interpreted in
light of differences in levels of development and
public policy across the analyzed countries. The
sample includes both EU member states and non-
EU European or neighboring economies, which
differ substantially in institutional capacity, access
to EU-level programs, financial-market maturity,
and policy implementation mechanisms. In more
developed EU economies, where venture capital
markets, innovation infrastructure, and regula-
tory frameworks are relatively stronger, public
R&D support may be more effective when it com-
plements private investment, supports high-risk
technological scaling, and reduces uncertainty for
investors. In contrast, in transition and non-EU
economies, the weaker short-term effects of pol-
icy instruments may reflect limited administra-
tive capacity, fragmented financial markets, lower
investor confidence, and weaker links between
research institutions and private firms. For these
countries, state support should not be limited to
direct subsidies. However, it should also strength-
en the institutional and financial conditions that
enable energy start-ups to secure public support
and attract private capital. Therefore, the findings
suggest that policy design should be differentiated:
advanced innovation systems require calibrated
co-financing and scaling instruments, while less
developed ecosystems need stronger institutional
support, de-risking mechanisms, regulatory pre-
dictability, and capacity-building measures.

This study has several limitations. It uses aggre-
gated country-level data, which may hide regional,
sectoral, and start-up-type heterogeneity, while
the short 2018-2023 period limits the assessment
oflong-term policy effects. Given the heterogeneity
of the sample, the estimated relationships should
be interpreted as average cross-country patterns
that may not apply uniformly across all national
contexts. Although lagged and non-linear models
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are applied, the results show associations rather
than full causality, as unobserved institutional
factors, policy design differences, and reverse
causality may remain. Although lagged and non-
linear models are applied, the estimates should
be interpreted as conditional associations rather
than causal effects, as endogeneity, omitted vari-
ables, and reverse causality may remain. Another
limitation is that the study does not separately es-
timate country clusters by levels of economic de-
velopment; future research with longer time series
could apply cluster-based or group-specific mod-
els to compare advanced EU economies, transition
economies, and non-EU countries more directly.
In addition, composite policy indicators may not

fully capture differences in policy implementa-
tion across countries. Because the study relies on
aggregated ecosystem-level indicators, it cannot
determine whether individual firms appear si-
multaneously in both green and digital start-up
categories. Future research should use regional
or firm-level data, extend the time horizon, and
apply event-study or quasi-experimental designs
to strengthen causal interpretation. Further stud-
ies could also examine interactions among policy
instruments, institutional quality, technology do-
mains, venture capital networks, university-in-
dustry collaboration, and digital infrastructure to
better explain how policy support affects sustain-
able energy entrepreneurship.

CONCLUSIONS

This study examined how public R&D support and finance-related policy instruments influence energy
start-up ecosystems in European and neighboring economies. By applying cross-country panel models
with fixed effects, PPML estimations, lagged specifications, and quadratic terms, the article shows that
direct short-term associations between policy variables and energy entrepreneurship are generally weak,
while some delayed and non-linear relationships emerge in specific specifications.

The main empirical conclusion is that direct short-term associations between policy instruments and
energy start-up outcomes are generally weak. More visible relationships appear only in selected lagged
and non-linear models and should therefore be interpreted cautiously. Higher levels of public R&D sup-
port are not consistently associated with greater start-up activity. The negative associations observed in
some models may be consistent with crowding-out or reactive policy behavior, but these mechanisms
are not directly tested in this study. Finance-related support is more strongly associated with digital en-
ergy start-ups when assessed with a time lag. At the same time, funding outcomes appear less responsive
to short-term policy changes and more dependent on structural ecosystem conditions.

The study contributes to the literature by showing that the relationship between policy support and
energy start-up outcomes is conditional rather than immediate or uniform. The findings suggest that
timing, support intensity, instrument type, and start-up segment matter, while threshold-like patterns
should be treated as exploratory evidence rather than precise policy optima.

From a practical perspective, policy support for energy start-ups should be viewed as part of a long-term
ecosystem-building strategy rather than a short-term stimulus tool. Public R&D support should be co-
ordinated with private finance and broader institutional conditions, while financial instruments may be
particularly relevant for digital energy start-ups. These implications should be interpreted cautiously, as
the study identifies associations rather than causal policy effects.

From a policy perspective, the findings suggest that support for energy start-ups should be treated as
part of a long-term ecosystem-building strategy rather than as a short-term stimulus tool. Public R&D
and financial instruments should be designed with attention to timing, country context, and the start-
up segment, while remaining coordinated with private finance, regulatory stability, and university-in-
dustry cooperation. These implications should be interpreted cautiously, as the study identifies associa-
tions rather than causal policy effects.
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APPENDIX A
Table Al. Descriptive statistics of variables

Source: Author’s calculations in R Studio.

Variable ‘N Mean SD Median Min Max Skewness Kurtosis
Energy and green start-ups (Number) 1222 9.77 18.90 2.00 0.00 113.00 3.10 10.63

“Energy and digital startups (Nomber) 0 21 ses 03 200 T 000 T e s e

...... 246535825 000 . 79244970000 . 390 L1630

...... 000 . ....000 0339745900000 1133 . 14681
(UsD) 1222 36,348,018.43 : 238422,771.59 | 0oo 0.00 3,376,590,000.00 12.57
( 2,266,085.00 0.00 795,792,600.00 5.05
GDP per capiﬁg‘, PPP (Conﬁf[ant 2021Hi'n“ternationa‘!‘$) 222 49,484.46 24,618.22 46,036.88 13,559.26 136,772.40 1.27
_Research and development expenditure (% of GDP) 162 097 & 142 0 015 & 364 ¢ 0.38
Direct and indirect government support of business R&D 68.28 65.81 40.12 0.00 207.57 0.75
mf;iur{ance and ;Lj‘pport S 8011 4864 7892 i 000 19183 | 0.13

%44

APPENDIX B

Table B1. Lagged log-linear fixed-effects estimation results for funding variables

Source: Author’s calculations in R Studio.

Variables

‘ Early green (t—1) | Late green (t—1)  Early digital (t—1) | Late digital (t—1) :

Early green (t—2) |

Late green (t — 2)  Early digital (t—2) | Late digital (t - 2)

-0.0369 (0.0308)

0.0652 (0.0437)

0.0231 (0.0244)

0.0306 (0.0266)

0.0512 (0.0404)

0.0166 (0.0363)

0.0573 (0.0577)

0.0093 (0.0355)

Gov. support

Finance & support | —0.0074 (0.0340)  -0.0318(0.0395) = -00496(0.0430) . -00161(0.0289)  -0.0605(0.0361) . 0.0224(0.0338) = -0.1353*(0.0776) = 0.0416 (0.0312)
Log GDP pc 51609 (6.1797) | 2.9305(7.8419) . 150398 (10.1227) = -11039(4.9412) = -3.4830(10.0462) = -1.2748(25.0549)  —29.0043* (14.9741) | 3.7279 (15.5777)
R&GDexp 50397 (3.0010) | 2.8305(6.2089) = —7.5498* (4.1046) | 4.2561(4.9006) | -8.2961**(3.8118) = 45988 (8.8111) = 78723 (47416) . 9.7846 (6.4031)
Observations 185 185 185 185 148 148 148 148
Count::ry FE H Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes . Yes
Ad. R? 0.708 0.674 0.667 0.658 0.723 0.636 0.681 0.645
Within R? 0.038 0045 0.053 0.022 0053 0.020 0.101 0059

Notes: Linear fixed-effects estimations with log(x+1) transformation of funding variables. Standard errors clustered at the country level are reported in parentheses. Significance levels:

*% < 0.05,*p<0.1.
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