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Abstract. The transition towards low-carbon, digitalised energy systems has
heightened the importance of understanding how institutional environments
shape entrepreneurial activity and investment in the energy sector. This study
aims to assess the role of economic freedom and its subcomponents in shaping
cross-country differences in the creation and financing of green and digital
energy start-ups, with a focus on non-linear institutional effects and stage-
specific investment dynamics. The analysis is based on a cross-country panel
dataset combining start-up and funding data from the International Energy
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Agency with institutional indicators from the Fraser Institute, using two-way
fixed effects models with Driscoll-Kraay standard errors and quadratic
specifications. The results show that economic freedom has a weak, mostly
negative effect on start-up formation, with coefficients of approximately —0.157
for green start-ups and —0.185 for digital start-ups. In contrast, its impact on
financing is strong and consistently negative, with coefficients ranging from
—5.2 to —5.6 across eatly- and later-stage funding models. Significant non-linear
effects are identified for later-stage digital funding, with an inverted U-shaped
relationship, a turning point of approximately 5.35. Subindex results indicate
that trade freedom and sound money drive negative effects, while legal
institutions exhibit threshold effects at approximately 7.6—8.06.

Keywords: economic freedom, energy start-ups, green entrepreneurship, digital
entrepreneurship, entrepreneurial finance, non-linear effects, panel data, cross-
countty.

JEL Classification: 1.26, Q42, G24, C23

1. INTRODUCTION

The transformation of global energy systems has become a central priority for economic and
environmental policy, particularly amid climate-neutrality targets and rising geopolitical uncertainty. The
European Commission emphasises that achieving the objectives of the European Green Deal requires not
only large-scale investments in clean technologies but also a dynamic ecosystem of innovative firms
capable of developing and commercialising low-carbon solutions (European Commission, 2019, 2023). At
the same time, recent energy crises linked to supply disruptions and the war in Ukraine have reinforced
the strategic importance of energy security, diversification, and technological sovereignty within the
European Union (European Commission, 2022). In this context, energy start-ups, particularly those
operating in green and digital domains, are increasingly recognised as key actors in accelerating innovation,
enhancing system flexibility, and supporting the decarbonisation of energy systems (European
Commission, 2023).

From a global perspective, the International Energy Agency highlights that clean energy innovation
must scale rapidly to support net-zero pathways, with early-stage ventures playing a critical role in
developing breakthrough technologies across renewables, storage, hydrogen, and smart energy systems
(IEA, 2023b). However, IEA reports also underline that investment in energy start-ups remains highly
uneven across countries and is strongly influenced by institutional, financial, and regulatory conditions
(IEA, 2023a). Similarly, the International Renewable Energy Agency stresses that while global investment
in renewable energy has grown significantly, funding gaps persist, particularly in emerging markets and in
early-stage innovation (IRENA, 2023). These disparities point to the importance of national institutional
environments in shaping both the creation of start-ups and their ability to attract capital and scale
(IRENA, 2022).

In parallel, the increasing digitalisation of the energy sector is reshaping the nature of
entrepreneurship and investment. Reports by the Renewable Energy Test Center and international
agencies emphasise the growing role of digital technologies, such as artificial intelligence, smart grids, and
data-driven energy management, in improving efficiency, integrating renewable sources, and enabling new
business models (RETC, 2023). This convergence of green and digital innovation creates new
opportunities for start-ups but also introduces additional complexity, requiring access to advanced
infrastructure, skilled human capital, and supportive institutional frameworks (IEA, 2023b; IRENA,
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2023). As a result, the success of energy start-ups is increasingly dependent not only on technological
capabilities but also on the broader economic and regulatory environment in which they operate.

Against this background, economic freedom emerges as a potentially important but insufficiently
explored determinant of energy entrepreneurship. While higher levels of economic freedom are generally
associated with improved market functioning, reduced barriers to entry, and enhanced investment
conditions, recent evidence suggests that its effects may be non-linear and context-dependent, particulatly
in sectors characterised by high capital intensity, policy dependence, and long-term risk, such as energy
(IEA, 2023a; IRENA, 2022). Reports from international organisations indicate that targeted public
support, regulatory stability, and institutional quality often play a decisive role alongside market
liberalisation (Eutopean Commission, 2023; IEA, 2023b). This raises an important research question:
whether economic freedom uniformly promotes the development of green and digital energy start-ups, or
whether its impact varies across stages of entrepreneurial activity and levels of institutional development,
thereby necessitating a more nuanced, cross-country analysis.

2. LITERATURE REVIEW

The development of entrepreneurship, particularly in technologically intensive and sustainability-
oriented sectors, is increasingly recognised as a multidimensional phenomenon shaped by individual,
organisational, and institutional factors. Entrepreneurial orientation, leadership, and organisational
capabilities are critical determinants of firm resilience and innovation performance, especially in turbulent
socio-economic environments, where ambidexterity and adaptive capacity enhance long-term
sustainability (Abu Taleb et al., 2025; Fitriningrum et al., 2025; Benabderrahmane & Benbouzid, 2025;
Saba et al., 2025). At the same time, entrepreneurial success is strongly conditioned by ecosystem-level
factors, including access to resources, competencies, and social capital, which facilitate opportunity
recognition and business development across diverse institutional contexts (Bayoumy et al., 2025; Imo &
Makanjuola, 2025; Iwara, 2025; Han et al., 2025). In addition, methodological approaches to assessing
innovative entrepreneurship highlight the need for multidimensional evaluation frameworks capturing
both qualitative and quantitative aspects of entreprencurial activity (Bekzhanova et al., 2024). These
insights highlight that entrepreneurship cannot be analysed in isolation from its broader economic and
institutional environment.

The role of digitalisation and technological change further transforms entrepreneurial dynamics,
particulatly in emerging sectors such as energy. Digital tools, artificial intelligence, and advanced
technologies are increasingly embedded in entreprenecurial processes, shaping value creation, business
models, and competitive advantage (Balcerzak et al., 2025; Alzamel, 2024; Kajda & Karwot, 2026). At the
same time, perceptions of entrepreneurial opportunities and barriers, especially among young and
potential entrepreneurs, influence the decision to engage in start-up activity, reflecting behavioural and
institutional constraints (Dorusincova et al., 2025). Digital entrepreneurial ecosystems and smart city
environments create new opportunities for innovation, although their effects on start-up development
may be complex and sometimes counterintuitive, reflecting trade-offs between technological advancement
and ecosystem maturity (Khatami et al., 2024; Mursalov et al., 2023; Kuzior et al., 2025; Manolache et al.,
2025). Furthermore, the integration of digital technologies into sectors such as healthcare, public
management, and logistics demonstrates the cross-sectoral nature of digital transformation and its
implications for entrepreneurial activity (Hart, 2025; Kuzior et al., 2024a; Behar Villegas et al., 2024).
These developments underscore the importance of digital readiness and technological infrastructure in
shaping modern entrepreneurship.

Within this broader context, energy entreprencurship emerges as a distinct and increasingly important
domain, closely linked to the global transition towards sustainability. The expansion of renewable energy
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systems, the need to reduce environmental externalities, and the growing importance of sustainable
finance create new opportunities and challenges for start-ups operating in this sector (Badreddine & Larbi
Cherif, 2024; Balcerzak et al., 2024; Streimikiene et al., 2024). Energy start-ups ate characterised by high
capital intensity, long investment horizons, and significant regulatory dependence, which increase both
risks and barriers to entry (Dobrovolska et al., 2024; Myroshnychenko et al., 2024). At the same time,
recent EU climate policy developments impose new requirements and opportunities for entrepreneurs,
particularly in the context of renewable energy expansion and regulatory transformation (Kawecka-
Wyrzykowska, 2025). Infrastructure factors, such as reliable electricity grid connections, and policy
instruments, including fiscal incentives and public support mechanisms, play a decisive role in enabling the
development and scaling of renewable energy ventures (Lyeonov et al., 2025b; Raboshuk et al., 2025).
These features distinguish energy entrepreneurship from other sectors and highlight the importance of
institutional and policy frameworks.

The literature also emphasises the critical role of entrepreneurial ecosystems and governance
structures in shaping start-up performance and innovation outcomes. University—industry collaboration,
knowledge transfer mechanisms, and regional innovation systems are key drivers of start-up success,
particulatly in technology-intensive industries (Kuzior et al., 2024b; Jurgelevi¢ius & Raisiené, 2025). Public
administration and governance arrangements can act both as facilitators and barriers to entreprencurship,
depending on their efficiency, flexibility, and regulatory design (Rosiak et al., 2024; Oe et al., 2025). In
addition, public—private partnerships and policy instruments aimed at promoting sustainability and circular
economy practices contribute to the development of innovation ecosystems and entreprencurial activity
(Juracka et al, 2024; Burrell et al, 2025). At the same time, government technological readiness,
particularly in artificial intelligence, is increasingly recognised as a factor influencing energy sector
development and innovation capacity (Lyeonov et al., 20252). However, governance paradoxes and
institutional complexity may hinder entrepreneurial initiatives, particulatly in highly regulated sectors such
as energy (Rosiak et al., 2024).

Access to finance and investment conditions constitute another crucial dimension of entreprencurial
dynamics, especially in the context of energy and digital start-ups. Venture financing, risk perception, and
financial market conditions significantly influence entreprencurial behaviour and firms' ability to scale
(Civelek et al., 2025; Tudor, 2024; Su et al., 2025). Empirical evidence indicates that access to credit,
investor protection, and financial infrastructure are key determinants of start-up development in clean and
digital energy sectors (Artyukhov et al., 2024; Podosynnikov et al., 2024). At the same time, broader
macroeconomic factors, including business cycles, foreign direct investment, and institutional absorptive
capacity, shape entrepreneurial opportunities and outcomes across countries (Busu et al., 2024; Tarek &
Albagami, 2024). These findings suggest that financial and institutional environments jointly determine the
dynamics of entrepreneurial finance.

Finally, the literature highlights the increasing importance of sustainability, environmental awareness,
and institutional quality in shaping entrepreneurial activity and market outcomes. Green branding,
environmental management practices, and consumer attitudes towards renewable energy influence both
demand and entrepreneurial opportunities (Starchenko et al., 2021; Sardianou & Kougias, 2025). At the
same time, regulatory frameworks, market design, and operational constraints in energy systems affect the
viability and performance of renewable energy ventures (Pijarski et al, 2025; Delcea et al., 2024,
Triantafyllidou et al., 2024). The interaction between digital capacity, collaborative governance, and
regional development further reinforces the importance of institutional environments in shaping
entrepreneurial ecosystems and economic outcomes (Zhuravka et al., 2025; Olortegui-Alcalde & Cordova-
Buiza, 2025; Yassin et al., 2024; Korpysa & Judit, 2024).
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The existing literature demonstrates that entrepreneurship in the energy sector is shaped by a
complex interplay of technological, financial, and institutional factors, with increasing emphasis on
sustainability and digitalisation. However, despite extensive research on entreprencurial ecosystems and
renewable energy development, the specific role of economic freedom and its subdimensions in
influencing both start-up formation and financing dynamics remains insufficiently explored. This gap
highlights the need for a comprehensive cross-country analysis that integrates institutional theory with the
study of green and digital energy entrepreneurship.

This study aims to assess the role of economic freedom and its subcomponents in shaping cross-
country differences in the creation and financing of green and digital energy start-ups, focusing on non-
linear institutional effects and stage-specific investment dynamics.

3. METHODOLOGY

The empirical analysis is based on a cross-country panel dataset combining information on green
entrepreneurial activity and institutional conditions. Data on start-up dynamics are obtained from the
International Energy Agency Energy Start-up Data Explorer (IEA, n.d.), which provides harmonised
information on energy-related start-ups across countries and years. This dataset enables the identification
of green start-ups, particularly those operating in renewable energy, energy efficiency, and low-carbon
technologies. The study employs a set of dependent variables capturing both the quantity of start-ups and
the scale of financial support across different stages of development. Specifically, the dependent variables
include: Energy and green start-ups (Number), Energy and digital start-ups (Number), Eatly-stage funding
of energy and green start-ups (USD), Later-stage funding of energy and green start-ups (USD), Later-stage
funding of energy and digital start-ups (USD), and Early-stage funding of energy and digital start-ups
(USD). To ensure comparability across countries and mitigate skewness in the distribution, all count and
monetary variables are transformed using natural logarithms.

Institutional quality is measured using the Economic Freedom of the World Index from the Fraser
Institute (n.d.). Both the aggregate index and its key subcomponents are employed, including: (i) Size of
Government, (i) Legal System and Property Rights, (iii) Sound Money, (iv) Freedom to Trade
Internationally, and (v) Regulation. These indicators reflect different dimensions of the institutional
environment that may influence entrepreneurial incentives, market entry conditions, and access to capital.
To explore potential non-linear relationships, squared terms of the economic freedom indicators are
included in the model specification.

The empirical analysis is conducted using panel data covering the period from 2000 to 2023.

The empirical strategy relies on panel data econometric techniques to account for unobserved
heterogeneity and temporal dynamics. Specifically, two-way fixed effects (TWFE) models are estimated,
controlling for both country-specific and time-specific effects. This approach allows for isolating within-
country variation over time while accounting for global shocks and structural differences across counttries.
The baseline specification can be expressed as follows:

log(Y_it) = B + By -EFI_it + B EFI_i + p-X_it + i + A_t + e_it

where Y_it represents each of the dependent variables, EFI denotes the economic freedom index (or its
subcomponents), X_it is a vector of control variables, u_i captures country fixed effects, A_t represents
year fixed effects, and e_it is the error term. The inclusion of quadratic terms enables testing for potential
inverted U-shaped or U-shaped relationships between institutional quality and green entrepreneurship.

To ensure robust inference in the presence of heteroskedasticity, serial correlation, and cross-
sectional dependence, standard errors are estimated using Driscoll-Kraay corrections. This is particularly

259



Journal of International Studies Vol.19, No.1, 2026

relevant in macro-panel settings with a relatively large time dimension and interconnected economies. In
addition, all continuous explanatory variables are centred before constructing interaction or quadratic
terms to reduce multicollinearity and facilitate the interpretation of coefficients. All data processing,
variable construction, and econometric estimation were conducted in the R programming environment,
ensuring reproducibility and transparency of the analytical procedures.

Finally, turning points of the quadratic relationships are computed to identify threshold levels of
economic freedom at which the marginal effect on green start-up activity changes sign. These turning
points are compared with the observed data range to assess their economic relevance. This
methodological framework enables a comprehensive assessment of both linear and non-linear institutional
effects on green entrepreneurship across countries.

4. EMPIRICAL RESULTS AND DISCUSSION

The descriptive statistics indicate substantial cross-country and temporal heterogeneity in
entrepreneurial activity within the energy sector. The average number of energy-related green start-ups
amounts to 11.55, while digital start-ups are less frequent, with a mean of 5.71. However, the medians (3
and 2, respectively) are considerably lower than the means, and the distributions exhibit pronounced right
skewness (skewness of 2.99 and 3.21), indicating that a limited number of countries account for a
disproportionately large share of start-up activity. This pattern is even more pronounced for funding
variables, where both eatly- and later-stage investments display extreme skewness and kurtosis, alongside
median values equal to zero. These results suggest that venture financing in the energy domain is highly
concentrated and episodic, with most country—year observations receiving no investment and a few
observations experiencing exceptionally large inflows. Such distributional characteristics strongly support
the use of count-data and non-linear modelling approaches, such as Poisson estimators, in subsequent
empirical analysis.

In contrast, the Economic Freedom Index and its subcomponents display relatively moderate
dispersion and more stable distributions across countries and years. The overall index has a mean of 7.44
with a standard deviation of 0.65, indicating limited but meaningful variation in institutional quality.
Among the subindices, “Sound Money” and “Freedom to trade internationally” exhibit the highest
average values (8.09 and 8.33, respectively), whereas “Size of Government” and “Regulation” show
comparatively lower scores. The negative skewness observed for most institutional variables suggests that
higher levels of economic freedom are more common in the sample, with fewer observations at the lower
end of the distribution. Notably, the variability is greatest for the legal system and property rights
component, indicating more pronounced cross-country differences in institutional enforcement and
governance quality. The contrast between the highly skewed entrepreneurial and financing variables and
the relatively stable institutional indicators provides a strong empirical basis for investigating how
variations in economic freedom shape the emergence and scaling of green and digital start-ups across
countries.

The Economic Freedom Index was mean-centred before estimation to reduce multicollinearity
between the linear and quadratic terms and to improve the interpretability of the coefficients in models
testing for non-linear effects. By expressing economic freedom as deviations from its sample mean, the
coefficient on the linear term reflects the marginal effect at the average level of institutional quality. In
contrast, the squared term captures the curvature of the relationship in a numerically stable way. At the
same time, the dependent variables are log-transformed to address strong right-skewness, the presence of
extreme values, and heteroskedasticity observed in the raw data, particularly for start-up counts and
funding variables. This transformation compresses the influence of outliers, stabilises variance, and allows
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estimated coefficients to be interpreted in approximate percentage terms, thereby enhancing both the
robustness and economic interpretability of the results.

The results from the TWEFE models (Table 1) indicate that the relationship between economic
freedom and the number of start-ups is weak and statistically insignificant across most specifications. For
green start-ups, neither the linear nor the quadratic term of the centred Economic Freedom Index is
significant, and the very low within R? suggests that within-country changes in economic freedom explain
only a minimal share of variation in entrepreneurial activity. A similar pattern is observed for digital start-
ups, although the linear term is marginally significant at the 10% level and negative. Overall, these findings
imply that short-term changes in economic freedom within countries do not appear to be a strong driver
of the number of energy-related start-ups, once unobserved country characteristics and global time effects

are controlled for.

TWEFE estimation results: Economic freedom and start-ups/funding

Table 1

Variables (1) Green (2) Digital (3) Early green | (4) Late green | (5) Late digital | (6) Early digital
start-ups start-ups funding funding funding funding
c_efi -0.157 -0.185¢ -5.487+F* -5.566%F* -5.432%%% -5.192%#%
(0.114) (0.103) (1.570) (1.589) (1.484) (1.594)
c_efi_sq -0.018 -0.004 -0.502 -0.948t -1.411%x -0.691
(0.052) (0.035) (0.577) (0.579) (0.650) (0.645)
Observations 871 871 871 871 871 871
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Adj. R? 0.879 0.850 0.581 0.477 0.441 0.564
Within R? 0.005 0.010 0.056 0.060 0.057 0.047

Notes: Clustered standard errors (by country) in parentheses. Dependent variables are log-transformed.
The Economic Freedom Index is mean-centred. Significance codes: *** p < 0.01, ** p < 0.05, * p < 0.10,
Tp <0.10.

Source: authors’ calculation in R Studio.

In contrast, a much stronger and statistically significant relationship emerges when analysing funding
variables. For both eatly- and later-stage green financing, the linear term for economic freedom is negative
and significant at the 1% level, indicating that increases in economic freedom (relative to a country’s
average level) are associated with lower funding levels. However, the quadratic terms are not statistically
significant, suggesting no robust evidence of non-linear effects in green financing. This pattern may reflect
the fact that investment dynamics in green sectors are influenced more by structural and policy-driven
factors, such as subsidies or targeted programmes, rather than incremental changes in general economic
freedom.

The most pronounced nonlinear effects are observed in later-stage digital start-up funding. Here,
both the linear and quadratic terms are statistically significant, with negative coefficients, indicating an
inverted U-shaped relationship between economic freedom and funding. This suggests that increases in
economic freedom initially support the scaling of digital start-ups. Still, beyond a certain level, further
liberalisation may reduce investment, potentially due to reduced regulatory protection, increased
competition, or shifts in market structure. Importantly, the presence of a significant quadratic term
confirms that the relationship is not monotonic and highlights the importance of considering non-linear

institutional effects in explaining entrepreneurial finance.
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For early-stage digital funding, the results mirror those observed for green financing: the linear term
is negative and statistically significant, while the quadratic term remains insignificant. This indicates a
predominantly linear relationship, where higher levels of economic freedom are associated with lower
early-stage investment flows. Taken together, the results suggest that while economic freedom does not
strongly influence the number of start-ups, it plays a more substantial and nuanced role in shaping funding
dynamics, particularly in later stages of digital entrepreneurship, where non-linear effects become relevant.

The estimates obtained with DK SE (Table 2) provide more robust inference by accounting for
cross-sectional dependence and serial correlation, and they reveal clearer patterns than those from the
clustered specifications. For start-up activity, the linear term of the centred Economic Freedom Index is
now statistically significant and negative for both green and digital start-ups. Specifically, a one-unit
increase in economic freedom (relative to the country mean) is associated with a reduction in the log
number of green and digital start-ups, while the quadratic terms remain insignificant. This indicates that
the relationship between economic freedom and the number of start-ups is predominantly linear and
negative, with no evidence supporting a U-shaped or inverted U-shaped pattern. Substantively, this
suggests that short-term increases in economic freedom within countries may not stimulate the entry of

new firms in the energy sector and may even coincide with reduced start-up formation.

Table 2
TWFE estimates with Driscoll-Kraay standard etrrors
Variables (1) Green (2) Digital (3) Early green | (4) Late green | (5) Eatly digital | (6) Late digital
start-ups start-ups funding funding funding funding
c_efi -0.157#* -0.185%* -5.487+%* -5.566%** -5.192%%* -5.432%%*
(0.055) 0.074) (1.117) (1.189) (0.9206) (1.101)
c_efi_sq -0.018 -0.004 -0.502 -0.948** -0.691 -1.41 70k
(0.049) (0.041) (0.626) (0.455) (0.518) (0.440)
Observations 871 871 871 871 871 871
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Notes: Driscoll-Kraay standard errors (lag length = 2) reported in parentheses. Dependent variables are
log-transformed. The Economic Freedom Index is mean-centred. Significance codes: *** p < 0.01, ** p <
0.05, * p < 0.10.

Source: authors’ calculation in R Studio.

A much stronger and highly consistent relationship emerges for funding variables. Across all models,
the coefficient on economic freedom is negative and statistically significant at the 1% level, indicating that
higher economic freedom is associated with lower levels of both eatly- and later-stage investment in green
and digital start-ups. The magnitude of these coefficients is substantial, reflecting the strong sensitivity of
investment flows to institutional changes. This pattern may reflect the importance of targeted policy
interventions, subsidies, and state involvement in supporting capital-intensive sectors such as energy,
where purely market-driven environments may not provide sufficient investment incentives.

Importantly, non-linear effects become statistically significant in later-stage financing models. For
both green and digital later-stage funding, the quadratic term is negative and statistically significant,
indicating an inverted U-shaped relationship between economic freedom and investment. This implies
that while initial increases in economic freedom may support the scaling of start-ups, beyond a certain

threshold, further liberalisation is associated with declining investment levels. Such a pattern is consistent
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with the idea that excessive deregulation or reduced institutional support may weaken investment
conditions, particularly in sectors characterised by high uncertainty and long payback periods.

In contrast, no robust nonlinear effects are observed for early-stage funding, with the quadratic terms
remaining statistically insignificant. This suggests that eatly-stage investment dynamics are primarily driven
by a linear relationship with economic freedom, without clear threshold effects. Taken together, the
findings highlight a nuanced role of economic freedom. While it does not appear to promote start-up
entry and is negatively associated with overall funding, its impact on later-stage investment is non-linear,
suggesting that an intermediate level of institutional development may be most conducive to scaling
entrepreneurial ventures in the energy and digital domains.

The estimated turning points indicate that the relationship between economic freedom and later-
stage funding is non-linear and characterised by an inverted U-shape. For green start-up late-stage
funding, the turning point is approximately 4.50 on the original Economic Freedom Index scale, which
lies very close to the lower bound of the observed range, suggesting that the positive effects of increasing
economic freedom on funding are realised only at relatively low levels of institutional development and
quickly diminish thereafter. In contrast, for digital start-up later-stage funding, the turning point is
estimated at approximately 5.51, which is well within the sample range and therefore economically
meaningful. This implies that moderate levels of economic freedom are most conducive to attracting later-
stage investment in digital ventures, while further increases beyond this threshold are associated with
declining funding. Overall, these findings highlight that the impact of economic freedom on investment is
not monotonic and that optimal institutional conditions differ across sectors, with digital entrepreneurship
exhibiting a more pronounced, policy-relevant nonlinearity.

The subindex-level results (Table B1, Appendix B) show that none of the institutional dimensions
equally drives the previously identified negative association with economic freedom at the aggregate level.
For start-up formation, most subareas do not exhibit robust effects after including country- and year-fixed
effects. In the case of green start-ups, neither the size of government, the legal system, or property rights,
nor regulation is statistically significant, and their quadratic terms are likewise insignificant. Only two
dimensions stand out. First, sound money is negatively associated with green start-up activity at the 10%
level, suggesting that within-country increases in monetary stability are linked to a modest decline in the
number of new green ventures. Second, the freedom to trade internationally has a strong, statistically
significant negative linear effect, with no significant quadratic pattern, indicating a predominantly
monotonic relationship. For digital start-ups, the pattern is similar: freedom to trade internationally again
displays a strong negative linear association, while the remaining subindices are generally insignificant. The
only indication of non-linearity appears in the legal system and property rights, where the positive
quadratic term is weakly significant, suggesting a possible U-shaped relationship; however, the absence of
a significant linear term means this result should be interpreted cautiously.

A clearer and much more systematic pattern emerges for early-stage funding. Early green funding is
negatively associated with government size, sound money, international trade freedom, and regulation,
with the strongest linear effects observed for trade freedom and regulation. At the same time, several non-
linearities appear. The size of government has a weakly significant negative quadratic term, and sound
money also shows a negative, significant quadratic coefficient, suggesting an inverted U-shaped pattern in
both cases. Most notably, the legal system and property rights subindex has a strongly positive quadratic
term. At the same time, its linear coefficient is insignificant, indicating that the relationship is non-linear
and becomes more favourable only at higher levels of institutional quality. This suggests that
improvements in legal protection may not immediately stimulate eatly-stage green investment, but
stronger institutional development may eventually become supporttive. For early digital funding, the results
broadly mirror those for green funding: sound money, freedom to trade internationally, and regulation all
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show strong negative linear effects, while the legal system and property rights subindex again yields a
weakly significant positive quadratic term, and sound money displays a negative quadratic term,
reinforcing the idea that monetary stability may exert diminishing or adverse effects once it exceeds certain
levels.

For later-stage green funding, the evidence suggests that institutional conditions matter even more
strongly, but primarily through linear channels. Legal system and property rights, sound money, freedom
to trade internationally, and regulation all display statistically significant negative linear coefficients, while
the size of government is negative at the 10% level. However, only a limited degree of non-linearity is
detected, as none of the quadratic terms is statistically significant. This implies that the scaling of green
ventures is most consistently associated with monotonic changes in institutional subareas rather than with
threshold effects. Later-stage digital funding shows a similar but slightly sharper pattern. The size of
government, the legal system, property rights, sound money, freedom to trade internationally, and
regulation all have negative, statistically significant linear effects. In addition, sound money exhibits a
significant negative quadratic term, indicating an inverted U-shaped relationship. This suggests that
moderate improvements in monetary conditions may initially be compatible with greater later-stage digital
investment, but beyond a certain point, further increases are associated with declining funding.

These findings indicate that the negative association between economic freedom and entreprencurial
finance is not uniform across institutional dimensions but is most consistently driven by the freedom to
trade internationally, sound money, and regulation. These three subareas repeatedly show statistically
significant negative linear coefficients across both green and digital funding models, and, in the case of
sound money, also display evidence of non-linearity. By contrast, the legal system and property rights
dimension appears more complex: it is weakly or strongly relevant mainly for funding outcomes. It
occasionally exhibits a U-shaped pattern, suggesting that institutional protection may become supportive
only beyond a certain threshold. The start-up count models are cleatly less responsive than the funding
models, which implies that institutional changes may affect the scale and financing of ventures more
strongly than their initial emergence. Overall, the appendix results reinforce the conclusion that economic
freedom is most relevant for the financing environment of green and digital entreprenecurship. At the same
time, its impact on firm entry is comparatively limited and more selective across institutional subareas.

The turning point analysis (Table 3) provides important additional insight into the non-linear
relationships identified in the subindex models, revealing substantial heterogeneity across institutional
dimensions and stages of entrepreneurial finance. For the legal system and property rights subindex, the
results consistently indicate a U-shaped relationship. In the case of digital start-ups, the turning point is
located at approximately 7.80, suggesting that improvements in legal institutions initially coincide with
lower entrepreneurial activity, but beyond a relatively high threshold, stronger legal protection begins to
foster start-up formation. A similar pattern is observed for eatly-stage green funding, where the turning
point of approximately 7.47 implies that only sufficiently advanced legal frameworks support investment.
This pattern becomes even more pronounced for early-stage digital funding, with a turning point of 8.56,
indicating that the positive effects of legal institutions emerge only at very high levels of institutional
quality. Overall, these findings suggest that legal infrastructure acts as a threshold condition, becoming
supportive for entrepreneurship and investment only once a certain level of development is reached.

In contrast, the size of the government subindex for early-stage green funding exhibits an inverted U-
shaped relationship, with a turning point at approximately 5.26, which lies well within the observed range.
This indicates that moderate levels of government involvement are most conducive to early-stage green
investment, while both lower and higher levels are associated with reduced funding. This result is
consistent with the idea that some degree of public-sector involvement, through subsidies, coordination,
or support mechanisms, is necessary in capital-intensive, policy-driven sectors such as green energy. Still,

excessive government size may crowd out private investment or reduce efficiency.
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The sound money subindex displays a more complex pattern. For early-stage green funding, the
turning point is estimated at approximately 1.90, which lies close to the lower bound of the observed
range, suggesting a weakly relevant inverted U-shape in which most observations fall on the downward-
sloping segment. For early-stage digital funding, the turning point falls outside the observed range
(approximately 0.47), suggesting that the relationship is effectively monotonic and negative in practice,
despite the statistical significance of the quadratic term. In contrast, for later-stage digital funding, the
turning point is approximately 2.15, within the sample range, indicating a meaningful inverted U-shaped
relationship. This suggests that moderate levels of monetary stability may support the scaling of digital
ventures, but further increases are associated with declining investment, possibly due to reduced risk-
taking or tighter financial conditions.

Table 3
Turning points for economic freedom subindices (TWFE, DK SE)
Turning Turning . L
R — | With
Model Subindex y B1 iz . point point ange (min fthin
m: ran!
(linear) | (quadratic) (centred) (original) ax) ange
igital | Legalsy
Digital - start cgalsysteméc | 060 | 0,053 0.657 7.800 436-940 | Yes
ups property rights
Earl
AV BTN G of government | -0.906 | -0.526 -0.861 5.263 415-8.68 | Yes
funding
Earl Legal sy: &
Ay green ) Legalsystem L0681 1.056 0.322 7.466 436-9.40 | Yes
funding property rights
Eatly
VBN gound money | -1745 | -0.128 6.797 1.896 1.12-9.88 | Yes
funding
Early digital | Legal system &
arly  digita cgal system 1532 | 0.540 1.417 8.561 436-9.40 | Yes
funding property rights
Eatly  digital
Y G Sound money | -1.635 | -0.099 8222 0.471 1.12-9.88 | No
funding
Late digital
, Sound money | -1.046 |  -0.080 -6.545 2147 1.12-9.88 | Yes
funding

Notes: Turning points are calculated as —31/(282). Subindices ate mean-centred before estimation; original
values are obtained by adding the sample mean. Driscoll-Kraay standard errors are used in all models.
“Within range” indicates whether the turning point lies within the observed data range of the respective
subindex.

Source: authors’ calculation in R Studio.

The turning point analysis reinforces the conclusion that the effects of the economic freedom
subindices are highly nonlinear and context-dependent. While legal institutions exhibit U-shaped dynamics
with clear threshold effects at higher levels of development, government size and monetary stability tend
to display inverted U-shaped relationships, where intermediate levels are most conducive to investment.
Importantly, not all statistically significant quadratic terms translate into economically meaningful turning
points, as demonstrated by the early digital funding model for sound money. These results highlight the
importance of jointly considering statistical significance and the location of turning points within the
observed data range when interpreting non-linear effects in panel data models.

The lagged specifications provide a substantially stronger and more credible basis for causal
interpretation, as institutional conditions precede entrepreneurial outcomes. As shown in Table B2, the
results indicate that the overall Economic Freedom Index (lagged) does not significantly affect green start-
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up formation. In contrast, its effect on digital start-ups is weakly negative and marginally significant.
Importantly, no evidence of non-linearity is observed in start-up counts, suggesting that institutional
changes do not generate delayed threshold effects in firm entry. However, at the subindex level, freedom
to trade internationally consistently shows a strong, statistically significant negative effect for both green
and digital start-ups, indicating that increased trade openness in the previous period is associated with
reduced domestic start-up activity in the energy sector. In addition, sound money shows a weak negative
effect for green start-ups, suggesting that monetary stability may slightly dampen entrepreneurial entry,
although this relationship remains only marginally significant.

In contrast, the funding models reveal a clearer, economically meaningful pattern. Across all
specifications, the lagged Economic Freedom Index is strongly negative and highly significant for both
early- and later-stage funding, indicating that increases in economic freedom are associated with lower
subsequent investment in green and digital start-ups. This effect is particularly pronounced for later-stage
funding, where the quadratic term is also negative and significant, implying an inverted U-shaped
relationship. This suggests that while moderate levels of economic freedom may initially support
investment, further increases beyond a certain threshold reduce funding availability. The presence of this
non-linearity in lagged models strengthens the interpretation that institutional conditions influence
investment dynamics over time rather than contemporaneously.

At the subindex level, the results highlight that trade freedom, regulation, and sound money are the
primary drivers of the observed effects. Freedom to trade internationally consistently shows strong
negative linear effects across all funding models, with no robust non-linearities, indicating a monotonic
relationship. Regulation also exhibits strong negative and statistically significant effects across both green
and digital funding, particulatly at early stages, suggesting that reductions in regulatory constraints may not
translate into increased investment in these sectors. Meanwhile, sound money shows significant linear and
quadratic effects across several models, particularly for later-stage funding, confirming an inverted U-
shaped relationship in which intermediate levels of monetary stability are most conducive to investment.

The legal system and property rights subindex presents a distinct pattern characterised by U-shaped
relationships in several early-stage funding models. The positive and significant quadratic terms indicate
that improvements in legal institutions only become supportive of investment beyond a certain threshold,
reinforcing the idea that institutional quality must reach a sufficiently advanced stage before it fosters
entrepreneurial finance. The lagged results reported in Table B2 confirm that institutional factors play a
much stronger role in shaping funding dynamics than start-up formation, and that these effects are highly
non-linear and dimension-specific. This provides robust evidence that the impact of economic freedom
on green and digital entreprencurship operates primarily through investment channels and unfolds over
time.

The turning-point analysis substantially refines the interpretation of the lagged quadratic models by
distinguishing between statistically estimated curvature and economically meaningful non-linearity. As
reported in Tables B3 (Appendix B) and Table 4, many quadratic specifications produce turning points
that lie outside the observed range of the relevant institutional variable, which means that, although a
quadratic term may have been estimated, the implied U-shaped or inverted U-shaped relationship is not
substantively relevant within the actual sample. This applies, for example, to the lagged overall Economic
Freedom Index for green start-ups, digital start-ups, eatly green funding, early digital funding, and several
subindex-based funding models. In such cases, the relationship should be interpreted as effectively
monotonic over the observed data range, rather than as evidence of a genuine threshold effect.

In the formation of start-ups, the most meaningful nonlinearities emerge at the subindex level rather
than at the aggregate index level. In the case of green start-ups, turning points fall within the observed
range across all five subindices, although not all are supported by statistically significant quadratic terms.
Substantively, the estimated turning point for the legal system and property rights is located at
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approximately 8.37, suggesting that only relatively high levels of legal quality would be associated with a
reversal from a negative to a positive relationship. For international trade freedom, the turning point is
about 7.37, suggesting an inverted U-shaped pattern in which moderate-to-high levels of trade openness
may be associated with the most favourable environment before the relationship becomes less supportive.
For digital start-ups, the most notable meaningful turning points occur for legal system and property
rights (around 7.90) and regulation (around 8.07), both consistent with a U-shaped pattern in which
institutional improvements become favourable only at relatively advanced levels. By contrast, the turning
points for sound money and trade freedom lie outside the observed range, so these relationships should
not be interpreted as valid non-linear effects within the sample.

For early-stage funding, the turning-point results indicate a marked divergence across institutional
dimensions. In early green funding, meaningful turning points are observed for the size of government
(5.84), legal system and property rights (7.64), and sound money (1.75). The first and third of these are
consistent with inverted U-shaped relationships, implying that moderate levels of government size and
monetary stability are associated with the most favourable funding outcomes, whereas further increases
coincide with declining investment. In contrast, the turning point for the legal system and property rights
suggests a U-shaped relationship, meaning that the association becomes more supportive of early green
finance only beyond a relatively high level of legal-institutional quality. For eatly digital funding, only the
size of government (6.05) and legal system and property rights (7.89) yield turning points within the
observed range, while the turning points for the overall Economic Freedom Index, sound money, trade
freedom, and regulation fall outside the sample domain. This again indicates that early-stage funding
responds to specific institutional thresholds rather than to broad changes in economic freedom.

The clearest and most policy-relevant threshold effects arise in later-stage funding, especially for
digital ventures. As shown in Table 4, the lagged overall Economic Freedom Index shows a meaningful
turning point for late-stage digital funding at approximately 5.35, indicating an inverted U-shaped
relationship in which moderate levels of economic freedom are most conducive to late-stage investment.
At the same time, further increases are associated with lower funding. Among the subindices, sound
money and freedom to trade internationally also produce economically meaningful turning points for late
digital funding, at about 2.52 and 6.39, respectively, both consistent with inverted U-shaped dynamics. For
late green funding, only freedom to trade internationally yields a turning point within the observed range
(around 06.10), again pointing to a meaningful inverted U-shaped pattern. Overall, the turning-point
analysis confirms that truly relevant non-linearities are concentrated in selected subdimensions and in
later-stage financing outcomes. In contrast, many apparent quadratic relationships are not economically
meaningful once the observed data are taken into account. This is why the models with turning points
inside the empirical range should receive the greatest interpretative emphasis in the main discussion. At
the same time, the remaining estimates are better treated as evidence of broadly monotonic effects.

The findings of this study provide important insights into the role of institutional environments in
shaping energy entrepreneurship, particularly by distinguishing between start-up formation and financing

dynamics.
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Table 4
Economically meaningful turning points only (turning points within the observed range)

Tutni i Ob d Implied
Dependent variable Institutional variable B1 B2 u'rr%mg potnt serve mpie
(original scale) range shape
Area 1: Size of - Inverted
log_green_startups Government 0.001 0.017 6.149 4.15-8.68 U-shape
Area 2: Legal System -
log ¢ 0.029 8.366 4.36-9.40 U-sh
Og-green_smrtups & Property Rights 0.070 shape
- - Inverted
log_green_startups Area 3: Sound Money 0.053 | 0.005 3.418 1.12-9.88 Si:a;e
Area 4: Freedom to - - Inverted
1 7.368 5.88-9.64
og-green_startups trade internationally | 0.113 | 0.059 U-shape
log_green_startups Area 5: Regulation 0 (;11 0.042 7.039 3.95-8.71 U-shape
Area 1: Size of - - Inverted
log_digital 5.126 4.15-8.68
Ogdigital_startups Government 0.040 | 0.020 U-shape
Area 2: Legal Sy -
log_digital_startups rea 2 Legal System 0.064 7.903 436-9.40 | U-shape
& Property Rights 0.097
log_digital_startups Area 5: Regulation 0 (; 31 0.013 8.071 3.95-8.71 U-shape
Area 1: Size of - - Inverted
1 ly. fund 5.843 4.15-8.68
cg-cary_green_tun Government 0.446 | 0.793 U-shape
Area 2: Legal System -
1 1 fund 1.204 7.639 4.36-9.40 U-sh
cgcary_green_tun & Property Rights | 1.192 suape
B i I d
log_eatly_green_fund Area 3: Sound Money 2001 | 0146 1.748 1.12-9.88 I?—‘;;r:;e
Area 4: Freedom to - - Inverted
log 1 fund 6.098 5.88-9.64
cg—ate_green_tun trade internationally | 3.677 | 0.825 U-shape
Area 1: Size of - - Inverted
1 ly_digital_fund 06.046 4.15-8.68
cg—cary_digita’_tun Government 0.073 | 0.465 U-shape
. Area 2: Legal System -
1 ly_digital _fund 0.858 7.889 4.36-9.40 U-sh
og-carly_digital_un & Property Rights | 1.280 shape
Economic freedom in - - Inverted
log_late_digital_fund 5.354 4.41-8.74
cgate_digial_tun all areas 5.689 | 1365 U-shape
- - Inverted
log_late_digital_fund Area 3: Sound Money 1305 | 0.106 2.521 1.12-9.88 [?—‘;;ra;e
Area 4: Freedom to - - Inverted
log 1 igital f . .88-9.04
oplate_digital_fund trade internationally | 2.942 | 0.762 6.395 >88-9.6 U-shape

Notes: Turning points are calculated as —f1/(2B,). “Within range” indicates whether the turning point
lies within the observed empirical range of the respective institutional variable. Only those cases should be
interpreted as economically meaningful non-linear effects. U-shape is implied by f; < O0and B, > 0, while
an inverted U-shape is implied by 81 > 0, ; < 0 or, more generally, in practical interpretation here, by a
negative quadratic coefficient with a turning point inside the data range.

Source: authors’ calculation in R Studio.

The empirical results indicate that economic freedom does not significantly stimulate the creation of

green and digital start-ups and, in several specifications, is negatively associated with entrepreneurial entry.
This contrasts with the broader entrepreneurship literature, which often emphasises the positive role of
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favourable institutional environments, entrepreneurial orientation, and ecosystem support in fostering
firm creation (Abu Taleb et al., 2025; Imo & Makanjuola, 2025; Yassin et al., 2024). However, the results
are consistent with studies highlighting that in highly regulated and capital-intensive sectors such as
energy, structural factors, infrastructure availability, and policy frameworks may dominate over general
market liberalisation in determining entry dynamics (Dobrovolska et al., 2024; Myroshnychenko et al.,
2024; Lyeonov et al., 2025b). This suggests that energy entreprenecurship follows a different logic from
that of more flexible sectors, where institutional liberalisation alone is insufficient to stimulate start-up
formation.

A more pronounced and consistent pattern emerges for financing, where economic freedom exhibits
strong negative effects across both eatly- and later-stage investment. The magnitude of these effects, with
coefficients exceeding —5 in several models, indicates a high sensitivity of entrepreneurial finance to
institutional changes. These findings challenge conventional expectations that liberal economic
environments uniformly attract investment and instead support the argument that targeted policy
instruments, public support mechanisms, and financial incentives play a critical role in enabling investment
in sustainable and high-risk sectors (Streimikiene et al., 2024; Burrell et al., 2025; Artyukhov et al., 2024).
In this context, the results align with evidence that access to credit, investor protection, and institutional
support structures are more decisive for start-up financing than general economic liberalisation
(Podosynnikov et al., 2024; Civelek et al., 2025). The negative association may reflect the reduced role of
state intervention and subsidy schemes in more liberalised economies, which are particularly important for
supporting early-stage and capital-intensive ventures in the energy domain.

The identification of non-linear effects further refines the interpretation of institutional influences on
entrepreneurial finance. The inverted U-shaped relationship observed for later-stage digital funding, with a
turning point around 5.35 on the economic freedom scale, indicates that moderate levels of institutional
development are most conducive to scaling start-ups. This finding is consistent with the literature, which
suggests that both insufficient and excessive regulation may hinder entrepreneurial performance, while
balanced institutional frameworks provide optimal conditions for growth (Juracka et al., 2024; Oe et al.,
2025). Similarly, the threshold effects identified for legal institutions, where positive impacts emerge only
at higher levels of institutional quality, support the view that strong governance and property rights
protection become effective only once a certain level of development is achieved (Kuzior et al., 2024b;
Jurgelevicius & Raisiené, 2025). These results highlight that institutional quality operates in a non-linear
and stage-specific manner, particularly in sectors characterised by technological complexity and long
investment horizons.

Finally, the subindex-level analysis reveals that not all dimensions of economic freedom exert
uniform effects, with trade freedom, sound money, and regulation emerging as the most influential
factors. The consistently negative roles of trade openness and monetary stability may reflect increased
exposure to international competition and reduced incentives for domestic investment in high-risk sectors,
which align with findings on financial risk perception and investment behaviour under uncertainty
(Civelek et al., 2025; Su et al., 2025). At the same time, the observed U-shaped effects for legal institutions
confirm their role as a foundational condition for entrepreneurial development, particularly in ensuring
investor confidence and long-term financing (Artyukhov et al., 2024). Overall, the results extend the
existing literature by demonstrating that economic freedom influences energy entrepreneurship primarily
through financing channels rather than start-up entry and that its effects are highly heterogeneous across
institutional dimensions and stages of development.

Despite providing new cross-country evidence on the relationship between economic freedom and
the dynamics of green and digital energy start-ups, this study has several limitations. First, the analysis
relies on aggregated national-level data, which may mask important heterogeneity across regions, sectors,
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and specific types of technologies, particularly within the broad categories of green and digital energy
ventures. Second, the sample is constrained by the availability of comparable data from the IEA and
Fraser Institute, which may limit the generalisability of the findings to countries with less developed
statistical systems or missing observations. Third, although lagged specifications strengthen causal
interpretation, the results still reflect associations rather than fully identified causal effects, as unobserved
factors such as policy design, subsidy intensity, or innovation ecosystem characteristics may influence both
institutional conditions and entrepreneurial outcomes. Fourth, the measurement of economic freedom
captures broad institutional dimensions and may not fully reflect sector-specific regulatory frameworks
that are particularly relevant for energy markets. Future research could address these limitations by
incorporating more granular, firm-level or regional data, distinguishing between specific energy
technologies, and explicitly modelling policy instruments such as subsidies or carbon pricing. Additionally,
applying quasi-experimental approaches, such as policy-reform difference-in-differences designs, or
integrating alternative institutional indicators, could further strengthen causal inference and provide
deeper insights into the mechanisms linking institutional environments and energy entrepreneurship.

5. CONCLUSION

The study set out to evaluate how economic freedom and its institutional subdimensions influence
the development of green and digital energy entreprencurship across countries, with particular emphasis
on differences between start-up formation and financing dynamics as well as the presence of non-linear
institutional effects. In doing so, the analysis aimed to clarify whether more liberal economic
environments systematically support the emergence and scaling of energy-related entrepreneurial activity
or whether their effects vary across stages and institutional dimensions.

The empirical analysis was based on a cross-country panel dataset combining start-up and funding
data from the International Energy Agency with institutional indicators from the Fraser Institute. The
study employed two-way fixed effects models with country and year controls, complemented by Driscoll—
Kraay standard errors to address cross-sectional dependence and serial correlation. Nonlinear effects were
examined using quadratic specifications, and turning points were calculated to assess the economic
relevance of the estimated relationships.

The results reveal that the relationship between economic freedom and start-up formation is
generally weak and, when significant, negative, with coefficients of approximately —0.157 for green start-
ups and —0.185 for digital start-ups in the most robust specifications. In contrast, the impact on financing
is strong and consistently negative, with coefficients ranging from —5.2 to —5.6 for both early- and later-
stage funding, indicating substantial sensitivity of investment flows to institutional changes. Non-linear
effects are particularly pronounced in later-stage digital funding, where a significant inverted U-shaped
relationship is observed, with a turning point at approximately 5.35 on the economic freedom scale.
Subindex analysis further shows that freedom to trade internationally and sound money are the most
consistent drivers of negative effects across models. At the same time, the legal system and property rights
exhibit U-shaped relationships with turning points around 7.6-8.6, indicating threshold -effects.
Importantly, meaningful non-linearities are concentrated in financing rather than in start-up counts,
suggesting that institutional conditions affect venture scaling more strongly than their initial emergence.
Overall, the findings demonstrate that higher levels of economic freedom do not necessarily promote
energy entrepreneurship and may even reduce funding beyond moderate levels.

These findings have several important policy implications. First, they suggest that a purely market-
oriented approach may be insufficient to support green and digital energy entrepreneurship, particularly in
capital-intensive sectors where long-term investment horizons and high uncertainty prevail. Governments

should therefore complement economic liberalisation with targeted support instruments, including
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subsidies, public—private co-investment schemes, and risk-sharing mechanisms, especially at early stages of
venture development. Second, the presence of inverted U-shaped relationships indicates that an optimal,
intermediate level of economic freedom may be more conducive to investment than either very low or
very high levels, implying that policymakers should focus on balanced institutional design rather than
maximising liberalisation per se. Third, the strong and consistent role of trade freedom, monetary stability,
and regulation suggests that reforms in these areas should be carefully calibrated, as excessive liberalisation
may unintentionally reduce domestic investment incentives. Fourth, the threshold effects observed for
legal institutions highlight the importance of achieving sufficiently high levels of legal protection and
enforcement before positive effects on entrepreneurial finance can materialise. Finally, policy strategies
should differentiate between stages of entreprencurial development, as the determinants of start-up entry
and scaling differ substantially, requiring tailored institutional and financial support frameworks to foster

sustainable energy innovation effectively.
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APPENDIX A
Table A
Descriptive statistics
Variable N Mean SD Median | Min Max Skewness | Kurtosis
E 7 d _
NCTEY and rEen S@IE | g01 | 1155 21.27 3.00 | 000 |  139.00 2.99 10.34
ups (Number)
Energy and digital start-
871 5.71 10.25 2.00 | 0.00 78.00 3.21 12.60
ups (Number)
Early-stage funding of
energy and green start- | 871 | 14,653,707 | 66,727,101 0.00 | 0.00 | 792,449,700 7.93 72.22
ups (USD)
Later-stage funding of
energy and green start- | 871 | 14,462,804 | 127,302,365 | 0.00 | 0.00 | 3,397,459,000 2221 572.52
ups (USD)
Later-stage funding of
energy and digital start- | 871 | 10,331,276 | 121,284,082 | 0.00 | 0.00 | 3,376,590,000 24.97 680.43
ups (USD)
Early-stage funding of
energy and digital start- | 871 | 10,080,101 | 45,068,677 0.00 | 0.00 | 795,792,600 9.75 131.43
ups (USD)
Economic freedom
. 871 7.44 0.65 7.61 | 441 8.74 -1.33 2.16
(overall index)
Area i Sizeof gy | G2 0.93 612 | 415 8.68 0.1 -0.79
Government
Area 2: Legal Sy &
rea S Legd SYSem & ga1 | 714 136 723 | 436 9.40 032 | -098
Property Rights
Area 3: Sound Money 871 8.69 1.28 9.19 | 1.12 9.88 -2.46 7.16
A 4: Freed
o reedom 1O g1 | 833 0.69 849 | 588 9.64 085 | 057
Trade Internationally
Area 5: Regulation 871 6.90 0.73 6.98 | 3.95 8.71 -0.88 1.33
Source: anthors’ calculation in R Studio.
APPENDIX B
Table B1
['WFE estimates with Driscoll-Kraay standard errors for economic freedom subindices
Dependent variable Subindex Linear term Qutif:r?nc Main pattern
log_green_startups Area 1: Size of Government | 0.020 (0.035) (_00 0031 (())) No significant effect
log_green_startups Area 2: Legal System & -0.049 o
Property Rights 0.067) 0.021 (0.021) No significant effect
log_green_startups ) ] -0.057* -0.003 Weak negative linear
Area 3: Sound Money (0.029) (0.008) effect
log_green_startups Area 4: Freedom to trade -0.152%%* -0.084 Strong negative linear
internationally (0.024) (0.055) effect
log_green_startups Area 5 Regulation (_g (?54 ;; 0.029 (0.047) No significant effect
log_digital_startups Area 1: Size of Government -0.030 0.017 (0.030) No significant effect
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(0.051)
log_digital_startups Area 2: Legal System & -0.069 0.053*

Property Rights (0.081) (0.026) Weak U-shaped tendency
log_digital_startups Area 3: Sound Money (.é) 835 59> (‘(? (?893) No significant effect
log_digital_startups Area 4: Freedom to trade -0.158%** 0.001 (0.053 Strong negative linear

internationally (0.028) 01 (0.053) effect
log_digital_startups Area 5 Regulation ('g '5)511) 0.025 (0.025) |  No significant effect
log_ecarly_green_fund o -0.906** -0.526* Negative, inverted U-
Area 1: Size of Government 0.351) (0.284) shape tendency
log_ecarly_green_fund Area 2: Legal System & -0.681 1.056%**
Property Rights (0.979) (0.298) U-shaped effect
; _ Fokok _ Fok
log_carly_green_fund Area 3: Sound Money 1(0712 2) ?0102 682) Inverted U-shape
log_early green fund Area 4: Freedom to trade -3.988%*k -0.320 Strong negative linear
g _catly_g g neg
internationally (0.645) (0.756) effect
; B — ive li
log_ecarly_green_fund Area 5 Regulation 3(0022@ 0.265 (0.393) Strong neeé_zgfe linear
. ” —
log late_green_fund |y . 1. Size of Government (gzg; 0.198 (0.386) | Veak “Z%?etge linear
log_late_green_fund Area 2: Legal System & -3.425%F% -0.270 Strong negative linear

Property Rights (1.047) (0.327) effect

_ Fokok _ e li
log_late_green_fund Area 3: Sound Money 1(()3?27> ( (3)5)57{‘; Strong neeézstve linear
log_late_green_fund Area 4: Freedom to trade -3.667%F* -0.692 Strong negative linear

g late_g & neg
internationally (0.688) (0.452) effect
log_late_green_fund . -2.868%F* Strong negative linear
Area 5 Regulation 0.822) 0.136 (0.339) effect
log_early_digital_fund o -0.627 -0.414 ..
Area 1: Size of Government 0.615) (0.264) No significant effect
log_eatly_digital_fund Area 2: Legal System & -1.532 0.540%*
Property Rights (1.080) (0.273) Weak U-shaped tendency
- diod _ Fokok _ *ok
log_carly_digital_fund Area 3: Sound Money 1(06§§ 1 ?000955) Inverted U-shape
log_ecarly_digital_fund Area 4: Freedom to trade -3.290%* -0.253 Strong negative linear
internationally (0.779) (0.814) effect
e 101 _ kokok 1 1
log_ecarly_digital_fund Area 5 Regulation 2(0224115> 0.158 (0.284) Strong r;et-%zstve linear
— . s —
log late_digital_fund |\  1: Size of Government 1(6322 N 0268 (0.207) | Stons e lincar
log_late_digital_fund Area 2: Legal System & -3.310%* -0.428 .
Property Rights (1.362) (0.386) Negative linear effect
Yol _ Sokok ~ ok
log late_digital_fund Area 3: Sound Money 1((?28% ?000830 0) Inverted U-shape
log_late_digital_fund Area 4: Freedom to trade -2.850%F* -0.634 Strong negative linear
internationally (0.607) (0.418) effect
log late_digital fund . -3.039% -0.245 Strong negative linear
i i Area 5 Regulation (0.797) (0.329) ® effect

Notes: Two-way fixed effects models include country and year fixed effects. Driscoll-Kraay standard

errors are reported in parentheses. All dependent variables are log-transformed. Each subindex is mean-

centred before constructing the squared term. Significance codes: *** p < 0.01, ** p < 0.05, * p < 0.10.

Source: authors’ calculation in R Studio.
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Table B2
TWEE estimates with lagged economic freedom index and subindices (Driscoll-Kraay SE)

Dependent variable Institutional variable Linear term Quadratic term Interpretation

log_green_startups Economic freedom -0.121 (0.074) -0.009 (0.059) No significant effect

log_green_startups Sound money -0.053* (0.029) -0.005 (0.008) Weak negative effect

log_green_startups Trade freedom -0.113%+* (0.035) -0.059 (0.038) Strong negative effect

log_digital_startups Economic freedom -0.179* (0.088) -0.015 (0.047) Weak negative effect

log_digital_startups Legal system -0.097 (0.085) 0.064** (0.027) U-shaped pattern

log_digital_startups Trade freedom -0.149%F* (0.044) -0.018 (0.043) Strong negative effect

log_ecarly_green_fund Economic freedom | -5.396%** (1.324) -0.083 (0.695) Strong negative effect

log_ecarly_green_fund Legal system -1.192 (0.890) 1.204*%* (0.315) U-shaped

log_ecarly_green_fund Sound money -2.021%+* (0.580) -0.146* (0.077) Inverted U-shape

log_ecarly_green_fund Trade freedom -3.749%%* (0.670) -0.124 (0.789) Strong negative effect

log_ecarly_green_fund Regulation -3.508*** (0.463) 0.728* (0.394) Weak U-shaped tendency

log late_green_fund

Economic freedom

~5.816%%* (1.197)

-0.900*%* (0.355)

Inverted U-shape

log late_green_fund

Size of government

1327+ (0.453)

0.062 (0.343)

Negative linear

log late_green_fund

Legal system

27745 (1.053)

-0.028 (0.3106)

Negative linear

log late_green_fund

Sound money

-1.507*%F* (0.317)

-0.092*+* (0.038)

Inverted U-shape

log_late_green_fund Trade freedom -3.677%%* (0.683) -0.825* (0.439)

Strong negative

log_late_green_fund Regulation -2.980%*+* (0.777) 0.139 (0.250) Negative linear

log_ecarly_digital fund | Economic freedom | -4.586*** (1.110) -0.255 (0.649)

Strong negative

log_ecarly_digital fund Legal system -1.280 (1.012) 0.858*** (0.252) U-shaped

log_eatly_digital_fund Sound money -1.565%+* (0.509) -0.083 (0.068) Negative linear

log_eatly_digital_fund Trade freedom -3.229%+% (0.731) -0.064 (0.808) Strong negative

log_early_digital_fund Regulation -2.355%F* (0.703) 0.548 (0.356) Negative linear

log_late_digital_fund Economic freedom | -5.689%** (1.147) | -1.365*** (0.390) Inverted U-shape

log_late_digital_fund Size of government | -1.743%** (0.351) 0.192 (0.326) Negative linear

log_late_digital_fund Legal system -2.633* (1.318) -0.200 (0.392) Weak negative

log_late_digital_fund Sound money -1.305%+* (0.266) | -0.106*** (0.021) Inverted U-shape

log_late_digital_fund Trade freedom -2.942%+% (0.640) -0.762 (0.520) Strong negative

log_late_digital_fund Regulation -2.980*+* (0.740) -0.071 (0.256) Negative linear

Notes: Driscoll-Kraay standard errors in parentheses. Lagged institutional variables are used (t—1). All
models include country and year fixed effects. Significance codes: *** p < 0.01, ** p < 0.05, * p < 0.10.
Source: authors’ calculation in R Studio.
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Table B3
Turning points from lagged quadratic TWFE models for the Economic Freedom Index and its subindices
Turnin Turning
. Institutional uring point Observed | Within
Dependent variable . B4 B2 point .
variable (original range range
(centred)
scale)
log_green_startups | eonomic freedom [ 1511000 | 6.047 0491 | 441-874 | No
all areas
1 tart AreaL: Size of 01 | 0,017 0.025 6.149 | 415-868 | Y
og_green_startups Government . -0. . . .15-8. es
Area 2: Legal
log_green_startups System & Property | -0.070 0.029 1.223 8.366 4.36-9.40 Yes
Rights
Area 3: Sound
log_green_startups Money -0.053 | -0.005 -5.275 3.418 1.12-9.88 Yes
Area 4: Freedom to
log_green_startups trade internationally -0.113 | -0.059 -0.958 7.368 5.88-9.64 Yes
log_green_startups Area 5 Regulation | -0.011 0.042 0.135 7.039 3.95-8.71 Yes
log_digital_stareups | LeonOmic freedom [ 459 1015 | 5857 1581 | 441-874 | No
all areas
- Area 1: Size of
log_digital_startups Government -0.040 | -0.020 -0.998 5.126 4.15-8.68 Yes
Area 2: Legal
log_digital_startups System & Property | -0.097 0.064 0.760 7.903 4.36-9.40 Yes
Rights
. Area 3: Sound
log_digital_startups Money -0.047 | -0.002 -10.196 -1.503 1.12-9.88 No
log_digital_stareups | 278 % Freedom t0) 440 118 | 4149 4176 | 588-9.64 | No
trade internationally
log_digital_startups Area 5 Regulation | -0.031 0.013 1.168 8.071 3.95-8.71 Yes
log_carly_green_fund Econzﬁl;cref::edom 5396 | -0.083 | 32584 | 25146 | 441-874 | No
Area 1: Size of
log_ecatly_green_fund Government -0.446 | -0.793 -0.282 5.843 4.15-8.68 Yes
Area 2: Legal
log_ecatly_green_fund | System & Property | -1.192 1.204 0.495 7.639 4.36-9.40 Yes
Rights
Area 3: Sound
log_catly_green_fund Money -2.021 | -0.146 -6.944 1.748 1.12-9.88 Yes
Area 4: Freedom to
log_ecatly_green_fund trade internationally -3.749 | -0.124 -15.141 -60.816 5.88-9.64 No
log_carly_green_fund Area 5 Regulation | -3.508 | 0.728 2.408 9.312 3.95-8.71 No
log_late_green_fund | Heonomic freedom [ gg0 0900 | 3230 4208 | 441-874 | No
all areas
Area 1: Size of
log_late_green_fund Government -1.327 | 0.062 10.686 16.810 4.15-8.68 No
Area 2: Legal
log_late_green_fund System & Property | -2.774 | -0.028 -49.664 -42.521 4.36-9.40 No
Rights
log_late_green_fund Aread:Sound | 507 | 000 | 8148 0.545 | 1.12-9.88 | No
Money
Area 4: Freedom to
log late_green_fund trade internationally -3.677 | -0.825 -2.227 6.098 5.88-9.64 Yes
log_late_green_fund Area 5 Regulation | -2.980 | 0.139 10.707 17.611 3.95-8.71 No
log_early_digital_fund ECO“‘;?;ief::edom 4586 | 0255 | -8.981 1543 | 441-874 | No
log_ecarly_digital fund Area 1: Size of -0.073 | -0.465 -0.078 6.046 4.15-8.68 Yes
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Government
Area 2: Legal
log_ecarly_digital_fund | System & Property | -1.280 0.858 0.746 7.889 4.36-9.40 Yes
Rights
log_early_digital_fund Arei/[?):ri;‘md 1565 | -0.083 | -9.444 0752 | 112-988 | No
log_carly_digital_fund | 78 #: Freedom t0 1 53550 1 064 | 25048 | 16723 | 588964 | No
trade internationally
log_ecarly_digital fund | Area 5: Regulation | -2.355 | 0.548 2.149 9.053 3.95-8.71 No
log_late_digital_fund | Teonomic freedom |5 o 1 g 365 | 2084 5354 | 441-874 | Yes
all areas
log_late_digital_fund Area L:Size o | 4745 1 102 4,532 10657 | 415-8.68 | No
Government
Area 2: Legal
log_late_digital_fund System & Property | -2.633 | -0.200 -0.567 0.576 4.36-9.40 No
Rights
log_late_digital_fund Area3:Sound 305 | o106 | 6171 2521 | 112-9.88 | Yes
Money
log_late_digital_fund | 278 # Freedom t0 15 o451 765 | 1030 6.395 | 588-9.64 | Yes
trade internationally
log_late_digital fund Area 5: Regulation | -2.980 | -0.071 -21.063 -14.160 3.95-8.71 No

Notes: Turning points are calculated as —1/(2;). “Within range” indicates whether the turning point
lies within the observed empirical range of the respective institutional variable. Only those cases should be
interpreted as economically meaningful non-linear effects. U-shape is implied by f; < O0and B, > 0, while
an inverted U-shape is implied by B; > 0,3, < Oor, more generally, in practical interpretation here, by a
negative quadratic coefficient with a turning point inside the data range.

Source: authors’ calculation in R Studio.
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