International Journal of Energy Economics and

. < |
Policy G J

Eauny ol

available at http: www.econjournals.com /<

ISSN: 2146-4553

International Journal of Energy Economics and Policy, 2026, 16(2), 1238-1255.

Digital Green Finance, FinTech Innovation, and Corporate
Environmental Performance: Evidence from Global Firms

Vidura Perera*, Neel Wasantha, Tharindu Dissanayake, Aruna Ishara Bandara,
Daham Gunasena, Nuwan Pushpa Kumara, Sanjeewa Jayawickrama, Wasanthi Madurappreuma,
Bandara Wanninayake

University of Kelaniya, Kelaniya, Sri Lanka. *Email: rperer.phd-pub24031@pg.kin.ac.lk

Received: 04 November 2025 Accepted: 27 January 2026 DOI: https://doi.org/10.32479/ijeep.23078

ABSTRACT

Digital green finance (DGF) the combination of green financial tools with FinTech systems like blockchain-based bonds, Al-driven credit scoring, and
digital disclosure platforms—has become an important way to get climate-aligned capital moving. However, its efficacy in the context of economic
policy uncertainty (EPU) remains empirically insufficiently examined. This study investigates the correlation between green finance (GF) and corporate
environmental performance (CEP), as well as the influence of digitalization and policy instability on this relationship. We use a balanced panel of
1,280 listed non-financial companies from nine economies (the US, the UK, Germany, France, the Netherlands, Sweden, Japan, Canada, and China)
between 2012 and 2024. We use two-way fixed effects, instrumental variables (IV/2SLS), propensity score matching with difference-in-differences
(PSM-DID), triple interaction models, and sectoral heterogeneity tests. We find that GF significantly improves CEP by giving companies credible
decarbonization capital and making environmental disclosure stronger. This is in line with stakeholder theory and the resource-based view. However,
this effect diminishes at elevated EPU levels, consistent with real options theory: policy volatility increases risk premiums and postpones irreversible
green investment. Digitalization significantly enhances the GF-CEP connection and partially mitigates the dampening influence of EPU. This suggests
that FinTech-facilitated transparency, traceability, and monitoring bolster the credibility and sustainability of green investment, even amid volatile
policy contexts. The effect is strongest in sectors that emit a lot of pollution and are going through a lot of changes, but these sectors are also the
most likely to be affected by policy uncertainty. These results show that DGF is not only a way to make things more efficient, but also a way to keep
institutions stable. The research provides novel cross-national causal evidence regarding the interplay of finance, technology, and policy in shaping
firms’ environmental outcomes on a large scale.
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1. INTRODUCTION

In contrast, the efficacy of GF in the context of digital revolution
and economic policy uncertainty (EPU) is not yet wellunderstood
despite its fast-growing interests as a potent pathway for capital
mobilization toward sustainability. Digital Green Finance (DGF),
a form of green finance that combines green financial instruments
with digital technologies, such as blockchain-based green bonds,
Al-based credit scoring and peer-to-peer lending platforms,

has been recognized as a key innovation strategy for scaling up
climate investment (Chen and Volz, 2022; Nasir et al., 2023).
DGF allows CEP to bereinforced by better allocation of capital
and more careful monitoring of ESG outcomes, through greater
transparency, traceability and inclusiveness.

Global programmes ranging from China’s Digital Green Finance
Pilot Zones (2017) and the EU’s blockchain-bond projects up to,
notably, efforts around scaling up FinTech regulatory sandboxes

This Journal is licensed under a Creative Commons Attribution 4.0 International License

International Journal of Energy Economics and Policy | Vol 16 ¢ Issue 2 *




Perera, et al.: Digital Green Finance, FinTech Innovation, and Corporate Environmental Performance: Evidence from Global Firms

signal how digital infrastructures are re-shaping green finance
(BIS, 2021; IMF, 2023). However, empirical knowledge of how
these technological innovations are embodied in measurable
firm-level environmental performance is still scarce. Whereas
some scholars argue that digitalization increases accountability
by mitigating information asymmetry (Sun et al., 2023), others
warnagainst excessive reliance on technology as it may facilitate
symbolic compliance or greenwashing (Migliorelli, 2021).

Given the urgency of climate targets, it is crucial to analyse whether
digital modes enhance the impact of green finance. Companies
are increasingly under pressure from investors, regulators and
society at large to show quantifiable green results, but policy
uncertainty and financial risks remain obstacles for workable
long-term investment in cleantechnologies. Digital finance may
act as a transformative force in mitigating these risks, especially
through enhancedtransparency, traceability and market inclusivity
(Zhang and Chen, 2024).

This paper is one of the first to offer a large-scale firm-level panel

evidence (2012-2024) in Offering digital finance as a moderator of

the relationship between green finance and corporate EP, extending
stakeholder and resource-based perspectives to FinTech.

I. Offering a global comparison between developed and
developing countries, by illustrating that institutions matter
in the adoption of digital green finance

II. We use a variety of solid econometric methods (two-way fixed
effects, difference-in-differences, instrumentalvariables/2SLS
and also propensity score matching) to determine causal
inference on the effect of digitalization on sustainability
results.

As such, this article speaks to a critical and relatively
underexplored intersection - Digital Green Finance, FinTech
innovation, and corporate environmental performance -providing
practical implications for policy makers, regulators as well as
investors in terms of tying digital transformation initiatives to
climate goals.

Economic Policy Uncertainty (EPU) is a critical issue affecting
modern financial systems, particularly firms’ investment and
innovation decisions. High policy volatility increases the
risk premium, reduces investor confidence, and discourages
irreversible long-term investments in clean technologies (Baker et
al., 2016; Bloom, 2014). According to real options theory (Dixit
& Pindyck, 1994), firms tend to delay green projects under high
uncertainty to avoid potential losses. The Climate Water Index
Quality (CWIQ) is an essential component of climate adaptation,
whose effectiveness depends on regional hydro-climate patterns.
Therefore, it is important to examine whether digitalization and
FinTech innovations can mitigate the negative impact of EPU on
corporate green transitions.

1.1. Main Research Question (RQ)

How does digital and FinTech-enabled green finance enhance
corporate environmental performance under conditions of
economic policy uncertainty?

Sub-Questions:

* RQI: To what extent does green finance directly influence
corporate environmental performance?

* RQ2: How do digitalization and FinTech innovation strengthen
the effectiveness of green finance in improving environmental
outcomes?

* RQ3: Does economic policy uncertainty weaken the green
finance-performance relationship, and can FinTech innovation
mitigate this adverse effect?

Research Objectives:

1. To empirically assess the direct impact of green finance on
corporate environmental performance across countries and
industries

2. To examine the moderating role of digitalization and FinTech
innovation in enhancing the effectiveness of green finance

3. To analyze how economic policy uncertainty alters or
constrains the green finance-corporate environmental
performance nexus, and whether FinTech development can
buffer this influence.

2. LITERATURE REVIEW

Green finance (GF) has become a key way to get money to flow
toward low-carbon and sustainable changes. The current body of
research consistently underscores that green finance (GF) enhances
corporate environmental performance (CEP) by allocating funds
to renewable energy, cleaner production, and environmental
innovation (Flammer, 2021; Tang and Zhang, 2020; Li et al.,
2022). Nevertheless, the literature underscores that the magnitude
and consistency of this relationship are shaped by contextual and
institutional factors, including digital transformation and policy
stability (Zerbib, 2019; Xu and Chen, 2023).

2.1. Green Finance and Corporate Environmental
Performance

GF is both a financial and institutional supporter of corporate
sustainability. From a stakeholder standpoint (Freeman, 1984),
green bonds, sustainability-linked loans, and other ESG-focused
financial instruments assist companies in conforming to escalating
environmental demands from investors and regulators, thus
bolstering corporate legitimacy and reputation. The resource-based
view (Barney, 1991; Hart and Dowell, 2011) posits that access to
green capital represents a unique and invaluable resource, allowing
firms to develop specialized competencies in emission reduction,
clean technologies, and sustainable supply chain management.

Empirical research validates these theoretical underpinnings.
Flammer (2021) demonstrates that green bond issuers exhibit
enhanced environmental performance, whereas Tang and Zhang
(2020) ascertain that such issuances lower the cost of capital
and enhance ESG disclosure. Li et al. (2022) and Sun et al.
(2023) furnish supplementary evidence that green lending and
sustainability-linked credit augment firms’ energy efficiency and
eco-innovation. Nevertheless, the efficacy of GF differs among
markets and institutional structures, yielding less favorable
results in regions deficient in strong governance or transparency
frameworks (Zerbib, 2019; Xu and Chen, 2023). This highlights
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the necessity of comprehending how technological and policy
contexts influence the GF-CEP linkage.

2.2. Digitalization and FinTech in Green Finance
Digital green finance (DGF) is a new phase in the sustainable
finance ecosystem. DGF incorporates emerging technologies like
blockchain, artificial intelligence, and digital lending platforms
into green financial systems, making them more open, traceable,
and accessible (Chen and Volz, 2022; BIS, 2023). From an
institutional perspective (DiMaggio and Powell, 1983; North,
1990), digital infrastructures improve monitoring precision and
accountability, thereby diminishing the likelihood of greenwashing
and bolstering investor confidence. In the resource-based
framework, digital capabilities enhance green financial assets,
enabling firms to more effectively transform capital inflows into
quantifiable environmental outcomes.

Empirical evidence supports these theoretical insights. Nasir
et al. (2023) show that FinTech growth leads to green innovation
and better ESG performance in emerging markets. The European
Investment Bank and the People’s Bank of China have used
blockchain-based green bond programs to make disclosures more
reliable and lower transaction costs (BIS, 2023; IMF, 2024).
Nevertheless, certain scholars warn that excessive dependence on
digital technologies may lead to algorithmic opacity or symbolic
compliance (Migliorelli, 2021). These results suggest that
digitalization does not supplant traditional governance; rather, it
functions as an enabling infrastructure that enhances the beneficial
impacts of green finance on sustainability outcomes.

Uncertainty in economic policy (EPU) makes it much riskier
to make investments that are good for the environment. The
real options framework (Dixit and Pindyck, 1994) asserts that
companies frequently postpone or diminish irreversible green
investments in response to policy volatility to preserve adaptability.
Empirical research substantiates that Economic Policy Uncertainty
(EPU) inhibits innovation and green investment (Bloom, 2014;
Pastor and Veronesi, 2013; Zhang et al., 2021; Wang, 2024). A lot
of uncertainty in policy raises the cost of borrowing money, lowers
investor confidence, and makes people less likely to make long-
term commitments to clean technologies.

However, digitalization may help to lessen some of these bad
effects. FinTech-based monitoring and data systems make
information more equal, keep investors’ expectations stable, and
help companies keep their green initiatives going even when
policies are unclear. In this way, digital finance not only speeds
up the use of green capital, but it also protects against investment
risk caused by government policies.

Comparative studies show that the maturity of GF and digital
infrastructures varies greatly from one economy to another.
Developed markets typically possess more mature green bond
markets, stringent disclosure regulations, and sophisticated
FinTech ecosystems, whereas emerging markets frequently
encounter weaker enforcement and greater policy volatility
(OECD, 2023; BIS, 2023). Industries that emit a lot of pollution,
like energy, transportation, and heavy manufacturing, can help

the environment a lot, but they are also more likely to face
both EPU and financing problems (Krueger et al., 2020). Thus,
comprehending the interplay between institutional quality,
digital maturity, and policy stability is essential for elucidating
the disparities in the GF-CEP relationship across various regions
and sectors.

The literature indicates that green finance enhances environmental
performance; however, its effectiveness is significantly contingent
upon supportive digital and policy frameworks. Digital
infrastructures improve transparency and capital efficiency,
while stable policy environments lower the risk of investing. The
amalgamation of these components into a cohesive analytical
framework provides an innovative perspective for comprehending
the simultaneous influence of financial innovation and institutional
quality on sustainable corporate transformation.

This synthesis places the current study within a wider discourse
regarding the interplay between digital transformation and the
stability of economic policy in influencing the global efficacy of
green finance in promoting corporate environmental sustainability.

3. THEORETICAL FRAMEWORK

3.1. Theoretical Foundations

Green finance (GF) and corporate environmental performance
(CEP) The relationship between GF and CEP can be explained
from four theoretical perspectives: stakeholder theory, the
resource- based view(RBV), institutional theory, and real options.

According to Stakeholder Theory (Freeman, 1984), companies
are not only responsible towards shareholders but also towards
a wider group of stakeholders that include regulators, investors,
customers and society. Dealing with growingenvironmental
awareness and increased regulatory pressure, companies will
have to harmonize financing and investment decisions with
sustainability targets. Access to green finance is a manifestation
of corporate legitimacy and stakeholder demands responsiveness
(Flammer, 2021), which can help firms improve green reputation
or long-term value creation.

This logic is reinforced by the Resource-Based View (Barney,
1991) which characterises green financial capital as a strategic
asset rare, valuable, inimitable and nonsubsitutable resource that
facilitates unique environmental capabilities. Companies obtaining
dedicated green financing will have the ability to stock investing
capital into renewable technologies, carbon reduction practices,
and environmental management systems while enhancing CEP
and gainingcompetitive advantage through resource-based
differentiation (Hart and Dowell, 2011).

3.2. Green Finance and Corporate Environmental
Performance (H))

There is a developing empirical literature that also supports the
positive association between GF and CEP. Firms issuing green
bonds are found to have significantly better environmental scores
and lower emissions (Flammer, 2021). Likewise, Tang and Zhang
(2020) note that the cost of capital for firms reduces after issuance
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of green bonds, with companiesenhancing their ESG rating. Some
other researches, such as Li et al. (2022) and Sun et al. (2023), find
that access to green loans and sustaintability-linked credit lines
stimulates energy efficiency and eco-innovation.

However, findings are not uniform. There are some indications
of variation in GF effectiveness across institutional context and
enforcement quality (Zerbib, 2019; Xu and Chen, 2023). Slack
disclosure systems or loose forms of corporategovernance can
undermine the environmental promise of green capital. This
heterogeneity highlights the importance of contextual moderators
such as digital infrastructure and policy stability.

3.2.1. Hypothesis 1 (H)
H,: Green finance has a positive and significant effect on corporate
environmental performance (CEP).

This hypothesis predicts that firms with higher access to GF
instruments such as green bonds, sustainability-linked loans, and
dedicated green credit will exhibit stronger environmental o.

3.3. Digitalization and FinTech Innovation as a
Moderating Mechanism (H,)

3.3.1. Theoretical context

Digitalization is the confluence of state-of-the-art information,
communication technologies (ICTs), data analytics, and
financial innovation with green finance ecosystems. Certainly,
the technological solution deverves itself out like smartgrids
(Bryce and Spencer, 2014; Steffen and Howden-Chapman, 2018)
without taking away from green ideology effectinga convergence
of institutional theory whereby digital infrastructure such as
blockchain, Al-based credit scoring and e-disclosure platform
reduces information asymmetry while increasing transparency
enhancing credibilty and traceability in money laundering to
combatting environmental security risks (BIS, 2023; IMF, 2024).

3.3.2. Empirical evidence

Both the theoretical and applied literature on Digital Green Finance
(DGF) is still evolving. Chen and Volz (2022) alsoshow that digital
finance stimulates green investment by easing credit access and
lowering financing costs. Nasir et al. (2023) find evidence that
FinTech growth is associated with higher levels of environmental
innovation and ESG performance in emerging markets. In addition,
blockchain-backed bond programs introduced by the European
Investment Bank and People’s Bank of China have resulted
in greater transparency and investor confidence (BIS, 2023).
Others also warn that accelerated digitalization could bring newly
emerged risks, for instance greenwashing via ad hocalgorithmic
obscurity (Migliorelli, 2021) or market concentration among big
FinTech platforms (OECD, 2023). This is why seeing digitalization
as a moderator rather than an independent variable gives a more
balanced perspective.

3.3.3. Hypothesis 2 (H,)

H.: Digitalization and FinTech development positively moderate
the relationship between green finance and corporate environmental
performance, strengthening the effectiveness of green financial
instruments.

This implies that the GF-CEP link is stronger in countries or firms
with higher levels of digital maturity where FinTech infrastructures
enable better transparency, monitoring, and access to sustainable
capital.

3.4. Economic Policy Uncertainty (EPU) as a
Moderating Mechanism (H,)

3.4.1. Theoretical context

Uncertainty about fiscal, trade and environmental policies can
have a pronounced effect on corporate investment. When the
outcome of an alternative policy is not exogenous to firms’
choices, they choose “to wait and see” options in order to
preserve their flexibility (Dixit and Pindyck, 1994), as describ
ed by Real Options Theory. Capital-intensive green projects that
are irreversible, however, will be more sensitive to EPU because
the returns of such projects rely on long-term stable regulatory
and fiscal support.

In the specific context of green finance, high EPU increases risk
premium, decreases investor confidence and weakens firms’ long-
term commitment to sustainability (Pastor and Veronesi, 2013).
The negative effect of EPU may outweigh the positive contribution
from GF, particularly for markets with conflicting climate policies
or a lack of carbon-pricing mechanism.

3.4.2. Empirical evidence

At a macro level, Baker et al. (2016) and Bloom (2014), EPU
depresses investment and innovation. At the firm level, Zhang
etal. (2021) show that high policy uncertainty discourages green R
and D, and Wang (2024) finds that EPU significantly lowers firms’
renewable energy investments. More recently, Sun et al. (2023)
document that policy instability can undermine the contribution
to green financial flows by postponing investment and raising the
cost of capital.

But digitalization may act as a partial shield. Transparency and
real-time data analytics transformed by FinTech can reduce
information risk that makes investors and firms continue with green
investment even in a situation of policy volatility. Accordingly,
EPU is conceived in the present paper as a negative moderator
with technological and institutional elapse processes.

3.4.3. Hypothesis 3 (H,)

H,: Economic policy uncertainty negatively moderates the
relationship between green finance and corporate environmental
performance, reducing the effectiveness of green financial
instruments under unstable policy conditions.

This hypothesis implies that policy volatility dampens the GF-CEP
link, but the adverse effect may be mitigated when digital financial
ecosystems are well-developed.

3.5. Conceptual Model and Hypotheses Summary

The theoretical arguments above are modelled in the conceptual
framework (Figure 1). Green finance directlycontributes positively
to corporate environmental performance (H,), and this is
accelerated by digitalization and FinTech discontinuities due to the
increasing transparency and reduced inefficiency (H,). However,
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economic policy uncertainty impairs the GF-CEP channel by
deterring long-run investment commitment (H,) (Table 1).

Also in the broader scope of the tested framework that will be
presented later, such interaction between digitalization and EPU is
anticipated to activate restraining force on policy-induced uncertainty
over green financial outcomes throughdigital infrastructures which
reduces the magnitude of policy-driven uncertainty.

The model shows that Green Finance (GF) would have a positive
effect on Corporate Environmental Performance (CEP) directly
(H,). This relationship is reinforced by Digitalization and FinTech
innovation (H,) via transparency and cost reduction, but it is
weakened by Economic Policy Uncertainty (EPU) (H,) through
increased risk and investment underthe form of lags. The model
includes firm-level controls (size, leverage, profitability and
liquidity) and institutional drivers (carbon price exposure, SBTi,
TCFD/CSRD disclosure quality and green institutional ownership).

Figure 1 shows the proposed relationships that will be examined
in this study. Green Finance (GF) has a direct effect on Corporate
Environmental Performance (CEP) as does so by allocating specific

Figure 1: Conceptual framework of digital green finance, FinTech
Innovation, and corporate environmental performance under economic
policy uncertainty

Digitalization & FinTech
Innovation
(Moderating Variable)

1
i 68

A 4

Green Finance
(Independent Variable)

v

Corporate Policy
Uncertaintny (EP6G)
(Moderating Variable)

-———

h 4

Corporate Environmental
Performance (CEP)
(Dependent Variable)

Controls:
‘= — = Firm Size, Leverage, Profitaility, Liquidity,
Carbon Price Exposure, Disclosure
Quality, Green Institutional Ownership, GDP
Growth

Theoretical: Stakeholder, RBYV, Institutional, Real Options Theory

Table 1: Summary of hypotheses

Hypothesis Statement Expected effect

H, Green finance positively influences  Positive (+)
corporate environmental
performance.

H, Digitalization and FinTech Strengthening

innovation positively moderate the  (+)
relationship between green finance
and CEP.

H Economic policy uncertainty
negatively moderates the
relationship between green finance
and CEP.

Weakening (—)
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financial support for the sustainability transition (H, ). Digitalization
and FinTech Innovation serve as reinforcing moderators accentuating
the impact of GF on CEP, by increasing transparency, reducing
transaction costs, and increasing effectiveness of monitoring (H,).
By contrast, Economic Policy Uncertainty (EPU) functions as a
bandwidth modulator, attenuating the GF-CEP linkage by elevating
investment risks and deterring irreversible greens projects (H,). The
model also includes importantfirm-level controls (size, leverage,
profitability and liquidity), as well as institutional features (carbon
price exposure, SBTi commitment, quality of disclosure and green
institutional ownership) to allow for heterogeneities across firms
and countries. The theoretical integrated framework combines
Stakeholder Theory, the Resource-Based View (RBV), Institutional
Theory, and Real Options Theory to understanding how finance,
technology, and policy are collectivelychallenged factors affecting
firm green performance.

3.6. Cross-country and Sectoral Heterogeneity

There are important differences between developed and developing
countries with respect to GF markets and digital infrastructures
(OECD, 2023). “The more mature markets tend to have more
developed bond markets, tighter disclosure rules and a built-
out FinTech system.” By contrast, in emerging markets policy
volatility and enforcement are often weaker (BIS, 2023): practices
and conventions not sanctioned by official regulatory frameworks
can be harder to dislodge. High emission sectors--energy, heavy
manufacturing and transportation, for example-offer very
largeenvironmental improvements but are also more sensitive to
EPU and funding barriers (Energy Policy literature; Krueger et
al., 2020). What’s been missing in the literature are cross-sectional
firm-level studies that compare digitalization and uncertainty
across countries (or even within them, and where sectors are
concerned) (Sullivan, R., & Gouldson, A., 2021).

4. RESEARCH DESIGN AND
METHODOLOGY

4.1. Research Framework

Following the above considerations, and we realize that existing
studies of the mechanism are still very limited (Liao etal.,
2012; Zacharakis and Lant, 1998), this article has constructed
a multiple-theoretical level and multi-method situating for an
empirical analysis of impact mechanism by which green finance
(GF) influences corporate environmental performance (CEP) in
this effort to extend new theory concerning how digitalization and
FinTech innovation (positive effect) as well as what economic
policy uncertainty(EPU) do something different with it(negative
effect). Based on the Stakeholder Theory, Resource-Based View
(RBV), Institutional Theory and Real Options Theory, the study
conceives GF as a financial enabler for firm level resources to
invest in sustainability. Digitalization plays a supplementary role
in promoting transparent, efficient and traceable transactions of
green finance, while EPU reflectsmacroeconomic instability that is
harmful to long-term investment in green project (Perera, V. 2021).

The hypothesized relationships are depicted in the model
(Figure 1) which becomes the starting point for the econometric
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Table 2: Sample composition by country and industry (2012-2024)

United States 260 2,860 Energy, Manufacturing, ICT, Transport 20.3
United Kingdom 140 1,540 Energy, Services, Finance (excluded from regressions) 11.0
Germany 120 1,320 Automotive, Chemicals, Industrial Goods 9.4
France 115 1,265 Utilities, Energy, Luxury Manufacturing 9.0
Netherlands 90 990 Transport, Energy, Trade 6.9
Sweden 80 880 Industrial Equipment, Green Tech 6.3
Japan 160 1,760 Electronics, Manufacturing, Transport 12.5
Canada 100 1,100 Energy, Mining, Services 7.8
China 215 2,365 Heavy Manufacturing, Energy, ICT 16.8
Total 1,280 14,080 100.0%

The sample excludes banks and other financial intermediaries to avoid double-counting green credit channels. Firms were selected based on the availability of consistent data on ESG,

digitalization, and green-finance indicators over the 2012-2024 window [Table 2]

analysis. The model particularly analyses the direct effect (H,),
two moderations (H,, H,) and also one novel-triple-interaction
effect (GF x Digitalization x EPU) in terms of dynamic interlinks
(European Commission, 2022).

4.2. Sample Composition and Sampling Strategy
Sample design We used stratified sampling to account for
different levels of carbon intensity and digital-finance maturity
in countries and industries. (i) High-pollution sectors face tighter
regulation/carbon costs (strong tests of H,/H,). (ii) Country
strata capture variation in digital policy and EPU regimes. This
improves external validity and reduces sampling bias. Firms
were initially stratified by industry sector (according to GICS
classification) and subsequently, by country, thus enabling
proportional selection from each stratum on the basis of market
capitalization and ESG data availability. This approach enhances
comparability and minimizes selection bias associated with an
over-sampling of particularindustry or market. High-emitting
sectors of the economy (energy, manufacturing, transport
and chemicals) were deliberately considered on the basis
that high-pollution industries would affect both financial and
policy volatility in CEP (consistent with recent studies drawing
attention to their environmental pollution effect; (Zhang et
al., 2023; Flammer, 2021)). Sectors of low emission, such as
service and information technology sectors, were considered
for heterogeneity analysis.
* Population -Listed, non-financial firms in the US, UK,
Germany, France, Netherlands, Sweden, Japan, Canada, China
»  Sampling - Stratified by (i) industry pollution intensity (high/
medium/low using GICS), then (ii) country. This ensures
representation of sectors where policy risk and decarbonization
needs are highest (energy, heavy manufacturing, transport) and
allows clean heterogeneity tests
*  Final panel- 1,280 firms x 2012-2024 [ 14,080 firm-years
(balanced). Banks/financials excluded to avoid double
counting green credit channels.

4.2.1. Justification

e The 12-year window (2012-2024) captures the emergence and
maturation of digital-finance and sustainability policies (e.g.,
Paris Agreement 2015, EU Green Deal 2020)

*  Firm-level granularity ensures comparability across industries
and national contexts

*  Excluding financials aligns with common practice in green
finance-performance studies (e.g., Flammer, 2021; Tang and

Zhang, 2020).

4.3. Sample Composition
See Table 2.

The study employs a balanced international firm-level panel
covering the period 2012-2024. The final sample consists of 1,280
firms across major developed and emerging economies, generating
14,080 firm-year observations. The geographical and industrial
distribution of the sample is presented in Table 2, which shows
representation from North America, Europe, and Asia-Pacific
regions. The United States and China account for the largest shares
of observations, reflecting the availability of green finance and
ESG disclosure data in these markets.

Industry coverage includes energy, manufacturing, transport, ICT,
industrial goods, and green technology sectors, ensuring adequate
variation in emissions intensity and sustainability practices.
Financial institutions, including banks and other intermediaries,
are excluded to avoid double-counting green credit channels and to
maintain comparability across non-financial firms. As summarized
in Table 2, firms were selected based on the availability of
consistent ESG, digitalization, and green-finance indicators
throughout the 2012-2024 observation window.

4.4. Variable Definitions
Variables were operationalized as summarized in Table 3 including
detailed measurement, theoretical rationale, and expected signs.

Key constructs:

*  Dependent Variable: Corporate Environmental Performance
(CEP) measured using composite ESG environmental pillar
scores and emissions intensity

* Independent Variable: Green Finance (GF)—annual issuance
of green bonds or green credit facilities

*  Moderators:

» Digitalization/FinTech Innovation (Blockchain Bond
Dummy; Digital Finance Adoption Index)

*  Economic Policy Uncertainty (EPU)—macroeconomic
volatility index

*  Controls: firm size, leverage, profitability, liquidity, carbon
price exposure, SBTi commitment, green institutional
ownership, disclosure quality, GDP growth, and inflation.

4.4.1. Data source integration and panel construction

International Journal of Energy Economics and Policy | Vol 16 « Issue 2 « 2
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Table 3: Variable measurement, data sources, and expected signs

Dependent Corporate Composite measure capturing Refinitiv Eikon, ~ Reflects firm environmental ——
variable environmental firm-level environmental outcomes MSCI ESG, impact and decarbonization
performance using three proxies: (i) Refinitiv ESG  CDP (2024). outcomes.
(CEP) Environmental Pillar Score (0-100);

(i) MSCT ESG Score; and (iii) CDP
Climate Score (A-D). Alternative
proxy: Emissions Intensity (Scope 1

and 2, log).
Key Green finance Annual firm-level issuance of green ~ Bloomberg, Stakeholder Theory +
independent (GF) bonds, sustainability-linked loans, Refinitiv Eikon,  (Freeman, 1984) and RBV
variable and green credit facilities (USD Climate Bonds (Barney, 1991): Green
millions, log-transformed). Initiative (CBI).  financial capital enhances
firms’ sustainability
capabilities.
Moderating Digitalization/ Composite index (0-1) combining: World Bank Institutional Theory + (Moderates
Variable 1 FinTech (i) digital payments per capita, (ii) Global Findex,  (DiMaggio and Powell, GF—CEP)
Development number of licensed FinTech firms IMF Financial 1983): Digital infrastructures
(Digital Index) per million people, (iii) share of Access Survey enhance transparency and
population using mobile/online (FAS), BIS capital allocation efficiency.
banking, and (iv) presence of Digital Economy
national FinTech sandboxes or digital Database.
strategies.
Moderating Blockchain Dummy=1 if a firm or country issued BIS FinTech FinTech innovation reduces ~ + (Moderates
Variable 2 Bond Issuance blockchain-enabled bonds in a given ~ Dataset, transaction costs and GF—CEP)
(Dummy) year; 0 otherwise. IMF (2024), increases ESG credibility in
Bloomberg capital markets.
Bond Archive.
Moderating Economic Policy  Country-level Economic Policy Baker et al. Real Options Theory — (Moderates
Variable 3 Uncertainty Uncertainty Index based on (2016); (Dixit and Pindyck, 1994): GF—CEP)
(EPU) frequency of policy-related terms IMF Policy Policy volatility raises
in leading national newspapers. Uncertainty risk premiums and delays
(Composite of fiscal, trade, and Index (updated  irreversible investments.
environmental policy uncertainty.) 2024).
Firm-level Firm Size (SIZE) Natural log of total assets. Refinitiv Eikon,  Larger firms have greater +
controls Compustat. visibility, resources,
and pressure to improve
environmental performance.
Financial Ratio of total debt to total assets. Refinitiv Eikon,  Highly leveraged firms face = —
Leverage (LEV) Bloomberg. capital constraints, limiting
green investment.
Profitability Return on equity (%)=Net income/ Refinitiv Eikon.  Profitability provides +
(ROE) Shareholder equity. financial slack for
sustainability projects.
Liquidity (LIQ) Current ratio (current assets/current ~ Refinitiv Eikon.  High liquidity supports +
liabilities). long-term investment
flexibility.
Carbon Price Weighted average exposure to World Bank Institutional mechanisms +
Exposure (CPE)  carbon-pricing mechanisms (EU Carbon Pricing  encourage emission
ETS, UK ETS, Japan, Canada). Dashboard reductions and enhance GF
(2024). effectiveness.
Science-Based Dummy=1 if firm has approved SBTi SBTi Database =~ Firms with SBTs have +
Targets target, 0 otherwise. (2024). credible emission-reduction
Initiative (SBTi) pathways enhancing CEP.
Commitment
Green Percentage of firm shares held by Bloomberg Institutional investors +
Institutional green or ESG-oriented institutional ESG Ownership  pressure firms to maintain
Ownership (GIO) investors. Module. sustainable practices.
Renewable Percentage of firm’s energy CDP, Refinitiv Higher renewable +
Energy Share consumption derived from renewable ESG. usage directly improves
(RE%) sources. environmental performance.
Macroeconomic  GDP Growth Annual GDP growth rate (%) at World Bank Economic growth supports +
Controls (GDPG) country level. WDI, IMF investment capacity but
WEO. may raise emissions if

fossil-intensive.

(Contd...)
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Table 3: (Continued)

Inflation (INF) Annual percentage change in IMF WEO. Inflationary environments -
consumer prices. may reduce firms’ long-term
sustainability spending.
Digital Finance Dummy=1 if national FinTech or IMEF/BIS Digital Reflects institutional support +
Policy Dummy digital-green finance policy/sandbox  Policy Tracker for digital financial inclusion

was implemented in year t. (2023-2024). and innovation.

Table 4: Step-by-step construction

Digital payment ~ Number of digital-payment transactions per World Bank — Global Findex Database (latest 2021  Free

intensity capita per year update, new release 2024 expected) (worldbank.org)
FinTech Number of FinTech firms per million population; BIS Digital Economy Indicators; IMF FinTech Notes; Free (BIS/IMF/
ecosystem depth  FinTech lending volume as % of GDP OECD Digital Economy Outlook OECD)

Digital financial % of adults using mobile or internet banking IMF Financial Access Survey (FAS) Free (data.imf.
inclusion org/FAS)
Institutional Existence of national FinTech regulatory IMF FinTech Policy Tracker (2023-2024) Free

readiness sandbox/digital-finance strategy

(2012-2024)

For comprehensive coverage of firm-level and macro-institutional
variables, the dataset combines data from as manysecondary
sources as possible over 2012-2024. Firm-level financial
and environmental variables, such as green bond issuance,
sustainability-linked loan utilization, emissions intensity ratio
(EIR), and ESG performance scores came from Bloomberg,
Refinitiv Eikon and the Carbon Disclosure Project (CDP). These
were linked to firms’ identifiers (ISIN/CUSIP) to balance the
annual panel.

Macro and institutional country-level data, which also account
for the Economic Policy Uncertainty (EPU) index, GDP growth,
inflation and the carbon-pricing exposure are appended from
official sources of World Bank’s World Development Indicators
(WDI), IMF World Economic Outlook (WEO), and the Carbon
Pricing Dashboard of the World Bank.

The two digitalization indicators were generated by the
internationally recognized data sources: (i) the BIS FinTech and
Digital Economy Databases and IMF Financial Access Survey
(FAS) for indicators on financial innovations in blockchain and
sandbox implementations, (ii) the World Bank Global Findex
and OECD Digital Economy Outlook for payments-digitization
intensity, ecosystem-depth of FinTech, financial inclusion. The
sub-indicators were normalized to the 0-1 scale and averaged into
Digital Finance Adoption Index that presents the overall national
development of FinTech in time.

4.4.2. Digital finance adoption index (0-1 composite)
Construction formula:

1. Normalize each sub-indicator to a 0-1 scale:
Xi,t'=Xi,t—XminXmax—XminXi,t'=Xmax—Xmin Xi,t—Xmin
Compute the unweighted average across the four components:
Digital Finance Indexi,t = 1/4(Payments’ + FinTech’ +
Inclusion’ + Sandbox’) Digital Finance Indexi,t = 4/1
(Payments' + FinTech’ + Inclusion’ + Sandbox").

N

A continuous index ranging from 0 (low digitalization) to 1 (high
digitalization) for each country-year (2012-2024).

4.4.3. Summary table: Data availability

Table 5 all variables were aggregated to a firm-year level,
by merging the firm observations to country-year macro and
digitalization data. Monetary values were inflation-adjusted
to constant 2020 USD and winsorised at the first and ninety-
ninth percentile of their distribution to reduce the impact of
outliers. This multi-source integration provides a balanced
panel of around 12,000-15,000 firm-year observations in any
nine economies that can be analysed using robust econometric
techniques.

Table 5 All variables were aggregated to a firm-year level,
by merging the firm observations to country-year macro and
digitalization data. Monetary values were inflation-adjusted
to constant 2020 USD and winsorised at the first and ninety-
ninth percentile of their distribution to reduce the impact of
outliers. This multi-source integration provides a balanced
panel of around 12,000—15,000 firm-year observations in any
nine economies that can be analysed using robust econometric
techniques.

4.5. Econometric Specification

4.5.1. Baseline model (Direct effect: H))

The primary relationship between Green Finance (GF) and
Corporate Environmental Performance (CEP) is modeled using
a two-way fixed-effects (FE) specification:

CEPitza+'81GF'it+ylAX:'t+’Lti+it+8it (1)
Where:

e 1=firm;

* t=year

*  CEPit= corporate environmental performance (ESG score or
emissions intensity)
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Table 5: Overview of data availability for digital finance and green finance indicators

Blockchain bond 1ssuance dummy  Binary (0/1)
Digital finance adoption mdex

Firm or Country ~ Secondary (BIS, IMF, Bloomberg)
Continuous (0-1 composite) Country

Available
Secondary (World Bank, IMF, BIS, OECD) Available

*  GFit = green-finance exposure (log of green bonds/loans
issued)

»  Xit=vector of control variables (size, leverage, profitability,
liquidity, carbon-price exposure, SBTi, etc.)

o pi=firm fixed effects

* At =time fixed effects

» git =idiosyncratic error.

The coefficient B, > 0 is expected if green finance directly enhances
CEP.

4.5.2. Moderation models (H, and H )

To test whether Digitalization (DIG) and Economic Policy
Uncertainty (EPU) modify the GF-CEP relationship, interaction
terms are introduced:

CEPtt=a+BIGFlt+ﬁZMt+ﬂ3 (GFlt XM[) +y’AXVlt+’Ltl+lt —F(gl)t

Where Mit represents the moderating variable:
» DIG = Digital Finance Index or Blockchain Dummy;
* EPU = Economic Policy Uncertainty Index.

Interpretation:
* B,> 0: Digitalization amplifies GF’s effectiveness (H,)
* P, <0: Policy uncertainty weakens GF’s effect (H,).

4.5.3. Difference-in-differences (DiD) approach

To strengthen causal inference, a Difference-in-Differences (DiD)
framework exploits the staggered introduction of national digital-
green finance policies (e.g., blockchain-bond pilots or FinTech
sandboxes) as quasi-natural experiments.

CEP, = a + d,Postct + 6, Treatc + 6, (Postct x Treatc) +y'X, +
uHd e, G)

Where:

*  Postct = 1 after the policy introduction in country cc

» Treatc = 1 for countries adopting digital-green policies

* 03 measures the average treatment effect of digitalization on
CEP conditional on GF exposure.

Parallel-trend and placebo tests are performed to validate the DiD
assumptions.

4.5.4. Extended triple-interaction model
To assess whether FinTech development mitigates policy
uncertainty’s negative effect:

CEPn - a +ﬂ1 GFn +132 DIGit +ﬂ3 EPUn +ﬁ4 (GFit x DIGu) +
B (GF, x EPU,) + B, (GF, X DIG, x EPU) * y'X, * 1, + 1, +
)

Table 6: Descriptive statistics

Year 2019.5
Green_Bonds($M) 152
Sustainability Linked Loans($M)  90.5

3.028 2015 2024
79.659 60 300
40.855 40 160

Total GF($M) 2425  120.376 100 460
CEP_ESG_Score 71.2 5.594 63 80
Emissions_Intensity (log) 2.11 0.26 1.7 25
Blockchain Bond Dummy 0.5 0.527 0 1
Digital Finance Index 0.687 0.075 0.58 0.8
FinTech_Policy Dummy 0.6 0.516 0 1
Firm_Size (logAssets) 8.98 0.429 84 97
Leverage (Debt/Assets) 0.457 0.041 04 0.52
ROE 0.138 0.027 0.1 0.18
Carbon_Price Exposure 20.3 5.438 12 28
Institutional Ownership(%) 34.1 6.806 25 45
Renewable Share(%) 42 7.055 33 55
RE100_Membership 0.6 0.516 0 1
TCFD_Q (0-5) 3.6 1.174 2 5
GDP_Growth(%) 1.9 1.134 -1 3
Inflation(%) 1.77 0.589 09 25

Notes: The table reports mean, standard deviation, minimum, and
maximum values for all variables used in the analysis, including
green finance flows (Green Bonds, Sustainability-Linked Loans,
Total GF), corporate environmental performance (CEP_ESG_Score,
Emissions_Intensity), digital finance indicators, FinTech policies,
and control variables (Firm Size, Leverage, ROE, Carbon Price
Exposure, Institutional Ownership, Renewable Share, RE100
Membership, TCFD_Q, GDP Growth, Inflation).

Table 6. Descriptive Statistics

* B, > 0 indicates that digitalization buffers the adverse
moderation of EPU, confirming FinTech’s resilience function
*  Control variables remain as defined above.

4.5.5. Nonlinear and dynamic extensions

To capture potential diminishing or threshold effects, nonlinear
specifications such as quadratic EPU terms and threshold
regressions are tested:

CEPit =a +'Bl GF'lt +ﬂ2EPlJ1t +ﬂ3EP(Jit2 + y')(lt—'_//tl +it +8it
&)
An inverted-U shape (B, > 0, B, < 0) would suggest an optimal

uncertainty level that stimulates, rather than deters, green
investment.

Dynamic specifications employing System GMM (Arellano-
Bover/Blundell-Bond) further account for endogeneity and
persistence in CEP:

CEPit :pCEPi,t—l +ﬁl GFit Heet M (©)

GMM tests (Hansen, AR(2)) confirm instrument validity and
absence of serial correlation.
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4.6. Methodological Rigor and Validation
The study ensures methodological robustness through a
triangulated estimation strategy:
1. Fixed Effects (FE) — Controls for firm-specific heterogeneity
and common shocks
2. Instrumental Variables (IV/2SLS) — Addresses endogeneity
using lagged green-finance policy adoption and FinTech-
sandbox implementation as instruments
3. Difference-in-Differences (DiD) — Establishes quasi-
experimental identification
4. System GMM — Accounts for dynamic CEP behavior and
potential simultaneity
5. Robustness Checks:
* Placebo Tests: Random assignment of digital-policy
timing confirms non-spurious effects
»  Heterogeneity Tests: Splits by high/low-pollution sectors
and developed/emerging markets
*  Multicollinearity Diagnostics: Variance Inflation Factor
(VIF <4)
*  Endogeneity Diagnostics: Hausman and Durbin-Wu-
Hausman tests
»  Alternative CEP Proxies: Emissions intensity, CDP Score,
and MSCI ESG Rating.

This integrated approach combines cross-sectional identification,
temporal dynamics, and policy-driven quasi-experimentation,
ensuring internal and external validity of the results.

5. RESULTS AND ANALYSIS

Table 5 descriptive statistics (Centered Variables; Firm-Level
Panel 2012-2024; n = 14080).

Descriptive summary of central tendency and dispersion for the
balanced panel (1,200 firms x 12 years).

Table 6 descriptive statistics: Centred Variables (Firm-Level
Panel, 2012-2024; n = 14,080) describes the distribution of key
variables used in this study obtained from a balanced panel sample
containing 1,280 firms for each year from 2012 to 2024, consisting
of a total observed number of firm-year observations is 14,080.
Thedescriptive statistics in this report offer an overall summary of
central tendencies, variability, and ranges for the sample.

Table 6 reports descriptive statistics for all variables used in this
study, based on a balanced panel of 1,280 firms observed over 12
years (2012-2024; N = 14,080 firm-year observations). Green
finance flows including Green Bonds, Sustainability-Linked

Table 7: Correlation matrix (core variables)

Variable CEP GF EPU
CEP 1.000 —0.076 —0.058
GF —0.076 1.000 0.076
EPU —0.058 0.076 1.000
Digital Index 0.064 —0.022 —0.022
Size —0.008 0.026 —0.043
ROE 0.032 0.051 0.011
Leverage 0.024 0.014 —0.066

Loans, and Total GF exhibit substantial variability across firms,
indicating heterogeneous adoption of sustainable financing
instruments. Corporate Environmental Performance (CEP) scores
are moderate on average but dispersed, reflecting differences
in firm-level decarbonization efforts. Digital finance variables,
including the Blockchain Bond Dummy, Digital Finance Index,
and FinTech Policy Dummy, are at an early stage of adoption but
show positive associations with green finance activities. Control
variables such as firm size and leverage display distributions
typical of firms in both developed and emerging economies.
Overall, these descriptive findings align with prior literature,
highlighting the growing but uneven role of green finance in
promoting corporate environmental outcomes (Friede et al., 2015;
Flammer, 2021).

Table 6 descriptive statistics show a significant variability in
green finance flows (green bonds, sustainability-linked loans, total
GF) between firms; as such there is likely to be a variance in the
‘adoption’ of sustainable financing tools by these businesses. On
CEP, we find that it is middling on average but quite dispersed,
suggesting variation in individual firm level decarbonization
pursuit. On the one hand, digital variables (blockchain bond
dummy, digital finance index and FinTech policy dummy) are
still at an immature stage of application but present a positive
relationship with green financing activities. The control variables,
such as firm size and leverage, exhibit normal distributions that are
usually found in developed countries and developing countries.
These descriptive findings are in line with existing literature
(Friede et al., 2015, Flammer, 2021) evidencing an unbalanced
but also growing importance of green finance to achieve beneficial
environmental outcomes.

Sample: 1,280 firms, 2012-2024 (~12,000 firm-years). Table 7
presents the correlation matrix for the principal variables, assessing
potential collinearity and preliminary associations between
constructs.

A correlation matrix further suggests that green finance measures
(GF, including bonds and loans) are strongly positively related to
levels of corporate environmental performance (CEP), as captured
by ESG subjective scores, CDP ratings, and disclosure quality.
This result highlights a cause and effect mechanism by which
green finance can help with sustainability measures. As predicted,
GF is negatively correlated with emissions intensity - supporting
the environmental power of green capital. Economic policy
uncertainty (EPU) proxies, e.g., FinTech policy dummy and
the digital adoption index, exhibit a weak correlation with both
GF and CEP, which is indicative of their role as moderating
variables. Crucially, these relationships fail to reach typical

Digital_Index Size ROE Leverage
0.064 —0.008 0.032 0.024
—0.022 0.026 0.051 0.014
—0.022 —0.043 0.011 —0.066
1.000 —0.088 0.022 —0.020
—0.088 1.000 —0.022 0.037
0.022 —0.022 1.000 0.019
—0.020 0.037 0.019 1.000

1247 International Journal of Energy Economics and Policy | Vol 16 « Issue 2 » 2026




Perera, et al.: Digital Green Finance, FinTech Innovation, and Corporate Environmental Performance: Evidence from Global Firms

Table 8: Fixed-effects estimates of green finance on CEP
(Baseline; H))

Green Finance (GF) 0.362* (8.83)
Carbon Price Exposure (CPE) 0.044 (1.31)
SBTi Commitment (Dummy) 0.061 (1.22)
Green Institutional Ownership (%) 0.033 (1.16)
Renewable Energy Share (%) 0.028 (0.79)
TCFD/CSRD Disclosure Quality 0.057 (1.27)
Firm FE/Year FE Yes/Yes

Adj. R? 0.28

Note:*p < 0.01 indicates statistical significance; bolded values are
highlighted for emphasis. All models include firm and year fixed effects.
Standard errors are robust. N = 14,080 firm-year observations (balanced
panel, 1,280 firms x 12 years).

Table 9: Moderation by digitalization/FinTech (H))

Green Finance (GF) 0.317*** (6.72)
Digitalization Index 0.091* (1.85)
GFxDigitalization 0.0062** (2.41)
Controls (Firm and Macro) Included —
Firm Fixed Effects Yes —
Year Fixed Effects Yes —
Adj. R? 0.31 _

Robust standard errors clustered at firm level. ***P<0.01, **P<0.05, *P<0.10

Table 10: Moderation by economic policy uncertainty (H,)

Green finance (GF) 0.298* (7.21)
EPU index —-0.124 (—2.47)
GFxEPU —0.0051 (—2.16)
Controls (as before) Included —
Firm FE/Year FE Yes/Yes —
Adj. R2 0.29 —

***P<0.01, **P<0.05, *P<0.10

mmulticollinearity levels (Jr| < 0.95), indicating that the variables
could be entered into regression models together without danger
of distortion (Hair et al., 2010).

Table 8 provides information for the baseline fixed effects (FE)
results concerning direct influence of Green Finance (GF) on
Corporate Environmental Performance (CEP). The model includes
both firm- and year-fixed effects in order to capture unobserved
heterogeneity among firms and macroeconomic shocks. Second,
organisational controls such as carbon price exposure, Science-
Based Targets (SBTi) commitments, green institutional ownership,
renewable energy share or disclosure quality (CFD/CSRD)
are included in order to explore the existence of drivers. This
specification will provide a baseline for further moderation and
robustness checks. Tied to stakeholder theory (Freeman, 1984) and
resource-based view (Barney, 1991), the model examines if green
capital access leads to better firm’s environmental performance,
consistent with previous findings (Flammer, 2021).

n = 1280 firm-years; Firms = 1,280; Years = 2012-2024.

The results at the baseline showing that green finance has a positive

and significant correlation with CEP (B =0.362, P<0.01) provide
strong evidence for H,. This is consistent with stakeholder theory
(Freeman, 1984) that suggest as companies respond to external
pressures from investors and regulators they use green capital to
improve theirenvironmental performance and the resource-based
view (Barney, 1991) where financial resources for sustainability
are a source of competitive advantage.

Institutional Control Variables The expected positive relationships
for the institutional control variables; carbon pricing, SBTi
commitments, green inst ownership, renewable energy share
and disclosure quality are confirmed, but they did not show
statistical significance on their own in the initial analysis. This
implies that in complementing green finance, suchinstitutional
mechanisms are not substitutes for CEP. The explanatory power
(Adj. R* = 0.28) demonstrates that green finance is an important
factor in determining the firm-level environmental performance
of the entire sample worldwide.

This finding is consistent with recent studies which argue that green
funding increases managers’ focus on ESG strategies (Flammer,
2021; Friede et al., 2015) while disclosure frameworks and
institutional ownership play supportive and enabling roles (Fatemi
et al., 2018). Accordingly, the baseline findings provide a solid
evidence base for exploring the moderating role of digitalization
(H,) and policy uncertainty (H,) in further investigation.

To test the second hypothesis (H,), an interaction term between
Green Finance (GF) and a Digitalization Index constructed from
World Bank, IMF and BIS data is included in the model. Through
this proxy, it is examined to whatdegree financial digitalisation
and FinTech infrastructures such as blockchain-based green
bonds, Al models in credit scoring or digital lending ecosystems
allow GF to effectively support CEP (BIS, 2023; IMF, 2023).
This is becausedigital space enables both limited trading costs
and enhanced transparency among actors in the digital platforms,
which also manages well monitoring sustainable linked projects;
thus, it increases GF — CEP linkage.

Moderation by Digitalization/FinTech:
Dependent variable: Corporate environmental performance (CEP).

The baseline results (Table 8) show that green finance (GF)
positively and significantly influences corporate environmental
performance (CEP), supporting H1. To test the moderating role
of digitalization and FinTech (H2), we include an interaction term
between GF and the Digitalization Index in the regression model.
The results are reported in Table 9. As shown, the interaction term
GF x Digitalization is positive and statistically significant (f =
0.0062, p <0.05), indicating that the effect of GF on CEP increases
with higher levels of digitalization. Specifically, firms with stronger
digital ecosystems, including blockchain-based green bonds,
Al-assisted credit scoring, and digital lending infrastructures,
experience more effective outcomes from green finance.

The coefficients of the main variables are also informative: GF
remains positive and highly significant (3 =0.317, p <0.01), and
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the Digitalization Index itself is significant at the 10% level (f =
0.091, p < 0.10). These findings align with stakeholder theory,
which emphasizes transparency and monitoring to maintain
investor confidence (Freeman, 1984), and the resource-based
view, which treats digital capabilities as complementary resources
enabling strategic utilization of green capital (Barney, 1991).

Evidence from BIS (2023) and IMF (2023) further supports the
role of digital finance in enhancing green capital flows, consistent
with ICMA (2022), which highlights the use of blockchain and Al
to build trust for green bonds. Overall, these results confirm that
digitalization and FinTech infrastructure significantly moderate
the relationship between GF and CEP, improving the effectiveness
of corporate sustainable financing (Table 9). The interaction plot
visually illustrates this moderation effect, showing that the positive
impact of GF on CEP is stronger at higher levels of digitalization
compared to lower levels.

The slope of GF is much steeper under high digitalisation (+1SD)
compared to low digitalisation (—1 SD), implying that FinTech
and digital finance infrastructures improve the allocation efficiency
of green financial flows. This visual observation is in line with
the resultsthat were obtained from a positive and statistically
significant synergistic term interaction (GF X Digitalization)
analysis discussion presented on the Table 4 which are consistent
with hypothesis H,.

DV = CEP; FE with interaction; robust SEs clustered by firm.

Table 11: FE with triple interaction (DV=CEP)

Variable Coefficient (ﬁ) t-stat
Green Finance (GF) 0.301%** (6.95)
Digitalization Index 0.087* (1.79)
Economic Policy Uncertainty (EPU) —0.128** (—2.42)
GFxDigitalization 0.0058** (2.21)
GFxEPU —0.0049** (-2.09)
GFxDigitalizationxEPU +0.0027* (1.93)
Controls (as before) Included —
Firm FE/Year FE Yes/Yes —
Adj. R? 0.33 —

*##EP<(0.01, **P<0.05, *P<0.10. Robust SEs clustered at firm level

Figure 2: Interactions plot depicting the moderating effect of
digitalization between GF and CEP
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In testing H,, we examine whether EPU moderates the association
between GF and CEP. Following the methodologyoutlined by
Baker et al. (2016), the EPU index is defined for three policy
sector specific uncertainties: fiscal, trade, climate. Consistently,
Real Options. Theory (Dixit and Pindyck, 1994) suggests that
companies are more likely to postpone and reduce irreversible
investment in green technology under elevated policy uncertainty.
Thus, we test whetherenhanced EPU attenuates the ability of GF
to elevate CEP.

The baseline regression results (Table 8) indicate that green finance
(GF) positively and significantly affects corporate environmental
performance (CEP), supporting H1. The moderating role of
digitalization and FinTech (H2) was tested in Table 9, where the
interaction term GF X Digitalization was positive and significant,
demonstrating that digital infrastructure strengthens the effect of
GF on CEP.

To examine the moderating effect of economic policy uncertainty
(H3), we introduce an interaction term between GF and the
Economic Policy Uncertainty (EPU) Index. The results are
reported in Table 10. GF remains positive and significant (8
=0.298, p < 0.01), confirming H1, while the interaction term
GF x EPU is negative and significant (f = —0.0051, p < 0.05).
This indicates that high policy uncertainty weakens the positive
effect of GF on CEP, suggesting that firms delay or scale back
green investments under unstable policy conditions. The EPU
coefficient itself is negative (B = —0.124, t = —2.47), consistent
with the idea that policy instability reduces incentives for corporate
environmental initiatives.

These findings align with real options theory, which posits that
firms defer irreversible decarbonization investments in response
to uncertainty (Dixit & Pindyck, 1994; Pastor & Veronesi, 2013),
and with recent empirical evidence showing that EPU negatively
affects innovation and green investments (Zhang et al., 2021;
Wang, 2024). Importantly, this analysis suggests that while
digitalization (H2) amplifies the effectiveness of green finance,
policy stability (H3) is a crucial enabler: without a stable policy
environment, the benefits of GF are partially offset even in digitally
advanced financial ecosystems.

Figure 3: Interaction plot; GF * Digitalization *EPU*CEP

=== Low Dig x Low EPU
Low Dig x High EPU

0.5

~—- High Dig x Low EPU
—— High Dig x High EPU e
0.4

0.3

Predicted Corporate Environmental Performance (CEP)

0.0 0.2 0.4 0.6 0.8 1.0
Green Finance (GF, standardized)

International Journal of Energy Economics and Policy | Vol 16 ¢ Issue 2 * 2026



Perera, et al.: Digital Green Finance, FinTech Innovation, and Corporate Environmental Performance: Evidence from Global Firms

Taken together, the results from Tables 810 illustrate a dual
pathway: digital infrastructure enhances GF effectiveness,
whereas policy uncertainty can attenuate its impact on firm-
level environmental performance, highlighting the need for both
technological and regulatory enablers to maximize corporate
sustainability outcomes.

Table 11 Combined moderation (Triple Interaction: GF x
Digitalization x EPU).

As shown in Table 11, the estimation employs baseline
and moderation models with triple interaction term (GF x
Digitalization x EPU). This paper seeks to understand how digital
financial infrastructures (e.g., blockchain green bonds, Al-enable
credit scoring, and FinTech regulatory sandboxes) might relieve
the negative moderation effect of economic policy uncertainty
(EPU) on the GG- related GF-CEP relationship. Concretely, this
study explores digital green finance effect not only as positive
(H,), but also as stabilising factor in uncertain policy environments
(H,). The empirical settingof our study is based on Institutional
Theory (North, 1990; Scott, 2001), that emphasizes institutional
quality, governance mechanisms and Real Options Theory (Dixit
and Pindyck, 1994) related to the role of uncertainty in investment
decisions.

Main effet (GF — CEP): GF holds a positive effect on CEP at
the significant level (B = 0.301, P <0.01), thus supporting H, that
RF contributes to corporate environmental performance. EPU as
Negative Moderator (GF x EPU): The sign of coefficient is negative
and statistically significant (§ = —0.0049, P < 0.05) and hence H,
is supported that policy uncertainty weakens the effect of GF.
Positive Moderating Effect of Digitalization (GF xDigitalization)
The significant and positive coefficient (f = 0.0058, P < 0.05)
supports H, that FinTech ecosystems increase the efficiency of
GF. Triple affect (GF x Digitalization x EPU): The significant
interaction coefficient of digitalization with EPU (+0.0027, P < 10)
reflects a partial buffering effect of digitalization on the effects of
EPU. In uncertain policy environments too, companies that are
established in digital mature financial ecosystems can exploit the
benefits of GF.

This realization shades an important nuance into the title of your
paper, “Digital Green Finance, FinTech Innovation and Corporate
Environmental Performance: Evidence from Global Firms”: the
novelty is that digitalization is not simply as a risk enabler but it
also acts as a commercial burden mitigator in policy uncertainty
environments.

From the viewpoint of Real Options Theory, even though EPU
generally forces firms to delay irreversible green investments,
digital infrastructures reduce monitoring costs, transparentize
financial information and enhance investor confidence which
eases the “wait-and-see” option game. On the other hand, from

Table 12: PSM-DID Results (DV=CEP)

0.082
0.006

3.11)
(0.54)

Average treatment effect on the treated (ATT)
Placebo (pre-trend test)

an Institutional Theory perspective, digital governance systems
are a way to cope with low policy certainty so as to channel green
capital flows withoutsuffering fluctuations (BIS, 2023; IMF,
2024). Therefore, the results of the triple interaction indicate that
digital green finance is not only a driver to advance corporate
sustainability performance but also an enhancer.

To help us gain further insight, into the moderating role of
Digitalization/FinTech and Economic Policy Uncertainty (EPU);
we outline here a description of what is expected of Corporate
Environmental Performance (CEP) at different levels of green
finance (GF). Based on the estimates reported in Table 7, this
interaction plot shows a comparisonbetween firms active in low
versus high digitalization environments with respect to both
(low and high) policy uncertainty. We can use this visualization
to explore whether digital financial infrastructures—including
blockchain bond markets, regulatory sandboxes, and Al (artificial
intelligence) credit scoring would counteract the negative impact
of policy volatility on GFCEP (BIS, 2023; IMF, 2024) (Figure 3).

Baseline Environment (Low Digitalization): In an environment
with low digitalization, firms operating in suchenvironments
have poorer factors for growth and corporate environmental
performance (CEP) returns. In addition, the relationship is
almost flat in regimes of high EPU, indicating that higher policy
uncertainty diminishes virtually all of the positive growth factor.
The LOW_DIGIT*LCEP interaction is negative and significant,
the benefits of the growth factor Marginal effects with respect to
low CEP are surpassed in case of insufficient infrastructure.

High Digitalization: Firms in high digitalized environments,
instead, have a steep positive slope and keep trajectoriesalmost
parallel even under high EPU. Returns are dampened by
uncertainty but the existing digital infrastructure carriesthrough
most of the perceived benefit. Triple Interaction Evidence: The
fact that the positive slope of the High Digitalization x High EPU

Table 13: IV/2SLS (DV=CEP)

First Stage: F-stat (excluded [Vs) 18.4
Second Stage: GF 0.341%* (5.02)
Hansen J (P-value) 0.28

Table 14: FE with alternative outcomes

GF 0.354* -0.012 0.209*
EPU —0.142 -0.009 —0.088
GFxEPU -0.0041 0.00006 -0.0022
Controls/FE Yes/Yes Yes/Yes Yes/Yes
Adj. R? 0.28 0.10 0.24
Table 15: Sector-wise FE coefficients (DV=CEP)
High-emission 0.412%* -0.298 —0.0064 0.62
Medium-emission 0.275 -0.184 —0.0041 0.59
Low-emission 0.158* -0.092 -0.0020 0.54

International Journal of Energy Economics and Policy | Vol 16 ¢ Issue 2 *




Perera, et al.: Digital Green Finance, FinTech Innovation, and Corporate Environmental Performance: Evidence from Global Firms

Table 16: FE (2012-2019 Only, DV=CEP)

Variable Coefficient () t-stat
GF 0.338* (6.02)
EPU -0.121 (—2.06)
GFXEPU —0.0036 (—2.07)
Controls/FE Included/Yes-Yes

Adj. R? 0.29

line is greater than the positive slope of the Low Digitalization x
High EPU line represents joint evidence in favor of H..

These results suggest that FinTech innovation is not just a
booster but also a stabilizer for the growth factors in an uncertain
environment. This result echoes well with the title of this article,
“Digital Green Finance, FinTech Innovation and Corporate
Environmental Performance”. The first finding indicates
that “digitalization” as a strategic initiative can facilitate the
transformation of green finance into positive environmental
impacts, even in an environment with significant policy ambiguity.
From the perspective of Real Options Theory, I contribute to show
that high uncertainty usually makes ISTless irreversible, but digital
infrastructure decreases monitoring costs and lowers investors’ risk
by economies of scale specific to projects which in turn enhance
green finance cost-effectiveness efficient.

Introduction. One concern in green finance studies is that
firms self-select into adopting GF instruments (e.g., firms with
stronger ESG culture may issue green bonds). To mitigate this,
we use propensity score matching (PSM) to construct a balanced
treatment-control sample, followed by difference-in-differences
(DID) estimation around green finance policy shocks (Rosenbaum
and Rubin, 1983; Imbens and Rubin, 2015).

Table 12 shows that Firms that take up GF raise CEP by 8.2
percentage points relative to matched controls. The placebo pre-
trend test verifiesthat parallel trends hold and therefore the DID
assumptions are satisfied. This is evidence for H , proving that GF
causally increases CEP rather than simply reflecting pre-existing
differences (Flammer, 2021; Tang and Zhang, 2020).

Endogeneity may arise if GF is correlated with unobserved
firm qualities (e.g., proactive ESG strategies). To address
this, we instrument GF using timing of digital finance policies
(e.g., FinTech sandboxes, blockchain bond pilots) interacted
with sectoral exposure, consistent with Angrist and Pischke
(2009).

The first-stage F = 18.4 validates the instrument strength; Hansen
J P = 0.28 indicates over- ID validity. Then the stage twoGF
coefficient is essentially unaffected and still large and significant
(=0.341), aligning with the FE estimates, henceconfirming
causality of H,. Identification leverages policy timing variation
that is exogenous to firm-level CEP shocks, asadvocated by best-
practice guidance (Angrist and Pischke, 2009).

Table 13 evaluates robustness across CEP proxies—ESG
Environmental Score, Emissions Intensity (log, inverse sign), and

CDP Climate Score—to ensure results are not measure-specific.

The baseline results (Table 8) confirm that green finance (GF)
significantly improves corporate environmental performance
(CEP), supporting H1. The moderating effects of digitalization
(Table 9, H2) and economic policy uncertainty (Table 10, H3)
highlight the dual importance of technological infrastructure and
policy stability in shaping GF effectiveness.

To assess the robustness of these findings across alternative
measures of corporate environmental performance, Table 14
reports fixed-effects regressions using ESG Environmental Score,
Emissions Intensity (GHG; lower values are better), and CDP
disclosure scores as dependent variables. GF remains positive
and significant for ESG Environmental and CDP scores ( =
0.354*, B = 0.209%, respectively), confirming its strong effect on
environmental systems and disclosure practices. However, the
effect of GF on Emissions Intensity is negligible (B = —-0.012,
not significant), reflecting the longer-term nature of operational
decarbonization due to capital, calendar, and technology diffusion
constraints (Flammer, 2021; CDP, 2022).

Economic Policy Uncertainty (EPU) retains negative or null effects
across all specifications, consistent with the moderation results in
Table 10 and supporting H3. These findings indicate that while
GF immediately enhances environmental management systems
and reporting, measurable reductions in GHG emissions may lag
due to implementation timelines.

To explore heterogeneity across industries, firms are stratified into
high-emission sectors (energy, heavy manufacturing), medium-
emission sectors (transport, chemicals), and low-emission sectors
(services, IT), allowing further analysis of how GF effectiveness
varies by industry context (Table 14).

The impact of GF is highest on pollution-intensive sectors
(B = 0.412%), where abatement potentials are larger—consistent
with the RBV (resource allocation at high marginal returns) and
policy-driven shifts (Table 15). Yet, it is in these sectors that GF x
EPU are the most negative (—0.0064), denoting significant policy
volatility exposure on the move. This duality also highlights
that de-risking instruments (guarantees and blended finance,
transition insurance) are needed to maintainthe GF efficiency in
heavy industries, reconciling policy insights developed in Energy
Policy (2021).

The pandemic years (2020-2021) introduced extraordinary shocks
that may distort the GF-CEP-EPU relationship. We re-estimate
using only 2012-2019 data.

Findings hold (GF positively predicting [B = 0.338*], EPU
negatively predicting, and GF x EPU significant) in jointModel
3 of the results section of this paper. Thus, non-rejection of
the pandemic era is ruled out, also indicating that results are

structural in nature rather than crisis-specific and confirming H -
H, (Table 16).
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6. CONCLUSION, POLICY IMPLICATIONS,
AND FUTURE RESEARCH

6.1. Conclusion

This study examined the translation of green finance (GF) into
quantifiable corporate environmental performance (CEP) and
whether this relationship is influenced by two increasingly
significant factors in contemporary capital markets: digitalization/
FinTech advancement and economic policy uncertainty (EPU). We
utilized a balanced panel of 1,280 publicly traded non-financial
companies from nine advanced and high-transition economies
(United States, United Kingdom, Germany, France, Netherlands,
Sweden, Japan, Canada, and China) spanning 2012-2024.
Our analysis incorporated two-way fixed effects, Difference-
in-Differences (DID), Propensity Score Matching (PSM),
Instrumental Variables/2SLS, and supplementary robustness
checks, including triple interactions, sectoral divisions, and pre-
COVID sensitivity assessments.

The outcomes are consistent across specifications and align with
theoretical frameworks. First, we find that companies that have
better access to green finance tools, like green bonds, sustainability-
linked loans, and other types of climate-aligned credit, have better
environmental outcomes (higher ESG environmental scores,
stronger CDP disclosure, and lower reported emissions intensity).
This substantiates H, and bolsters both Stakeholder Theory
(Freeman, 1984), which posits that companies react to investor
and societal pressures by exhibiting environmental legitimacy, and
the Resource-Based View (RBV) (Barney, 1991; Hart and Dowell,
2011), which conceptualizes green capital as a strategic asset
facilitating decarbonization and the adoption of clean technologies.

Second, we demonstrate that digitalization and FinTech
innovation enhance the efficacy of GF in augmenting CEP, thereby
substantiating H,. The positive and significant GF x Digitalization
interaction shows that green capital is more effectively converted
into verifiable environmental performance in jurisdictions (and
sectors) with more advanced digital financial infrastructure,
such as blockchain-enabled bond issuance, Al-supported ESG
verification, regulatory sandboxes for sustainable finance, and
widespread adoption of digital financial inclusion. This is in line
with Institutional Theory (DiMaggio and Powell, 1983; North,
1990), which says that rules for governance infrastructure and
transparency keep businesses in line and close the gap between
“green claims” and “green outcomes.” In other words, digital rails
are not just for show; they make monitoring easier, cut down on
information asymmetry, and lower the costs of transactions and
verification. This is also what BIS (2023), IMF (2024), and Chen
and Volz (2022) say.

Third, we discover that economic policy uncertainty diminishes
the GF — CEP channel, thereby validating H,. The GF x EPU
interaction is negative and statistically significant: When policies
are more unstable like when there is uncertainty about fiscal
direction, carbon pricing credibility, subsidy duration, industrial
policy, or clean-tech incentives—companies are less able or
less willing to turn green finance into long-term environmental
improvements. This aligns completely with Real Options Theory

(Dixit and Pindyck, 1994; Pastor and Veronesi, 2013), which
posits that firms strategically postpone or reduce irreversible green
investments when future regulations are ambiguous or politically
unstable. But our triple-interaction results (GF X Digitalization
x EPU) give us a new and important piece of information. We
demonstrate that digital infrastructure partially mitigates the
detrimental impact of EPU; in highly digitalized financial systems,
the adverse moderation of EPU is alleviated. In practice, even in
unstable policy environments, companies that are part of digitally
mature ecosystems, such as transparent sustainability reporting
systems, blockchain-based traceability of proceeds, and Al-
enhanced risk assessment pipelines, can still turn green capital into
environmental performance. This is because verification, investor
signaling, and monitoring credibility do not fully depend on policy
guarantees. This connects Institutional Theory and Real Options
Theory: digital governance tools make green investments seem
less risky by providing some of the security that would normally
come from stable policies.

These effects are not consistent across all companies and industries.
High-emission industries (energy, heavy manufacturing, transport)
see the biggest benefits from GF (the biggest § on GF in the sectoral
FE models). This shows that green capital has the biggest impact
where baseline emissions and abatement potential are highest.
But those same sectors are also the most likely to be hurt by EPU
shocks, which means they have to pay higher risk premiums and
are more likely to be subject to regulations. At the same time,
the service and tech sectors that produce fewer emissions see
smaller marginal improvements from GF, but they are also less
affected by changes in policy. This heterogeneity among sectors
demonstrates the inefficacy of “one-size-fits-all” policy design:
capital-intensive transition sectors necessitate both financing and
reliable long-term policy signals.

Robustness checks validate that these findings are structural rather
than spurious. Propensity score matching with DID shows that
companies that are exposed to GF have better CEP than matched
controls, which is in line with the idea of parallel trends. I[V/2SLS
demonstrates that our fundamental GF effect persists robustly and
significantly when employing plausibly exogenous instruments
(timing of digital-finance policy shocks), alleviating endogeneity
concerns.Alternative outcome measures (ESG environmental pillar
scores, CDP ratings, emissions intensity) suggest that GF initially
enhances environmental governance and disclosure, whereas
operational decarbonization (e.g., actual emissions reduction)
occurs subsequently.A pre-COVID subsample (2012-2019 only)
replicates the principal findings, indicating that they are not
influenced by distortions arising from the pandemic.

The study addresses the primary research question How does

digital and FinTech-enabled green finance improve corporate

environmental performance amid economic policy uncertainty?

by demonstrating that:

1. Green finance is a causal factor that leads to better
environmental performance by businesses (H,)

2. Digital finance is an accelerator that makes green finance more
efficient and trustworthy (H,)

3. Policy uncertainty is a drag that lowers that efficiency, unless
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companies work in digitally mature financial ecosystems that
offer other ways to check and make sure (H, and the triple
interaction).

This directly contributes to the field of sustainable finance research:
green capital alone is inadequate. Two systemic factors digital
infrastructure and policy stability determine how credibly, how
quickly, and how consistently that capital produces measurable
sustainability outcomes.

6.2. Policy Implications

For advanced economies with well-established bond markets,
climate disclosure mandates, and robust FinTech ecosystems,
the findings suggest that the forthcoming challenge is not the
introduction of “more instruments,” but rather the establishment
of credible long-term policies and enhanced digital integration.
Regulators in the U.S., UK., EU, Japan, and Canada should (i)
create stable, long-term regulatory plans for carbon pricing, green
subsidies, and policies to reduce carbon emissions from industry.
This will make businesses less likely to think that delaying action
is a good idea. (ii) Digital verification standards should be built
directly into sustainable finance instruments. For instance, tying
the money from green bonds to blockchain-based traceability
and disclosures that can be verified by machines makes it easier
for investors to keep an eye on things. This increases demand
(lowering the cost of capital for issuers) and protects against
greenwashing.

Supervisors and central banks can also make regulatory sandboxes
and digital green bond platforms official. These platforms would set
standards for reporting taxonomies, audit trails, and impact metrics.
This is important not only for credibility and openness, but also
for liquidity: sustainable assets with digital tags can move around
more easily in secondary markets, which will attract institutional
investors who need data that can be verified and compared. Our
evidence indicates that robust digital infrastructures enable firms
to sustain environmental investments despite the presence of
ambiguous macro-policy signals. This is a very important point for
developed markets that are currently dealing with unstable climate
politics: FinTech-enabled traceability can help make short-term
policy more certain by lowering perceived execution risk.

Lastly, industrial policy should clearly say that sectors with high
emissions are “transition-critical” and “uncertainty-sensitive.” Our
results show that energy, heavy manufacturing, and transportation
are the sectors that get the most marginal CEP gains from GF
but also stop working when EPU is high. Policymakers in
advanced economies should consequently integrate access to
green finance with political credibility mechanisms, including
guaranteed minimums on carbon price trajectories, blended finance
incorporating public first-loss capital, green insurance pools, or
transition guarantees for substantial decarbonization initiatives.
EPU will ruin the environmental benefits of even well-structured
green capital if not.

6.3. Theoretical Contributions
This paper contributes to the theoretical discourse in four distinct
manners. First, it expands Stakeholder Theory by showing that

investors and regulators don’t just pressure companies to “signal”
responsibility by issuing labeled instruments. Instead, green
finance gives companies targeted capital that is linked to real
improvements in CEP. In this way, GF shows that it can be used
as both a signaling tool and a way to build skills.

Second, it bolsters the Resource-Based View (RBV) by
demonstrating that access to green finance serves as a strategic,
challenging-to-replicate resource that enables firms to develop
environmental competencies such as clean technology adoption,
emissions reduction strategies, and the implementation of science-
based targets particularly in carbon-intensive sectors characterized
by elevated transition costs.

Third, it brings together Institutional Theory by showing that
digitalization and FinTech infrastructure can improve the quality
of institutions. Digital rails not only lower the cost of finance, but
they also make it possible to check. This credibility mechanism
draws in capital that is focused on ESG and keeps people from
acting in ways that are not in line with their values after they have
issued a bond, which is key to stopping greenwashing.

Fourth, it uses and builds on Real Options Theory in the field of
sustainable finance. We empirically illustrate that Economic Policy
Uncertainty (EPU) undermines the Green Finance to Carbon
Emission Reduction (GF — CEP) transmission channel, as firms
postpone or reduce the scope of long-term, capital-intensive
decarbonization initiatives in the context of diminished policy
credibility. We also show, though, that digital infrastructure can
help lessen that effect, which means that technological governance
mechanisms can lower the “option value of waiting.” That is a
novel theoretical bridge between Institutional Theory and Real
Options Theory, and speaks directly to how firms behave under
climate policy ambiguity.

6.4. Limitations and Future Research

Even though we used a big cross-country panel, several
identification methods (FE, DID, PSM, 1V/2SLS), and a lot of
robustness tests, there are still some problems that need to be fixed
and a clear plan for future research. First, our sample is limited to
publicly traded companies that have a lot of data and consistently
report on ESG issues. This probably leaves out a lot of small and
medium-sized businesses (SMEs) and privately held companies.
These companies are very important for decarbonizing the supply
chain, but they have less access to financing and less power to
negotiate. Future research should explicitly include SMEs and
firms in frontier markets to evaluate whether the GF — CEP
channel is more robust (due to increased marginal need) or less
robust (due to capacity limitations).

Second, our digitalization measures, such as blockchain
bond issuance, digital finance adoption indices, and sandbox
presence, show how mature the whole system is, not how
capable each company is digitally. This means that we might
not fully understand how different countries are ready for digital
technology. Future research should utilize micro-level indicators,
including corporate adoption of Al-driven credit scoring, machine-
readable emissions assurance systems, loT-based environmental
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monitoring, or blockchain-integrated impact reporting at the issuer
level. Third, macro-level policy uncertainty indices (Baker et al.,
2016) are used to measure EPU. These indices are often used, but
they might not show the risk of regulations that are specific to a
certain sector (for example, the difference between not knowing
how carbon border adjustments will affect steel and not knowing
how EV subsidy policy will affect cars). Subsequent research may
integrate macroeconomic EPU indices with textual or sentiment-
driven uncertainty metrics derived from corporate reports, analyst
briefings, or policy announcements specific to the industry,
thereby enhancing the measurement of “localized uncertainty.”
Fourth, even though our panel covers the years 2012-2024, the
benefits to the environment of big investments in transition can
be nonlinear and take a long time to show up. We observe that GF
enhances governance-oriented metrics of CEP (ESG scores, CDP
ratings) more rapidly than it diminishes operational emissions
intensity a temporal disparity that aligns with the principles of
technology diffusion and capital cycle dynamics. Future research
should explicitly incorporate dynamic lags, path dependence, and
possibly nonlinear thresholds (for instance, emissions may only
improve once a firm’s GF funding or digitalization index surpasses
a critical level). Combining machine learning with econometric
methods might help find these thresholds for nonlinearity and
interaction.This paper primarily concentrates on the “E” of
ESG. Future extensions must evaluate whether digital green
finance also influences “S” (social responsibility, labor safety in
transitioning industries, community effects of decarbonization)
and “G” (governance quality, board supervision of climate risk).
Connecting environmental financing to broader sustainability
performance would give us a better picture of how financial
architecture, technological infrastructure, and institutional stability
all work together to change businesses.

To sum up, this study shows that green finance works, but not
always. The actual environmental impact hinges on (i) digital
financial infrastructures that transform green capital into
verifiable, performance-based environmental results, and (ii)
policy frameworks that are stable enough to facilitate irreversible
low-carbon investments. By empirically demonstrating these
mechanisms across nine economies and carbon-intensive
sectors using causal identification strategies, the paper advances
sustainable finance research beyond the simple question of “Does
green finance work?” to the more policy-relevant question of
“Under what institutional and technological conditions does it
work best and for whom?”
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