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Abstract. This study investigates the relationship between blockchain technology adoption and
corporate Environmental, Social, and Governance (ESG) performance, with a particular focus on the
moderating effect of digital financial innovation. Using panel data from 5,000 firms in the CMARS
database, we employ a fixed-effects model to analyze how blockchain implementation influences
ESG metrics across different dimensions. Our findings reveal that blockchain adoption positively
affects ESG performance, with the effect being more pronounced for environmental and governance
dimensions. Furthermore, digital financial innovation significantly enhances this relationship,
suggesting complementary effects between blockchain technology and innovative digital financial
services. The results remain robust to alternative specifications, endogeneity corrections, and
various sensitivity analyses. Our study contributes to the emerging literature on technological
innovation and corporate sustainability by highlighting the mechanisms through which blockchain
technology can drive improvements in ESG performance. These findings have important implications
for corporate technology strategy, sustainability policy, and financial innovation.
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1. Introduction

The rapid advancement of digital technologies has fundamentally transformed business operations
and corporate strategies across industries. In particular, blockchain technology has emerged as a
disruptive innovation with potential applications extending far beyond its initial cryptocurrency
domain. As a decentralized, transparent, and immutable ledger system, blockchain offers novel
solutions for enhancing corporate accountability, transparency, and operational efficiency (Tapscott
& Tapscott, 2017).

Concurrently, there has been growing emphasis on corporate Environmental, Social, and
Governance (ESG) performance as stakeholders increasingly demand sustainable and responsible
business practices. Investors, consumers, regulators, and other stakeholders now consider ESG
metrics crucial indicators of long-term corporate value and risk management capabilities (Friede et
al., 2015). This shift has prompted organizations to seek innovative approaches to improve their ESG
performance while maintaining competitive advantage.

Despite the separate growth trajectories of blockchain technology and ESG considerations,
research examining their intersection remains relatively scarce. The potential of blockchain to address
key ESG challenges—such as supply chain transparency, carbon footprint verification, stakeholder
engagement, and governance enhancement—warrants deeper investigation (Adams et al., 2021).
Moreover, the role of complementary innovations, particularly in digital finance, may significantly
influence the effectiveness of blockchain in driving ESG improvements.

This study aims to address this research gap by examining the impact of blockchain technology
adoption on corporate ESG performance, with special attention to the moderating role of digital
financial innovation. We hypothesize that blockchain implementation positively affects ESG
performance through multiple pathways, including enhanced transparency, improved accountability,
streamlined reporting, and more effective stakeholder engagement. Furthermore, we propose that
digital financial innovations—such as fintech solutions, advanced analytics, and digital payment
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systems—can amplify these positive effects by enabling more efficient resource allocation, improved
risk management, and expanded access to sustainability-focused financial products.

To test these hypotheses, we analyze panel data from 5,000 firms in the CMARS database spanning
multiple industries and countries. Using rigorous econometric techniques implemented through Stata
software, we control for potential endogeneity issues and account for firm-specific heterogeneity. Our
comprehensive empirical approach includes baseline analyses, robustness checks, heterogeneity
analyses, and mechanism explorations to establish causal relationships and identify underlying
processes.

The contributions of this study are threefold. First, we extend the literature on digital technology
and corporate sustainability by providing empirical evidence on the relationship between blockchain
adoption and ESG performance. Second, we identify digital financial innovation as a critical
moderating factor that enhances the effectiveness of blockchain in driving ESG improvements. Third,
we uncover specific mechanisms through which blockchain technology influences different
dimensions of ESG performance, offering practical insights for corporate strategists and
policymakers.

The remainder of this paper is organized as follows. Section 2 reviews relevant literature and
develops our hypotheses. Section 3 describes our theoretical framework and variable measurements.
Section 4 outlines our research methodology and data collection procedures. Section 5 presents the
empirical results, including baseline analyses, robustness checks, heterogeneity analyses, and
mechanism investigations. Section 6 discusses the findings and their implications, and Section 7
concludes with limitations and future research directions.

2. Literature Review and Hypothesis Development

2.1 Blockchain Technology and Corporate Performance

Blockchain technology represents a distributed ledger system that enables secure, transparent, and
immutable recording of transactions without requiring a central authority (Nakamoto, 2008). Initially
developed as the underlying technology for Bitcoin, blockchain has evolved to accommodate diverse
applications across industries, including supply chain management, financial services, healthcare, and
governance systems (lansiti & Lakhani, 2017).

The fundamental characteristics of blockchain—decentralization, transparency, immutability, and
security—offer significant potential for transforming business operations and corporate governance
(Tapscott & Tapscott, 2017). Research by Lumineau et al. (2021) demonstrates that blockchain
implementation can reduce transaction costs, enhance trust between business partners, and mitigate
information asymmetry. Hughes et al. (2019) further suggest that blockchain adoption can lead to
operational efficiencies, reduced fraud, and improved compliance management.

In the context of corporate performance, several studies have examined the impact of blockchain
implementation. Xu et al. (2020) found that firms adopting blockchain technology experienced
improvements in operational efficiency and financial performance. Similarly, McAliney and Ang
(2019) documented positive market reactions to blockchain-related announcements, suggesting
investor recognition of the technology's potential value. However, research specifically examining
the relationship between blockchain and ESG performance remains limited, presenting an important
gap in our understanding.

2.2 ESG Performance and Technology Innovation

Corporate Environmental, Social, and Governance (ESG) performance has gained substantial
attention from investors, regulators, and other stakeholders (Eccles et al., 2014). ESG metrics
encompass environmental factors (e.g., carbon emissions, resource usage), social aspects (e.g., labor
practices, community relations), and governance elements (e.g., board composition, executive
compensation) that collectively reflect a firm's commitment to sustainability and responsible business
conduct.
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Research has consistently demonstrated the relationship between ESG performance and various
corporate outcomes. Meta-analyses by Friede et al. (2015) and Margolis et al. (2009) reveal
predominantly positive associations between ESG performance and financial returns. Berg et al.
(2020) find that superior ESG performance correlates with lower cost of capital and reduced volatility.
Additionally, ESG leadership has been linked to enhanced reputation, customer loyalty, and talent
attraction (Porter & Kramer, 2011).

The role of technology in driving ESG performance has received increasing scholarly attention.
George et al. (2020) argue that digital technologies can facilitate sustainable development by enabling
more efficient resource usage, improved monitoring capabilities, and enhanced stakeholder
engagement. Similarly, Whittaker (2019) highlights how artificial intelligence, Internet of Things
(IoT), and data analytics can support ESG initiatives through real-time performance tracking and
predictive modeling. However, comprehensive analysis of specific technologies like blockchain in
the ESG context remains underdeveloped.

2.3 Digital Financial Innovation as a Moderating Factor

Digital financial innovation encompasses technological advancements in financial services
delivery, including mobile payment systems, peer-to-peer lending platforms, algorithmic trading,
digital currencies, and blockchain-based financial applications (Gomber et al., 2018). These
innovations have transformed traditional financial services by enhancing efficiency, reducing costs,
expanding access, and creating new business models (Philippon, 2016).

Research indicates that digital financial innovations can complement other technological
implementations within organizations. Zhu et al. (2021) demonstrate that fintech adoption enhances
the effectiveness of digital transformation initiatives by providing the necessary financial
infrastructure and resources. Similarly, Jagtiani and John (2018) suggest that digital financial
innovations enable firms to better monetize and scale their technological capabilities through
improved capital allocation and risk management.

In the context of ESG performance, digital financial innovations may play a particularly important
role. Sustainable finance products, such as green bonds and ESG-linked loans, have proliferated
alongside technological advancements in financial services (Flammer, 2021). Moreover, digital
platforms have democratized access to sustainable investments and facilitated more transparent ESG
reporting and verification (Amel-Zadeh & Serafeim, 2018). These developments suggest potential
complementarity between digital financial innovation and other technologies in driving ESG
improvements.

2.4 Hypothesis Development

Based on the literature reviewed above, we propose two main hypotheses regarding the
relationship between blockchain technology, digital financial innovation, and ESG performance.
Hypothesis 1 (H1): Blockchain technology adoption has a positive effect on corporate ESG
performance.

This hypothesis is grounded in blockchain's potential to address key ESG challenges through
enhanced transparency, improved traceability, reduced information asymmetry, and strengthened
accountability. For environmental performance, blockchain can enable verified emissions tracking,
authentic carbon offset certification, and transparent resource usage monitoring (Kouhizadeh &
Sarkis, 2018). In the social dimension, blockchain can improve supply chain transparency, verify
labor practices, and facilitate community engagement (Venkatesh et al., 2020). For governance,
blockchain's immutable record-keeping and smart contract capabilities can enhance compliance,
streamline reporting, and strengthen shareholder rights (Yermack, 2017).

Hypothesis 2 (H2): Digital financial innovation positively moderates the relationship between
blockchain technology adoption and ESG performance.

We propose that digital financial innovation enhances the positive effect of blockchain on ESG
performance through several mechanisms. First, digital financial innovations can provide the
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financial infrastructure necessary to scale blockchain-based ESG solutions by reducing transaction
costs and enabling micro-transactions (Zhu et al., 2021). Second, innovative financial products like
tokenization and ESG-linked financial instruments can create economic incentives that align with
blockchain-based ESG initiatives (Flammer, 2021). Third, digital financial platforms can improve
access to capital for ESG-focused projects using blockchain technology, thereby accelerating their
implementation and impact (Jagtiani & John, 2018). Fourth, advanced financial analytics can enhance
the interpretation and utilization of ESG data collected through blockchain systems, leading to more
effective decision-making and resource allocation (Amel-Zadeh & Serafeim, 2018).

3. Theoretical Framework and Variable Measurement

3.1 Theoretical Framework

Our study integrates several theoretical perspectives to understand the relationship between
blockchain technology, digital financial innovation, and ESG performance. Primarily, we draw on
the resource-based view (RBV) of the firm, which suggests that unique, valuable, and difficult-to-
imitate resources provide sustainable competitive advantage (Barney, 1991). In this context,
blockchain implementation and digital financial capabilities represent technological resources that
firms can leverage to enhance their ESG performance.

Additionally, we incorporate institutional theory, which emphasizes how organizational practices
are shaped by external pressures for legitimacy (DiMaggio & Powell, 1983). As ESG considerations
become institutionalized through investor demands, regulatory requirements, and societal
expectations, firms may adopt blockchain technology to signal legitimacy and commitment to
sustainability goals.

Furthermore, we employ stakeholder theory (Freeman, 1984) to understand how blockchain
technology can address diverse stakeholder concerns related to environmental impact, social
responsibility, and governance transparency. By providing verifiable information and enhancing
accountability, blockchain can help firms better serve stakeholder interests and build trust.

Finally, we integrate transaction cost economics (Williamson, 1979) to explain how blockchain and
digital financial innovations can reduce the costs associated with ESG monitoring, reporting, and
verification, thereby making ESG initiatives more economically viable.

3.2 Variable Measurement
3.2.1 Dependent Variable: ESG Performance

We measure ESG performance using a comprehensive index derived from the CMARS database,
which aggregates multiple indicators across environmental, social, and governance dimensions. This
composite ESG score ranges from 0 to 100, with higher values indicating superior performance.
Additionally, we analyze the three component dimensions separately:

e Environmental Performance: Measured through indicators of emissions intensity, resource
efficiency, waste management, and environmental policy strength.

e Social Performance: Assessed via metrics of employee relations, community engagement,
human rights practices, and product responsibility.

e Governance Performance: Evaluated through board structure, executive compensation
alignment, shareholder rights, and reporting transparency.

3.2.2 Independent Variable: Blockchain Technology Adoption

We measure blockchain technology adoption through a multi-dimensional index that captures the
extent and sophistication of blockchain implementation within each firm. Components include:

¢ Blockchain Implementation Intensity: A continuous variable measuring the proportion of
business processes incorporating blockchain technology.
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e Blockchain Investment: Annual expenditure on blockchain development and
implementation, normalized by total assets.

e Blockchain Patents: Number of blockchain-related patents filed by the firm, weighted by
citation impact.

e Blockchain Partnerships: Count of formal collaborations with blockchain providers,
consortia, or industry initiatives.

These measures are standardized and aggregated into a composite blockchain adoption index, with
higher values indicating more extensive and sophisticated implementation.

3.2.3 Moderating Variable: Digital Financial Innovation

Digital financial innovation is operationalized through a composite index reflecting the firm's
engagement with advanced financial technologies and services:

o Fintech Integration: Extent of integration with digital financial platforms and services.

o Digital Payment Adoption: Proportion of transactions conducted through digital payment
channels.

o Financial Analytics Sophistication: Level of advanced analytics employed in financial
decision-making.

o Digital Financial Product Innovation: Number of digital financial products or services
introduced.

These indicators are standardized and combined into a digital financial innovation index, with
higher values indicating greater innovation.

3.2.4 Control Variables

To account for potential confounding effects, we include several firm-level and industry-level
control variables:

o Firm Size: Natural logarithm of total assets.

o Firm Age: Natural logarithm of years since founding.

o Profitability: Return on assets (ROA).

o Leverage: Debt-to-equity ratio.

¢ R&D Intensity: R&D expenditure divided by total sales.

e Industry Competition: Herfindahl-Hirschman Index for each industry.

e Geographic Diversification: Entropy measure of geographic market diversification.
o Institutional Ownership: Percentage of shares held by institutional investors.

e CEO Duality: Binary variable indicating whether CEO also serves as board chair.

e Industry Fixed Effects: Dummy variables for industry classification.

e Year Fixed Effects: Dummy variables for each year in the panel.

4. Research Methodology and Data
4.1 Research Design

To test our hypotheses, we employ a panel data approach that exploits both cross-sectional and
temporal variations in blockchain adoption, digital financial innovation, and ESG performance (as
shown in Equation 1). Our baseline specification is:
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ESGi,t=0+p1Blockchaini,t—1+p2DigFinlnnoi,t—1+p3(Blockchaini,t—1 xDigFinInnoi,t—1)+yXi,t—
1-+pi+Ait+ei,t (Equation 1).

Where: ESGi,t represents the ESG performance score of firm i in year t, Blockchaini,t -1 is the
blockchain adoption index of firm i in year t-1,DigFinInnoi,t-1 is the digital financial innovation
index of firm i in year t-1, Xi,t-1 is a vector of control variables, pi represents firm fixed effects, At
represents year fixed effects, i,t is the error term.

We use a one-year lag for independent and moderating variables to mitigate potential reverse
causality concerns. The coefficient B1 tests Hypothesis 1 regarding the main effect of blockchain
adoption on ESG performance, while 3 tests Hypothesis 2 concerning the moderating effect of
digital financial innovation.

To address potential endogeneity issues, we employ several strategies:

1. Firm Fixed Effects: Controls for time-invariant unobserved heterogeneity at the firm level.

2. Instrumental Variable Approach: Using industry-level blockchain adoption rates and
geographical proximity to blockchain hubs as instruments.

3. Propensity Score Matching: Creating matched pairs of blockchain-adopting and non-
adopting firms based on observable characteristics.

4. Difference-in-Differences Analysis: Exploiting staggered adoption of blockchain
technology across firms.

4.2 Data and Sampling

Our data come from the CMARS database, which provides comprehensive information on
corporate financial performance, technological adoption, and ESG metrics for a global sample of
firms. We extract data for 5,000 companies spanning the period from 2016 to 2023, as blockchain
adoption in corporate settings became more prevalent during this timeframe.

The sample includes firms from 27 countries and across 19 industries based on the Global Industry
Classification Standard (GICS). To be included in our sample, firms must have at least three
consecutive years of data available for all key variables. After applying these criteria and removing
observations with missing values, our final sample consists of 5,000 firms with 31,450 firm-year
observations.

Table 1 presents the distribution of sample firms by industry and geographic region. Financial
services, technology, and manufacturing sectors have the highest representation, while North
America, Europe, and Asia-Pacific are the predominant geographic regions.

Data on blockchain adoption are derived from company disclosures, patent filings, press releases,
and industry reports compiled in the CMARS database. ESG performance metrics are based on
standardized evaluations from CMARS's proprietary assessment methodology, which incorporates
data from corporate sustainability reports, regulatory filings, and third-party verifications. Digital
financial innovation measures are constructed using CMARS's fintech adoption indices and
supplemented with information from financial technology databases.

5. Empirical Results and Analysis

5.1 Descriptive Statistics

Table 2 presents descriptive statistics for the key variables in our analysis. The mean ESG
performance score is 61.23 (SD = 17.56), with environmental, social, and governance subscores
averaging 58.75, 63.42, and 61.52, respectively. The blockchain adoption index has a mean of 0.37
(SD =0.29), indicating moderate but growing implementation across the sample. The digital financial
innovation index averages 0.45 (SD = 0.31), suggesting relatively higher adoption of financial
technologies compared to blockchain.
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Correlation analysis reveals a positive and statistically significant association between blockchain
adoption and overall ESG performance (r = 0.31, p < 0.01), providing preliminary support for
Hypothesis 1. Digital financial innovation also exhibits a positive correlation with ESG performance
(r=0.28, p <0.01). The variance inflation factors for all variables are below 3.0, indicating no serious
multicollinearity concerns.

5.2 Baseline Results

Table 3 presents the results of our baseline fixed-effects regression models. Model 1 includes only
control variables, Model 2 adds the blockchain adoption measure, Model 3 incorporates digital
financial innovation, and Model 4 introduces the interaction term between blockchain and digital
financial innovation.

The coefficient for blockchain adoption in Model 2 is positive and statistically significant (f =
4.26, p < 0.01), supporting Hypothesis 1 that blockchain technology positively affects ESG
performance. The economic magnitude is substantial, with a one-standard-deviation increase in
blockchain adoption associated with a 1.23-point increase in ESG score, representing approximately
7% of the standard deviation of ESG performance.

In Model 4, the interaction term between blockchain adoption and digital financial innovation is
positive and significant (B = 3.85, p <0.01), supporting Hypothesis 2 that digital financial innovation
positively moderates the relationship between blockchain and ESG performance. This finding
suggests that firms with higher levels of digital financial innovation derive greater ESG benefits from
blockchain implementation.

When examining the three ESG components separately, we find that blockchain adoption has the
strongest effect on governance performance (B = 5.12, p < 0.01), followed by environmental
performance (f = 4.67, p < 0.01) and social performance (B = 3.28, p < 0.05). This pattern suggests
that blockchain's transparency and accountability features particularly enhance governance practices,
while its impact on social dimensions, though positive, may be less direct.

5.3 Robustness Checks

To ensure the validity of our findings, we conduct several robustness checks, reported in Table 4.
First, we employ an instrumental variable approach using two-stage least squares (2SLS) regression.
Our instruments—industry-level blockchain adoption rates and geographic proximity to blockchain
hubs—satisfy the relevance and exclusion restrictions. The second-stage results confirm our baseline
findings, with a positive and significant effect of instrumented blockchain adoption on ESG
performance (f =3.92, p <0.01).

Second, we implement propensity score matching to compare blockchain-adopting firms with
similar non-adopting counterparts based on observable characteristics. The average treatment effect
on the treated (ATT) indicates a significant positive impact of blockchain adoption on ESG
performance (ATT = 3.76, p < 0.01), consistent with our baseline results.

Third, we conduct a difference-in-differences analysis exploiting the staggered adoption of
blockchain technology. The results show that firms experience a significant improvement in ESG
performance following blockchain implementation (B =3.21, p < 0.01), providing further support for
a causal relationship.

Finally, we use alternative measures of blockchain adoption (binary adoption indicator, adoption
breadth, adoption depth) and ESG performance (alternative ESG ratings, individual
environmental/social/governance indicators). The results remain qualitatively similar across these
specifications, confirming the robustness of our findings.

5.4 Heterogeneity Analysis

To explore potential heterogeneity in the relationship between blockchain adoption and ESG
performance, we conduct subgroup analyses based on firm and industry characteristics. Table 5
presents these results.
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First, we find that the positive effect of blockchain on ESG performance is stronger for larger firms
(B=5.14, p < 0.01) compared to smaller firms (p = 3.42, p < 0.05). This may reflect larger firms'
greater resources for comprehensive blockchain implementation and integration with existing ESG
initiatives.

Second, the impact varies across industries, with particularly strong effects in financial services (3
=6.23, p <0.01), supply chain-intensive manufacturing (f = 5.87, p <0.01), and energy sectors (p =
5.31, p < 0.01). These industries may offer more natural applications for blockchain in addressing
ESG challenges, such as transaction transparency, supply chain traceability, and emissions
verification.

Third, firms operating in countries with stronger institutional environments exhibit greater ESG
benefits from blockchain adoption (fp = 5.76, p < 0.01) compared to those in weaker institutional
contexts (B = 3.28, p < 0.05). This suggests that complementary institutional factors, such as
regulatory support and stakeholder awareness, may enhance blockchain's effectiveness in driving
ESG improvements.

Fourth, the positive effect of blockchain on ESG performance is more pronounced for firms with
higher technological readiness, as measured by overall digital maturity (B =5.92, p <0.01), compared
to less digitally mature organizations (B = 2.85, p < 0.05). This indicates that blockchain's ESG
benefits may depend on firms' broader technological capabilities and integration.

5.5 Mechanism Analysis

To better understand the channels through which blockchain affects ESG performance, we conduct
mechanism analyses focusing on potential mediating variables. Table 6 reports these results.

First, we examine information transparency as a mediating mechanism. Using the Sobel-Goodman
mediation test, we find that information transparency significantly mediates the relationship between
blockchain adoption and ESG performance, accounting for approximately 31% of the total effect.
This suggests that blockchain enhances ESG performance partly by increasing the transparency and
reliability of ESG-related information.

Second, we investigate stakeholder trust as a potential mediator. The results indicate that
stakeholder trust (measured through survey data and third-party assessments) mediates approximately
27% of blockchain's effect on ESG performance. This finding aligns with the theoretical expectation
that blockchain's immutability and verification capabilities build trust among stakeholders regarding
ESG claims and commitments.

Third, we explore operational efficiency as a mechanism. The mediation analysis reveals that
operational efficiency accounts for approximately 22% of the total effect, suggesting that blockchain's
streamlining of ESG-related processes contributes to overall ESG performance improvements.

Fourth, we examine compliance effectiveness as a mediator. The results show that enhanced
compliance accounts for approximately 19% of blockchain's effect on ESG performance, indicating
that blockchain helps firms better adhere to ESG regulations and standards through automated
verification and reporting.

These mechanism analyses collectively explain approximately 76% of blockchain's total effect on
ESG performance. The remaining effect may operate through other channels not captured in our
analysis or represent direct impacts of blockchain technology.

6. Discussion

Our findings contribute to the emerging literature on digital technology and corporate
sustainability by providing empirical evidence of blockchain technology's positive impact on ESG
performance. The results support both of our hypotheses: blockchain adoption enhances ESG
performance (H1), and this relationship is strengthened by digital financial innovation (H2).

The positive main effect of blockchain on ESG performance aligns with theoretical arguments
regarding blockchain's potential to address key ESG challenges through enhanced transparency,
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improved traceability, and strengthened accountability (Kouhizadeh & Sarkis, 2018; Venkatesh et al.,
2020; Yermack, 2017). Our component analysis further reveals that blockchain particularly enhances
governance performance, followed by environmental and social dimensions. This pattern suggests
that blockchain's inherent characteristics—immutability, transparency, and distributed consensus—
may naturally align with governance objectives, while environmental and social applications may
require more specialized adaptations.

The positive moderating effect of digital financial innovation highlights the complementarity
between blockchain and financial technologies in driving ESG improvements. This finding extends
previous research on technology complementarities (Zhu et al., 2021) to the sustainability context,
suggesting that firms should consider technological implementations holistically rather than in
isolation. The synergistic effect may stem from digital financial innovations providing the
infrastructure, incentives, capital access, and analytical capabilities necessary to maximize
blockchain's ESG potential.

Our heterogeneity analyses reveal important contextual factors that influence blockchain's
effectiveness in enhancing ESG performance. The stronger effects for larger firms, certain industries
(financial services, manufacturing, energy), stronger institutional environments, and higher
technological readiness indicate that blockchain's ESG benefits are not uniform but depend on firm
and environmental characteristics. These findings provide nuanced insights for practitioners
regarding when and where blockchain implementations may yield the greatest ESG returns.

The mechanism analyses uncover specific pathways through which blockchain influences ESG
performance. Information transparency emerges as the most significant mediator, accounting for
approximately 31% of the total effect. This aligns with blockchain's fundamental capability to create
transparent, verifiable records. Stakeholder trust, operational efficiency, and compliance
effectiveness also serve as important mediating mechanisms, collectively explaining a substantial
portion of blockchain's impact. These insights help demystify blockchain's "black box" in the ESG
context and provide concrete avenues for firms to leverage the technology for sustainability goals.

From a theoretical perspective, our findings integrate and extend multiple theoretical frameworks.
The resource-based view is supported by evidence that blockchain and digital financial capabilities
represent valuable technological resources that enhance ESG performance and potentially
competitive advantage. Institutional theory is reinforced by the stronger blockchain effects in robust
institutional environments, suggesting institutional complementarities in driving ESG outcomes.
Stakeholder theory is validated by the mediating role of stakeholder trust in blockchain's ESG impact,
indicating that the technology helps firms better address diverse stakeholder concerns. Transaction
cost economics is supported by the mediating role of operational efficiency, suggesting that
blockchain reduces the transaction costs associated with ESG activities.

From a practical standpoint, our results offer several implications for corporate managers and
policymakers. For corporate decision-makers, the findings suggest that blockchain investments
should be evaluated not only for their operational and financial benefits but also for their potential
ESG impact. The positive moderating effect of digital financial innovation indicates that firms should
consider integrating blockchain implementations with broader digital financial strategies to maximize
ESG returns. The heterogeneity analyses provide guidance on when blockchain might yield the
greatest ESG benefits, helping firms prioritize implementations based on their size, industry,
institutional context, and technological readiness.

For policymakers, our findings highlight the potential of blockchain technology to enhance
corporate sustainability and ESG performance. Policy initiatives that facilitate blockchain adoption,
promote digital financial innovation, and strengthen institutional support for ESG may collectively
drive substantial sustainability improvements across the corporate landscape. Regulatory frameworks
that recognize and accommodate blockchain-based ESG solutions could further accelerate adoption
and impact.
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7. Conclusion

This study examines the relationship between blockchain technology adoption and corporate ESG
performance, with particular attention to the moderating role of digital financial innovation. Using
panel data from 5,000 firms in the CMARS database, we find that blockchain implementation
positively affects ESG performance, with the effect being more pronounced for the governance
dimension. Digital financial innovation significantly enhances this relationship, suggesting
complementary effects between blockchain technology and innovative digital financial services.
These relationships are robust to various specifications, endogeneity corrections, and sensitivity
analyses.

Our heterogeneity analyses reveal that blockchain's ESG benefits vary based on firm size, industry,
institutional environment, and technological readiness. Mechanism explorations identify information
transparency, stakeholder trust, operational efficiency, and compliance effectiveness as key pathways
through which blockchain enhances ESG performance.

These findings contribute to the literature on digital technology and corporate sustainability by
providing empirical evidence of blockchain's positive impact on ESG performance and identifying
important moderating and mediating factors. The results have significant implications for corporate
technology strategy, sustainability policy, and financial innovation.

Despite its contributions, this study has several limitations that offer avenues for future research.
First, while we employ various strategies to address endogeneity, unobserved time-varying factors
may still influence our results. Second, our blockchain adoption measure may not capture all nuances
of implementation quality and maturity. Third, the CMARS database, while comprehensive, may
have limitations in its ESG evaluation methodology. Fourth, our panel timeframe (2016-2023) may
not capture the full evolution of blockchain's ESG impact as the technology continues to mature.

Future research could address these limitations and extend our findings in several directions.
Longitudinal studies with longer timeframes could examine the dynamic evolution of blockchain's
ESG impact. Field experiments and case studies could provide deeper insights into implementation
processes and challenges. Cross-national comparisons could further elaborate on institutional
influences. Finally, research exploring blockchain's impact on specific ESG initiatives—such as
carbon trading, sustainable supply chains, or inclusive finance—could yield more targeted practical
implications.

In conclusion, this study provides robust evidence that blockchain technology can enhance
corporate ESG performance, particularly when complemented by digital financial innovation. As
sustainability considerations become increasingly central to corporate strategy and stakeholder
expectations, blockchain represents a promising technological avenue for advancing ESG objectives
and creating long-term value.
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