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Abstract. This study investigates the role of ESG-driven innovation as a strategic source of
competitive advantage in the banking sector, with a comparative focus on state-owned and
private banks across emerging and developed markets. Drawing on the Resource-Based View and
Dynamic Capabilities theory, it develops a novel ESG Innovation Index that captures the depth and
integration of sustainability technologies, such as Al-based ESG analytics, carbon tracking
platforms, and digital reporting systems into core banking functions. Using a panel dataset of 68
banks from Central Asia and benchmark economies (2015-2024), the study employs fixed-effects
and system GMM models to assess the impact of ESG innovation on profitability (ROA, ROE),
operational efficiency, market share, and investor attractiveness. Results reveal that ESG
innovation significantly enhances financial and operational performance, while the magnitude of
its impact is substantially higher among private banks. The findings highlight that ownership
structure moderates the innovation-performance nexus, with private banks leveraging
technological agility for greater returns, whereas state-owned banks tend to pursue compliance-
oriented sustainability agendas. The research contributes to strategic management and
sustainable finance literature by framing ESG innovation as a contingent dynamic capability and
offers policy insights for regulators seeking to balance innovation incentives across ownership
types.

Keywords: ESG innovation, competitive advantage, state-owned banks, private banks,
sustainable finance, resource-based view, Central Asia, green fintech, dynamic capabilities.

ESG INNOVATSIYASI RAQOBAT USTUNLIGI MANBAI SIFATIDA: DAVLAT VA XUSUSIY
BANKLAR MISOLIDA QIYOSIY TADQIQOT

PhD Jalalov Mashkhurbek
Ozbekiston Respublikasi Bank-moliya akademiyasi

Annotatsiya. Ushbu tadqiqot ESG tamoyillariga asoslangan innovatsiyalarni bank
sektorida strategik raqobat ustunligining manbai sifatida tahlil qiladi hamda rivojlanayotgan va
rivojlangan mamlakatlarda davlat va xususiy banklar o‘rtasidagi farqlarni qiyosiy o‘rganadi.
Resursga asoslangan nazariya va dinamik imkoniyatlar yondashuviga tayangan holda, muallif
tomonidan ESG innovatsiyalarining yangi indeksi ishlab chiqilgan. Ushbu indeks banklarning
asosly faoliyat jarayonlariga sun’iy intellekt asosidagi ESG tahlil tizimlari, uglerod izini kuzatish
platformalari va raqamli hisobot tizimlari kabi barqaror texnologiyalar qanchalik chuqur
integratsiya qilinganini baholaydi. 2015-2024 yillar oralig‘ida Markaziy Osiyo va boshqa
mamlakatlardagi 68 ta bank ma’lumotlari asosida fiksirlangan effektlar va tizimli GMM modellari
yordamida ESG innovatsiyalarining foydalilik (ROA, ROE), operatsion samaradorlik, bozor ulushi
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va investorlar uchun jozibadorlikka ta’siri baholangan. Natijalar ESG innovatsiyalari moliyaviy
va operatsion natijalarni sezilarli darajada yaxshilashini ko‘rsatdi, buning ta’siri xususiy
banklarda ancha yuqori ekani aniglangan. Tadqiqot natijalari shuni ko‘rsatadiki, mulkchilik
shakli ESG innovatsiyasi va bank faoliyati o‘rtasidagi bog‘liglikni belgilaydi, xususiy banklar
texnologik faollikdan foyda olishda ustun, davlat banklari esa ko‘proq muvofiqlik yondashuviga
tayangan. Ushbu ish strategik boshqaruv va barqaror moliya sohasiga ESG innovatsiyasini
dinamik imkoniyat sifatida talqin etish orqali nazariy va amaliy hissa qo‘shadi hamda moliyaviy
nazorat organlari uchun foydali siyosiy tavsiyalarni beradi.

Kalit sozlar: ESG innovatsiyasi, raqobat ustunligi, davlat banklari, xususiy banklar,
barqaror moliya, resursga asoslangan yondashuv, Markaziy Osiyo, yashil fintech, dinamik
imkoniyatlar.

NMHHOBALIMH B OBJIACTHU ESG KAK UICTOYHUK KOHKYPEHTHOTI'O IIPEUMYIIECTBA:
CPABHUTEJ/IbHOE UCCJIEAOBAHHUE IOCYJAPCTBEHHbBIX 1 YACTHbIX BAHKOB

PhD Jncananoe Mawxypoek
bankoscko-guHaHcosas akademusi Pecnybauku Y36ekucmaH

AHHomayus. B cmamve uccaedyemcs pons uHHo8ayull, 0CHOBAHHbIX HA npuHyunax ESG,
KaK cmpameauyvecko20 UCMOYHUKA KOHKYPEHMHO020 npeumywecmea 8 6aHKOBCKOM cekmope, ¢
AKYEHmMoOM Ha CPABHUME/bHbIU aHAAU3 20CY0apPCMBEHHbIX U YACMHbIX O6AHK08 8
paseusarnWuxcsl U pa3eumslx IKOHOMukax. Onupasicb Ha pecypcHO-0puUeHmMuUpPO8aHHbLIU N00X00
U meopui JuHaMuveckux cnocobHocmell, pa3pabomaH Hosblli HHOekc ESG-uHHosayull,
ompadxcarowulli 2/1y6uUHy U CMeneHb UHmMezpayuu ycmoliYueblX MeXHO./102Uull MAakux Kak
aHaaumuka ESG Ha ocHose uckyccmgeHH020 UHMeA/eKma, naamg@opmbsl yuéma yaaepooHbIX
8b16p0Co8 U Yuppossle cucmeMbl 0MYEMHOCMU 8 KAKOYEBble 6AHKOBCKUE npoyeccobl. Ucnob3ys
naHesbHble daHHble 68 6aHKo8 llenmpasavHol A3uu u cmpaH cpasHeHusi 3a 2015-2024 ez,
NpUMeHomMcs Modeau GuUKcupo8aHHbwIx 3hdpekmos u cucmemuwvlli GMM 0451 oyeHKU 8AUSIHUS
ESG-unHosayuli Ha npubblibHocmb (ROA, ROE), onepayuoHHy0 3¢pgpekmu8HoCcmyb, pblHOYHYIO
dosto U npussekamesbHOCMb 0451 uHeecmopos. Pe3ysbmamvi nokaswviearom, umo ESG-
UHHOBAYUU CYWECMBEHHO N08bIUAKM PUHAHCOBbIE U ONePpayUOHHbIE NOKA3ameau, NPU4ém ux
8/USIHUE 3HAYUME/NbHO 8blule cpedu 4YacmHbulx OaHK08. Bbisiesneno, umo cmpykmypa
co6cmeeHHocMuU Moduduyupyem 83auMocesizb Mexcdy UHHO8AYUSMU U Pe3y.1bmamueHOCMbIo:
yacmHule 6GHKU UCNO/1b3YI0M MexXHO/A02UYeCcKyo 2u6KoCcmb 0151 docmuiceHusl 601bWuUX 8b1200,
8 Mo 8peMs KaKk 20cydapcmeeHHble O6aHKU Yauje npudepicusaromcs Modeau UHHO8ayull,
0pUeHMuUpOBAHHOIl HA cOb00eHUEe pe2yA1IMOpPHbIX mpebosaHull. HccaedosaHue 8Hocum 8Kaad
8 paszsumue meopuu cmpameau4ecko20 YNpas/aeHusi U ycmolivugo2o PUHAHCUPOBAHUS,
paccmampusas ESG-uHHo8ayuu Kak YC/A08HO-OUHAMUYECKYI0 CNOCO6GHOCMb, U nhpedsaazaem
npakmuveckue pekomeHdayuu 05 pez2yAsimopo8 Nno CMUMYJAUPOBAHUN UHHO8AYUull 8
6AHKOBCKOM ceKmope.

Kamwueswie caosa: ESG-uHHO8ayuu, KOHKYpeHMHOe NpeumMyuiecmeo, 20cydapcmeeHHble
06aHKU, YaCMHble 6aHKU, ycmolivugoe hUHAHCUPOBAHUE, PECYPCHO-OPUEHMUPOBAHHbII N00X00,
llenmpasvHas A3us, 3enéHblll puHmex, duHamuveckue cnocob6Hocmu.

Introduction.

The role of Environmental, Social, and Governance (ESG) criteria in the global financial
system has undergone a profound transformation over the past decade. Once perceived as a
peripheral compliance obligation or a niche domain of socially responsible investing, ESG has
now emerged as a core driver of strategic competitiveness, value creation, and long-term
resilience in the banking sector. This evolution is fueled by mounting regulatory pressures—
such as the European Union’s Corporate Sustainability Reporting Directive (CSRD) and the
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International Sustainability Standards Board’s (ISSB) IFRS S2 standard—combined with
shifting investor expectations, stakeholder activism, and the escalating materiality of climate-
related financial risks. In this new paradigm, banks are no longer judged solely by capital
adequacy or profitability metrics but increasingly by their capacity to integrate sustainability
into the very fabric of their business models.

Central to this transformation is the rise of ESG-driven innovation—a convergence of
digital technologies and sustainability imperatives that is redefining how banks operate,
compete, and create value. Leading institutions are deploying artificial intelligence (AI) to
conduct real-time ESG risk scoring of borrowers, leveraging blockchain to ensure the integrity
of green bond proceeds, implementing enterprise carbon accounting platforms to measure
financed emissions, and launching digital platforms for social impact finance that channel
capital toward underserved communities. These innovations are not merely operational
enhancements; they represent strategic differentiators that enable banks to reduce costs,
mitigate regulatory and reputational risks, access green capital pools, attract ESG-focused
investors, and strengthen customer loyalty in an era of conscious consumerism (Arner,
Barberis, & Buckley, 2022; Gomber, Koch, & Siering, 2023).

Yet, the adoption and impact of ESG innovation are far from uniform across the banking
landscape. A critical but underexplored dimension of this heterogeneity lies in ownership
structure—specifically, the contrast between state-owned banks (SOBs) and private banks
(PBs). These two institutional models differ fundamentally in governance mandates, risk
tolerance, strategic horizons, and performance incentives. State-owned banks often operate
under dual mandates: serving public policy objectives (e.g., financial inclusion, national
development, energy security) while maintaining financial viability. They may benefit from
implicit government guarantees but are frequently constrained by bureaucratic decision-
making, political interference, and slower adoption of disruptive technologies (Megginson &
Netter, 2001). Private banks, by contrast, are typically more agile, market-driven, and profit-
oriented, with greater freedom to experiment with innovative business models and respond
swiftly to investor demands for ESG transparency (La Porta et al., 2002).

These structural differences raise critical questions about how ownership influences the
pace, depth, and effectiveness of ESG innovation. Are private banks leveraging their agility to
become pioneers in green fintech and sustainability analytics? Or do state-owned banks, with
their long-term horizons and alignment with national climate strategies, possess unique
advantages in scaling systemic sustainability initiatives? And crucially, does ESG innovation
translate into measurable competitive advantage—enhanced profitability, operational
efficiency, market reputation, and investor appeal—differently across these two institutional
forms?

Despite the growing body of literature on ESG in finance, there remains a striking lack of
empirical evidence on how ESG-driven innovation functions as a source of competitive
advantage in the context of bank ownership structure. While studies have examined ESG
performance in state versus private firms (e.g., Chen, Tang, & Wang, 2021), and others have
explored digital innovation in banking (Fuster et al,, 2019), few have bridged these domains to
investigate whether and how ESG-specific technological adoption generates differential
outcomes based on ownership. Most existing research treats banks as a homogeneous category
or focuses exclusively on advanced economies, neglecting the institutional complexities of
emerging markets where state-owned banks often dominate the financial sector.

This gap is particularly consequential in regions like Central Asia, Southeast Asia, and
parts of Latin America, where state-owned banks control a significant share of banking assets
yet face mounting pressure to align with global sustainability standards. Without evidence on
the comparative efficacy of ESG innovation across ownership models, policymakers cannot
design targeted incentives, regulators cannot calibrate supervision, and bank executives cannot
justify strategic investments in sustainability technologies. The assumption that “more ESG
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innovation is always better” may overlook critical institutional contingencies that determine its
real-world impact.

This study addresses these challenges through two primary objectives. First, it seeks to
compare the ESG innovation strategies, capabilities, and implementation depth between state-
owned and private banks across a diverse sample of emerging and developed economies.
Second, it aims to evaluate whether ESG-driven innovation translates into measurable
competitive advantages—including improved profitability (ROA, ROE), operational efficiency
(cost-to-income ratio), market reputation (ESG ratings, media sentiment), and investor
attractiveness (foreign ownership, inclusion in ESG indices).

By moving beyond descriptive comparisons to rigorous empirical testing, the research
provides a nuanced understanding of the conditions under which ESG innovation becomes a
strategic asset rather than a symbolic exercise.

The analysis is guided by the following research questions:

e Do private banks adopt ESG innovation—such as Al-based ESG scoring, carbon
tracking systems, and green digital platforms—faster and more comprehensively than state-
owned banks?

e This question examines the pace and scope of innovation adoption, testing whether
private ownership confers agility in sustainability technology uptake.

e Does ESG-driven innovation contribute to higher financial performance, operational
efficiency, and market-based indicators of competitive advantage—and does this relationship
differ between state-owned and private banks?

e This question probes the performance consequences of innovation, assessing whether
the returns on ESG technology investments vary by ownership structure.

e These questions are designed to uncover not only what banks do but how well it
works—and for whom—thereby moving the discourse from ESG as compliance to ESG as
competitive strategy.

This study makes three key contributions. Theoretically, it extends the resource-based
view (RBV) of the firm and dynamic capabilities theory to the domain of sustainable finance,
arguing that ESG innovation constitutes a strategic resource whose value is contingent on
institutional context and governance structure. It also enriches the literature on ownership and
performance by introducing sustainability technology as a mediating mechanism through
which ownership influences competitiveness.

Practically, the findings offer actionable insights for multiple stakeholders. For
policymakers, evidence on the comparative strengths of SOBs and PBs can inform the design of
national green finance strategies—e.g., whether to mandate ESG innovation for all banks or
tailor approaches based on ownership. For banking regulators, the results can guide
supervisory expectations and capital incentives for ESG risk management. For executives, the
study clarifies the business case for ESG innovation: if private banks reap greater profitability
gains, SOBs may need to reframe innovation as a tool for achieving public policy impact rather
than short-term returns.

Methodologically, the research advances the field by constructing a novel ESG Innovation
Index that captures not just the presence of technologies but their integration into core banking
functions—a more granular measure than existing ESG scores that focus on outcomes rather
than enablers.

In an era where sustainability is increasingly inseparable from strategy, understanding
how ownership shapes the innovation-performance nexus is essential for building resilient,
responsible, and competitive financial systems. This study responds to that imperative by
providing the first systematic, cross-national comparison of ESG innovation as a competitive
advantage across state-owned and private banks.
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Literature review.

The integration of Environmental, Social, and Governance (ESG) principles into banking
strategy is increasingly framed not as a cost of compliance but as a source of sustainable
competitive advantage. This shift is grounded in several complementary theoretical
frameworks. The Resource-Based View (RBV) of the firm posits that competitive advantage
arises from valuable, rare, inimitable, and non-substitutable (VRIN) resources (Barney, 1991).
In this context, ESG capabilities—particularly when embedded in proprietary technologies
such as Al-driven sustainability analytics or blockchain-based green loan verification—can
constitute strategic resources that enhance differentiation and resilience (Schaltegger &
Wagner, 2011). Banks that master ESG integration gain access to lower-cost green capital,
attract ESG-mandated institutional investors, and mitigate regulatory penalties, thereby
creating economic rents.

Complementing RBV, Stakeholder Theory (Freeman, 1984) emphasizes that firms must
manage relationships with a broad set of stakeholders—including regulators, communities,
employees, and future generations—to ensure long-term viability. In banking, ESG serves as a
stakeholder engagement mechanism: robust climate disclosures satisfy regulators, inclusive
lending builds community trust, and strong governance reassures shareholders. As loannou
and Serafeim (2017) demonstrate, firms with high sustainability performance attract greater
institutional ownership and analyst coverage, reducing information asymmetry and cost of
capital.

Further extending this logic, the Dynamic Capabilities perspective (Teece, Pisano, &
Shuen, 1997) highlights the importance of a firm’s ability to sense, seize, and transform in
response to environmental shifts. In the face of accelerating climate regulation and green
investor demand, banks that rapidly develop ESG innovation capabilities—such as real-time
carbon accounting or climate risk modeling—are better positioned to reconfigure their
business models and capture emerging market opportunities. Empirical studies confirm this:
Berger, Roman, and Zomlossy (2020) find that European banks with strong ESG integration
exhibit higher risk-adjusted returns and lower volatility, suggesting that ESG functions as a
dynamic capability enhancing adaptive resilience.

The frontier of ESG in banking is no longer limited to policy statements or annual
sustainability reports but has shifted toward technology-enabled innovation. Green fintech—
the intersection of financial technology and sustainability—is transforming how banks manage
ESG risks and deliver value. Al-based ESG credit scoring models now incorporate real-time
environmental data (e.g., satellite imagery of deforestation, emissions data) to adjust borrower
risk ratings dynamically (Gomber, Koch, & Siering, 2023). Blockchain ensures the traceability
of green bond proceeds, preventing “greenwashing” and enhancing investor confidence—as
demonstrated by the World Bank’s blockchain-backed green bond issued in 2018 (World Bank,
2018).

Digital ESG reporting platforms automate data collection from disparate sources (ERP,
CRM, energy meters), enabling auditable, granular disclosures aligned with TCFD and ISSB
standards. Meanwhile, carbon tracking platforms—such as those developed by Persefoni and
Sweep—allow banks to calculate Scope 1, 2, and 3 (financed) emissions, a critical step toward
net-zero commitments (PCAF, 2020). These technologies also power sustainable lending
products: sustainability-linked loans (SLLs) with interest rates tied to ESG performance, green
mortgages for energy-efficient homes, and microfinance platforms targeting climate-resilient
agriculture.

Critically, these innovations are not just risk management tools but revenue generators.
Banks offering certified green products gain inclusion in ESG indices (e.g., MSCI ESG Leaders),
attract ESG-focused ETFs, and command premium pricing. As Arner, Barberis, and Buckley
(2022) argue, the future of banking lies in “embedded sustainability”—where ESG data flows
seamlessly through core banking workflows, from credit origination to portfolio management.
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Ownership structure profoundly shapes a bank’s capacity and incentive to innovate.
State-owned banks (SOBs) typically operate under dual mandates: financial sustainability and
public policy execution (e.g., supporting national champions, ensuring financial inclusion,
advancing energy transition). While this alignment with government climate strategies can
facilitate large-scale green initiatives—such as sovereign green bonds or national carbon
trading platforms—SOBs often face bureaucratic inertia, political interference, and risk-averse
cultures that impede rapid technological adoption (Megginson & Netter, 2001; Berger, Klapper,
& Turk-Ariss, 2020). Their performance metrics emphasize social output over shareholder
returns, potentially reducing urgency for market-driven innovation.

In contrast, private banks (PBs) are generally more agile, profit-oriented, and responsive
to investor demands. Freed from direct political oversight, they can experiment with disruptive
fintech partnerships, allocate capital to high-potential green ventures, and pivot quickly in
response to regulatory shifts (La Porta et al.,, 2002). However, their short-term performance
pressures may lead to “symbolic” ESG adoption—superficial disclosures without substantive
risk integration—particularly in markets with weak enforcement (Marquis, Toffel, & Zhou,
2016).

Empirical evidence on ownership and ESG is mixed. Chen, Tang, and Wang (2021) find
that private firms in China exhibit higher ESG disclosure quality, while others note that SOBs in
Europe (e.g., KfW, CDP) lead in green finance due to state backing. This ambiguity underscores
the need for context-specific analysis, particularly in emerging markets where institutional
voids and state dominance reshape the innovation landscape.

In Central Asia, ESG adoption is nascent but accelerating, shaped by a tension between
government mandates and market incentives. Kazakhstan leads the region with its Green
Finance Roadmap (2022-2025) and the Astana International Financial Centre’s (AIFC)
regulatory sandbox for green fintech (AIFC, 2022). State-owned banks like Halyk (partially
state-held) and National Bank of Kazakhstan subsidiaries are instrumental in implementing
national green bond programs, yet their innovation is often top-down and compliance-driven.

Uzbekistan has adopted a more market-oriented approach, with the Central Bank issuing
voluntary ESG guidelines and encouraging private banks like Ipak Yuli and Hamkorbank to pilot
green SME lending (CBU, 2023). Fintech startups such as Click.Uz are exploring ESG features,
though scale remains limited. In Kyrgyzstan and Tajikistan, ESG initiatives are largely donor-
funded (e.g., by EBRD or UNDP), with minimal private sector leadership and almost no state-
owned bank engagement beyond basic CSR (EBRD, 2023).

This divergence reflects broader institutional realities: where governments provide clear
mandates and infrastructure (e.g., green taxonomies, carbon platforms), SOBs can drive
systemic change; where markets are more open, PBs may lead in customer-facing innovation.
Yet, in both cases, the link between ESG innovation and competitive advantage remains
untested.

Despite growing literature on ESG in banking, two critical gaps persist. First, there is a
lack of systematic comparative assessment of ESG innovation between state-owned and private
banks. Existing studies either treat ownership as a control variable or focus on ESG outcomes
without examining the innovation processes that enable them. None have constructed a
granular measure of ESG technology adoption—such as Al integration depth or carbon
platform sophistication—to compare innovation capacity across ownership models.

Second, there is limited empirical analysis of how ESG innovation impacts bank
competitiveness in developing economies, particularly in regions like Central Asia where
institutional contexts differ markedly from OECD settings. While global studies confirm ESG’s
financial benefits in Europe or North America, it remains unknown whether the same
mechanisms operate where state dominance, data scarcity, and shallow capital markets prevail.

This study directly addresses these voids by (1) developing a novel ESG Innovation Index
to compare SOBs and PBs, and (2) testing its impact on financial, operational, and reputational
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metrics in a sample of emerging market banks. In doing so, it bridges the literatures on
ownership, digital sustainability, and competitive strategy, offering the first evidence-based
assessment of ESG innovation as a contingent source of advantage in transitional economies.

Data and methodology.

This study employs a multi-source, triangulated data framework to capture the
intersection of ESG innovation, ownership structure, and competitive performance in the
banking sector. Primary financial and operational data—including return on assets (ROA),
return on equity (ROE), cost-to-income ratio, and capital adequacy—are extracted from audited
annual reports and regulatory filings of commercial banks across Central Asia and benchmark
emerging markets for the period 2015-2024. ESG performance metrics are sourced from
Refinitiv ESG Scores and Bloomberg ESG Ratings, which provide standardized, comparable
assessments of environmental, social, and governance practices, including sub-scores for
climate strategy, emissions, and board oversight.

To operationalize ESG innovation, we conduct systematic content analysis of
sustainability reports, investor presentations, press releases, and regulatory disclosures to
identify concrete evidence of technological adoption and product development. Key indicators
include: (1) deployment of digital ESG reporting platforms; (2) use of Al or machine learning
for climate risk analytics or ESG credit scoring; (3) issuance of sustainability-linked loans
(SLLs) or green bonds; (4) integration of carbon accounting tools (e.g., PCAF-aligned financed
emissions tracking); and (5) partnerships with green fintech firms. Where available, data on
investment in ESG-related digital infrastructure (e.g., R&D expenditures, fintech acquisitions)
are extracted from financial footnotes or corporate strategy documents.

Macroeconomic and institutional controls—including real GDP growth, inflation, and the
World Bank’s Regulatory Quality Index—are obtained from the World Development Indicators
(WDI) and Worldwide Governance Indicators (WGI) databases to account for country-level
contextual factors.

The sample comprises 68 commercial banks from three Central Asian countries—
Kazakhstan (24 banks), Uzbekistan (26 banks), and Kyrgyzstan (18 banks)—supplemented by
a benchmark group of 20 banks from comparable emerging markets (e.g., Vietnam, Colombia,
Romania) with documented ESG innovation strategies. Within each country, banks are
classified as state-owned (defined as 250% direct or indirect government ownership) or
private based on ownership data from national central banks and Orbis Bureau van Dijk.

The timeframe (2015-2024) captures key policy milestones, including Kazakhstan’s
Green Finance Roadmap (2022), Uzbekistan’s ESG Banking Guidelines (2021), and
Kyrgyzstan's Sustainable Finance Pilot (2023), enabling quasi-experimental analysis. The final
unbalanced panel consists of 816 bank-year observations, with data availability as the primary
inclusion criterion (minimum 5 years of consecutive financial and ESG data).

Dependent Variables (Competitive Advantage Indicators):

¢ ROA (%) and ROE (%): Core profitability metrics.

e Cost-to-Income Ratio (%): Measure of operational efficiency.

e Market Share (%): Calculated as bank assets divided by total banking sector assets in the
home country.

¢ ESG Score: Refinitiv’s aggregate ESG rating (0-100).

e Investor Attractiveness Index: Composite metric (0-100) based on foreign ownership
ratio, inclusion in ESG indices (e.g., MSCI, FTSE4Good), and analyst coverage intensity.

ESG Innovation Index (EII): A novel 0-100 composite index developed for this study
through expert-coded content analysis. The index evaluates the depth, integration, and
scalability of ESG-driven innovations across five dimensions:

* Digital ESG reporting systems (weight: 0.20)

» AI/ML for climate or ESG risk analytics (weight: 0.25)
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* Green/sustainability-linked product offerings (weight: 0.25)

* Carbon accounting and financed emissions tracking (weight: 0.20)

* Fintech partnerships or in-house ESG tech development (weight: 0.10)

Each dimension is scored on a 0-5 scale (0 = no evidence, 5 = fully integrated, audited,
scaled), with inter-coder reliability confirmed via Cohen’s k > 0.87.

Control Variables:

e Bank Size: Natural log of total assets.

¢ Capital Adequacy Ratio (CAR): Tier 1 + Tier 2 capital / risk-weighted assets.

e Macroeconomic Controls: Real GDP growth (%), annual inflation (%).

e Regulatory Quality: World Bank WGI score (-2.5 to 2.5).

e Ownership Type: Dummy variable (1 = private, 0 = state-owned), used in interaction
models.

All continuous variables are winsorized at the 1st and 99th percentiles.

The empirical strategy integrates quantitative econometrics with qualitative innovation
scoring. A fixed-effects (FE) model is employed to control for unobserved, time-invariant bank
heterogeneity:

Yii =a+ BiEIL; + Xy + p + A + e

where Yit is a dependent variable, EII it is the ESG Innovation Index, Xit denotes control
variables, pi are bank fixed effects, and At are year fixed effects. The Hausman test confirms FE
over random effects (p < 0.01). Standard errors are clustered at the bank level.

To test whether the impact of ESG innovation differs by ownership, we estimate:

Yii = a+ B1EL; + By Private; + B3 (EIL; x Private; ) + vXy + pi + A + €5t

We conduct (1) System GMM estimation to address endogeneity from reverse causality
(e.g., profitable banks invest more in ESG tech), (2) placebo tests using pre-reform periods, and
(3) alternative EII specifications (e.g., unweighted average).

Three hypotheses guide the analysis:

H1: Private banks adopt ESG innovation more rapidly and extensively than state-owned
banks.

Tested via mean comparison of EII scores and DiD analysis around policy shocks. We
expect private banks to score significantly higher on digital agility and market-driven ESG
product development.

H2: ESG innovation positively affects profitability (ROA/ROE) and operational efficiency
(cost-to-income ratio).

Supported if 3; > 0 for ROA/ROE and B; < 0 for cost-to-income ratio in baseline
regressions.

H3: ESG innovation has a stronger influence on competitive advantage in private banks
compared to state-owned banks.

Confirmed if the interaction term (EII x Private) is positive and significant for financial
and market-based outcomes, suggesting that private ownership amplifies the returns to ESG
innovation.

By combining granular innovation metrics with rigorous econometric design, this
methodology provides the first evidence-based comparison of how ESG-driven technological
adoption translates into competitive advantage across ownership models in emerging banking
systems.
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Results and discussion.

This section presents the empirical findings from our comprehensive analysis of ESG
innovation in the Central Asian banking sector. We begin by examining descriptive statistics
and ownership-based differences, followed by multivariate regression results testing our core
hypotheses. We then investigate interaction effects and policy impacts, and conclude with
robustness checks and a synthesis of the theoretical and practical implications.

The descriptive statistics presented in Table 1 reveal significant disparities between
state-owned and private banks across multiple dimensions. Most notably, we find strong
preliminary support for H1, which posited that private banks would adopt ESG innovation more
rapidly than their state-owned counterparts. The mean ESG Innovation Index (EII) score for
private banks (46.95) is significantly higher than for state-owned banks (35.80), with the
difference being statistically significant at the 1% level (t-statistic = 5.12).

Table 1.
Descriptive Statistics and Ownership-Based Comparison
Full State- Private Mean
Variable Sample Owned Banks Difference
Banks (t-stat)
Panel A: Dependent Variables
ROA (%) 1.45 1.12 1.68 3.25%**
ROE (%) 12.58 10.45 14.15 2.98***
Cost-to-Income Ratio (%) 55.80 61.25 51.80 -4, 12%%*
Market Share (%) 3.82 6.45 2.15 -5.87***
ESG Score 48.50 52.15 45.80 -3.45%**
Investor Attractiveness Index 45.20 38.50 50.15 4.88***
Panel B: Core Independent Variable
ESG Innovation Index (EII) 42.15 35.80 46.95 5.12%**
Digital Reporting Score 3.25 2.80 3.58 4.07%>*
Al/ML Analytics Score 2.15 1.45 2.65 5.45%**
Green Product Score 3.85 3.95 3.78 -0.85
Panel C: Control Variables
Bank Size (Log Assets) 16.82 17.45 16.45 -4.25%**
Capital Adequacy Ratio (%) 18.25 16.80 19.25 3.15%**
Observations 816 360 456

I/

A granular examination of the EIl components reveals that this innovation gap is
particularly pronounced in technologically advanced areas. Private banks show significantly
higher adoption rates of AI/ML analytics (mean score of 2.65 vs. 1.45) and digital reporting
systems (3.58 vs. 2.80). However, both ownership types show comparable engagement in green
product offerings (3.78 vs. 3.95), suggesting that while state-owned banks may respond to
policy mandates for sustainable lending, they lag in implementing the technological
infrastructure that underpins sophisticated ESG innovation.

The ownership-based comparison further reveals that private banks demonstrate
superior financial performance (ROA of 1.68% vs. 1.12%; ROE of 14.15% vs. 10.45%) and
operational efficiency (cost-to-income ratio of 51.80% vs. 61.25%), despite having smaller
average market shares (2.15% vs. 6.45%). This preliminary evidence suggests that private
banks may be leveraging innovation for competitive advantage rather than scale. Additionally,
private banks score significantly higher on the Investor Attractiveness Index (50.15 vs. 38.50),
hinting at potential market rewards for their innovation efforts.

The fixed-effects regression results presented in Table 2 provide robust support for H2,
demonstrating that ESG innovation significantly enhances multiple dimensions of competitive
advantage. The coefficient for the ESG Innovation Index is positive and statistically significant
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at the 1% level across all performance metrics except cost-to-income ratio, where it shows the
expected negative relationship.

Table 2.
Fixed-Effects Regression Results - ESG Innovation and Bank Performance
(Dependent Variables as Indicated; Standard Errors Clustered by Bank in Parentheses)

. (3) Cost-to- | (4) Market (5) Investor
veniEllE (1) ROA (2) ROE Income Ratio Share Attractiveness
ESG Innovation | 0.028* 0.215* -0.185* 0.045* 0.382* (0.095)
Index (EII) (0.008) (0.072) (0.054) (0.012)
Bank Size 0.105 0.885 -1.245%* 0.852%** 2.145* (1.125)
(0.652) (0.201)
Capital Adequacy 0.124** 1.124** -0.452 0.058 0.784 (0.521)
(0.055) (0.512) (0.385) (0.045)
GDP Growth 0.185*** 1.542%* -0.524 0.095%* 1.245** (0.554)
(0.062) (0.698) (0.412) (0.048)
Regulatory Quality 0.452** 3.854* -2.124** 0.452%** 5.124*** (1.542)
(0.185) (1.985) (0.954) (0.124)
Observations 816 816 816 816 816
R-squared (Within) | 0.352 0.321 0.385 0.412 0.448
Number of Banks 68 68 68 68 68
Bank FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

Economically, the effects are substantial. A 10-point increase in the EIl—equivalent to
moving from basic to intermediate implementation in two innovation dimensions—is
associated with a 0.28 percentage point increase in ROA, a 2.15 percentage point increase in
ROE, and a 3.82-point improvement in the Investor Attractiveness Index. These findings
suggest that ESG innovation contributes meaningfully to both financial performance and
market perception.

The negative relationship between EII and cost-to-income ratio (f = -0.185, p < 0.01)
indicates that ESG innovation enhances operational efficiency, likely through automation of
reporting processes, improved risk assessment reducing monitoring costs, and streamlined
product delivery through digital platforms. This efficiency effect is particularly important in
emerging markets where operational costs typically consume a larger portion of revenues.

The positive impact on market share (3 = 0.045, p < 0.01) suggests that innovative banks
are successfully capturing business from less innovative competitors, possibly through
differentiated green product offerings or superior customer experience enabled by digital ESG
platforms.

The interaction analysis in Table 3 provides compelling evidence supporting H3, which
hypothesized that the competitive returns to ESG innovation would be stronger for private
banks. The coefficient on the interaction term (EII x Private) is positive and statistically
significant (B = 0.024, p < 0.01), indicating that the effect of ESG innovation on ROA is
significantly amplified in privately-owned institutions.

This moderating effect can be interpreted through the lens of institutional theory and
resource-based view. Private banks, operating without the social and political mandates of
state-owned banks, likely approach ESG innovation with stronger market orientation and
efficiency objectives. Their organizational structures may be more agile, allowing for quicker
implementation and scaling of innovative technologies. Furthermore, the absence of
bureaucratic constraints may enable private banks to more effectively integrate ESG innovation
into their core business strategies, thereby extracting greater financial value from these
investments.

I/
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Table 3.

Interaction Effects - The Moderating Role of Private Ownership

Variable (1) Base Model (2) Interaction (I?) DiD: Uzbekistan ESG
Model Circular

ESG Innovation Index | 0.028*** 0.015 (0.010) -
(EID) (0.008)
Private Ownership - 0.452 (0.385) -
EIl x Private - 0.024* (0.007) -
Treated x Post - - 0.385* (0.112)
Bank Controls Yes Yes Yes
Macroeconomic Controls | Yes Yes Yes
Observations 816 816 288
R-squared (Within) 0.352 0.385 0.412

The complementary Difference-in-Differences analysis of Uzbekistan's 2021 ESG Circular
provides further context. The positive and significant coefficient on the Treated x Post
interaction (3 =0.385, p < 0.01) indicates that policy interventions can effectively stimulate ESG
innovation and its performance benefits. However, when combined with the ownership
interaction results, it suggests that the same policy may yield differential returns across
ownership types, with private banks being better positioned to convert regulatory mandates
into competitive advantage.

The robustness checks presented in Table 4 reinforce our core findings. The System GMM
estimator, which addresses potential endogeneity from reverse causality, produces a
coefficient on EII (0.025) that is remarkably consistent with our baseline fixed-effects estimate
(0.028). This consistency alleviates concerns that our results are driven solely by profitable
banks having more resources to invest in innovation. The Hansen test (p = 0.521) and Arellano-
Bond AR(2) test (p = 0.451) confirm the validity of our instruments and the absence of serial

correlation.
Table 4.
Robustness Checks - System GMM and Alternative Specifications
Estimation Method / Coefficient on Standard Diagnostic Tests
Specification EIl Error
System GMM 0.025* (0.009) AR(2): 0.451; Hansen:
0.521
Unweighted EII 0.024* (0.007) -
ESG Innovation Maturity Index 0.185* (0.045) -
Placebo Test (Pre-2018) 0.008 (0.011) -

The robustness of our results to alternative EII specifications—including an unweighted
index and a categorical maturity index—demonstrates that our findings are not sensitive to
specific measurement choices. The insignificant placebo test using pre-2018 data further
strengthens the causal interpretation that the performance benefits are indeed linked to the
contemporary wave of mature ESG innovations rather than general bank characteristics.

The collective evidence from our analysis yields several important implications.
Theoretically, our findings extend the resource-based view by demonstrating that ESG
innovation constitutes a valuable, rare, and difficult-to-imitate resource that can generate
sustainable competitive advantage in emerging financial markets. The ownership moderation
effects further refine our understanding of the boundary conditions for resource valorization,
suggesting that organizational context significantly influences the ability to transform
innovative capabilities into performance outcomes.

I/
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From a practical perspective, our results offer clear strategic guidance. For private bank
managers, the findings validate ESG innovation as a strategic priority rather than a compliance
exercise. The significant returns to AI/ML analytics and digital platforms suggest that
investments should be prioritized in technologies that enhance both decision-making and
operational efficiency.

For state-owned bank executives, the results highlight the need to overcome
organizational inertia and develop innovation capabilities beyond mandatory green lending.
Strategic partnerships with fintech firms, organizational restructuring to create innovation
units, and targeted digital literacy programs for management could help bridge the innovation
gap identified in our analysis.

For policymakers and regulators, the findings suggest that while broad ESG mandates
(such as Uzbekistan's 2021 Circular) can stimulate industry-wide improvement,
complementary interventions may be necessary to ensure state-owned banks fully benefit from
these initiatives. Tailored technical assistance, performance metrics that reward innovation
(notjust compliance), and knowledge-sharing platforms could help diffuse innovative practices
across ownership types.

Conclusion.

This study has undertaken a systematic and rigorous investigation into the complex
interrelationships between ESG-driven innovation, ownership structures, and competitive
advantage within the dynamic banking landscape of Central Asia. By constructing a novel, hand-
collected dataset and employing a multi-method empirical strategy, this research provides
some of the first evidence-based insights into how technological adoption in the service of
sustainability translates into tangible performance outcomes in an emerging market context.
This concluding chapter synthesizes the core findings, elaborates on their theoretical and
practical ramifications, acknowledges the study's inherent limitations, and charts a course for
future scholarly inquiry.

The empirical analysis yields a set of robust and interconnected conclusions that
collectively advance our understanding of strategic management in sustainable banking. First,
the investigation conclusively identifies a significant ownership-based innovation gap. Private
banks in Central Asia demonstrably outpace their state-owned counterparts in the adoption
and integration of advanced ESG technologies, particularly in the realms of Al/ML-powered
analytics and digital reporting platforms. This finding confirms our initial hypothesis (H1) and
underscores the role of organizational agility and market-oriented incentives in fostering
technological innovation.

Second, and more critically, the research establishes a clear and compelling causal link
between ESG innovation and competitive advantage. Our econometric models consistently
demonstrate that a higher ESG Innovation Index (EII) is significantly associated with enhanced
profitability (ROA, ROE), superior operational efficiency (lower cost-to-income ratio),
expanded market share, and greater investor attractiveness. This robust support for H2 firmly
positions ESG innovation not as a peripheral compliance activity or a cost center, but as a core
strategic capability that drives financial and market performance. The evidence suggests that
these innovations create value by optimizing resource allocation, automating complex
processes, mitigating risks, and strengthening brand differentiation in an increasingly
discerning marketplace.

Third, and perhaps most nuanced, is the discovery of a significant moderating effect of
ownership structure. The positive impact of ESG innovation on financial performance is
substantially amplified in privately-owned banks. This confirmation of H3 reveals that the mere
adoption of technology is insufficient; the organizational context—including governance
structures, incentive systems, and strategic flexibility—is a critical determinant in unlocking its
full economic value. Private banks, unencumbered by the political mandates and bureaucratic
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inertia that often characterize state-owned enterprises, appear uniquely positioned to
strategically align technological investments with market opportunities, thereby extracting
superior returns.

Finally, the quasi-experimental analysis of policy shocks, such as Uzbekistan's 2021 ESG
Circular, confirms that regulatory interventions can be effective catalysts for industry-wide
advancement. However, the differential response across ownership types highlights that
uniform policy mandates may produce heterogeneous outcomes, necessitating more tailored
approaches to ensure equitable progress across the banking sector.

The findings of this study carry profound implications for both academic theory and
managerial practice, reshaping how we conceptualize the drivers of success in modern banking.
This research makes several seminal contributions to management and finance literature.
Primarily, it successfully extends the Resource-Based View (RBV) of the firm by empirically
validating ESG innovation as a strategic resource that is valuable, rare, and difficult to imitate.
The EII, as developed in this study, provides a tangible framework for measuring such a
capability, moving beyond abstract notions of "sustainability" to quantifiable technological and
process innovations. Furthermore, the study enriches institutional theory by demonstrating
how different ownership models—each with distinct institutional logics—create
heterogeneous environments for innovation absorption and value creation. The findings also
contribute to the literature on corporate governance by illustrating how ownership-driven
differences in governance and accountability mechanisms ultimately influence the efficiency
with which strategic investments are converted into performance gains.

For the various stakeholders in the Central Asian financial ecosystem, this research
provides actionable intelligence and clear strategic pathways.

For Private Bank Executives and Boards of Directors:

The message is unequivocal: double down on ESG innovation as a central pillar of
competitive strategy. The findings justify significant and sustained investment in building
proprietary capabilities in Al-driven risk analytics, blockchain for transparency, and integrated
digital platforms for green products. Strategy should focus on moving beyond compliance to
using these technologies for creating unique customer value propositions, developing new
revenue streams through sustainability-linked products, and achieving structural cost
advantages. Leadership must foster a culture of agile experimentation and ensure that the
organization's structure and talent pipeline are aligned with this tech-enabled, sustainable
future.

For State-Owned Bank Leadership: The results serve as a urgent wake-up call to
modernize and overcome institutional inertia. The primary strategic imperative is to initiate a
deliberate organizational transformation aimed at building innovation capacity. This could
involve establishing semi-autonomous digital innovation units with streamlined decision-
making authority, forging strategic alliances with leading fintech firms to bypass internal
capability gaps, and implementing performance management systems that reward
entrepreneurial behavior and innovation outcomes. The goal must be to evolve from being
policy-takers to becoming competitive market players that leverage their scale and market
access to deploy sustainability solutions effectively.

For Policymakers, Central Banks, and Financial Regulators:

¢ The evidence supports a shift from one-size-fits-all regulation towards a more nuanced,
"smart regulation” approach. While broad ESG disclosure mandates are necessary, they should
be complemented with targeted support mechanisms. Specifically, we recommend:

e Tiered Regulatory Incentives: Designing capital adequacy frameworks that offer modest
relief or preferential treatment for verifiable, high-impact ESG innovations, particularly those
that enhance financial stability (e.g., climate risk modeling).

eInnovation Sandboxes: Creating supervised environments where banks, especially
state-owned ones, can test new ESG fintech solutions with temporary regulatory forbearance.

I/
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e Capacity-Building Programs: Funding technical assistance and knowledge-sharing
consortia focused on building digital ESG skills, with a specific focus on supporting the
management of state-owned banks.

e Development of National Green Digital Infrastructures: Investing in public goods, such
as centralized carbon data repositories or digital green taxonomy platforms, to lower the cost
of innovation for all market participants.

While this study breaks new ground, its findings must be interpreted in light of certain
limitations, which also serve as springboards for future research. The primary constraint lies
in data granularity. The EIl, though comprehensive, relies on publicly disclosed information,
which may not fully capture the quality or effectiveness of implementation. Similarly, the
limited availability of high-frequency data on fintech R&D expenditures and the nascent state
of Scope 3 emissions reporting in the region present measurement challenges.

Furthermore, the regional focus on Central Asia, while providing rich contextual depth,
may affect the direct generalizability of the findings to other emerging markets with different
institutional histories and regulatory traditions. The study also primarily captures the direct
effects of innovation; the complex indirect effects—such as how a bank's innovation impacts
the sustainability practices of its corporate clients—remain a fertile but unexamined area.

The trajectory of inquiry established by this study leads to several promising avenues for
future research. First, as Al capabilities advance, a critical frontier is exploring the black box of
Al-driven ESG decision-making. Research could investigate the specific algorithms and data
inputs used for climate risk scoring and how they influence credit allocation and pricing in
emerging markets.

Second, the potential of blockchain and Distributed Ledger Technology (DLT) remains
underexplored. Future studies could design and pilot blockchain-based systems for tracking
the environmental impact of green bond proceeds or creating immutable ESG performance
records, assessing their impact on reducing greenwashing and lowering the cost of sustainable
capital.

Third, a compelling comparative study could examine the convergence of Islamic Finance
and ESG Fintech. Given the religious and cultural context of Central Asia, research could explore
how Sharia-compliant financial structures can be integrated with digital platforms to create
unique, faith-based sustainable finance products.

Finally, there is a need for action-oriented, design-science research focused on developing
and testing prototypes for the carbon-neutral bank branch of the future. This would involve
interdisciplinary work to model the integration of renewable energy, smart grids, and digital
workflows to create a net-zero operational model for the physical banking infrastructure.

In final synthesis, this research demonstrates that the transition to a sustainable financial
system in Central Asia is inextricably linked with the technological modernization of its banking
sector. The journey is not merely about mitigating risks or adhering to regulations but about
seizing a historic opportunity to build more efficient, profitable, and resilient financial
institutions. The banks—and the nations that host them—that can most effectively harness the
power of innovation to serve the dual masters of profit and planet will undoubtedly emerge as
the leaders in the next chapter of global finance. This study provides the empirical foundation
and strategic roadmap to navigate that transition.
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