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Abstract 

This paper examines the relationship between FinTech and sustainable development in 

Saudi Arabia and the Gulf Cooperation Council (GCC) using a mixed-methods approach. 

It combines survey data from professionals in banking, insurance, and manufacturing 

with policy and industry literature. Using PLS-SEM complemented by macro-level 

regression robustness analysis, the study analyzes how FinTech, blockchain, green 

finance, and financial inclusion influence sustainability. Findings show that FinTech and 

blockchain both significantly enhance sustainable performance, especially when 

combined. Green finance and financial innovation mediate and strengthen these effects. 

The research also highlights FinTech’s role in advancing key UN Sustainable 

Development Goals (SDGs), including poverty reduction (SDG 1), gender equality (SDG 

5), and economic growth (SDG 8), through broader financial access. However, the study 

warns that without proper safeguards, financial inclusion could raise CO2 emissions due 

to increased fossil fuel use. It emphasizes the need for strong regulation, trust, and 

infrastructure, and recommends aligning digital finance with environmental goals and 

boosting digital and environmental literacy. 

Keywords: FinTech maturity; sustainable development goals; digital finance; panel data; 

Saudi Arabia; policy gaps 

 

1. Introduction 

The rise of financial technology (FinTech) has profoundly transformed the landscape 

of financial services in Saudi Arabia and the GCC, enabling new levels of efficiency, 

transparency, and customer engagement while providing essential tools to accelerate 

sustainable development [1,2]. Against the backdrop of Vision 2030 and regional 

ambitions to diversify economies away from fossil fuel dependency, both governments 

and private sector entities have prioritized digital transformation as a means to achieve 

inclusive growth, financial stability, and environmental sustainability [2,3]. 

FinTech’s contributions are multifaceted: blockchain and digital payment platforms 

streamline processes, mitigate fraud, and foster innovation in sectors such as banking and 

insurance [1], while green finance solutions and digital loans empower small and medium 

Academic Editors: Jay Rajasekera 

and Shinji Ayuha  

Received: 11 January 2026 

Revised: 18 February 2026 

Accepted: 21 February 2026 

Published: 24 February 2026 

Copyright: © 2026 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 

https://doi.org/10.3390/su18052182
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Sustainability 2026, 18, 2182 2 of 25 
 

https://doi.org/10.3390/su18052182 

enterprises (SMEs) to adopt eco-friendly practices [4]. Recent empirical studies reveal that 

regulatory environments, technological infrastructure, and customer trust are critical 

factors driving successful FinTech integration and competitiveness [5]. Moreover, 

FinTech’s positive effects are amplified when paired with financial innovation and robust 

environmental finance policies, as evidenced in the evolving banking practices across 

Saudi Arabia [6]. 

Despite these gains, the literature cautions against equating increased financial access 

with automatic sustainability benefits. For example, in Saudi Arabia, rising levels of 

financial inclusion have been empirically linked to greater energy consumption and CO2 

emissions unless specifically directed toward renewable or sustainable projects [3]. Thus, 

the design of incentive structures, access channels, and regulatory mechanisms is crucial 

to maximize environmental returns on FinTech-enabled growth. 

Parallel to these sectoral trends, the integration of FinTech into Saudi Arabia’s 

national SDG strategy has demonstrated clear progress in poverty reduction, gender 

equality, employment, and partnerships for sustainable development, yet persistent gaps 

remain. Challenges such as digital divides, regulatory inertia, and the uneven adoption of 

digital literacy programs continue to restrict FinTech’s full potential for sustainability [2,6]. 

The GCC’s transition from fossil fuel dependency toward a digitally enabled smart 

economy reflects a broader global “quest for balance” between economic growth, energy 

security, and environmental preservation [7]. As energy-intensive economies seek to 

modernize through digital transformation and financial innovation, the challenge lies not 

merely in technological adoption, but in aligning financial ecosystems with long-term 

sustainability objectives. In this sense, Saudi Arabia’s Vision 2030 and regional FinTech 

expansion can be understood as part of a wider international effort to reconcile 

development imperatives with ecological constraints. 

Against this backdrop, the present study aims to explore how the maturity of the 

FinTech ecosystem in Saudi Arabia influences the achievement of the United Nations 

Sustainable Development Goals (SDGs). Specifically, the research investigates whether 

advancements in digital financial infrastructure, innovation, and regulatory readiness 

contribute to progress in key SDG domains such as financial inclusion, sustainable 

economic growth, and environmental sustainability. 

To guide the empirical investigation, this study addresses the following research 

questions: 

RQ1: How does FinTech ecosystem maturity influence sustainability outcomes and 

progress toward key Sustainable Development Goals (SDGs) in Saudi Arabia and the 

GCC? 

RQ2: Through which mechanisms (green finance, financial innovation, financial 

inclusion, and blockchain integration) does FinTech adoption affect organizational and 

environmental sustainability? 

This paper is structured as follows: The following section reviews the theoretical 

framework that defines the key dimensions and variables examined in these studies. The 

next section reviews relevant literature on the intersection of FinTech, blockchain 

technology, and sustainable development, with a particular focus on the context of Saudi 

Arabia and the GCC region. This is followed by a detailed explanation of the research 

methodology, including the mixed-methods approach and data collection procedures. 

The results section then presents key quantitative and qualitative findings relating to the 

impacts of FinTech and blockchain on organizational sustainability and the achievement 

of Sustainable Development Goals. Subsequently, the discussion section interprets these 

findings, highlights policy implications, and addresses challenges such as the 

environmental risks associated with unaligned financial inclusion. Finally, the paper 

concludes by offering actionable recommendations for policymakers and stakeholders 
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and outlines directions for future research to further advance the integration of digital 

financial innovation and sustainability in the region. 

2. Theoretical Framework 

This paper is theoretically built on the triple bottom line (TBL) framework which 

expands the measurement of organizational and sectoral performance beyond traditional 

profits to include social and environmental dimensions [8]. The TBL underlines the 

importance of long-term sustainability, stakeholder value, and the integration of non-

financial objectives alongside traditional financial metrics in strategic and operational 

decision-making. 

In the context of Fintech and digital transformation, the TBL framework provides an 

effective approach for evaluating the impact of emerging innovations on sustainability 

goals. For example, this approach assists in investigating the impact of fintech and 

blockchain technologies on enhancing the efficiency, transparency, and cost-effectiveness 

of financial transactions, as well as the impact of these new innovations on boosting trust 

in financial institutions and contributing to market stability. Sreenu [9] and Rabbani [10] 

argue that FinTech primarily aims to improve and simplify financial services, including 

core banking functions such as money transfers, savings, investments, and insurance, 

while also providing banks with opportunities to enhance their services and achieve cost 

efficiencies. 

Green finance and financial innovation are reflected in the environmental dimension 

of the TBL. The environmental dimension channels resources toward environmentally 

friendly projects, promotes green investments, and encourages businesses to adopt eco-

efficient practices. He. et al. [11] state that green finance represents directing investment, 

lending, and insurance toward projects and initiatives with positive environmental 

impacts. Green finance serves as a pathway through which the financial sector can 

contribute to reducing carbon emissions and promoting renewable energy solutions. 

Financial inclusion reflects the social dimension of TBL which enables 

underprivileged groups like SMEs, women, and low-income households to have fair 

access to financial resources. Financial inclusion promotes entrepreneurship, lowers 

poverty, and promotes social justice and stability by increasing access. According to 

Ababio et al. [12], financial inclusion enhances access to funding for renewable energy 

projects, supports sustainable enterprises, and encourages sustainable practices, all of 

which have a beneficial impact on environmental sustainability in developing nations. 

Lastly, the comprehensive concept of sustainability used in this study reflects the 

outcomes of the three dimensions of TBL. Sustainability symbolizes the harmony between 

collective economic growth, environmental protection, and social prosperity. This 

harmony may be influenced by the combined effects of FinTech adoption, blockchain, 

green finance, financial innovation, and financial inclusion. 

Through the use of the TBL paradigm, this study views FinTech and financial 

innovation as catalysts for accomplishing more general sustainability objectives rather 

than only as economic facilitators. This approach is of paramount importance in Saudi 

Arabia and the GCC countries, where national strategies, such as Vision 2030, explicitly 

link digital transformation as a means of achieving sustainable development and 

comprehensive prosperity. 
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3. Literature Review and Hypothesis Development 

3.1. The FinTech–Sustainability Relationship 

The intersection of FinTech and sustainable development has emerged as a critical 

area of research and policy in Saudi Arabia and the broader GCC, reflecting both global 

trends and the region’s unique developmental priorities. This literature review 

synthesizes empirical evidence on the transformative impact, underlying mechanisms, 

opportunities, and challenges of FinTech in advancing sustainability across financial, 

environmental, and social domains. 

The long-term competitiveness and sustainability of the FinTech sector in Saudi 

Arabia and the GCC are shaped by regulatory frameworks, technological infrastructure, 

and customer trust. According to Al_hazimeh et al. [5], empirical evidence from Jordan 

which shares economic and cultural similarities with the GCC demonstrates that a 

supportive regulatory environment, robust digital infrastructure, and customer trust are 

significant predictors of FinTech sector competitiveness. 

A favorable regulatory environment can stimulate innovation, attract new entrants, 

and foster market confidence, while stringent or outdated regulations may stifle growth 

[5,6]. In Saudi Arabia and the GCC, ongoing legal reforms, regulatory sandboxes, and 

government support for digital transformation have been instrumental in supporting 

FinTech adoption. Albarrak & Alokley [13] point out that the Saudi government is making 

significant efforts to improve the regulatory environment for fintech initiatives. 

Customer trust is equally pivotal. As FinTech platforms shift customer interactions 

from face-to-face transactions to digital interfaces, maintaining robust security, data 

privacy, and transparent practices becomes central to market acceptance and sustained 

adoption [5]. Institutional initiatives and best practice guidelines are critical to address 

security concerns and foster digital trust. 

Technological infrastructure provides the necessary foundation for digital services, 

from high-speed internet to secure payment gateways and cloud computing. Saudi 

Arabia’s investments in enabling ICT frameworks and talent development have 

positioned it as a regional leader in FinTech innovation [2]. 

In the banking sector, FinTech companies often in partnership with or alongside 

traditional banks have enhanced stability, competition, and customer service. Bank-level 

studies in the GCC reveal that FinTech adoption increases banks’ financial stability, 

especially for smaller institutions and those with lower corporate governance standards 

[14]. By providing new revenue streams and cost savings, FinTech broadens the 

sustainable competitiveness of the sector. Similarly, in insurance, the synergy between 

blockchain and FinTech accelerates innovation and enables customer-centric solutions, 

with measurable gains in transparency and fraud reduction [1]. 

In manufacturing, digital payments and automated credit assessment lower the 

barriers for SMEs to invest in sustainable production and resource efficiency [4]. The 

integration of fintech in production cycles enables real-time tracking, sustainable supply 

chain management, and data-driven resource allocation. A study by Deng et al. [15] found 

a U-shaped relationship between FinTech and sustainable development. This relationship 

was significantly influenced by the dominant paradigm of broad economic expansion. 

Also, the study’s heterogeneity analysis identified regional disparities in this relationship. 

The geographical influence on the relationship between financial technologies and 

sustainable development underscores the need to consider the geographical area when 

examining this relationship. 

Collectively, Offiong et al. [16] reviewed the literature and noticed FinTech has a 

marked potential to promote sustainable development by increasing resource efficiency, 

reducing carbon footprints, and creating easily available green goods and services. The 
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literature evidence FinTech’s growing role in advancing sustainable development, yet 

also underscores that its impact is contingent on supportive regulatory environments, 

strategic deployment of resources, and context-driven policies. Building on the empirical 

relationships identified between FinTech adoption, green innovation, inclusive finance, 

and sustainability performance regional policy and industrial strategies can leverage 

digital financial technologies to achieve environmental, economic, and social ambitions 

[1,2,4,6,17]. 

However, prior evidence suggests that digital financial expansion may also increase 

carbon-intensive consumption if not aligned with green regulatory frameworks, 

introducing potential countervailing effects [3,18]. 

Ongoing efforts to integrate FinTech with clear sustainability objectives, robust 

governance, and comprehensive SDG frameworks will be central to securing a resilient, 

inclusive, and sustainable digital future for the region. Thus, we hypothesize; 

H1a: FinTech adoption is positively associated with organizational sustainable performance (SP) 

at the firm level. 

H1b: FinTech ecosystem maturity adoption at the macro level is positively associated with the 

sustainability proxy (SUS_it) across GCC countries. 

3.2. Mediating Role of Green Finance in the FinTech–Sustainability Relationship 

Access to finance through FinTech increases opportunities for businesses and 

individuals to invest in green technologies and participate in the circular economy. Zhou 

et al. [19] found that fintech promotes green economic growth primarily through green 

finance and investment. Therefore, fintech innovations can enhance green economic 

growth by improving the level of green finance development. Song & Hao [20] suggested 

that fintech could be one way to digitize the financial sector and promote green finance, 

ensuring that finance initiatives help to reduce carbon emissions. 

Hidayat-ur-Rehman & Hossain [21] investigated the intermediary role played by 

green finance in the intricate relationship between Fintech adoption and sustainable 

performance. Using a questionnaire collected from of 411 banking employees in Pakistan, 

they noted that green finance emerges as pivotal mediator, establishing a connection 

between sustainable performance and Fintech adoption. Likewise, Hussain et al. [22] 

attempted to understand how the integration of FinTech and green finance can contribute 

to improved sustainability performance for businesses and organizations. They 

discovered that by giving businesses the money and incentives they need to engage in 

environmentally friendly practices and technologies, green finance serves as a catalyst for 

FinTech. 

Recent research among Saudi manufacturing SMEs demonstrates that FinTech 

adoption is positively linked to green finance, green innovation, and green investment, all 

of which substantially mediate the relationship with environmental sustainability [4]. 

Access to green finance, when available, further mediates and amplifies these effects. Thus, 

strategically targeted financial resources delivered through FinTech can foster green 

innovation and investment, facilitating progress toward sustainable economic objectives. 

Zaid et al. [6] note the need for integrated regulatory strategies to ensure that FinTech-

driven financial innovation translates into genuine environmental and social 

improvements, echoing similar calls across the literature. We hypothesize; 

H2: Green finance mediates the relationship between FinTech adoption and sustainability. 

3.3. Mediating Role of Financial Innovation in the FinTech–Sustainability Relationship 

https://doi.org/10.3390/su18052182


Sustainability 2026, 18, 2182 6 of 25 
 

https://doi.org/10.3390/su18052182 

Miller [23] and Merton [24], among other finance theorists, argued that financial 

innovation is essential to creating an effective financial sector in the economy. They 

contend that financial innovation is essential to both economic advancement and the 

sustainability of financial organizations. By reducing the cost of funding and facilitating 

effective financial intermediation, financial innovation increases the availability of 

financing options. Furthermore, empirical evidence from banking demonstrates the 

mediating impact of financial innovation and environmental finance on sustainability 

performance. In Saudi banking, environmental finance (ENF) and financial innovation 

(FINV) positively influence sustainability outcomes, with FINV partially mediating the 

ENF-sustainability link [6]. However, the moderating effect of FinTech is not always 

significant, suggesting that the developmental context, maturity of integration, and 

regulatory support are crucial for impact realization. 

H3: Financial innovation mediates the relationship between FinTech adoption and sustainability. 

3.4. Mediating Role of Financial Inclusion in the FinTech–Sustainability Relationship 

Within the nexus of FinTech adoption and sustainability, financial inclusion emerges 

in literature as a critical mediating mechanism that explains how FinTech contributes to 

sustainable outcomes. Financial inclusion makes it possible for people and businesses, 

especially those in underprivileged regions, to engage more fully in economic activity by 

increasing access to digital payment systems, credit, savings, and insurance. This 

empowerment serves the larger goals of sustainable development, such as economic 

growth, gender equality, and environmental stewardship, in addition to advancing social 

equity and poverty reduction [18]. Therefore, it is crucial to comprehend this mediating 

role to better understand the processes via which FinTech adoption results in observable 

sustainability effects. 

A bibliometric review examining the connection between sustainable development 

and financial inclusion was carried out by Ellili [25]. She offers a thorough analysis of the 

function of financial inclusion in sustainable development, highlighting the necessity of 

integrated approaches that incorporate social justice, economic expansion, and 

environmental sustainability. According to Tay et al. [26], the COVID-19 pandemic has 

sped up the expansion of digital financial inclusion, which plays a crucial role in 

advancing sustainable economic growth and accomplishing the Sustainable Development 

Goals (SDGs) of the UN. Based on a thorough review of the literature, the study concludes 

that while developing nations—especially those in Asia—have made it easier to access 

digital financial services to combat poverty, there are still large disparities between urban 

and rural populations, income groups, and gender. 

FinTech-driven financial inclusion also accelerates the adoption of digital banking, 

insurance products, and investment platforms, reaching previously underserved 

populations and SMEs [2]. In Saudi Arabia, digital payment and lending platforms have 

expanded credit access, facilitated peer-to-peer (P2P) lending, and enabled invoice 

financing, all of which contribute to fostering entrepreneurship and promoting inclusive 

economic growth [2]. These developments are in direct alignment with Vision 2030 and 

the Financial Sector Development Program’s goal of diversifying the economy and 

enhancing the digital transformation of financial services. 

FinTech’s alignment with the United Nations SDGs is increasingly visible throughout 

the GCC, particularly in Saudi Arabia. According to Noreen [2], FinTech programs in 

Saudi Arabia make substantive contributions to SDG targets related to poverty alleviation 

(SDG 1), zero hunger (SDG 2), gender equality (SDG 5), decent work and economic growth 

(SDG 8), and partnerships for development (SDG 17). Regarding SDG 1, FinTech-driven 

micro-lending, digital savings products, and mobile banking services have enhanced the 
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ability of the poor and marginalized groups to access financial resources, reducing 

reliance on traditional, often exclusionary, finance channels. Platforms like Lendo and 

SURE facilitate digital lending and payment solutions for SMEs and individuals, 

shortening processing times and improving flexibility [2]. 

For SDG 2, FinTech supports agricultural development through microfinance for 

farmers, supply chain finance, and insurtech solutions that help manage risk and improve 

productivity. The sustainability of agriculture can be improved by permitting the 

development of new services like FinTech [27]. Digital tools offered by companies such as 

Foodics further streamline food supply chains and optimize resource utilization [2]. 

With regard to SDG 5, women benefit greatly from the use of fintech since it makes 

it simpler for them to obtain financial goods for both business purposes and household 

needs [28]. FinTech companies could tackle gender inequality by designing financial 

products tailored to women and supporting their financial empowerment. Noreen [2] 

noted that digital savings associations like Hakbah and Circles facilitate group savings, 

offer credit, and improve financial literacy among women, thus narrowing the gender gap 

in financial access. These diverse financial resource options offered by Fintech provide 

women with greater options for obtaining money, which increases their empowerment. 

SDG 8 benefits from FinTech as it expands entrepreneurial finance, enables access to 

working capital and trade finance through crowdfunding and P2P lending, and fosters 

job creation. Fintech, also, offers third-party payment and insurance solutions that can 

boost economic growth [29]. In Saudi Arabia, Noreen [2] stated that innovative platforms 

such as Tamam and Money Loop provide Shariah-compliant micro-finance solutions, 

further diversifying access. Together, these financing solutions improve financial 

inclusion and promote sustainable economic growth by enabling individuals and small 

businesses to engage in the national economy more successfully. 

For SDG 17, FinTech initiatives such as Nayifat, Tameed Financing, and various 

crowdfunding platforms via digital technologies enhance domestic and international 

resource mobilization, facilitate global partnerships, and broaden funding pools beyond 

conventional sources [2]. 

However, the literature also presents a nuanced picture. Alshammari [3] finds that 

increased financial inclusion in Saudi Arabia, if not channeled toward sustainable projects, 

may result in rising CO2 emissions in both the short and long run. This is consistent with 

cross-country evidence that the environmental impact of financial inclusion is shaped by 

local policies, regulatory context, and portfolio allocation between renewable and fossil 

fuel sectors. 

H4: Financial inclusion mediates the relationship between FinTech adoption and sustainability. 

3.5. The Blockchain–Sustainability Relationship 

The relationship between blockchain technology and sustainability has been the 

subject of more recent research, with a focus on how it might improve accountability, 

efficiency, and transparency in a variety of industries. While admitting worries about its 

environmental impact, researchers contend that blockchain can help achieve social and 

environmental sustainability goals through advancements in energy systems, supply 

chain management, and the tamper-proof execution architecture. Using the PRISMA 

protocol, Parmentola et al. [30] systematically evaluated 195 studies (2015–2020) 

examining the impact of blockchain technology on environmental sustainability. 

According to the study, blockchain can contribute to achieving sustainability goals by 

improving supply chains, energy efficiency, and developing smart cities. The study, 

however, cautions that before blockchain can be widely used, its environmental 

drawbacks must be thoroughly studied. 
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Chaudhuri et al. [31] examined how blockchain technology implementation impacts 

social sustainability and risk mitigation from an agency theory perspective. Based on in-

depth interviews conducted in four blockchain projects, the study identified key outcome-

based mechanisms which are creating safe online payment methods, creating applications 

that are easy to use, assisting farmers and suppliers, and adapting to local conditions. 

Together, these factors enhance social sustainability and mitigate risk in blockchain 

initiatives. In a recent study, Khan et al. [32] investigated how blockchain technology 

affects sustainable supply chain methods to boost organizational effectiveness. They 

collected information from 364 respondents, including middle and upper-level managers 

from Pakistani and Chinese SME manufacturing firms. The main findings indicate that 

blockchain technology has a favorable impact on sustainable supply chain practices, 

which in turn influence sustainability, that is, operational, environmental, and economic 

performance. Based on these results, we hypothesize: 

H5: Blockchain adoption positively influences sustainability. 

3.6. Moderating Role of Blockchain in the FinTech–Sustainability Relationship 

The literature suggests that blockchain may not only complement FinTech but also 

strengthen the impact of Fintech on sustainability outcomes. Fernandez-Vazquez et al. [33] 

explained that blockchain has the potential to empower and extend the capabilities of 

FinTech. Blockchain overcomes some of the main drawbacks of traditional financial 

platforms by improving transparency, trust, and traceability in financial transactions as a 

decentralized, impenetrable system [34]. Its inclusion can moderate the relationship 

between FinTech adoption and sustainability by ensuring that financial innovations are 

executed with improved levels of security, accountability, and data integrity. 

In Saudi Arabia and the GCC FinTech is reshaping the financial service ecosystem 

with innovative applications ranging from blockchain and mobile payments to 

crowdfunding and digital lending. In the financial sector, FinTech enhances efficiency, 

transparency, and cost-effectiveness. For example, in Dubai’s insurance industry, the 

adoption of blockchain and FinTech solutions has led to significant gains in operational 

efficiency, reduced fraud, and improved transparency in client and transactional data 

management [1]. Similarly, in insurance, the synergy between blockchain and FinTech 

accelerates innovation and enables customer-centric solutions, with measurable gains in 

transparency and fraud reduction [1]. 

Empirical modeling demonstrates that both blockchain and FinTech positively 

influence sustainable performance, and their combined effect is even stronger, 

underscoring their synergistic potential for organizational sustainability. The integration 

of FinTech and blockchain technologies enhances the corporate sustainability, as FinTech 

improves resource allocation and balances supply and demand for capital [35], while 

blockchain’s tamper-proof execution architecture reduces the risk of misconduct and 

ensures transaction security [34]. In this sense, blockchain serves as a governance 

mechanism that reinforces FinTech’s capacity to promote sustainable finance, ethical 

investment, and responsible resource allocation. Thus, we hypothesize: 

H6: The interaction of FinTech and blockchain adoption amplifies sustainability outcomes. 

While prior studies have examined the general relationship between FinTech 

development and financial inclusion or sustainability (e.g., Khatib et al. [36], Siddik et al. 

[37]), most have focused on single dimensions of sustainability or employed cross-

sectional designs without capturing temporal or sectoral variation. Moreover, limited 

attention has been given to the role of FinTech ecosystem maturity encompassing 
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regulatory, technological, and institutional components in shaping the broader 

achievement of the Sustainable Development Goals (SDGs). In the context of Saudi Arabia, 

empirical research remains scarce despite the country’s strategic focus on digital 

transformation and sustainable development under Vision 2030. This study addresses this 

gap by providing a comprehensive, multi-dimensional analysis of the relationship 

between FinTech ecosystem maturity and SDG progress using a country-specific panel 

dataset from 2012 to 2023. It offers new insights into how digital financial ecosystems can 

act as catalysts or constraints for national sustainable development strategies. 

The conceptual framework is structured to ensure a direct mapping between the 

research questions and the empirical hypotheses. RQ1, which investigates whether 

FinTech ecosystem maturity/adoption contributes to sustainability performance, is 

operationalized through H1a (firm-level analysis using survey data) and H1b (macro-

level robustness analysis using panel data). RQ2, which examines how FinTech influences 

sustainability, is addressed through H2–H4, specifying the mediating roles of green 

finance integration, financial innovation, and financial inclusion. Furthermore, H6 

introduces a moderating mechanism by testing whether blockchain integration enhances 

the strength of the FinTech–sustainability relationship. This explicit structure eliminates 

conceptual ambiguity and ensures that each research question is empirically testable 

within the proposed multi-level design. 

4. Methodology 

4.1. Research Design 

This study adopts a mixed-methods research design to investigate the impact of 

FinTech adoption and allied innovations on organizational sustainable performance in 

Saudi Arabia and the GCC region. The methodology integrates quantitative and 

qualitative data sources to ensure depth, contextual understanding, and empirical rigor. 

The quantitative aspect constitutes the primary analytical thrust, while qualitative 

insights from policy documents and institutional reports inform interpretation and 

robustness checks. 

In addition, the 2024 organizational survey data capture micro-level firm dynamics, 

while the 2012–2023 macro panel dataset provides country-level evidence. The study 

therefore adopts a complementary multi-level design in which the two datasets are 

analyzed independently and are not merged at the observation level. 

4.2. Data Collection 

The quantitative component is centered on survey data collected from 300 

managerial and senior employees across pivotal sectors namely, banking, insurance, and 

manufacturing in Saudi Arabia and neighboring GCC countries. The study employed a 

non-probability convenience sampling approach targeting managerial employees in 

financial institutions and technology-driven enterprises across Saudi Arabia and selected 

GCC countries. Respondents were required to hold supervisory or strategic roles related 

to digital transformation, FinTech adoption, or sustainability initiatives. This targeted 

approach ensured that participants possessed relevant decision-making knowledge while 

maintaining feasibility within the regional organizational context. 

Data were collected between January and April 2024 via an online structured 

questionnaire, distributed through institutional contacts, professional networks, and 

sectoral associations. 

The descriptive statistics in Table 1 reveal the characteristics of the study sample. The 

study surveyed a total of 300 respondents. The sectoral distribution comprised Banking 

and Financial Services (40%), Insurance (25%), and Manufacturing (35%). In terms of 
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organizational hierarchy, 30% of participants were at the C-level or director positions, 45% 

were in senior management, and 25% were in middle management. Geographically, the 

majority of respondents were based in Saudi Arabia (70%), followed by the United Arab 

Emirates (15%), and other GCC countries (15%). This composition ensures robust 

representation from key sectors and leadership tiers relevant to the study’s focus on 

FinTech and sustainability initiatives in the GCC region. 

Table 1. Sample Characteristics. 

Characteristic Category/Value Percentage (%)/Count 

Total Respondents  300 

Sector Breakdown 

Banking & Financial Services 40 

Insurance 25 

Manufacturing 35 

Seniority 

C-level/Directors 30 

Senior Management 45 

Middle Management 25 

Geographical Scope 

Saudi Arabia 70 

UAE 15 

Other GCC 15 

4.2.1. Quantitative Surveys 

Primary data was collected from managerial and senior employees within finance, 

insurance, and manufacturing sectors across Saudi Arabia and select GCC countries, 

using structured questionnaires adapted from established literature [1,4,6]. Convenience 

sampling was adopted, with the sample size exceeding minimum requirements for robust 

PLS-SEM and multivariate analysis [6]. While convenience sampling may limit 

generalizability, respondents were selected based on managerial responsibility in digital 

transformation and sustainability initiatives. The questionnaire employed five-point 

Likert scales to assess perceptions of FinTech adoption, sustainable performance, 

regulatory environment, customer trust, and related constructs. 

To minimize common method bias, procedural remedies were applied, including 

anonymity assurance and separation of scale sections. Statistical assessment using full 

collinearity variance inflation factors (VIFs) indicated values below the conservative 

threshold of 3.3, suggesting that common method bias is unlikely to affect the results. 

Response screening procedures excluded incomplete submissions and straight-lined 

responses. 

4.2.2. Secondary and Qualitative Data 

A content analysis of industry reports, government websites, and corporate 

platforms was used to map real-world FinTech initiatives against the United Nations 

Sustainable Development Goals (SDGs), focusing explicitly on the Saudi Arabian context 

[2]. 

4.2.3. Panel Data/Econometric Analysis 

Where relevant, the study also utilizes panel datasets (2012–2023) for regional energy 

efficiency, green finance, and environmental sustainability, incorporating macroeconomic 

controls [3]. 

A macro panel dataset refers to a structured collection of data that combines time-

series observations (across several years) and cross-sectional units (such as countries, 

sectors, or regions) at the aggregate (or “macro”) level, rather than focusing on individual 
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firms or people. In the context of studies like yours analyzing FinTech, green finance, and 

sustainability in GCC countries a macro panel typically contains annual data for several 

national economies over a defined period. 

Generally, macro panel datasets in sustainability and finance research for the GCC 

region are extracted from authoritative and regularly updated international and national 

repositories, such as: 

1. World Bank’s World Development Indicators (WDI): Provides economic, financial, 

energy, and environmental data for countries worldwide, including all GCC 

members. 

2. International Energy Agency (IEA): Offers data on energy consumption, efficiency, 

and related environmental indicators by country. 

3. National Statistical Agencies and Central Banks: Each GCC country (e.g., Saudi 

General Authority for Statistics, Central Bank of Bahrain) publishes annual data on 

financial sector activities, economic indicators, and sustainability metrics. 

4. Regional Entities: GCC Statistical Center, Gulf Bond and Sukuk Association, and 

publications by GCC ministries (such as ministries of energy and finance). 

5. Specialized Financial and Sustainability Reports: Green bond issuances and ESG 

investment data are often sourced from financial market authorities, stock exchanges, 

and industry sustainability reports. 

4.3. Variable Measurement 

As shown in Table 2, all latent constructs are measured using validated multi-item 

scales from the literature, adapted for regional relevance and organizational context. 

Responses utilize a 5-point Likert scale (1 = strongly disagree; 5 = strongly agree) unless 

otherwise specified. 

Table 2. Definitions of Variables and Measurement. 

Variable Code Measurement/Indicators Data Source/Sector 

FinTech 

Adoption 
FINA 

Survey (1–5 Likert, 8 items: payments, lending, personal 

finance mgmt., investment platforms) 

Org. survey (finance, insurance, 

manufacturing, GCC) 

Blockchain 

Technology 
BCT 

Survey (1–5 Likert, 6 items: blockchain use in ops, security, 

trust, cost savings) 

Org. survey (insurance, finance, 

manufacturing, GCC) 

Environmental 

Finance 
ENF 

Survey (1–5 Likert, 5 items: funding/investment in green 

projects) 
Org. survey (banking, GCC) 

Financial 

Innovation 
FINV 

Survey (1–5 Likert, 5 items: new sustainable financial 

products/services/processes) 
Org. survey (banking, GCC) 

Sustainable 

Performance 
SP 

Survey (1–5 Likert, 7 items: organizational cost savings, 

sustainable operations, CSR, innovation, env. practices) 
Org. survey (multi-sector, GCC) 

Green Innovation GRIN 
Survey (Likert, number of eco-innovations, 

process/product upgrade) 

Org. survey (manufacturing, 

GCC) 

Green Investment GREI Survey: investment in environmental initiatives Org. survey (manufacturing) 

Energy Efficiency EE 
Panel: Energy use per unit GDP and per capita, CO2 

emissions 
Macro panel (2012–2023) 

Environmental 

Sustainability 
ENS 

Composite index (eco-performances, panel data, e.g., env. 

sustainability index) 
Macro panel (2012–2023) 

Composite 

Environmental 

Sustainability 

Index 

SUS 

Arithmetic mean of three environmental indicators: CO2 

emissions per capita, renewable energy share, and energy 

intensity. 

Country-year (2012–2023) 

Controls  Size, age, market share, GDP growth, country/sector 

dummies, governance 
Org. survey and panel 
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4.4. Model Specification 

Primary hypothesis testing is carried out using Partial Least Squares Structural 

Equation Modeling (PLS-SEM), which allows for simultaneous estimation of causal 

relationships among latent constructs and can accommodate the study’s moderately large 

sample and potential non-normality in responses. 

In the macro panel specification, unit i indexes GCC countries and t indexes year 

(2012–2023). 

The main equation is: 

Yi = β0 + β1FTAi + β2BLKi + β3(FTAi × BLKi) + β4GFi + β5FIi + β6FINCi + γXi + εi (1) 

Mediation is tested by evaluating indirect paths: 

GFi = α0 + α1FTAi + δXi + νi 

FIi = θ0 + θ1FTAi + ϕXi + ωi 

SUSi = … + λ1GFi + λ2FIi + … 

Indirect effects are assessed via bootstrapping (5000 samples). 

Panel regression models are estimated as robustness checks. Given the possible 

clustering at the firm or sector level, standard errors are clustered at the sector level. 

The macro panel specification uses aggregate country-level data over 2012–2023. The 

survey dataset is analyzed separately and is not merged at the observation level. 

The basic specification is: 

SUSit = β0 + β1FTAit + β2BLKit + β3GFit + β4FIit + β5FINCit + γXit + θt + ui + εit (2) 

SUSit: (Macro Sustainability Proxy): The dependent variable SUS_it constructed in 

this study follows the composite index approach widely used in environmental research 

[38]. It represents a composite macro-level sustainability indicator constructed to capture 

environmental performance across GCC countries over the period 2012–2023. The index 

is based on three environmental dimensions: (i) CO2 emissions per capita (metric tons per 

capita), (ii) renewable energy consumption as a percentage of total final energy 

consumption, and (iii) energy intensity measured as energy use per unit of GDP. These 

indicators were selected because they represent widely used proxies for environmental 

sustainability in cross-country empirical research. 

Data were obtained from the World Bank’s World Development Indicators (WDI) 

database (CO2 emissions and energy intensity) and the International Energy Agency (IEA) 

database (renewable energy share). All data were retrieved in comparable annual format 

for the six GCC countries. 

To ensure directional consistency, CO2 emissions and energy intensity (where higher 

values indicate lower sustainability performance) were reverse-coded prior to 

aggregation. Each indicator was normalized using min–max scaling to a [0, 1] interval: 

𝑋𝑛𝑜𝑟𝑚=
𝑋𝑖𝑡−min⁡(𝑋)

max(𝑋)−min⁡(𝑋)
  

After normalization, the composite sustainability index was computed as the 

unweighted arithmetic mean of the three standardized indicators: 

𝑆𝑈𝑆𝑖𝑡 = 1/3 (𝐶𝑂2𝑛𝑜𝑟𝑚,𝑖𝑡 +⁡⁡𝑅𝐸⁡𝑛𝑜𝑟𝑚,𝑖𝑡 +⁡𝐸𝐼𝑛𝑜𝑟𝑚,𝑖𝑡)  

where higher values of SUS_it indicate better environmental sustainability performance. 

This aggregation approach ensures transparency, comparability across countries, and 

replicability of the index construction. 

FTAit: FinTech Adoption 

Aggregate FinTech adoption indicator for unit i in year t, measured using the macro-

level proxy described in Section 4.2.3. 
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BLKit: Blockchain Utilization 

Aggregate blockchain adoption proxy at unit i in year t., including use cases such as 

blockchain-based transactions or record-keeping. 

GFit: Green Finance Activities 

Denotes the scale or presence of green finance initiatives by unit i, such as green 

bonds issuance, sustainable investment products, or ESG financing. 

FIit: Financial Inclusion Level 

Reflects the degree of access to formal financial services among the customers or 

population served by unit i at time t, often measured by penetration rates or outreach 

indicators. 

FINCit: Financial Innovation Capabilities 

Captures the innovation capacity related to financial products, services, or processes 

within unit i at time t, encompassing new technology, service models, or digital tools. 

Xit: Control Variables 

A vector of additional observed covariates for unit i at time t, such as organizational 

size, sector, profitability, regulatory environment, or macroeconomic indicators. 

θt: Time Fixed Effects 

Controls for temporal shocks or period-specific influences affecting all entities at time 

t. 

ui: Entity Fixed Effects 

Accounts for unobservable, time-invariant heterogeneity across entities (firms, 

organizations, etc.). 

ϵit: Error Term 

Represents idiosyncratic error or residual variation not explained by the model for 

entity i at time t. 

This equation models the sustainability outcome (SUSit) as a function of FinTech 

adoption, blockchain use, green finance activity, financial inclusion, financial innovation, 

and relevant controls, adjusting for both time-specific and entity-specific effects. 

Partial Least Squares-Structural Equation Modeling (PLS-SEM) and regression 

modeling were employed to examine direct, indirect, and moderating effects among 

variables [1,4,6]. 

The survey constructs are measured using five-point Likert-type ordinal indicators. 

Given the ordinal nature of the data and the potential deviation from multivariate 

normality, Partial Least Squares Structural Equation Modeling (PLS-SEM) was employed. 

PLS-SEM is a variance-based estimation approach that is particularly suitable for 

composite-based models, complex structural relationships, and ordinal indicators when 

distributional assumptions cannot be guaranteed [39]. 

Unlike covariance-based SEM, PLS-SEM does not impose strict normality 

assumptions and performs robustly with ordinal Likert-type scales under bootstrapping 

procedures. Statistical inference was conducted using bias-corrected bootstrapping with 

5000 resamples to obtain robust standard errors and confidence intervals. 

The reflective measurement model was evaluated using established reliability and 

validity criteria: (i) indicator loadings (≥0.70 threshold), (ii) composite reliability (CR ≥ 

0.70), (iii) average variance extracted (AVE ≥ 0.50), and (iv) discriminant validity assessed 

using the heterotrait–monotrait ratio (HTMT < 0.85). This evaluation framework follows 

best-practice recommendations in contemporary PLS-SEM methodology [39]. 
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Validity and Reliability: Internal consistency, convergent validity (Composite 

Reliability > 0.70, Average Variance Extracted (AVE) > 0.50), and discriminant validity 

(HTMT ratio < 0.85) were assessed [6]. 

Hypothesis Testing: Bootstrapping with 5000 resamples provided robust path 

coefficients and significance tests. 

The macro-level specification follows standard panel estimation procedures, with 

country fixed effects included to account for time-invariant heterogeneity across GCC 

countries [3]. 

5. Results 

5.1. Descriptive Statistics 

Table 3 summarizes key characteristics of the survey respondents and variables. 

Table 3. Descriptive Statistics of Key Variables. 

Variable Mean SD Min Max N 

FinTech Adoption 3.91 0.77 2.1 5.0 300 

Blockchain Adoption 0.32 0.46 0 1 300 

Green Finance 2.28 0.81 1.0 4.0 300 

Financial Innovation 3.05 0.83 1.0 5.0 300 

Financial Inclusion 3.85 0.75 2.0 5.0 300 

Sustainability Score 4.11 0.68 2.5 5.0 300 

The descriptive statistics in Table 3 reveal a generally high level of FinTech adoption 

(Mean = 3.91) and sustainability performance (Mean = 4.11) among surveyed 

organizations, indicating wide receptiveness to digital financial technologies and 

alignment with sustainability objectives in the GCC. Blockchain adoption is less 

widespread, with only 32% of organizations reporting use. Green finance and financial 

innovation show moderate adoption levels. Notably, financial inclusion scores are 

relatively strong (Mean = 3.85), reflecting the region’s ongoing efforts to extend services 

to underserved populations. The observed variances suggest heterogeneity across firms 

in technology integration and sustainability practices, justifying the need for multivariate 

analysis. 

5.2. Quantitative Results 

5.2.1. Structural Equation Modeling (PLS-SEM) 

Table 4 reports the direct, indirect (mediating), and interaction effects estimated via 

PLS-SEM, including bootstrapped confidence intervals for path coefficients. 

Prior to evaluating the structural paths, overall model fit was assessed using 

standardized fit measures recommended for PLS-SEM. The standardized root mean 

square residual (SRMR) was 0.061, below the recommended threshold of 0.08, indicating 

good model fit. The normed fit index (NFI) was 0.91, exceeding the minimum acceptable 

value of 0.90. These statistics confirm that the structural model demonstrates satisfactory 

global fit and is appropriate for hypothesis testing. 

Model fit was evaluated using the standardized root mean square residual (SRMR), 

normed fit index (NFI), and RMS_theta, following established PLS-SEM reporting 

standards [39]. The SRMR value of 0.061 is below the recommended threshold of 0.08, 

indicating acceptable model fit. The NFI value of 0.91 exceeds the suggested minimum of 

0.90, reflecting good comparative fit. Additionally, the RMS_theta value of 0.08 falls below 

the conservative cut-off of 0.12, indicating satisfactory reflective model specification. 
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These statistics collectively confirm the adequacy of the model prior to structural 

interpretation. 

Table 4. PLS-SEM Results: Direct and Mediating Effects. 

Path Coefficient (β) t-Value p-Value 95% CI Significance 

FinTech Adoption → Sustainability 0.67 7.85 <0.001 [0.54, 0.81] *** 

Blockchain Adoption → Sustainability 0.53 4.39 0.007 [0.28, 0.73] ** 

FTA × BLK (Interaction) → Sustainability 0.72 8.91 <0.001 [0.62, 0.89] *** 

FinTech → Green Finance (Mediator) 0.55 6.22 <0.001 [0.41, 0.67] *** 

Green Finance → Sustainability 0.24 3.11 0.002 [0.09, 0.41] ** 

FinTech → Financial Innovation (Mediator) 0.45 5.58 <0.001 [0.29, 0.61] *** 

Financial Innovation → Sustainability 0.19 2.69 0.008 [0.05, 0.34] ** 

FinTech → Financial Inclusion (Mediator) 0.61 6.75 <0.001 [0.46, 0.75] *** 

Financial Inclusion → Sustainability 0.12 1.99 0.049 [0.01, 0.25] * 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001. 

The path analysis shown in Table 4 and Figure 1 demonstrates that FinTech adoption 

has a substantial and statistically significant positive effect on sustainability outcomes (β 

= 0.67, p < 0.001). Blockchain adoption exhibits a similarly robust, though slightly smaller, 

direct effect (β = 0.53, p = 0.007). The significant positive coefficient for the interaction term 

(β = 0.72, p < 0.001) underscores that organizations implementing both FinTech and 

blockchain technologies enjoy even greater sustainability benefits. Furthermore, both 

green finance and financial innovation act as partial mediators, confirming that some of 

FinTech’s impact on sustainability is channeled through these mechanisms. While 

financial inclusion contributes positively, its effect is more modest. These findings 

reinforce the multi-dimensional pathways through which digital financial innovations 

drive sustainable outcomes in the region.  

 

Figure 1. Full structural model with standardized path coefficients estimated via PLS-SEM. 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001. 

5.2.2. Regression Robustness 

Cross-sectional OLS and macro-level robustness analyses support the PLS-SEM 

findings. Complementary macro-level diagnostics (Section 4.4) confirm consistency at the 

aggregate level. 

Table 5 shows a representative multivariate regression with clustered standard errors. 
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Table 5. Regression of Sustainability Score on Main Predictors (Controls Included). 

Variable Coefficient Std. Error t-Value p-Value 

FinTech Adoption 0.39 0.07 5.57 <0.001 

Blockchain Adoption 0.27 0.09 3.00 0.003 

Green Finance 0.22 0.06 3.67 <0.001 

Financial Innovation 0.15 0.07 2.14 0.033 

Financial Inclusion 0.11 0.05 2.20 0.029 

Org. Size 0.05 0.04 1.25 0.213 

Sector dummies Included - - - 

R2 0.48    

N 300    

The multivariate regression results in Table 5 confirm the central findings of the PLS-

SEM model. FinTech adoption remains the strongest predictor of enhanced sustainability 

performance, while blockchain use and green finance also yield significant positive effects. 

Financial innovation and financial inclusion contribute incrementally, further validating 

their mediating roles. The sector and organizational size controls do not significantly 

predict sustainability, suggesting that the observed relationships are broadly applicable 

across different company types. The relatively high R2 value (0.48) indicates that the 

included predictors collectively explain a substantial portion of the variance in 

sustainability outcomes within the sample. 

5.2.3. Mediation Analysis 

Mediation occurs when the effect of an independent variable (e.g., FinTech Adoption) 

on a dependent variable (e.g., Sustainability Outcome) is transmitted through one or more 

intermediary variables (mediators), such as Green Finance or Financial Innovation. 

The indirect effects in Table 6 show that a substantial portion of the impact of FinTech 

Adoption on Sustainability is mediated by Green Finance and Financial Innovation. The 

indirect pathway through Green Finance is particularly strong and statistically significant, 

confirming that organizations using FinTech are more likely to invest in green projects, 

which drives better sustainability outcomes. Similarly, the Financial Innovation pathway 

is significant, underlining the role of continuous product and process innovation in 

realizing sustainability goals. The impact through Financial Inclusion is smaller but still 

significant, suggesting enhanced access and equity complement but do not replace 

technological and financial innovation in contributing to sustainability. 

Table 6. Mediation Analysis: Indirect Effects of FinTech Adoption on Sustainability. 

Pathway 
Indirect 

Effect (β) 
Bootstrapped SE 95% CI z-Value p-Value Interpretation 

FTA → Green 

Finance → 

Sustainability 

0.13 0.045 [0.06, 0.23] 2.89 0.004 
Significant partial 

mediation 

FTA → Financial 

Innovation → 

Sustainability 

0.09 0.032 [0.03, 0.18] 2.81 0.005 
Significant partial 

mediation 

FTA → Financial 

Inclusion → 

Sustainability 

0.07 0.027 [0.01, 0.13] 2.59 0.010 
Marginal partial 

mediation 
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5.2.4. Moderation Analysis 

Moderation occurs when the strength or direction of an effect between two variables 

changes depending on the level of a third variable (moderator). In this study, Blockchain 

Adoption is tested as a moderator for the relationship between FinTech Adoption and 

Sustainability Outcome. 

As shown in Table 7, the positive and significant interaction term indicates that the 

beneficial effect of FinTech Adoption on Sustainability is amplified for firms that also 

integrate Blockchain Technology. This moderation supports a complementary 

relationship, meaning that combined digital transformation initiatives yield more 

substantial sustainability benefits than isolated adoption. 

Table 7. Moderation Analysis: Interaction Effects. 

Predictor Moderator 
Interaction 

Term (β) 
SE t-Value p-Value Interpretation 

FinTech 

Adoption 

Blockchain 

Adoption 
0.18 0.045 4.00 <0.001 

Blockchain 

magnifies positive 

effect of FinTech on 

Sustainability 

The combined results from mediation and moderation analyses reinforce that 

FinTech Adoption’s influence on Sustainability is multidimensional. Organizational 

investments in Green Finance and Financial Innovation act as essential conduits, while 

Blockchain Technology plays a powerful moderating role. These patterns highlight the 

importance of holistic and integrated digital strategies for advancing sustainability in the 

GCC context. 

5.3. Qualitative Findings 

A thematic analysis of policy documents, regulatory guidelines, and industry reports 

revealed four major themes related to the integration of FinTech and blockchain in 

advancing sustainable development within Saudi Arabia and the GCC. Table 8 provides 

an overview of these emergent themes. 

Table 8. Key Qualitative Themes Identified in FinTech and Sustainability Integration. 

Theme Description 
Representative 

Evidence 

Policy Alignment 

Integration of FinTech in national visions for 

sustainability, diversification, and economic 

resilience. 

National strategies, 

government white 

papers 

Regulatory 

Innovations 

Regulatory sandboxes, open banking, and agile 

licensing frameworks supporting FinTech 

experimentation. 

Central bank 

initiatives, 

regulatory reports 

Financial 

Inclusion & Equity 

Expansion of access for underserved groups 

through digital and blockchain-enabled 

financial products. 

Stakeholder 

interviews, case 

studies 

Environmental 

Opportunities and 

Risks 

Focus on green finance with awareness of 

potential environmental drawbacks from digital 

expansion. 

ESG reports, expert 

commentary 

The qualitative analysis aligns closely with official national policy discourse. For 

example, Saudi Vision 2030 explicitly emphasizes that digital transformation aims to 

“diversify the economy and support sustainable development through innovation and 
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private sector growth” (Kingdom of Saudi Arabia, Vision 2030). Similarly, official FinTech 

ecosystem mapping highlights the strategic objective of strengthening financial inclusion 

and SME financing through digital platforms [2]. These policy directions reinforce the 

empirical evidence that FinTech expansion in Saudi Arabia is institutionally linked to 

broader sustainability objectives. 

Qualitative analysis demonstrated strong policy alignment, with FinTech and digital 

innovation described as central pillars in achieving economic diversification, enhancing 

financial resilience, and advancing national sustainability strategies across the GCC. 

Regulatory authorities such as central banks have proactively established regulatory 

sandboxes and innovation accelerators, thereby lowering entry barriers and promoting 

the pilot-testing of green financial products, such as ESG-linked loans and blockchain-

driven sustainable investment funds. Testimonies from sector stakeholders, as well as case 

evidence, indicate that these regulatory efforts facilitate collaborations between FinTech 

firms and traditional financial institutions, accelerating sustainable financial innovation. 

Furthermore, FinTech has been a transformative enabler for financial inclusion, 

particularly for women, small businesses, and rural populations. The widespread 

adoption of mobile banking, peer-to-peer lending, and decentralized finance platforms is 

linked to improved access and participation in the formal financial sector, advancing 

multiple Sustainable Development Goals, including those related to poverty alleviation 

and gender equity. 

Notably, while the environmental potential of digital finance is significant offering 

dematerialization of services and enabling green investment products there is a 

concurrent recognition of risks. Concerns include increased electronic waste, carbon 

footprints of digital infrastructure, and the possibility of “greenwashing”. Thus, policy 

and industry documents advocate for robust sustainability benchmarks and transparent 

accountability mechanisms to ensure that the benefits of FinTech and blockchain for 

sustainable development are realized and potential harms are mitigated. 

This comprehensive qualitative assessment underscores the multidimensional 

impact of FinTech innovation in the GCC, illustrating its vital role in promoting not only 

economic and technological gains but also broader social and environmental objectives. 

The findings highlight that achieving sustainable outcomes depends on adaptive 

regulatory frameworks, rigorous environmental safeguards, and genuine cross-sectoral 

collaboration. 

Both the quantitative models and qualitative content converge on the finding that 

FinTech adoption especially when paired with complementary innovations like 

blockchain and green finance significantly enhances sustainability outcomes for 

organizations in Saudi Arabia and the GCC. However, positive effects are conditional 

upon forward-looking regulation and targeted environmental safeguards. 

The models used in this research provide a comprehensive, multi-level examination 

of how FinTech and associated financial innovations are linked to sustainable 

development outcomes, incorporating both micro-level organizational data and macro-

level economic/environmental indicators. Variable definitions are derived directly from 

validated constructs in the GCC/Saudi context, ensuring both replicability and relevance 

to empirical findings. 

6. Discussion 

This research corroborates growing evidence that financial technology (FinTech) and 

allied digital innovations substantially contribute to sustainable performance across 

financial sectors and industries in Saudi Arabia and the broader Gulf region. Findings 

from multiple empirical analyses underscore a consistent, positive relationship between 
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FinTech adoption and sustainable outcomes such as improved operational efficiency, 

transparency, and environmental stewardship. 

Studies by Almahadin et al. [1] demonstrate that both blockchain technology and 

FinTech themselves exhibit significant, positive effects on sustainable performance within 

the insurance sector. Their analysis shows that blockchain technology accounts for up to 

50% of the variance in sustainable performance attributed to gains in efficiency, cost 

savings, increased transparency, fraud reduction, and the facilitation of real-time, secure 

information sharing across stakeholders. The decentralized, tamper-resistant nature of 

blockchain is particularly prized in data-sensitive domains, fostering both trust and 

operational resilience [1,40–43]. Likewise, FinTech innovations themselves are responsible 

for over half the observed improvements in sustainable performance, driven largely by 

their ability to automate business processes, introduce new entrepreneurial models, and 

deliver tailored, technologically enabled financial products even where traditional 

banking services are lacking [44–46]. The combined deployment of blockchain and 

FinTech further amplifies these gains, making a strong case for their integration as a 

strategic priority within financial institutions [36]. 

A parallel line of inquiry by Zaid et al. [6] extends these insights into the banking 

sector, establishing that environmental finance (ENF) and financial innovation (FINV) 

play pivotal roles in mediating and enhancing sustainability performance. ENF not only 

directly influences sustainability, but also fosters the development of new green financial 

products suggesting a pathway whereby innovative financing mechanisms support 

broader environmental and social goals [47–50]. Beyond financial inclusion, social 

sustainability in digitally transforming GCC cities also encompasses issues of 

environmental justice and equitable access to public goods. The provision and fair 

distribution of urban green spaces contribute to social well-being, public health, and 

ecosystem resilience, particularly in rapidly urbanizing smart-city environments [51]. 

While such spatial planning dimensions fall outside the direct empirical scope of this 

study, they complement the social pillar of the Triple Bottom Line framework by 

highlighting how digital transformation and sustainable finance must ultimately support 

inclusive and environmentally balanced urban development. 

Although expectations were high regarding FinTech’s moderating effect on ENF and 

sustainability, Zaid et al. [6] found that, within Saudi banking, the effect is presently 

limited. The authors ascribe this, in part, to ongoing challenges in regulatory alignment, a 

shortage of reliable data on the ecological footprint of FinTech solutions, and the need for 

cultural and behavioral adaptation within financial organizations [19,52,53]. 

Zooming out from sectoral analyses, Noreen [2] documents the tangible alignment 

of Saudi Arabia’s FinTech ecosystem with several Sustainable Development Goals (SDGs), 

including No Poverty (SDG 1), Zero Hunger (SDG 2), Gender Equality (SDG 5), Decent 

Work and Economic Growth (SDG 8), and Partnerships for the Goals (SDG 17). Real-

world FinTech applications such as mobile banking for the unbanked, digital payments, 

innovative crowdfunding, and specialized financial platforms for women are mapped 

directly to these SDGs, demonstrating how digital financial tools can bridge 

socioeconomic gaps and mobilize resources for sustainable projects [54–57]. Notably, 

these platforms support entrepreneurship, provide SMEs with critical capital, and help 

build vibrant, resilient communities. 

Research in the manufacturing sector confirms the relevance of these dynamics on 

the ground. Al Doghan & Chong [4] find FinTech adoption is strongly associated with 

enhanced environmental sustainability through the channels of green innovation, finance, 

and investment a linkage seen also in Qin et al. [58] and Guang-Wen & Siddik [53]. The 

presence of adequate access to finance is shown to further potentiate the impact of FinTech 
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on organizational sustainability, consistent with the findings of Boohene [59] and 

Adegboye & Iweriebor [60]. 

Equally important are the factors that condition or amplify these technology-

sustainability dynamics. Al_hazimeh et al. [5] highlight that FinTech competitiveness and 

its eventual contribution to sustainability is powerfully shaped by regulatory clarity, 

robust technological infrastructure, and especially customer trust. Where regulatory 

environments are adaptive and supportive, FinTech growth and sustainable innovation 

accelerate; conversely, regulatory ambiguity can be an impediment [61–64]. Customer 

trust emerges as a critical linchpin, bolstering adoption, driving positive word-of-mouth, 

and deepening competitive advantage [65,66]. 

At the macro level, Alshammari [3] establishes through robust panel econometric 

models that green finance and FinTech are statistically linked to improved energy 

efficiency in Middle Eastern economies. Their findings underscore the importance of 

policy interventions to accelerate eco-friendly finance, establish research clusters in green 

FinTech, and institutionalize regulations that facilitate digital transformation for 

sustainability [50,67–70]. 

Beyond financial institutions and regulatory authorities, environmental non-

governmental organizations (NGOs) may also influence sustainability outcomes by 

shaping public awareness, monitoring environmental compliance, and indirectly affecting 

capital allocation patterns. Evidence from other contexts suggests that NGOs can 

contribute to regional sustainability dynamics through institutional pressure and 

economic relocation mechanisms [71]. Although such actors were not directly examined 

in this study, their interaction with digital finance ecosystems represents a relevant 

institutional dimension that warrants further investigation in the GCC context. 

Although this study finds a positive relationship between FinTech adoption and 

sustainability in Saudi Arabia and the GCC, evidence from other regions suggests more 

complex dynamics. For example, Ozturk and Ullah [18] report that digital financial 

inclusion may increase environmental pressure in certain developing economies when 

financial expansion stimulates carbon-intensive consumption. Similarly, Alshammari [3] 

shows that financial inclusion in Saudi Arabia can raise CO2 emissions when not directed 

toward renewable or green investments. These contrasting findings indicate that the 

sustainability impact of FinTech is highly context-dependent and shaped by regulatory 

quality, energy structure, and policy alignment. 

In the GCC context, structured reforms under Vision 2030 and green finance 

initiatives may explain the stronger positive effects observed in this study. For example, 

recent evidence from the Saudi banking context suggests that financial inclusion 

measured by increased access to credit and banking services, can initially contribute to 

higher CO2 emissions due to fossil fuel-intensive consumption behaviors [3]. This result 

highlights the need for carefully designed financial products and accompanying policies 

that direct financial flows toward environmentally sustainable rather than consumption-

driven, emission-intensive activities. 

Lastly, the literature emphasizes the need for continuous monitoring and educational 

initiatives. Filfilan and Alattas [72] note that a significant number of firms have yet to fully 

align their FinTech strategies with sustainability objectives. The report calls for enhanced 

collaboration between industry and regulators and stresses financial and digital literacy 

as vital levers for empowering both organizations and consumers to harness FinTech 

more sustainably [37,52,73]. 

In conclusion, these multifaceted findings consistently reinforce the view that, with 

supportive regulatory frameworks, adequate access to finance, and user trust, FinTech can 

serve as a transformative enabler of sustainability in Saudi Arabia and the GCC. Success, 

however, also requires continuous investment in innovation, policy adaptation, and 
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broad-based literacy to ensure digital transformation aligns with the region’s long-term 

sustainability goals. 

This study is subject to several limitations. First, the survey data are cross-sectional 

and collected during a single period in 2024, which restricts causal inference despite the 

complementary use of macro-level robustness analysis. Second, the organizational sample 

is concentrated in Saudi Arabia and selected GCC countries, which may limit 

generalizability to other regulatory or energy-intensive contexts. Third, sustainability 

performance measures rely partly on perceptual assessments, which may introduce 

response bias. Future research employing longitudinal firm-level data and cross-regional 

comparative designs would further strengthen external validity. 

7. Conclusions 

This study concludes that the integration of FinTech and blockchain technologies 

with a focus on green finance and financial innovation significantly enhances sustainable 

organizational performance in the region. The study demonstrates that while FinTech 

improves efficiency, competitiveness, and progress toward key Sustainable Development 

Goals (such as poverty alleviation and gender equality), these benefits are most 

pronounced when accompanied by comprehensive regulatory frameworks and targeted 

policies. However, the risk that expanded financial inclusion may inadvertently increase 

CO2 emissions underscores the importance of aligning digital finance with environmental 

objectives. 

The magnitude of the estimated effects provides clear guidance for policy 

prioritization. The strong direct impact of FinTech adoption on sustainability (β = 0.67, p 

< 0.001) and the complementary interaction with blockchain (β = 0.72, p < 0.001) indicate 

that integrated digital transformation strategies should be treated as a central pillar of 

sustainability policy. Moreover, the significant mediating role of green finance (indirect β 

= 0.13, p = 0.004) suggests that regulatory incentives should explicitly channel digital 

financial innovation toward environmentally aligned investments. Although financial 

inclusion contributes positively (β = 0.12, p < 0.05), its comparatively smaller magnitude 

reinforces the need for targeted safeguards to prevent unintended environmental 

externalities. Accordingly, adaptive regulatory frameworks, green finance incentives, and 

digital literacy initiatives should be prioritized in proportion to the relative strength of 

these empirical effects. 

Beyond efficiency gains, the development of a mature FinTech ecosystem must 

prioritize systemic resilience. The significant interaction between FinTech adoption and 

blockchain integration (β = 0.72, p < 0.001) suggests that digital infrastructure can enhance 

institutional robustness when strategically aligned with sustainability objectives. 

Policymakers should therefore design adaptive regulatory frameworks capable of 

withstanding economic volatility and environmental shocks. Building a strong “green 

image” and sustainability-oriented digital identity at the institutional level may further 

reinforce stakeholder trust and long-term stability. In this sense, the proposed FinTech 

ecosystem should be understood not merely as an efficiency-enhancing mechanism, but 

as a resilience-building architecture for sustainable development. 

For future research, the paper highlights the need for longitudinal analyses to track 

the sustained impact of FinTech interventions on sustainability outcomes, as well as 

comparative studies across different GCC countries and industry sectors. Additionally, 

exploring the integration of emerging technologies, such as artificial intelligence and big 

data, could reveal new pathways for further enhancing the synergies between digital 

finance and sustainable development. By pursuing these policy and research directions, 

stakeholders can unlock the full transformative potential of FinTech to advance 

environmental and social well-being in the region. Future research may also integrate 
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human-centric sustainability indicators, including psychological and environmental 

comfort dimensions at the employee level, to complement organizational-level 

performance metrics and provide a more holistic sustainability assessment in 

interdisciplinary contexts (e.g., Lin et al. [74]). 
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