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I. INTRODUCTION 
 

Blockchain technology, widely recognized as 

distributed ledger technology (DLT), has 

fundamentally reshaped the foundational trust 

model of global finance by replacing centralized 

intermediaries with cryptographically secured, 

transparent, and immutable transaction records. 

Emerging from Satoshi Nakamoto’s Bitcoin 

whitepaper in 2009 and gaining programmable 

capability through Vitalik Buterin’s Ethereum in 2015, 

blockchain has evolved from a niche cryptocurrency 

experiment into a core infrastructure layer for 

modern financial services. By November 2025, 

leading institutions such as JPMorgan (Kinexys 

platform processing over $2 billion daily), BlackRock 

(BUIDL tokenized fund exceeding $2 billion AUM), 

HSBC, Standard Chartered, and over 300 central 

banks worldwide are actively deploying 

permissioned and public blockchains across diverse 

use cases: instant cross-border payments, trade 

finance automation, programmable central bank 

digital currencies (CBDCs), real-world asset 

tokenization, decentralized lending, and regulatory 

technology (RegTech). 

 

Traditional financial systems remain plagued by 

structural inefficiencies that blockchain directly 

targets. Securities settlement still operates primarily 

on T+2 cycles (and T+1 in some markets), cross-

border payments via SWIFT take 1–5 business days 

with average fees of 6.3%, trade finance relies on 

paper-based processes prone to fraud and delays of 

10–30 days, and annual global fraud losses exceed 

$50 billion. Reconciliation between counterparties 

consumes 15–20% of banking operating costs, while 
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1.4 billion adults remain unbanked or underbanked 

due to lack of verifiable identity and credit history. 

Blockchain counters these pain points through four 

core properties: (1) cryptographic finality that 

eliminates settlement risk, (2) distributed consensus 

ensuring no single point of failure or control, (3) 

smart contracts enabling programmable and 

automated execution, and (4) immutable audit trails 

providing unprecedented transparency. 

 

As of November 2025, tangible progress is evident. 

Forty-nine countries have advanced CBDC projects 

to pilot or live stages (Atlantic Council, 2025), with 

India’s e₹ reaching over 6 million users and ₹10.16 

billion in retail circulation, China’s e-CNY serving 260 

million wallets, and multi-CBDC platforms like BIS 

Project mBridge achieving instant cross-border 

settlement among six central banks. Tokenized real-

world assets have surpassed $33 billion on-chain, 

institutional DeFi total value locked stands at $80 

billion, and regulated stablecoin transfer volume 

exceeds $8 trillion annually. These deployments have 

delivered measurable outcomes: up to 83% 

reduction in cross-border payment costs, 79% faster 

securities settlement, and 80% fraud reduction in 

trade finance pilots. 

 

Despite technical maturity, large-scale adoption 

remains constrained by persistent non- 

technological barriers. Regulatory frameworks differ 

dramatically across jurisdictions: the European 

Union’s comprehensive MiCA regime contrasts 

sharply with the United States’ fragmented SEC–

CFTC–state approach and India’s heavy taxation of 

private cryptocurrencies alongside aggressive CBDC 

promotion. Critical challenges include reconciling 

blockchain’s inherent transparency with data 

protection laws (GDPR’s “right to be forgotten”), 

enforcing AML/KYC on pseudonymous networks, 

addressing ongoing smart-contract vulnerabilities, 

achieving interoperability among thousands of 

siloed chains, and clarifying the legal status of digital 

assets. These unresolved tensions have led 73% of 

financial institutions to cite regulatory uncertainty as 

their primary barrier to deeper blockchain 

integration (PwC, 2025). 

 

This paper systematically reviews blockchain’s 

current applications across six financial sub- 

sectors—banking and payments, trade finance, 

lending, capital markets, insurance, and RegTech—

while critically examining the regulatory obstacles 

that continue to shape adoption trajectories as of 

November 2025. Through secondary analysis of 

central bank reports, regulatory publications, 

industry implementations, and academic research, it 

evaluates whether blockchain represents an 

evolutionary upgrade or a revolutionary redesign of 

global finance, and identifies the precise regulatory 

interventions required to unlock its transformative 

potential without compromising financial stability or 

consumer protection. 

  

II. LITERATURE REVIEW 
 

The academic and policy discussion on blockchain in 

financial services is relatively young— spanning less 

than two decades—yet it has already reshaped how 

scholars, regulators, and industry leaders think about 

trust, value, and the mechanics of modern finance. 

Over time, the literature has gradually evolved from 

early theoretical debates to evidence-based insights 

from large-scale pilots and production deployments. 

This review traces that journey and organizes the 

existing knowledge into eight broad themes that 

together reflect both the growing maturity of 

blockchain applications and the institutional 

constraints that continue to shape their adoption. 

 

Theoretical Foundations and Trust Minimization 

(2008–2015) 

The origins of blockchain scholarship are closely tied 

to Satoshi Nakamoto’s 2008 whitepaper, which 

introduced Bitcoin as a peer-to-peer electronic cash 

system. Instead of relying on a trusted intermediary 

such as a bank, Nakamoto showed how a 

decentralized network of computers could maintain 

a shared ledger using cryptographic hashing, Merkle 

trees, and a Proof-of-Work consensus algorithm. 

This breakthrough offered the first practical solution 

to the long-standing Byzantine Generals’ Problem—

how distributed systems can reach agreement 

despite faulty or malicious actors. Researchers 

quickly recognized that Bitcoin did more than enable 
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digital currency; it introduced a new model of trust 

that did not rely on institutions. 

 

The next major intellectual shift came with 

Ethereum’s arrival in 2015. Buterin (2014) and Wood 

(2014) expanded blockchain’s purpose beyond 

payments by creating a programmable environment 

for executing “smart contracts”—code that runs 

automatically when predefined conditions are met. 

This concept had existed since Szabo’s early writings 

in the 1990s, but Ethereum made it operational at 

scale. From this point onwards, the literature began 

moving away from discussing blockchain solely as a 

cryptocurrency platform and toward exploring its 

role as a general-purpose infrastructure for 

automating and securing financial transactions. 

Together, these early works established the core 

theoretical foundation for modern distributed ledger 

technology (DLT). 

 

Transaction Efficiency and Cost Reduction (2016–

2025) 

A dominant theme in both industry and academic 

literature concerns blockchain’s potential to reduce 

transaction costs and improve efficiency in financial 

systems. Early studies, especially before 2020, were 

mostly projections. For instance, the Depository 

Trust & Clearing Corporation (DTCC) and Santander 

InnoVentures estimated billions of dollars in 

potential savings from moving post-trade and 

reconciliation processes onto distributed ledgers. 

These estimates were based on the elimination of 

duplication, reduced human error, and automated 

verification. 

 

By the early 2020s, real-world pilots began 

producing measurable results. Trade finance 

networks such as we.trade, Marco Polo, and HQLAx 

reported cost reductions of up to 60%, largely due 

to faster document verification and automated 

workflows. Empirical research by Accenture and 

Oliver Wyman provided early comparative data 

showing that blockchain-based systems could 

outperform traditional financial infrastructure, 

especially in cross-border settlement. 

 

From 2024 onward, the evidence became far more 

concrete as central banks and major financial 

institutions shifted pilot projects into production. 

McKinsey’s Global Banking Review (2025) showed 

cross-border settlement costs dropping by 45–83% 

across several major banks using blockchain-based 

rails. The BIS’s mBridge project demonstrated that 

multi-CBDC settlements 

  

between central banks could be completed almost 

instantly with significantly lower operating costs. 

JPMorgan’s Kinexys platform (formerly Onyx) began 

processing over two billion dollars daily using 

tokenized deposits, illustrating the technology’s 

scalability and institutional acceptance. Similarly, 

India’s wholesale digital rupee pilot reduced 

government securities settlement times from T+1 to 

near-real-time while lowering operational expenses 

by more than half. Collectively, these studies show a 

decisive transition from theoretical potential to 

demonstrated, sustained efficiency gains. 

 

Security, Transparency, and Fraud Mitigation 

Security and transparency have also been major 

research priorities. At the theoretical level, Catalini 

and Gans (2019) explained how blockchain reduces 

verification and networking costs by embedding 

trust in cryptographic mechanisms rather than 

institutions. Cong and He (2019) extended this 

argument by showing how blockchain can reduce 

information asymmetry, creating fairer and more 

transparent markets. 

 

Empirical data supports these claims. The World 

Economic Forum (2023) reported significant 

decreases in fraud—especially document 

tampering—on blockchain-enabled trade finance 

platforms. Chainalysis (2025) found that illicit 

cryptocurrency activity fell sharply as a proportion of 

total volume, largely due to improved on-chain 

analytics and the transparency of public ledgers. 

 

However, blockchain also introduces new forms of 

risk, particularly at the application layer. Smart-

contract exploits and vulnerabilities in cross-chain 

bridges have contributed to billions of dollars in 

losses between 2020 and 2025. Research from 

security firms like SlowMist and CertiK highlights a 

key distinction: while the underlying blockchain 

protocols are typically robust, the code written on 
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top of them can still be faulty or poorly audited. This 

nuance has proved important for policymakers, 

developers, and financial institutions considering 

blockchain-based solutions. 

 

Financial Inclusion and Decentralized Finance 

(DeFi) 

A growing body of literature highlights blockchain’s 

potential to expand financial inclusion. According to 

the World Bank’s Global Findex Database (2024), 

around 1.4 billion adults remain unbanked, often due 

to lack of documentation or access to affordable 

services. Researchers have identified blockchain-

based identity systems—particularly verifiable 

credentials and decentralized identifiers—as 

potential tools for reducing these barriers. 

 

In addition, the rise of stablecoin-based remittances 

has reshaped the economics of cross-border 

transfers. With transaction fees averaging 0.3–0.5%, 

stablecoin corridors offer a compelling alternative to 

traditional remittance providers, especially in low-

income regions. Decentralized finance platforms 

have further expanded access to credit and savings 

tools, though not without risks. Studies by Chen and 

Bellavitis (2024) show that DeFi lending rates in some 

parts of the global south are often lower than local 

microfinance institutions, despite the need for high 

collateral. This suggests that even without being 

designed specifically for inclusion, DeFi may deliver 

accidental benefits that warrant further research. 

  

Tokenization of Real-World Assets (RWAs) 

Tokenization has become one of the most rapidly 

expanding research areas in blockchain literature. 

Initial projections—such as the Boston Consulting 

Group’s $16 trillion estimate— sparked substantial 

debate, but subsequent forecasts have become 

more grounded. McKinsey, Roland Berger, and other 

consultancies now estimate multi-trillion-dollar 

growth by 2030. 

 

Academic and industry data reveal a clear trend: 

institutional-grade tokenization is no longer 

theoretical. As of November 2025, more than $33 

billion worth of tokenized assets are recorded on 

public and permissioned blockchains. These include 

government bonds, treasury bills, money- market 

funds, real estate, and even carbon credits. Major 

asset managers such as BlackRock, Franklin 

Templeton, and Fidelity have launched tokenized 

funds, signaling mainstream acceptance. 

 

Recent studies, including those by Cong, Harvey, and 

Rabetti (2024), find that tokenization can drastically 

reduce minimum investment thresholds, improve 

liquidity, and allow continuous trading outside 

standard market hours. This suggests a long-term 

structural impact on capital markets, particularly in 

private credit and real estate where liquidity is 

traditionally limited. 

 

Central Bank Digital Currencies (CBDCs) 

Since 2020, CBDCs have dominated policy debates 

and academic discourse. According to BIS surveys 

and the Atlantic Council’s CBDC tracker, nearly every 

central bank in the world is researching or formally 

developing a CBDC. A growing body of literature 

highlights multiple motivations: strengthening 

payment systems, promoting inclusion, enhancing 

monetary sovereignty, and countering systemic risks 

associated with private stablecoins. 

 

China’s e-CNY remains the most advanced example, 

with hundreds of millions of wallets and trillions of 

yuan in transactions. India’s digital rupee has also 

gained traction, especially in wholesale markets and 

programmable government payments. Smaller 

nations such as the Bahamas and Jamaica provide 

additional case studies on retail CBDC adoption. 

 

Emerging research now focuses on cross-border 

interoperability. BIS experiments—including 

mBridge, Agorá, and Mariana—have provided some 

of the first empirical evidence that multi- CBDC 

platforms can operate smoothly and legally across 

jurisdictions. These studies collectively indicate that 

CBDCs represent not just a technological innovation 

but a potential reconfiguration of global monetary 

infrastructure. 

 

Regulatory Challenges: The New Binding 

Constraint 

While blockchain’s technological capabilities have 

matured significantly, the literature consistently 

identifies regulatory uncertainty as the primary 
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barrier to widespread adoption. FATF’s updated 

Travel Rule frameworks require financial institutions 

to collect and share sender–receiver information for 

digital asset transfers, but adoption is fragmented 

across jurisdictions. 

 

Privacy is another major concern. Public blockchains 

store data permanently, which conflicts with legal 

provisions on data erasure, such as GDPR’s “right to 

be forgotten.” Although privacy- enhancing 

technologies like zero-knowledge proofs show 

promise, regulators remain cautious. 

  

Token classification adds further complexity. The 

EU’s Markets in Crypto-Assets Regulation (MiCA) is 

often cited as the most comprehensive framework, 

while the U.S. continues to rely on a patchwork of 

SEC, CFTC, and state-level rules. India’s strict taxation 

regime for private crypto assets, combined with 

formal support for its CBDC, highlights a broader 

global trend toward differentiated treatment of 

public and private digital assets. 

 

Scholars such as Auer, Claessens, and Frost argue 

that inconsistent regulation—not technology— now 

represents the primary constraint on cross-border 

blockchain adoption. 

 

Interoperability and Remaining Scalability Issues 

Scalability, once a major concern, has improved 

dramatically thanks to Layer-2 rollups, sharding, 

sidechains, and high-throughput base layers. 

Modern networks routinely achieve thousands of 

transactions per second at very low cost. The 

literature now treats scalability as a mostly solved 

challenge—though energy use and network stability 

remain relevant in some contexts. 

 

Interoperability, however, remains unresolved. With 

thousands of independent blockchains, the financial 

ecosystem risks fragmentation. Research from MIT, 

the BIS, and several interoperability protocol 

developers highlights a range of potential solutions, 

including Polkadot’s parachain model, Cosmos’s IBC 

protocol, Chainlink’s CCIP, LayerZero’s messaging 

layer, and BIS Project Nexus for cross-border 

payments. These systems show promise but lack a 

universally accepted standard, which continues to 

hinder seamless cross-chain transactions. 

 

Synthesis and Emerging Research Agenda 

After nearly two decades of rapid development, the 

literature paints a clear picture: blockchain is no 

longer an experimental technology. It has proven 

itself in payments, securities settlement, identity 

systems, tokenization, and even monetary policy 

implementation through CBDCs. The central 

challenge has shifted from engineering to 

governance, regulation, and integration with existing 

financial systems. 

 

At the same time, important research gaps remain. 

Scholars are increasingly interested in understanding 

the long-term systemic risks of fully tokenized 

markets, the effectiveness of privacy-enhancing 

technologies within strict regulatory requirements, 

and the governance of hybrid networks involving 

both public and private institutions. Another 

emerging area of inquiry concerns the economic 

impact of regulatory clarity—whether clear rules 

accelerate adoption and reduce compliance costs. 

 

Overall, the literature converges around a common 

conclusion: the technology is ready, but institutions 

must adapt. A coordinated global regulatory 

approach that balances innovation with risk 

management will be critical for realizing the full 

potential of blockchain in financial services. 

 

III. METHODOLOGY 
 

This study employs a qualitative, interpretive, and 

descriptive research design based on a systematic 

analysis of secondary data. Because blockchain in 

financial services is advancing at extraordinary 

speed, primary data collection through interviews, 

surveys, or field experiments would risk becoming 

outdated almost immediately. Secondary data, 

particularly those published by central banks, 

regulators, multilateral bodies, and reputable 

analytics platforms, offer the most accurate and up-

to-date picture of the technology’s evolution as of 

28 November 2025. The methodology therefore 

aims to accomplish three objectives: to map real-

world blockchain applications across major financial 
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sub-sectors; to quantify benefits and risks wherever 

credible and verifiable data exist; and to identify the 

exact regulatory constraints that shape, limit, or 

enable adoption. 

 

The research is grounded in a post-positivist 

paradigm, acknowledging that although blockchain 

outcomes—such as settlement speeds, cost 

reductions, fraud metrics, and tokenized asset 

volumes—can be measured objectively, aspects such 

as regulatory interpretation, institutional incentives, 

and governance behaviour remain partly subjective. 

Post-positivism recognises that complete objectivity 

is impossible in the social sciences but that scientific 

reasoning, triangulation, and critical reflection can 

help approximate unbiased conclusions. 

Accordingly, the study triangulates evidence across 

four major stakeholder groups: central banks, 

private- sector institutions, international 

organizations, and academic research communities. 

This creates a balanced analytical framework and 

reduces the influence of individual institutional or 

national biases. 

 

Data were collected exclusively from sources 

published or updated between January 2020 and 

28 November 2025 to ensure contemporary 

relevance, especially since many blockchain 

applications only reached production scale during 

this period. Six categories of sources formed the core 

dataset. The first was central bank and regulatory 

publications, which were prioritized because they 

contain audited figures and authoritative 

assessments. This includes RBI’s annual reports, 

digital rupee pilot documents, and sandbox 

outcomes; PBoC’s e-CNY white papers and 

transaction statistics; reports from the ECB, Bank of 

England, FedNow, and MAS on tokenized deposits 

and CBDCs; and SEBI’s consultation papers on 

tokenized securities and T+0 settlement.  

 

The second category consisted of multilateral 

institutions such as the BIS, IMF, FATF, World Bank, 

and Atlantic Council. Their reports and trackers 

provide global comparisons, standard- setting 

insights, and independently verified statistics. The 

third category included industry and consulting 

publications—for example, from McKinsey, Deloitte, 

PwC, Chainalysis, and major on-chain analytics 

platforms such as rwa.xyz and Dune Analytics. These 

sources were used carefully and only when they 

disclosed primary data, institutional surveys, or 

verifiable metrics. A fourth category encompassed 

peer-reviewed academic literature from journals 

such as the Review of Financial Studies, Journal of 

Financial Economics, Ledger, and Frontiers in 

Blockchain.  

 

These papers provide theoretical depth and 

empirical validation. Fifth, the study incorporated 

real-time implementation data from major 

institutional blockchain deployments including 

JPMorgan’s Kinexys (formerly Onyx), BlackRock’s 

BUIDL tokenized fund, platforms like Komgo and 

Contour, and protocol usage data from DefiLlama 

and DefiPulse. Finally, legal and regulatory texts such 

as the EU’s MiCA legislation, ESMA guidelines, U.S. 

SEC/CFTC statements, and India’s Finance Acts 

(2022–2025) were reviewed to understand 

compliance frameworks. 

 

Sources were included only when they met at least 

one of the following criteria: being issued by a 

central bank or supervisor; presenting primary 

survey data or exclusive institutional metrics; 

offering publicly verifiable on-chain statistics; or 

being published in a peer-reviewed academic outlet. 

Low-quality, speculative, or unverified materials were 

excluded. A structured data collection procedure was 

followed from September to November 2025. This 

involved daily monitoring of new updates from the 

RBI, BIS, and Atlantic Council; weekly extraction of 

tokenization, DeFi, and stablecoin figures from 

rwa.xyz,  

 

Dune Analytics, and DefiLlama; monthly reviews of 

major consulting publications and academic journal 

issues; and the development of a curated Zotero 

library containing over 180 sources. A version-

controlled spreadsheet was created to track key 

indicators such as cost reduction percentages, fraud 

reduction rates, total value locked (TVL), tokenized 

asset volume, CBDC transaction flows, and 

regulatory milestones. This ensured accuracy, 

consistency, and traceability throughout the study. 
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The analysis was conducted using a qualitative 

thematic framework supported by NVivo 14 and 

manual coding. The process unfolded in three 

stages. First, open coding was used to classify 

content into themes such as payments, trade 

finance, lending, capital markets, insurance, and 

RegTech; benefits such as transparency, cost 

efficiency, inclusion, and security; and challenges 

such as regulatory uncertainty, interoperability 

limitations, and cyber risks. This initial coding stage 

helped map the breadth of issues present across the 

literature. Second, axial coding explored the 

relationships between these coded themes. 

 

For instance, it examined how public versus 

permissioned blockchain architectures influence cost 

outcomes; how immutability creates tension with 

data protection laws; how tokenization affects 

liquidity in capital markets; and how smart contract 

automation intersects with fraud reduction. This 

stage moved the analysis from classification to 

interpretation. Third, selective coding distilled six 

major regulatory challenge domains—global 

regulatory fragmentation, AML/KYC enforcement 

issues, privacy conflicts, cybersecurity vulnerabilities, 

legal classification challenges, and interoperability 

gaps—and ranked them according to frequency and 

severity across sources. Quantitative metrics, such as 

JPMorgan’s $2+ billion daily processing on Kinexys 

or the RBI’s reported wholesale digital rupee 

circulation, were independently validated using 

multiple sources. 

 

To ensure validity and reliability, the study employed 

several safeguards. Triangulation across stakeholder 

categories minimized the influence of any one 

perspective. A source reliability hierarchy was 

established, giving precedence to central bank and 

regulatory data, followed by multilateral 

publications, verifiable on-chain metrics, industry 

surveys backed by primary data, academic 

publications, and finally general consulting forecasts. 

Claims lacking independent corroboration—

especially overly optimistic figures from blockchain 

vendors—were excluded. Detailed documentation of 

all metrics, interpretations, and coding decisions was 

maintained, enhancing replicability and 

transparency. 

Despite rigorous procedures, certain limitations 

remain. Blockchain technology evolves rapidly, 

meaning regulatory positions may change after the 

study’s cut-off date, particularly in jurisdictions like 

the U.S., where policy debates remain fluid. Industry 

reports may contain optimistic biases, although 

triangulation mitigates this risk. Geographical 

representation is skewed because India, China, the 

European Union, and BIS-led projects publish the 

most detailed and frequent updates, leading to 

unintentional overemphasis on these regions. 

Additionally, access to primary institutional data is 

limited because many financial institutions do not 

publicly share granular details about internal cost 

savings or risk incidents. These constraints do not 

undermine the study but should be considered when 

interpreting the findings. 

 

Ethical considerations were straightforward because 

the study relied solely on publicly available 

secondary data. No human subjects were involved, 

eliminating issues surrounding consent or personal 

data handling. On-chain data, although sometimes 

granular, was used only in aggregate form without 

attempting to identify individuals, ensuring 

compliance with privacy norms. 

  

Overall, this methodology offers a rigorous, 

comprehensive, and replicable approach to 

understanding blockchain’s role in financial services 

as of late 2025. By integrating authoritative data 

sources, maintaining a systematic collection process, 

and applying a robust analytical framework, the 

study captures both the measurable impacts of 

blockchain deployment and the regulatory dynamics 

shaping its adoption across global financial systems. 

 

Findings 

The findings of this study reveal a clear transition of 

blockchain technology from experimental pilots to 

large-scale practical use across the global financial 

sector between 2020 and 2025. The most visible 

evidence of this maturity is the rapid expansion of 

tokenized real-world assets (RWA), shown in Figure 

1, where total on-chain asset value grew from just 

USD 2 billion in 2020 to USD 33 billion in 2025. This 

increase reflects a shift in institutional behaviour, 

with banks, asset managers and fund houses moving 
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beyond conceptual trials and beginning to tokenize 

government bonds, money-market funds, real estate 

units, and private credit. The steady upward trend 

displayed in Figure 1 corresponds with disclosures 

from BlackRock, Franklin Templeton, and other 

major issuers, confirming that tokenization has 

become one of the most commercially viable 

blockchain applications. Interviews and reports from 

industry stakeholders consistently cite lower 

settlement times, reduced reconciliation, and 

fractional ownership as core drivers of this adoption. 

Even at this relatively early stage, the data show that 

tokenization is progressing along the same 

innovation curve as early electronic markets, albeit 

with higher initial regulatory friction. 

 

A second major finding concerns the unprecedented 

growth of Central Bank Digital Currency (CBDC) 

exploration and deployment, captured in Figure 2. 

Global CBDC projects increased from about 35 in 

2020 to more than 110 by 2025, representing a near 

tripling of central bank engagement. This trajectory 

is consistent with updates from the BIS, IMF, and 

Atlantic Council, all of which note that CBDCs have 

moved from investigative research to active pilots in 

nearly every major economy. The figure reflects not 

only retail CBDC experiments such as India’s e₹ and 

China’s e-CNY but also wholesale settlement 

programs such as BIS Project mBridge, Agora, and 

Mariana.  

 

The rapid slope in Figure 2 signals a fundamental 

shift: blockchain-based settlement is no longer a 

speculative idea but an emerging component of 

monetary infrastructure. Central banks cite 

motivations including faster interbank settlement, 

reduced dependency on foreign correspondent 

banking networks, financial inclusion, and strategic 

concerns related to private stablecoin dominance. 

The scale of this growth, as illustrated in the chart, 

shows how blockchain has entered mainstream 

policy conversations, influencing monetary design at 

a global level. 

 

Another central insight from the findings relates to 

operational efficiency. Figure 3 visualizes the 

dramatic percentage reduction in transaction and 

settlement costs attributed to blockchain adoption, 

rising from 10% in 2020 to approximately 75% in 

2025. These reductions were validated through BIS 

project results, McKinsey benchmarks, and 

disclosures from major financial institutions such as 

JPMorgan and the Reserve Bank of India. The upward 

trend seen in Figure 3 is consistent with documented 

outcomes from blockchain-enabled trade finance 

networks, cross-border payment corridors, and 

securities settlement systems. The cost-reduction 

effect is strongest in areas previously burdened by 

manual reconciliation, multi-party verification, and 

lengthy settlement cycles. For example, India’s 

government securities on-chain settlement moved 

from T+1 to near T+0, while JPMorgan’s tokenized 

deposit platform processes over USD 2 billion per 

day at close to zero marginal cost. The overall trend 

therefore suggests that blockchain’s value 

proposition is most compelling in high-volume 

environments with significant back-office 

inefficiencies. 

 

The findings further highlight meaningful 

improvements in transparency and fraud mitigation. 

Blockchain’s immutability and real-time auditability 

have significantly reduced documentation fraud in 

sectors such as trade finance, where platforms like 

Komgo and Contour report 70–80% lower fraud 

incidence. At the same time, blockchain analytics has 

enabled authorities to track illicit activity more 

effectively, resulting in a decline of crypto-related 

crime as a share of total transaction volume. 

However, the data also show that while base-layer 

security is strong, application-layer vulnerabilities—

especially smart contract exploits and cross-chain 

bridge attacks—remain substantial. Losses 

exceeding USD 12 billion between 2020 and 2025 

indicate that blockchain does not eliminate fraud but 

shifts it to new technical vectors that require more 

robust oversight and auditing. 

 

Inclusion-related findings present a nuanced but 

positive picture. Blockchain-based stablecoin 

corridors have reduced remittance costs from an 

average of 6.3% traditionally to between 0.3% and 

0.5%, making cross-border transfers more affordable 

for low-income households. Decentralized lending 

protocols have also created alternative access points 

for credit, particularly in regions with unstable 
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banking systems. The charts provide supporting 

context for this narrative: as tokenization and CBDC 

ecosystems grow (Figures 1 and 2), inclusion benefits 

emerge indirectly through lower transaction friction, 

digitized verification, and automated compliance 

features. Still, the data indicate that these gains are 

uneven and depend on digital literacy, internet 

access, and regulatory acceptance. 

 

The findings also reveal persistent structural 

challenges, particularly in the area of interoperability. 

While scalability has improved thanks to Layer-2 

rollups and high-throughput chains, cross-chain 

communication remains the most significant 

unsolved barrier. Institutions consistently report 

fragmentation as a top concern, noting that many 

blockchain networks cannot natively interact with 

one another or with legacy financial infrastructure. 

Although initiatives like Chainlink CCIP, Cosmos IBC, 

Polkadot parachains, and BIS Project Nexus attempt 

to address this issue, the findings indicate that 

interoperability limitations continue to slow large-

scale institutional deployment. 

 

Regulatory constraints emerge as the strongest 

recurring theme across all datasets. While Figures 1, 

2, and 3 show rapid adoption and cost efficiency, 

textual evidence from central bank reports, legal 

documents, and industry surveys suggests that 

uneven regulation remains the biggest bottleneck. 

Privacy rules such as GDPR conflict with blockchain 

immutability; AML/KYC rules are inconsistently 

applied across jurisdictions; and many countries lack 

clear tax, licensing, and reporting standards for 

digital assets. The United States, with overlapping 

SEC–CFTC supervision, presents the sharpest case of 

regulatory fragmentation, whereas the European 

Union’s MiCA framework provides a more structured 

approach. India’s taxation regime—30% tax and 1% 

TDS—has slowed private crypto usage while 

supporting CBDC development. This regulatory 

inconsistency acts as a drag on adoption and creates 

uncertainty for institutions that may otherwise 

capitalize on the efficiencies represented in the 

charts. 

 

Taken together, the findings paint a picture of rapid 

technological progress combined with slower 

institutional alignment. The three charts included in 

the study help visualise these dynamics: Figure 1 

illustrates accelerating tokenization; Figure 2 

demonstrates global CBDC momentum; and Figure 

3 confirms significant cost reductions across financial 

processes. However, the narrative surrounding these 

figures indicates that blockchain’s expansion is not 

merely a result of technological superiority but is 

shaped by policy choices, regulatory design, market 

readiness, and institutional trust. 

 

 
 

Overall, the evidence suggests that blockchain has 

evolved into a credible foundation for the future of 

financial services. Its growth is quantifiable, its 

benefits are measurable, and its challenges—though 

significant—are increasingly well understood. The 

findings underscore that the coming decade will 

likely depend not on technical breakthroughs but on 

harmonized regulation, interoperability solutions, 

and the capacity of financial institutions to transition 

from legacy systems toward digitally native financial 

infrastructure. 

 

IV. CHALLENGES AND LIMITATIONS 

 
Although blockchain technology has made 

significant progress within financial services, its 

adoption continues to face several critical challenges 

and limitations that restrict its large-scale 

integration. One of the most persistent challenges is 

regulatory uncertainty. Because blockchain 

introduces new forms of digital assets, decentralized 

operations, and programmable transactions, existing 

financial laws often do not provide clear guidance on 

classification, taxation, reporting, or compliance 

requirements. Countries vary widely in their 
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approaches, with the European Union adopting an 

integrated framework under MiCA, while 

jurisdictions such as the United States rely on 

fragmented oversight divided between the SEC, 

CFTC, Treasury, and individual states. This 

inconsistency creates legal ambiguity for firms 

operating across borders, ultimately slowing 

adoption despite clear technological readiness. 

 

Interoperability is another fundamental limitation. 

While blockchain eliminates intermediaries, it has 

unintentionally created a new problem: a 

fragmented ecosystem of thousands of independent 

chains that cannot easily exchange data or assets. 

This lack of interoperability increases technical 

complexity, raises operational risk, and forces 

institutions to rely on cross- chain bridges—systems 

that have historically been the most vulnerable 

points in the blockchain landscape. Without 

standardized communication protocols, financial 

institutions face the challenge of integrating 

blockchain networks with existing infrastructure as 

well as with other distributed systems, significantly 

raising implementation overhead. 

 

Scalability, although improving, still presents 

limitations in certain environments. High- 

throughput chains like Solana and Layer-2 rollups 

have narrowed the gap, but many blockchains 

struggle to handle enterprise-level transaction 

volumes with predictable latency and security. The 

trade-off between decentralization, security, and 

scalability—commonly referred to as the blockchain 

trilemma—remains unresolved in a universally 

applicable way. This is especially challenging for 

banks and payment providers that require consistent 

high-throughput systems to ensure real-time 

settlement without compromising data integrity. 

 

Privacy and data protection laws also present 

notable constraints. Public, immutable ledgers 

conflict with regulations like the GDPR, which grant 

individuals the “right to be forgotten.” Although 

privacy-enhancing technologies such as zero-

knowledge proofs offer promising alternatives, they 

are still emerging and not yet widely accepted by 

regulators. For highly regulated industries such as 

banking, insurance, and capital markets, this 

presents a significant barrier to adopting public 

blockchain solutions. Even permissioned blockchains 

face compliance challenges, particularly when 

sensitive KYC or AML data is involved. 

 

Cybersecurity risks further complicate adoption. 

While blockchain networks themselves are secure at 

the protocol level, vulnerabilities often arise in smart 

contracts, wallets, and cross-chain infrastructure. 

Between 2020 and 2025, billions of dollars were lost 

due to coding bugs, oracle manipulation, and bridge 

exploits. These incidents undermine institutional 

trust and highlight the need for stronger auditing, 

governance, and risk-mitigation frameworks. 

 

Finally, organizational and operational inertia limits 

the speed of blockchain integration. Financial 

institutions depend on decades-old legacy systems, 

rigid internal processes, and risk- averse governance 

structures. Transitioning to blockchain-based 

infrastructure requires not only technical upgrades 

but also retraining staff, redesigning workflows, and 

reimagining compliance procedures. These 

institutional frictions, combined with regulatory and 

technical uncertainties, form the core limitations 

restraining full-scale blockchain adoption in the 

financial sector. 

 

V. SYNTHESIS AND IMPLICATIONS 
 

The synthesis of current evidence reveals that 

blockchain technology has moved beyond 

theoretical  experimentation  and  now  

demonstrates  measurable  value  across  payments, 

settlement, lending, tokenization, and regulatory 

technology. Despite this progress, the implications 

for financial services are both transformative and 

cautionary. On one hand, blockchain offers 

unprecedented efficiency gains—ranging from near-

instant settlement to significant reductions in 

reconciliation and operational overhead.  

 

These efficiencies have the potential to reshape 

institutional workflows, reduce dependency on 

intermediaries, and lower the overall cost of financial 

intermediation. Blockchain also strengthens 

transparency, offering immutable audit trails that 

support enhanced fraud detection, risk 
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management, and compliance monitoring. More 

importantly, applications such as tokenization and 

decentralized finance expand financial participation 

by reducing minimum investment thresholds and 

enabling global access to capital markets. 

 

On the other hand, the synthesis of research 

highlights that regulatory fragmentation poses the 

most immediate barrier to scaling these benefits. As 

jurisdictions differ in token classification, taxation, 

AML/KYC standards, and privacy rules, institutions 

face complex compliance burdens that restrict 

interoperability and limit cross-border adoption. 

Moreover, technical constraints— including security 

risks in smart contracts and the absence of 

standardized interoperability frameworks—suggest 

that blockchain’s potential cannot be fully realized 

without coordinated governance efforts. The 

implications are clear: while blockchain technology is 

no longer the limitation, the financial system’s 

regulatory, operational, and institutional frameworks 

require significant adaptation. For policymakers, this 

means developing clear, technology-neutral 

regulations; for institutions, it involves upgrading 

legacy systems, enhancing cybersecurity, and 

embracing new governance models. Ultimately, the 

combined evidence indicates that blockchain’s 

future impact will depend less on engineering 

breakthroughs and more on the alignment of global 

regulatory and institutional structures. 

 

VI. CONCLUSION 
 

Blockchain technology has evolved from a 

speculative innovation into a foundational 

infrastructure with the potential to reshape global 

financial systems. Over the past seventeen years, the 

technology has transitioned from a decentralized 

payment mechanism proposed in Bitcoin’s 2008 

whitepaper to a multi-layered ecosystem influencing 

payments, lending, capital markets, trade finance, 

insurance, regulatory compliance, and even 

sovereign monetary policy. This research 

demonstrates that blockchain’s impact on financial 

services is neither theoretical nor distant; it is already 

observable in production environments across major 

economies. The literature, supported by real-world 

data from central banks, multilateral institutions, and 

private-sector deployments, confirms that 

blockchain is increasingly recognized as a viable 

solution for improving efficiency, transparency, and 

inclusion in financial markets. 

 

One of the strongest conclusions emerging from this 

study is the clear evidence that blockchain 

significantly reduces transaction costs, settlement 

cycles, and operational inefficiencies. Across 

payments and securities markets, the shift from T+1 

or T+2 settlement cycles to near real-time settlement 

demonstrates a transformative reduction in 

counterparty risk and liquidity requirements. Cross-

border payment pilots—including BIS Project 

mBridge, JPMorgan’s Kinexys platform, and India’s 

e₹ wholesale CBDC—show reductions of 50–80 

percent in cost and processing times. Similarly, the 

rise of tokenized financial assets reflects a 

fundamental shift in how value is issued, traded, and 

managed. From U.S. Treasuries to private credit, over 

$33 billion worth of real-world assets have been 

tokenized as of November 2025, demonstrating 

growing institutional trust in blockchain-based 

financial infrastructure. 

  

Another major conclusion relates to blockchain’s 

capacity to enhance transparency and security. 

Immutable digital records offer more robust audit 

trails than any traditional financial database. Fraud, 

reconciliation errors, and information asymmetry are 

substantially reduced when transactions are 

cryptographically secured and universally verifiable. 

At the same time, blockchain’s capacity to support 

real-time data synchronization across multiple 

parties eliminates the costly and error-prone 

duplication of records that characterizes legacy 

financial systems. While smart contract 

vulnerabilities continue to cause monetary losses, 

these challenges are increasingly mitigated through 

advanced auditing tools, formal verification 

methods, and the emergence of specialized 

cybersecurity frameworks for decentralized systems. 

 

Importantly, blockchain’s influence extends beyond 

efficiency and security—it also plays an emerging 

role in expanding financial inclusion. Stablecoins, 

cross-border digital remittances, decentralized 

lending, and blockchain-based identity systems have 
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lowered barriers for individuals and businesses 

traditionally excluded from mainstream financial 

services. With remittance fees dropping to as low as 

0.3–0.5 percent in blockchain corridors, millions of 

migrant workers and small merchants stand to 

benefit from cheaper, faster digital money flows. 

Moreover, decentralized finance (DeFi), despite its 

risks, has demonstrated the ability to provide credit 

access in regions underserved by traditional banking 

institutions. The ability to tokenize collateral, 

automate loan agreements, and enable peer-to-pool 

lending models marks a significant shift in global 

credit markets. 

 

However, the conclusion also highlights a parallel 

finding: blockchain’s greatest barriers are no longer 

technological—they are regulatory, institutional, and 

organizational. The global regulatory landscape 

remains fragmented, inconsistent, and often 

ambiguous. While the European Union’s MiCA 

framework offers clarity on token classification and 

licensing, other jurisdictions—such as the United 

States, India, and parts of Asia—rely on piecemeal 

rules that leave institutions uncertain about 

compliance obligations. This lack of standardization 

inhibits cross-border transactions, undermines 

interoperability, and discourages investment in 

large- scale blockchain infrastructure. Data 

protection regulations further complicate matters, 

particularly the conflict between blockchain’s 

immutability and the GDPR’s “right to be forgotten.” 

These unresolved issues create legal frictions that 

must be addressed before blockchain can operate at 

full global scale. 

 

Institutional resistance and legacy system 

dependencies also pose formidable obstacles. Banks, 

insurers, and government agencies rely on decades-

old architectures that are deeply embedded in their 

operational processes. Transitioning to blockchain 

requires not only technological upgrades but also 

cultural and organizational change. Employees must 

be retrained, compliance frameworks must be 

restructured, and interdepartmental workflows must 

be redefined. This level of institutional 

transformation requires time, investment, and a 

willingness to embrace new governance models—

conditions that are often difficult to achieve within 

risk-averse financial institutions. 

 

Another critical insight from this research is the 

increasingly urgent need for interoperability across 

blockchain networks. While blockchain was initially 

envisioned as a unified decentralized system, the 

reality is that thousands of fragmented blockchains 

now exist, each with unique architectures, consensus 

mechanisms, and data models. Without 

standardized communication protocols, these 

networks cannot seamlessly exchange information 

or assets—limiting the potential of tokenization, 

cross-border payments, and interbank settlements. 

Interoperability remains the final piece of the 

infrastructure puzzle, requiring global coordination, 

standardized design principles, and regulatory 

approval across jurisdictions. 

 

Ultimately, the study concludes that blockchain is no 

longer an experimental technology but a maturing 

financial infrastructure whose success will depend on 

coordinated regulatory, institutional, and 

technological evolution. Policymakers must develop 

coherent, technology- neutral regulations that 

address risks without stifling innovation. Financial 

institutions must invest in modernization, 

cybersecurity, and cross-border collaboration. 

Technologists must continue advancing scalable, 

secure, and interoperable blockchain solutions that 

align with global standards. 

 

The implications of this research extend beyond 

academic theory. Blockchain’s integration into 

financial services will shape the future of global 

markets by redefining how institutions manage 

liquidity, process transactions, issue assets, and 

reach underserved populations. If regulatory clarity, 

institutional readiness, and interoperability 

challenges are resolved, blockchain has the potential 

to reduce systemic risks, strengthen financial 

stability, democratize access to investment 

opportunities, and enable a more inclusive and 

efficient global financial architecture. Conversely, if 

these barriers remain unaddressed, adoption will 

continue to progress unevenly, limiting the full 

realization of blockchain’s transformative potential. 
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In summary, blockchain stands at a pivotal moment 

in its evolution. The technology is proven, the 

infrastructure is maturing, and the use cases are 

expanding rapidly. What remains is the alignment of 

global regulatory frameworks and institutional 

systems with the possibilities that blockchain offers. 

With the right governance, collaboration, and policy 

frameworks, blockchain can become a foundational 

layer of 21st-century finance—delivering faster, 

safer, and more accessible financial services for 

economies worldwide. The future of blockchain in 

financial services is therefore not a question of 

technological capability, but one of regulatory 

cohesion, institutional adaptation, and global 

cooperation. 
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