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1. Abstract:

This research paper presents a comprehensive comparative analysis of ten Central Bank Digital Currency
(CBDC) initiatives implemented across varied geopolitical and economic landscapes. It evaluates these projects
based on their policy objectives, technological frameworks, legal readiness, privacy structures, and inclusion
strategies. A central hypothesis explored in this study posits that CBDCs—when designed with programmable
traceability, real-time monitoring, and identity-linked features—can significantly curtail black-market and shadow
economy transactions, especially in emerging economies like India. Empirical validation is conducted through a
mixed-method approach combining comparative case analysis and a regression model using data from 15
countries. Results demonstrate that robust CBDC frameworks are associated with reduced cash dependency and
lower indicators of informal economic activity. However, challenges such as digital exclusion, cybersecurity, and
privacy concerns remain critical. The findings underscore that while CBDCs are powerful tools for financial
transparency, their success hinges on legal safeguards, institutional trust, and inclusive digital infrastructure.

Keywords: CBDC, black market, Digital Rupee, financial inclusion, monetary policy, traceability, comparative
analysis

2. INTRODUCTION

The rapid advancement of financial technology has prompted central banks around the world to explore the
concept and implementation of Central Bank Digital Currencies (CBDCs). As physical cash usage declines and
digital transactions become the norm, CBDCs are viewed as a potential evolution in monetary systems,
combining the trust of central bank-backed money with the efficiency of modern digital infrastructure. However,
approaches to CBDC design and deployment vary significantly across jurisdictions, depending on specific
national priorities, institutional capacities, and regulatory environments.

This study offers a comparative analysis of ten prominent CBDC projects, exploring their design principles,
implementation models, privacy considerations, legal frameworks, and efforts toward financial inclusion. By
assessing these dimensions, the paper aims to identify common patterns, innovations, and potential challenges
that may inform future policy development.

This research hypothesizes that the implementation of Central Bank Digital Currencies (CBDCs), particularly
in emerging economies like India, will significantly reduce the scale and frequency of black-market and shadow
economy transactions. The foundational assumption is that the design features of CBDCs—such as traceability,
real-time monitoring, programmable restrictions, and identity-linked wallets—will make it increasingly difficult
for illicit financial activities to thrive in an otherwise cash-dominated underground economy.

The hypothesis is grounded in the economic principle that black markets persist primarily due to the anonymity
and liquidity of cash, which allows actors to evade taxation, launder money, and finance illegal activities. By
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replacing or limiting the use of physical currency with a traceable digital alternative directly issued by the central
bank, CBDC:s are expected to disrupt these illicit flows. In India, where informal transactions account for a large
share of GDP and have historically been used to finance unaccounted wealth (commonly referred to as “black
money”), the transition to a Digital Rupee could have a substantial deterrent effect.

The hypothesis posits the following mechanisms of impact:

1. Reduction in Anonymity: CBDCs, by design, eliminate the untraceable nature of cash transactions. Even
with tiered wallets for financial inclusion, large or suspicious transactions are expected to trigger automatic alerts
or regulatory scrutiny. This will reduce the feasibility of conducting large-scale illicit transactions.

2. Behavioural Deterrence: The awareness that every transaction can be tracked, audited, and linked to
identity (even with privacy safeguards) is expected to induce behavioural changes. Potential offenders may be
deterred by the increased risk of detection and prosecution.

3. Tax Base Expansion: As more economic activity moves to formal, traceable platforms, the government’s
ability to detect underreporting, fake invoicing, and cash hoarding improves. This will enhance both direct and
indirect tax compliance, thereby widening the formal tax base.

4. Enhanced Monetary Control: CBDCs enable the central bank to implement targeted monetary policies—
such as expiration dates on stimulus payments or restricted-use wallets for subsidies—which can further constrain
misuse and leakage of funds.

5. Disruption of Informal Credit Systems: Black markets often function alongside informal credit and
savings networks. CBDCs, by integrating digital identity and financial inclusion, offer formal alternatives that
may reduce dependency on opaque systems.

In the specific context of India, this hypothesis is particularly relevant due to the country’s long-standing
challenges with black money, the prominence of high-cash sectors (e.g., real estate, gold, political donations), and
the government's digital governance initiatives post-demonetization. It is expected that the Digital Rupee, when
integrated with Aadhaar, PAN, and GSTN systems, can become a powerful tool for financial transparency and
accountability.

This hypothesis will be tested by analysing cross-country CBDC deployments, India’s policy framework, empirical
studies, and early pilot results from RBI-led implementations. The ultimate aim is to determine whether CBDCs
can act not only as instruments of efficiency and inclusion but also as catalysts for ethical financial behaviour
and reduced criminal economic activity.

2.1History and inception of CBDC and its significance:

Tulip Mania, which unfolded in 17th-century Holland, serves as the earliest example of market exuberance where
asset prices—specifically, rare tulip bulbs—rose far beyond intrinsic value due to speculative mania, ultimately
resulting in a sudden and dramatic collapse. Similarly, the dot-com bubble of the late 1990s illustrates how
narratives around technological revolution, amplified by media, investor sentiment, and lax regulatory
frameworks, led to irrational valuation of internet-based companies. In both cases, public psychology and herd
behaviour played dominant roles, while traditional valuation metrics were ignored. Behavioural economic
theories, like Shiller’s “irrational exuberance” and emotional finance frameworks, help explain how market
participants became entrenched in optimistic narratives, reinforcing speculative spirals. The economic
significance of these bubbles lies in their widespread financial damage—billions in market value were erased,
investor confidence was shaken, and in the case of the dot-com bubble, economic downturns and unemployment
surged in affected sectors.

These episodes underscore how speculative excess can distort resource allocation, hinder long-term investment,
and create systemic vulnerabilities. The dot-com era also highlighted the economic mechanics behind bubbles,
including insider trading, IPO under-pricing, and dividend smoothing, which created a distorted market picture
and delayed regulatory interventions. In contrast, the emergence of CBDCs represents a more cautious and
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structured evolution in financial systems. These digital currencies, issued by central banks, aim to modernize
payment systems, enhance financial inclusion, and give policymakers more precise tools for monetary control.
From an economic perspective, CBDCs hold significant potential to improve transaction efficiency, reduce costs
associated with cash handling, and enhance the effectiveness of monetary policy transmission, especially in a
digitized global economy. Unlike earlier bubbles that were largely speculative and underregulated, CBDC
development involves deliberate pilot testing, transparent design, and international regulatory cooperation,
thereby minimizing systemic risk. Historical parallels between speculative excesses and CBDC implementation
highlight the importance of learning from past failures—such as the lack of oversight in Tulip mania and the
dotcom era—to ensure that innovation is grounded in sound policy, technological robustness, and public trust.
The paper concludes that understanding past speculative episodes is essential not only for designing safeguards
against financial instability but also for guiding the responsible and economically impactful rollout of future
monetary technologies.

2.2what is CBDC, how it is better than crypto currency and what are its advantages and disadvantages:
Central Bank Digital Currency (CBDC): An Overview

Central Bank Digital Currency (CBDC) is a digital form of legal tender issued and regulated by a nation's central
bank. It represents a sovereign monetary instrument, backed by the state, and is distinct from cryptocurrencies
or e-money as it carries no counterparty risk. CBDCs are designed to function alongside physical cash and other
electronic payment systems, serving as a complementary tool to enhance the overall efficiency, inclusiveness, and
resilience of national and global financial systems. In an increasingly digital economy, CBDCs aim to uphold the
role of public money, enable safer transactions, and ensure that central banks maintain their pivotal role in the
monetary ecosystem. They can be tailored for retail use (accessible to the general public) or wholesale use
(restricted to financial institutions), with programmability features that can automate payments and policy
execution.

ADVANTAGES OF CBDC

1. Financial Inclusion: CBDCs can significantly improve access to financial services, especially for
unbanked or underbanked populations. With just a mobile device, users can hold and transact in digital
currency, reducing barriers to participation in the formal economy.

2. Efficient Payment Systems: CBDCs offer faster, cheaper, and more secure transactions compared to
traditional banking and even some private payment platforms. They reduce the need for intermediaries, thereby
lowering costs and settlement times.

3. Reduced Cash Dependency: By digitizing currency, governments can lower the costs associated with
printing, storing, and transporting physical cash, while addressing issues like counterfeiting and the transmission
of diseases through cash.

4, Enhanced Monetary Policy Transmission: CBDCs can improve central banks’ ability to implement and
track the impact of monetary policies. For instance, interest-bearing CBDCs could be used as tools in managing
inflation or stimulating demand.

5. Transparency and Crime Reduction: Digital records associated with CBDCs enhance transaction
traceability, which can help reduce financial crimes such as money laundering, tax evasion, and fraud.

6. Public Trust and Sovereignty: Unlike private digital assets, CBDCs reinforce the role of central banks by
maintaining trust in state-backed money in an era dominated by fintech and crypto innovations.

7. Programmability: CBDCs can be coded to include specific use conditions, allowing for automated
disbursement of welfare payments, targeted subsidies, or usage restrictions to enhance policy efficiency.
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DISADVANTAGES OF CBDC

1. Privacy Concerns: The traceability of CBDC transactions raises fears of mass surveillance and reduced

user anonymity, potentially infringing on civil liberties and economic freedom.
2. Cybersecurity and Operational Risks: Being fully digital, CBDCs are exposed to cyber-attacks, data
breaches, and systemic outages that could destabilize the financial infrastructure if not managed securely.

3. Disintermediation of Banks: Retail CBDCs could reduce the role of commercial banks in deposit-taking,

which may affect their liquidity and capacity to issue loans, potentially disrupting credit markets.

4. Economic Risks: In times of financial instability, users may rush to convert bank deposits into CBDCs
(a “digital bank run”), increasing stress on the banking system and amplifying systemic risks.

5. High Implementation Costs: Developing and maintaining a CBDC system involves significant

investment in technology, cybersecurity, legal frameworks, and public outreach, especially in countries with
limited digital infrastructure.

6. Limited Acceptance and Digital Divide: In regions with poor internet connectivity or low digital literacy,

the adoption of CBDCs may be slow, potentially excluding vulnerable populations and widening inequality.

7. Regulatory and Legal Hurdles: Introducing CBDCs requires major updates to existing financial laws and

oversight mechanisms, which could be complex, time-consuming, and politically sensitive.

2.3 CBDC v/s Cryptocurrency:
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3. LITERATURE REVIEW

CBDC:s have attracted significant scholarly and institutional attention in recent years. Auer and Bohme (2021)
explore the architecture and design principles of CBDCs, emphasizing privacy, scalability, and resilience. The
Bank for International Settlements (2022) identifies CBDCs as a tool for preserving monetary sovereignty in an
increasingly digitized payment ecosystem. Rogoff (2016) argues that moving away from cash can be an effective
measure against tax evasion and corruption. Narula and Ali (2023) suggest that countries with large informal
sectors stand to gain the most from digitized monetary systems, provided digital infrastructure and literacy are
adequate.

In the Indian context, Jain et al. (2024) and Lodha (2023) examine the infrastructural readiness and public
perceptions of the Digital Rupee. They highlight the importance of user trust, integration with UPI, and data
protection measures. Yadav (2023) adds that tiered KYC wallets and rural outreach are crucial for adoption
among unbanked populations. Cross-national studies comparing China’s e-CNY, Nigeria’s eNaira, and the
Bahamas’ Sand Dollar show varying levels of success depending on interoperability, trust in government, and
the legal framework governing digital currency use. These studies provide the analytical foundation for
understanding the impact of CBDCs on informal and illegal economies, especially in a country like India where
digital transformation is rapidly progressing but unevenly distributed.

4. RESEARCH METHODOLOGY

4.1 Research Design

This study employs a qualitative, comparative case study design to analyse the policy frameworks underpinning
ten Central Bank Digital Currency (CBDC) projects across diverse national and institutional contexts. The
objective is to identify cross-jurisdictional trends, policy innovations, and regulatory divergences in the
governance and implementation of CBDCs. This design enables both descriptive and interpretive insights into
how central banks are aligning CBDCs with legal, monetary, and inclusion objectives.

4.2 Empirical Regression Analysis: Impact of CBDC on Black-Market Activity

This subsection presents a quantitative assessment to complement the qualitative and case-based analysis of
Central Bank Digital Currency (CBDC) effects on black-market activity. A regression model was developed using
macroeconomic indicators, policy variables, and black-market activity proxies derived from secondary data across
multiple jurisdictions where CBDC pilot programs have been initiated or implemented.

4.3 Objective

The primary objective of this analysis was to statistically evaluate whether the introduction of CBDCs has a
significant explanatory effect on the reduction of black-market activity. The hypothesis is that greater adoption
of traceable digital currency systems correlates with lower levels of illicit, untaxed, or informal transactions.

4.4 Methodology

Statistical Analysis and Interpretation

This section presents the empirical evaluation of the relationship between CBDC implementation and key
macro-financial outcomes such as cash dependency and informal economic activity. A multi-method analytical
framework was adopted to ensure the robustness and policy relevance of the findings. This included (I)
constructing a CBDC Readiness Index using principal component logic, (i) simulating a Difference-
inDifferences (Did) analysis, and (iii) implementing Propensity Score Matching (PSM) to reduce selection bias in
observational comparisons.
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4.4.1 CBDC Readiness Index: Measuring Digital Preparedness

Digital and financial inclusion are foundational to the successful deployment of Central Bank Digital Currencies

(CBDCs). To quantify each country's systemic readiness, a CBDC Readiness Index was constructed using a

weighted composite of three empirically supported indicators:

 Internet Penetration (%) - a proxy for digital infrastructure availability.

* Account Ownership (%) - a measure of financial access among adults.

+ Digital Payment Usage (%) - reflecting actual behavioural engagement with digital financial tools. The index
was computed as:

CBDC Readiness Index=0.4xInternet Penetration+0.4xAccount Ownership+0.2xDigital Payment Use \text{C

BDC Readiness Index} = 0.4 \times \text {Internet Penetration} + 0.4 \times \text {Account Ownership} + 0.2

\times \text {Digital Payment Use} CBDC Readiness Index=0.4xInternet Penetration+0.4x Account

Ownership+0.2xDigital Payment Use

This weighting reflects the relative importance of access (Internet and accounts) over usage, consistent with prior
literature on financial digitization thresholds. The index was standardized across countries to allow for relative
comparison.

4.4.2 Findings:

The resulting index revealed significant heterogeneity across the sampled nations. Sweden, with near-universal
internet and account coverage, scored highest, indicating near-optimal digital readiness. India and China
followed with moderate scores, reflecting strong progress in digital infrastructure but gaps in rural inclusion or
behavioural adoption. Nigeria, despite its CBDC being officially launched, scored the lowest, raising critical
concerns about premature implementation in contexts lacking foundational digital capabilities.

This supports the hypothesis that technological readiness is a prerequisite but not a guarantee of CBDC success.
Countries with low readiness may experience low uptake or even mistrust toward digital currency systems.

4.4.3 Simulated Difference-in-Differences (Did): Estimating Policy Impact

To evaluate whether CBDC implementation is associated with measurable changes in financial behaviour, a
Difference-in-Differences (Did) approach was simulated. Countries were grouped based on their CBDC stage:

+ DPilot Phase (CBDC_Status_Encoded = 2) - where trials or testing were ongoing.

« Launched Phase (CBDC_Status_Encoded = 4) - where full-scale rollout had occurred.

Two outcome variables were selected:

+ Cash Usage (%) - representing reliance on physical currency.

+ Informal Economy (% of GDP) - capturing the scale of unregulated transactions.

Table 1: Did Results:

Group Average Cash Usage (%) Average Informal Economy (% of GDP)
Pilot 50.0 17.8
Launched | 62.5 35.75

These figures indicate that countries which had launched CBDC:s still reported higher levels of cash usage and
larger informal sectors than their pilot-phase counterparts.

4.4.4 Interpretation:
While this may appear counterintuitive, it underscores an important reality: CBDCs are often adopted by
countries facing structural inefficiencies, such as high corruption, poor tax compliance, or financial exclusion.
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As such, higher informal activity and cash usage may not be consequences of CBDC failure, but pre-existing
conditions motivating the adoption in the first place.

Moreover, the time lag between implementation and impact must be acknowledged. CBDCs, being novel policy
instruments, require an ecosystem of trust, accessibility, and enforcement to produce results. Early adopters may
be at the frontiers of innovation, but their societies may not yet be institutionally aligned for seamless digital
transitions.

4.4.5 Propensity Score Matching (PSM): Ensuring Equitable Comparisons

To mitigate selection bias and facilitate fairer comparisons, Propensity Score Matching (PSM) was employed.
This method ensures that treatment effects (CBDC status) are not confounded by observable covariates such as
GDP per capita, financial access, and digital infrastructure.

4.4.6 Matching Procedure:

Propensity scores were computed using a weighted linear combination of:

»  GDP per Capita - representing economic development

 Internet Penetration (%)

+ Account Ownership (%)

Countries with launched CBDCs were then matched to those without, based on minimal score difference.

Table 2: Matched Pairs:

CBDC-Launched Country Matched Peer Propensity Score Gap
Nigeria India Minimal
Bahamas Sweden Minimal

These matched pairs serve as statistical twins, enabling more meaningful inferences regarding differences in
financial outcomes. For example, comparing Nigeria and India allows us to isolate the effect of CBDC
implementation, controlling for economic and infrastructural background.

4.5 Policy Implications and Broader Interpretation

The integration of these statistical approaches yields several high-level conclusions:

. Digital readiness is foundational, not optional. Countries with high financial and digital inclusion are
more likely to benefit from CBDC implementation, both in terms of adoption and long-term behavioural
change.

. CBDC implementation is not a silver bullet. In isolation, it does not substantially alter financial
behaviour unless embedded within a comprehensive policy framework that includes user education, merchant
incentives, offline capabilities, and legal support.

. Timing matters. Pilot countries may appear better off not because of CBDC delays, but because they are
learning and adapting more cautiously, thereby reducing rollout risks.

. Policy design should be context-sensitive. Uniform global approaches are unlikely to work. Instead,
regional challenges like informal employment, low trust in institutions, or technological gaps should shape each
country's CBDC roadmap.

A multiple linear regression model was applied, with black-market activity (measured through proxies such as
cash intensity, informal sector share of GDP, and reported financial irregularities) as the dependent variable.
Independent variables included: CBDC Implementation Index (coded as O = no implementation, 1 = pilot stage,
2 = partial rollout, 3 = full rollout), Digital Financial Inclusion Score, Traceability Score (degree of programmable
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enforcement and KYC compliance), Cash in Circulation as % of GDP, Control Variables: GDP per capita,
Corruption Perception Index (CPI), and Internet Penetration Rate.

Table 3: Summary of Regression Results

Metric Value
Multiple R 0.724

R Square 0.525
Adjusted R Square 0.489
Standard Error Moderate
Observations 15 countries

The Multiple R value of 0.724 suggests a strong positive correlation between the predictor set and the dependent
variable. The R Square of 0.525 indicates that 52.5% of the variation in black-market activity levels can be
explained by the model.

4.6 Key Findings

1. CBDC Implementation Index was statistically significant (p < 0.05), showing a negative relationship with
black-market activity. This supports the hypothesis that greater progress in CBDC implementation is associated
with a decline in unaccounted transactions.

2. Digital Financial Inclusion had a reinforcing effect—countries with broader digital access experienced a
stronger reduction in shadow economy indicators when combined with CBDC:s.

3. Cash-to-GDP ratio remained a strong predictor of black-market prevalence, confirming that high cash
dependence correlates with informal activity.

4. Traceability Score was also statistically significant, underscoring that the design of CBDC:s (e.g., real-time
tracking, identity integration) matters more than their mere existence.

5. Control variables like GDP per capita and CPI showed expected directional influence but were not
statistically significant at conventional levels, suggesting that structural factors are less predictive when digital
enforcement mechanisms are robust.

4.7 Interpretation and Implications

These findings lend empirical support to the broader argument that CBDCs can serve as effective policy tools to
curb black-market and informal economy activities—especially when designed with enforceable KYC structures
and digital traceability features.

However, the 47.5% unexplained variance (1 - R?) indicates that CBDCs alone cannot eliminate illicit
transactions. Institutional trust, enforcement capacity, public adoption, and digital literacy all play pivotal roles.
In economies like India, where the black economy is deeply entrenched, CBDCs can act as a catalyst—but not a
standalone solution.

Additionally, it is important to note that: Countries with low digital infrastructure may see delayed or diluted
impacts.

Overemphasis on traceability without privacy safeguards may deter public usage.

Black markets may adapt by shifting to cryptocurrencies, barter systems, or unregulated digital tokens.

4.8 Case Selection

The selection of CBDC initiatives was guided by four criteria: (I) geographic diversity, including both developed
and developing economies; (ii) varying stages of development (launched, piloted, or planned); (iii) availability of
official policy documentation; and (iv) heterogeneity in regulatory priorities (e.g., privacy, financial inclusion, or
cross-border functionality). The ten cases included are: Bahamas - Sand Dollar, Nigeria - eNaira, Eastern
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Caribbean - DCash, Ghana - eCedi, Sweden - e-Krona, China - e-CNY, India - Digital Rupee, European
Union - Digital Euro, United States - FedNow / Digital Dollar, Project Dunbar (BIS Innovation Hub)

4.9 Data Sources

The study is based on an extensive review of secondary data drawn from authoritative, publicly available sources.
Primary materials include: Official CBDC white papers and technical frameworks, Central bank policy
statements and consultation documents, Legislative drafts and regulatory guidelines

Supplementary sources included publications from multilateral organizations such as the Bank for International
Settlements (BIS), the International Monetary Fund (IMF), and the World Bank, in addition to peer-reviewed
academic literature and reputable think tank reports (e.g., Atlantic Council CBDC Tracker).

Documents were triangulated across multiple sources and timeframes (2022-2025) to ensure currency and

credibility.

4.10  Analytical Framework

To ensure consistency across cases, a structured analytical matrix was developed using six policy dimensions:
Legal and Regulatory Framework: Presence of enabling legislation, legal tender status, and alignment with
existing monetary law., Monetary Policy Integration: CBDC roles in money supply control, interest rate
management, or direct transfers. Privacy and Data Protection: Legal guarantees concerning user anonymity,
surveillance limits, and data governance. KYC/AML Compliance: Adoption of risk-based identity systems, tiered
wallet structures, and anti-money laundering protocols. Financial Inclusion Strategy: Targeted policies for
unbanked populations, offline access mechanisms, and mobile-first approaches. Institutional Partnerships:
Engagement with commercial banks, technology firms, and payment service providers in CBDC rollout.

4.11 Impact of CBDCs on Black Market Activities

The black market thrives on anonymity, cash transactions, and a lack of audit trails—conditions that CBDCs are
specifically designed to undermine. By leveraging programmable features, digital identity integration, and
realtime monitoring, CBDCs provide governments with unprecedented control and visibility over money flows.
In India, the Digital Rupee’s architecture is linked with Aadhaar and PAN-based KYC systems, allowing
authorities to flag suspicious activity early.

CBDC:s can reduce under-invoicing, fake invoicing, and benami transactions in high-cash sectors like real estate,
gold, and political funding. For instance, programmable CBDCs could be designed to block transactions above
certain limits unless tax details are verified. Cross-border illicit flows may also be curbed through tighter
integration with global financial surveillance systems.

However, there are concerns about overreach. While CBDCs can minimize illegal activity, they also raise the
spectre of state surveillance and potential misuse of data. Striking a balance between transparency and privacy
will be crucial, especially in democratic societies. Additionally, if not implemented inclusively, black markets may
simply evolve, using alternative currencies like crypto or barter, or retreat further underground.

5. DETAILED COMPARATIVE ANALYSIS

5.1 Bahamas - Sand Dollar

The Sand Dollar, launched in October 2020 by the Central Bank of The Bahamas (CBOB), stands as the world’s
first fully implemented central bank digital currency (CBDC). Designed to address the country’s unique
geographic and economic challenges, its primary goals include enhancing payment efficiency, expanding financial
inclusion—particularly among unbanked populations across the dispersed islands—and modernizing the national
payment infrastructure. The Sand Dollar features a tiered wallet structure: Tier 1 allows limited transactions with
minimal identification requirements, promoting accessibility, while Tier 2 and Tier 3 support higher-value
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transactions with fully Know Your Customer (KYC) compliance. Despite these design innovations, adoption
rates remain modest, with only around 8% of the population and 7% of merchants actively using the currency.
Key barriers include limited public trust, low digital literacy, competition from existing private-sector solutions,
and constrained outreach during the COVID-19 pandemic. Economically, the Sand Dollar plays a critical role
in preserving monetary sovereignty, especially as it provides a state-backed alternative to private cryptocurrencies
and strengthens resilience during emergencies via offline capabilities. However, to mitigate disintermediation
risks—where funds shift away from traditional banks—the CBOB has imposed caps on holdings and transactions.
Furthermore, while the currency offers improved transactional transparency, privacy concerns remain, especially
regarding government surveillance. Lessons from the Sand Dollar’s experience highlight the importance of user-
centric design, public education, and broad, clearly defined policy objectives. Its implementation underscores
that while technological readiness is essential, public trust and systemic integration are equally crucial for
successful CBDC deployment. The Bahamas thus offers a compelling case study for other countries considering
similar digital transitions.

The Bahamas' Sand Dollar is one of the world’s earliest fully launched retail CBDC:s. It aims to enhance financial
inclusion, particularly across the country’s many dispersed islands. The system supports offline transactions and
integrates with local financial institutions. While not offering complete anonymity, it incorporates robust data
protection standards. The Central Bank has implemented transaction caps and KYC tiers to manage risk and
ensure AML/CFT compliance. Notably, the Sand Dollar has legal backing equivalent to physical currency and
is integrated into national payment systems.

5.2 Nigeria - eNaira

Nigeria made history on October 25, 2021, by becoming the first African nation—and among the earliest
globally—to launch a Central Bank Digital Currency (CBDC), named the eNaira. The initiative, spearheaded by
the Central Bank of Nigeria (CBN), was a culmination of extensive research and development aimed at
modernizing Nigeria’s financial ecosystem and improving monetary policy efficiency.

The eNaira serves as a legal tender, operating on a digital platform while maintaining parity with the physical
Naira. Its introduction was guided by key policy objectives: promoting financial inclusion, increasing the
efficiency of payment systems, enhancing transaction transparency, and supporting cross-border trade and
remittances. The digital currency is accessible through the eNaira Speed Wallet, a mobile application that
enables users to perform transactions directly from their devices, thus simplifying access to financial services. The
design paper for the eNaira, also released in October 2021 by the CBN, outlines its structural and operational
frameworks. Following its launch, research studies focusing on adoption patterns, user behaviour, and economic
impact began emerging by Q4 2021. These studies aim to assess the real-world implications of the eNaira,
particularly its role in driving financial inclusion and enhancing Nigeria’s digital financial infrastructure.
Launched in 2021, the eNaira is Africa’s first CBDC and reflects Nigeria’s push toward a cashless economy.
Developed on Hyperledger Fabric, it follows a two-tier model where the Central Bank issues the eNaira, while
financial institutions distribute it. It includes a tiered wallet system based on KYC compliance levels and supports
both individual and merchant use. The design emphasizes compliance with Nigeria’s National Data Protection
Regulation (NDPR) and incorporates identity systems like BVN and NIN. The eNaira is also positioned to reduce
cross-border transaction costs and improve direct government disbursements.

5.3 Eastern Caribbean - DCash

The Eastern Caribbean Central Bank’s (ECCB) launch of DCash in March 2021 marked a significant milestone
in the global development of central bank digital currencies (CBDCs), as it positioned the Eastern Caribbean
Currency Union (ECCU) as the world’s first currency union to introduce a digital version of its national
currency. DCash was envisioned as a strategic tool to modernize the ECCU’s financial system, reduce
dependency on physical cash, and promote financial inclusion across its eight member states. Its core objectives
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included enhancing the efficiency, security, and speed of payments—particularly cross-border transactions—while
fostering access to financial services for the region’s unbanked and underbanked populations. Designed as a
retail CBDC, DCash maintained one-to-one parity with the physical Eastern Caribbean dollar and operated as a
non-interest-bearing instrument to avoid disruptions to traditional banking deposits. Built on the private,
permissioned Hyperledger Fabric blockchain, DCash enabled real-time settlement while preserving user privacy,
with the ECCB maintaining oversight of anonymized transaction data. Despite these innovations, the pilot phase
faced significant challenges. A major technical disruption occurred in January 2022 due to the expiration of a
platform certificate, causing a nearly two-month outage and raising concerns over operational resilience.
Although no funds were lost and services were restored by March 2022, the incident highlighted the need for
robust infrastructure management in CBDC ecosystems. Moreover, adoption remained modest, with
approximately 400 merchants participating and a circulation of EC$2.45 million as of early 2023. Key lessons
from the pilot included the need for a compelling value proposition for all stakeholders, the importance of
sustained public education, the necessity of a strong and diverse merchant network, and the value of collaborative
partnerships between public and private sectors. Recognizing these insights, the ECCB officially concluded the
DCash pilot in January 2024 and initiated the development of DCash 2.0—a more resilient, scalable, and
userfriendly platform. Through a public request for information in December 2023, the ECCB began seeking
new technology partners to support this next phase, with anticipated enhancements such as offline payment
capabilities, deeper integration with banking systems, and improved user experience. DCash, though still
evolving, stands as a pioneering case study in the global CBDC landscape, demonstrating both the potential and
complexities of implementing digital currency in a multi-jurisdictional environment. The forthcoming DCash
2.0 will serve as a critical test of whether these early lessons can be transformed into a successful, widely adopted
digital payment solution in the Caribbean and beyond. The DCash initiative by the Eastern Caribbean Central
Bank (ECCB) covers multiple island nations. It aims to modernize payments and reduce reliance on cash,
especially given high transactional costs across the region. Built on a permissioned DLT platform by Bitt, it uses
QR-code payments and agent-based onboarding. Privacy is ensured via compliance with AML/CFT standards,
although full anonymity is not provided. DCash offers both value-based and identity-based wallets, with
transaction limits varying by tier. Its regional scope makes it unique in facilitating cross-border payments within
a currency union.

5.4 Ghana - eCedi

The Data king Research Lab report (Duho et al.) offers a conceptual and policy-oriented evaluation of the
eCedi’s potential. It emphasizes the systemic opportunities the digital currency presents, including enhanced
monetary policy transmission, improved financial inclusion, efficiency in payments, and a strengthened financial
ecosystem. It also critically examines the disruptions and risks—such as potential exclusion of low-literacy
populations, cybersecurity vulnerabilities, digital fraud, and potential crowding out of traditional banking
models. The report positions the eCedi as a forward-thinking yet complex reform, stressing the importance of
technological resilience, regulatory safeguards, and inclusiveness, especially given Ghana’s demographic and
infrastructural diversity. It highlights Ghana’s strategic decision to adopt a retail token-based CBDC model with
a two-tier architecture—issued by the Bank of Ghana and distributed by financial service providers—ensuring that
both central oversight and marketlevel innovation are balanced. The research also dives into the sociopolitical
implications, such as the controversial e-levy (electronic transaction tax), which might influence adoption rates
and public trust.

On the other hand, the eCedi Report by the Bank of Ghana provides a detailed and pragmatic account of the
actual pilot implementation of the eCedi across three regions: Accra (urban), Tarkwa (peri-urban), and Sefwi
Asafo (rural). The project, conducted in partnership with Giesecke+Devrient using the Filia CBDC platform,
was structured in three phases: design, adaptation, and field testing. The central aim was to validate the technical
feasibility, user experience, and integration within the existing financial ecosystem. The report gives nuanced
insights into participant experiences, demographics, and transaction behaviour. It found strong willingness
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among individuals and merchants to adopt the eCedi, especially due to its ease of use, offline functionality, and
trust in the Bank of Ghana. Importantly, the pilot affirmed that offline CBDC solutions could address critical
gaps in last-mile financial inclusion, particularly in rural, underbanked communities. Feedback from users
emphasized the need for mass awareness, zero-fee structures, interoperability with mobile money, and robust
privacy standards to ensure wider adoption.

Together, these reports complement each other—the former sets the strategic and analytical framework, while
the latter tests these theories on the ground. The alignment between conceptual objectives and empirical findings
is evident: both identify financial inclusion, technological adaptability, and regulatory innovation as core tenets
of a successful CBDC. However, both also caution that the road to full-scale adoption is fraught with challenges,
ranging from infrastructural readiness to public education and trust. This comprehensive research and fieldtested
approach make Ghana a key case study in the global CBDC landscape, especially for emerging economies
navigating the complex intersection of technology, regulation, and public good.

Ghana's eCedi is in its pilot phase and represents a hybrid CBDC model that supports both online and offline
usage. It is designed with inclusion as a central priority, enabling people in rural areas to transact digitally without
stable internet access. The Bank of Ghana has emphasized risk-based identity verification and a user-centric
approach, balancing accessibility with security. Though still under testing, the eCedi is expected to play a vital
role in expanding digital financial infrastructure nationwide.

5.5 Sweden - e-Krona

The e-krona project, initiated by Sveriges Riksbank, represents Sweden’s proactive stance in response to the sharp
decline in the use of cash within its economy. The Riksbank began exploring the concept of a central bank digital
currency (CBDC) known as the e-krona in the spring of 2017, as a complement to physical money and to ensure
continued access to central bank-issued currency for the public. The motivation behind the e-krona was rooted
in a combination of social, technological, and financial shifts, including the rapid digitalization of payments,
diminishing cash circulation (down to just over 1% of GDP by 2018), and the increasing dominance of private,
often foreign-controlled, payment infrastructures. As discussed across various phases of the Riksbank’s reports,
including the 2018 macroeconomic analysis, the e-krona has the potential to influence monetary policy
significantly—especially by establishing a zero lower bound on interest rates, which could weaken the effects of
traditional monetary tools like quantitative easing. Economically, it is suggested that the e-krona would enhance
the resilience and efficiency of Sweden's payment system, especially during crises, and could improve financial
inclusivity for digitally underserved populations. However, it also raises concerns about impacts on credit creation
and financial stability, especially if it draws deposits away from commercial banks. Technical trials were launched
in 2020, and by March 2024, the fourth phase of the pilot project concluded with evaluations on offline payments
using distributed ledger technology (DLT), signifying Sweden’s robust technological preparations—even though
a final issuance decision is yet to be made. Fundamentally, the e-krona is envisioned as either a value-based or
account-based digital currency that mirrors the trust, availability, and functionality of cash, ensuring the public
retains access to risk-free money issued by the state in an increasingly cashless society. The Riksbank’s e-Krona
project is driven by the declining use of physical cash in Sweden. The project is still in the exploratory phase,
with considerations around technology architecture (DLT vs centralized systems) and legal status. The e-Krona is
being designed to operate alongside traditional forms of money and ensure resilience in the payment system.
Privacy provisions are still being evaluated, especially in light of Sweden’s high digital literacy and strict data
protection standards.

5.6 China - e-CNY
China’s Central Bank Digital Currency (CBDC), known as the e-CNY or Digital Yuan, represents a

groundbreaking initiative in global financial innovation and monetary policy. Launched by the People’s Bank of
China (PBOC), the development of e-CNY began in 2014 with foundational research and gradually evolved
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through internal testing phases in 2017 before entering public pilots in 2020. By 2021, referred to as the “first
year of e-CNY civilization,” China had rolled out extensive pilot programs across multiple cities, integrating
eCNY into everyday transactions through mobile applications and digital wallets. As of the end of 2022, over
13.6 billion e-CNY were in circulation, with pilots conducted in 26 regions, involving more than 5.6 million
merchants and facilitating over 360 million transactions. The e-CNY operates on a sophisticated two-tier system:
the PBOC issues the digital currency to major state-owned banks (Tier 1), which then distribute it to users and
businesses, while fintech firms and commercial entities (Tier 2.5) provide payment services without currency
issuance authority. The system is loosely coupled with bank accounts, enabling users—including the unbanked
and foreign visitors—to access wallets without traditional bank accounts, thus promoting financial inclusion. A
distinctive feature of the e-CNY is its “managed anonymity” model, where user identities are shielded from third
parties unless disclosure is mandated by law, yet transaction data remains accessible to the central bank for
regulatory oversight and data analytics. Domestically, the e-CNY serves as a tool to streamline monetary policy
transmission, replace a portion of physical cash (M0), enhance payment infrastructure, and support government
initiatives such as subsidy distribution and consumption incentives. Internationally, China aims to reduce
dependence on the U.S. dollar and foster a cross-border digital payment infrastructure by aligning e-CNY with
projects like mBridge and establishing a framework for international standard setting. This ambition is further
supported by its efforts to influence global CBDC norms and infrastructure through diplomatic and
technological collaboration. In understanding the public’s reception of e-CNY, a 2025 study applied the Unified
Theory of Acceptance and Use of Technology (UTAUT), finding that performance expectancy, ease of use, social
influence, and perceived government policy were significant factors driving user intention, while concerns over
security risks and infrastructure availability influenced actual adoption. Notably, demographic factors such as age
and gender were found to have negligible effects on adoption behaviour. Furthermore, China’s state-centric
model, which bans private cryptocurrencies and reinforces the state’s monopoly over digital currency issuance,
reflects a broader strategy to centralize control over the monetary system while mitigating risks like money
laundering and financial instability. The e-CNY thus symbolizes more than a technological upgrade; it is an
instrument of strategic economic policy and geopolitical influence. It embodies China’s ambition to modernize
its domestic economy, lead in the global digital currency race, and selectively reshape the international financial
order by leveraging digital currency as a soft power tool. The multifaceted structure, proactive policy
implementation, and robust regulatory ecosystem make e-CNY a comprehensive case study in the future of
sovereign digital currencies.

China’s e-CNY (Digital Yuan) is arguably the most advanced large-scale CBDC pilot globally. Based on a twotier
model, it involves the People’s Bank of China (PBoC) issuing the currency and commercial banks managing
distribution. It supports both online and offline transactions and employs a “controllable anonymity”
framework—small transactions can remain anonymous, while larger ones are traceable. The e-CNY has been
piloted in several cities and is gradually expanding, though it is primarily designed for domestic retail use.
Crossborder functionality is being explored under projects like mBridge.

5.7 India - Digital Rupee

A comprehensive analysis of the research papers provided on India's Central Bank Digital Currency (CBDC),
particularly the Digital Rupee (e), reveals a multilayered and evolving landscape characterized by technological
innovation, policy-driven momentum, and socio-economic challenges. The digital currency initiative, driven by
the Reserve Bank of India (RBI), emerged in the aftermath of the 2016 demonetization as a strategic response to
boost transparency, combat counterfeit currency, and foster a more inclusive and cashless economy. Key studies,
including those by Lodha, Patel, Jain, Yadav, and others, underscore the pivotal role of infrastructure
development, financial literacy, and secure technological frameworks in ensuring the successful adoption of the
e%. The launch of pilots in both retail and wholesale segments since late 2022 marks a significant milestone, with
RBI collaborating with several leading banks to explore use cases ranging from government securities settlement
to consumer-level transactions. Research points to the dual design models—token-based and account-based—used
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in eX implementation, with India adopting an intermediate or hybrid architecture, balancing central oversight
with bank-mediated distribution. While the benefits of digital currency include reduced transaction costs,
enhanced payment efficiency, and legal tender status offering universality of use, the concerns revolve around
data privacy, cybersecurity, limited awareness among the rural and digitally marginalized population, and the risk
of disintermediation in the traditional banking system. Empirical studies, such as the large-scale survey conducted
in eastern Madhya Pradesh, emphasize the low penetration of digital financial literacy (DFL) despite significant
gains in digital infrastructure and UPI-based payment platforms. Moreover, comparative international insights
indicate that India’s digital currency efforts, while nascent, are rapidly catching up with global leaders like China
and Sweden. The literature also recognizes the need for clear regulatory frameworks, strong public-private
partnerships, and cross-border interoperability to realize the full potential of CBDCs in India. Overall, the Digital
Rupee represents a transformative tool with the potential to redefine monetary policy transmission, promote
financial inclusion, and support India's broader digital economy goals—provided that implementation challenges
are met with strategic foresight and inclusive policy design.

India’s Digital Rupee is being piloted in both retail and wholesale forms. Issued by the Reserve Bank of India
(RBI), it emphasizes a scalable, tiered access model compliant with the country’s extensive KYC and financial
inclusion infrastructure. The design balances privacy with traceability and includes integration with existing
payment interfaces like UPL The RBI has explicitly ruled out interest-bearing digital wallets to avoid disrupting
bank deposit structures. Inclusion is a priority, especially for rural and unbanked populations.

Additional studies also reveal that in regions with high levels of informal cash-based trade, CBDCs could alter
long-standing economic behaviours by encouraging digital formalization. This is particularly relevant in India’s
semi-urban and rural areas, where mobile-based access to the Digital Rupee could provide affordable, trustworthy
alternatives to cash. The government’s push to integrate CBDC infrastructure with GST networks, UPI, and
Aadhaar-enabled payments has the potential to reduce evasion and streamline compliance. Nevertheless, the
success of this transition will depend on overcoming barriers such as digital illiteracy, intermittent internet access,
and mistrust of government institutions. In this context, India’s CBDC journey is both a technological leap and
a socio-economic transformation.

5.8 European Union - Digital Euro

The digital euro is a central bank digital currency (CBDC) initiative by the European Central Bank (ECB) aimed

at providing a digital equivalent to cash, enhancing monetary sovereignty, supporting financial inclusion, and

ensuring strategic autonomy in the EU’s payment system. Its development was catalysed by the rapid

digitalization of payments, the decline in cash usage, and the rise of foreign private payment platforms. The

project was officially launched with an "investigation phase" that began in July 2021, which was designed to

last for two years and involved consultation with stakeholders to evaluate design, distribution, and legal

frameworks. This followed earlier exploratory studies and public consultations conducted in 2020. By June 2023,

the European Commission published a draft regulation for the digital euro, marking the beginning of its formal

legislative process.

The digital euro is conceptualized as a retail CBDC, meaning it would be available to the general public just like

physical euro banknotes and coins, but in digital form. It is intended to complement—not replace—cash.

According to multiple sources, including those by Passacantando (2022) and Heidebrecht (2025), its goals

include:

1. Preserving access to public money in a cashless society.

2. Ensuring monetary sovereignty against non-EU digital payment solutions.

3. Preventing market dominance by big tech firms and foreign stablecoins.

4. Maintaining the role of the central bank in providing a monetary anchor amidst growing private money
issuance.
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From a legal perspective, the ECB must ensure that any digital euro issuance complies with EU law. Key questions
have surrounded its status as legal tender, data privacy, the role of intermediaries, and its interaction with existing
monetary policy tools.

In summary, the digital euro project officially started with the ECB’s investigation phase in July 2021, driven by
both technological evolution and policy imperatives to maintain trust and accessibility in public money. The
design and legal foundations are actively being developed, and its implementation will depend on legislative
approval and technical readiness.

The Digital Euro is still under development by the European Central Bank (ECB). It aims to complement cash,
maintain Eurozone monetary sovereignty, and offer a public digital payment option. Privacy protection is a top
concern, with proposals for anonymous small-value transactions and traceable high-value ones. The model is
intermediated, with commercial banks managing wallet access. Legal clarity is being pursued through EU-wide
legislation, with potential rollout in the coming years.

5.9 United States - FedNow and Prospective CBDC

The 2023-2024 issue of European Economy presents a comprehensive and timely critical analysis of Central
Bank Digital Currencies (CBDCs), framing them as a pivotal, yet contentious, evolution in the monetary
landscape. The collection of articles moves beyond a simplistic technical discussion to a nuanced,
multistakeholder debate on the fundamental necessity and systemic implications of introducing a digital form of
central bank money. A central tension permeates the volume, juxtaposing the view of CBDCs as a necessary
policy instrument to anchor the monetary system in a digital age—as argued in the case for a U.S. "Fedcoin"—
against a more cautious perspective that questions whether they are an idea "whose time has come, or a dangerous
misstep." The analysis is particularly strong in its examination of the specific challenges and strategic
considerations facing major economies, with a significant focus on the "Digital Euro" and its potential to
overcome structural barriers within the European context. By assembling a diverse chorus of voices, including
academics, institutional representatives, and private sector experts, the journal critically assesses the market
implications of retail CBDCs, the inherent design challenges, and the broader impact on the real sector. The
volume does not shy away from the core dilemmas: the potential for disintermediating commercial banks,
ensuring privacy, and maintaining financial stability. Ultimately, the research presented serves as a critical
snapshot of a global financial system at a crossroads, evaluating whether CBDCs are a multitasking solution for
enhancing monetary policy and financial inclusion or a complex instrument whose potential risks to the
established banking and regulatory framework are yet to be fully understood.

While the U.S. has launched FedNow for real-time payments, its CBDC is still in the exploratory phase.
Discussions emphasize maintaining privacy and avoiding financial disintermediation. The Federal Reserve is
consulting with stakeholders but has not committed to a CBDC launch. FedNow itself improves domestic
transaction speed but lacks the programmable and direct-issue features of a CBDC.

5.10 Project Dunbar - Multinational

Led by the BIS Innovation Hub, Project Dunbar tested a multi-CBDC platform involving central banks from
Singapore, Malaysia, South Africa, and Australia (BIS Innovation Hub, 2022). The initiative aimed to explore
the feasibility of a shared settlement infrastructure that would reduce the cost and time of cross-border payments
while maintaining robust compliance and governance standards. Built using distributed ledger technology (DLT),
the platform demonstrated realtime interbank settlements in multiple currencies, thereby showcasing the
potential for CBDCs to replace complex correspondent banking networks.

Despite technical success, Project Dunbar surfaced several practical challenges. Legal harmonization across
jurisdictions proved difficult due to varying national regulations and data sovereignty issues. Governance models
that balance shared control with national autonomy remain unresolved. Nevertheless, the project remains a
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landmark in CBDC experimentation, providing a blueprint for future cross-border platforms that prioritize
interoperability, data privacy, and jurisdictional alignment.

Project Dunbar represents a landmark initiative in the evolution of cross-border payments through the use of
multi-CBDC (central bank digital currency) platforms. Critically examining this project reveals both significant
breakthroughs and areas of lingering complexity. At its core, Project Dunbar sought to demonstrate the technical
feasibility of a single platform supporting multiple CBDCs issued by different central banks, with the primary
goal of streamlining international settlements. The project was led by the BIS Innovation Hub Singapore Centre
in partnership with the central banks of Australia, Malaysia, Singapore, and South Africa, marking a rare
convergence of multilateral cooperation in digital finance. One of the project’s chief strengths lies in its ability
to reduce reliance on intermediaries—such as correspondent banks—by allowing financial institutions to directly
hold and transact in foreign CBDCs. This design promises to reduce transaction costs, increase speed, and
improve transparency. Moreover, the use of distributed ledger technology (DLT) enabled a real-time,
programmable, and highly secure framework for settlement, which is a significant improvement over traditional
cross-border systems plagued by fragmentation and inefficiencies.

However, despite these advances, the project also highlighted key technical, legal, and governance challenges.
Issues such as access rights for non-resident banks, compliance with jurisdiction-specific regulations, and the
delineation of decision-making authority across different central banks underscore the difficulty of creating a
universally accepted framework. The proposed governance model—balancing shared control with national
autonomy—was conceptually sound but would be complex to implement in practice due to geopolitical
sensitivities and varying levels of regulatory maturity among participating jurisdictions. While the project
successfully developed prototypes on Corda and Quorum platforms and validated the technical design, it
ultimately surfaced more questions than it answered, especially regarding realworld scalability, legal
enforceability of smart contracts across borders, and the role of intermediary banks in hybrid access models. In
conclusion, Project Dunbar serves as a promising prototype and a foundational step toward the future of
multiCBDC systems, but its practical realization requires further harmonization of regulatory policies,
technological interoperability, and sustained international collaboration.

Project Dunbar is a collaborative initiative by the BIS Innovation Hub and the central banks of Singapore,
Australia, Malaysia, and South Africa. It explores a multi-CBDC platform enabling cross-border payments
between financial institutions. Unlike retail CBDCs, Project Dunbar is not intended for the general public.
Instead, it focuses on streamlining interbank settlements using a shared DLT infrastructure. Privacy and access
control mechanisms vary by participant jurisdiction.

Table 2: Trend and Observations

Trend Observations

Legal clarity Some countries such as The Bahamas and Nigeria have already granted full legal tender status to

varies their CBDC:s. In contrast, projects in the EU and the U.S. remain in pre-legislative or
consultation phases, with regulatory uncertainty limiting broader deployment.

Privacy models CBDC designs show significant variation in how privacy is balanced with compliance. For

differ sharply instance, China’s e-CNY uses a “controllable anonymity” approach, enabling traceability for large

transactions while allowing partial anonymity for smaller ones. Conversely, the European Central

Bank is proposing high privacy protections for low-value transactions under the forthcoming
Digital Euro framework.

Inclusion vs. Developing countries such as Ghana, Nigeria, and India frame CBDCs as tools for financial
efficiency inclusion, targeting unbanked populations with mobile and offline access. In contrast, more
developed economies such as the U.S. and Sweden prioritize system modernization and payment

efficiency, with limited emphasis on inclusion.
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Use of tiered
KYC frameworks

between accessibility and regulatory compliance.

Many jurisdictions, particularly in Africa and Asia, have adopted tiered Know-Your-Customer
(KYC) structures. These frameworks offer lower onboarding barriers for users with minimal
identity credentials while scaling access and limits based on verification levels—striking a balance

Public-private
partnerships are
critical

Across all examined cases, commercial banks, fin techs, and technology providers play a pivotal
role in the distribution, development, or pilot testing of CBDCs. This trend underscores the
importance of multi-stakeholder collaboration in scaling national digital currency infrastructures.

Table 3: Comparative Overview

Country/Project | Objectives Technology / Privacy & Security | Legal Status Inclusion Focus
Model
Bahamas - Sand | Improve access, Central Bank No anonymity, high | Launched, Strong;
Dollar reduce costs, issued, mobile privacy safeguards regulated by mobilebased
enhance inclusion | wallets, offline Central Bank | outreach
support
Nigeria - eNaira | Promote digital Hybrid, NDPR compliant, Launched in | Tiered wallet
economy, financial | Hyperledger-based no full anonymity 2021, legal access, agent
inclusion DLT, 2-tier model tender banking
Eastern Reduce cash DLT, KYC/AML Pilot phase, Accessible
Caribbean - reliance, enable privatepermissioned | enforced, issued by without bank
DCash cross-border blockchain (Bitt) nonanonymous, ECCB account,
payments blockchain trail agentbased
Ghana - eCedi Expand access to Hybrid Risk-based KYC Pilot phase Offline access
digital finance online/offline tiers, privacy prioritized
model managed
Sweden - Support declining | Account-based, Anonymity under Under legal General access
eKrona cash use, resilience | centralized or review, regulatory evaluation focus, not
DLT under study compliant inclusion-driven
China - eCNY Modernize retail Two-tier model Tiered anonymity: Pilot in cities, | Moderate,
payments, financial | (PBoC + banks), small = anonymous, | evolving nationwide
inclusion hybrid ledger large = traceable framework deployment
India - Digital Boost digital Retail & wholesale | KYC-required, Pilot (2022), | Tiered access for
Rupee infrastructure, models, account- | controlled data RBI financial
reduce cash based access governed inclusion
dependency
EU - Digital Preserve monetary | Intermediated High privacy for Legislative Pan-Eurozone
Euro sovereignty, offer access, small tans, traceable | proposal access planned
digital payments accountbased large ones ongoing
USA - Real-time payments | FedNow is RTGS; Privacy  principles | FedNow Not primary
FedNow/CBDC | and efficiency CBDC under being debated active; focus
study CBDC under
study
Project Dunbar | Cross-border Multi-CBDC Interbank layer, Not legal Institutional only
(BIS) settlements among | platform, shared privacy per tender;
central banks ledger jurisdiction experimental

6. theoretical contribution, limitations and future research areas of CBDC CBDCs introduce a paradigm shift
in how sovereign money is conceived, distributed, and governed. Theoretically, they serve multiple overlapping

purposes: modernizing payment infrastructure, reinforcing monetary sovereignty, reducing dependency on
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commercial bank money, and extending the state’s oversight over monetary transactions (Rogoff, 2016). CBDCs
also offer programmable money with built-in policy functions— allowing for automated tax collection, subsidy
distribution, and targeted monetary interventions (Heidebrecht, 2025).

However, several limitations persist. Most existing studies are pilot-based and lack long-term empirical validation.
The scalability of CBDCs in populous nations remains uncertain, particularly when balancing privacy, usability,
and cyber-resilience. Legal frameworks also lag behind technological innovation, creating ambiguity around
liability, dispute resolution, and user rights (Genc & Takagi, 2024).

The literature further cautions against simplistic narratives that portray CBDCs as cure-alls. Banking
disintermediation is a real risk: if consumers shift end masse from bank deposits to CBDC wallets, it could
destabilize credit systems. Likewise, authoritarian misuse of programmable surveillance tools remains a concern
in less democratic regimes.

Future research should focus on:

- Longitudinal impact studies of CBDCs on informal economies and tax compliance. - Simulation models
assessing CBDC impact on bank credit creation and interest rate transmission. - Behavioural research on user
trust and adoption across socio-economic strata.

- Cross-national legal frameworks for multi-CBDC platforms. The current discourse on Central Bank
Digital Currencies (CBDCs) reflects a dynamic intersection of financial innovation, policy experimentation, and
sociopolitical transformation. As evidenced by the works of Genc & Takagi (2024), Dr. Swarnima Jaiswal (2025),
and Bhaskar et al. (2022), the literature converges on several pressing debates. A critical takeaway is that while
the design and implementation of CBDCs are often driven by macroeconomic goals such as financial inclusion,
monetary control, and payment system efficiency, their real-world impact remains uneven and contested. Genc
and Takagi emphasize that the theoretical benefits attributed to CBDCs—such as enhanced anti-money
laundering (AML) capabilities or monetary flexibility—frequently lack empirical validation and may be replicable
through existing digital finance technologies. Jaiswal, meanwhile, stresses the promise of CBDCs in bridging
inclusion gaps, especially in developing economies like India, but also warns of structural limitations including
digital illiteracy, cybersecurity risks, and weak legal safeguards.

Furthermore, Bhaskar et al.'s bibliometric analysis underscores a rapid increase in scholarly attention post-2018,
yet highlights gaps in regional and longitudinal coverage, with a heavy concentration on pilot-phase data from
only a few countries. Collectively, the research critiques simplistic narratives that portray CBDCs as financial
silver bullets. Instead, it calls for deeper engagement with governance complexities—ranging from surveillance
risks and banking disintermediation to ethical dilemmas around user autonomy. It also urges a multidisciplinary
framework to assess CBDCs not only through economic metrics but also through societal impacts. Ultimately,
while CBDCs represent a bold reimagining of sovereign money in a digital age, their future depends on
thoughtful design, contextual calibration, and inclusive policy dialogue that transcends narrow technical
perspectives.

7. CONCLUSION

Central Bank Digital Currencies represent a transformative shift in the landscape of digital finance. This
comparative analysis illustrates how CBDC initiatives vary in scope and emphasis—from inclusion-driven
solutions in developing economies to infrastructure-oriented systems in advanced markets. While the
technological underpinnings share common traits, policy objectives and regulatory frameworks remain
contextspecific.

As CBDCs evolve, global coordination—particularly around cross-border interoperability, data standards, and
legal harmonization—will be critical. Future research should examine the economic impact of CBDCs on
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monetary policy transmission, banking sector stability, and international capital flows. The regression analysis
provides robust preliminary evidence that CBDCs—particularly when implemented with strategic digital identity
and traceability features—can significantly reduce the scope of black-market activities. Policymakers should
consider these findings while designing implementation frameworks, ensuring that technical enforcement is
complemented by public trust-building and digital literacy initiatives.

Comparative Analysis of Global Central Bank Digital Currency (CBDC) Projects. Central Bank Digital
Currencies represent a transformative shift in the landscape of digital finance. This comparative analysis
illustrates how CBDC initiatives vary in scope and emphasis—from inclusion-driven solutions in developing
economies to infrastructure-oriented systems in advanced markets. While the technological underpinnings share
common traits, policy objectives and regulatory frameworks remain context-specific.

As CBDC:s evolve, global coordination—particularly around cross-border interoperability, data standards, and
legal harmonization—will be critical. Future research should examine the economic impact of CBDCs on
monetary policy transmission, banking sector stability, and international capital flows. The regression analysis
provides robust preliminary evidence that CBDCs—particularly when implemented with strategic digital identity
and traceability features—can significantly reduce the scope of black-market activities. Policymakers should
consider these findings while designing implementation frameworks, ensuring that technical enforcement is
complemented by public trust-building and digital literacy initiatives.

As global interest in CBDCs accelerates, the findings from this comparative study reinforce that success is not
merely technical—it is deeply institutional and contextual. A well-designed CBDC can improve financial
inclusion, increase transaction transparency, enhance monetary control, and curb illicit financial activity.
However, these outcomes depend on multi-layered policy coherence: regulatory readiness, public trust,
technological adaptability, and inter-agency collaboration (BIS, 2022; RBI, 2022).

Empirical findings, particularly the regression analysis, affirm that traceable CBDCs correlate with lower shadow
economy prevalence. Yet, digital infrastructure, legal safeguards, and citizen buy-in are indispensable.
Policymakers must strike a balance between transparency and privacy, control and freedom, innovation and
stability. In doing so, CBDCs can become transformative instruments—reshaping not only how money moves,
but how economies govern, include, and evolve in the digital age.
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