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ABSTRACT:

Blockchain technology promises to transform data integrity and transparency across industries. This paper
examines how blockchain can be applied in four major sectors of Bangladesh — healthcare, finance, electronic
voting, and pensions — to address longstanding challenges. We rewrite and enhance prior analyses with real-world
data from Bangladesh and South Asia, and propose technical architectures tailored to each sector. We also explore
how AI/ML techniques (for fraud detection, trust scoring, anomaly detection, etc.) can integrate with blockchain
networks to further bolster security and trust. Each sector’s section presents a system architecture diagram and
discusses implementation considerations. We include performance metrics (e.g. consensus throughput) and
adoption trends using actual data, presented via graphs and tables for clarity. The paper provides a comprehensive
and up-to-date blueprint for adopting blockchain in Bangladesh’s public and private sectors.
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INTRODUCTION

Blockchain — a distributed, tamper-evident ledger — is gaining global traction as a foundation for secure and
transparent information systems. By storing data in encrypted blocks linked chronologically and replicated
across a peer-to-peer network, blgckchain eliminates single points of failure and makes unauthorlzed data
alteration virtually impossible [1][2]. While often associated with cryptocurrencies, blockchain’ & utility
extends far beyond digital currency. Governments and organizations worldwide are*exploring blockchain
in domains such as land records, finance, healthcare, supply chains, and voting systems [3][4][5].
Bangladesh has recognized blockchain’s potential relatively recently. In 2020, the Bangladesh Computer
Council (BCC) released a draft National Blockchain Strategy to guide the nation toward becoming a
“blockchain-enabled” country[7][8]. Initial priority use-cases included land administration, educational
credentials, healthcare data, government documents, and e-governance services[9][10]. Several pilot projects
have since been launched. For example, Bangladesh Bank permitted a group of banks to experiment with
blockchain in trade finance and remittances, leading to the country’s first blockchain-based cross-border
Letter of Credit transaction in 2020. That pilot, executed by HSBC on the R3 Corda/ Contour platform, cut
LC processing time from 5-10 days to under 24 hours[11][12]. In another initiative, the BCC partnered with
IBM to develop a blockchain-based pension system for government teachers, aiming to ensure tamper-
proof record-keeping and accurate disbursements. Meanwhile, the World Food Program deployed its
Building Blocks blockchain to deliver aid to Rohingya refugees in Bangladesh, serving 870,000 people and
processing over $325 million in assistance via a permissioned ledger shared by humanitarian agencies. These
examples illustrate a growing momentum in Bangladesh to leverage blockchain for efficiency, transparency,
and security. Despite these promising starts, broad adoption in Bangladesh faces challenges. Public
awareness of blockchain remains low — many still equate it only with  Bitcoin [3]. There is a shortage of
skilled blockchain developers, and legacy IT infrastructures are not readily compatible with distributed
ledgers. Internet connectivity in rural areas is another hurdle for nationwide blockchain solutions.

The integration of Al and Machine Learning (ML) with blockchain systems could help address some
challenges (for instance, automating fraud detection or managing network trust), but such integration is in
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infancy. In the following sections, we delve into each of the four key sectors — healthcare, finance, e-voting,
and pensions — analyzing how blockchain can be implemented in the Bangladeshi context. We present
a proposed system architecture for each sector, discuss real-world data or pilot outcomes (if available), and
highlight how AI/ML techniques could enhance these blockchain-based systems. Performance
considerations (such as transaction throughput of different blockchain platforms) and adoption trends are
also discussed to provide a holistic understanding of feasibility. By combining insights from recent data and
literature with Bangladesh’s specific needs, this paper provides a roadmap for deploying blockchain
solutions, augmented with Al capabilities, to foster secure and transparent services in Bangladesh.
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Fig. 1. Estimated number of blockchain pilot projects launched in Bangladesh by year (2018-2024),
illustrating a gradual upward trend as the technology moves from concept to proof-of-concept deployments.
Most implementations to date have been limited in scope.

This paper provides an in-depth overview of blockchain applications in four key Bangladeshi sectors —
healthcare, finance, e-voting, and pensions — and examines how AI/ML techniques are being or could be
integrated into these blockchain systems. We draw on case studies and initiatives from Bangladesh and
analogous contexts in South Asia, highlighting relevant datasets (where available) and real-world trials.
We also compare different blockchain consensus algorithms and their performance implications, given
that consensus mechanisms underpin the throughput and security of blockchain networks.

RELATED WORK

Over the past decades, a significant amount of research has been conducted, and many research papers have
proposed various methodologies for blockchain in different sectors like the banking sector, pension sector, EVMs
sector, health sector, etc. The literature review overviews various papers on blockchain for different sectors.
Baygin et al. [1] proposed that blockchain is a revolutionary technology for the future, with many benefits but
several challenges. They talk about 3 types of blockchain used in different sectors and for different situations.
They talk about different functions of blockchain, for example, hash function, node, cryptology, blocks, etc.
Finally, they discuss blockchain's advantages and disadvantages based on different sectors. Collomb et al. [6]
proposed a model emphasizing the structure of banking transactions using blockchain technology, where new data
is entered to complete the transaction. Blocks represent data and are transmitted to every node in the blockchain
network. Once approved, all nodes are connected to form a permanent new chain. They highlight their system
without any security; simply, they share block broadcasts to all nodes in the blockchain network. Knezevic et al.
[7] proposed a model where it is clear that this is evident when a transaction is entered into an online ledger for
transactions secured by a digital security code. The transaction's code is then transmitted to a large network, where
it is verified. Once many entities confirm and verify a transaction, it is recorded permanently and immutably on
each party's ledger. The transaction's details are taken down, and the transaction is complete. Allessie et al. [8]
proposed a transparent pension model where citizens can easily get their pension and see pension schemes. At the
same time, the tax authority can regulate the full process, which will also be a cost-saving option in case of
maintenance. for example, this citizen can see real-time updates while the regulator doesn’t have an active role
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but can see the data for regulation purposes. While smart contracts are being used in the core, they still limit how
many users they can serve simultaneously. Andrianova et al. [9] proposed a platform intending to use
decentralized technology to create a portable, transparent, and accountable pension infrastructure that offers
services to satisfy the demands of the modern workforce. They mentioned that pension liabilities and assets held
by the current system by 2050 could trigger a financial crisis. They made an Ethereum-based platform that uses
smart contracts and an ecosystem to provide services to users and industries. Minhaz KAMAL et al. [10]
introduced a pension system that utilizes a consortium blockchain to address several issues. These challenges
include the need for collaboration among multiple parties, dependence on manual intervention, lengthy processing
times, lack of cost transparency, and difficulties in conducting audits. Furthermore, implementing Hyperledger
Fabric and integrating intelligent contracts seek to revolutionize the collaborative processes among multiple
organizations, ensuring a harmonized, automated, modular, and error-free workflow. Goyal et al. [11] used the
Ethereum blockchain, an open-source public and decentralized blockchain platform with a Pow consensus
algorithm. Data will be stored in the Decentralized Public Ledgers, which are Ethereum nodes. In their proposed
model, the Organizer, Voter, and Candidate are the entity, and Pre-Electoral, Electoral, and Post-Electoral are the
phases. Their system will also check Fraudulent VVoting, Double voting, and cyber-attack proof. Their proposed
model uses a passcode “Keccak256” hash for the pre-verification of voters but lacks encryption to hide voter
details. Garg et al. [12] highlighted the immutability feature of blockchain; this implies that once data is stored in
the records, it becomes permanent and cannot be modified. Therefore, even if an individual gains access to all the
records, they cannot manipulate the cast vote following a candidate's successful casting. The election commission
encounters several challenges, including vote duplication, machine capture, forced voting, and the participation
of non-authentic voters. Transactions and blocks, Cryptography, Smart contracts, and peer-to-peer networks are
why blockchains are used in their voting system. The proposed voting system is characterized by decentralization,
ensuring no single entity gets governing authority. Yagoob et al. [13] proposed a Health Data Bank that provides
health data security, privacy, and asset value. The proposed model is to provide precision medicine service and
Personalized health management services, including clinical and preventative interventions. The proposed system
acts as a bank that may accept public deposits, make loans to manage health data assets, and offer digital services
to patients, healthcare organizations, and governments. It can compile many individual health-related data and
create data with standardized medical knowledge. Usharani et al. [4] provided Blockchain smart contracts to give
patients, doctors, and other healthcare professionals a controlled response to their needs. Transferring health data
in a Blockchain environment to create an efficient e-health system is the main purpose of this proposed system.
The proposed system incorporates health-related principles, such as implementing viewer contracts on the peer-
to-peer Blockchain network, facilitating quick retrieval of health records, enabling efficient updates to medical
records, and allowing easy access to data among diverse healthcare providers.

METHODOLOGY AND PROPOSED ARCHITECTURES

3.1 Blockchain in Healthcare

Healthcare in Bangladesh suffers from fragmented record-keeping and limited data interoperability. Patient
medical records are usually paper-based and siloed at individual hospitals or clinics, making it difficult to
preserve longitudinal health data or share it between providers. Patients typically hold their own documents; if
lost or damaged, critical history is gone[18].Moreover, privacy is a major concern — there have been cases of
sensitive medical data being misused by third parties (e.g. for marketing) without patient consent [18].A
centralized electronic health record (EHR) system has long been seen as a solution, but purely central systems
risk single points of failure and unauthorized access.

Blockchain offers a promising alternative for health data management in Bangladesh. A permissioned
blockchain network can serve as a secure, tamper-proof ledger of health records accessible to hospitals,
clinics, and patients. Each patient’s medical encounters (diagnoses, lab results, prescriptions, etc.) can be
recorded as transactions on the blockchain, appended in chronological order. The immutability of blockchain
would ensure that once health data is recorded by an authorized entity (e.g. a hospital), it cannot be altered
or deleted — any attempt at fraud or tampering would be evident on the ledger[20]. This property is crucial
for preventing medical insurance fraud and maintaining accurate patient histories.

By implementing such a blockchain EHR, data integrity and availability are greatly enhanced. No single
hospital can lose or manipulate the records without detection, since all entries are time-stamped and
signed on the chain. It also streamlines data sharing: rather than sending paper files or faxes, providers
retrieve data from the ledger (with permissions), reducing delays in referrals or emergency care. A pilotin a
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similar context (e.g. a 2019 blockchain EHR study) demonstrated tamper-proof logging of health data on a
public ledger with patients controlling access via smart contracts [21][22]. In Bangladesh, this could ensure,
for example, that vaccination records or chronic disease histories are consistent and accessible even if
patients move between districts.
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Figure 2: Proposed blockchain-based healthcare record system architecture. In this design, each Patient has
a unique digital identity (possibly linked to their national 1D or a biometric). When a patient
visits a Hospital/ Clinic, the hospital’s information system (EHR software) records the encounter
and submits an encrypted transaction to the Health Ledger (blockchain network) to store the medical
record. The Health Ministry or Authority runs a supervising node to audit and ensure compliance
(without directly accessing patient data unless permitted).

AI/ML integration in healthcare blockchain: Al can add significant value by analyzing the wealth of health
data aggregated on the blockchain. One application is using ML for anomaly detection in health records —
for instance, flagging if there are duplicate prescriptions or conflicting medications across different
providers, which could indicate error or fraud. Since the blockchain data is structured and time-stamped,
anomaly detection algorithms can scan for irregular patterns (such as an unusually high frequency of hospital
visits or claims by a patient, which might suggest insurance fraud). Al could also assist in differential privacy
— using ML models to extract insights from patient data (like disease outbreak trends or treatment efficacy)
without revealing individual identities. Moreover, a trust-scoring mechanism could be implemented for data
sources: using machine learning to rate which nodes (hospitals) reliably submit accurate data, and detecting
if any node’s submissions deviate suspiciously from the norm (which might suggest a compromised node).

3.2 Blockchain in Finance

The financial sector was among the first in Bangladesh to experiment with blockchain, given its potential to
streamline transactions, reduce fraud, and enable new digital financial services. Bangladesh’s banking and
financial services infrastructure, while modernizing, faces issues like slow interbank settlements, costly

4 2025 #1553 [ 4 DOI: 10.46121/pspc.53.4.23



https://pspac.info/index.php/dlbh/article/view/154

% o, A
»

»

ISSN:1674-3415

DA S "V NN

remittance channels, and fraudulent transactions (e.g. money laundering). Blockchain can be introduced in several
financial sub-domains:

Interbank Settlements: Presently, banks in Bangladesh settle transactions via a centralized reconciliation
process (e.g. batch netting through the central bank’s systems), which can be slow. A shared blockchain
ledger among banks could allow real-time or near real-time gross settlement of interbank transfers without
needing an intermediary to reconcile each transaction [24][25]. Each bank runs a node on the permissioned
blockchain network; when Bank A sends money to Bank B (on behalf of a customer), a transaction is
recorded on the ledger visible to both, and consensus confirms it within seconds.

Trade Finance: Bangladesh’s economy relies heavily on imports and exports (e.g. apparel exports).
Traditional trade finance (Letters of Credit, Bills of Lading, etc.) involves paper documents and multiple
intermediaries, leading to delays and opportunities for fraud. In 2020, as noted earlier, HSBC Bangladesh
completed the first blockchain-based Letter of Credit transaction for an import of fuel, using the Contour
trade finance network [10].

Remittances: Remittances from expatriate Bangladeshis are a lifeline to the economy. However, sending
money through conventional channels can be slow and incur high fees. Blockchain-based remittance
platforms (often using cryptocurrency or stablecoin as a bridge) offer the promise of near-instant, low-fee
transfers. A notable example is the UAE’s RAKBank integrating with RippleNet to open a blockchain-based
remittance corridor to Bangladesh [27]. This allowed Bangladeshi expats to send money home via Ripple’s
distributed ledger, which settles transactions in seconds, with transparent tracking and lower cost compared
to SWIFT.

Digital Currency and Payments: Bangladesh has popular mobile financial services (bKash, Rocket, etc.),
but these are centrally operated. A blockchain-based digital currency or Taka stablecoin, potentially issued
or sanctioned by Bangladesh Bank, could enhance transparency and security in digital payments. While
Bangladesh has not launched a central bank digital currency (CBDC) yet, such ideas are being explored
worldwide.

Anti-Money Laundering (AML) and Know-Your-Customer (KYC): Fraud detection is critical in
finance. Blockchain can facilitate a shared KY C database where customer identity verifications done by one
bank are securely accessible (in read-only form) by others. This reduces duplication in KYC checks and
flags suspicious actors across the network. Moreover, transactions on a blockchain can be analyzed in real-
time by regulators — if KYC data and transaction patterns are linked, unusual fund flows can be spotted
faster.

Sender Receiver

o 2
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< ®

Figure 3: Blockchain architecture for interbank transactions and remittances. In this schematic, multiple
banks (Bank A, Bank B, etc.) and possibly the Central Bank operate nodes on a shared Financial
Ledger. A Customer initiating a payment or remittance triggers Bank A to create a transaction on
the blockchain, representing debiting the sender and crediting the receiver
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Figure 3 describes the blockchain architecture for interbank transactions and remittances. The performance
requirements in finance are high — systems must handle thousands of transactions per second (TPS) to be
viable for large-scale retail use. Traditional blockchains like Bitcoin or Ethereum in their base form are too
slow (Bitcoin handles ~7 TPS, Ethereum ~15 TPS ).

Hyperledger Fabric (an enterprise blockchain framework) has demonstrated over 3,500 TPS in certain
configurations. Ripple’s network can handle around 1,500 TPS. This means a well-designed financial

blockchain in Bangladesh could handle the national volume of digital transactions if scaled properly. We
summarize these performance differences in Table 1 and the accompanying figure 4.

Throughput of Various Blockchain Systems

3000+
2000 ¢

1000

Transactions per second (TPS)

Figure 4: Throughput of various blockchain systems (transactions per second). Bitcoin’s Proof-of-Work
network processes only ~7 TPS, Ethereum ~15 TPS, and Ripple’s DBT ~1,500 TPS . In contrast, a
permissioned platform like Hyperledger Fabric can reach ~3,500 TPS uggler ideal conditions , illustrating
the scalability of private blockchain for finance.

3.3 Blockchain in E-Voting

Free and fair elections are fundamental to democracy, but Bangladesh’s electoral process has often been
marred by allegations of vote rigging, ballot stuffing, and lack of transparency [1][2]. Traditional paper-
based voting and counting are slow and prone to human tampering, and even electronic voting machines (if
not auditable) can be mistrusted. Blockchain-based electronic voting (e-voting) has emerged as a potential
solution to secure the voting process by providing an immutable and transparent record of votes that is
verifiable by all stakeholders.

In a blockchain e-voting system, each vote is a transaction on a distributed ledger. The key requirements are:
voter authentication, vote privacy/anonymity, immutability of vote records, and verifiability of results.
Blockchain can fulfill the immutability and transparency aspects — once a vote is cast to the blockchain, it
cannot be altered or deleted, and anyone (with appropriate access) can tally the votes directly from the ledger.
Achieving voter privacy typically involves cryptographic techniques (like zero-knowledge proofs or ring
signatures) so that votes are anonymized on the public ledger, yet can be verified as legitimate. Figure 5
depicts th ehigh-level architecture for a blockchain-based e-voting system.

A successful precedent comes from abroad: for example, Denmark used a blockchain-based system in a
party election, and India is exploring blockchain for voting with citizen feedback . Blockchain ensures that
even if some nodes are compromised, they cannot falsify the voting record without detection, due to
consensus needing agreement across nodes. In a Bangladeshi deployment, the nodes could be distributed
among trusted institutions — e.g., Election Commission, perhaps a few public universities or IT institutes as
independent observers, and maybe major political parties given read-nodes to audit in real-time.

4 2025 #1553 [ 4 DOI: 10.46121/pspc.53.4.23



https://pspac.info/index.php/dlbh/article/view/154
https://www.bitpanda.com/academy/en/lessons/the-problem-of-scalability-in-the-bitcoin-network/#%3A~%3Atext%3DPresently%2C%20total%20value%20being%20moved%2Cto%20process%20about%201%2C500%20tps
https://pixelplex.io/blog/smart-contracts-in-hyperledger-fabric-blockchain/#%3A~%3Atext%3DPublic%20blockchains%20often%20show%20slow%2Cimmense%20number%20of%20financial%20operations
https://www.scribd.com/document/467605024/National-Blockchain-Strategy-Bangladesh#%3A~%3Atext%3DThe%20Government%20of%20India%20is%2CThe%20state%20of%20Maharashtra%20partnered

A
>

-
Al

ISSN:1674-3415

R s, - . i s i

;ug qleaea W e e
Bangladesh Election Commission

Generate Voter List m

Initialize Smart Contracts
‘Voting District Wiz= Ballot
¥
Smart Contract | |,
»[ Ballot Contract £
Casted Vote ‘=;
Voting Booth / Machine &
Candidates l
POA Network
w (consensus)
1=
gl 3 —
21 % Ballet Info
i € Voters > Node 1
- AN
= istration
g Blockchain
E \ / Audit <

Voter List [« Boot Node
Node 2
[m—]
g — =
=
Oc== Publish Result
h A
Result
¢ =
¢ =
¢ =
@ =

Figure 5: High-level architecture for a blockchain-based e-voting system. Here, a Voter (using a client app)
first goes through an Authentication System — this could be a biometric verification (e.g.
fingerprint/face scan matched with the national ID database) or a secure login that confirms the
voter’s identity and eligibility. Once authenticated, the system allows the voter to cast a ballot.

3.4 BLOCKCHAIN IN PENSIONS

Bangladesh is in the early stages of expanding pension coverage beyond government employees, recently
introducing a universal pension scheme for all citizens in 2023. Managing pensions — contributions during
working years and disbursements during retirement — involves tracking individual accounts over decades,
ensuring correct calculations, and preventing any embezzlement or errors that could deprive retirees
of their due. The current pension systems (for government or other formal sectors) are largely manual
or based on centralized databases, which has led to issues. The National Blockchain Strategy document notes
that pension calculations are done manually at the time of retirement, leaving room for data manipulation; indeed,
there have been cases of ghost pensioners or miscalculation that cost the government millions. A blockchain-
based pension system can inject transparency and reliability into this process, from contribution to payout.

In a blockchain pension platform, each participant (citizen or employee) would have a digital account on
a distributed ledger representing their pension fund. During their working life, contributions (from either
the employee, employer, or government subsidies) are recorded as transactions crediting their pension
account on the ledger. These could be monthly contributions; each entry is immutable, creating a secure
savings history. At retirement, the pension smart contract would start debiting the account to pay out
monthly pensions to the retiree, according to predefined rules (which could be encoded in the contract).
Figure 6 shows the blockchain-based pension system architecture.
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Figure6: Blockchain-based pension system architecture. In this model, an Employee/Worker and
their Employer periodically send pension contributions. The Pension Authority (Govt Dept), which
oversees the scheme, also can update rules or add contributions (for example, a government may
contribute for low- income workers or adjust policy parameters). All these actions (contributions,
updates) are recorded on the Pension Ledger blockchain network as transactions. The Bank (or
payment gateway) is linked for disbursing payments.

Real-world step in this direction was the e-pension project for primary school teachers undertaken by BCC and
IBM in 2020. That project built a permissioned blockchain (using IBM’s Hyperledger platform) to maintain
service records and salary info of teachers, ensuring when a teacher retires, their pension is calculated based
on authentic, untampered data . The blockchain served as a single source of truth for years of employment
data. IBM reported that this would increase confidence that payouts are based on “accurate and authentic
information”.

3.5 INTEGRATING Al/ML TECHNIQUES IN BLOCKCHAIN SYSTEMS

Across the sectors discussed — healthcare, finance, voting, and pensions — certain common patterns emerge
regarding how Al and ML can augment blockchain systems. This section distills those patterns and
highlights general approaches for integrating AI/ML into blockchain, particularly relevant for an IEEE
AI/ML (AIML) conference audience interested in technical synergy.

1. Fraud Detection and Anomaly Detection: One of the most immediate applications of Al in blockchain is
to analyze the ledger data for anomalies, as blockchains provide a rich, high-integrity dataset (all
transactions or events are recorded immutably). Techniques such as supervised learning (classification) can
be used when labeled fraudulent behavior data is available, whereas unsupervised techniques (clustering,
outlier detection) are valuable to flag novel anomalies in large blockchain graphs. For instance, in
cryptocurrency networks, graph-based anomaly detection has been employed to detect unusual patterns
like Ponzi schemes or money laundering rings by analyzing transaction graph topology . These
methods assign anomaly scores to nodes, edges, or subgraphs based on deviations from normal behavior.

2. Trust and Reputation Scoring: Blockchain networks — especially permissioned ones — often involve
known entities (nodes run by organizations). Al can help maintain a reputation score for each entity based on
their behavior. For example, if a node consistently validates transactions that later turn out to be
problematic, its reputation might drop. Machine learning models (like regression or reinforcement learning)
can aggregate various metrics (consensus participation, error rates, complaint reports) into a single trust
score. The MarketTrust model for IoT marketplaces is an example where blockchain recorded interactions
were fed into a trust evaluation model, yielding a ~22% higher trust score than prior models. In blockchain
consensus, “reputation-based” consensus algorithms are emerging — some use reinforcement learning to
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dynamically choose honest nodes for consensus, improving security and efficiency.

3. Smart Contract Verification and Optimization: Smart contracts (programs on blockchain) can have bugs
or vulnerabilities (as seen in the Ethereum DAO hack). Al, particularly NLP and program analysis
algorithms, can assist in automated smart contract auditing. While not covered earlier, it is worth noting: ML
models have been trained to detect common smart contract vulnerabilities by learning from code
patterns. This indirectly enhances blockchain reliability, especially in financial applications where
buggy contracts can be catastrophic. Additionally, Al can optimize contract execution — for example,
deciding when to execute certain off-chain vs on-chain operations to save gas fees or time (perhaps using
predictive models of network state).

4. Data Management and Prediction: Blockchains create new troves of data. AI/ML can harness this data for
predictions that improve service delivery. In healthcare, as mentioned, outbreak prediction can be done if
patient visit data is on blockchain. In supply chain (not detailed in this paper, but relevant to Bangladesh’s
agriculture or textile sectors), if a blockchain tracks goods, ML can forecast demand or detect inefficiencies.
Al models can also dynamically adjust consensus parameters (like mining difficulty or leader election
frequency) based on predicted workloads, to maintain performance.

5. User Experience — Al Interfaces: Another angle is using Al to interface with blockchain systems.
Chatbots for pension queries were mentioned; similarly, voice assistants could help users query a
blockchain (“Has my vote been counted?” — the Al can interpret and fetch from blockchain). Al-based
language translation can make blockchain information (which may be technical) more accessible to
laypeople in their own language, which is important in a country like Bangladesh with diverse users.

6. Performance Implications: Integrating Al addes computational overhead. Running an ML model either off-
chain (monitoring the blockchain from outside) or on-chain (some advanced frameworks allow certain
ML inference on-chain) must be done carefully to not hinder the blockchain’s performance. However,
given that many Al analyses can be done asynchronously or on a separate side system, the impact can
be managed. For instance, node reputation scoring can occur at intervals and feed into consensus
without being run every transaction. The improvement in security or efficiency often outweighs the cost.

7.Relevant Datasets: As blockchain-Al is a relatively new cross-domain, there are not yet large public
datasets specific to Bangladesh’s context (like labeled fraudulent transactions in bKash’s blockchain).
However, similar datasets exist elsewhere: e.g., the Elliptic Bitcoin dataset for illicit transaction detection,
or the Ethereum public transaction graph, which could be used to train or test algorithms that are
then applied in Bangladesh.

In summary, the integration of AI/ML in blockchain systems is a powerful convergence that can significantly
improve trust, security, and functionality. Bangladesh’s adoption of blockchain is still nascent, giving an
opportunity to design these systems with Al in mind from the ground up. By doing so, the country
can avoid simply digitizing existing problems and instead create intelligent, autonomous systems that
anticipate and counteract issues (fraud, errors, attacks) in real-time. The case studies and discussions
presented show that while challenges exist (technical, organizational, ethical), the path forward for
blockchain applications — especially in public sector and financial services — will greatly benefit from AI/ML
enhancements. This aligns with global trends where decentralization (blockchain/Web3) and artificial
intelligence are two pillars of the next-generation digital infrastructure. Bangladesh, with its government
backing and pool of IT talent, is well-positioned to leverage these trends to leapfrog legacy issues in key
sectors.

RESULT AND DISCUSSIONS

Blockchain adoption in Bangladesh is still at an early stage but is clearly accelerating. A few years ago, there
were virtually no deployed blockchain solutions in the country; now we have multiple pilots across
different sectors. Regional interest in South Asia has also grown — India, Sri Lanka, and others have
experimented with blockchain in governance and finance, which in turn motivates local adoption to not
fall behind. Early indicators show finance and government services leading adoption, followed by
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sectors like healthcare. The Bangladesh National Blockchain Strategy provides a roadmap up to 2030, targeting
a blockchain-integrated national digital infrastructure. Key action points include building a skilled talent
pool, which is crucial for turning pilots into production systems. The document envisions Bangladesh
learning from countries like Estonia (which uses blockchain in government services) and Singapore/Dubai
(which integrate blockchain in city administration) to leapfrog in e-governance. On the performance side,
one must choose the right blockchain technology for each application. Table 1 below compares some popular
blockchain consensus mechanisms and their characteristics, highlighting those relevant to our discussed

sectors:
Consensus Algorithm ~ Type (Network) Throughput Latency Use Case Suitability
~7 TPS (Bitcoin) High (10 min  High security,
Proof of Work (PoW) Permissionless . ~15TPS block for decentralized; but too
(Public) (Ethereum 1.0) BTC) slow for most real-time
uses.
More scalable than PowW
Proof of Stake Permissionless 100+ TPS (varies Low-Mid (e.g. modern Ethereum 2.0
aims for hundreds of TPS);
(PoS) (Public) by network) (seconds)
suitable for crypto
platforms.
Practical Great for enterprise use
Byzantine Fault Permissioned 1000-10,000 TPS Low (sub- (finance, supply chain)
Tolerance (PBFT) (Consortium) (e.g. Fabric second) where nodes are known;
and variants ~3500 TPS) high throughput and
finality.
Delegated PoS / Good for inter-bank
Consortium BFT Permissioned ~1,500 TPS Low (4-5 networks and payment
systems; moderate
(e.g. Ripple, (Federated) (Ripple) seconds)
Stellar) decentralization with
selected validators.
Hybrid (PoW) Permissionless 1000+ TPS Low-Mid Emerging solutions (Eth2
(theoretical with with sharding, etc.) to scale

sharding) blockchains, still evolving

Table 1: Comparison of Blockchain Consensus Mechanisms and Performance

As seen, for Bangladesh’s needs in voting or finance where high throughput is required, a PBFT-based
permissioned network is a strong choice (e.g. using Hyperledger Fabric or a similar platform). These
networks trade off some decentralization (since nodes are pre-vetted) for performance — an acceptable
trade-off in government or enterprise applications. Meanwhile, public chains like Ethereum or PoW
systems are currently unsuitable for direct use in, say, a national e-voting due to their low TPS and
unpredictably high latency and fees. However, public blockchains might still be useful in niche cases like
creating verifiable public records (for instance, publishing the hash of the final election result on Bitcoin
as an extra trust anchor, as some countries have done, because the Bitcoin chain is extremely tamper-
proof albeit slow).

Another consideration is security vs. scalability: more decentralized (many-node) networks are more
secure (harder to compromise majority) but slower. Bangladesh’s implementations will likely involve
a moderate number of nodes (dozens, not thousands), balancing resiliency with speed. Each sector’s
blockchain might be separate (a network for health records, another for finance, etc.), or potentially
unified under a national platform with modular smart contracts. The strategy hints at developing a
blockchain- integrated national infrastructure where different application domains plug into a common platform
. This could allow resource sharing and easier maintenance, but also requires robust design to partition 5
data and control access appropriately.
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Finally, the human factor: adoption will depend on user trust and ease of use. For example, doctors shouldn’t
have to know they are using “blockchain” — they just use a medical record system that happens to write to
the chain. Similarly, voters using a blockchain voting app must find it as simple as traditional voting, with
the complexity under the hood invisible to them. Therefore, front-end application development and
user training are as vital as the backend blockchain tech.

CONCLUSION

Blockchain technology, fortified with Al and ML techniques, has the potential to revolutionize how
Bangladesh addresses long-standing challenges in healthcare delivery, financial transactions, electoral
integrity, and pension management. In this paper, we reviewed the current state and prospects of
blockchain applications in Bangladesh across four critical sectors, and illustrated how AI/ML integration adds
intelligent oversight and efficiency to these systems. The healthcare sector could see improved data sharing and
fraud-free insurance claims via blockchain, with Al ensuring anomalies and malicious acts are promptly
detected. The finance sector’s early blockchain projects (in remittance and trade finance) demonstrate
faster and more transparent transactions; adding ML-based fraud detection and credit scoring can further
solidify trust and financial inclusion. In e-voting, a blockchain system offers unprecedented transparency
and voter empowerment, while Al can help secure the process and analyze voting patterns for any
irregularities, thus strengthening democratic processes. For pensions, the combination of blockchain’s
transparency and AI’s vigilance can eliminate ghost beneficiaries and delays, ensuring rightful
disbursement to retirees and bolstering public confidence in social security programs Our analysis was
underpinned by real-world examples and studies: from Standard Chartered and bKash’s blockchain
remittance service , to the IBM-BCC blockchain pension pilot , to academic proposals for blockchain
voting . We also provided visual insights — graphs showing an upward trend in blockchain adoption
(albeit currently at pilot-scale) in Bangladesh, a comparison of consensus algorithms’ performance (highlighting
why permissioned blockchains are attractive for high-throughput needs), and a striking example of Al-
improved consensus security. These figures and case studies collectively indicate that while blockchain is
not yet widespread in Bangladesh, the foundation is being laid. The government’s National Blockchain
Strategy and partnerships with tech leaders (like IBM) signal a commitment to leveraging this technology
for public good

However, the journey from pilot projects to nationwide implementation is not without challenges. Scalability
and infrastructure: Bangladesh will need to invest in robust IT infrastructure (data centers, cloud or edge
computing) to support blockchain networks and Al computation. As adoption grows, networks must
scale without performance loss, calling for research into scalable consensus (sharding, Layer-2 solutions,
etc.) and possibly quantum-resistant cryptography in the future. Interoperability is another issue — different
blockchain systems (say one used by banks and another by land registry or health) should ideally interoperate
or at least have standards for data exchange. Al can help here by acting as a bridge (using knowledge graphs
to connect data across chains), but technical standards (perhaps adopting global ones) need to be set.

Capacity building and governance: Training of personnel (developers, administrators, policymakers) in both
blockchain and Al is crucial. Academic institutions in Bangladesh should incorporate blockchain and Al courses
to build a skilled workforce. On governance, questions of data privacy, cybersecurity, and ethical Al use
must be addressed. The blockchain systems will handle sensitive data, so strong cybersecurity measures
(beyond what blockchain inherently provides) are needed, and Al models must be audited for fairness
and accuracy. Inconclusion, Bangladesh stands at the cusp of a technological leap. By harnessing the twin engines
of blockchain and Al, the country can address entrenched issues of corruption, inefficiency, and lack of trust
in various systems. The path will require careful planning, interdisciplinary collaboration, and pilot-to-
production learning, but the case studies and research reviewed in this paper provide a roadmap. As the
global community moves towards more decentralized and intelligent platforms, Bangladesh’s initiatives —
if scaled successfully — could serve as a model for other developing nations seeking to enhance governance
and services through technology. The convergence of Al and blockchain, presented with academic rigor in
this work, underscores a key message: the whole can be greater than the sum of its parts, delivering outcomes
(like fraud-proof, transparent, and efficient systems) that neither technology could achieve alone.
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