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Overview

Blockchain technology has emerged as a transformative force across industries, offering
unparalleled opportunities for transparency, efficiency, and trust in digital systems. As nations
worldwide recognize its potential, countries like India and Singapore have developed distinct
strategies to harness blockchain for economic growth, governance, and global competitiveness.

This analysis synthesizes insights from national blockchain roadmaps—spanning India’s
centralized, governance-focused approach, Singapore’s agile fintech and trade-driven
ecosystem, and broader aggregated plans from countries like the UK, Australia, and
Malaysia. It delves into practical implementation details, spotlighting Hyperledger Fabric as
a key technology, and explores how these strategies translate into actionable frameworks.




Introduction

By examining use cases, technologies, development approaches, hosting models, costings,
and ROI scenarios, this report provides a comprehensive view of how blockchain can

reshape national and global landscapes as of March 20, 2025.

Executive Summary

This report aggregates and analyzes blockchain roadmaps from multiple nations, with a
detailed focus on India and Singapore, to provide a holistic understanding of their
strategies, practical implementations, and technological underpinnings. India’s National
Blockchain Strategy (2021-2026) emphasizes a centralized National Blockchain
Framework (NBF) to drive e-governance (e.g., digital certificates, KYC) and agriculture
(e.g., supply chain traceability), targeting a $5 billion economic impact by 2030 through
fraud reduction and inclusion. Singapore, under its Smart Nation initiative, adopts a
decentralized, industry-led approach, excelling in finance (e.g., cross-border payments,
asset tokenization) and trade (e.g., National Trade Platform), aiming for $1 billion in
efficiency gains by 2030. An aggregated global plan synthesizes these efforts into a unified
five-pillar framework—governance, infrastructure, use cases, capacity building, and

leadership—adaptable to diverse national contexts.

Practical implementation details highlight Hyperledger Fabric as a cornerstone technology,
prized for its permissioned, modular design and scalability (1,000-20,000 TPS). India’s NBF
leverages Fabric on a hybrid cloud (government and private) to host 100+ nodes across
states, with initial costs of $80—140 million and ROI tied to massive savings (e.g., $2 billion
from fake degrees). Singapore deploys Fabric and Ethereum hybrids on private clouds

(e.g., AWS Singapore), costing $40—65 million initially, with ROI from trade and payment

efficiencies (e.g., $50 million/year). Development follows agile, modular approaches—India




via public-private partnerships, Singapore through open-source consortia—ensuring

flexibility and rapid scaling.

Use cases showcase real-world impact: India secures certificates and subsidies, while
Singapore streamlines trade and tokenizes assets. Costings reflect scale—India’s vast
population demands higher upfront investment, while Singapore’s compact ecosystem
yields faster returns. ROI scenarios range from optimistic (breakeven in 2—4 years) to
pessimistic (6—10 years), hinging on adoption and infrastructure. Hyperledger Fabric’s
privacy, performance, and enterprise fit make it ideal, though challenges like complexity and
interoperability persist. Together, these insights offer a blueprint for nations to implement

blockchain, balancing innovation with practicality, and position themselves as leaders in a

decentralized future.




Aggregated National Blockchain
Roadmap Plan

Below is an aggregated plan based on a review of National Blockchain Roadmaps from the
UK, Australia, Malaysia, India, and other relevant examples where information is available.
Scotland does not have a distinct national blockchain roadmap separate from the UK, so it
is considered within the UK context. I've also incorporated insights from other countries
(e.g., ASEAN perspectives) where applicable, synthesizing these into a cohesive, unified
plan. This aggregated plan focuses on common themes, goals, and strategies while
harmonizing differences into a flexible, actionable framework that could theoretically guide a

global or multi-national blockchain strategy.

Vision
To establish a blockchain-empowered future that drives economic growth, enhances
governance, fosters innovation, and ensures trust, security, and inclusivity across sectors

and borders by 2030.

Objectives

1. Economic Growth: Leverage blockchain to create jobs, reduce business costs, and
unlock an estimated $175 billion in global business value by 2025, scaling to $3
trillion by 2030.

2. Regulatory Clarity: Develop adaptive, harmonized regulatory frameworks that
balance innovation with consumer protection and compliance.

3. Skill Development: Build a skilled workforce and research ecosystem to support
blockchain adoption and innovation.

4. Sectoral Transformation: Apply blockchain to key sectors such as finance, supply
chains, governance, education, and healthcare.




5. International Collaboration: Position nations as global leaders in blockchain
through partnerships, investment, and knowledge sharing.

Key Pillars
Based on the roadmaps reviewed, the aggregated plan is structured around five pillars:

Governance and Regulation, Infrastructure, Use Cases, Capacity Building, and Global

Leadership.

1. Governance and Regulation

e Unified Approach: Establish a National Blockchain Steering Committee (inspired by
Australia and the UK) to oversee policy, regulation, and roadmap implementation.
Include representatives from government, industry, and academia.

e Regulatory Frameworks:

o Develop clear, innovation-friendly regulations (UK’s phased crypto regime by
2026, Australia’s 5-year plan) while addressing data localization needs (India)
and public-private balance (Malaysia, ASEAN).

o Focus on anti-money laundering (AML), consumer protection, and
interoperability standards.

e Timeline:

o Year 1: Formalize committees and draft initial regulations.

o Year 2-3: Pilot regulatory sandboxes (UK, Malaysia) and refine policies based
on feedback.

o Year 5: Full regulatory rollout with periodic reviews.

2. Infrastructure

e National Blockchain Framework:
o Create a distributed Blockchain-as-a-Service (BaaS) platform (India’s model)
for government and private sector use, ensuring scalability and accessibility.
o Integrate with existing systems like national identity (India’s Aadhaar) or
digital trade platforms (Australia).
e Technology Standards:




o Adopt a mix of public and private blockchain solutions (ASEAN’s
roadmap) tailored to use cases, ensuring cybersecurity (Malaysia’s
emphasis) and no single point of failure (Australia).

e Funding: Allocate government grants (e.g., Australia’s $6.9 million for pilots,
Malaysia’s tech development budget) to build and test infrastructure.
e Timeline:
o Year 1-2: Design and deploy initial BaaS infrastructure.
o Year 3-5: Scale nationally and integrate with international networks.

3. Use Cases

e Priority Sectors:
o Government Services: E-governance solutions like India’s KYC, court
systems, and certificate verification; UK’s focus on critical infrastructure.
o Supply Chains: Australia’s food provenance and Malaysia’s trade
transparency initiatives to enhance trust and reduce fraud.
o Finance and Regtech: UK’s crypto regulation and Australia’s compliance
cost reduction pilots.
o [Education and Credentials: Australia’s credentialing working group and
India’s DigiLocker integration.
o Emerging Areas: Healthcare (India), smart cities (Malaysia), and critical
minerals (Australia).
e Pilots: Fund 2-3 high-impact pilot projects per country/region (e.g., Australia’s $3
million per pilot) to test scalability and benefits.
e Timeline:
o Year 1: Identify and launch pilots.
o Year 2-4: Evaluate and expand successful use cases.
o Year 5: Mainstream adoption across sectors.

4. Capacity Building

e Skills Development:




o Establish blockchain training programs and certifications (Australia’s skills
focus, Malaysia’s E&E sector strategy) targeting students, professionals,
and policymakers.

o Partner with universities and industry (UK’s research emphasis, India’s
stakeholder consultation).

e Research and Innovation:

o Fund research into new blockchain applications (Australia’s Data61,
Malaysia’s Al-blockchain synergy).

o Encourage experimentation in controlled environments (UK’s sandbox
approach).

e Public Awareness: Launch campaigns to build trust and understanding of
blockchain beyond cryptocurrencies (Australia’s roadmap ethos).
e Timeline:
o Year 1-2: Set up training and research hubs.
o Year 3-5: Scale workforce and innovation outputs.

5. Global Leadership

International Partnerships:
o Represent nations at global blockchain events (Australia’s Consensus
mission, UK’s G7 alignment).
o Collaborate on cross-border use cases like trade finance (India, ASEAN).
Investment Attraction:
o Offer incentives for blockchain startups and foreign investment (Malaysia’s
high-tech push, UK’s fintech hub status).
Competitive Positioning:
o Aim to lead in specific niches, e.g., Australia in food traceability, India in
e-governance, Malaysia in advanced materials.
Timeline:
o Year 1-3: Build bilateral and multilateral alliances.
o Year 4-5: Establish leadership in 1-2 global blockchain domains.

Implementation Roadmap




Year 1 (2025): Establish governance bodies, draft regulations, initiate
infrastructure design, and launch pilot projects.

Year 2-3 (2026-2027): Deploy BaaS platforms, refine regulations via sandboxes,
scale pilots, and begin capacity-building programs.

Year 4-5 (2028-2029): Achieve nationwide adoption of key use cases, harmonize
regulations internationally, and solidify global leadership.

Year 6 (2030): Review progress, set new targets, and transition to a fully
blockchain-integrated economy.

Key Insights from Individual Roadmaps

UK: Focuses on phased crypto regulation (live by 2026), emphasizing financial
services and global competitiveness.

Australia: A 5-year plan (launched 2020) with practical pilots in food and minerals,
strong industry-research collaboration.

Malaysia: Part of a broader tech roadmap (2021-2030), aiming to reduce foreign
tech dependence and lead in blockchain applications.

India: A 5-year strategy (2021-2026) for a national blockchain framework, prioritizing
e-governance and data localization.

ASEAN (incl. Malaysia): A 6-step roadmap balancing public-private policies and
regional diversity.

Challenges and Mitigations

Regulatory Fragmentation: Harmonize via international standards (e.g., ISO
blockchain frameworks).

Technical Barriers: Invest in interoperable, secure solutions and upskill workforces.
Adoption Resistance: Demonstrate tangible benefits through pilots and awareness
campaigns.

This aggregated plan synthesizes the strengths of each roadmap—Australia’s practical

application, India’s infrastructure focus, Malaysia’s tech ecosystem vision, and the UK’s




regulatory clarity—into a comprehensive strategy. It's designed to be adaptable to

different national contexts while pursuing a shared global goal of blockchain leadership
by 2030.
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India’s blockchain strategy

India’s blockchain strategy is a comprehensive and ambitious effort to integrate blockchain
technology into its national infrastructure, governance, and economy. As of March 20, 2025,
India’s approach is primarily outlined in the National Strategy on Blockchain released by
the Ministry of Electronics and Information Technology (MeitY) in December 2021. This
strategy, spanning 2021-2026, aims to position India as a global leader in blockchain
adoption by creating a robust ecosystem for development, deployment, and innovation.
Below, I'll explore the key components, progress, use cases, challenges, and future
potential of India’s blockchain initiatives based on available information and logical

extrapolation.

Overview of India’s National Blockchain Strategy

e Vision: To create a trusted digital platform leveraging blockchain for socio-economic
development and establish India as a leader in blockchain technology.
e Goals:

o Develop a National Blockchain Framework (NBF) to provide
Blockchain-as-a-Service (BaaS) for government and private sector
applications.

o Promote research, innovation, and indigenous development of blockchain
solutions.

o Ensure scalability, security, and regulatory compliance while addressing
India-specific needs like data localization.

e Timeline: 2021-2026, with phased implementation focusing on infrastructure, use

cases, and capacity building.
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Key Components

1. National Blockchain Framework (NBF)
e Structure: A distributed, multi-layered platform offering:

o Shared Infrastructure: A common backbone for hosting blockchain
applications.
o Service Layers: APIs and services for identity management, data storage,
and smart contracts.
o Interoperability: Designed to integrate with existing systems like Aadhaar
(India’s biometric ID system) and DigiLocker (digital document repository).
e Focus:
o Data localization (aligning with India’s data protection laws).
o Security-first design with no single point of failure.
e Progress: By 2025, pilot implementations of the NBF are likely underway, with initial

deployments in government services (see use cases below).

2. Regulatory and Policy Framework
e Approach: India emphasizes a cautious yet innovation-friendly stance:

o Blockchain is distinguished from cryptocurrencies, with the latter facing
scrutiny (e.g., the 2022 crypto tax regime and ongoing debates about
regulation).

o The strategy calls for stakeholder consultation to develop policies ensuring
privacy, security, and compliance.

e Sandbox: A regulatory sandbox is proposed to test blockchain applications, similar

to the UK and Malaysia, allowing controlled experimentation.

3. Research and Innovation

e Institutions: Collaboration with IITs, NITs, and private players like Infosys and TCS
to drive blockchain R&D.
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e Funding: MeitY and other bodies allocate grants for startups and academic
projects.
e Focus Areas: Scalability, quantum-resistant cryptography, and sector-specific

solutions.

4. Capacity Building
e Skills: Plans to train professionals through online courses, certifications, and

university partnerships.
e Public Awareness: Campaigns to demystify blockchain and highlight its benefits

beyond crypto.

Key Use Cases

India’s blockchain roadmap prioritizes applications that address national challenges like

governance inefficiencies, fraud, and access to services. Below are prominent examples:

1. E-Governance:

o Digital Certificates: Blockchain-based issuance and verification of
educational certificates, birth/death records, and land titles via DigiLocker
integration.

o KYC Processes: A unified blockchain platform to streamline Know Your
Customer checks, reducing duplication across banks and institutions.

o Court Systems: Pilots to secure legal documents and case records,
improving transparency and reducing tampering.

2. Supply Chain and Agriculture:
o Farm-to-Fork Traceability: Blockchain tracks agricultural produce to ensure

quality and fair pricing for farmers (e.g., pilots in Tamil Nadu and

Maharashtra).
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o Subsidies: Direct benefit transfers using blockchain to eliminate
middlemen and leakages.
3. Healthcare:
o Medical Records: Secure, accessible patient data management, with pilots
linking hospitals and government schemes like Ayushman Bharat.
o Drug Supply: Tracking pharmaceuticals to combat counterfeit drugs.
4. Finance:
o Trade Finance: Blockchain to simplify cross-border transactions and reduce
paperwork (aligned with India’s export goals).
o Microfinance: Transparent loan tracking for rural populations.
5. Smart Cities:
o Integration with urban planning initiatives (e.g., waste management, energy

grids) in cities like Bengaluru and Hyderabad.

Progress as of March 20, 2025

While the 2021 document provides a roadmap, updates on progress are inferred from

trends and government priorities:

e Infrastructure: The NBF’s core components (e.g., identity and data layers) are likely
in beta testing, with select states (e.g., Telangana, Karnataka) adopting early
versions.

e Pilots:

o Telangana’s blockchain-based land registry (ongoing since 2019) has
expanded, reducing fraud in property transactions.
o Maharashtra’s certificate issuance pilot has scaled to multiple districts.

e Private Sector: Companies like Tech Mahindra and Wipro are building blockchain

solutions aligned with the NBF, often in partnership with the government.




14

Challenges: Slow regulatory clarity on cryptocurrencies and limited funding

compared to Western counterparts may have delayed full-scale rollout.

Strengths of India’s Approach

Scale: Leveraging India’s 1.4 billion population and vast digital infrastructure (e.g.,
India Stack) for massive adoption potential.

Government Buy-In: Strong political will, with MeitY and state governments driving
adoption.

Cost Efficiency: Focus on low-cost, scalable solutions tailored to a developing
economy.

Data Sovereignty: Emphasis on localized data storage aligns with national security

priorities.

Challenges

1.

Regulatory Uncertainty: The crypto ban debate (e.g., RBI's earlier stance, reversed
in 2020) and slow policy finalization hinder private-sector confidence.

Digital Divide: Rural areas lag in connectivity and literacy, limiting nationwide
impact.

Resource Constraints: Budget allocations for blockchain compete with other tech
priorities like Al and 5G.

Interoperability: Integrating legacy systems with blockchain remains complex.

Future Potential
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By 2026, the end of the current roadmap, India could:

Lead in E-Governance: Become a global model for blockchain-based public
services, exporting solutions to other developing nations.

Economic Impact: Unlock billions in savings by reducing fraud and inefficiencies,
with McKinsey estimating blockchain’s potential at $5 billion annually for India by
2030.

Innovation Hub: Foster a thriving startup ecosystem, especially in southern states

like Karnataka and Telangana, known for tech innovation.

Beyond 2026, India might extend its roadmap to:

Integrate blockchain with Al and IoT for smart cities and Industry 4.0.
Pursue international partnerships (e.g., with ASEAN or G20 nations) to standardize

cross-border blockchain frameworks.

Comparison with Other Nations

Vs. UK: India prioritizes governance over financial services (UK’s focus), with a
stronger emphasis on public-sector applications.

Vs. Australia: India’s scale dwarfs Australia’s pilot-driven approach, though it lags in
private-sector agility.

Vs. Malaysia: Both share a focus on reducing tech dependence, but India’s strategy

is more centralized and ambitious.

India’s blockchain journey is a bold attempt to leapfrog traditional inefficiencies using a

technology-first approach. Its success hinges on execution—balancing innovation with

regulation and inclusion with scale.
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India’s blockchain use cases, as outlined in its National Strategy on Blockchain
(released by the Ministry of Electronics and Information Technology in December 2021)
and supplemented by state-level initiatives and private-sector efforts, reflect a strategic
focus on addressing national priorities such as governance inefficiencies, fraud prevention,
and equitable access to services. As of March 20, 2025, these use cases leverage India’s
massive scale, digital infrastructure (e.g., India Stack), and socio-economic needs to drive
transformation across multiple sectors. Below is a detailed exploration of India’s key

blockchain use cases, their implementation status, and their potential impact.

1. E-Governance

India’s blockchain roadmap places significant emphasis on improving government services,

aligning with its broader digitalization push (e.g., Digital India). Key applications include:

a. Digital Certificates and Records
e Description: Blockchain is used to issue, store, and verify certificates such as

educational degrees, birth/death certificates, and land titles, reducing fraud and
manual verification delays.
e Implementation:
o Integrated with DigiLocker, India’s cloud-based document repository, which
already holds over 6 billion documents as of 2023.
o Pilots in states like Maharashtra and Karnataka have issued
blockchain-secured educational certificates since 2021.
o Telangana’s land registry pilot (started in 2019) uses blockchain to secure
property records, minimizing disputes and corruption.

e Status (2025): Likely scaled to multiple states, with a national rollout in progress via

the National Blockchain Framework (NBF).
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e Impact: Saves time, reduces forgery (e.g., fake degrees cost India $2 billion

annually), and enhances trust in public records.

b. Know Your Customer (KYC)
e Description: A centralized blockchain platform to streamline KYC processes across

banks, telecoms, and other institutions, eliminating redundant verifications.
e Implementation:
o Builds on India’s Aadhaar system (1.3 billion IDs) for identity anchoring.
o Pilots by the Reserve Bank of India (RBI) and private banks like ICICI explore
blockchain for secure, consent-based data sharing.
e Status (2025): Early adoption by financial institutions, with broader integration
pending regulatory clarity.
e Impact: Could cut KYC costs by 50% (estimated at $1.5 billion annually) and

improve financial inclusion.

c. Judicial Systems
e Description: Blockchain secures court documents, case records, and evidence,

ensuring tamper-proof records and faster case resolution.
e Implementation:
o Pilots in high courts (e.g., Delhi, Bombay) test blockchain for case
management.
o Integration with the e-Courts project, which digitizes judicial processes.
e Status (2025): Limited to pilot phases, with potential for wider adoption post-2026.
e Impact: Reduces backlog (over 40 million pending cases) and enhances judicial

transparency.

2. Supply Chain and Agriculture
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India’s agrarian economy and complex supply chains make blockchain a natural fit for

improving transparency and efficiency.

a. Farm-to-Fork Traceability
e Description: Tracks agricultural produce from farms to consumers, ensuring quality,

safety, and fair pricing for farmers.
e Implementation:

o Pilots in Tamil Nadu (spices) and Maharashtra (grapes, mangoes) use
blockchain to record harvesting, processing, and distribution data.

o Partnerships with agritech startups like Agri10x and government bodies like
APEDA (Agricultural and Processed Food Products Export Development
Authority).

e Status (2025): Expanded to key export crops, with integration into e-NAM (National
Agriculture Market).
e Impact: Boosts farmer incomes by 10-20% (via direct market access) and enhances

food safety.

b. Subsidy Distribution
e Description: Blockchain ensures direct benefit transfers (e.g., fertilizers, seeds)

reach intended farmers, cutting out intermediaries.
e Implementation:
o Builds on the Direct Benefit Transfer (DBT) system, which disbursed $300
billion by 2023.
o Pilots in Andhra Pradesh link farmer IDs to blockchain for transparent subsidy
tracking.
e Status (2025): Scaling in progressive states, with national adoption under
consideration.
e Impact: Reduces leakages (estimated at 20-30% of subsidies) and improves rural

welfare.
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3. Healthcare

Blockchain addresses India’s healthcare challenges, including counterfeit drugs and

fragmented records.

a. Medical Records
e Description: Secure, interoperable patient records accessible across hospitals,

linked to government schemes like Ayushman Bharat (covering 500 million people).
e Implementation:
o Pilots in Karnataka and Kerala integrate blockchain with hospital
management systems.
o Private players like Apollo Hospitals explore blockchain for patient data
consent.
e Status (2025): Early-stage pilots, with potential NBF integration by 2026.
e Impact: Improves care continuity and reduces medical errors (a $19 billion issue

annually).

b. Pharmaceutical Supply Chain
e Description: Tracks drugs from manufacturers to pharmacies, combating counterfeit

medicines.
e Implementation:
o Pilots by the National Health Authority and pharma giants like Cipla.
o Aligns with India’s role as the “pharmacy of the world” (60% of global vaccine
supply).
e Status (2025): Limited rollout, with focus on high-value drugs (e.g., vaccines).

e Impact: Could cut counterfeit drug losses ($4 billion annually) and boost export trust.

4. Finance
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Despite regulatory caution around cryptocurrencies, blockchain is gaining traction in

financial services.

a. Trade Finance
e Description: Simplifies cross-border transactions by digitizing letters of credit,

invoices, and shipping documents.
e Implementation:
o Pilots by SBI (State Bank of India) and HSBC India use blockchain platforms
like Contour.
o Supports India’s $1 trillion export target by 2030.
e Status (2025): Adopted by major banks, with broader rollout pending NBF scaling.
e Impact: Reduces transaction times from 5-7 days to hours and cuts costs by
15-20%.

b. Microfinance
e Description: Transparent loan tracking for rural and underserved populations,

reducing fraud and defaults.
e Implementation:
o Pilots by NBFCs (Non-Banking Financial Companies) in Uttar Pradesh and
Bihar.
o Links to the Pradhan Mantri Mudra Yojana (microloan scheme).
e Status (2025): Early adoption, with potential for nationwide scaling.

e Impact: Enhances credit access for 50 million+ small borrowers.

5. Smart Cities

Blockchain supports India’s Smart Cities Mission (100 cities targeted for transformation).

a. Urban Services
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Description: Manages waste, energy, and water systems with transparent,
decentralized tracking.
Implementation:
o Pilots in Bengaluru (waste management) and Hyderabad (energy grids).
o Integrates with loT for real-time data logging.
Status (2025): Limited to tech hubs, with gradual expansion.
Impact: Improves efficiency and reduces urban resource waste (e.g., 30% of water

lost to leaks).

b. Property Management

Description: Secures property titles and transactions in urban areas, reducing
disputes.
Implementation:

o Builds on Telangana’s rural land registry success, extended to Hyderabad.
Status (2025): Scaling in metro cities like Mumbai and Delhi.
Impact: Cuts property fraud (a $10 billion issue) and speeds up real estate

processes.

Implementation Status (March 20, 2025)

Pilots: Many use cases are in pilot phases, with states like Telangana, Karnataka,
and Maharashtra leading due to their tech ecosystems.

NBF Integration: The National Blockchain Framework is likely in beta, supporting
select use cases (e.qg., certificates, KYC).

Private Sector: Companies like Tech Mahindra, Wipro, and startups (e.g., SettleMint
India) complement government efforts.

Scale: Progress is uneven—urban and tech-savvy regions advance faster than rural

areas.
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Challenges

Regulatory Delays: Slow clarity on crypto and blockchain policies hampers private
investment.

Infrastructure Gaps: Rural connectivity and digital literacy lag, limiting reach.
Funding: Budget constraints prioritize Al and 5G over blockchain in some regions.

Adoption: Resistance from legacy systems and stakeholders slows mainstreaming.

Potential Impact

Economic: McKinsey estimates blockchain could add $5 billion annually to India’s
economy by 2030 through cost savings and efficiency.

Social: Enhances trust in public systems, reduces fraud, and improves service
delivery for 1.4 billion people.

Global: Positions India as a leader in blockchain-based governance, rivaling nations

like Singapore and the UAE.

India’s blockchain use cases are tailored to its unique challenges—scale, diversity, and

development needs—making them a mix of practical and ambitious. By 2026, the end of the

current roadmap, successful pilots could scale nationally, with e-governance and agriculture

leading the way.
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Singapore does not have a single, standalone "National Blockchain Strategy" document
like some countries (e.g., India or Vietnam). Instead, its blockchain strategy is

embedded within a broader, multifaceted approach to digital innovation, fintech, and the
Smart Nation initiative. As of March 20, 2025, Singapore’s blockchain efforts are driven by a
combination of government-led programs, regulatory frameworks, and industry
collaboration, positioning the city-state as a global leader in blockchain adoption and
innovation. Below, I'll outline Singapore’s blockchain strategy based on its key components,

initiatives, and goals, drawing from its progressive policies and practical implementations.

Vision and Objectives

Singapore’s blockchain strategy aligns with its Smart Nation vision, launched in 2014,
which aims to harness technology to improve lives, create economic opportunities, and
build a resilient digital economy. Blockchain is a cornerstone of this vision, with the following

objectives:

e Foster Innovation: Create an ecosystem where blockchain startups, enterprises,
and researchers can experiment and scale solutions.

e Enhance Efficiency: Apply blockchain to streamline processes in finance, trade,
governance, and supply chains.

e Ensure Trust: Leverage blockchain’s transparency and security to build trust in
digital systems.

e Global Leadership: Establish Singapore as a hub for blockchain technology,

attracting talent, investment, and international collaboration.

Key Components of Singapore’s Blockchain Strategy

1. Government-Led Initiatives




24

Singapore’s government plays a proactive role in driving blockchain adoption through

targeted programs:

e Project Ubin (2016—-2020):

o Led by the Monetary Authority of Singapore (MAS), Project Ubin explored
blockchain and distributed ledger technology (DLT) for clearing and settling
payments and securities.

o Phases included testing tokenized Singapore Dollar (SGD) for interbank
payments, cross-border settlements, and delivery-versus-payment systems.

o Outcome: A prototype for multi-currency digital settlement was developed by
2020, paving the way for commercial applications and influencing global
CBDC discussions.

e Project Dunbar (2021-2022):

o A collaboration with the Bank for International Settlements (BIS), MAS, and
other central banks to test cross-border payments using blockchain-based
central bank digital currencies (CBDCs).

o Outcome: Demonstrated that financial institutions could transact directly on a
shared platform, reducing costs and delays.

e Ubin+ (2022-Ongoing):

o An evolution of Project Ubin and Dunbar, focusing on practical applications of
digital currencies for cross-border trade and payments.

o As of 2025, it likely includes trials with banks like OCBC and UOB, building on
2024’s Project Orchid programmable money pilots.

e Singapore Blockchain Innovation Programme (SBIP):

o Launched in December 2020 with SGD 12 million (USD 8.9 million) in funding
from the National Research Foundation, Enterprise Singapore, and Infocomm
Media Development Authority (IMDA).

o Goals: Engage 75+ companies over three years to develop and

commercialize blockchain solutions, initially focusing on trade, logistics, and

supply chains.
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o Progress (2025): Likely expanded to other sectors like healthcare and
digital identity, with partnerships such as Dimuto for supply chain
traceability.

e Smart Nation Blockchain Projects:

o OpenCerts: A blockchain platform for issuing and verifying academic
certificates, developed by GovTech Singapore and the OpenCerts
Consortium. By 2025, it's widely adopted by educational institutions like NUS
and Nanyang Polytechnic.

o National Trade Platform (NTP): Launched in 2018 by Singapore Customs,
this blockchain-based system connects businesses and government for trade

documentation, replacing TradeNet and TradeXchange.

2. Regulatory Framework
The MAS adopts a balanced, innovation-friendly regulatory approach:

e Payment Services Act (PSA) 2019: Regulates digital payment tokens (DPTs) and
blockchain-based payment services, with amendments in 2024 enhancing
anti-money laundering (AML) and consumer protection measures.

e Securities and Futures Act (SFA): Governs tokenized assets classified as
securities, ensuring compliance without stifling innovation.

e Regulatory Sandbox: Allows blockchain startups to test solutions in a controlled
environment with relaxed rules, fostering experimentation (e.g., Project Guardian for
asset tokenization and DeFi, launched 2022).

e Stablecoin Regulation: By 2025, MAS has likely finalized rules for single-currency
stablecoins pegged to SGD or G10 currencies, encouraging their adoption while

managing risks.

3. Industry Collaboration and Ecosystem Building
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e Funding and Support: Enterprise Singapore provides grants (e.g., SGD 30,000
for startups, up to SGD 4 million via SEEDS Capital) to blockchain firms, as seen
in partnerships with IOST and Hashed Venture Labs (2021).

e Blockchain Association Singapore (BAS): Works with polytechnics and
universities to train talent and develop industry guides.

e Fintech Festival: An annual event (e.g., 2024’s edition) where MAS showcases
blockchain advancements, like Project Orchid’s programmable money trials with

Grab and Ant International.

4. Research and Talent Development
e Academic Partnerships: National University of Singapore (NUS) and Nanyang

Technological University (NTU) offer blockchain courses and research, with NUS
partnering with IBM since 2018.

e Talent Pool: Singapore’s tech-savvy workforce and immigration policies attract
global blockchain experts, supporting firms like Zilliga (a scalable blockchain platform
born at NUS).

Priority Use Cases

Singapore’s blockchain strategy targets practical applications:

1. Finance:
o Cross-border payments (Ubin+, Dunbar).
o Tokenization of assets (Project Guardian), with the market growing to USD
15.2 billion by 2024.
o Programmable money (Project Orchid).

2. Trade and Logistics:

o NTP and SBIP projects like Dimuto enhance supply chain transparency.
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o Digital bunkering (Marine and Port Authority’s e-BDN mandate, effective
April 2025).
3. Public Services:
o OpenCerts for credentials.
o Potential use in vendor verification (GeBiz) and career tracking (Public
Service Division).
4. Healthcare:
o Startups like MediLOT explore blockchain for patient records and analytics.
5. Energy:
o Electrify’s peer-to-peer energy trading platform, Synergy, commercialized with
TEPCO.

Progress as of March 20, 2025

e Adoption: Blockchain is mainstream in trade (NTP) and education (OpenCerts), with
finance and logistics scaling rapidly.

e Market Growth: Crypto payments hit USD 1 billion in Q2 2024, per Triple-A,
reflecting consumer and business uptake.

e Regulatory Clarity: Enhanced in 2024 via PSA amendments and stablecoin
frameworks, boosting confidence.

e Global Positioning: Singapore ranks among the top blockchain hubs (e.g.,

alongside Dubai and Switzerland), with over 600 blockchain firms by 2023.

Strengths

e Proactive Government: MAS and agencies like IMDA lead with pilots and funding.

e Business-Friendly: Light-touch regulation and tax incentives attract startups.
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e Strategic Location: A gateway to Asia, enhancing cross-border blockchain use.

Challenges

e Scalability: Moving pilots to nationwide adoption remains complex.
e Talent Competition: Global demand for blockchain experts strains local supply.
e Crypto Risks: Balancing innovation with AML and terrorism financing concerns

(DPT risk raised to medium-high in 2024).

Future Outlook

By 2030, Singapore aims to:

e Fully integrate blockchain into its financial and trade systems.
e Lead in CBDC and tokenized asset markets, building on Ubin+ and Guardian.
e Deepen cross-chain interoperability (e.g., via protocols like IBC, connecting 117

chains by 2024).

Singapore’s strategy is less a rigid plan and more a dynamic, collaborative ecosystem that

adapts to blockchain’s evolution. It contrasts with India’s centralized NBF focus by

emphasizing private-sector agility and global connectivity.
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Below, I'll outline practical implementation strategies for the blockchain roadmaps of

India and Singapore, focusing on the technologies to use, approaches to application
development and hosting, and possible costings with business model ROI scenarios. These
two countries represent contrasting yet complementary approaches—India with its
centralized, governance-driven National Blockchain Framework (NBF), and Singapore with
its agile, industry-led ecosystem. I'll ground this in their respective use cases and

extrapolate based on current trends as of March 20, 2025.

India: Practical Implementation

Use Cases in Focus
e E-Governance: Digital certificates, KYC, judicial systems.

e Supply Chain/Agriculture: Farm-to-fork traceability, subsidy distribution.

Blockchain Technologies
1. Platform:

o Hyperledger Fabric: A permissioned blockchain ideal for India’s NBF due to
its modularity, privacy features (private channels), and support for large-scale,
multi-stakeholder systems. Used in Telangana’s land registry pilot.

o Ethereum (Enterprise Variant): For smart contracts in KYC and subsidies,
with modifications for scalability (e.g., sidechains or rollups).

o Corda: For financial applications like KYC, offering high privacy and
interoperability with legacy banking systems.

2. Consensus Mechanism:

o Practical Byzantine Fault Tolerance (PBFT): Ensures fault tolerance in a

permissioned network with trusted nodes (e.g., government agencies, banks),

balancing speed and security.

3. Interoperability:
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o Polkadot or Cosmos: To connect state-level blockchains with the NBF,
enabling data sharing across India’s diverse systems.
4. Security:
o Encryption (SHA-256) and quantum-resistant algorithms (e.g., Lattice-based

cryptography) to meet data localization and sovereignty needs.

Application Development and Hosting
e Development Approach:

o Modular Design: Build reusable components (e.g., identity, storage, smart
contracts) within the NBF, accessible via APIs. Inspired by India Stack’s
layered architecture.

o Agile Methodology: Iterative development with 6-month sprints to refine
pilots (e.g., DigiLocker integration) based on user feedback.

o Public-Private Partnerships (PPP): Collaborate with firms like Tech
Mahindra and TCS for coding, testing, and deployment, leveraging their
blockchain expertise.

e Hosting:

o Hybrid Cloud: Use government data centers (e.g., NIC’'s MeghRaj cloud) for
sensitive data and private clouds (e.g., AWS India, Azure) for scalability.
Ensures compliance with data localization laws.

o Distributed Nodes: Host nodes across state capitals (e.g., Mumbai,
Bengaluru) and rural hubs to ensure redundancy and accessibility.

o Edge Computing: For rural deployments (e.g., subsidy tracking), use

lightweight nodes on local servers or mobile devices.

Costings
e Initial Investment:

o Infrastructure: $50—100 million for NBF backbone (servers, nodes, cloud

setup), based on India’s $70 million India Stack investment.
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o Development: $20-30 million for pilot apps (e.g., certificates, KYC),
assuming 200 developers at $50,000/year for 2 years.

o Training: $10 million for 50,000 government and private-sector workers (e.g.,
$200/person).

o Total: $80—140 million over 2 years.

e Annual Maintenance: $10-20 million (cloud hosting, updates, support).

Business Model and ROI Scenarios
e Model: Blockchain-as-a-Service (BaaS):

o Government provides NBF as a platform; states and private entities pay
subscription fees (e.g., $1-5 million/year per state, $100,000-$500,000 per
company).

o Revenue from transaction fees (e.g., $0.01 per KYC verification).

e ROI Scenarios:

o Optimistic: $5 billion savings by 2030 (McKinsey estimate) from fraud
reduction (e.g., $2 billion in fake degrees, $1 billion in subsidies). Breakeven
in 3—4 years with $200 million annual revenue.

o Moderate: $2 billion savings, breakeven in 5-6 years with $100 million
revenue.

o Pessimistic: $500 million savings, breakeven in 8—10 years if adoption lags

due to rural connectivity issues.

Singapore: Practical Implementation

Use Cases in Focus
e Finance: Cross-border payments, asset tokenization.

e Trade/Logistics: National Trade Platform (NTP), supply chain traceability.

Blockchain Technologies
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1. Platform:
o Ethereum: For public-facing tokenization (e.g., Project Guardian) and
stablecoin pilots, leveraging its ecosystem and scalability solutions (e.g.,
Arbitrum, Optimism).
o Hyperledger Besu: A hybrid blockchain for NTP and enterprise trade
solutions, offering Ethereum compatibility with permissioned controls.
o Corda: For cross-border payments (Ubin+), ensuring privacy and
interoperability with banks.
2. Consensus Mechanism:
o Proof of Authority (PoA): For permissioned networks (e.g., NTP), prioritizing
speed and low energy use in Singapore’s compact ecosystem.
o Proof of Stake (PoS): For public-facing apps like tokenization, balancing
efficiency and decentralization.
3. Interoperability:
o Cross-Chain Bridges: Use Axelar or Chainlink CCIP to connect Singapore’s
blockchains with ASEAN or global networks (e.g., BIS’s Dunbar).
4. Security:
o Multi-signature wallets and zero-knowledge proofs (e.g., zk-SNARKS) for

financial applications, meeting MAS’s high AML standards.

Application Development and Hosting
e Development Approach:

o Open-Source Collaboration: Leverage consortia (e.g., OpenCerts, SBIP) to
co-develop apps, reducing costs and fostering innovation.

o DevOps Pipeline: Continuous integration/deployment with tools like
Kubernetes and GitLab, enabling rapid scaling (e.g., NTP’s 100+
integrations).

o Startup Ecosystem: Fund firms like Zilliqa or Dimuto via grants (SGD

30,000—4 million) to build use-case-specific apps.

e Hosting:
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o Private Cloud: AWS Singapore or Google Cloud for high-performance
hosting, aligned with Singapore’s fintech hub status.

o Multi-Node Network: Nodes hosted by MAS, banks (e.g., DBS), and trade
partners (e.g., PSA International) for resilience.

o Serverless Architecture: For lightweight apps (e.g., OpenCerts), reducing

operational costs.

Costings
e [Initial Investment:

o Infrastructure: $20—40 million for cross-border payment platforms and NTP
upgrades (e.g., Ubin+ builds on $10 million Ubin budget).

o Development: $10-15 million for 5-10 apps (e.g., tokenization, traceability),
assuming 100 developers at $80,000/year for 2 years.

o Grants: $10 million via SBIP/Enterprise Singapore for startups.

o Total: $40—65 million over 2 years.

e Annual Maintenance: $5-10 million (cloud, support, updates).

Business Model and ROI Scenarios
e Model: Public-Private Ecosystem:

o MAS provides infrastructure (e.g., Ubin+ settlement layer); banks and firms
pay licensing fees (e.g., $500,000—$2 million/year).

o Transaction fees (e.g., $0.05 per trade document on NTP) and
revenue-sharing with startups.

e ROI Scenarios:

o Optimistic: $1 billion in efficiency gains by 2030 (e.g., $500 million in trade,
$300 million in payments). Breakeven in 2—3 years with $50 million annual
revenue.

o Moderate: $500 million gains, breakeven in 4-5 years with $25 million

revenue.
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o Pessimistic: $200 million gains, breakeven in 6—7 years if global adoption

stalls.

Comparative Analysis

Aspect India Singapore
Scale Nationwide, 1.4 billion users City-state, 5.7 million users
Focus Governance, inclusion Finance, trade, global connectivity
Tech Permissioned (Hyperledger) Hybrid (Ethereum, Corda)
Hosting Hybrid cloud, rural nodes Private cloud, multi-node
Cost $80—140M initial $40-65M initial
ROI Driver Fraud reduction, scale Efficiency, global hub status

Implementation Challenges and Mitigations

e India:
o Challenge: Rural connectivity gaps.
o Mitigation: Partner with telecoms (e.g., Jio) for 5G rollout; use offline-capable
lightweight nodes.
o Challenge: Regulatory delays.

o Mitigation: Fast-track sandbox approvals with MeitY oversight.
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e Singapore:
o Challenge: High competition for talent.
o Mitigation: Expand immigration incentives and university programs.
o Challenge: Scaling beyond pilots.
o Mitigation: Mandate adoption (e.g., e-BDN for bunkering) and incentivize

private uptake.

Conclusion

e India: A centralized, cost-effective BaaS model using Hyperledger Fabric could scale
e-governance and agriculture, with ROI tied to massive fraud reduction. Success
hinges on rural penetration.

e Singapore: An agile, hybrid blockchain ecosystem with Ethereum and Corda drives
finance and trade, with ROI from efficiency and global leadership. Success depends

on private-sector momentum.

Both roadmaps could converge on interoperability (e.g., via Polkadot) for cross-border use

cases like trade finance, amplifying their impact.
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Hyperledger Fabric is an open-source, enterprise-grade blockchain platform designed

for developing and deploying permissioned blockchain networks. Launched in 2015

under the Linux Foundation’s Hyperledger project, it's widely adopted by organizations
seeking secure, scalable, and customizable solutions for business use cases. Unlike public
blockchains like Bitcoin or Ethereum, Fabric prioritizes privacy, performance, and
modularity, making it a strong fit for India’s National Blockchain Framework (NBF) and
Singapore’s trade and financial applications, as discussed earlier. Below, I'll explore its
architecture, features, practical implementation details, use cases, and why it's a go-to

choice for enterprise blockchain as of March 20, 2025.

Architecture and Core Concepts

Hyperledger Fabric’s architecture is built around flexibility and enterprise needs:

1. Permissioned Network:

o Only authorized participants (nodes) can join, ensuring control over who
accesses the network. This contrasts with public blockchains’ open access.

o Identity management is handled via a Membership Service Provider (MSP),
using cryptographic certificates (e.g., X.509) to authenticate participants.

2. Modular Design:

o Ledger: Stores transaction data and world state (current data snapshot). It’s
split into a blockchain (immutable history) and a database (e.g., LevelDB or
CouchDB) for efficient queries.

o Smart Contracts (Chaincode): Business logic executed on the blockchain,
written in languages like Go, Node.js, or Java. Chaincode is isolated from the
core system, allowing customization.

o Consensus: Pluggable, with options like Raft (crash fault-tolerant) or Kafka

(for high throughput). Unlike proof-of-work, it doesn’t require energy-intensive

mining.
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3. Channels:

o Sub-networks within the Fabric blockchain where participants can transact
privately. For example, in a supply chain, farmers and wholesalers might
share a channel, excluding retailers.

o Ensures data privacy—a key feature for enterprises handling sensitive
information.

4. Node Types:

o Peers: Maintain the ledger and execute chaincode. Divided into endorsing
peers (validate transactions) and committing peers (update the ledger).

o Orderers: Sequence transactions into blocks using the consensus
mechanism, ensuring consistency across the network.

o Clients: Applications that interact with the blockchain via SDKs (e.g., Node.js,
Java).

5. Execution-Order-Validation (EOV) Workflow:

o Transactions are executed first (via chaincode), then ordered into blocks, and

finally validated by peers. This separation boosts performance by avoiding

unnecessary consensus overhead for invalid transactions.

Key Features

e Privacy and Confidentiality: Channels and private data collections (introduced in
Fabric 1.2) allow selective data sharing, critical for compliance with regulations like
GDPR or India’s Data Protection Act.

e Scalability: Parallel transaction execution across channels and optimized
consensus (e.g., Raft) handle thousands of transactions per second (TPS), far
exceeding Ethereum’s 15 TPS.

e Flexibility: Modular components (e.g., consensus, ledger database) let

organizations tailor the platform to their needs.
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Interoperability: Supports integration with external systems via APIs and can
connect to other blockchains using tools like Hyperledger Cactus.
No Native Cryptocurrency: Unlike Ethereum, Fabric doesn’t rely on tokens,

reducing complexity for enterprise use.

Practical Implementation

Here’s how Hyperledger Fabric could be implemented, using India’s NBF and Singapore’s

trade use cases as examples:

Technology Stack

Version: Fabric 2.x (e.g., 2.5 as of 2025), which includes lifecycle improvements for
chaincode and enhanced privacy features.

Programming: Go for chaincode (performance), Node.js for client apps (rapid
development).

Database: CouchDB for rich queries (e.g., certificate metadata), LevelDB for simpler
key-value storage.

Consensus: Raft for distributed networks with 5—10 orderers, ensuring fault

tolerance and low latency.

Development Approach

Steps:

o Network Design: Define organizations (e.g., Indian states, Singapore banks),
channels (e.g., KYC channel, trade channel), and policies (e.g., who
endorses transactions).

o Chaincode Development: Write smart contracts (e.g., for certificate issuance
or trade document validation) and test in a local Fabric network.

o Deployment: Use Docker containers to deploy peers, orderers, and

chaincode on cloud infrastructure.
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o Integration: Connect to existing systems (e.g., India’s DigiLocker,
Singapore’s NTP) via REST APIs or gRPC.
e Tools:
o Hyperledger Composer: For rapid prototyping (though deprecated, similar
tools may exist by 2025).
o Fabric SDK: For building client apps in Python, Java, or Node.js.
o Caliper: For performance benchmarking (e.g., ensuring 1,000 TPS for KYC).

Hosting
e India:

o Hybrid Cloud: Government-hosted nodes (e.g., NIC’'s MeghRaj) for core
NBF components, with private clouds (AWS India) for scalability.

o Nodes: 100+ peers across 28 states and 8 union territories, with 10 orderers
in major cities (e.g., Delhi, Mumbai).

e Singapore:

o Private Cloud: AWS Singapore or Azure, hosting 20-30 peers across MAS,
banks, and trade partners (e.g., PSA).

o Multi-Node: Redundant orderers (e.g., 5 Raft nodes) in Singapore’s data

centers.

Costings
e Setup:

o Infrastructure: $1-2 million for 50—100 nodes (e.g., $20,000 per
server/year).

o Development: $500,000-$1 million for a team of 10 developers at
$50,000-$100,000/year over 1-2 years.

o Total Initial: $1.5-3 million per use case.

e Maintenance: $200,000-$500,000/year (cloud hosting, support, updates).
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Use Cases and Examples

1. India:

e}

e}

Digital Certificates:

Setup: A channel for educational institutions (e.g., lITs, CBSE) and
employers, with chaincode to issue and verify certificates.

Benefit: Reduces fake degrees (costing $2 billion/year) by ensuring
tamper-proof records.

ROI: $100 million/year savings within 3 years, assuming 10% fraud reduction.

2. Singapore: National Trade Platform (NTP):

O

Setup: A channel for customs, shippers, and banks, with chaincode for
document validation (e.qg., bills of lading).

Benefit: Cuts trade processing time from 5 days to 1 day, saving $50
million/year in logistics costs.

ROI: Breakeven in 2 years with $25 million annual revenue from transaction

fees.

3. Global Examples:

@)

IBM Food Trust: Uses Fabric for food traceability (e.g., Walmart), similar to

India’s farm-to-fork goals.

o TradelLens: Maersk’s Fabric-based trade platform, akin to Singapore’s NTP.

Advantages

e Enterprise Fit: Privacy, scalability, and no crypto dependency align with government

and business needs.

e Performance: Handles 1,000-20,000 TPS (depending on config), beating public

blockchains.
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e Community: Backed by IBM, Intel, and others, with a robust ecosystem (e.g.,

400+ contributors on GitHub).

Challenges

e Complexity: Steep learning curve for setup and chaincode development compared
to Ethereum.

e Centralization Trade-Off: Permissioned nature reduces decentralization, which may
limit trust in some scenarios.

e Interoperability: Native support is limited, requiring external tools (e.g., Cactus) to

connect with public blockchains.

Why Hyperledger Fabric?

e India: Its permissioned model and channels suit the NBF’s need for controlled
access and privacy across states and sectors. Scalability supports 1.4 billion users,
and modularity integrates with India Stack.

e Singapore: High performance and privacy features match the city-state’s finance
and trade focus, while its enterprise adoption (e.g., by IBM, DBS Bank) aligns with

Singapore’s ecosystem.

Future Evolution (2025 and Beyond)

e Fabric 3.0: Likely includes native cross-chain support and Al integration for smarter

chaincode (e.g., predictive analytics in supply chains).
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e Adoption: Could dominate enterprise blockchain, with Gartner estimating 30% of
large firms using Fabric by 2025 (up from 20% in 2020).
e Scalability: Advances like sharding or zero-knowledge proofs could push TPS to

50,000+, rivaling traditional databases.

Hyperledger Fabric’s strength lies in its adaptability to complex, regulated environments,

making it a practical choice for India’s governance-driven roadmap and Singapore’s

fintech-trade ecosystem.
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