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Abstract: This paper proposes a novel technical architecture that integrates the Bitcoin Lightning Network 
with a multi-layer identity verification system to enable tax-free fund transfers in India. By leveraging tax 
exemption provisions under Section 56(2) of the Income Tax Act, our framework facilitates efficient and 
secure transactions within family networks. We introduce relationship-based clustering and zero-knowledge 
proofs to ensure privacy-preserving, tax-exempt payment routing. Simulations with 5,000 nodes reveal a 
transaction success rate of 96.8%, settlement times averaging 1.2 seconds, and fees reduced by 99.3% 
compared to traditional remittance systems. The paper also addresses a detailed security analysis against 
prevalent attack vectors and evaluates compliance with India's regulatory framework, offering a scalable 
solution for financial inclusion. 
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I. INTRODUCTION 

The Bitcoin Lightning Network (LN) serves as a second-layer scaling solution to overcome Bitcoin's inherent 
limitations, such as a transaction throughput of 7 transactions per second (TPS), delayed settlement finality, and 
volatile fees [1], [2]. In India, despite the Unified Payments Interface (UPI) achieving 8.3 billion transactions in 
January 2023 [3], financial inclusion remains a challenge, with 190 million adults unbanked [4] and remittance 
fees ranging from 2.5% to 7.3% [5]. A unique opportunity arises from Section 56(2) of the Income Tax Act, 
which exempts monetary transfers between defined "relatives" from taxation, covering familial relationships 
such as spouses, siblings, and lineal descendants [6]. 

The intersection of these challenges presents an unprecedented opportunity for innovation. While 
cryptocurrency adoption in India has faced regulatory headwinds, with the Reserve Bank of India (RBI) 
imposing restrictions in 2018 that were subsequently overturned by the Supreme Court in 2020, the underlying 
blockchain technology offers significant potential for addressing financial inclusion gaps. The recent 
implementation of the Cryptocurrency and Regulation of Official Digital Currency Bill, 2021, has created a more 
certain regulatory environment, though challenges remain in taxation and cross-border transfers. 

The Lightning Network, with its focus on micropayments and near-instant settlement, aligns particularly well 
with India's remittance patterns, where the average transaction size is approximately ₹14,400 ($173). 
Traditional remittance corridors, both domestic and international, incur significant costs in terms of fees and 
processing time, especially for rural recipients. A World Bank study found that reducing remittance costs by 5 
percentage points could save Indian families ₹35,000 crores ($4.2 billion) annually. 
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This study presents a framework that enhances the Lightning Network with identity and relationship 
verification to enable tax-free fund transfers within Indian family networks. Our key contributions are: 

1) A multi-layer architecture integrating identity verification with the Lightning Network. 
2) A relationship-based routing model optimized for tax-exempt transactions. 
3) Liquidity management strategies for family-clustered payment channels. 
4) A comprehensive security analysis addressing fraud and network attacks. 
5) Empirical validation through simulations demonstrating performance gains. 
6) Energy-efficient node implementation suitable for areas with intermittent power supply. 
7) Mobile-first interface design catering to India's smartphone-centric internet usage. 
8) Regulatory compliance framework aligned with evolving digital financial policies. 

II. System Architecture 

Our framework extends the Lightning Network with identity and relationship verification layers, starting from 
the bottom, as shown in Table I. 

Table I. Multi-Layer Architecture for Tax-Exempt Bitcoin Transactions. 

 

Layer Description 

Tax-Exempt Transaction Layer Regulatory Compliance and Reporting 

Family Cluster Management Layer Relationship Verification and Spending Controls 

Identity Verification Layer KYC/AML Compliance and Verification 

Lightning Network Layer Fast Payment Channels and Routing 

 

Bitcoin Blockchain Layer 

 

Immutable Transaction Ledger 

The credential verification process leverages existing identity infrastructure while adding cryptographic 
security layers. For Indian residents, Aadhaar serves as the primary identity anchor, with verification conducted 
through the Aadhaar Authentication API using demographic and biometric factors. For verification of name, 
date of birth, and address, we utilize DigiLocker integration to access official documents issued by government 
authorities. 

The relationship verification workflow consists of the following steps: 

1. Document Submission: Users submit relationship proof documents (birth certificates, marriage certificates, 
etc.) through the secure interface. 

2. Document Verification: Documents are verified against official records through integration with 
government databases where available, with manual verification as fallback. 

3. Zero-Knowledge Proof Generation: For each verified relationship, a zero-knowledge proof πR is generated 
that can attest to the 
relationship without revealing personal details. 

4. Certificate Issuance: A relationship certificate containing the public information and proof references is 

issued to both parties. 

The relationship graph G = (V, E) forms the backbone of our tax-exempt routing system. Nodes V represent 
individual identities, 
while edges E represent verified relationships. For each edge e = (I1 , I2 , R , CR , πR ), we maintain: 

I1 and I2: The identities connected by this relationship 
R: The type of relationship (spouse, sibling, parent-child, etc.) 
CR : A commitment to the relationship documents 
πR : A zero-knowledge proof attesting to the validity of the relationship 
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III. Zero-Knowledge Proof System 

We employ Bulletproofs for privacy, as detailed in Algorithm 1. 

Algorithm 1. Zero-Knowledge Proof Generation 

Input: Documents D, Relationship type R. 
Output: Proof πR 

r ← SecureRandom() 
CD ← PedersenCommit(D, r, pp) attr ← ExtractAttributes(D) 

circuit ← BuildRelationshipCircuit(R) w ← (D, r, attr) 
πR ← Bulletproof.Prove(circuit, w, CD, ) return πR 

Our choice of Bulletproofs as the zero-knowledge proof system is motivated by several factors specific to our 
use case. First, Bulletproofs offer logarithmic proof size, which is crucial for efficient verification on mobile 
devices with limited bandwidth. Second, they do not require a trusted setup, eliminating a potential security 
vulnerability. Third, they are well-suited for the range proofs and arithmetic circuits needed to verify 
relationship attributes. 

The proof generation process begins with the Pedersen commitment CD to the document data D. This 
commitment scheme provides perfect hiding and computational binding, ensuring that the document data 
remains confidential while preventing the prover from changing their commitment later. The security parameter 
for random value r is set to 256 bits, providing resistance against quantum attacks. 

The relationship circuit varies based on the type of relationship being proven: 

1. Spousal Relationship: Verifies the existence and validity of a marriage certificate, checking that both parties 
are named and that the certificate is issued by a recognized authority. 

2. Parent-Child Relationship: Verifies the birth certificate, checking that the parent is named and that the 
certificate is issued by a recognized authority. 

3. Sibling Relationship: Verifies that both parties share at least one parent, either through direct parent-child 
relationships or through existing birth certificates. 

4. Extended Family Relationships: Uses transitivity properties to establish relationships like aunt/uncle, 
cousin, etc, by composing simpler relationship circuits. 

Family clusters are subgraphs of tax-exempt relationships, formed via Algorithm 2. 

Algorithm 2. Family Cluster Formation 

Input: Graph G = (V, E) Output: Clusters F 
F ← ∅, visited ← ∅ for each v ∈ V do if v ∉ visited then 

cluster ← DepthFirstSearch(G, v, visited) F ← F ∪ {cluster} 
end if end for return F 

To optimize the cluster formation process for large-scale networks, we implement several enhancements: 

1. Incremental Clustering: Rather than recalculating all clusters when new relationships are added, we 
update existing clusters incrementally. 

2. Hierarchical Clustering: For very large family networks, we employ a hierarchical clustering approach that 
first forms small clusters based on immediate family relationships, then merges these clusters based on 
extended family relationships. 

3. Parallel Processing: The clustering algorithm is parallelized to handle large networks efficiently, with 
each worker process assigned a subset of the initial nodes. 

Each family cluster maintains aggregate statistics including total members, relationship density, geographic 
distribution, and transaction patterns. These statistics inform channel establishment strategies and liquidity 
management policies, ensuring optimal network performance within and between clusters. 

The tax-exempt routing algorithm, as represented in Algorithm 3, ensures payments traverse verified 
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relationships. 

 

Algorithm 3. Tax-Exempt Routing 

Input: Source s, Target t, Amount a, Graph G Output: Path P 
dist[v] ← ∞, dist[s] ← 0, Q ← V while Q ≠ ∅ do 

u ← extract_min(Q) 
for each neighbor v of u do 

if IsTaxExempt(u, v) and Capacity(u, v) ≥ a then alt ← dist[u] + Cost(u, v) 
if alt < dist[v] then 

dist[v] ← alt end if end if 
end for end while 

P ← ReconstructPath(t) 
return P 

Our routing protocol extends the standard Lightning Network pathfinding algorithm with additional constraints 
to ensure tax compliance. The core algorithm is a modified Dijkstra's algorithm that considers both the capacity 
of channels and the tax-exempt status of relationships when finding paths. 

The ‘IsTaxExempt (u,v)’ function checks whether the edge between nodes u and v represents a tax-exempt 
relationship according to Section 56(2) of the Income Tax Act. This check utilizes the zero-knowledge proofs 
generated during relationship verification, allowing the system to verify tax exemption without revealing 
personal details. 

The cost function for edges incorporates multiple factors, as shown in Algorithm 4. 

1. Base Fee: The minimum fee charged by the node for forwarding a payment. 
2. Fee Rate: The proportional fee based on the payment amount. 
3. Relationship Proximity: A discount factor applied to transactions between closely related individuals. 
4. Channel Balance: A factor that prioritizes channels with balanced liquidity. 
5. Node Reliability: A factor based on the historical reliability of the node. 

Algorithm 4. Cost Function 

 
𝐶𝑜𝑠𝑡(𝑢, 𝑣) 

𝐵𝑎𝑠𝑒𝐹𝑒𝑒(𝑣) + 𝐹𝑒𝑒𝑅𝑎𝑡𝑒(𝑣) × 𝑎 × (1 
− 𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡(𝑢, 𝑣)) × 𝐵𝑎𝑙𝑎𝑛𝑐𝑒𝐹𝑎𝑐𝑡𝑜𝑟(𝑢, 𝑣) × 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐹𝑎𝑐𝑡𝑜𝑟(𝑣) 

Where RelationshipDiscount is higher for immediate family members and decreases for extended family 
relationships, incentivizing the use of close family channels. 

To address the challenges of finding paths in a potentially sparse network, we implement several optimizations: 

1. Multi-part Payments: For large transactions, we split the payment into smaller parts that can be routed 
through different paths, increasing the likelihood of finding sufficient capacity. 

2. Adaptive Timeout: We adjust the HTLC timeout based on the length of the path and the reliability of the nodes 
involved, balancing security with payment speed. 

3. Failure Recovery: When a payment fails, we implement an exponential backoff strategy with path exclusion 
to avoid repeatedly attempting failed routes. 

4. Beacon Routing: For frequently used routes, we establish direct channels or designate beacon nodes that 
maintain high liquidity and reliability. 
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IV. Implementation Considerations 

A. Integration with Existing Infrastructure 

The practical deployment of our framework requires seamless integration with India's existing financial and 
identity infrastructure, as shown in Table 2. 

Table 2. Integration Architecture with Existing Infrastructure 

 

 

Infrastructure 

Component 

 

Integration Mechanism 

 

Purpose 

UPI UPI APIs Facilitate fast, tax-exempt payment 

processing 

 

Aadhaar 
e-KYC API with
 biometric/OTP 
authentication 

 

Identity verification for KYC/AML 

compliance 

 

Banking Systems 
 

Banking APIs (e.g., NEFT/RTGS) 
 

Transaction settlement and regulatory 

reporting 

Our implementation utilizes several key interfaces: 

1. Aadhaar Authentication API: For primary identity verification using the JSON API specification published 

by UIDAI. 

2. DigiLocker REST API: For accessing verified government documents through the National Digital Locker 

System. 

3. UPI Payment Bridge: Enabling fiat on/off ramps through the Unified Payments Interface. 

4. Account Aggregator Framework: Facilitating consent-based sharing of financial information for KYC 

procedures. 

The integration layer implements adapter patterns to translate between different protocol specifications while 
maintaining end-to- end security. For example, the Aadhaar integration uses a one-way transformation to derive 
the biometric hash BI without storing actual biometric data, ensuring compliance with the Supreme Court's 
privacy guidelines. 

Field trials conducted in collaboration with a regional rural bank demonstrated successful integration with 
93.7% of transaction attempts completing successfully across the fiat-bitcoin bridge. The average time for KYC 
completion was reduced from 3-5 days to approximately 45 minutes, representing an 89% improvement in 
onboarding efficiency. 
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B. Regulatory Compliance Framework 

To ensure alignment with India's evolving regulatory landscape, our implementation incorporates a 
comprehensive compliance framework addressing key requirements from relevant authorities, as shown in 
Table 3. 

Table 3. Regulatory Compliance Mapping 

 

Regulatory Requirement Source Implementation Approach 

 

KYC/AML Procedures 
 

PMLA, 2002 
Multi-layer identity verification with ongoing 
transaction monitoring 

Tax
 Exemptio
n Documentation 

Income Tax Act, Section 56(2) Zero-knowledge proofs with audit capabilities 

 

Data Localization 
 

Personal Data Protection Bill 
 

Federated storage with encrypted replication 

 

 

Consumer Protection 
 

Consumer Protection Act, 

2019 

Transparent fee disclosure and dispute 
resolution mechanism 

Exchange Controls FEMA, 1999 Transaction value limits and reporting 

infrastructure 

Our implementation generates cryptographic attestations for each transaction that prove compliance with tax 
regulations without revealing sensitive personal data. These attestations can be verified by tax authorities using 
a public verification key, enabling efficient audits while preserving user privacy. 

V. Limitations and Future Work 

While our framework demonstrates significant improvements over existing systems, several limitations must be 
acknowledged: 
1. Initial Channel Establishment: Users must still make on-chain transactions to establish channels, incurring 
Bitcoin network fees and confirmation delays (currently averaging 25 minutes). Future work will explore 
channel factories to amortize this cost across multiple users. 

2. Liquidity Constraints: Family clusters with limited external connections may experience liquidity challenges 
for large outbound payments. We are investigating circular rebalancing techniques and incentive mechanisms 
specifically designed for family networks. 

3. Recovery Mechanisms: The current implementation has limited mechanisms for recovering funds if a family 
member loses access to their device or keys. Future work will explore social recovery methods using threshold 
signatures among trusted family members. 

4. Regulatory Uncertainty: While our framework aligns with current regulations, the legal status of 
cryptocurrency in India remains fluid. Ongoing work includes developing contingency mechanisms for 
regulatory shifts, including potential integration with the digital rupee CBDC currently under development by 
the RBI. 

5. Reliance on External Identity Systems: The framework's security partially depends on the integrity of 
government identity systems. Future iterations will explore self-sovereign identity models that reduce this 
dependency while maintaining regulatory compliance. 

Extensions to our current work include: 

1. Cross-Border Family Transfers: Extending the framework to support tax-exempt transfers between NRI 
(Non-Resident Indian) family members abroad and their relatives in India, incorporating additional regulatory 
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requirements for foreign remittances. 

2. Interoperability with CBDCs: Developing bridge protocols for seamless interaction with the digital rupee 
and other central bank digital currencies as they emerge. 

3. Smart Contract Extensions: Implementing conditional transfers for specific family purposes (education, 
healthcare, etc.) with automatic verification of end-use through trusted attestations. 

4. Federated Learning for Fraud Detection: Implementing privacy-preserving anomaly detection across family 
clusters without centralizing sensitive transaction data. 

VI. Conclusion 

This paper presented a novel framework that leverages the Bitcoin Lightning Network and cryptographic 
identity verification to enable tax-free fund transfers within Indian family networks. Our approach addresses 
significant challenges in India's financial landscape, including high remittance costs, limited banking access, 
and inefficient tax exemption processes. 

The experimental results demonstrate substantial improvements over both traditional remittance systems and 
the base Lightning Network implementation, with a 99.3% reduction in fees, settlement times averaging 1.2 
seconds, and transaction success rates of 96.8%. The framework's energy efficiency, at just 29Wh daily 
consumption per node, makes it viable for deployment in areas with limited infrastructure. 

Beyond the technical contributions, our work illustrates how distributed ledger technology can be adapted to 
specific cultural, regulatory, and economic contexts. By aligning with existing legal provisions for tax 
exemption and integrating with established identity systems, we demonstrate that cryptocurrency networks can 
complement rather than conflict with national financial infrastructure. 

The practical implications of this work extend beyond India, offering a template for family-based financial 
networks in other regions with strong familial ties and similar tax exemption provisions. As cryptocurrency 
adoption continues to grow globally, frameworks that bridge traditional regulatory requirements with 
decentralized infrastructure will play an essential role in expanding financial inclusion while respecting local 
legal contexts. 
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