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1. Introduction to AML Challenges in High-Value Payments

High-value payment transactions (HVTs) represent a critical component of global financial flows,
facilitating corporate settlements, institutional transfers, treasury operations, and high-net-worth
individual (HNWI) activities. However, their large monetary volume and cross-border characteristics

simultaneously make them attractive channels for money laundering, terrorist financing, sanctions
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evasion, and other illicit financial activities. As global payment networks become increasingly
interconnected, the risk of sophisticated laundering schemes—often involving multi-layered transfers,
shell entities, and high-frequency movement of funds—continues to rise. Recent regulatory reports
from the Financial Action Task Force (FATF) and regional bodies highlight that HVT corridors remain
highly vulnerable due to complex ownership structures, opaque intermediaries, and limited visibility
across fragmented financial ecosystems.

Traditional Anti-Money Laundering (AML) compliance frameworks rely heavily on the exchange of
sensitive customer information, including identity profiles, transactional metadata, historical activity
patterns, and beneficial ownership details. Banks and payment institutions must frequently share or
disclose this data during KYC checks, sanctions screening, enhanced due diligence (EDD), and
regulatory audits. While these processes are essential for detecting suspicious behavior, they introduce
substantial challenges related to data privacy, confidentiality, operational burden, and cybersecurity
risk. The exposure of personally identifiable information (PII) and financial attributes increases the
potential for data leaks, insider misuse, and inter-institution trust concerns—especially when multiple
agencies or correspondents participate in the verification chain.

In response to these challenges, regulators worldwide—such as FATF, the Sixth Anti-Money
Laundering Directive (AMLD®6), and the U.S. Financial Crimes Enforcement Network (FinCEN)—
are emphasizing not only stricter AML controls but also stronger data governance, reduced
information-sharing risk, and improved audit transparency. Institutions are therefore under pressure to
build compliance architectures that ensure rigorous AML enforcement without overexposing private
data or compromising customer confidentiality. This tension between regulatory compliance and
privacy protection underscores the need for new technological approaches capable of balancing both
objectives.

Zero-Knowledge Proofs (ZKPs) offer a compelling solution to this emerging dilemma. ZKPs enable
institutions to prove that a high-value transaction complies with AML rules—such as risk score
thresholds, sanctions screening, or identity verification—without revealing the underlying sensitive
data itself. By cryptographically validating rule compliance rather than sharing raw information, ZKP-
based frameworks have the potential to transform how high-value payment networks achieve
regulatory alignment while preserving privacy. This paper examines the foundations of this approach
and proposes a structured architecture for ZKP-enabled AML compliance in HVT ecosystems.

2. Zero-Knowledge Proofs as a Privacy-Preserving Compliance Tool

Zero-Knowledge Proofs (ZKPs) provide a cryptographic mechanism through which one party (the
prover) can demonstrate the truth of a statement to another party (the verifier) without revealing any
information beyond the validity of the statement itself. In the context of Anti-Money Laundering
(AML) compliance for high-value payment transactions, ZKPs offer a transformative ability:
institutions can prove that a transaction satisfies regulatory requirements—such as KYC verification,
sanctions list screening, and risk score thresholds—without exposing the underlying customer
identities, transaction histories, or internal risk-model variables. This property directly addresses one
of the most significant challenges in contemporary AML operations: the tension between data
transparency for regulators and data privacy for customers and institutions.
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At the operational level, traditional AML processes require financial institutions to disclose sensitive
details during compliance checks, especially in cross-border or correspondent banking interactions.
Such disclosures include customer names, transaction amounts, account identifiers, beneficial
ownership structures, and geographic risk indicators. Beyond increasing privacy risk, this exposure
also complicates compliance workflows by requiring multi-party trust and secure data exchange. With
ZKPs, however, the institution performs all sensitive computations internally, generates a
cryptographic proof attesting to compliance, and shares only the proof—not the confidential inputs.
Regulators or partner institutions can then verify this proof instantly using standardized verification
circuits. As a result, compliance transparency is maintained while data confidentiality is preserved.

Several ZKP constructions are highly suitable for AML applications due to their efficiency, robustness,
and scalability.

Succinct Non-Interactive Arguments of Knowledge (SNARKS) provide short proofs and extremely
fast verification times, making them ideal for real-time or near-real-time payments. Their succinctness
enables regulatory nodes to validate numerous proofs simultaneously without significant
computational overhead.

Scalable Transparent Arguments of Knowledge (STARKSs) remove the need for trusted setup
procedures and offer post-quantum security, making them appropriate for long-term regulatory
infrastructures where trust minimization and quantum resilience are priorities.

Bulletproofs, meanwhile, excel at range proofs without trusted setup—critical for proving that a high-
value transaction amount falls within an approved threshold without revealing the actual amount.

Each of these ZKP variants supports different AML proof requirements, such as threshold checks,
membership proofs, ownership verification, and Boolean compliance statements. Their combined
applicability provides a flexible and powerful toolkit for designing privacy-preserving compliance
systems capable of meeting stringent regulatory obligations while safeguarding sensitive data.
Consequently, ZKPs serve as a foundational building block for the next generation of AML
governance in high-value payment ecosystems.

3. System Architecture for ZKP-Enabled AML Compliance

A Zero-Knowledge Proof-enabled Anti-Money Laundering (AML) framework for high-value
payment transactions must support privacy preservation, interoperability, regulatory verifiability, and
operational efficiency. To meet these requirements, the proposed system adopts a hybrid architecture
that combines oftf-chain AML computation, ZKP proof generation, on-chain verification using a
permissioned blockchain, and secure oracle integration for accessing authoritative compliance data
sources. This design ensures that sensitive financial and identity information remains confined within
institutional boundaries, while regulators maintain full visibility into compliance outcomes through
verifiable proofs.

The first component of the architecture is the off-chain AML computation engine, where all sensitive
customer and transaction data remain securely stored. This engine performs essential compliance tasks
such as Know-Your-Customer (KYC) validation, sanctions and Politically Exposed Persons (PEP)
screening, behavioral-risk assessment, and transaction monitoring. Since these processes require
access to highly confidential data, executing them off-chain prevents exposure of personally
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identifiable information (PII) while preserving compliance accuracy. The engine produces
standardized compliance outcomes, such as risk scores or Boolean AML flags, which become the basis
for Zero-Knowledge Proof generation.

The second component is the ZKP prover module, responsible for converting compliance outcomes
into cryptographic proofs. Instead of transmitting raw KYC details, risk parameters, or screening
results, the prover constructs mathematical circuits representing AML rules—for example, confirming
that the customer is not on a sanctions list or proving that a transaction amount lies within an allowed
threshold. Using ZKP protocols such as SNARKs, STARKSs, or Bulletproofs, the prover produces
succinct proofs that regulators or counterparties can verify rapidly. This mechanism ensures strong
compliance assurance without disclosing sensitive internal logic, datasets, or risk model parameters.

The third component of the architecture is the on-chain verifier, deployed within a permissioned
blockchain ledger operated jointly by regulators, banks, acquirers, and authorized financial institutions.
The permissioned ledger provides immutability, auditability, and distributed trust—key requirements
for cross-institution AML governance. Upon receiving a proof from the prover, the verifier executes a
standard verification algorithm to validate compliance. Successful verification creates an immutable
record indicating that a high-value transaction meets regulatory standards, while unsuccessful proofs
trigger regulatory review or automated transaction blocking.

Finally, the architecture incorporates a secure oracle layer, which connects off-chain authoritative
compliance databases to the ZKP circuits and on-chain verification modules. Oracles supply trusted
updates from sanctions lists, PEP registries, adverse media databases, and dynamic AML rule sets
published by regulators. To mitigate oracle-based vulnerabilities—such as data tampering, latency, or
inconsistency—the system employs authenticated data feeds, cryptographically signed updates, and
consensus-based oracle validation where necessary.

Together, these components form a cohesive and privacy-preserving AML compliance framework.
Sensitive computations remain internal to financial institutions; regulators receive verifiable
mathematical proofs rather than raw customer data; and all verification activities are immutably
recorded on a permissioned ledger to support transparent oversight and auditability.

ZKP-Based AML Compliance Architecture

Bank Permissioned Regulator /
AML Engine Blockchain Ledger Authorized

Off-Chain On-Chain Verifier Verifier
Computation
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Figure 1: ZKP-Based AML Compliance Architecture
4. Compliance Workflow and Proof Types (Narrative Version)

Zero-Knowledge Proof (ZKP)-enabled AML compliance replaces the conventional approach of
exposing sensitive customer and transaction information with a privacy-preserving verification
mechanism. Instead of revealing identity documents, transaction amounts, or detailed screening
results, financial institutions generate cryptographic proofs that demonstrate regulatory conformity
while keeping underlying data confidential. This section explains the end-to-end workflow and
describes the different types of proofs that support high-value payment compliance.

4.1 End-to-End Workflow for ZKP-Enabled AML Compliance

The workflow begins inside a bank’s internal environment, where customer information, KYC data,
and transaction attributes are collected and processed by traditional AML analytics engines. These
engines conduct the standard checks—such as verifying identity status, performing sanctions and PEP
screenings, computing risk scores, and assessing whether a transaction exceeds high-risk thresholds.
Importantly, none of this sensitive information ever leaves the bank’s secure infrastructure.

Once the AML computations are completed, the results are passed to a ZKP prover, which constructs
cryptographic attestations confirming that the bank has applied the required checks correctly. Rather
than exposing the customer’s identity, the exact transaction amount, or the details of risk calculations,
the prover produces proofs that merely assert the correctness of these determinations. For example,
instead of revealing the exact amount of a transaction, the prover can demonstrate that the value falls
below an AML reporting threshold. Similarly, instead of disclosing whether a customer’s name
appears in a sanctions database, the system can prove—using a non-membership proof—that the
customer is not listed, without revealing any identity information.

These proofs are then submitted to a permissioned blockchain or distributed ledger shared by banks,
acquirers, card networks, and regulatory authorities. A lightweight verifier on the ledger checks the
correctness and authenticity of each proof, ensuring that the AML rules approved by regulators have
been faithfully executed. Because verification occurs on-chain, regulators gain access to an immutable
audit trail that provides assurance of compliance without requiring access to sensitive customer data.

Finally, regulators or authorized auditors review the verification results. They do not require the
underlying customer information; rather, they rely on the cryptographic guarantees provided by the
ZKP system. This enables an efficient decision-making process—whether to approve, flag, or reject a
high-value transaction—while maintaining strict privacy protection and tamper-proof traceability.

4.2 Examples of ZKP Statements Used in AML Compliance
A ZKP-enabled system supports several classes of proofs relevant to AML regulations.

A common example is a Boolean proof, where the institution proves that a customer has completed
KYC verification without exposing identity documents or attributes. Another essential category is the
range proof, which allows a bank to show that a transaction amount falls within a permitted limit, such
as below FATF’s high-value threshold, without disclosing the exact value.
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For sanctions and PEP screening, the system relies on membership or non-membership proofs. These
proofs confirm that the customer is not found in a sanctions list committed to a Merkle tree, while
ensuring that the customer’s identity and the structure of the list remain private. More complex
requirements, such as validating the source of funds, can be addressed using proofs of rule compliance,
which demonstrate that internal policies were followed without sharing supporting documents.

Risk scoring introduces another scenario where ZKPs are valuable. Instead of revealing the numerical
risk score and all the factors used to compute it, the bank proves only that the score falls below the
regulatory threshold. In high-volume payment ecosystems, such as card networks or cross-border
remittance channels, institutions may combine many such proofs into a recursive ZKP, enabling the
validation of hundreds or thousands of transactions with a single proof.

4.3 Table 1: AML Requirements and Corresponding ZKP Proof Types

AML Requirement Traditional Method ZKP Method
Bool fof KYC
KYC verification Share identity + documents 0 ean‘ Proot o
completion
Transaction amount threshold Reveal exact amount Range proof

Share customer identity for [Membership / non-

Sanctions / PEP i
anctions SCTECNE hecks membership ZKP

Proof of compliance with

Source of funds verification [Provide financial documents |,
internal rules

Risk score threshold Reveal risk score + model

L . Threshold satisfaction ZKP
validation inputs

Batch validation of many

payments Reveal all transaction details [Recursive aggregated ZKP

5. Benefits, Challenges, and Future Directions

The adoption of Zero-Knowledge Proofs (ZKPs) for Anti-Money Laundering (AML) compliance in
high-value payment transactions offers a range of substantial benefits. Foremost among these is the
strong privacy protection it affords to both customers and financial institutions. By enabling proof of
regulatory compliance without revealing sensitive data such as identity, transaction amounts, or risk
model inputs, ZKP-based systems minimize the risk of data leaks and unauthorized access. This
approach reduces the burden of data exposure that traditional AML systems impose on banks and
regulators, allowing institutions to satisfy regulatory obligations while maintaining strict
confidentiality. Additionally, ZKPs facilitate faster and more automated compliance checking.
Verification of proofs on-chain is lightweight and can occur in near real-time, supporting high-
throughput environments such as large-scale card networks, cross-border payment corridors, and
institutional transfers.
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Despite these advantages, several technical and operational challenges must be addressed to achieve
robust ZKP-enabled AML compliance. Generating ZKPs, particularly for complex rules and high-
value transactions, can be computationally intensive. Real-time proof generation in high-frequency or
bulk-transaction contexts requires significant processing power and optimized cryptographic
implementations. Furthermore, the construction of ZKP circuits for dynamic AML rules, which may
change frequently due to regulatory updates, introduces additional complexity. Institutions must ensure
that proofs remain valid under evolving compliance requirements. Another key challenge lies in the
reliability of oracles that provide up-to-date sanctions lists, PEP registries, and other authoritative
inputs. Any inconsistencies or delays in oracle feeds can compromise proof validity or cause false
compliance results.

Looking forward, several research and development directions can enhance the efficacy of ZKP-based
AML frameworks. Integrating artificial intelligence with ZKP systems offers the potential for
automated generation of compliance circuits, adaptive risk scoring, and anomaly detection, while
maintaining privacy-preserving verification. Cross-border interoperability is another important area,
as regulatory harmonization and standardized proof formats will allow seamless verification of high-
value transactions across jurisdictions. Finally, the integration of decentralized identity (DID)
frameworks with ZKP proofs could create reusable, portable compliance credentials, reducing
redundancy in KYC processes and further strengthening privacy protection.

6. Conclusion

The increasing complexity and volume of high-value payment transactions have intensified the risk of
money laundering and other illicit financial activities, placing considerable pressure on financial
institutions and regulators to maintain effective compliance. Traditional AML frameworks, which
require the disclosure of sensitive customer and transaction data, create inherent privacy, security, and
operational challenges. This paper has demonstrated that Zero-Knowledge Proofs (ZKPs) provide a
viable and transformative solution to this problem by enabling institutions to cryptographically prove
compliance with AML requirements without exposing confidential information.

Through the proposed architecture, combining off-chain AML computation, ZKP proof generation,
and on-chain verification within a permissioned ledger, financial institutions can maintain robust
compliance while protecting customer privacy. ZKPs allow proof of KYC completion, sanctions
screening, transaction threshold adherence, and risk score validation without revealing underlying
data. The workflow supports recursive proofs for batch processing, ensuring scalability in high-
throughput environments. The integration of secure oracles ensures access to authoritative regulatory
data while maintaining trust and integrity.

The benefits of ZKP-enabled AML compliance include enhanced privacy protection, reduced data
exposure risks, faster automated verification, and immutable auditability. However, challenges such
as computational overhead, circuit complexity, and oracle reliability must be addressed for practical
deployment. Future directions, including Al-driven ZKP circuit generation, cross-border
interoperability, and integration with decentralized identity frameworks, promise to further enhance
efficiency, privacy, and regulatory alignment.

In summary, Zero-Knowledge Proofs represent a paradigm shift in AML compliance for high-value
payment transactions. They reconcile the often competing demands of regulatory oversight and data
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privacy, providing a scalable, auditable, and secure framework. The adoption of ZKP-based systems
has the potential to strengthen global financial integrity while preserving confidentiality, paving the
way for next-generation privacy-preserving compliance solutions in the evolving digital payment
ecosystem.
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