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Abstract—In the wake of the European Union’s di-
rective 2019/1937, aimed at safeguarding whistleblowers
reporting breaches of Union law, this paper proposes a
novel solution leveraging blockchain technology, specif-
ically the XRP Ledger (XRPL), to establish secure and
anonymous communication channels. The proposed ar-
chitecture integrates XRPL’s inherent features, including
robust security protocols, anonymization mechanisms,
and low transaction costs, to facilitate seamless whistle-
blower reporting while ensuring data integrity, confi-
dentiality, and immutability. Through a comprehensive
design encompassing web application integration, Xa-
man Wallet functionality, XRPL transaction execution,
and secure storage management, the system provides
a user-centric and regulatory-compliant platform for
whistleblowers to submit reports securely. Furthermore,
the paper discusses the proposed solution’s feasibility,
scalability, security, privacy, and ethical implications,
emphasizing its potential to reshape organizational gov-
ernance, accountability frameworks, and societal trust.
This research advances transparency, accountability, and
integrity in organizational practices by addressing the
imperative need for efficient whistleblower communica-
tion channels, fostering a culture of ethical conduct and
social responsibility.

Index Terms—whistleblower, XRP Ledger, security,
privacy

I. INTRODUCTION

In an era where digital integrity and transparency are

paramount, the European Union’s directive 2019/1937

[1] represents a significant stride towards safeguarding

whistleblowers who report breaches of Union law.

This directive, the majority of EU member states have

transposed into national law at the time of writing [2],

underscores the necessity for robust reporting channels

that protect the anonymity and security of individuals

who courageously come forward with critical infor-

mation. In line with this transformative momentum,

the European Union (EU) directive 2019/1937 under-

scores the imperative of safeguarding individuals who

report breaches of Union law, thereby necessitating

the establishment of robust communication channels

for whistleblowers. Despite the legislative mandate and

subsequent national implementations across EU mem-

ber states, a notable gap persists, especially among

Small and Medium-sized Enterprises (SMEs) and

small governmental bodies, wherein efficient whistle-

blower communication channels are either lacking or

markedly inefficient. This discrepancy underscores a

pressing need to explore novel, cost-effective solu-

tions that adhere to regulatory directives and prioritize

security, anonymity, and efficacy. Against this back-

drop, this research endeavors to address the lacuna in

whistleblower communication channels by leveraging

the transformative potential of blockchain technology,

specifically focusing on the XRP Ledger (XRPL) [3].

The primary objective is to present a use case

wherein public blockchain infrastructure, exemplified

by XRPL, serves as the cornerstone for implement-

ing secure, anonymous, and cost-effective reporting

platforms mandated by EU directive 2019/1937. By

harnessing XRPL’s inherent features, the proposed

architecture aims to facilitate seamless communication

channels for whistleblowers while ensuring data in-

tegrity, confidentiality, and immutability.

Additionally, the study aims to propose a novel

application of blockchain technology, specifically the

XRP Ledger, as a solution to this pressing issue.

The inherent features of XRPL, including security,

anonymity, and low costs, position it as an ideal plat-

form for developing a whistleblower reporting system.

II. BACKGROUND AND RELATED WORK

Blockchain technology has sparked a paradigm

shift across various sectors, catalyzing innovation [4],

[5], enhancing security [6]–[10], and fostering trans-

parency [11]. In particular, industrial applications have

witnessed a surge in blockchain utilization [10], [12]–

[15], heralding a new era of decentralized, secure, and

intelligent interconnectivity. This technology amalga-

mates decentralized systems, decentralized applica-

tions, and robust authentication mechanisms to foster

transparent, secure, and intelligent inter-connectivity

within diverse industrial domains. It is characterized

by its decentralized nature, eliminating the need for

central authorities, thereby reducing bottlenecks and

enhancing efficiency. The technology’s ability to pro-

vide transparent, immutable, and secure transaction

records makes it ideal for various industrial sectors,

including manufacturing [16], agriculture [17], and

transportation [18]. Integrating blockchain technology

with industrial processes promises to enhance effi-

ciency, transparency, and accountability. By leveraging

distributed ledger systems and smart contracts, indus-

tries can streamline operations, automate transactions,

and mitigate risks associated with centralized inter-

mediaries. The advent of public blockchains presents

a revolutionary frontier in financial technology and

regulatory compliance [19]. They offer a compelling
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solution for addressing regulatory compliance man-

dates; however, integrating blockchain technology into

existing regulatory frameworks presents several chal-

lenges and opportunities. On the one hand, blockchains

can simplify regulatory reporting by providing reg-

ulators with real-time access to verified data. They

can enhance compliance processes by enabling better

tracking of steps required by complex regulations.

On the other hand, most public blockchains have

high transaction fees, which can make this application

unaffordable.

EU Directive 2019/1937 emphasizes the need for

secure, anonymous communication channels to

protect whistleblowers, i.e., individuals reporting

breaches of European Union law. It mandates es-

tablishing such channels to ensure anonymity and

protection against retaliatory measures. However, their

practical implementation, particularly among SMEs

and small governmental bodies, remains a significant

challenge, necessitating innovative solutions to bridge

the regulatory-implementation gap.

The XRP Ledger (XRPL) is a beacon of innovation

and reliability in blockchain technology. As an open-

source, permissionless, and decentralized platform, it

has seamlessly operated for over a decade, under-

pinning a myriad of real-world solutions and value-

creation endeavors. At the heart of XRPL lies a vibrant

global community comprising businesses and develop-

ers. Their collaborative efforts not only address tangi-

ble challenges but also foster an environment of inclu-

sivity. With an open invitation extended to all, XRPL

epitomizes true decentralization, ensuring accessibility

and participation for anyone keen on contributing or

building upon its foundation. XRPL boasts an impres-

sive track record, having processed over 63 million

ledgers without any significant issues. Its transaction

settlement speed, a mere 3-5 seconds, outshines many

other platforms in the blockchain landscape. More-

over, its streamlined development process empowers

creators to bring their ideas to life efficiently, fostering

innovation. Fueling the XRPL ecosystem is XRP, its

native digital asset, utilized as a transaction cost.

Remarkably economical, at the time of writing, any

transaction on XRPL costs 0.00001 XRP, the equiv-

alent of about 0.50 USD. This affordability broadens

the spectrum of blockchain applications and accommo-

dates a diverse array of use cases, ranging from micro-

payments to large-scale financial transactions. Security

is a top priority in XRPL’s framework, bolstered by

robust protocols designed to fend off spam and denial-

of-service attacks. Each transaction requires a small

amount of XRP, a mechanism that adjusts dynamically

to mitigate network overload risks. XRPL also demon-

strates forward-thinking by embracing post-quantum

cryptography, strengthening its defenses against poten-

tial threats from quantum computing. Embracing reg-

ulatory compliance, XRPL seamlessly integrates with

mandates such as EU directive 2019/1937. Its suite

of security features, anonymization mechanisms, and

minimal transaction costs render it an optimal choice

for implementing communication channels. Specifi-

cally, it provides a cost-effective avenue for facilitating

whistleblower reporting while upholding data integrity,

confidentiality, and immutability.

XAMAN [20], formerly known as Xumm, stands

as a prominent non-custodial wallet tailored specifi-

cally for the XRP Ledger, affording users complete

autonomy over their assets. Unlike traditional custodial

solutions, no third party retains control over user

keys, ensuring heightened security and trust. Through

passcodes or biometric authentication (fingerprint or

face ID), users seamlessly access their XRP holdings

directly, fostering a personalized and secure user ex-

perience. One of XAMAN’s paramount functionali-

ties is its seamless interaction with the XRP Ledger.

Whether users send or receive XRP, manage accounts,

or explore ledgers, XAMAN facilitates a user-friendly

interface, eliminating barriers and simplifying asset

management. It also facilitates the generation of new

XRP Ledger accounts within its interface or the im-

portation of existing ones, ensuring flexibility and

convenience for users. Managing multiple accounts is

streamlined, ensuring optimal utilization of the XRP

Ledger without compromising on security protocols.

Security remains at the forefront of XAMAN’s priori-

ties, underscored by rigorous auditing processes to for-

tify its protective measures. Furthermore, integrating

XAMAN Tangem cards merges usability with Tangem

NFC hardware wallet support, augmenting user se-

curity provisions. For developers, XAMAN serves as

a fertile ground for exploration and innovation. The

platform empowers developers to create their own

applications, unleashing the full potential of XAMAN

for both developers and end-users.

The proposed whistleblower protection system has

been validated through a proof-of-concept implemen-

tation tailored for industrial environments. This pilot

study involved collaboration with stakeholders, includ-

ing legal experts from big companies, SMEs, and

regulatory bodies, demonstrating the systemś efficacy

in ensuring secure and anonymous whistleblower re-

porting.

III. DESIGN AND ARCHITECTURE

The architectural design presented here aims to pro-

vide a robust and secure platform for whistleblowers to

report breaches of European Union law in compliance

with EU directive 2019/1937. The system utilizes the

XRP Ledger (XRPL) as the underlying blockchain

infrastructure. At its core, the system comprises inter-

connected components, including a web application,

Xaman Wallet integration, XRPL, and secure storage,

each fulfilling distinct roles within the ecosystem.

The architecture provides a user-centric, regulatory-

compliant whistleblower reporting and management
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platform through seamless integration and orchestrated

functionality.

The Web Application serves as the primary inter-

face through which users interact with the reporting

system. It facilitates user authentication, anonymous

wallet management, report submission, and access to

encrypted reports. Additionally, the web application

orchestrates communication with other system compo-

nents, including Xaman Wallet integration for wallet

creation and XRPL for transaction execution.

The Xaman Wallet integration plays a pivotal role

in enabling seamless wallet creation and management

within the system. Leveraging Xaman Wallet’s capa-

bilities, the web application interfaces with the Xaman

Wallet platform to securely generate new anonymous

wallets for authenticated users. This integration en-

sures adherence to anonymity requirements while pro-

viding users a seamless experience.

The XRP Ledger is the foundational infrastruc-

ture for facilitating secure and immutable transac-

tions within the whistleblowers’ protection system.

Leveraging XRPL’s robust security protocols and low

transaction costs, the system executes transactions

related to report submission (NFT minting and NFT

offer management). XRPL’s decentralized architecture

ensures resilience against attacks and guarantees the

integrity of transactional data. Industrial environments

often require the handling of large volumes of data and

transactions.

The Secure Storage forms the system’s data man-

agement strategy’s backbone, ensuring encrypted re-

ports’ confidentiality and integrity. Reports submitted

by whistleblowers are encrypted and securely stored

locally, on cloud infrastructure, or utilizing InterPlan-

etary File System (IPFS) technology. Each report is

linked to a corresponding non-fungible token (NFT)

via a cryptographic hash, facilitating traceability and

auditability.

A. Authentication to the Web Application

Users authenticate to the web application us-

ing secure authentication mechanisms, such as user-

name/password credentials or multi-factor authenti-

cation (MFA). Authentication ensures the integrity

of user identities and restricts access to authorized

individuals.

B. Management of Anonymous Wallets

Upon authentication, the web application allows

users to generate new anonymous wallets, leveraging

Xaman Wallet integration. Each user can create unique

anonymous wallets, ensuring anonymity throughout

the reporting process while maintaining traceability for

auditing purposes.

C. Report Submission

Whistleblowers can submit reports securely through

the web application, initiating a multi-step process.

The report submission process involves creating a
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Fig. 1. Architectural Components for the Establishment of Report-
ing Channels.
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Fig. 2. Architectural Components for the Establishment of Report-
ing Channels.

message, encrypting it using robust cryptographic al-

gorithms, uploading it to the secure storage, minting an

NFT containing a reference to the report, and making

an offer to the organization to acquire ownership of

the NFT. Figure 1 shows the interactions among the

components to report a submission.

D. Access Report

Authorized individuals can access encrypted re-

ports in secure storage. Access to reports is facili-

tated through the web application, which decrypts and

presents the reports to authorized users while ensuring

confidentiality and integrity.

Figure 2 shows the interactions among the compo-

nents for a whistleblower to report a submission.

E. Exchange Messages

In addition to whistleblower submissions, the sys-

tem facilitates communication for organizations to

respond to reported incidents or initiate dialogues

with whistleblowers. While the organization replies

to the report, the web application performs the same

operations of report submission (cfr. subsection III-C)

to transfer the message. From the other side, the

whistleblower can access the reply in the same way

organizations access report (crf. subsection III-D) and,

eventually, keep the conversation with a new message.
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This two-way communication framework enables or-

ganizations to address concerns, provide clarifications,

or collaborate with whistleblowers in resolving issues

related to regulatory compliance.

F. Security Measures

The architectural design outlined above incorporates

a multifaceted approach to security, addressing vari-

ous aspects of confidentiality, integrity, authentication,

and resilience against cyber threats. Below, we delve

into the security measures implemented across differ-

ent system architecture components. However, before

discussing the specific security measures, conducting

a comprehensive threat modeling exercise is crucial

to identifying potential threats and vulnerabilities in-

herent in the system. Threat modeling allows for a

proactive approach to security by anticipating poten-

tial attack vectors and designing mitigating controls

accordingly. In the context of this whistleblowers’

protection system, threat modeling would involve con-

sidering threats such as:

• unauthorized access to sensitive reports,

• tampering with transactional data on the XRPL,

and

• exploitation of vulnerabilities in the web applica-

tion or wallet integration.

Data confidentiality is paramount in a system

designed to handle sensitive information submitted

by whistleblowers. To ensure confidentiality, robust

encryption standards are employed throughout the

system. Reports submitted by whistleblowers are en-

crypted before being stored in secure storage. Ad-

ditionally, the web application facilitates access to

encrypted reports, decrypting the data only for au-

thorized users. Advanced encryption techniques, such

as asymmetric encryption for key exchange and sym-

metric encryption for data transmission, are utilized to

safeguard the confidentiality of sensitive information.

Access control mechanisms are crucial for enforc-

ing the principle of least privilege and preventing

unauthorized access to system resources. In the web

application, user authentication uses secure mech-

anisms such as username/password credentials and

multi-factor authentication (MFA). This ensures that

only authenticated and authorized users can access

the system functionalities. Furthermore, access to en-

crypted reports stored in secure storage is restricted to

authorized individuals, preventing unauthorized disclo-

sure of sensitive information.

Effective key management is essential for main-

taining the integrity and confidentiality of encrypted

data. The system employs robust key management

practices to generate, store, and exchange crypto-

graphic keys securely. During report submission, the

organization’s public key is used to encrypt the re-

port so that only the organization itself can read it.

Eventually, the whistleblower’s public key is used

to encrypt the messages sent by the organization.

Key rotation and revocation mechanisms are also im-

plemented to mitigate the risk of key compromise

and unauthorized decryption. The system architecture

leverages decentralized and resilient technologies (i.e.,

XRPL) to enhance resilience against cyber threats.

XRPL’s decentralized architecture ensures that no sin-

gle point of failure exists, reducing the risk of data

manipulation or unauthorized access. By leveraging

XRPL’s inherent security features, the system enhances

resilience against attacks and guarantees the integrity

of transactional data.

G. Compliance of EU Directive 2019/1937

The architectural design is meticulously crafted to

adhere to the requirements outlined in “Directive (EU)

2019/1937 of the European Parliament and of the

Council of 23 October 2019 on the protection of

persons who report breaches of Union law”.

The system places utmost importance on the confi-

dentiality and anonymity of whistleblowers throughout

the reporting process. By leveraging robust encryption

standards and advanced cryptographic algorithms for

report encryption and storage, the system ensures that

whistleblowers can submit reports securely without

fear of reprisal or disclosing their identities. Moreover,

the integration with Xaman Wallet enables the creation

of anonymous wallets, ensuring that whistleblowers’

identities remain protected while maintaining trace-

ability for auditing purposes. The directive mandates

traceability and auditability of reported breaches. To

meet this requirement, the system implements robust

measures that ensure accountability and transparency

in the reporting process. Each report submitted by

a whistleblower is linked to a corresponding non-

fungible token (NFT) via a cryptographic hash, fa-

cilitating traceability and auditability. Administrators

can track each report’s submission and acceptance his-

tory, ensuring accountability throughout the process.

Furthermore, utilizing XRPL for transaction execution

enhances transactional data’s integrity and immutabil-

ity, further bolstering the system’s traceability and

auditability. Compliance with Authentication Require-

ments EU Directive 2019/1937 also mandates secure

authentication mechanisms to ensure the integrity of

user identities and restrict access to authorized individ-

uals. The system complies with these requirements by

implementing secure authentication mechanisms such

as username/password credentials and multi-factor au-

thentication (MFA). This ensures that only authen-

ticated users can access the system functionalities,

bolstering security and compliance with the directive.

IV. DISCUSSION

A. Feasibility and Scalability

While blockchain’s transformative potential is ev-

ident, widespread adoption across diverse industrial

sectors necessitates meticulous planning, seamless in-

tegration, and robust infrastructure support. Utilizing
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the XRP Ledger (XRPL) presents several advantages

in terms of scalability and efficiency. With its low

transaction costs and decentralized architecture, XRPL

offers a viable solution for implementing secure and

cost-effective whistleblower reporting systems, espe-

cially for small and medium-sized enterprises (SMEs)

with limited resources. However, challenges may arise

concerning the scalability of blockchain networks.

Efforts to optimize network performance and scala-

bility are paramount to ensuring the system’s efficacy

and reliability. Furthermore, the feasibility of integrat-

ing blockchain technology into existing organizational

frameworks hinges on factors such as regulatory com-

pliance, interoperability with legacy systems, and orga-

nizational readiness for technological adoption. While

the proposed solution aligns closely with regulatory

directives such as EU directive 2019/1937, seamless

integration requires collaborative efforts between reg-

ulatory bodies, industry stakeholders, and technology

providers. Scalability concerns extend beyond techni-

cal considerations. Access, affordability, and ease of

implementation are essential for widespread adoption

and scalability. Collaborative initiatives, knowledge-

sharing platforms, and incentivization mechanisms can

foster a conducive ecosystem for blockchain adoption,

facilitating scalability and sustainability.

To support the feasibility of the proposed solution, a

proof-of-concept implementation has been developed,

showcasing the seamless integration of blockchain

technology and robust security measures. Leveraging

Node.js for the frontend, XRPL as the blockchain in-

frastructure, local storage for simplicity, and industry-

leading encryption algorithms such as AES-256 for

data encryption, the proof-of-concept demonstrates

the system’s capabilities in ensuring confidentiality,

integrity, and compliance with regulatory directives.

In the proof-of-concept implementation, the storage

mechanism is kept local for simplicity, facilitating

rapid prototyping and testing. This approach allows for

quick iteration and validation of key system functional-

ities without the complexities associated with cloud or

distributed storage solutions. However, the architecture

is designed to seamlessly integrate with cloud infras-

tructure or decentralized storage systems such as IPFS

for scalability and resilience in production environ-

ments. The proof-of-concept implementation features

a user-friendly interface designed to streamline the

process and enhance user experience, as presented in

Figure 3. The web application interface is intuitive

and accessible, guiding users through each step of

the reporting process while prioritizing usability and

clarity.

B. Security and Privacy Implications

The proposed solution prioritizes security and

privacy, leveraging advanced encryption techniques,

decentralized infrastructure, and robust authentica-

tion mechanisms to safeguard sensitive information

Fig. 3. Web Application UI.

and protect whistleblower identities. By harnessing

XRPL’s inherent security features, including robust

security protocols and anonymization mechanisms,

the system enhances resilience against cyber threats

and guarantees data integrity, confidentiality, and im-

mutability. However, while blockchain technology of-

fers inherent security benefits, it also introduces unique

security challenges, including smart contract vulner-

abilities, consensus mechanism attacks, and privacy

concerns. Mitigating these risks requires a proactive

approach to security, encompassing threat modeling,

vulnerability assessments, and ongoing monitoring and

mitigation strategies. Additionally, compliance with

data protection regulations such as GDPR (General

Data Protection Regulation) is paramount to safeguard-

ing user privacy and ensuring regulatory compliance.

Anonymity and confidentiality are central tenets

of the protection mechanisms. The proposed solution

ensures whistleblower anonymity through anonymous

wallets and encrypted communications, bolstering trust

and encouraging whistleblowers to come forward with-

out fear of reprisal. However, maintaining a delicate

balance between anonymity and accountability is es-

sential to prevent misuse of the platform for malicious

purposes. Implementing robust identity verification

mechanisms and audit trails can enhance accountabil-

ity while preserving whistleblower anonymity.

C. Ethical and Societal Implications

Adopting blockchain technology in whistleblower

protection systems has profound ethical and societal

implications, reshaping organizational governance, ac-

countability frameworks, and societal trust. By em-

powering whistleblowers to report breaches of Union

law anonymously and securely, the proposed solution

promotes transparency, accountability, and integrity

within organizations and society at large. However,

the ethical implications of whistleblower protection

extend beyond technological considerations to encom-

pass broader societal values such as justice, fairness,

and social responsibility. Protecting whistleblowers

from retaliation, ensuring due process, and fostering

a culture of ethical conduct is essential for upholding
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organizational integrity and societal trust. Moreover,

addressing power imbalances, promoting diversity and

inclusion, and fostering ethical leadership are critical

components of a holistic approach to whistleblower

protection. The societal impact of whistleblower pro-

tection mechanisms extends beyond individual or-

ganizations to encompass systemic change, legisla-

tive reform, and cultural transformation. By raising

awareness of ethical issues, promoting accountability,

and empowering individuals to speak truth to power,

whistleblower protection systems are pivotal in pro-

moting democratic values, corporate accountability,

and social justice.

V. CONCLUSION AND FUTURE WORK

In conclusion, this research paper has pre-

sented a comprehensive architectural design leveraging

blockchain technology, specifically the XRP Ledger

(XRPL), to address the imperative need for secure

and anonymous whistleblower communication chan-

nels mandated by EU directive 2019/1937. The pro-

posed solution not only offers a novel approach to

enhancing organizational governance, accountability

frameworks, and regulatory compliance mechanisms,

but also addresses a common challenge faced by

Small and Medium-sized Enterprises (SMEs). The

proposed solution aligns closely with the requirements

outlined in EU directive 2019/1937, emphasizing key

aspects such as confidentiality, anonymity, traceability,

auditability, and security. This alignment is not just

a mere coincidence, but a testament to our thorough

understanding and compliance with the directives.

It ensures regulatory bodies that the system is in

full compliance with the directives, promoting trans-

parency, accountability, and integrity within organiza-

tions, instilling a sense of confidence in the regula-

tory bodies. The proposed system leverages XRPL’s

inherent scalability features, such as low transaction

costs and high transaction throughput. Additionally,

strategies such as sharding and layer-two solutions

are explored to further enhance scalability, accom-

modating the demands of large-scale industrial ap-

plications. Secondly, ongoing research is needed to

address emerging security challenges associated with

blockchain technology. Proactive security measures,

including threat modeling, vulnerability assessments,

and ongoing monitoring, safeguard sensitive infor-

mation and preserve whistleblower anonymity. Ad-

ditionally, future research could explore the ethical

and societal implications of whistleblower protection

mechanisms, particularly concerning power dynamics,

social justice, and cultural transformation.
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