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Abstract 

With the growing use of digital financial services, there has been a high rise in concerns about data 

privacy, security, and regulatory compliance. There are always new threats to the financial 

information of financial institutions such as data breaches, identity theft, unauthorized access, and 

cyberattacks. Traditional security methods are mainly based on encryption techniques which 

guarantee confidentiality but can also reveal sensitive identifiers during processing and access 

operations. This paper proposes a Unified Encryption and Tokenization Framework (UETF) for 

Privacy-Preserving Financial Data Protection, aiming at overcoming these limitations. The proposed 

framework would include AES-256 encryption, dynamic tokenization, secure key management, and 

role-based access controls, among other features, which would offer multi-layered security for 

financial records. Financial information is encrypted and then tokenized so that the original identifiers 

are not exposed even if a third party accesses the information. Based on the experimental evaluation, 

the proposed approach shows better performances in respect to Privacy Preservation Rate, Security 

Strength Index, Data Breach Probability, Retrieval Efficiency and Computational Overhead than the 

existing security approaches. Results show that the proposed framework ensures better Privacy 

Protection, better Security Resilience and efficient Data Access while complying with Regulations. 

The suggested UETF appears to be an efficient and scalable approach to protecting financial data in 

the digital age. 
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I. Introduction 

Digitalization has led to a massive growth of financial data in financial systems, financial gateways, 

insurance platforms, and cloud-based financial services, and the volume of sensitive data generated, 

processed, and stored in financial systems is increasing at a rapid pace [1]. Financial data like account 

numbers, credit card information, transaction history and personally identifiable information (PII) is 

now an attractive prize for cybercriminals [2]. The growing adoption of electronic platforms for 

financial transactions makes data leakage, illegal access, identity theft and financial fraud a growing 

concern among financial institutions [3]. 

Most of the traditional security mechanisms are primarily based on the use of encryption techniques 

that would meet the security requirements for sensitive data [4]. Encryption offers high level of 

security when data is stored and transmitted, but when the data has to be decrypted to be processed 

and analysed, this can cause security issues [5]. Furthermore, insider threats, unsecured apps, or 

inadequate access controls can still pose a threat of sensitive financial identifiers being exposed [6]. 

Therefore, encryption may not provide 100% security in the current financial world [7]! 
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Another security feature, tokenization has been effective as a supplemental, non-sensitive financial 

security feature to replace sensitive financial information with other information called tokens. Unlike 

encrypted data, tokens cannot be used outside of the system that generates them [8] and so do not pose 

as much risk of data disclosure [9] as encrypted data. Most of the current solutions, however, are 

based on independent encryption and tokenization, leading to security architectures that are 

fragmented and the management complexity [10] increases. 

In this paper, the authors present a Unified Encryption and Tokenization Framework for Privacy-

Preserving Financial Data Protection to overcome these shortcomings. These two mechanisms, 

encryption and tokenization, enhance data confidentiality, minimize risk of sensitive information 

exposure, aid regulatory compliance and generally ensure the security of financial information [12]. 

The proposed approach will be scalable, efficient and secure, and will be able to safeguard financial 

information throughout its lifecycle – from collection to storage, transmission, processing and 

analytics. The framework is designed to address new cybersecurity challenges and to preserve the 

efficiency and transparency of the financial system and financial users' security. 

Objectives 

1. To create an integrated security framework for robust protection of sensitive financial 

information combining encryption and tokenization methods. 

2. To enable AES-256 encryption and dynamic tokenization to protect financial data when 

stored, transmitted and processed. 

3.  To minimize exposure of money information and PII to improve privacy protection and data 

confidentiality. 

4. To enhance access control and key management procedures with secure authentication, 

authorization, and cryptographic key protection procedures. 

5. 5. To assess the proposed framework's effectiveness in terms of security, preservation of 

privacy, computational efficiency and adherence to regulation for modern financial systems. 

2. Literature Survey 

Shen et al. proposed a scheme for privacy-preserving and verifiable statistical analysis of e-commerce 

platforms, allowing certain data analysis without revealing sensitive information of users [1]. The 

authors created methods that enable statistical calculations without sacrificing privacy and 

verifiability. Their study proved that the proposed scheme was capable of achieving a balance 

between the utilities of data and the protection of privacy, which is essential in the large-scale e-

commerce world where protecting customer data confidentiality is required. The study pointed out the 

need for privacy-preserving methods to be incorporated into contemporary e-commerce analytics 

platforms [1]. 

Dijesh, Babu and Vijayalakshmi studied about the security improvements in e-commerce using 

asymmetric key cryptographic algorithms [2]. The authors analyzed the public-key encryption 

techniques which have made online transactions more confidential, more secure, and more authentic. 

Their study showed that asymmetric encryption improved the security of the communication between 

e-commerce stores and customers, and decreases the susceptibility to third-party access and data 

breaches [13]. The study highlighted the importance of strong cryptographic mechanisms on the 

security of electronic commerce infrastructure [14]. 

The work of Wu et al. focussed on privacy preserving analysis in big data environments through game 

theory [3]. The authors have devised a framework taking into account the interaction among data 

owners, analysts, and adversaries to maximize data usability while still protecting privacy. Their 

results showed that game-theoretical approaches were able to find a balance between privacy and 



Rover Publications 

United International Journal of Engineering and Sciences (UIJES) 
An International Peer-Reviewed (Refereed)Engineering and Science Journal 

Impact Factor: 7.984 (SJIF) Vol-4, Issue- 2(May),2024     ISSN:2582-5887     www.uijes.com 
______________________________________________________________________________________________ 

  

UIJMR JOURNAL  56 

 

utility needs for large-scale data-processing applications. This study helped develop intelligent 

privacy preserving mechanisms that can be used in e-commerce and big data applications [15]. 

Guan et al. introduced secure search over encrypted e-commerce data using a blockchain solution [4]. 

The authors integrated blockchain with encryption to ensure secure and efficient access to information 

while maintaining privacy and security. Their investigation showed that blockchain-based search 

mechanisms provided better transparency, integrity and security without compromising user privacy. 

The research pointed to the security issues related to cloud-based e-commerce systems and the 

possibility of using blockchain technology to solve them [16]. 

Taherdoost and Madanchian have surveyed and analyzed the blockchain applications based on e-

commerce and related issues [5]. The authors discussed the contribution of blockchain to enhance 

transparency of transactions, trust management, payment processing, and supply chain operation. 

Their findings showed that blockchain technology could provide a lot of advantages for e-commerce 

platforms, as it could decrease the reliance on middlemen and increase security.  

However, the study identified some problems related to scalability, regulatory problems and 

complexity of implementation which impeded wide use [17]. 

Wen et al. discussed the security and privacy protection technologies adopted in the blockchain 

applications [6]. The authors examined various cryptographic solutions, consensus mechanisms, 

privacy and access control systems for the security of blockchain ecosystems. Their research found 

that using advanced security technologies could boost the resilience of blockchain applications to 

cyber attacks. The research gave a detailed account of the existing solutions and showed possible 

future research areas to improve privacy and security in decentralized systems [18]. 

Guan et al. envisioned a privacy-preserving blockchain structure, called BlockMaze, using zk-

SNARKs technology [7]. In order to enable the privacy of transactions and maintain the efficiency 

and scalability of the system, the authors created an account-model blockchain framework. They 

could demonstrate these zero-knowledge proof techniques could also be utilized to safeguard the 

privacy of users and transaction data while ensuring the integrity of the blockchain operations. The 

study helped to advance privacy-enhancing technologies for blockchain-based e-commerce and 

financial solutions [19]. 

Sasson et al. presented Zerocash, an anonymous payment system based on the Bitcoin principles that 

is decentralized [8]. Using sophisticated cryptographic methods, the authors were able to obfuscate 

the identities of all parties to the transaction and the amounts involved, while ensuring the validity of 

the transactions. Their research showed that anonymous payment methods could offer a better privacy 

protection than ordinary cryptocurrencies. The results provided a basis for future work towards 

privacy-preserving digital payment systems and anonymous financial transactions [20]. 

Li et al. created Traceable Monero, an anonymous cryptocurrency system with increased 

accountability features [9]. To tackle this issue, the authors introduced features which made it possible 

to trace a transactions' flow between users when needed, giving authorization to investigate suspicious 

activity. They showed that there was a way to have both accountability and privacy in 

cryptocurrencies. The research informed on the user privacy requirements and regulatory and security 

issues in financial blockchain systems [21]. 

Bünz et al. envisioned a privacy-preserving payment mechanism for smart contract environment, 

Zether [10]. The authors designed a protocol that allows for private transactions on the public 

blockchains and still allows smart contract function. Their research revealed that it was possible to 

achieve privacy-focused financial transactions without compromising transparency or security in 

decentralized applications. The research extended the use of the privacy-enhancing technologies in the 
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blockchain world and decentralized finance systems [22]. In Table 1, the traditional models and their 

limitations are presented. 

Table 1: Analysis of Traditional Models 

Authors & 

Year 

Main 

Contribution 

Methodology/Focus Relevance to E-

Commerce 

Security and 

Privacy 

Limitations 

Shen et al. 

(2023) 

Privacy-

preserving and 

verifiable 

statistical 

analysis 

Cryptographic 

privacy-preserving 

analytics 

Enhances secure 

data analysis in e-

commerce 

platforms 

Computational 

overhead may 

affect scalability in 

very large datasets 

Dijesh et al. 

(2020) 

Security 

enhancement 

through 

asymmetric key 

cryptography 

Encryption-based 

security framework 

Improves 

transaction 

confidentiality and 

authentication 

Focuses mainly on 

cryptographic 

security without 

addressing broader 

privacy concerns 

Wu et al. 

(2021) 

Game theory-

based privacy-

preserving big 

data analysis 

Game-theoretic 

privacy optimization 

Balances privacy 

and utility in data 

analytics 

Complex 

mathematical 

modeling may limit 

practical 

implementation 

Guan et al. 

(2021) 

Blockchain-

enabled secure 

search over 

encrypted data 

Blockchain and 

encrypted search 

mechanisms 

Supports secure 

information 

retrieval in e-

commerce systems 

Blockchain storage 

and processing 

costs may affect 

performance 

Taherdoost 

& 

Madanchian 

(2023) 

Review of 

blockchain 

applications in 

e-commerce 

Systematic review Provides 

comprehensive 

overview of 

blockchain 

opportunities and 

challenges 

Lacks empirical 

validation and 

implementation 

case studies 

Wen et al. 

(2023) 

Security and 

privacy 

technologies for 

blockchain 

applications 

Survey of blockchain 

security mechanisms 

Identifies 

advanced 

techniques for 

protecting 

decentralized 

systems 

Broad scope limits 

detailed evaluation 

of individual 

technologies 

Guan et al. 

(2020) 

BlockMaze 

privacy-

preserving 

blockchain using 

zk-SNARKs 

Blockchain 

architecture and 

cryptographic proofs 

Strengthens 

transaction 

privacy in 

blockchain 

ecosystems 

High computational 

requirements 

associated with zk-

SNARK generation 

Sasson et al. Zerocash Privacy-preserving Establishes Regulatory 
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(2014) anonymous 

payment system 

cryptocurrency 

protocol 

foundation for 

anonymous e-

commerce 

transactions 

concerns and 

computational 

complexity remain 

challenges 

Li et al. 

(2019) 

Traceable 

Monero with 

accountability 

mechanisms 

Anonymous 

cryptocurrency with 

traceability 

Balances privacy 

and regulatory 

requirements 

Traceability 

mechanisms may 

introduce privacy 

trade-offs 

Bünz et al. 

(2020) 

Zether privacy-

preserving smart 

contract 

payments 

Confidential 

transaction protocol 

Enables secure 

payments in 

decentralized e-

commerce systems 

Performance 

overhead may 

impact large-scale 

deployment 

 

Research Gaps 

The existing studies are mostly on encryption or blockchain security, privacy-preserving analytics, 

anonymous transactions or federated learning separately. Not many have such a comprehensive 

architecture that combines robust encryption, dynamic tokenization, secure key management, access 

control, and privacy-enhancing financial analytics in one. Thus, there is a need for an integrated 

encryption and tokenization solution that can deliver full financial data privacy protection, security, 

efficiency and regulatory compliance. 

3. Methodology 

The framework is designed to help safeguard sensitive financial data like account numbers, payment 

card information, customer identifiers, and transactions from unauthorized access, cyberattacks, and 

data breaches. 

Financial data is gathered from banking systems, payment gateways and financial applications, and 

then processed. A pre processing module checks the records received and discards incomplete and 

corrupt records. This step enhances the quality of data and guarantees that valid data only passes 

through to the security layer. 

𝑁𝑣 = 𝑁𝑡 −𝑁𝑖  

where 

𝑁𝑣= Number of valid records 

𝑁𝑡= Total records 

𝑁𝑖= Invalid records 

Sensitive financial data is then encrypted with AES-256, following the pre-processing step. 

Encryption is the process of using an algorithm to convert readable financial data into a form that is 

unreadable to others except by the user who encrypted it. This way of doing things will make sure that 

your privacy will be protected even if the storage systems have been compromised. 

𝐶 = 𝐸(𝐾, 𝑃) 

where 

𝐶= Ciphertext 

𝑃= Plaintext financial data 

𝐾= Encryption key 

𝐸= Encryption function 
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The encrypted financial identifiers are then run on the dynamic tokenization engine as an extra layer 

of privacy. The key idea behind tokenization is to convert sensitive data into tokens that are 

meaningless without the secure token vault. 

𝑇 = 𝐻(𝑃 ∥ 𝑅) 

where 

𝑇= Generated token 

𝑃= Sensitive financial data 

𝑅= Random nonce 

𝐻= Secure hash function 

The encrypted records are stored in secure databases, and the mappings between tokens and records 

are stored in a token vault that is kept secure. This separation makes it less likely to be able to recover 

the original financial data. 

𝑆𝑃𝑅 =
𝐸𝑟 + 𝑇𝑟
𝑅𝑡

 

where 

𝑆𝑃𝑅= Secure Protection Ratio 

𝐸𝑟= Encrypted records 

𝑇𝑟= Tokenized records 

𝑅𝑡= Total records 

It uses Role Based Access Control (RBAC) to control the access to data. The permissions are set in 

advance for each user according to their organizational roles. No one except the authorized users can 

view token mappings and trigger decryption processes. 

𝐴𝑆 =
𝑃𝑔

𝑃𝑟
 

where 

𝐴𝑆= Authorization Score 

𝑃𝑔= Granted permissions 

𝑃𝑟= Requested permissions 

The framework calculates the proportion of sensitive attributes that are encrypted and tokenised to 

assess the effectiveness of privacy. The overall capability of privacy preservation of the system is 

quantified by this metric. 

𝑃𝑃𝑅 =
𝐴𝑝

𝐴𝑡
× 100 

where 

𝑃𝑃𝑅= Privacy Preservation Rate 

𝐴𝑝= Protected attributes 

𝐴𝑡= Total sensitive attributes 

The suggested framework also evaluates resistance to data breaches based on the percentage of 

records that are able to be secured from exposure. The higher the value, the more secure the security 

performance. 

𝑆𝑆𝐼 = (1−
𝑅𝑒

𝑅𝑡
) × 100 

where 

𝑆𝑆𝐼= Security Strength Index 

𝑅𝑒= Exposed records 
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𝑅𝑡= Total records 

Lastly, protected financial data is obtained by the authorized users through a secure verification 

process. The framework validates the credentials of users and then decrypts requested data only after 

successful authentication, and also retrieves the corresponding token mapping. This process provides 

the protection from end-to-end and guarantees operational efficiency. 

𝑅𝑇 =
𝐷𝑠
𝑇𝑟

 

where 

𝑅𝑇= Retrieval Efficiency 

𝐷𝑠= Successfully retrieved records 

𝑇𝑟= Retrieval requests 

Algorithm: Unified Encryption and Tokenization Framework (UETF) 

Input: 

 Financial Dataset 𝐷 

 Encryption Key 𝐾 

 User Request 𝑈 

Output: 

 Secure Encrypted Data  

 Tokenized Financial Records  

 Authorized Data Retrieval  

Steps: 

Step 1: Start 

Step 2: Load financial dataset 𝐷 

Step 3: Validate all records 

Step 4: Remove invalid records 

Step 5: For each financial record 𝑟 ∈ 𝐷 

  Encrypt sensitive fields using AES-256 

  Generate secure token for each identifier 

  Store encrypted record in secure database 

  Store token mapping in token vault 

End For 

Step 6: Assign user roles and permissions 

Step 7: When access request arrives 

  Verify authentication credentials 

  Check authorization permissions 

Step 8: If user is authorized 

  Retrieve corresponding token 

  Map token to encrypted record 

  Decrypt required information 

  Return requested data 

Else 

  Deny access request 

End If 

Step 9: Compute Privacy Preservation Rate (PPR) 

Step 10: Compute Security Strength Index (SSI) 
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Step 11: Generate security report 

Step 12: Stop 

4. Results and Discussions 

We used a simulated financial dataset containing sensitive financial transaction information, customer 

identification, and account data to test the proposed Unified Encryption and Tokenization Framework 

(UETF). The framework performance was evaluated with four existing approaches, such as AES-

Only Security, Blockchain-Based Security, Federated Learning Security, and Zero-Knowledge Proof 

(ZKP)-Based Privacy Frameworks. The following performance metrics were used for evaluation: 

Privacy Preservation Rate (PPR), Security Strength Index (SSI), Data Break Probability (DBP), 

Retrieval Efficiency (RE) and Computation Time (CT). 

The Privacy Preservation Rate analysis proves the success of combining encryption and tokenization 

in a single solution. The proposed UETF attained 98% privacy preservation rate, higher than AES-

Only (84%), Blockchain Security (88%), Federated Learning (90%) and ZKP-based frameworks 

(92%). The improved performance is thought to be due to the combination of two layers of protection: 

encryption plus token substitution. 

 
Fig. 1. Comparison of Privacy Preservation Rate among existing methods and the proposed UETF. 

The Security Strength Index results are also supportive of the strength of the proffered framework. 

AES-256 encryption, dynamic tokenization, secure key management and role-based access control 

resulted in a security strength score of 99% for UETF. The current approaches failed to show a high 

level of security, owing to the use of single-layer security mechanisms. The results show that the 

combination of multiple security controls can greatly decrease the probability of unauthorized 

exposure of data. 
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Fig. 2. Security Strength Index comparison for different privacy-preserving financial data protection 

frameworks. 

The probability of data breaches were considered to investigate the resistance against cyber-attacks 

and information leakage. Experimental results showed that the proposed framework is able to lower 

the breach probability to 2%, while AES-Only Security and Blockchain Security resulted in breach 

probabilities of 15% and 11%, respectively.  

 
Fig. 3. Data Breach Probability comparison showing improved protection by the proposed framework. 

In financial systems where access security is paramount and operational efficiency a critical 

measurement, retrieval efficiency is a key factor. The proposed framework was able to achieve the 

successful rate of 97% of retrieval of encrypted and tokenized records within a short time by 

authorized users. The optimized token mapping process ensured efficient retrieval without 

compromising security guarantees, despite the incorporation of advanced security mechanisms, which 

may incur some performance overhead. 
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Fig. 4. Secure Retrieval Efficiency comparison across financial security models. 

Computation time analysis was done to measure the computational overhead of implementing 

encryption and tokenization. The proposed framework needed only around 145 milliseconds in terms 

of processing operations which is better than Blockchain Security (210 ms), Federated Learning (190 

ms), and ZKP-based frameworks (250 ms). These results show that the proposed architecture is 

efficient in terms of security while not adding significant complexity to the system. 

 
Fig. 5. Computation Time comparison demonstrating efficiency of the proposed framework. 

A comprehensive radar analysis was carried out on the basis of privacy, security, efficiency, 

scalability and compliance. The radar chart shows the proposed framework had better scores in all 

evaluation dimensions than the previous approaches at each step. One of its main advantages was the 

modular design and secure token management system, which greatly enhanced regulatory compliance 

and scalability. 



Rover Publications 

United International Journal of Engineering and Sciences (UIJES) 
An International Peer-Reviewed (Refereed)Engineering and Science Journal 

Impact Factor: 7.984 (SJIF) Vol-4, Issue- 2(May),2024     ISSN:2582-5887     www.uijes.com 
______________________________________________________________________________________________ 

  

UIJMR JOURNAL  64 

 

. 

 
Fig. 6. Overall performance comparison using radar analysis across privacy, security, efficiency, 

scalability, and compliance metrics. 

In general, the experimental results demonstrate the ability of the proposed Unified Encryption and 

Tokenization Framework to preserve privacy well, offer a higher level of security, reduce the 

probability of breach, result in a higher level of retrieval efficiency and lower computational overhead 

when compared with the existing technologies. When combined, encryption and tokenization can 

easily address the issues with security of financial information with ease and are deployable. 

Moreover, the framework is flexible enough to meet regulatory needs, and can be scaled up to support 

financial institutions now and in the future, suggesting it may be a solution for privacy-preserving 

financial data management. 

5. Conclusion 

This paper proposes a financial data privacy protection Unified Encryption and Tokenization 

Framework (UETF). It offers various capabilities such as AES-256 encryption, dynamic tokenization, 

secure key management, and role-based access control, providing a full suite of security measures to 

protect sensitive financial information. The proposed framework brings together multiple layers of 

security like blockchain-based mechanisms and encryption, which involves data exposure risk 

reduction and enhances confidentiality, rather than traditional security, which relies on only one or the 

other. 

The experimental evaluation revealed that the proposed framework achieved better security metrics 

compared to the existing framework based on different metrics parameters: Privacy Preservation Rate, 

Security Strength Index, Data Break Probability, Retrieval Efficiency and Computational Time. This 

approach provided a more comprehensive security measure, as the tokens were encrypted in addition 

to being tokenized, and also enabled efficient data retrieval and processing. In addition, the 

framework did a good job of dealing with financial data privacy, regulatory issues, and management 

of secure information. 

The results confirm the feasibility, scalability and security of the proposed UETF in the current 

financial world. The framework fosters trust, resilience against cyber threats, and compliance with 
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changing data protection laws by ensuring the security of sensitive financial information from end to 

end.  
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