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Abstract 

 

In the payment ecosystem, traditional payment methods (i.e., card transactions) expose 

sensitive card details like card numbers, CVV2, and expiry dates to merchants and third-

party apps (for internet transactions) while performing digital transactions. As a result, it 

increases the potential for data breaches. In order to solve potential data breaches, 

tokenization is introduced as an innovative approach that significantly increases security and 

reduces fraud in payment transactions by replacing these sensitive information with 

randomly generated unique tokens, preventing unauthorized access. This article discusses 

the background, real-world case study, market, adoption trends, key participants, and 

advantages of tokenization in the payment industry, emphasizing its role in securing digital 

transactions and reducing financial fraud. 

 

Keywords: Tokenization; Payment Security; Digital Transactions; EMV; Cryptographic 

Tokenization. 

 

Introduction  

 

Let us first discuss what was happening before tokenization. Consumers used debit/credit 

cards for transactions at merchant terminals and online platforms, and at that time, numerous 

online merchants stored or bound these card details to facilitate frictionless payment 

transactions. However, this often led to data breaches due to a lack of safe guarding measures 

on the merchant side, and as a result, a lot of time the merchant exposed sensitive customer 

information, including card numbers, cardholder names, CVV2. 

A noteworthy example is the 2013 Target data breach, which exposed millions of customer 

card details, resulting in significant financial losses and legal repercussions. Target later 

adopted chip and PIN-based cards to mitigate such risks. However, this solution did not 

address compromised card information effectively. 

Tokenization emerged as a solution to enhance payment security by replacing card details 

with randomly generated tokens, preventing unauthorized transactions and reducing fraud 

risks. 
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Real-World Case Studies (Data Breaches & Tokenization Impact) 

 

• 2013 Target Data Breach 

• What Happened? Attackers stole 40 million credit card records. 

• Financial Impact: In 2017, Target agreed to an $18.5 million settlement as a result 

of the breach. ((Federal Trade Commission, 2017) 

• Cause? Unsecured storage of card data. 

• How Tokenization Could Have Helped? If Target had used tokenization, 

stolen data would have been useless to hackers (PCI Security Standards 

Council, 2023) 

• 2014 Home Depot Data Breach 

• What Happened? POS malware exposed 56 million card details ((Perlroth, 

2014) 

• Financial Impact: Home Depot reached a $17.5 million settlement over the 

breach (Federal Trade Commission, 2018) 

• Tokenization’s Role? Had transactions been tokenized, attackers wouldn't 

have accessed actual PANs (Visa, 2024). 

• 2021 Neiman Marcus Data Breach 

• What Happened? The breach involved 1.1 million credit and debit cards 

over several months (Weisbaum, 2021). 

• Lesson? Stronger adoption of tokenization across retail merchants is very 

much required (Mastercard, 2023). 

 

Definition of Tokenization 

 

Tokenization is a security process that replaces sensitive card details with a unique, 

randomly generated token. During payment time customer share this token information with 

merchant, ensuring that the actual card number remains hidden and secure. Each generated 

token follows a structured pattern defined by the respective card network (Visa, MasterCard, 

Amex, etc.). 

 

Key benefits of tokenization 

• Prevents unauthorized access to cardholder data. 

• Reduces fraud risk in online and in-store transactions. 

• Supports multiple tokens for a single card based on merchant, device, or digital 

wallet. 

• Enhances payment security by requiring cryptographic validation. 
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Types of Tokenization and Use Cases  

 

Below are different type of tokens and its application and storage mechanisms: 

 

Sl Type of Token Example Wallet / 

provider 

Storage Usage 

1 SE Apple Pay Device hardware 

secure element 

i.e. SE 

Contactless payment using 

NFC from wallet at merchant 

terminal.  

In app shopping with a digital 

wallet checkout button.  

2 HCE GooglePay, 

Samsung Pay 

Cloud Contactless payment using 

NFC from wallet at merchant 

terminal.  

In app shopping with a digital 

wallet checkout button.  

3 Ecomm Amazon Cloud and device 

bound 

Online and in app purchases, 

including retail, fast-food, 

rideshare etc. 

4 COF (Card on 

File)  

Netflix Cloud restricted 

to specific 

merchant 

BNPL (Buy now, pay later) 

and subscription services. 

5 ACH Merchants that store 

account credentials 

Central banks 

Clearing houses  

Cloud Peer-to-Peer Paying bills 

Direct debit Standing order 

6 Network 

Tokenization 

(EMV) 

Visa, Mastercard Token vault of 

respective 

network 

Wallet transaction. 

In app transactions etc. 

7 Gateway 

Tokenization 

Stripe,PayPal,Square payment 

processor 

E-commerce, and 

subscriptions 

8 Cryptographic 

Tokenization 

Blockchain, CBDC Block chain 

ledger 

Decentralization transaction 

 

 

 

 

 

Market Study & Adoption Trends  

 

Tokenization adoption has grown significantly in recent years. Reports from Visa and 

Mastercard indicate that over 75% of digital transactions now use tokenized payments. 

Key drivers of adoption include: 
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• Merchant Adoption: Major companies like Amazon, Netflix, and Apple are 

utilizing tokenization to secure transactions (European Payments Initiative, 2022). 

• Regulatory Compliance: Governments and financial institutions encourage 

tokenization to meet security mandates such as PCI DSS and GDPR (PCI Security 

Standards Council, 2023). 

• Consumer Behavior: With the rise of mobile wallets and digital banking, consumers 

prefer tokenized transactions for enhanced security and seamless payments 

(European Payments Initiative, 2022). 

 

Market Data: Number of Tokens Issued & Payments Processed 

Visa Token Service (VTS) 

• Tokens Issued: As of June 2024, Visa has issued over 10 billion tokens since the 

launch of VTS in 2014 (Visa) 

• Fraud Reduction: In the past year, tokenization has saved approximately $650 

million in fraud prevention (Visa) 

• Incremental Revenue: Businesses have experienced over $40 billion in incremental 

eCommerce revenue due to tokenization (Visa) 

Regional Adoption 

• Latin America and the Caribbean: By February 2025, the region saw an uplift of 

more than $3.5 billion in payment volume in 2024 due to VTS adoption, with the 

number of tokens reaching the 1 billion milestone (Visa Caribbean) 

• Asia-Pacific: As of March 2024, tokenization contributed an additional $2 billion to 

the digital economy in the Asia-Pacific region (Visa Cambodia) 

 

Market Size and Growth Projections: 

• 2021 Valuation: The market was valued at approximately USD 2.03 billion in 2021 

(Grand View Research) 

• 2024 Projections: Estimates suggest the market will reach around USD 3.38 billion 

in 2024 (The Business Research Company) 

• 2030 Forecast: Projections indicate the market could expand to USD 13.53 billion 

by 2030, with a Compound Annual Growth Rate (CAGR) of 24.09% from 2022 to 

2030 (Grand View Research) 
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Results & Analysis  

 

Studies show that tokenization has led to major security improvements and operational 

benefits: 

 

Metric    Pre-Tokenization  Post-Tokenization 

Fraud Rate (%)    2.5%    0.8% 

Chargeback Rate (%)    1.8%    0.6% 

Transaction Approval Rate(%)  85%    93% 

 

These improvements demonstrate the effectiveness of tokenization in securing transactions 

and reducing financial fraud. 

Regulatory Compliance Comparison  

 

 

Tokenization plays a crucial role in meeting regulatory standards globally. The table below 

compares compliance requirements: 

 

Regulation   Requirement     How Tokenization  

Helps 

 

PCI DSS  Secure cardholder data storage   Eliminates PAN storage

      reducing PCI scope 

 

 

GDPR   Data minimization and encryption   Token replaces  

personal data 

 

PSD2    Strong Customer Authentication (SCA)  Token with cryptogram  

enhances authentication 

 

CCPA    Consumer data protection    Limits exposure of  

personal card data 

 

EMVCo   Standardized tokenization framework  Meets global network  

security requirements 

 

 

 

 

 

 

Security, Tokenization Standards and Participants 
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EMVCo Tokenization Framework 

The EMVCo Tokenization Framework establishes standardized processes for generating, 

managing, and validating tokens across different networks. Key components include: 

• Token Requestor: An entity that initiates the tokenization request (e.g., a digital 

wallet, merchant, or acquirer). 

• Token Service Provider (TSP): A secure entity, usually a card network, that 

generates and maintains tokens. 

• Issuer Bank: The financial institution that approves token issuance based on risk 

analysis. 

Cryptographic Security Enhancements 

• AES-256 encryption is used for token generation and storage. 

• RSA PKI (Public Key Infrastructure) ensures secure encryption and 

authentication. 

• SHA-256 hashing is used to protect cryptographic keys and verify transactions. 

• OPACITY Protocol provides advanced cryptographic protection for secure 

transactions. 

• JWT (JSON Web Token) encryption is used for secure authentication and token 

validation. 

• Key management and HSM (Hardware Security Module) encryption ensure that 

tokens cannot be reverse-engineered into actual card numbers. 

 

Conclusion  

 

Globally, tokenization adoption is continuously increasing, and at the same time, it is 

revolutionizing the payment industry by significantly increasing security and reducing fraud. 

The above findings indicate a substantial reduction in fraud rates and chargebacks while 

improving transaction approval rates. Adopting tokenization across digital wallets, e-

commerce platforms, and contactless payment solutions demonstrates its effectiveness in 

securing modern payment transactions. Future research could focus on token generation, 

payment with token, emerging challenges in token lifecycle management and cross-

border tokenization adoption. 
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