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Abstract  

The transition to a cashless future in Mass Rapid Transit Systems (MRTS) is a key part of the global shift 

towards  digitalization and cashless economies. This article explores the role of Delhi Metro in leading this 

transition,  positioning it as a leader in the adoption of digital payment technologies in public transportation. 

As part of India's  Digital India initiative, Delhi Metro has integrated various digital payment methods, 

including smart cards, mobile  payments, QR code scanning, and contactless systems, to improve 

convenience for commuters, lower operational  costs, and enhance the overall travel experience. The study 

examines the technological innovations, government  policies, and operational strategies that have driven 

the success of cashless transactions in Delhi Metro. It also evaluates the broader implications for urban 

mobility, financial inclusion, and sustainability. The study further  highlights the challenges in 

implementing seamless digital payment integration and considers the potential for  scaling these systems. 

Overall, the study emphasizes how Delhi Metro contributes to India’s digital economy and  aligns with the 

goals of the Digital India campaign.  

Keywords: Delhi Metro, Digital India, Cashless Transactions, Smart Cards, Digital Payments, Urban 

Mobility,  Financial Inclusion, Sustainable Transport.  

1. Introduction  

The Digital India initiative, launched by the Government of India in 2015, envisions the transformation of 

India into  a digitally empowered society (Government of India, 2015). A key component of this vision is 

the promotion of  cashless transactions and the development of digital infrastructures that improve 

accessibility and convenience for  citizens. Public transportation, particularly Mass Rapid Transit Systems 

(MRTS), plays a pivotal role in this  transition by integrating digital payment systems to enhance efficiency 

and reduce operational costs (Singh, 2020). Among the leading examples of this transition is Delhi Metro, 

one of the largest and most technologically advanced  metro networks in the world. Delhi Metro has adopted 

various digital payment solutions such as smart cards, mobile  payments, QR code scanning, and contactless 
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payment systems, significantly enhancing the commuter experience  while also contributing to India’s 

broader financial inclusion goals (Patel & Gupta, 2019). These initiatives align  with the objectives of the 

Digital India mission, which aims to empower citizens through digital infrastructure and  promote cashless 

transactions across diverse sectors, including transportation (NITI Aayog, 2021).  

This article explores how Delhi Metro is playing a leading role in India’s transition towards a cashless 

future by  examining the technological infrastructure and digital payment methods it has implemented to 

facilitate secure and  seamless transactions for passengers. The study also considers the wider implications 

of this digital shift, including  its potential to contribute to sustainability, financial inclusion, and the overall 

digital economy (Kumar, 2022).  

Additionally, the article addresses the challenges faced in the adoption of digital payment systems, 

including  technological limitations, security concerns, and the need for public awareness (Raghavan, 

2020). Through this  analysis, the article provides insights into how Delhi Metro and other MRTS systems, 

shaping the future of urban  mobility and advancing India’s cashless economy.  

2. Delhi Metro and its Role in Urban Mobility  

2.1. The Evolution of Delhi Metro : The journey of the Delhi Metro is a remarkable story of vision, 

innovation,  and perseverance. Initiated in the late 20th century to tackle the increasing urban transport 

issues in India's capital,  Delhi Metro has transformed into one of the most effective and growing metro 

networks globally. Although the  concept of a mass rapid transit system for India’s Capital was initially 

proposed in the 1960s, but it was only in 1995  that Delhi Metro Rail Corporation (DMRC) was established 

to turn this vision into reality. In 1998, the metro  system's construction began in earnest, supported by the 

Government of India and international expertise from  countries including Japan. The first section of Delhi 

Metro was officially opened in December 2002, from Shahdara  to Tis hazari serving as a reliable alternative 

to Delhi's chaotic road traffic. The system has since undergone rapid  expansion, with subsequent phases 

introducing innovations such as driverless trains, regenerative braking  technology, and integrated ticketing 

systems.  
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As of 2024, the network extends over 390 kilometers, connecting Delhi with satellite cities such as Gurgaon, 

Noida,  Faridabad, and Ghaziabad. The growth of Delhi Metro is distinguished by its dedication to 

sustainability and  modernization. It is the first railway project in the world to obtain carbon credits for its 

reduction of greenhouse gas  emissions and has successfully integrated solar energy and green building 

practices into its design. The introduction  of cashless payment methods, including smart cards, QR-based 

ticketing, and mobile wallet options, has further  improved the commuting experience. Delhi Metro has not only 

transformed urban transportation but has also set a  high standard for public transit in India. Its success has 

inspired similar metro initiatives in cities like Mumbai,  Bangalore, and Kolkata, making it a vital 

component of India’s advancement towards efficient, sustainable, and  modern urban transit solutions.  

2.2. Driving Cashless Mobility: Digital Payments in Public Transport : In response to India's increasing  

emphasis on digitalization, DMRC has initiated a transition to a cashless metro system as part of its 

comprehensive  strategy to enhance service modernization. This shift to digital payment methods not only 

supports the government's  goal of establishing a cashless economy but also mitigates operational issues 

associated with manual fare collection,  delays at ticket counters, and the expenses linked to cash handling. 

To align with the Digital India initiative and  modernize urban transit, Delhi Metro has introduced various 

cashless payment solutions, such as smart cards,  mobile wallet integrations, QR-code ticketing, and 

contactless NFC payments. These advancements improve  commuter convenience by minimizing wait 

times at ticket counters and enhance transparency and efficiency of  financial transactions. Collaborating 

with platforms like Paytm, PhonePe, and UPI, Delhi Metro has made digital  payment options readily 

available to millions of daily users. Additionally, incentives such as discounts for smart  card usage and 

app-based transactions have further promoted these transitions. This move towards digital payments  

has established Delhi Metro as a benchmark for urban transit systems, demonstrating how technology can 

transform  public transportation while supporting a cashless economy.  

3. Digital India Initiative: The Vision and Policies   

The Digital India Initiative, introduced by the Government of India in July 2015, is a groundbreaking effort 

designed  to transform the nation’s digital landscape. Its goal is to establish a digitally empowered society 

and a knowledge driven economy by utilizing technology to address issues of accessibility, efficiency, and 

inclusivity. The initiative  emphasizes improving public service delivery, advancing digital literacy, and 

encouraging innovation across  multiple sectors.  
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3.1. Key Pillars of Digital India : The Digital India initiative is built upon three core pillars: 1. Digital 

Infrastructure as a Utility for All: Providing universal access to digital services and infrastructure. 

2. Governance and Services on Demand: Enabling the digital provision of services to the public. 3. 

Digital Empowerment of Citizens: Promoting digital literacy and access to online services.  

In the context of urban mobility, the Digital India program aspires to create secure, accessible, and inclusive 

digital  payment ecosystems, ensuring that citizens can access essential services such as transportation 

without the necessity  of physical cash.  

3.2. Government Policies Supporting Cashless Payments : Various government initiatives, including  

National Payments Corporation of India (NPCI) and Pradhan Mantri Jan Dhan Yojana (PMJDY), have 

established a  strong foundation for the advancement of digital payment systems nationwide. 

Demonetization of 2016 served as a  crucial impetus for the shift towards cashless transactions, while 

programs such as Bharat Interface for Money  (BHIM) have facilitated widespread adoption in multiple 

sectors, particularly in public transportation.  

4. Key Digital Payment Systems in Delhi Metro  

Delhi Metro has been a pioneer in adopting digital payment systems to enhance commuter convenience, 

improve  operational efficiency, and align with India’s broader goal of creating a cashless economy under 

the Digital India initiative. These systems are designed to simplify transactions, reduce reliance on cash, 

and offer a seamless  commuting experience to millions of daily passengers. Here are the key digital 

payment systems implemented in the  Delhi Metro:  

4.1. Delhi Metro Smart Card : The introduction of the Delhi Metro Smart Card was a major step towards  

cashless payments in public transport. Launched in 2006, the Metro Smart Card allows commuters to load 

money  onto a reusable card, which can then be used to access metro stations and services. The card 

eliminates the need for  physical cash and paper tickets, providing a quicker, safer, and more efficient mode 

of fare collection. 
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Features:  

o Prepaid, Rechargeable cards allow commuters to travel without purchasing tickets for 

each journey. 

o Users can top up their cards through various channels, including ticket counters, kiosks, mobile 

apps,  and websites.  

o Offers a 10% discount on fares, incentivizing adoption.  

Impact: Over 70% of commuters use smart cards, reducing queues and improving operational 

efficiency. 

Figure-1: Various Fare media used by commuters in Delhi Metro for the journey purpose  

4.2. Mobile-Based Payments and App Integration : In line with technological advancements, Delhi 

Metro  has introduced mobile-based payments via the DMRC mobile app. Delhi Metro has partnered with 

popular mobile  wallets such as Paytm, PhonePe, and Google Pay to facilitate ticket bookings and smart 

card recharges. Commuters  can now purchase tickets using their smartphones, with options for QR code-

based ticketing and contactless  payments through popular wallet services.  

How It Works:  

o Passengers generate a QR code on their mobile phones after booking tickets via the official 

Delhi  Metro app or partnered apps like Paytm.   

o The QR code is scanned at designated gates for access.  

o Enables commuters to recharge their smart cards or purchase tickets directly from their mobile 

wallet  accounts.  

o Upon purchase users get cashback offers and discounts through these platforms.  
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Impact:  

o Eliminates the need for physical tokens.  

o Promotes contactless transactions, which gained popularity during the COVID-19 pandemic. o 

Increases digital payment adoption among tech-savvy commuters and simplifies transactions. o 

The main economic savings from reducing the engagement of manpower come from lower labor 

costs,   

fewer employee-related expenses (such as benefits, insurance, and training), and the potential 

for more  efficient processes and operations. While the initial investment in technology or 

automation may be  high, the long-term savings often outweigh these costs, making businesses 

more competitive and  profitable. 

4.3. NFC and Contactless Ticketing Systems : DMRC has gradually moved towards implementing  

contactless payment systems using Near Field Communication (NFC) technology. Commuters can use their  

personalized contactless debit/credit cards or smartphones with NFC capabilities to tap and board the metro,  

substituting traditional methods like paper tickets or physical smart cards.  

How it Works:  

o Passengers tap their NFC-enabled device or card on the gate reader to make payments  

automatically.  

Benefits:  

o Speed and Efficiency: Instantaneous fare deductions, reducing wait times.  

o Increased Security: Reduces the need for physical ticket handling, lowering the risk 

of fraud. o Offers a frictionless, fast, and secure payment method.  

o Reduces dependence on physical cards and tokens.  
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Figure-2: Various methods to generate the QR Ticket for the journey purpose by commuters.  

4.4. Integration with National Digital Payment Systems : Delhi Metro has embraced digital payment  

systems like RuPay Cards and the National Common Mobility Card (NCMC) to provide seamless, cashless 

travel  experiences across public transport. By integrating with NPCI's National Electronic Toll Collection 

(NETC), DMRC  ensures a unified payment system for various transit modes. The NCMC, launched under 

the Digital India initiative,  allows passengers to use a single card for transportation and retail transactions. 

As one of the first adopters of  NCMC, Delhi Metro initially introduced it on the Airport Express Line, with 

its usage now expanded to other lines,  supported by upgraded infrastructure. 

How It Works:  

o Commuters can use the NCMC card to tap on AFC gates for seamless entry and exit. o 

Fares are automatically deducted from the card balance without the need for physical 

tokens  or tickets.  

Benefits in Delhi Metro:  

o Supports quick and hassle-free ticketing, reducing queues and congestion at ticket 

counters.  o Offers flexibility to commuters as the card can also be used for buses, 

parking, and retail.  
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5. Benefits of a Cashless Metro System  

5.1. Operational Efficiency and Cost Savings : The transition to a cashless payment system has 

significantly  improved the operational efficiency of the Delhi Metro. Reduced reliance on cash handling 

means less time spent on  manual fare collection and fewer costs associated with human resource 

engagement, printing tickets and maintaining  cash infrastructure.  

Reduced Queues and Faster Transactions: Cashless systems streamline passenger 

movement  by eliminating the need for cash-based ticket purchases, resulting in shorter 

queues and faster  transactions (Rahul & Shankar, 2020).  

Seamless Travel: They enable seamless integration with other transportation modes, 

offering a  unified travel experience (Gupta, Sharma, & Verma, 2019).  

24/7 Access: Passengers can top-up balances or purchase tickets online at any time, 

eliminating  dependency on manned ticket counters or machines (World Bank, 2021).  

Reduced Operational Costs: Digital payments allow for faster fare collection and reduce 

the  operational costs associated with cash handling.  

5.2. Enhanced Passenger Experience: A cashless metro system offers a faster, more convenient travel  

experience. Commuters can avoid waiting in long queues, enjoy seamless transactions, and experience 

greater  flexibility in payment methods. Digital payment methods also provide real-time transaction data, 

helping passengers  keep track of their journeys.  

Digital systems provide real-time information, such as balance inquiries and travel history, through  

integrated apps (OECD, 2020).  

Loyalty programs and discounts can be easily implemented to encourage consistent ridership 

(Gupta,  Sharma, & Verma, 2019).  

5.3. Financial Inclusion: DMRC promotes financial inclusion by offering smart cards and mobile payment  

options, creating a cashless metro system accessible to all, including those without bank accounts. Prepaid 

cards, QR  codes, and mobile wallets make metro travel affordable and convenient for economically 

disadvantaged groups.  Cashless systems also enhance digital literacy and help users build a financial 
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history, potentially linking them to  services like credit and savings. Flexible "pay-as-you-go" models allow 

commuters to recharge with small amounts, accommodating their financial capacity. To ensure these 

advancements benefit everyone, metro systems can  combine cashless technologies with outreach programs 

and affordable infrastructure.  

5.4. Environmental Sustainability: Cashless transactions in metro systems promote environmental  

sustainability by reducing paper waste and the need for physical tickets and receipts (Rahul & Shankar, 

2020). This  shift eliminates the environmental impact of producing and disposing of paper-based materials 

(OECD, 2020).  Digital payment systems also reduce the need for energy-intensive ticket machines and 

counters, cutting down on  maintenance-related energy use (Gupta, Sharma, & Verma, 2019). Additionally, 

cashless systems boost efficiency,  lowering the carbon footprint of metro operations through better 

resource management and reduced energy  consumption. By encouraging digital payments, commuters are 

more likely to adopt eco-friendly transportation  habits, supporting global sustainability goals and creating 

greener urban mobility (World Bank, 2021).  

6. Challenges in the Transition to a Cashless Future  

6.1. Digital Literacy and Accessibility: While digitalization is advancing rapidly, many people still face  

barriers that prevent them from using digital technologies. Challenges like low digital literacy—such as the 

inability  to operate smartphones or use apps—and limited access to devices and reliable internet are major 

obstacles.  Vulnerable groups, including the elderly, low-income individuals, and rural residents, are 

particularly affected due  to limited resources, education, or exposure to digital platforms (Gupta, Sharma, 

& Verma, 2019). Adapting to  cashless systems is difficult for these groups, requiring solutions such as 

digital literacy programs, affordable access  to technology, and simple, user-friendly systems. Without these 

efforts, many people may be excluded from the  benefits of digital transformation, undermining its success. 

To ensure inclusivity, coordinated initiatives are essential  to close these gaps and make technology 

accessible for everyone.  

6.2. Security and Data Privacy Concerns: Ensuring cyber security and data privacy is essential for 

building  trust and encouraging the adoption of digital payment systems. These systems require the 

collection of sensitive  personal and financial information, such as names, addresses, and transaction 

histories, which can be targeted by  cyber threats like hacking and phishing. Without strong security 

measures, public confidence may decline,  discouraging the use of cashless payments (Rahul & Shankar, 
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2020).  

To address these risks, advanced security measures like end-to-end encryption, multi-factor authentication, 

and real time monitoring for suspicious activities are critical. Clear communication about data protection 

measures and  educating users on safe digital practices further enhance trust. Raising awareness about cyber 

security among  commuters also helps reduce vulnerabilities. By prioritizing these actions, digital payment 

systems can offer a  secure and reliable platform, encouraging widespread adoption and ensuring the long-

term success of cashless metro  systems. 

6.3. Infrastructure and Technological Integration: Integrating diverse digital payment platforms with 

metro  systems requires advanced technology and robust infrastructure. Seamless connectivity between 

different payment  methods relies on interoperability standards that enable smooth communication across 

digital wallets, banking apps,  and contactless cards. For DMRC, this means regular upgrades to software 

and hardware to support new  technologies. Managing multiple systems is challenging, as maintaining 

compatibility and addressing technical  glitches like failed transactions or delays can impact commuter trust 

and satisfaction (Gupta, Sharma, and Verma, 2019). To overcome these issues, DMRC is making 

continuous investment in IT infrastructure, collaborations with  payment providers, and rigorous testing to 

ensure reliability. Establishing interoperability allows commuters to use  their preferred payment methods 

without barriers, improving convenience and satisfaction. By prioritizing these  steps, DMRC can enhance 

operations and ensure the success of its cashless metro system.  

7. Future Prospects: Scaling Digital Payments in Delhi Metro  

7.1. Expansion of Contactless Payment Systems: The introduction of contactless payment systems in 

Delhi  Metro has transformed commuting, aligning with global trends in digital transportation. 

Technologies like RuPay  cards and the National Common Mobility Card (NCMC) allow passengers to tap 

their cards at fare gates for  seamless travel (Gupta, Sharma, & Verma, 2019). The NCMC, part of the 

Digital India initiative, offers a versatile  payment solution, usable for metro travel, buses, parking, and 

retail transactions (World Bank, 2021). On integration with the National Payments Corporation of India’s 

(NPCI) National Electronic Toll Collection (NETC), DMRC  ensures compatibility across various transit 

modes, simplifying fare collection and boosting efficiency (OECD,  2020). This shift positions Delhi Metro 

as a leader in adopting smart, contactless technologies, enhancing commuter  convenience and promoting 

digital inclusion.  
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7.2. Integration with Other Forms of Public Transport : Delhi Metro has successfully integrated  with 

other public transport systems to provide a seamless and unified commuting experience. With the NCMC,  

commuters can use a single card for various transit modes, including buses, suburban trains, and parking,  

eliminating the need for multiple payment methods. This integration is powered by the National Payments  

Corporation of India’s (NPCI) interoperable payment ecosystem, which links metro services with other 

urban and  regional transport systems. Delhi Metro has also integrated its operations with the city’s bus 

network, improving  connectivity and optimizing schedules for last-mile travel. Interoperable fare 

collection systems have reduced  congestion at transfer points, making commuter more efficient and 

convenient. Initiatives such as shared mobility  options and widespread use of smart cards has further 

enhanced connectivity. By aligning with smart city objectives,  DMRC’s integrated approach promotes 

sustainable urban mobility and a more accessible, efficient public  transportation network.  

7.3. Adoption of Blockchain and AI: The adoption of emerging technologies like Blockchain and 

Artificial  Intelligence (AI) in metro systems, including Delhi Metro, is revolutionizing Operations, 

Security, and Commuter  experience. Blockchain technology ensures secure, transparent ticketing and 

payment processes by creating decentralized, tamper-proof databases (OECD, 2020). It also facilitates 

efficient management of commuter data,  asset tracking, and system maintenance through its immutable 

ledger.  

The shift towards AI in metro operations is transforming how these systems are managed, making them 

safer, more  efficient, and more passenger-friendly. AI algorithms analyze commuter flow to adjust train 

schedules and minimize  congestion during peak hours (Gupta, Sharma, & Verma, 2019). Predictive 

maintenance systems powered by AI  monitor equipment health, predict failures, and schedule timely 

repairs, reducing downtime and costs (Rahul &  Shankar, 2020). Additionally, AI-driven catboats and 

multilingual customer service platforms enhance user  engagement by providing real-time assistance and 

personalized recommendations.  

By integrating Blockchain and AI, Delhi Metro is gradually improving operational efficiency, enhancing 

security,  and elevating commuter experience. These innovations support the development of a smart, 

sustainable public  transport system, affirming Delhi Metro's leadership in modern urban mobility.  
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8. Cashless Transactions in Delhi Metro System  

Figure-3 represents the year-wise total amount/percentage share of Cash and Cashless transactions                      

( DMRC Annual  Reports), based on this data we plot a bar graph in Figure-4.  

Figure-3: Per Day Average Earning Data of Delhi Metro. 

Figure-4: Transition from cash to cashless in Delhi Metro System.   
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Key Observations:  

In 2021-22, Cash transactions dominate with over 60% of the total share, while Cashless accounts 

for about  35%.  

A similar trend is observed in 2022-23, where Cash still holds a significant share but with a slight 

reduction  compared to the previous year.  

By 2023-24, the Cashless Share increases noticeably to around 45%, while Cash transactions drop 

to  approximately 55%, indicating a shift towards cashless methods over the years  

The trends shows in Figure-4 indicate a clear shift from cash to cashless transactions over the observed 

period.  Digital payments grew steadily, eventually overtaking cash payments in 2024–25.   

Key Drivers of Growth in Cashless Transactions:  

Increased adoption of digital payment technologies such as UPI, smart cards, and QR-based 

ticketing. Efforts to align with initiatives like Digital India, aimed at promoting cashless 

systems. Improved infrastructure and user awareness campaigns for digital literacy.  

Decline in Cash Usage: The consistent decline in cash usage suggests increasing user trust and  

convenience with cashless options, as well as institutional efforts to reduce cash dependency.  

The data highlights the success of digital payment adoption and underscores the need to further invest in 

digital  infrastructure, education, and security. If the trend observed in Figure-4 continues, cash transactions 

may reduce  further, and digital payments could dominate the majority of transactions in coming years. We 

also plot an extrapolated bar graph from 2021-2030, based on data given in Figure-3 of cash and cashless 

earning.  
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Figure-5: Extrapolated bar graph for the cash vs. cashless earning of Delhi Metro (2021-
2030)  

Key Observations:  

2021-2023 (Actual Data):  

o Cash dominated the total share with over 60% in 2021-22 and 2022-23.  

o However, Cashless Share showed a significant increase, reaching 44.47% in 2023-24.  

2024-2030 (Extrapolated Data):  

o The Cashless Share is projected to continue growing steadily, possibly exceeding 

50% by 2027-2028. o Conversely, the Cash Share is expected to decline, dropping 

below 50% by 2027-2028.  

Long-Term Trend:  

o This graph reflects a shift towards cashless transactions, with Cashless Share gradually 

approaching parity or  surpassing Cash Share by 2030.  

The graph illustrates a clear trend of digital adoption, driven by increasing preference for cashless payment  

methods. The decline in cash transactions and the steady rise in cashless transactions signify a 

transformation in  consumer behavior and financial ecosystems.  



     International Journal of Research in Finance and Marketing (IJRFM)  
     Available online at: http://euroasiapub.org   
      Vol. 14 Issue 12, December– 2024 

       ISSN: 2231-5985 | Impact Factor: 8.132 
 (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 

 

 (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 
International Journal of Research in Finance & Marketing 

http://www.euroasiapub.org 
15 

9. Conclusion  

Delhi Metro's adoption of digital payment technologies reflects its commitment to the Digital India vision, 

fostering  inclusivity, efficiency, and digital empowerment. With innovations like smart cards, QR-based 

payments, UPI, and  the National Common Mobility Card (NCMC), it has become a benchmark for modern 

urban transit. These  technologies improve commuter convenience, streamline operations, and support the 

growth of a cashless economy  and financial inclusion. While challenges such as digital literacy gaps and 

cyber security risks remain, Delhi Metro's  proactive infrastructure upgrades and efforts to promote digital 

adoption demonstrate the transformative potential of  

cashless systems. By addressing these issues and building trust, it has set an example for other urban transit 

systems,  showcasing how technology can shape a digitally empowered future. As cities grow and 

transportation needs evolve,  Delhi Metro's initiatives underscore the crucial role of cashless systems in 

shaping mobility. Its success serves as a  scalable and inclusive model, advancing India's vision of a 

connected and digitally inclusive society.  
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