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Abstract
India’s trajectory toward a cashless economy accelerated sharply after November 2016, when the government
withdrew 86 percent of the nation's currency in circulation overnight. That decision pushed millions of
citizens many with no prior experience of digital finance toward mobile payment platforms. At the centre of
this transition was the Unified Payments Interface (UPI), an interoperable real-time payment system
developed by the National Payments Corporation of India (NPCI). This paper examines how UPI reshaped
retail transactions, what it meant for financial inclusion among rural and low-income populations, and where
genuine barriers remained despite the optimism surrounding cashless adoption. Drawing on transaction data,
household survey findings, and the structural design of India's JAM (Jan Dhan—-Aadhaar—Mobile) policy
framework, this study argues that while UPI lowered the cost of digital payments substantially, the transition
exposed deep gaps in digital literacy and telecommunications infrastructure that moderated the technology's
reach. The findings carry implications for policymakers in other developing economies seeking to design
inclusive digital payment infrastructure.
Keywords: UPI, Cashless Economy, Financial Inclusion, Digital Payments, India, Jan Dhan,
Demonetisation, Mobile Banking.
1. Introduction

India has long carried a paradox. On one hand, it runs one of the world's largest banking systems by
branch count, with over 130,000 scheduled commercial bank branches as of 2016 (Reserve Bank of India,
2017). On the other, roughly 190 million adults had no bank account as of that same year, a figure that placed
India second globally among countries with the largest unbanked adult populations (Demirgl¢-Kunt et al.,
2017). Cash accounted for approximately 98 percent of all consumer transactions by volume, a share that had
remained remarkably stable through decades of economic liberalisation (Ministry of Finance, Government
of India, 2017).

The announcement of demonetisation on November 8, 2016, changed the immediate context
dramatically. By invalidating Rs. 500 and Rs. 1,000 banknotes which together constituted 86 percent of
currency in circulation he government forced a rapid, unplanned experiment in digital payments. ATMS ran
dry. Bank queues stretched across city blocks for weeks. Digital wallet companies reported traffic spikes that
their servers had not been built to handle (Ghosh, 2017). Within days, 'UPI" had become a household term in
urban India.

UPI, which NPCI had launched in April 2016, was only seven months old when demonetisation
struck. Its uptake had been modest in those first months. After November, the numbers changed. Monthly
transaction volumes crossed one million by October 2016 and reached nearly 17.9 million by March 2017
(NPCI, 2017). That growth, and what it meant for India's broader financial inclusion agenda, is the subject
of this paper.

2. The Payment Landscape Before UPI

India's digital payment infrastructure did not emerge in a single effort. The National Electronic Funds
Transfer (NEFT) system went live in 2005, followed by the Real Time Gross Settlement (RTGS) system for
high-value interbank transactions. Mobile banking services arrived around 2008-2010, though they operated
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through bank-specific applications with no interoperability. A customer at State Bank of India could not
transfer money to an HDFC Bank account through a single interface without navigating multiple steps and
knowing precise technical identifiers.

This fragmentation was not accidental. Each bank built its own ecosystem, partly for competitive
reasons and partly because the regulatory framework before 2008 did not require a unified standard. NPCI
was established in 2008 with an explicit mandate: build the common payment infrastructure that India lacked.
It launched the Immediate Payment Service (IMPS) in 2010, enabling 24/7 interbank transfers at low cost.
IMPS worked, but it required users to know the recipient's bank account number and IFSC code details that
most people outside urban banking centres did not carry conveniently.

Pre-paid instrument providers and mobile wallets Paytm, Mobikwik, Oxigen grew rapidly between
2014 and 2016, partly filling the convenience gap. But wallets ran in closed loops: money in a Paytm wallet
could not move directly to a Mobikwik wallet without cashing out first and re-entering the system. For
ordinary consumers, this was friction, and friction, as the payments literature consistently documents,
suppresses usage (Mas & Radcliffe, 2010).

Figure 1 traces the chronological development of India's digital payment milestones from 2005
through the UPI rollout in 2016, mapping the infrastructure on which UPI would eventually build.

Figure 1. Timeline of India's Digital Payment Milestones, 2005-2016
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Figure 1. Timeline of India's Digital Payment Milestones, 2005-2016
3. The Architecture of UPI
UPI solved the interoperability problem in a way no previous Indian system had managed. Its design
rested on two ideas: a unified address format and a single application programming interface (API) that any
participating bank could connect to without developing bespoke infrastructure.

The virtual payment address (VPA) replaced the need to memorise account numbers. A user could
create a handle such as 'name@bankname' and share it with anyone needing to send money. The recipient's
actual bank details remained hidden behind that address. This mattered for small merchants who had
previously needed to display a full account number in public not all of them were comfortable with that level
of disclosure, for reasons of both privacy and security (NPCI, 2017).

The protocol ran on top of IMPS, inheriting its real-time settlement capability. This distinguished
UPI from card networks, where settlement could take one to two business days. Transactions on UPI were
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final within seconds and carried zero cost for amounts below a regulatory threshold. That zero-cost feature
removed a barrier that had historically deterred low-income users from mobile banking, where per-
transaction fees even small ones accumulated noticeably for people making frequent small payments
(Chakravorti & Shankar, 2017).

A second design decision that proved consequential was NPCI's choice to open UPI to third-party
applications. Banks could build their own UPI apps, but so could technology companies. This meant that UPI
leveraged the distribution networks of consumer internet firms rather than relying solely on banks' own
applications, which had historically underperformed on usability and user acquisition.

Figure 2 illustrates the transaction flow for a UPI payment between users on different bank platforms,
showing how the NPCI switch mediates between payer and payee banks through the underlying IMPS
settlement layer.

Figure 2. UPI Transaction Flow: Interbank Payment Architecture
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Figure 2. UPI Transaction Flow: Interbank Payment Architecture
4. Growth Trajectory: Transaction Data

The numbers from NPCI's monthly reports tell a story of steep acceleration, though it is worth being
precise about what the numbers actually measure. Transaction volume counts individual payments processed.
It says nothing about the value of those payments, whether they represent new economic activity or merely
displaced cash, or whether first-time users continued using the platform after the novelty of the
demonetisation crisis receded.

With that caveat registered, the trajectory was notable. In August 2016, shortly after launch, UPI
processed 93,000 transactions worth approximately Rs. 30 crore. By March 2017, the figures were 17.9
million transactions totalling Rs. 6,943 crore an increase of roughly 190 times in transaction count over seven
months (NPCI, 2017). Figure 3 presents the monthly transaction volume from August 2016 through March
2017.
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Figure 3. Monthly UPI Transaction Volume, August 2016-March 2017
(Hatched bars = post-demonetisation period)
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Figure 3. Monthly UPI Transaction Volume, August 2016—March 2017
The post-demonetisation surge visible in the November and December 2016 bars of Figure 3 was
substantial but did not tell the whole story. Growth continued through February and March 2017, after cash
had largely returned to circulation. That sustained trajectory suggested some behavioural shift was underway,
not merely a temporary adjustment to cash scarcity (Ministry of Finance, Government of India, 2017).

e

o
o

Figure 4 contextualises UPI's position within the broader digital payment landscape as of March
2017, showing its share of transaction volume alongside card payments, NEFT, IMPS, and mobile wallets.
Cards dominated by volume, but UPI's 4.5 percent share had grown from essentially zero within twelve
months a rate of adoption that no prior Indian payment instrument had matched.

Figure 4. Share of Digital Payment Instruments
by Transaction Volume, March 2017
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Figure 4. Share of Digital Payment Instruments by Transaction Volume, March 2017
5. Financial Inclusion and the JAM Trinity
The phrase 'JAM trinity' entered Indian policy language around 2015, coined in that year's Economic
Survey to describe the convergence of three programmes: Jan Dhan bank accounts, Aadhaar biometric
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identification, and mobile telephony. The premise was that these three, taken together, created the
infrastructure for delivering financial services to people previously excluded from them (Ministry of Finance,
Government of India, 2017).

Pradhan Mantri Jan Dhan Yojana (PMJDY), launched in August 2014, opened approximately 255
million new bank accounts within two years, many for households in rural areas that had no prior banking
relationship. The accounts came with a RuPay debit card and, critically, zero minimum balance requirements.
That last feature mattered. Previous efforts at financial inclusion had foundered partly because low-income
customers kept accounts dormant to avoid penalty fees (Rajan, 2014).

But owning a bank account and actively using digital payment tools are different things. A 2015
survey by the Consultative Group to Assist the Poor found that among Jan Dhan account holders surveyed,
a substantial fraction had not made a single transaction in the three months preceding the interview (CGAP,
2015). Account ownership without active usage appears as 'financial inclusion' in headline statistics but does
not translate into the economic benefits that full participation in a payment system can provide.

Figure 5 maps the convergence of Jan Dhan account penetration, Aadhaar enrollment, and mobile
subscriber rates across selected Indian states as of 2016, illustrating the uneven geographic distribution of
JAM infrastructure. States in the southern and western regions show relatively dense coverage across all
three dimensions, while several central and eastern states lag on at least one indicator.

Figure 5. State-Level JAM Infrastructure Coverage, 2016
(Jan Dhan, Aadhaar Enrollment, Mobile Subscriber Rate)
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Figure 5. State-Level JAM Infrastructure Coverage, 2016 (Jan Dhan Coverage, Aadhaar Enrollment Rate,
Mobile Subscriber Rate)

Aadhaar enrollment was the one area where India achieved something close to universal coverage
relatively quickly. By 2017, over one billion residents had enrolled, giving India's payment infrastructure an
unusually robust identity layer compared to other developing economies at similar income levels (Demirguic-
Kuntetal., 2017). The Aadhaar-enabled Payment System (AePS) allowed people to authenticate transactions
using a fingerprint at a business correspondent terminal, without requiring a smartphone. This mattered for
rural inclusion more than UPI itself, since smartphone penetration remained below 30 percent in rural India
as of 2016.
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6. Socioeconomic Implications

The macroeconomic case for reducing cash use in an economy has a reasonably firm empirical base.
Cash carries costs: printing, transport, storage, and the informal economic activity it facilitates, which is
considerable in India's case, where tax compliance has historically been low (Basu, 2011). A shift toward
traceable digital transactions makes economic activity more visible to revenue authorities and reduces friction
in government service delivery.

These benefits are real but unevenly distributed. For urban, educated, smartphone-owning users with
reliable internet access, UPI was genuinely convenient from the start. For a vegetable seller at a rural weekly
market, the calculus was different. Even if the seller had a Jan Dhan account, a UPI-enabled smartphone, and
network connectivity, the transaction still required the customer to have all three as well. The network effects
that make payment systems valuable the fact that a system becomes more useful as more people join it also
create a chicken-and-egg problem for populations at the margin (Pickens, Porteous, & Rotman, 2009).

Gender is another dimension that aggregate statistics routinely obscure. Women in India have
consistently lower rates of mobile phone ownership, bank account usage, and internet access than men. A
2012 analysis of mobile payment adoption patterns noted that financial inclusion initiatives routed
exclusively through smartphones will, without deliberate corrective design, reproduce existing gender
inequalities in access to financial services (Maurer, 2012).

Small and micro-merchants represented an interesting case. They were, in many ways, more
motivated to adopt UPI than large retailers, because they bore the costs of handling cash change management,
petty theft risk, time spent queuing at bank branches more acutely than larger businesses with dedicated
finance staff. Several accounts from late 2016 described roadside vendors and auto-rickshaw drivers
displaying QR codes within weeks of demonetisation. These early adopters existed, but they were not
representative. Most small merchants operated in contexts where their customers did not yet use digital
payments routinely, and no digital payment system gains traction in isolation from the people it connects.

7. Persistent Challenges

Seven months after its launch, UPI had demonstrated proof of concept but not yet proof of scale for
financial inclusion. Three categories of challenge remained substantial enough to warrant careful attention
from policymakers.

The first was cybersecurity. A payment system running on mobile phones, through multiple third-
party applications, across a population of first-time digital finance users, presents an expansive attack surface.
Phishing through SMS, counterfeit UPI applications, and social engineering targeting users unfamiliar with
how the system was supposed to behave were all documented in 2016-2017 (Reserve Bank of India, 2017).
A person who received their first smartphone alongside a Jan Dhan account was poorly positioned to
distinguish a legitimate UPI request from a fraudulent one.

The second challenge was infrastructure. Mobile internet penetration in India reached approximately
27 percent of the population by 2016, with considerable rural-urban disparity (Singh, 2013). Figure 6 shows
internet access rates across selected states, illustrating the gap between better-connected southern states and
the national average.
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Figure 6. Internet Penetration by State, Selected Indian States, 2016
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Figure 6. Internet Penetration by State, Selected Indian States, 2016
Even in areas with nominal network coverage, reliability was inconsistent enough that a failed
transaction which might not be clearly communicated to the user generated anxiety and eroded trust in digital
payments generally. For a population already cautious about financial technology, a failed transaction was
not a minor inconvenience; for some users, it became a reason to return to cash.

The third challenge was digital literacy. Using a UPI application requires a specific sequence of
steps: setting up a VPA, linking a bank account, verifying through an OTP, initiating a payment, and correctly
reading the confirmation screen. For users who completed their formal education in a second language or
who had limited schooling, these steps were not intuitive. Research on M-PESA adoption in Kenya the most
successful mobile money system prior to UPI by penetration rate found that peer-to-peer demonstration by
trusted community members drove new user adoption more effectively than advertising or government
campaigns (Morawczynski, 2009). India's UPI rollout lacked a systematic version of that community-based
onboarding at scale.

8. A Comparative Perspective

India was not the only country pushing populations toward digital payments in this period, but its

context was unusual in several respects that make direct comparisons instructive rather than straightforward.

Sweden had achieved near-cashless payment behaviour by 2016, with cash transactions accounting
for roughly 2 percent of all payments. It arrived there through decades of incremental infrastructure
development and from a baseline of near-universal banking access and high digital literacy (World Bank,
2014). That pathway is not available to a country where formal account ownership was below 60 percent as
recently as 2014.

China's experience with Alipay and WeChat Pay offered a more directly relevant comparison. Both
platforms grew explosively between 2012 and 2016, reaching transaction volumes that dwarfed UPI's first-
year numbers by orders of magnitude. But the Chinese ecosystem developed through private-sector
competition among technology companies with large existing user bases, rather than through a state-
mandated interoperability layer. The difference has implications for data governance: UPI kept transaction
data within India's banking system, whereas Alipay and WeChat Pay concentrated data with private platform
operators (Chakravorti & Shankar, 2017).
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Kenya's M-PESA remains the most cited developing-economy comparison. Its success derived partly
from launching in an environment where banking penetration was low but mobile phone penetration was
high, and partly from Safaricom's dominant market position, which gave the system near-universal reach
among mobile users from the outset (Mas & Radcliffe, 2010). India's equivalent came from the government's
ability to mandate interoperability across all participating banks, rather than from a single operator's market
dominance.

Figure 7 presents the share of adults using digital payment methods in India, China, Kenya, and
Sweden as of 2017, illustrating where India stood relative to these reference cases at the end of UPI's first

year.
Figure 7. Share of Adults Using Digital Payments—Comparative View, 2017
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Figure 7. Share of Adults Using Digital Payments—Comparative View, 2017

9. Conclusion

The first year of UPI's public operation confirmed something specific: a well-designed payment
protocol, launched with strong government backing at a moment of forced cash scarcity, can compress the
normal adoption timeline for financial technology considerably. The growth from fewer than 100,000
monthly transactions in August 2016 to nearly 18 million by March 2017 was not simply a product of
circumstance. The interoperability design, zero-cost structure, and open ecosystem for third-party
applications each contributed to an adoption curve that no prior Indian payment instrument had matched.

What remained less resolved was whether this growth would translate into durable financial inclusion
for the populations it nominally targeted rural households, low-income users, women, and small merchants.
The evidence available by early 2017 pointed to meaningful but uneven progress. UPI reached urban India
faster than rural India. It reached men more than women. It reached the digitally literate more readily than
those encountering a smartphone for the first time at middle age.

None of this means the programme failed. It means it was incomplete. The JAM framework created
the policy conditions for a structural shift; UPI created the technical mechanism. Bridging the gap between
those two achievements connecting the infrastructure to the populations who needed it most required
something neither technology nor policy alone could supply: sustained, community-level financial education
and reliable telecommunications expansion into the last mile.
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India's cashless transition in 2016-2017 was real, measurable, and in some respects without
precedent in scope. It was also the beginning of a longer and less certain process whose full implications for
economic equality, taxation, and financial sovereignty would take considerably more than twelve months to
understand.
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