
Digital Payments: The Leapfrog Paradox
The poorest countries built the most advanced payment systems – so why are billions still excluded?

Digital Finance



Why Did M-Pesa Succeed Where Banks Failed for 50 Years?

The Leapfrog Paradox
In 2007, Safaricom launched M-Pesa in Kenya – a mobile money
service built on top of a telephone network, not a banking
network. Within five years it reached more adults than the entire
Kenyan banking system had reached in fifty.

Why banks failed at the last mile:

• Branch infrastructure costs $50,000–$250,000 per location
• Minimum balances and fees excluded low-income customers
• KYC paperwork assumed formal identity documents few had
• Rural areas lacked the population density to justify a branch

What M-Pesa did differently:

• Used existing airtime dealer shops as cash-in/cash-out agents –
40,000 agents vs 1,000 bank branches by 2012

• SIM card as account identifier – no paperwork, no minimum balance
• Transactions via USSD menus on basic phones – no smartphone

needed
• Agent commission model aligned incentives – agents earned on every

transaction, creating organic network growth
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A phone and a corner shop replaced
50 years of banking infrastructure.

M-Pesa solved the last-mile problem not with bank branches but with airtime agents – turning every corner shop into a bank teller.
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What Would You Do If the Nearest Bank Were a Three-Hour Walk Away?

Reflection Prompt

Your salary arrives. The nearest ATM is a three-hour walk each way. You need to pay school fees today. Your phone has
signal. You have no bank account, no credit card, no ID that a bank would accept. What do you do?

For 1.4 billion adults worldwide, this is not a thought experiment. It is Tuesday.

The numbers that define the gap:

• 1.4 billion adults have no account at any financial institution (World Bank, 2021)
• Two-thirds of the unbanked own a mobile phone – the infrastructure already exists
• Sub-Saharan Africa has 8 bank branches per 100,000 adults vs 30 in Europe
• But it has 300+ mobile money agents per 100,000 adults in leading markets
• Women are 9 percentage points less likely to have an account than men in developing economies

Why mobile money works where banks do not:

• No minimum balance – accounts can hold as little as $0.01
• No branch required – the agent network is the branch network
• No smartphone required – USSD works on any handset with a SIM
• No formal ID required in some markets – SIM registration suffices

The question is not whether mobile money is better than banking. It is whether mobile money reaches people that banking never will.

1.4 billion unbanked adults, but two-thirds own a phone. The infrastructure for inclusion exists – the question is who builds the service layer on top.
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What Separates a Payment Rail from a Payment Product – and Why Does It Matter?

Layer Definition Examples

Rail (infrastructure) The underlying network that
moves value between institu-
tions

SWIFT, UPI, ACH, M-Pesa
platform, TIPS (EU)

Product (application) A specific financial service
built on top of the rail

Wire transfer, PhonePe,
Venmo, M-Pesa send-money

Service (user experi-
ence)

The front-end interface the
customer interacts with

Banking app, USSD menu,
agent cashier, QR code

Overlay (value-added) Additional services layered
above the core payment

Credit scoring from transac-
tion data, merchant analyt-
ics, savings pots

Why this distinction matters
Confusing the rail with the product is the most common
error in payment analysis:

• SWIFT is a rail – it carries messages between banks
but does not move money itself. The settlement
happens through correspondent banking
relationships.

• UPI is a rail – PhonePe, Google Pay, and Paytm are
products built on top of it. India’s innovation was
the rail; the products followed.

• M-Pesa is both – Safaricom built the rail (mobile
money platform) and the product (send-money,
pay-bill) and the service (USSD menus, agent
network). Vertical integration was the competitive
advantage.

• Interoperability depends on the rail, not the
product. When rails are open (UPI), competition
happens at the product layer. When rails are closed
(M-Pesa pre-2018), the rail owner dominates.

Key insight: Whoever controls the rail controls the

ecosystem. Products can be replaced; rails cannot.

Rails are infrastructure, products are applications, services are interfaces. Whoever controls the rail sets the rules for everyone above it.
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Follow One Dollar from a Nairobi Street Vendor to a Rural Farmer – Step by Step?

Vendor Enters
Amount on

Phone

USSD Request
Sent to

Safaricom

Platform
Debits Vendor

e-Wallet

Platform
Credits Farmer

e-Wallet

Farmer Gets
SMS

Confirmation

Farmer Visits
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Cash Out

Fee: 0 (sender free)

USSD over GSM

Trust account at bank

Instant ledger update

¡ 10 seconds

Fee: 1–3% to withdraw

Total cost: 1–3% and ¡ 1 minute
Bank wire: 5–8% and 1–3 days

Six steps, one intermediary

• Step 1 – Initiation: Vendor dials USSD code, enters phone
number and amount. No internet needed – USSD runs on
the GSM signaling channel.

• Step 2 – Routing: Request travels to Safaricom’s mobile
money platform. Vendor confirms with PIN. No bank
involved yet.

• Step 3 – Debit: Platform reduces vendor’s e-wallet balance.
Money sits in a pooled trust account at a commercial bank –
the platform is a ledger.

• Step 4 – Credit: Farmer’s e-wallet balance increases
instantly. No interbank settlement needed – both wallets are
on the same ledger.

• Step 5 – Notification: Farmer receives SMS confirming the
credit. Total elapsed time: under 10 seconds.

• Step 6 – Cash-out: Farmer visits an agent and withdraws
cash. Fee charged here: typically 1–3%.

Key insight: One intermediary (the telco) instead of five (sender

bank, clearinghouse, correspondent, receiver bank, ATM network).

One intermediary, one ledger, under 10 seconds. The simplicity is the innovation – fewer hops means lower cost and faster settlement.
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How Do You Build a Payment System on Top of a Telephone Network?

User Interface: USSD Menu / SIM Toolkit / App

Communication: GSM Signaling Channel (USSD/SMS)

Mobile Money Platform
(Transaction Engine + Wallet Ledger + Agent Mgmt)

Settlement: Pooled Trust Account at Partner Bank

Regulatory: Central Bank Oversight / E-Money License

No smartphone needed

Works offline

Core innovation

Prudential safety

Consumer protection

Agent
Network

Cash in
Cash out

Five layers, one key insight

• USSD interface: Runs on the GSM signaling channel –
same as call setup. No data plan, no internet, no
smartphone needed. Transactions via numbered menus.

• SIM Toolkit (STK): Application embedded on the SIM
card. Richer interface than USSD; works regardless of phone
OS. The SIM is the secure element.

• Platform core: Transaction engine processes wallet-to-wallet
transfers on a single ledger. No interbank settlement needed
– both wallets on same platform.

• Trust account: Customer funds held in a pooled account at
a licensed commercial bank. The telco is a ledger operator,
not a deposit-taker.

• Agent network: Critical physical layer. Agents convert cash
to e-money and back, earning commission per transaction –
self-sustaining distribution.

Offline capability: USSD uses the voice channel, so transactions

work everywhere a phone call works.

The architecture secret: mobile money runs on voice-channel signaling, not internet data – so it works everywhere a phone call works.
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What Happens When Your Entire Financial Life Lives on a SIM Card?

When the Phone Is the Bank, the Phone’s Risks Become Financial Risks
Mobile money turns your SIM card into a bank vault. That means every
vulnerability of a phone becomes a vulnerability of your savings.

The risk taxonomy:

• SIM swap fraud: An attacker convinces the telco to port your
number to a new SIM. They now control your wallet. In Kenya, SIM
swap fraud losses exceeded $4M in a single quarter (2019). Unlike a
bank, there is no chargeback mechanism.

• Agent fraud: Agents may charge unauthorized fees, conduct
transactions without customer consent, or collude to drain accounts.
The agent is simultaneously the branch and the teller – with minimal
oversight.

• Network outage: When the mobile network goes down, the entire
payment system stops. In 2019, a Safaricom outage left millions
unable to transact for hours – equivalent to every ATM and bank
branch closing at once.

• Regulatory capture: Dominant telcos can use their control of the rail
to exclude competitors, deny interoperability, and lock customers into
a single ecosystem.

• Data privacy: The telco sees every transaction – amount, recipient,
location, frequency. This creates a surveillance dataset that no bank
in a developed market would be permitted to assemble.

Case study: The SIM swap attack

1 Attacker obtains victim’s phone number and
personal details (often through social engineering or
data breaches)

2 Attacker visits a telco shop and requests a SIM
replacement, claiming the old SIM was lost

3 Telco agent issues a new SIM card with the victim’s
number. The victim’s phone loses signal.

4 Attacker now receives all USSD sessions and SMS
confirmations. They initiate a transfer from the
victim’s mobile money wallet.

5 Victim discovers the theft hours or days later.
Recovery requires proving identity to the telco – the
same identity verification process the attacker
already defeated.

The structural problem: In banking, authentication and

account control are separate systems. In mobile money,

the phone number is simultaneously the username, the

authentication factor, and the account identifier.

Compromise one, and you compromise all three.

When the SIM card is the bank account, SIM security becomes financial security – and mobile networks were never designed to be banks.
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Where Has Mobile Money Leapfrogged Traditional Banking – and Where Has It Not?
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Reading the slopegraph

• Sub-Saharan Africa leads: Mobile money accounts
outnumber bank accounts in multiple East African markets.
Kenya, Tanzania, and Uganda show the steepest adoption
curves – driven by early M-Pesa entry and regulatory
openness to telco-led models.

• South Asia follows: India’s approach differs fundamentally –
UPI is a government-built rail, not a telco product. The
result is higher interoperability but lower agent-network
penetration in rural areas.

• Latin America lags: Higher existing bank penetration
reduced the urgency for mobile money. Where banks already
reach 60–70% of adults, the leapfrog incentive is weaker.

• MENA is mixed: Regulatory barriers and bank-led models
slowed telco entry. Countries that required bank partnerships
saw slower adoption than those that allowed standalone
e-money licenses.

• The pattern: Mobile money succeeds where bank
infrastructure is weakest and mobile coverage is strongest.
The gap between the two is the leapfrog opportunity.

Key insight: Leapfrogging is not inevitable. It requires regulatory

permission, agent economics that work, and a gap large enough to

justify bypassing banks entirely.

Mobile money leapfrogged banking where bank infrastructure was weakest – but regulation, not technology, determined which countries succeeded.
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Who Captures the Value When Cash Disappears – Consumers, Telcos, or Governments?
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Winners

+ Previously unbanked: Access to savings, payments, and
credit for the first time. Studies show M-Pesa lifted 2% of
Kenyan households out of poverty (Suri & Jack, 2016).
Women benefited disproportionately.

+ Telcos: Mobile money generates 20–40% of revenue for
leading African telcos. Transaction fees plus float income
create a high-margin business layered on existing
infrastructure.

Losers

– Traditional banks: Lost the deposit base they never
captured. Now must partner with telcos or build competing
mobile products from behind.

– Informal transfer networks: Hawala operators, bus-based
remittance carriers, and informal savings groups face
displacement as digital channels offer cheaper, faster,
documented alternatives.

Mixed impact

∼ Governments: Gain tax visibility (digital trail) but lose
control as telcos become systemically important financial
institutions.

∼ Agents: Earn commission income but bear liquidity risk –
they must maintain cash float from their own capital.

Mobile money creates winners (unbanked, telcos) and losers (banks, informal networks) – but the biggest risk is that telcos become unregulated banks.
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The Leapfrog Checklist: When Does Skipping Infrastructure Actually Work?

The Leapfrog Evaluation Framework
Not every country can or should leapfrog. Before predicting whether mobile money will
succeed in a new market, ask:

1 Is there a gap large enough to justify bypassing?
Leapfrogging works when existing infrastructure is so weak that building
something new is cheaper than fixing what exists. If 70% of adults already have
bank accounts, the incentive is weak. If 70% are unbanked and mobile
penetration exceeds 80%, the gap is wide enough.

2 Does the regulatory environment permit non-bank providers?
The strongest predictor of mobile money success is whether regulators allow
telcos or fintechs to issue e-money without a full banking license. Requiring bank
partnerships led to 50% lower adoption than standalone e-money licenses.

3 Can an agent network achieve economic viability?
Agents need sufficient transaction volume to earn a living from commissions. In
low-density rural areas, this requires high adoption rates or subsidized rollout. If
agent economics do not work, the last mile remains unserved.

The paradox: Leapfrogging requires technological readiness (mobile coverage) AND

institutional willingness (regulatory permission). Technology alone is never sufficient.

Build Banks Hybrid Leapfrog

Fix existing Skip entirely

Brazil India Ghana Kenya

Q1: Infrastructure gap?
Bank penetration ¡ 30% AND
Mobile penetration ¿ 70%

Q2: Regulatory permission?
Standalone e-money license OR
Proportionate regulation?

Q3: Agent economics?
Transaction density sufficient for
agents to earn viable income?

Yes → Go

Yes → Go

Yes → Go

All three required for leapfrog.
One missing = hybrid or traditional path.

Leapfrogging requires three conditions simultaneously: infrastructure gap, regulatory permission, and viable agent economics. Miss one, and it fails.

(c) Joerg Osterrieder 2026



Your Challenge: Design a Payment System for a Country with 10% Bank Penetration?

Mini-Challenge (15 minutes)

Advise a central bank: 50M people, 10% bank penetration, 75% mobile ownership (basic phones), three competing
telcos, no mobile money, new e-money regulation.

Your deliverable: Design the architecture by answering five questions:

1 Who builds the rail?

• Each telco builds own platform (competition but fragmentation)?
• Central bank builds shared rail like UPI (interoperability but slow)?
• One telco leads, others interoperate later (fast but monopoly risk)?

2 How do you bootstrap the agent network?

• What commission structure makes agents profitable from day one?
• Can you repurpose existing retail (pharmacies, petrol stations)?
• How do you solve the rural liquidity problem?

3 What regulatory guardrails do you set?

• Transaction limits, KYC tiers, interoperability mandates, consumer protection?
• How do you prevent the winning telco from becoming a monopoly?

4 Who bears the risk if the system fails?

• Trust account structure, deposit protection, agent fraud liability?
5 What does success look like in 5 years?

• Target: what % of adults should have an account?
• How do you measure whether it reduced poverty, not just moved cash?The best payment system design balances speed of launch against long-term

competition – and gets the agent economics right from day one.
:D ✓
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