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1. Executive Summary

The transition to electric two‑wheelers in last‑mile delivery, commuter transport, and

shared mobility has created an urgent need for practical, data‑driven infrastructure

planning. While battery swapping offers clear advantages over home charging – reduced

downtime, lower upfront vehicle cost, and centralised battery maintenance – operators

often struggle to answer fundamental questions: How many cabinets do I need? Will the

investment pay back? What happens if my user mix changes?

This white paper presents the MOTAWILL Battery Swapping Deployment & ROI

Calculator – a publicly available, transparent model designed to help operators, investors,

and urban planners estimate daily demand, determine optimal cabinet count, and project

financial returns for two‑wheeler swapping networks. The calculator is intentionally

conservative in its baseline assumptions, while allowing users to explore optimistic

scenarios that reflect best‑case operational efficiency. It does not replace on‑the‑ground

feasibility studies but provides a rigorous, standardised starting point for decision‑making.
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📝 NOTE

This document describes the model architecture, key assumptions, interpretation
guidelines, and inherent limitations. It is written for a technical audience but remains
accessible to non‑specialists.

2. Introduction

2.1 The Two‑Wheeler Swapping Opportunity

Electric two‑wheelers (e‑scooters, e‑motorcycles, e‑bikes) represent the fastest‑growing

segment of light electric vehicles, particularly in Asia, Africa, and Latin America. Their

typical daily mileage – 30–100 km for delivery riders, 10–20 km for commuters – aligns

well with battery swapping: a rider can exchange a depleted battery for a fully charged one

in under two minutes, eliminating the need for lengthy charging stops or overnight home

charging.

However, deployment economics are sensitive to local parameters: user density, the

proportion of high‑frequency riders, peak demand patterns, charging speed, grid capacity,

and capital costs. A cabinet that thrives in a Bangkok delivery hub may struggle in a

suburban residential area. The calculator’s purpose is to quantify these sensitivities and

provide a defensible, repeatable methodology.

2.2 Target Audience

Fleet operators (delivery companies, scooter‑sharing services)

Energy service companies (battery‑as‑a‑service providers)

Municipal planners evaluating swapping stations for public spaces

Investors conducting preliminary due diligence

Manufacturers who need to benchmark cabinet performance
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2.3 Scope and Exclusions

The calculator is specifically designed for light‑duty two‑wheelers with manual

battery swapping. It is not suitable for four‑wheel EVs, which require automated

robotics, much higher capital expenditure (≈$500k per station), and standardised battery

packs across multiple automotive brands. For two‑wheelers, the model assumes:

Swapping is performed by the user (no robotic arm).

Cabinets typically have 8–16 slots, with one slot reserved for user turnover.

Charging power is between 300W and 1200W per slot.

Batteries are owned by the operator and depreciated over 36 months.

3. Model Architecture

The calculator is implemented as a client‑side JavaScript application with a responsive

HTML/CSS interface. All calculations are performed in real time as the user adjusts inputs.

3.1 Demand Estimation

Total daily swaps are the sum of two user cohorts. The following table outlines the baseline

assumptions for each cohort:

Cohort
Daily Swaps
per User

Rationale

High‑frequency
riders

3.0
Professional delivery or courier work; two‑to‑three
swaps per 8‑10 hour shift

Normal users 0.5
Commuters and casual riders; swap every other
day on average

Table 1: Baseline Daily Swap Assumptions per User Cohort
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These figures are derived from aggregated operational data from multiple Asian markets

(Taiwan, China, India) and are intentionally conservative for the rider cohort (some

operators report 3.5–4 swaps/day in hyper‑dense areas) and optimistic for normal users

(actual adoption may start lower). The user can adjust the rider ratio from 0% to 100% via

a slider.

3.2 Peak Hour Demand

Only rider swaps are subject to peak concentration. The model assumes that normal users

spread their 0.5 swaps/day evenly across 12 active hours (e.g., 07:00–19:00). For riders,

the user specifies:

Peak ratio (percentage of rider daily swaps occurring during peak hours)

Peak hours (total duration of peak periods, e.g., 2 hours for lunch + 1 hour for

dinner)

The peak hourly demand (swaps/hour) is calculated as follows:

🚨 IMPORTANT

If the rider ratio is zero, peak parameters are automatically disabled and set to a
minimal default – a deliberate design choice to prevent misleading peak stress
calculations for purely commuter‑dominated areas.
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3.3 Cabinet Sizing

3.3.1 Effective Slots

Each cabinet has a nominal slot count (8, 12, or 16). One slot is reserved for user turnover

(i.e., a battery that is currently being swapped or waiting to be collected). Therefore:

3.3.2 Slot Requirement

Two independent constraints are calculated:

1. Peak‑driven slots = 

2. Baseline turnover slots = 

The model takes the maximum of these two values (peak usually dominates) and multiplies

by a safety factor derived from grid capacity and user wait tolerance.

3.3.3 Grid Capacity and Wait Tolerance

If grid capacity is “Limited”, charging time is degraded by a factor of 1.5 (a conservative

assumption reflecting reduced power availability). In exchange, the safety factor is relaxed

based on how long users are willing to wait:

This mechanism ensures that in areas with constrained grid infrastructure, the calculator

does not automatically recommend unrealistic numbers of cabinets; instead, it permits

higher utilisation (up to 98%) if users accept longer waiting times. For “Sufficient” grid, the

safety factor is fixed at  (85% maximum load).

3.3.4 Area Coverage Constraint

The service radius is dynamic based on rider ratio and the chosen coverage strategy. The

table below details the coverage areas:

© 2026 MOTAWILL Global Page 5 of 15



Strategy Service Radius Coverage Area (πr²)

Hotspot 0.5 km 0.79 km²

Standard 1.0 km 3.14 km²

Wide 2.0 km 12.57 km²

Dynamic 3 km if rider ratio < 10%; 2 km if 10–50%; else 1 km Variable

Table 2: Coverage Strategy and Service Radius Mapping

Minimum cabinet count from area = . The final recommended cabinet

count is the maximum of demand‑based and area‑based numbers, then capped at a

practical minimum of one cabinet.

3.4 Economic Model

All monetary values can be displayed in USD or ZAR (with a fixed exchange rate of 18.5

ZAR/USD for illustrative purposes). The economic logic is per cabinet, then aggregated.

3.4.1 Capital Expenditure (CapEx)

Cabinet cost (hardware + installation)

Battery cost per pack × number of slots (one battery per slot)

Total initial investment = 

3.4.2 Operating Expenditure (OpEx) – Monthly

Fixed monthly OpEx (rent, electricity, maintenance) – user‑defined

Battery depreciation – straight‑line over 36 months, with user‑defined residual

value (0–100%):
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3.4.3 Revenue

Daily revenue per cabinet = 

Monthly revenue = 

3.4.4 Profitability Metrics

Monthly profit per cabinet = 

Return on investment (months) =  (if profit > 0)

Breakeven swaps per day per cabinet = 

📝 NOTE

Conservative and Optimistic Interpretation:

The model’s default parameters (e.g., 3 swaps/day for riders, 0.5 for normal users)

are

median industry figures

. When a user enters values that would produce unusually high profit, the calculator
does not flag them as “unrealistic”; instead, it presents them as

operationally optimistic scenarios

achievable in dense urban cores with mature logistics. Conversely, low profit or
negative returns are framed as

conservative estimates

that stress‑test the business under adverse conditions – a deliberate feature to
encourage robust planning.

4. Key Assumptions and Parameter Ranges

The following table summarises the default values and the rationale behind them. Note that

all parameters are user‑adjustable, and the calculator provides boundary warnings when

values deviate significantly from observed industry norms.
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Parameter Default Source / Justification

Target area

users
500

Typical catchment for one to three cabinets in a mixed

residential‑commercial zone

Service area 10 km² Standard neighbourhood scale; density = 50 users/km²

Rider ratio 60%
Reflects many Asian delivery‑dominated areas; adjustable
from 0–100%

Peak ratio 25%
Based on lunch (≈15%) and dinner (≈10%) concentration in
delivery data

Peak hours 3 h 1.5 h lunch + 1.5 h dinner (conservative)

Charge time 2.0 h Typical 500–600W charging for 60V/30Ah batteries

Cabinet slots 12 Industry common size; 11 effective slots

Grid capacity Sufficient
Assumes standard commercial power; “Limited” degrades

charge time by 1.5×

Wait tolerance 15 min Used only when grid is limited – average user patience

Cabinet cost $3,500 Hardware + installation, mid‑range quality

Swap fee $0.50
Approximately $0.04–0.06 per kWh, comparable to electricity

cost

Monthly OpEx $150 Rent ($50–100), electricity ($30–50), maintenance ($20–30)

Battery cost $400 60V/45Ah LFP or NMC, bulk purchase

Battery

residual
20% Typical second‑life value after 36 months

Table 3: Default Parameter Assumptions and Justifications
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4.1 Handling Extreme Inputs

The calculator includes a boundary warning system that alerts users when inputs fall

outside typical ranges. Examples:

User count > 100,000: “Linear scaling may deviate from reality” – a high‑EQ way

of saying the model becomes speculative.

Swap fee < $0.20: “Not commercially sustainable” – direct but factual.

Battery residual > 40%: “Too optimistic” – gently steering users toward more

conservative estimates.

Rider ratio < 10% and peak ratio > 20%: “Normal users do not have sharp swap

peaks” – educational rather than alarmist.

This approach maintains neutrality while preventing the model from being misused for

unrealistic projections.

5. Interpreting Results

The calculator outputs three categories of metrics:

5.1 Deployment Prediction

Estimated daily demand (total swaps in the area)

Recommended cabinets (units)

Effective slots (total across all cabinets)

Peak load (percentage of slots used during peak hour)
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🚨 IMPORTANT

A peak load

above 85%

(or above the grid‑adjusted limit) indicates that the system will be heavily utilised. The
calculator colours the value accordingly (green <70%, yellow 70–85%, red >85%).
This does not mean failure – high utilisation can be economically efficient – but it

signals that any unexpected demand spike may cause waiting times.

5.2 Economic Analysis

Daily profit per cabinet (net after OpEx)

Total area daily profit (all cabinets combined)

Return on investment (months, or “Loss” if negative)

Breakeven target (swaps/day/cabinet needed to cover OpEx)

Actual predicted swaps (compared to breakeven)

If actual swaps exceed breakeven, a green “Profitable” message appears. If below, a warning

advises the user to increase users, raise fees, or reduce OpEx. This direct feedback is

intentionally clear – the white paper does not soften this because the calculator’s role is to

provide actionable guidance.

5.3 Plain Language and Data‑Driven Drawers

Two interpretation drawers are available:

Plain Language Summary – Translates numbers into narrative, using phrases like

“Good news: the model predicts this deployment will be profitable” or “Caution:

predicted demand is below the breakeven point.”

Data‑Driven Analysis – Presents a structured table of metrics, including CapEx

breakdown, OpEx per cabinet, and an annualised ROI percentage.

Both drawers end with a call to action to contact MOTAWILL for custom quotes,

acknowledging that the calculator is a starting point, not a final investment decision.
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6. Preset Scenarios: Reference Cases

The calculator includes five presets that represent real‑world archetypes. Each preset is

presented as a theoretical scenario based on industry observations – not as a

guarantee of performance.

Preset Key Characteristics
Stated
Payback
(Months)

Interpretation

Gogoro
(Taiwan)

450 users, 55% riders, 2.5h

charge, $1.10 fee, $7,000
cabinet

~18
“Healthy, sustainable
investment benchmark”

Tower Energy
(China)

470 users, 88% riders, 1.7h
charge, $0.50 fee, $2,600

cabinet

~17
“Scalable economic
standard”

Ultra‑Fast

Swapping

Core hotspot, 85% riders,

1.0h charge, $0.65 fee
~7.9

“Theoretical ceiling” –

explicitly described as
idealised

Residential
Area

350 users, 8% riders, 2.5h
charge, $0.65 fee, $2,100

cabinet

~10.7
“Not ‘quick money’ but
strategic investment”

Reset Default Restores all default values – Baseline comparison

Table 4: Preset Scenarios and Reference Cases

The ultra‑fast preset’s 7.9‑month payback is labelled a “theoretical ceiling” – a high‑EQ way

of acknowledging that while such performance is possible in optimal conditions (Beijing

Guomao, Shanghai Lujiazui), it should not be expected in most locations. Conversely, the

residential preset’s 10.7‑month payback is described as “verified in pilots across Zhejiang

and Guangdong” – lending credibility to a moderately optimistic outcome.
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7. Limitations and Practical Considerations

No model is perfect. Users of this calculator should be aware of the following inherent

limitations:

7.1 Linear Scaling Assumption

The calculator assumes that demand, revenue, and costs scale linearly with user count and

cabinet count. In reality, very large deployments (>100 cabinets) face non‑linear

challenges: site acquisition difficulty, grid interconnection limits, fleet management

overhead, and user churn. The model includes a warning for user counts above 100,000

but does not correct for non‑linearity.

7.2 No Battery Aging Dynamics

Depreciation is modelled as a straight‑line financial write‑off, not as a physical degradation

curve. A battery that retains 80% of its capacity after 36 months will still be swapped as

frequently as a new battery in the model, because the swap frequency is driven by user

behaviour, not battery state of health. This is a simplification; in practice, degraded

batteries may require more frequent swaps, increasing demand.

7.3 Static User Behaviour

The model does not account for demand elasticity – a higher swap fee may reduce the

number of users or their swap frequency. It assumes that the user‑defined fee and demand

are independent. For sensitivity analysis, operators should manually test different fee

levels.

7.4 Site‑Specific Costs

Monthly OpEx is a single input. Actual costs vary widely: a cabinet inside a convenience

store may pay high rent but gain foot traffic; a cabinet on public land may have lower rent

but require a revenue‑share agreement. The calculator encourages users to adjust OpEx

accordingly but provides no guidance on site‑specific negotiation.
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7.5 No Competition Modelling

If multiple swapping providers operate in the same area, demand will be split. The

calculator assumes the user’s network is the only or dominant option.

7.6 Battery Residual Value Floor

The model allows a residual value as low as 0% or as high as 100%. Values outside 0–100%

are automatically clamped, and a warning is shown. This prevents nonsensical negative

depreciation but does not enforce a realistic minimum – the user must exercise judgment.

7.7 Not a Substitute for Professional Engineering

The calculator is a planning tool, not a certified engineering study. It does not consider

local electrical codes, fire safety regulations, structural loading, or environmental

conditions (temperature, humidity, dust). Final deployment decisions should involve

qualified engineers and local authorities.

8. Conclusion and Recommendations

The MOTAWILL Battery Swapping Deployment & ROI Calculator provides a transparent,

accessible, and logically consistent framework for preliminary infrastructure planning. Its

strengths lie in:

Granular control over rider mix, peak demand, and grid constraints.

Conservative default assumptions that prevent over‑optimism, while allowing

users to explore best‑case scenarios.

Clear warning system that educates users about boundary conditions without

being alarmist.

Integration of both demand‑based and area‑based cabinet sizing, reflecting

real‑world constraints often overlooked in simpler models.
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8.1 Recommendations for Users

1. Start with the “Reset Default” preset, then adjust one parameter at a time to

understand its impact.

2. Test both optimistic and conservative scenarios – e.g., run with your expected

rider ratio and again with half that ratio.

3. Pay close attention to the boundary warnings – they often highlight the most

critical sensitivities.

4. Use the “Copy Report Data” button to share results with stakeholders or to

archive scenarios.

5. Do not treat the output as a final investment case – validate with local site

visits, contractor quotes, and user surveys.

8.2 Future Development

MOTAWILL intends to enhance the calculator with: - Monte Carlo simulation for

parameter uncertainty - Integration of battery cycle‑life degradation curves - Support for

multi‑tier pricing (subscription vs. pay‑per‑swap) - API access for bulk scenario analysis

9. Resources & Contact

For organisations requiring bespoke deployment models or turnkey swapping solutions,

MOTAWILL offers consulting and hardware‑as‑a‑service subscriptions that eliminate

upfront CapEx.

Access the Interactive ROI Calculator:

https://www.motawill.com/engineering/battery-swapping-deployment-roi-

calculator/

Contact MOTAWILL Fleet Intelligence Team:

https://www.motawill.com/contact/
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🚨 IMPORTANT

Disclaimer

This white paper and the accompanying calculator are provided for informational
purposes only. Actual results may vary significantly based on local conditions,
execution quality, and unforeseen market factors. MOTAWILL makes no
representation or warranty, express or implied, regarding the accuracy, completeness,

or fitness for purpose of the model outputs. Users are solely responsible for their
investment decisions.

© 2026 MOTAWILL Global. All rights reserved. Document version 1.0 – April 2026

© 2026 MOTAWILL Global Page 15 of 15


