Where Battery Swapping Works—and Where It Stops Scaling

Pre-deployed energy vs. on-demand energy delivery as E2W demand rises

By Richard Hatfield, CEO of Lightning Motors Corporation
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Executive Abstract

As electric two-wheelers (E2W) evolve beyond urban micromobility into mid-size and
performance segments, the infrastructure assumptions that supported 2-4 kWh platforms
are breaking down.

At the core of this shiftis a fundamental divergence in energy philosophy: pre-deployed
energy vs. on-demand energy delivery. Battery swapping depends on the costly pre-
positioning of physical assets, while high-speed public charging leverages the electrical
grid for real-time delivery. For OEMs targeting the 9 kWh+ performance segment, this is a
structural choice. On-demand energy delivery is the only scalable and economically
sustainable path forward.

1. Pre-Deployed vs. On-Demand Energy



The divergence begins with how energy reaches the vehicle.

e Pre-Deployed Model (Swapping): Energy is “bottled” into physical batteries and
distributed to fixed locations. This creates a logistics-heavy system where OEMs
must own, track, and maintain a fleet of idle battery assets.

e On-Demand Model (Public Charging): Energy is delivered in real time via the
electrical grid. No pre-positioning is required. This eliminates redundant inventory
and allows OEMs to focus capital on the vehicle itself.

2. The TCO Divide: Asset-Heavy vs. Asset-Light
Infrastructure strategy directly defines Total Cost of Ownership (TCO).

e The Swapping TCO Trap: A viable swapping network requires a Battery-to-Vehicle
(BTV) ratio of ~1.5:1 to 2:1. For a 15 kWh platform, this means nearly two batteries
per vehicle in circulation. The result is "Stranded Capital"—high-value assets sitting
idle—which scales non-linearly as the fleet grows.

o« The Public Charging Advantage: These architectures operate at a ~1:1 BTV ratio. By
leveraging third-party infrastructure, OEMs shift to an asset-light model, where the
cost of energy delivery is distributed across the broader EV ecosystem instead of
concentrating on their own balance sheet.

3. The 9 kWh Tipping Point: Where Swapping Breaks
Around 9 kWh, the economics and ergonomics of swapping collapse.

¢ Weight Reality: A 9 kWh pack weighs ~50 kg; a 15 kWh pack exceeds 80 kg. At this
scale, manual swapping is physically impossible and presents a significant
insurance liability. What was once a simple kiosk must become a robotic handling
system, introducing immense capital cost and new mechanical failure points.

¢ Charging Becomes Practical: While Level 1 charging is a "time trap" (8+ hours),
Level 2 (J1772/Type 2) enables a meaningful recharge in 60-90 minutes. This
unlocks "Destination Charging"—adding substantial range during natural dwell
times (meals, stops)—without proprietary mechanical infrastructure.

4. Engineering Constraints: The “Double-Wall” Penalty
Mid-size or larger motorcycles require structural efficiency and mass centralization.

¢ The Swapping Constraint: Swappable packs demand a secondary enclosure or
“cage” to support mechanical insertion/removal.



e The Result: This “Double-Wall” architecture—battery casing plus receiving
structure—adds dead weight and volume. This directly degrades the power-to-
weight ratio and forces a wider chassis, compromising the lean-angle clearance and
agility essential for high-performance design.

5. Thermal Reality: Passive vs. Active Systems

e Swapping Limitations: Swappable packs typically rely on passive (air) cooling.
Liquid cooling interfaces for swappable units introduce "blind-mate" complexity and
reliability risks due to repeated mechanical coupling cycles.

o Integrated Pack Advantage: Fixed battery systems enable Active Liquid Cooling,
ensuring sustained high-power output, consistent fast-charging performance, and
predictable thermal behavior independent of prior usage history.

Strategic Outlook: 2027 and Beyond

The segmentation is clear: Swapping will remain viable for low-speed, 2 kWh "last-mile"
fleet applications. Performance segments (9 kWh+) will outgrow swapping due to
compounding inefficiencies. The requirement for redundant battery inventory and robotic
infrastructure creates a structural disadvantage that worsens with every unit sold.

High-speed public charging aligns with global automotive trends, enabling portability,
interoperability, and extreme capital efficiency.

Closing Thought

The next phase of E2W adoption will not be defined by who deploys the most kiosks,
but by who best leverages the grid. For the performance segment, the winning strategy
is energy delivered on demand, not pre-positioned in advance.
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