The Physics of Propulsion

Deconstructing the Thermodynamic and Systemic Superiority of Electric Vehicles
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THE CORE PARADIGM SHIFT: TWO WAYS TO GENERATE MOTION

All mechanized transport relies on either thermodynamics (heat) or electromagnetism (magnetic fields).
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The heat engine uses chaotic, violent thermal expansion. The electric motor uses gentle, directed

magnetic fields. This physical distinction dictates every downstream efficiency metric.




THERMODYNAMIC LIMITATIONS OF INTERNAL COMBUSTION

Internal combustion is overwhelmingly a heat-generation process, with motion as a secondary by-product.
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e Theoretical max efficiency is capped at ~40% in a narrow ‘sweet spot’ lab setting.
e Requires hundreds of precisely crafted, heavy moving parts subject to severe wear.



ELECTROMAGNETIC EFFICIENCY OF ELECTRIC VEHICLES

Electromagnetic propulsion approaches theoretical perfection in energy conversion.
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e Bi-directional: Can perfectly
reverse the process to
capture kinetic energy
(Regenerative Braking).



The Powertrain Showdown

When isolated to the motor unit, electromagnetic technology is exponentially superior across all dimensions.
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FRAMING THE ENERGY SYSTEM BOUNDARIES

True environmental and efficiency impact cannot be measured at the tailpipe; it requires a systemic boundary analysis.
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Tank-to-Wheel (TTW]) Reality

The onboard efficiency gap requires ICE vehicles to carry exponentially more stored energy to travel the same distance.
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Well-to-Tank [WTT) Hidden Costs

The “Well-to-Tank" phase for fossil fuels consumes massive energy, whereas renewable electricity extraction consumes aimost none.
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" The Well-to-Wheel (W2W) Synthesis

To move the same distance, a fossil fuel system demands drastically more
raw energy from the earth than an electric system.
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B EV systemic efficiency drastically reduces the total energy burden on R
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Mapping the Systemic Footprint

When mapped across both total energy consumption and greenhouse gas
emissions, EVs isolate into an optimal class of their own.
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Internal combustion technologies inherently cluster in the high-energy/high-emission
spectrum. Electric propulsion sits uniquely at the origin.




Expanding to Lifecycle GHG Emissions

A true Life-Cycle Assessment (LCA) must include the carbon penalty
of manufacturing the vehicle and its battery.
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The high initial manufacturing footprint of an EV battery is mathematically a “carbon debt.”
i The critical question is: how quickly does the W2W efficiency pay off this debt? b




The Grid Mix Variable: Busting the Coal Myth

Even on the dirtiest possible electrical grid, an EV has lower lifecycle emissions
than a standard internal combustion engine.
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Insight The 4x thermodynamic efficiency of the electric motor mathematically overrides
the carbon intensity of a 100% coal grid.



The Decarbonization Trajectory

The unique ‘Aging Property’ of electric vehicles: they actively decarbonize as they age.
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ICE locks a society into a static emissions floor.
EVs plug into a continually decarbonizing infrastructure.




Conclusion: A Mathematical Inevitability

The transition to electric mobility is not a policy preference; it is a thermodynamic inevitability.

1. Physics (Micro)

Electromagnetic motors are 3-20x

more efficient than heat engines,
fundamentally ending 75%+ heat

waste.

2. Energy Chain (System)

Extracting and burning fossil fuels
requires inherently more raw energy
than harvesting and transmitting
electricity.

3. Lifecycle (Macro)

EVs immediately lower greenhouse
gas emissions, even on coal grids,
and uniquely compound those
savings as grids adopt renewables.

Shifting our perspective from 'tailpipe’ to 'Well-to-Wheel'
reveals the true architecture of sustainable mobility.




