Lecture Note #15 (Fall, 2020)

Energy storage and conversion for
hybrid & electrical vehicles

Why electric systems?
Power demand in vehicles
Battery electrical vehicle
Hybrid vehicle

Fuel cell hybrid systems
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Why electric and hybrid-electric systems?

-Renewable energy
-Rechargeable energy storage system (RESS)

-Motivation & goals for electric and hybrid-electric vehicles

(1) Reduce petroleum use

(2) Lower releases of greenhouse gases

(3) Decreased emissions of criteria pollutants
(4) Increased energy efficiency
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Figure 12.1 Representation of where the energy of the fuel goes for a typical vehicle driving a combination of city and highway.
Source: Data taken from http://www.fueleconomy.gov/feg/atv.shtml
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Hybrid-electric vehicle
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Power demand In vehicles

Driving schedule: speed as a function of time
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Figure 12.3 Urban dynamometer driving schedule produced by
the EPA.
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Figure 12.4 Driving schedule converted to power (left axis) and
energy in kWh on right axis.

Electrochemical Engineering, First Edition. Thomas F. Fuller and John N. Harb.

Power:

Positive: power is needed
Negative: deceleration
(energy recovery and storage)

Energy:

Solid: no energy recovered

Dashed: energy recovered
(hybrid system)
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Table 12.1 Energy Associated with Different Driving Schedules for a 1500kg Vehicle

FTP-75, city driving, frequent

FTP-75, highway driving,

USO06, high speed, aggressive

stops, idling no stops driving
Average speed [km-h™!] 219 79.3 TS
Maximum speed [km-h™] 86.4 97.7 128.05
Traction energy 10.47 10.45 1703
[kWh-100km™"]
Traction energy efficiency 9.6 9.6 5.9
[km-kWh™']
Braking energy, 4.52 0.98 5.30
[kWh-100km™]

The traction energy is at the wheels.
Source: Adapted from Ehsani 2009.
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Battery electric vehicle
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Figure 12.5 Range of operating voltage for electrochemical device.
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Cycle life = rated capacity[Ah] x (cycle / Ah) x capacity turnover
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Figure 12.6 Capacity turnover for a hypothetical rechargeable
battery.
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Hybrid vehicle

Start-stop hybrid: micro-hybrid
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Figure 12.7 Start—stop hybrid.

Electrochemical Engineering, First Edition. Thomas F. Fuller and John N. Harb.
© 2018 Thomas F. Fuller and John N. Harb. Published 2018 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/fuller/electrochemicalengineering



Series hybrid system



