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Plug-in Hybrid Electric Vehicles for Energy and Environment

Masao Hori

The plug-in hybrid electric vehicles (PHEV) can contribute to petroleum saving, overall energy efficiency and economy, electric power
demand flattening, and, by shifting the electric power source to self-sufficient and cleaner energies, energy security and environmental
conservation. Average fractions of travelling by the electric vehicle mode are estimated for capacity of equipped battery based on the
statistical date on daily travel distance of Japanese vehicles. The favorable effects of PHEV introduction are discussed quantitatively.
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Electric-Run Fraction (for battery capacity = X) = [>_.{X * AV} (for
X=0to X) + (1-V) * X]/ > {X * AV} (for X=0 to maximum)

X: Travel distance, also battery capacity in distance [Km]

V: Cumulative fraction [-] of vehicles to distance X (Fig.2)

AX: Increment of distance = 1 [Km] in this evaluation

AV: Fraction [-] of vehicles between X and X+AX
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Table 2 Energy Utilization Efficiency for Various Power Train Vehicles
‘Well to Wheel’ Efficiency -- Fossil Fuels
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> 5 B E TOTRLF—35 (Tank—to-Wheel Zh=8, Hfiz)
), EILIZINGERE LT f X —%h% (Well-to-Wheel
BhER, AR IO TRLTH S, (THS R 34 «
HEEMET, 2o, BIUIEOTERICEEH L=, PHEV (220
TIE, HEV & BEV Of DB/ EITEIG & B2 58 L CHEE
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Table 2 ™ HEV, PHEV, BEV, FCV D=3 /L —FIZhRIMIN
B 30%~40%EDEVMEZ R LT, I SEROMEIZITNESS
HHDT, NT—hkL Ak
LEMIIZROMDOELY, T
LA, IV SAHN—2THD

Well to Tank | Tank to Wheel | Well To Wheel PITALT, PHEV, BEV, FCV f—j
7S N 57— EE
Efficiency Efficiency Efficiency THRLF—Fy VT —L LTE
% S
Gasoline Engine Vehicle 88 % 6% 14 % 73, KRFEMERTHOT, ~
ICEV o ° ° 0 R &I BHIRERAF—D%ER
Gasoline Hybrid Vehicle T 9;=' EBHNDRIZH D LFRD.
a =3 28~32 %
A=Y =| 88% 32-37 %
Plug-in Hybrid Vehicle §_ (26-30 %) 3.2 JRA I — AR R
PHEV = - 8 ° — YT FAE— L LTIBRIR
m - P
Battery Electric Vehicle | 5 50 % % 70 % . FHEMMT 2562 ELT,
BEV o < 8% TN & B3 - AR
Q
H, Fuel Cell Vehicle | T 5 L BER - AREER OB -
2 ul 5 & _ _ / i
Fcv 2 | 58-70% |3 | 50-60% 29-42% ASHEFEII B D H50

AR —RIREROE A HEE

» The values for ICE-V, HEV, FCV are from a Toyota Motors's 2003 presentation. The values for FCV are for the hybrid

specification.
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» Electric Power for BEV is based on the natural gas ACC power generation of 55% thermal efficiency, 5% loss from well

to station, and 5% loss for electricity transmission and distribution.
» EV battery-to-wheel efficiency is based on Uhrig (ANS, 2005).

» PHEV adds 15% to the energy required by weight increase. PHEV well to wheel efficiency is estimated for 70% EV run.

» The heating values are based on the Lower Heating Value (LHV).
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Table 3 Energy Utilization Efficiency for Electric and Fuel Cell Vehicles

‘Nuclear Reactor to Wheel Efficiency’
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HEIORA T RLE =R 615 &, BRI PHEY 7

BENEIKTERE Vol.38, No.2, March 2007.

» Thermal efficiency: For LWR steam turbine 32%, for SFR 41% and for VHTR gas turbine 47%

> Efficiency of H, production: By electrolysis 80% from electricity and by thermochemical 50% (LHV)
> Efficiency of H, production by reforming 85% (* Based on the sum of both primary energies, LHV)
» Transmission & distribution loss for electricity: 5%, Compression & transportation loss for H,: 10%
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