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Bi-directional Power Flow System between Plug-in Electric Vehicles and Electric Grids
-- Its Concept and Impacts --

Masao Hori and Takeshi Kaneda

Bi-directional power flow between plug-in electric vehicles and electric grids, so-called “V2G’, can utilize the power and storage

capacity of vehicle battery, which rationalizes the facilities and operation of electric grid systems, increases the share of renewable

energy power generation, and gives financial benefits to vehicle users for the V2G services. In this paper, the concept of plug-in system

for widespread installation, and advantageous impacts of this system as the PEV infrastructure are reported.
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Table 1 Vehicle Power vs. Grid Power

2G P
Number of Total v ower]
Passenger V2G Power Grid Power !
Country . 9 @15kW/Car [Total Grid
Vehicle (GW] (Average) Power]
[x10* Cars] [GW] [~
France 2922 438 50 8.85
Germany 4465 670 58 11.49
U.K. 2845 427 40 10.81
u.s. 19100 2865 417 6.86
Japan 5444 817 113 7.23

Source: W. Kempton, Windtech International (March 2006), Japan case added by the authors
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Table 2 Effect of Bi-directional Power Flow to Renewable
Energy Power Generation in 2020~2030

Year 2020 2025 2030
Nurmber of HEV 1 6,290,000 9,370,000 10,060,000
Number of PHEV *1 3,090,000 11,290,000 25,290,000
Nurnber of BEV 1 290,000 1,240,000 2,780,000
Number of EDV (HEV+PHEV+BEV) *1 9,660,000 21,890,000 38,120,000
Nurmber of PEV (PHEV+BEV) *1 3,380,000 12,520,000 28,060,000
Share of EDV and PEV [%] *1 17.0%and59% | 38.4%and 22.0 % | 66.9% and 49.3 %
Rt Sas SEDV GRS | gy gy | - | -
V2G Power per Vehicle *3 3kw 6 kw 3Kw | 6kw | 3kw | 6kw

6.59 1318 | 2441 | 4883 | 5472 | 10943

Total V2G Power by PEV *4 ow ow oW ow oW oW

[Reference] Require?sPeak Power by FEPC 19.60GW (28.356W) 37.106W
Total Battery Storage Capacity by PEV *6 0.24x10°8 kWh 0.86x108 kwh 1.93x108 KWh
AlIPEV Case and PHEV Case 0.21x108 kWh 0.74x108 KWh 1.65x10° KWh
[Reference] Required Battery Storage by 1.8x10° KiWh

METI Committee *7

HEV=Hybrid Electric Vehicle, PHEV=Plug-in Hybrid Electric Vehicle, BEV=Battery Electric Vehicle, EDV (Electric Drive
Vehicle) =HEV+PHEV+BEV, PEV (Plug-in Electric Vehicle) =PHEV+BEV. * Refers to the appendix 2 for detailed explanation
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Fig. 3 Effect of Bi-directional Power Flow to Renewable
Energy Power Generation in 2020~2030
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