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Abstract - Increasing concerns on climate change and energy security accelerated policies to reduce green-
house gas emission, especially from the transportation sector. Electric vehicle (EV) has been on the spotlight to
deal with such environmental issue and V2G (Vehicle-to-Grid) technology began to draw attentions as an
alternative to reduce ownership costs while contributing to an efficient and decentralized power grid. This study
conducts a scenario analysis on total cost of ownership of EV under V2G scheme and compare with
non-V2G EV and Internal Combustion Engine (ICE) vehicle. As result, V2G service is expected to provide an
annual average profit of $210 to EV users willing to reverse flow its residual power in the battery. The profit
from V2G service leaves a margin of $4,530 over operational lifetime, compared with $2,420 cost of charge
for non-V2G EV. In summary, total cost of ownership of V2G-capable EV was 6.2% less than non-V2G EV
and 10.2% higher than ICE vehicle. The results confirm a comparative economic advantage of operating EV
under V2G scheme. Increased number of EVs with V2G service has shown to provide positive effects to
power industry for valley filling in load distribution, thus, favorably increasing the overall economic feasibility.
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Figure 1. Concept of V2G: Power and Communication Flow
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Table 1. Specifications and General Assumptions for ICE Vehicle and EV

Model KiaSoulICE (Gasoline) Kia Soul EV

Total Purchase Price
(Registration tax, Acquisition tax, Bond are 24,157,000 KRW 45,262,500 KRW
included. EV purchase incentive not applied)

Gamma 1.6 GDI engine,

Powertrain 6-Speed Automatic 81.4 kW Motor, 27 kWh Battery
Size(Length * width * height) 4.140m x 1.800m x 1.600 m
Weight 1,264 kg 1,508 kg
Fuel Economy 11.6 km / L 5.0 km / kWh
Total Range on Single Charge 626.4 km (Fuel Tank 54L) 135.0 km (Combined fuel economy)
Daily/ YearlyDriving Distance 40 km / 14,600 km

Journal of Energy Engineering, Vol. 24, No. 2 (2015)
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Table 2. Charging Rates for EV and TOU(Time-Of-Use) Classification Table

Electricity Price (KRW/kWh)
Time Spring, Fall .
Base Fee : g Summer Winter
It Time Spring, Fall . (Mar-M:
Vo age (KRW/kW) and Summer (N[ar-May Winter and (Jun- Allg) ay, (Dec-F eb)
(Jun-Aug) * | (Dec-Feb) | Season Sep-Oct)
Season Sep-Oct)
Off-peak 57.60 58.70 80.70 Off-peak |23:00 ~ 9:00|23:00 ~ 9:00|23:00 ~ 9:00
Vzﬁl)t:;e 2,390 Mid-peak 145.30 70.50 12820 9:00 ~ 10:009:00 ~ 10:00{9:00 ~ 10:00
Mid-peak [12:00 ~ 13:00{12:00 ~ 13:00{12:00 ~ 17:00
On-peak 232.50 75.40 190.80
17:00 ~ 23:00{17:00 ~ 23:00{20:00 ~ 22:00
Off-peak 52.50 53.50 69.90
10:00 ~ 12:00{10:00 ~ 12:00{10:00 ~ 12:00
High- .
voltage | 00 | Midpeak | 11070 64.30 101001 5 peak [13:00 ~ 17:00{13:00 ~ 17:0017:00 ~ 20:00
On-peak 163.70 68.20 138.80 22:00 ~ 23:00
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Table 3. Calculation of V2G Profit
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Kia Soul EV using V2G Note
Total Range 135.0 km Based on combined fuel economy
Fuel Economy 5.0 km / kWh Combined fuel economy
Dily Average Driving 40.0 km Average daily driving distance in Korea
Distance
Battery Capacity 27.0 kWh
Daly Power Consumption 80 KWh 400 km / 50 ki / kWh
from Driving
Reserve Power 1.6 kWh 20% of average daily driving distance (40.0 km x 20% / 5.0 km / kWh)
Daily Surplus Power 17.4 kWh Battery capacity - Daily Power Consumption — Reserve Power
Power Loss from Transmission 1.2 kWh 7% of transmitting power (surplus power)
Daily V2G Supply 16.2 kWh Final suppliable power for V2G
Rate of Charging 65.8 KRW / kWh 100% charge at weighted average price of off-peak (23:00~9:00) hours
Charging Time 4.4 hours 27 kWh x 1.07 (incl. 7% power loss) / Low-voltage 6.6 kW
o | 20| PP 107 T e 0
Monthly / AnnualCost of | 67,518 KRW / month
Charging 821471 KRW / year
V2G Power Sale Price 153.1 KRW / kWh Weighted average price of on-peak hours (varies by season)
V2G Discharging Time 2.5 hours 15.6 kWh / Low-voltage 6.6 kW
Monthly / AnnualV2G Sale 8918’521 IKRI;;{V\; /m;:aﬂ; Rate of Charging and V2G Power Sale Price increases at 5% / year
First-yearV2G Profit 167,490 KRW Annual V2G Sale - Annual Cost of Charging
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V2G Effect on Lifetime Fuel Cost in Present Value
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Figure 2. V2G Effect on Lifetime Fuel Cost in Present Value
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Total Cost of Ownership by Vehicle Type (Uait: 10,000 KR

SOUL ICE SOUL EV SOUL EV+V2G

(6.000)

(5.934)

o|Z5
Unit : 10,000 KRW|Soul ICE|Soul EV Soul EV Note
+ V2G
VehiclePurl ) 416 | - 5386 | - 5386
chase Cost
o,
Fuel Cost| - 1022 | - 183 | 160 | ° inerease
per annum
o, -
Insurance | - 538 | - 538 | - s3g |°/° nerease
Present per annum
Value 5% increase
Auto Tax| - 1 - .
104) uto Tax 99 77 77 per annum
Environme 5% increase
- 61
ntal Cost per annum
Residual Based on
Value after| 112 250 250 | depreciated
10 years value
Total - 5023 | - 5934 | - 5,591

Figure 3. Total Cost of Ownership in Comparison
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Scenario 1 — TCO by Vehicle Type
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Scenario 3 — TCO by Vehicle Type
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Figure 4. Comparative TCO Results of Scenario Analysis
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MW Change of Average Hourly Load in Scenario 4

65000

60000

Ay - -

5876 s\ p A P -
B A gmmm———— - P, O ot .
B000 55305 A~ = \\ ; \

> g ., A x4 Original Difference in Peaks: 11,812 MW
- & Scenario 4 Difference in Peaks: 7,919 MW
30000

49630 49137 .

48339 i77gg 4812 Original

#2000 —a— Scenario 4
40000

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Hour

Figure 5. Change of Average Hourly Load in Scenario 4
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