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Impact Analysis of Wind Power on Power System Reliability with Electric Vehicles
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(Dam Kim - Hyeongon Park - Hungyu Kwon -+ Jong-Keun Park)

Abstract - An increasing number of electric vehicles (EVs) in power system affects its reliability in various aspects. Especially
under high EV penetration level, new generating units are required to satisfy system’s adequacy criterion. Wind power
generation is expected to take the major portion of the new units due to environmental and economic issues. In this paper,
the system reliability is analyzed using Loss of Load Expectation (LOLE) and Expected Energy Not Served (EENS) under each
and both cases of increasing wind power generation and EVs. A probabilistic multi-state modeling method of wind turbine
generator under various power output for adequate reliability evaluation is presented as well. EVs are modeled as loads under
charging algorithm with Time-Of-Use (TOU) rates in order to incorporate EVs into hour-to-hour yearly load curve. With the
expected load curve, the impact of EVs on the system adequacy is analyzed. Simulations show the reliability evaluation of
increasing wind power capacity and number of EVs. With this method, system operator becomes capable of measuring
appropriate wind power capacity to meet system reliability standard.

Key Words : Wind power, Electric vehicle, Reliability
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Fig. 2 Traffic volume by hour
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Table 1 Charging electricity rate for electric vehicle
AEEQs (H/kWh)

A GRS 2| B/red A2
A5} 51.20 52.10 71.70
Erdiae 129.10 62.60 113.80
Foes 206.50 67.90 169.50
= 2/ e 23
AEH o Y 1}%] ~ A
74 19 ~ 6 30 11¢ 19 ~
A7 831 991¢ ~ 9y 2¢ T
10¢ 31¥
AE5} 23:00 23:00 23:00
AIZYCH ~ 09:00 ~09:00 ~ 09:00
9:00 09:00 09:00
~ 11:00 ~ 11:00 ~ 10:00
sty 12:00 12:00 12:00
AIZYCH ~ 13:00 ~ 13:00 ~ 17:00
17:00 17:00 20:00
~ 23:00 ~ 23:00 ~ 22:00
11:00 11:00 10:00
~ 12:00 ~ 12:00 ~ 12:00
Z|th R st 17:00
AR 13:00 13:00 ~ 20:00
~ 17:00 ~ 17:00 22:00
~ 23:00
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Table 2 Wind speed and wind turbine information

Wind speed Wind turbine
0~ 35 model Vestas V90
range
m/s
rated power 3,000 kW
mean 4.0 m/s | cut-in wind speed 3.5 m/s
rated wind speed 15 m/s
standard
L 7.0 m/s
deviation cut-out wind speed 25 m/s
04216
0.1543 01919
O'OTW °'°?°9 00475 00371
£
0 MW 0.5 MW 1MW 1.5 MW 2 MW 25 MW 3 MW

8 4 YUV o] SR8 SEEx
Fig. 4 Multi-state probability distribution of wind turbine
generating capacity
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Fig. 5 Reliability indices according to increasing generator
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Table 3 Assumptions of electric vehicle

model Tesla S

mileage 5 km/kWh
charger capacity ~ 6 kW
average daily travel distance 60 km
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o] Halo| HLHZ EViehs RUVIASAIE aldsto] Hsishe

Load (MW] .
2800 .

—Reference---20154 2025 —2035
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Fig. 6 Hourly load duration curve according to increasing
electric vehicle
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vear \| /year] | /year] | /year] | /year] | /year] | /year]
529. 1177. 588.
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500. 1287. 559,
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