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ABSTRACT : As environmental concerns including climate change drive the strong regulations for car exhaust emissions, electric
vehicles attract the public eye. The purpose of this study is to identify rural areas vulnerable for charging infrastructures based on
the spatial distributions of the current gas stations and provide the target dissemination rates for promoting electric cars. In addition,
we develop various scenarios for finding optimal way to expand the charging infrastructures through the administrative districts data
including 11,677 gas stations, the number of whole national gas stations. Gas stations for charging infrastructures are randomly
selected using the Monte Carlo Simulation (MCS) method. Evaluation criteria for vulnerability assessment include five considering the
characteristic of rural areas. The optimal penetration rate is determined to 21% in rural areas considering dissemination efficiency. To
reduce the vulnerability, the charging systems should be strategically installed in rural areas considering geographical characteristics

and regional EV demands.
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Table 1. Vehicles and infrastructures by Korean administrative districts in 2014. 1.
Vehicles Infrastructures
Administrative Interna.l . . Proportion of . .

Districts Clombustl(‘)n Electric Vehicles Electric Vehicles Gas Stations Public Qharglng EV per a'

Engine Vehicles (EV) %) Stations Charging Station
(ICEV)
Seoul 2,482,795 516 0.021 598 111 4.7
Busan 950,988 21 0.002 459 3 7.0
Daegu 850,739 11 0.001 401 0 0.0
Incheon 847,072 63 0.007 344 8 7.9
Gwangju 460,743 51 0.011 312 1 51.0
Dagjeon 505,475 22 0.004 272 1 22.0
Ulsan 407,723 12 0.003 272 0 0.0
Geonggi 3,721,652 117 0.003 2,364 23 5.1
Gangwon 490,995 22 0.004 692 1 22.0
Chungbuk 516,206 8 0.002 770 1 8.0
Chungnam 713,445 100 0.014 1,010 3 333
Jeonbuk 582,929 13 0.002 895 0 0.0
Jeonnam 552,246 98 0.018 858 1 98.0
Gyeongbuk 901,446 77 0.009 1,296 1 71.0
Gyeongnam 1,160,066 154 0.013 1,132 4 38.5
Jeju 225,045 362 0.161 197 17 213
Total 15,369,565 1,647 0.011 11,677 175 9.4
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Figure 1. Vulnerability in urban and rural areas at the penetration rate suggested by MKE (12%)
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Figure 2. Vulnerable rural areas according to various penetration rates
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Figure 3. Vulnerable provinces at the optimal penetration
rate (21%) for fast charging infrastructures in rural areas
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Table 2. The estimated vehicle ownership per household in 2020
The Estimated Value in 2020 National Gangwon-do Pyeongchang-gun
Number of Household 19,878,399 645,808 15,316
Automobile Ownership 18,070,191 608,351 14,428
EVs ownership 1,046,200 34,228 812
Automobiles 0.942
Ownership per Household
EVs 0.053
Table 3. Economic feasibility of various charger types in Pyeongchang
EVSE EVs Necessary Chargers per an Cost of a Charger[a] Total Cost
(Electric Vehicle Supply Equipment) EV (EVSE/EV) (Million W/a charger) (Million W)
Home Charger 1.0[b] 1.0 730.8
Slow Charger 812 1.25[c] 4.0 4,060.0
Fast Charger 0.05[b] 45.0 1,845.0
[a] The equipment price except for initial installation cost.
[b] The aim of EVSE/EV ratio for home and fast chargers by 2020 in Korea.
[c] The aim of EVSE/EV ratio for slow chargers by 2020 in China.
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