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ABSTRACT

The uptake of electric vehicles (EVs) has risen with the global uptrend of many countries' decarbonization policies. EVs have
received the world's attention as the most effective method to reduce carbon dioxide on the road. Except for the forerunners in electric
mobility, most countries have just started installing and providing public charging infrastructure. In the initial adoption stage of EVs,
the public infrastructure for charging is crucial to appeal to the public, thereby accelerating its adoption. Previous studies on public
fast-charging stations have rarely integrated real-world problems and spatial constraints into the optimal location. To solve this
contextual gap, the study proposed identifying the optimal location for fast-charging public stations through a spatial
location-allocation model based on a road network and demand analysis based on the total number of registered EVs by the districts.
Seoul Metropolitan Government aims to supply 22,000 charging stations and 300 fast chargers by 2022. This study, therefore,
considered the optimal allocation of the public fast-charging stations in Seoul. To identify the location points where new charging
stations can be installed for 25 districts of Seoul, this study initially applied the Service Area Analysis and Minimum Facility methods
of the spatial Location-Allocation Model. Identifying the number of the installation points was based on the criteria for the total
number of registered EVs by the district through a demand analysis. This study recognized that the Service Area Analysis had its
methodological limitation due to not reflecting the differentiated demand by considering only the optimal location, not the density
of charging stations. The implementation of the demand analysis resolved this limitation. This complementary methodology
demonstrated a significant approach, considering the charging station distribution and the density of chargers in charging stations

when considering future expansions of the charging network.
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. Fast Charger Standard Charger
Site
(1) Private & Open type (2) Private & Closed type
Private Charger
Privately-operated facility, gas station House parking

(3) Public & Open type (4) Public & Closed type

Destination Workplace parking lot

Public Charger
Route

Government-owned facility -

Emergency
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Table 2. Status of EVs and Charging Stations (CS) in Seoul
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22 343440 BFo| AT

Adm ID Total Registered EV | EV for Private use | Total Charging Station Public CS Public & Fast CS
(Ratio) (Ratio) (EV Adoption rate*) | (EV Adoption rate) | (EV Adoption rate)
1 GangNam (GN) 26,963 (11.25) 17,019 (63.12) 1,381 (19.5) 170 (158.6) 31 (869.8)
2 GangDong (GD) 8,159 (5.36) 7,710 (94.5) 689 (11.8) 88 (92.7) 7 (1,165.6)
3 GangBuk (GB) 2,770 (3.68) 2,542 (91.77) 340 (8.1) 36 (76.9) 7 (395.7)
4 GangSeo (GS) 12,449 (6.07) 8,681 (69.73) 1,026 (12.1) 86 (144.8) 13 (957.6)
5 GwanAk (GA) 5,305 (4.49) 5,030 (94.82) 345 (15.4) 39 (136) 9 (589.4)
6 Gwanglin (GJ) 4,593 (4.67) 4,349 (94.69) 293 (15.7) 44 (104.4) 3 (1,531)
7 GuRo (GR) 8,906 (6.11) 5,526 (62.05) 934 (9.5) 77 (115.7) 6 (1,484.3)
8 GeumCheon (GC) 3,570 (3.96) 3,344 (93.67) 670 (5.3) 19 (187.9) 7 (510.0)
9 NoWon (NW) 6,712 (4.41) 6,376 (94.99) 745 (9.0) 114 (58.9) 14 (479.4)
10 DoBong (DB) 3,648 (3.81) 3,336 (91.45) 432 (8.4) 82 (44.5) 12 (304.0)
11 | DongDaeMun (DDM) 4,284 (4.35) 4,052 (94.58) 628 (6.8) 42 (102) 7 (612.0)
12 DongJak (DJ) 5,814 (5.47) 5,652 (97.21) 625 (9.3) 49 (118.7) 4 (1,453.5)
13 MaPo (MP) 6,785 (5.59) 6,477 (95.46) 785 (8.6) 125 (54.3) 28 (242.3)
14 | SeoDaeMun (SDM) 4,594 (5.15) 4,343 (94.54) 448 (10.3) 44 (104.4) 5 (918.8)
15 SeoCho (SC) 13,810 (7.8) 13,119 (95) 1,276 (10.8) 150 (92.1) 17 (812.4)
16 SeongDong (SD) 6,082 (5.65) 5,262 (86.52) 1,009 (6.0) 90 (67.6) 20 (304.1)
17 SeongBuk (SB) 5,872 (4.85) 5,603 (95.42) 958 (6.1) 72 (81.6) 3 (1,957.3)
18 SongPa (SP) 14,041 (5.69) 13,600 (96.86) 1,402 (10.0) 148 (94.9) 21 (668.6)
19 | YangCheon (YC) 7,317 (4.83) 6,985 (95.46) 741 (9.9) 73 (100.2) 16 (457.3)
20 | YeoungDeungPo (YDP) 8,972 (6.14) 7,867 (87.68) 799 (11.2) 118 (76) 35 (256.3)
21 YoungSan (YS) 5,063 (6.35) 4,832 (95.44) 492 (10.3) 91 (55.6) 5 (1,012.6)
22| YeunPyeong (YP) 5,907 (4.44) 5,589 (94.62) 800 (7.4) 28 (211) 10 (590.7)
23 JongRo (JR) 3,108 (6.17) 2,617 (84.2) 423 (7.3) 52 (59.8) 7 (444.0)
24 Jung (J) 3,568 (5.83) 2,898 (81.22) 403 (8.9) 87 (41) 11 (324.4)
25 JungRang (JR) 4,161 (3.64) 3,791 (91.11) 755 (5.5) 59 (70.5) 9 (462.3)

* EV Adoption rate means the number of EVs per charging station
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Fig. 1. A, B, and C areas in Seoul
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Table 4. Description of Demand Analysis

Definition Formula Unit
a: Average traffic volume by Gu Total traffic volume/The number of roads Volume
b: The number of fast chargers for public - Volume
c: The demand for fast chargers for the public by Gu @ a ((e+f=300) such that @) Volume
d: Necessary quantity of fast charger for public by Gu [gfsz,i;fa;m_;bgg Volume
i Minimize Facilities: Facilities are
E‘ o located such that as many demand
points as possible are allocated to
e: The number of optimal locations by Gu solution facilities within the Site
8 impedance cutoff*; additionally, the
number of facilities required to cover
(Source: ESRI) demand points is minimized
f: Additional quantity of fast charger [die’ if(d—e) > 0 Volume

0, if(d—e) <0

* Any value assigned to this demand point property overrides the network analysis layer's Cutoff value.

e Aoz Avsis o Bad 3940 42 A
A Ae 08 U, of A3k vge

3k 3
:’Ltﬁ

3.4. 718 33 53T 2 I A FHYX|
BEEMI| 4xH &E 4. 77}

T WEHE 7|Rte g 1 G437 85 o
StalA} ttH(Table 4). o= S&FH717F AFA S4Y AARETANE 245 H—HHL Pl AR
FAF] 2olAe FEFWNE ARSAS gy T IO SHGULS Merch SALY AN AR
o] Agteln mEo| W o] 297} E7] o] (FAT)E ERldforetet. WA F3/HEE A& A
o A t];q _,JEH_,__Q_ B4 ZAxtel HAYAS 19 AMix g &= G537+ F 30770012 F 2077440
()9} 73 ), T8 AgRE LT 2o AX = AtH(Table 5). AXA7H F&E5FH7E P B
A7 7H_,_(b)__ EC Ae|A 9l grolt} F&ZA7] 300 o] AX|qt X JSEF(B57N)elaL FE+(317H), vt
7] HX2 Ege ARsne, HA0x-Husg 2 7 1T, STFCUN eoR vedd. S53H77
He)9 7 =7k A7 "as FE2AT] 2D 7P AA A" = BRFEHY} AEFGHE Y
o] 3002 THESHE o= Zrolof st} 1 FLZAY Bdth 33 §53447F 7P B2 322 (197
o $8 BHT £08H AAGEI] B gagne D01 FSERITAL), MIEFAVRE), 42T
33 2EFW\0)Z A go] TER A Ay g D) BEE UHET 3T GESAL A A2
Q3 FE2AT]2(d)o|Th = BAFM) oIt FHA 1XF HA"H 47 A

5?—% ]"lil—”i%, 17H§ ]

N
N
ﬁruE

i<}

Journal of Climate Change Research 2022, Vol. 13, No. 4

9 a7i4(@)et HaAA-AY
Ms(e)2] Fol7} e

TE FEFAL AA7H eF Holnz R4y 43

7t B,
4 dos 44 e

& 2o TR FEF1S
o,

H

e

274 o

o ruE

AE SN ES

1 ®asta g of
o] aF AFHE Tt
2e) 3ef7hA] LA}

1ol AN AT A FHHY FIRAY 5



MEA| H7IXH HEE ?let S5

FEETI0| HK| 2 517

Table 5. Completed Installation of Fast Chargers for Public

Adm ID The number of fast chargers per CS The number of The number of The # of fast chrgers

1 vol | 2 vol | 3 vol | 4 vol | 5 vol | 6 vol | 8 vol fast chargers charging station The # of charing station
J 1 3 1 11 5 2.2
Sp 7 1 1 1 21 10 2.1
MP 8 3 2 1 28 14 2.0
SD 2 7 1 20 10 2.0
YDP 13 1 2 1 1 35 18 1.9
NwW 5 2 1 14 8 1.8
GN 13 5 1 31 19 1.6
GJ 1 1 3 2 1.5
YS 5 5 5 1.0
DJ 4 4 4 1.0
SB 3 3 3 1.0
Total 15 40 4 5 2 3 2 307 207 -
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FHEAQ] FEFAEY Tg AA7E v Ao] TS F oRgtt}. &, AR|AETE V|EoRr 4 YRS AF
gz & 4 e YAE Adske | 132 5 d= FE sHA = AAEH $37] g AT Aol 34&?:11]'
AA 7 S AL Aol vyt s 9] AAjgw 2 5 el E4004 AR a7 AA v & A
3 B430710) 40 242 L, ONE B0 Hol bR Hch IABE NS B U B 35 597 4
£RE vt #7140 BB FFUA ANE NS 8S Terst FoHH0R weelrs 3ol Wask
Table 6. Result of A, B, and C Area
Adm ID A — B C Total Area
Limited Hydrosphere Forestland
GN 16.34 (0.41) 1.68 (0.04) 3.36 (0.09) 6.01 (0.15) 12.09 (0.31) 39.47 (1)
GD 8.14 (0.33) 0.94 (0.04) 2.46 (0.10) 3.17 (0.13) 9.83 (0.4) 24.54 (1)
GB 6.04 (0.26) 0.47 (0.02) 0.14 (0.01) 13.79 (0.58) 3.19 (0.13) 23.62 (1)
GS 12.44 (0.3) 0.88 (0.02) 4.14 (0.10) 3.68 (0.09) 20.24 (0.49) 41.39 (1)
GA 6.95 (0.24) 2.23 (0.08) 0.18 (0.01) 14.51 (0.49) 5.67 (0.19) 29.54 (1)
GJ 2.86 (0.17) 1.07 (0.06) 1.91 (0.11) 3.56 (0.21) 7.65 (0.45) 17.05 (1)
GR 7.99 (0.4) 0.96 (0.05) 0.46 (0.02) 3.49 (0.17) 7.21 (0.36) 20.11 (1)
GC 6.12 (0.47) 0.5 (0.04) 0.38 (0.03) 2.72 (0.21) 3.28 (0.25) 13.00 (1)
NW 7.24 (0.2) 2.46 (0.07) 0.90 (0.03) 15.64 (0.44) 9.32 (0.26) 35.56 (1)
DB 6.31 (0.31) 0.67 (0.03) 0.42 (0.02) 9.85 (0.48) 3.4 (0.16) 20.66 (1)
DDM 5.5 (0.39) 1.19 (0.08) 0.30 (0.02) 0.94 (0.07) 6.3 (0.44) 14.23 (1)
DJ 3.18 (0.19) 0.95 (0.06) 0.38 (0.02) 32 (0.2) 8.67 (0.53) 16.38 (1)
MP 10.42 (0.44) 0.74 (0.03) 4.27 (0.18) 1.85 (0.08) 6.57 (0.28) 23.85 (1)
SDM 2.57 (0.15) 1.47 (0.08) 0.22 (0.01) 5.58 (0.32) 7.83 (0.44) 17.68 (1)
SC 14.19 (0.3) 0.98 (0.02) 1.65 (0.04) 17.68 (0.38) 12.36 (0.26) 46.85 (1)
SD 7.17 (0.43) 0.77 (0.05) 2.65 (0.16) 0.51 (0.03) 5.7 (0.34) 16.79 (1)
SB 4.06 (0.16) 2.05 (0.08) 0.13 (0.01) 7.94 (0.32) 10.42 (0.42) 24.6 (1)
Sp 8.89 (0.26) 2.16 (0.06) 4.59 (0.14) 3.26 (0.1) 14.94 (0.44) 33.83 (1)
YC 9.95 (0.57) 0.79 (0.05) 0.15 (0.01) 2.17 (0.12) 4.39 (0.25) 17.45 (1)
YDP 12.83 (0.52) 0.62 (0.03) 5.28 (0.22) 0.21 (0.01) 5.59 (0.23) 24.52 (1)
YS 4.96 (0.23) 3.79 (0.17) 3.68 (0.17) 1.51 (0.07) 7.94 (0.36) 21.88 (1)
YP 4.97 (0.17) 0.67 (0.02) 0.17 (0.01) 13.86 (0.47) 10.11 (0.34) 29.77 (1)
JR 6.86 (0.29) 0.82 (0.03) 0.03 (0.00) 12.3 (0.51) 3.97 (0.17) 23.98 (1)
J 4.58 (0.46) 0.51 (0.05) 0.00 (0.00) 1.3 (0.13) 3.57 (0.36) 9.96 (1)
JR 6.65 (0.36) 0.6 (0.03) 0.61 (0.03) 4.82 (0.26) 5.86 (0.32) 18.54 (1)
29.97 (0.05) 38.46 (0.06) 153.54 (0.25)
Total 187.19 (0.31) 196.09 (0.32) 605.25 (1)
221.97 (0.36)

Table 7. Result of Minimize Facilities Analysis

Adm ID C The number of available public park The number of the selected site Net Service Area
SP 14.94 26 15 8.33 (0.56)
GN 12.09 22 15 7.44 (0.62)
GA 5.67 3 3 1.16 (0.2)
GD 9.83 3 2 1.46 (0.15)
Total 196.09 441 191 100.92 (0.56)
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Adm ID Status Result of Analysis

a b c d e f

1 GN 2,524,373 31 23 0 15 0
2 GD 2,577,362 7 23 16 2 14
3 GB 1,953,129 7 18 11 9 2
4 GS 2,192,879 13 20 7 9 0
5 GA 1,576,715 9 14 5 3 2
6 GJ 2,111,521 3 19 16 7 9
7 GR 878,002 6 8 2 8 0
8 GC 1,550,213 7 14 7 5 2
9 NW 2,194,350 14 20 6 10 0
10 DB 1,374,985 12 12 0 7 0
11 DDM 4,162,154 7 37 30 8 22
12 DJ 4,370,311 4 40 36 11 25
13 MP 4,780,483 28 43 15 5 10
14 SDM 1,520,807 5 14 9 6 3
15 SC 2,183,636 17 20 3 4 0
16 SD 2,360,272 20 21 1 7 0
17 SB 2,290,052 3 21 18 8 10
18 SP 1,863,895 21 17 0 15 0
19 YC 2,669,672 16 24 8 8 0
20 YDP 1,933,495 35 18 0 8 0
21 YS 2,459,644 5 22 17 7 10
22 YP 1,062,652 10 10 0 7 0
23 JR 1,212,787 7 11 4 7 0
24 J 1,026,170 11 9 0 7 0
25 JR 1,566,810 9 14 5 8 0
Total - 307 - - 191 109
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Table 9. Optimal Location and Optimal Amount of Fast Chargers

Adm ID Min Additional | Total Amount of fast The number of fast chargers per CS Total Amount of | Net Service
m Facilities Quantity chargers by Gu 1 vol. 2 vol. 3 vol. public park Area (ki)
1 GN 15 0 15 15 0 0 15 8.68
2 GD 2 14 16 1 0 5 2+4 3.75
3 GB 9 2 11 7 2 0 9 4.11
4| GS 9 0 9 9 0 0 9 7.03
51 GA 3 2 5 1 2 0 3 1.77
6 GJ 7 9 16 2 1 4 7 7.42
7! GR 8 0 8 8 0 0 8 3.72
8| GC 5 2 7 3 2 0 5 2.26
9| NW 10 0 10 10 0 0 10 6.39
10| DB 7 0 7 7 0 0 7 2.9
11| DDM 22 30 0 0 10 8+2 7.16
12| DJ 11 25 36 0 0 12 11+1 7.59
13| MP 5 10 15 0 0 5 5 3.44
14| SDM 6 3 9 3 3 0 6 5.59
15| SC 4 0 4 4 0 0 4 2.52
16/ SD 7 0 7 7 0 0 7 4.7
17| SB 8 10 18 3 0 5 8 8.46
18| SP 15 0 15 15 0 0 15 9.97
19| YC 8 0 8 8 0 0 8 3.12
20| YDP 8 0 8 8 0 0 8 4.78
21| YS 7 10 17 2 0 5 7 5.25
22| YP 7 0 7 7 0 0 7 4.64
23 JR 7 0 7 7 0 0 7 4.77
24 J 7 0 7 7 0 0 7 3.1
25| JR 8 0 8 8 0 0 8 4.35
Total 191 109 300 142 10 46 198 127.47
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Fig. 2. Additional Selection of Public Park in GD, DDM and DJ

Fig. 3. Final Optimal Location & Service Area

/N: CS status (307vol./207sites)
: Service Area of CS status

B & vc: Fast Chargers (300vol./198sites)
: Net Service Area

©l: Limited Area

Service [Service Area
Area (k') | Ratio (%)
CS status
(307 vol./207 sites)| 15719 s
300 vol. chargers
198 sites for public BT i
Net Service Area | 127.46 33%
Total 314.65 82%
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