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ABSTRACT

The transition to electric vehicles is a crucial step toward achieving carbon neutrality in the
transportation sector. Adequate charging infrastructure at residential locations is essential. In South
Korea, the predominant form of housing is multifamily dwellings, necessitating the provision of
public charging stations for numerous residents. Although the government mandates the availability
of charging facilities and designated parking areas for electric vehicles, it bases the supply of
charging stations solely on the number of parking spaces. Slow chargers, mainly 3.5kW charging
outlets and 7kW slow chargers, are commonly used. While the former is advantageous for installation
and use, its slower charging speed necessitates the coexistence of both types of chargers. This study
presents an optimization model that allocates chargers capable of meeting charging demands based



Tzl 7|y T 28 Ted WIKNSH 85 53| 1N 3TFY 4F

on daily driving distances. Furthermore, using the metaheuristic algorithm Tabu Search, this model
satisfies the optimization requirements and minimizes the costs associated with charger supply and
usage. To conduct a case study, data from personal travel surveys were used to estimate the driving
distances, and a hypothetical charging scenario and environment were set up to determine the optimal
supply of 22 units of 3.5kW charging outlets for the charging demands of 100 BEVs.

Key words : BEV, Slow Charger, EV Charging Outlet, Optimization, Tabu Search
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A AAE 2472 & 25E AT =88 &3k Jon, yAr|Bal A A7 AEAR e 23]
w2 A o] Fo) A3 it} A UR| 7] Fol| w2, A MA A7AEAF AFaE 20309 Hol 2590, AH
o AEAE 35%F A3t ATHIEA, 2023). A7]A-52= PHEV(plug-in hybrid electric vehicle), HEV (hybrid
electric vehicle), BEV(battery electric vehicle) & THs ej7l 9o, A7thE o] &3t= HiE Y A7|AE
2191 BEVEZS] ko] #3F thofdlt A7t A3 g v QltkBierkan et al., 2016; Andwari et al., 2017).

A7 A2 ke Sl M e T2 AEd ke slasta, FHo] 8T uf AAEA FHE 5 Q)
= 437 0] F 23}tk (Neubauer and Wood, 2014; Bonges III and Lusk, 2016; Yoo et al., 2023). 7| &-&2t
FHL FE2 AFAAA d&ESHAE F8) o] Fo] X th(Figenbaum and Kolbenstvedt, 2016; Baresch and Moser,
2019; Cui et al,, 2022). 53|, 77} $ AYHH olAIN7EA S A7} tharoll 3] SHTh(Gerossier et
al,, 2019; Quiros-Tortos et al., 2015). WebA, A&EZA7|E FAHOE & F47] A= 759 FLA Z=x
=31 Y THPark and Kim, 2022; Yoo et al., 2023).

2 20209 SE=EFE AFAE AA QT 304%E GAUFE, AGFE, ol ES AF FEH v
O] ZTH(Statistics Korea, 2023). ¢ MUt AFdl= G5F8E A9, d&FA7E 7FHEE AXT

)

glol 8% %o FA/N Oe] AFAE 93] AZHolok Wk FRE BHNHA AR A 2
BE S0 B HE NYF AAse] AFB FAUS F 5%015A 8 AS 299 AU A

2 AEFATH I FHAEE AXSEE AA St Qo AR vl&o ZAVF HgetA] gfon, TS
e 23] WA ¢ha SeEdhAl WA FA e 9A HES 85k Qi) o] B AFdlAE WA
52 55U, FHFL 5L WES AAEAR 7] FFUSE AHAstaAl i

A7|AE2E F2471= A 29 40kWE 7|F0E 55 379 ¢ T2 TRk 202419 A7)
T HEZTAANAE BRAYY mEH R AF 7|22 35kwWe A58 ZAES} kW, 11kW, 30kWE
7|Zo 2 $& ZAy|E FREI YTt I F, AAH o 2= 35kW B2 ZAES) tlBo Tkw & A
718 FHLE FEHIL S FFAA FEFE Bl AT 4 Utk 35kW HEE FHEE 7S 220V
ZHE] Xt ZAE AZ & ASEAE S T ATt Wl ALt 35kwW A5 2
AMEE AAA, A&, 2xHA, A&FA79AA B2, 4 AHgA 59 A4S 7L gtk &
vz} Aol A 3.5kW A28 ZAEE 7kW & FH 7)) vl SR8 T A, FaA dFIME
SHAIE AAulgo] TkW $H Z2 7] vlal] A sttt o|n] EAlskE 220V FAEE AMHEE ¢ 9lom,
ZAEE SATTL = 7kW 527 AdS A% wid ZJET dsit) 3.5kW HaE FAHES AX
s, A& FAF ZHEE &3 A7AsAE R 4% F, 8 5E AEFAA Fadde =80
WY E TAT & Aok 35kW HFE FAEE FH7] v o] Agkd Fzto] ofd, 279 T2
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ZHEROZE RE FH 22 AP %iv}. 2024 71% A7 A F2H(s-82he] wiE g S
50kWh~100kWh F=Folth, Hdl 54 $57F 94314 A8 718 o, 3.5kW A58 SAHEES o] 83}
o wiElg] &3] 70kWhel AZ|AE2S FARTGH o 2047t0] A9t wels SR Fo] A1, A7He

Aefol = Aol vz SHEE7E WE kW & Tx719] EA7F Ao,

<Table 1> Comparison Between 3.5kW Charging Outlet and 7kW Slow Charger

3.5kW charging outlet 7kW slow charger
Low installation cost,
Economical charging cost, Fast charging speed,
Advantages Anti-electricity tampering, Beneficial for long-distance drivers
No dedicated parking space required
. . Electrical wiring required,
Disadvantages Slow charging speed Relatively high charging cost
2 @rdME AFANA Y T4 FoE AT F e HAY| FH7 FEFFE AR I o]
HSCS(Household Slow Charger Supply) %3} leéLO_i golstdtt. HAo S FFFe A A
3] HSCS A3} A28l F27] A4 v A B8-S AT 537 39 &S Hasdt =

W, AW 7 vIgol Bastth, A/AFA F4 1ge] FFS s

AN A2 740l g A (Liu et al., 2017; Jin et al., 2013a; Jin et al., 2013b; Saber and Venayagamoorthy,

2009) A= AR 2~0tE 8|5, oA AA4, V2G(Vehicle to Grid)E 1213te] 7|02 Fdel tf-&

S Zlo] okl Folzl BAelMe] U 34 2AEY S HARIY. FAAYE FHFLE VI AT

(Liu et al, 2017)% Yo}, 23 AFEAL AYAFY F52 224 929 183 AHA9} T8
A7

SR T HA v LS Hagehe I WAAEA FAS HA 2AEDE A ok

T =% F FEHIFTHE UE FeFHA7A SR Wé“xlﬂ < AT =E(Gu, 2023)2 A
A7) T 23 wFJoY, FHFFRE B2 AV SEUS vETe T 582 A
At

B AFodA = 13.7%5%} <, 27122 Au] o] Wet SN FHEEE 1Hs, WY ¥
sbsle FAAEE 54 FoE wFsidte HddA 71E A7 RS Zteth B F, 44 dud
3.5kW I3 %*159} kW $& S5 TRt FFFS AEFdozn Aoy, AL H A
£ &8 ol& T, ¥ A7 VAR St wE kdd SHY FES 8 AFA W ¢

=
A7) TFe T84e A=, HH 7] FEFES st ZdYYAE AT
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ol g8t ZAsE AL JHHEGoH, A

= 19}%%5}
11(The Korea Transport Institute, 2013), & 53719 HH F
H& ST HA FEFS AESITE HAM A F8 4

& 42l o] Basit, £4
508 ARIEA GES WAl BE Afo] ALH, A7t F AWA FAe} BAo] FA
2 AAATE APASATh AYAe] S FA72 FA L AR F oY ofo] AFL ol gd)

e TEise W THE AL AP FHIE ol8T £ Atk B, @ A9 BRI T @ o] AP

A7 A F 2] %700 Bl (the state of charge: SoC)= 54
Blg] g3 ]?:_1 T Jom, wE Y B3 45 AstE A THOmar et al., 2014; Xu et
al,, 2016). =3, W7|2AFaF o] &A= 7] HiElE] FHd A AgH Ago] Z7] Wi, AAEAF o]
B2 SoCo YA M HollAwk S o] &atH, & Hasgt 4% g M oldeE FHske A
o2 7St A2 Ae] S8 717 AAHUAR o] 82T HAZ SoC 7E EEstH Mol F

|-'>~(

¥, FHQFT T3 ZHgo| vl st RoE)

35kW A=d ZAES} kW & FA719 A, A4 SR8 TR} ol YT 7SR
3L T FRY S A A Age 1A Za, 3.5kwe 7kwel AES FEI] FEdth
AT WE SoC AL Aukz] nlAF o] AW 20%~80%F 22 AZE WF ol E AAHT S-S
HATHMies et al, 2018). o|& THFHLZ st FH7Y T4 S=(V)= 22 3.5kW/h( 1) 7kW/h

(V=2 YA Aoz 7143k
A7 AsAke] ey S oF SN wo g AN, LHFE FPAYE AT A
HE o] A& & itk A }%i}q AH= FAAE] A5 A AR, 1w
HZ Qg Heo]a AR BT To 93& wenh B AdFdAsE B438 T4
Ao A AT S 1A Y= Ao spAstY e Av(BHE M
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flo

ol
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ki
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rlr

AAREAS] FA o A7 Fol AR o), FH BHL 9fa) 94D Aol HeHzuFe 1
oo} Bt HHzHFe FYAYE Hgo 4FY & Jonz BE Aol o] §AE Y FY7

& %3 gk APk,
2. 5 AL2I2 M3

F NS RAAFATE AT W, 22ke] AAAFAE ({12, -, N2 TeRiTh D Bele] Az
& j(E(12, ) E Yehith FFE F0718 AE A8sHe e j=10lw, j=0Q W, RE e

|
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(Spe0® M9 el EASY, )Y FAA} Do) gt ole] FHo] Wag Aol dejxo

SoC 71 & 234 =+ ot

u

ANAER ol gAe] A Feh= v $e GEHoT FAAIE AL BHog At olu], vl golt %
Aoz s AZHE 27 228 oWSAT, o84 4 Bobol 0 A A HET BA5A 2
olgte HES AW §71E SAH ML WA Yok Z, A 22L ArsenA o B, 5
3 ulgolehd JPsd 4 Be 4sty, 24 A5E PastnA A oy RE o]gAe A wg
2 Haslelr] A% A4 4RE Bk 5 WL AW e v} AXew Aoka g, A
27 Wlgo] Havl HEs

<Fig. 1> 4] A7) 35kW H28 ZAE 2719 7kW $& Z317] UI7F @35 & AU s 1t
A HolEoh Ao golds S8 BE Ao WiEE §%(C)S Col, S, & 09011, 35kW H=5H
ZAES} TkW & FH7E F o A= 247 04C, 08CE o}k A R E AV F SoC
(5 )k AL FAE fs) BRI Ha SoC(s)))E wwiste] AT,

S
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EE AT o] Al Al 4718 @9 H, okl $A7Ie o] BF oA AT
AEd S B dasty] Sl 29T 5 ok T4 A 09C7HA 21, 31 AFL 242 03C, 0.4C
e S ¢ Atk S WS Ae fd 35kW Had FAER AREsiH, 31 Al S8 29
o 87 ekl S BlE2 3 ApRFo] o' Akl wis wAT A7 BAA I Mo Mo ¥ @
S G FAD F e AT FA $AAE FE Aol AAHRJ] A 3AFE L F W] Wil 3%
Aol Al St webA, o Eel A 19, 31, 49 ApFo] T

3.5kW Slow Charger 7kW Slow Charger

A B’

i 7 2 3 4

Si; 0.5C 0.6C 0.5C 0.2c

Si 0.6C 0.3C 0.4¢c 0.8C
Charger A B B’

<Fig. 1> Slow Charger Charging Scenario
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719 *31‘41—’?—— a2 %Eﬂ %E}. kW S ZH7 l_ 3.5kW JJrusé ZAEE g F gloy, 1 9
BIbssly] wiZolth i o] jUel & FHIE A A Y T2 T j+1Y EX7AY A
Ao ofe ! E A FITHEA 9). i AF Y FAFE FAVIY TR whet ) (kWwh) %
yl (kWh) & UrEME} FHAARe} STAF] ¥ TH £E9 A AREY F3 2tk 10, 11). i A
Fo] jY FIAUL D, (km)E ARE Vo] LHAHFS 2T F lom. i Ak ;U AnAY
F (2 129 2ol U (k) 2 BAITE AL olE j-19F jUS VEo R i Ao jU]
7F A ] S < C)E j—12 AV A B E FEl 199 SAFS v, Y andE S
= 2o g FAtk4 13). BE AHNA B AFY SoCe 7HA Azl S, 2 S Atelell #1413
ofgitt. &, Wl 2] j—1Y T F e FEL O] ANAFFE AR §,, < CETE Aok
gtek SAlel, S, < C BTk ook &t oY AHHEFS 1HYS W S, oo E FHS ok st A
S0l g3te] SoCE 1 ©lal7}t HEs FHITHTA] 14). TkW & F37]1= 4FQ %%LOMU} A3}
ojwjf BFAQl Folgh, aFEE FATO] Wol 35kW Hud ZAE o] FH £x7F e A =
© 35kW Ha58 ZAE 90 Hlgl 35kW A58 ZAE FFo] AT 7HE-g 7kw %7517]7} A=
ol o1& $18) (54 159 2 Ak Erh mToR (4] 1S A FHE AR E(i=1)
olde] 7] A& ot BE H7AEAke] wWiEHE T S, T FHE FHHEReRR j=1 oA

HSCS HA3} A2gle Folxl gk Z317] FRUTE 7|0 T4 HA3 ByS wEsheA] ofF
FuHTE AE3h HSCS HA 3 A|2EloA 35kW Hg5d FAHE

Tkw &4 FH7] FFUFY 23 (72 DE 13T W, V271 2§l 7}~3}E} No| Z7}shel whet
oy BE X3 tistd, T4 HA3 2y ke R ZA F80 U F e A AL dd
3] ofHth webA], B AFoAe wE FElayg HA 3 dae]F9] Tabu Search—e— AH8-8FS T Tabu Search
= Glove(1986)7} A2 1oksh 488 H A3}l 912 0 F wel F| 28 Lag|Eo A% local searchS $13l T+
2 A3tk Tabu searchs H# YES A A8 (Zieglr et al, 2023), HZ A8 & F3(Abido, 2002), %
Q1A A& (Michel and Van Hentenryck, 2004), & 712 2F&(Xu et al., 2022) 5 THg Hofol A gt}

T8 e &% T 27} A4 F, $H HA3 B S B 24 72 US Uhs AR E A
3, HAEE =Z3t= Tabu SearchE ©]-83 HSCS H A3} A2 &g|F2 <Fig. 2>9 2tk
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<Fig. 2> HSCS Tabu Search Algorithm Flowchart
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ok $& A7) A= TV A 2 w2t A5H REas won, F47] 717] 744 9 Wi
A4 gl AA T Aol whet WEH o2 F/HETh o)F 1EE ay;, a2 72 30(3HY), 120(H) .2
AT by, b S ST GAS FA A @E 7HE HAE o Beake 1, 242 2200
[kW), 260(J/kW) 2.2 3IATE V& FAESF7E 1,000 ofgtE w@x]of| A 1,000t]2] A5V 555 09)S
o, o] & 10%7} A7 AFxet 7Fgske] 10002 AA4skdeh S, 3 S5 22 02, 0.9(Hoke et al.,
20142 skt e FFAR ST MRS e 10AMR 4tk ESF o= A9} wiE e &%
o] S 7HAsEI, Zk7 4.5km/kWh(Song et al., 2019), 77.4kWhZ 3t T) d& 1597
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'1) 3“7-IE_|
zL A5 31 28 0 glol, 1 Fas Geadle A FYAY BEolt, FILED
Qe A 19 TR G5, A%, 5 5E TR 27 ohd HEghe AT, 07
z} Ao AR BFEH AHgol gﬂom HeA, ERZAAES 20218 AVEBAZAAZE

5
ARSI T A E A A zARE FELTHOA 53 7|2 AAske qAFd 2] ARtk 2021'A A
<
<

AFFAHEAE 108 AAF %ﬁ%}% 71E0R AR AI7IY FALAS TR FSEAR. )
Qe RN 7H 54, N 54, 58 5402 PR 7 EEe B8 AF FEER, AT
A & & Ao, FASHE T 54 FHE A F AR, AR 3 EHARL SR,
T & & Atk

AFA & o ¢ AEAE EY B EHAR she $8/oTAE o8 o]
et ol Abe 24 o= shalth BE Abdte] AAkE ol &3t 7 sin, %& 751679 ¢
FYol sFshs 1802FHS oz AgAte YA =S *%go}%lt} FUX A= 4%

ok
10
b
)
L
o -
R
R

dd

SR 20E AN FHo AT FHAYE FAEES} T 5
A =7t E A BAE oA Agshs THAF 3
AEE By FAEEE AESAT AR 8 AT Hit FAEES} SFARE
T FAEE B TP Fot o] FAYE A=A

7516th] 252k A FYA EE= <Fig. 3>3 201, <Table 2>9 2 7|2 FAE Btk o] F,
A7\ A2 102t)7F 3= o] ok A7 A5 ZHBEV)SF WA 7] #2152 Kinternal combustion engine vehicle:
ICEV)®| ¥ F3AE EEE <Fig. 4>9F 2ol Hlud F vk W7 #AsA= L, B+, LPGE ¢

Shs Ak Atel sttt BEVEL ICEVE] A T2 £EE vluwstr] 9 ttest A, 90% A<

Folle mIAA AR oF 84% 9] A FES BATHE=-1.40, p-value=0.16). We}A, & AFolM= WA
HAEARe} 7| A-EAe] F8AY £27F 2A ©E2A grpal ddste] BE Agate] FHA Y BEE V)
Bog p g TEST A EA4 6 AMEE D e 7] AT 7 obvtE gAY S5E A7)k
AF 100t o] FHAE Z22E on|siH, JJATF LA ZAAES Tl A A2 Asa LY FHA
g BXE wEn B3, D oA ixbEe] FHAY ExE 15U 992 iR E, 15 o] #3949 &
IE AsAY] dd FAAY EEE RG] Y FAAYE T8t

Distribution of Daily Driving Distance Distribution of Daily Driving Distance by Fuel Type
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<Fig. 3> Distribution of Daily Driving Distance <Fig. 4> Distribution of Daily Driving Distance by Fuel
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<Table 2> Basic Statistics of Daily Driving Distance

Count mean std min 25% 50% 75% max

Daily Driving 7,516 33.03 2745 0.70 13.52 25.65 4481 287.26

Distance

2. HSCS Tabu Search &12|&

Abg] B4 9] HSCS Tabu Search Y] Zoll= 3.5kW 42‘64 24 & Z7719] =718E (0, 0)
© 2 &t Tabu searchs XF3IATE F 7HA F4719 Fadae 27105 7I€o2 - 1904 174419 |
HelA FAAZ ghE st o]kl E AT AAEH O]TOHE F2A DS VIR F8 SR A
Foo 3 & e
=5

ofy

"ok E}%Qi tabu listoll EA8HA B5E Ft 4 HAsh md S T3 T

A Frrgty FH o] U & AT, (74 2, 3)E o83ty & T FE vEd S HES
AEdint s Ao E AF S5 T, wabu list] EFHA B Sljoll dAste] F74 505]4 A4
3 BAE NEF H TRIAY olF T, 4% T T ALY S HES HagE, 4 £
W& A= HH 4% TV FEFE A=A
3. Zat B4

Folxl AHHEAS B3l HSCS HA3S) Alxdloz §4¢ 10009 W7|A-EA T3 a0 g-&she
A & FA7) FEFS 35kW Had ZAE 2019 7kW &5 F717] otielth lE 7wko 2 AhE3 &
& F27) FF vlEL econrdolth HANE T3l kW S TRV & B3k AU S & &
Atk kW ¢ FH77E DR Fasitke Ae S % U, 0 BATE 8§} C 435X < G, < O+
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