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Abstract

Currently, various policies regarding ecofriendly vehicles are being proposed to reduce carbon
emissions. In this study, the required areas for charging electric vehicle (EV) batteries using
electricity produced by photovoltaic (PV) power plants were estimated. First, approximately 2.4
million battery EVs, which represented 10% of the total number of vehicles, consume
approximately 404 GWh. Second, the power required for charging batteries is approximately
0.3 GW, and the site area of the PV power plant is 4.62 km?, which accounts for 0.005% of the
national territory. Third, from the available sites of buildings based on the region, Jeju alone
consumes approximately 0.2%, while the rest of the region requires approximately 0.1%.
Fourth, Seoul, which has the smallest available area of mountains and farmlands, utilizes 0.34%
of the site for PV power plants, while the other parts of the region use less than 0.1%. The results
of this study confirmed that the area of the PV power plant site for producing battery-charging
power generated through the supply of EVs is very small. Therefore, it is desirable to analyze
and implement more specific plans, such as efficient land use, forest damage minimization, and
safe maintenance, to expand renewable energy, including PV power.

Keywords: <571 7] 2K(Battery electric vehicle), 5] €] 2] -2-%F(Battery capacity), 5= dH
Z|(Building floor area), A4t ¥ 2] M2 (Mountain and farmland area), HZ# 57 =4
(Methods for calculating the site area)
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(converter)= HiE oA B 2775 BFHACAF= Helste] REE -53tth o] HEoA] Bdx=
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Fig. 1 Structure of battery electric vehicle
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20204 69 710 8 ahtet AEAF SR s oF 24028k 0] T, AL, BT . 917, A7), £,
A, AR, A5 97 2ok 10097 otk A5 52445 1l 584, £, wiah w2, Telw
£} 208 LRIt Itk(Table 1), A5A]% ABZ RS0 55 19, 2314 1091 ofalE &

S5 5875, 119 oS 25319 MAS Toke SeASAR TRl otk SFBASAL Ee
S50l A SR AN 25, SRR T SR AT LARE Alle 57o] &
3710 B SRS wo] £710) AR B A5 Ajolrh B4 AL T AEAE At T
21Q] i B4 S8 AMgal7]o] Al ARt RS AR A S8A5ASIAEA B SEAEAT
obd 245tz Hol=le] ey,

A 271587} el 2] -GS 35.9 kWhE] 100 kWh7H] cheyshaiat 21 8391 100 kWhe 7102
Fet, e Tk Ay Al 583 B} 36) 2 300 kWhE 2185}, E8le 58 2 500 kWhE 7|02
Stk B4t B2 SR S4AGAE ERlo] £5R 500 kWhE 7|02 Gt ek vlee] g2k

Vehicle battery charging power= (100 kWh X Number of Passenger vehicles) +
(300 kWh X Number of Vans and Buses) + (500 kWh X Number of Trucks) +
(500 kWh X Number of Special vehicles) )

= AFHa2] 10%%1 oF 2407t 9] S8R A0 oF 404 GWh HEo] g sE o= £ 4
IcH(Table 2).

38

Journal of the Korean Solar Energy Society Vol. 40, No. 4, 2020



W72 ts2t 22 U EfEE UL 2 OIS _ 23l
Table 1 Vehicle registration status by region (as of the end of June 2020) (unit: each)
Vehicle type Region Passenger vehicles Vans/Buses Trucks Special vehicles Total
Seoul 2,691,874 110,589 330,618 8,629 3,141,710
Busan 1,170,655 42,943 187,062 10,666 1,411,326
Daegu 1,007,081 31,116 159,208 3,257 1,200,662
Incheon 1,415,718 50,927 191,526 7,326 1,665,497
Gwangju 570,487 20,177 92,079 2,812 685,555
Dagjeon 571,699 20,660 86,283 2,624 681,266
Ulsan 482,179 14,807 71,428 2,893 571,307
Sejong 146,487 4,363 16,366 407 167,623
Gyeonggi 4,852,875 207,704 805,313 19,173 5,885,065
Gangwon 606,003 29,000 157,589 3,362 795,954
Chungbuk 660,953 29,987 158,547 4283 853,770
Chungnam 864,246 41,988 223,461 5,078 1,134,773
Jeonbuk 715,742 32,867 186,394 4,030 939,033
Jeonnam 782,719 39,587 244,631 7,275 1,074,212
Gyeongbuk 1,084,359 48,091 318,913 8.298 1,460,261
Gyeongnam 1,393,312 54.413 292,708 8,257 1,748,690
Jeju 505,487 19,135 80,376 1,381 606,379
Total 19,521,876 798,954 3,602,502 99,751 24,023,083
Table 2 Amount of power that can charge 10% of the total vehicle
Vehicle type Passenger vehicles Vans/Buses Trucks Special vehicles Vehicle battery
Region (each) (each) (each) (each) charging power (kWh)
Seoul 269,187 11,059 33,062 863 47,198,900
Busan 117,066 4,294 18,706 1,067 22,881,300
Daegu 100,708 3,111 15,921 326 19,127,600
Incheon 141,572 5,093 19,152 733 25,627,600
Gwangju 57,049 2,018 9,208 281 11,054,800
Dacgjeon 57,170 2,066 8,628 262 10,781,800
Ulsan 48,218 1,481 7,143 289 8,982,100
Sejong 14,649 436 1,637 41 2,434,700
Gyeonggi 485,288 20,770 80,531 1,917 95,983,800
Gangwon 60,600 2,900 15,759 336 14,977,500
Chungbuk 66,095 2,999 15,855 428 15,650,700
Chungnam 86,425 4,199 22,346 508 21,329,200
Jeonbuk 71,574 3,287 18,639 403 17,664,500
Jeonnam 78,272 3.959 24,463 727 21,609,900
Gyeongbuk 108,436 4,869 31,891 830 28,664,800
Gyeongnam 139,331 5,441 29,271 826 30,613,900
Jeju 50,549 1,913 8,038 138 9,716,800
Total 1,952,189 79,895 360,250 9,975 40213‘?)32222 ((I;ZZE))
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RPS (Renewables Portfolio Standard) =% Alofl+= oF, 4, %7', T, BRRER] 5o 2| Bof| =2 A R|e3
A1, 20143°l= A5 Al sfiAfste] A5 Adtglo] d/dol 7Hs sttt 21 20001876 2018'87k2] 215
E A e A2 EREE dor60.9%2 7P £91L, SAR EREe A, |, v, S8
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km’2 4 FE 9] 85.1%5 AAIHL ek, Eo] 4 ant AR oF 0% &2 Hlg-& Ueh 1, Bt vlgHct
A e A9 A2, 2% 13 5t ob = A K] oot Y (Table 3). AH2|9H 52 oh2 212K}
Z8AVdol ke AAskel B2 B dart A= AR @42 0= AT, SR O] 9] ARt A
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Table 3 Area of land, building floor area, mountain and farmland area by region

(unit; m?)

Area Region Land area Building floor area Mountain and farmland areas
Seoul 605,237,001 563,697,204(93.1%) 161,086,251(26.6%)
Busan 770,073,413 239,148,059(31.0%) 440,435,064(57.2%)
Daegu 883,517,307 167,999,409(19.0%) 589,506,029(66.7%)

Incheon 1,063,257,851 194,323,804(18.3%) 640,570,977(60.2%)
Gwangju 501,136,260 102,197,270(20.4%) 307,731,456(61.4%)
Daejeon 539,626,514 110,011,053(20.4%) 338,327,286(62.7%)
Ulsan 1,062,038,814 91,119,997(8.6%) 814,403,317(76.7%)
Sejong 464,949,680 27,172,415(5.8%) 355,083,130(76.4%)
Gyeonggi 10,192,514,246 982,211,050(9.6%) 7,564,627,333(74.2%)
Gangwon 16,828,280,725 132,362,159(0.8%) 15,997,273,860(95.1%)
Chungbuk 7,406,819,936 146,622,299(1.9%) 6,270,815,857(84.7%)
Chungnam 8,245,540,720 201,196,410(2.4%) 6,637,416,861(80.5%)
Jeonbuk 8,069,138,979 159,329,008(2.0%) 6,657,841,863(82.5%)
Jeonnam 12,345,209,475 167,222,545(1.4%) 10,903,553,410(88.3%)
Gyeongbuk 19,033,343,123 253,084,319(1.3%) 17,242,500,950(90.6%)
Gyeongnam 10,540,373,559 271,235,770(2.6%) 8,924,501,542(84.7%)
Jeju 1,850,227,389 51,938,519(2.8%) 1,547,755,373(83.7%)
Total 100,401,284,999 3,860,871,000(3.8%) 85,393,430,559(85.1%)

3 WIS 2E S A WA 2

Area required for photovoltaic power plant (knt)

7fohe FA01E=, &

Battery charging power (kW) X 1517

5) FRaARE 15, WA, 24
ol EA05 0,78 2150

70 AEHWA), RERARLE,

APt HHEiﬂl vﬂ = flsf 2g== A

QIME o as, 2edd

094 AZAZE x 0.7=3.6A17H.

=]
)2 Z-851H, °F 307,687 kW H29] o AAE
712 e ZRSIA] itk A8 E = ﬂi IR

=
WAS 257 F AR AEE AL, 71 7 BN g A 0l 1 TSIkl ).

HjVE] 5] Aol 2912

J7o] 23 iAo 2 iR W, e a0
Tolde GHRE Bt TS 285t T

@

7E|1-
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W A5 SE050] 10%9] oF 2509k 71715 vjele] $40 FHL 307,687 kW (2F0.3 GW)
2 eoFpas B2 WAL 4,62 ket o]c), <8R BH 719 | kn'/h W1, Ueia) e BE | kn?
nlgho 2 AHEE9Ict il o] 4 8 Fhe 4] WMAE A FERZL) o 0,005%0] Iy it Ao
8 A2 718 A0 BE AFToF0.2% HEo|T LA 2|ehe o] Hr} e H &S ehfw gk, 4t
2o} o4 B 716 Wo] 7pa 2 At 0,34%7} Bash efoFiAL B2 o T, LA 7]
2 ().1% Bt A JeRJtHTable 4).

Table 4 Area required of photovoltaic power plant and percentage of existing available area by region

. . Percentage used b Percentage used b,
Multiple types Region Ve.hlcle battery Area of phOtOVOIt?]C existing bfilding ﬂgor existing miuntain a)rlld

charging power (kW) power plant (km®) area (%) farmland area (%)
Seoul 35,920 0.54 0.10 0.34
Busan 17,414 0.26 0.10 0.06
Daegu 14,557 0.22 0.13 0.04
Incheon 19,504 0.29 0.15 0.05
Gwangju 8,413 0.13 0.13 0.04
Daejeon 8,205 0.12 0.11 0.04
Ulsan 6,836 0.10 0.11 0.01
Sejong 1,853 0.03 0.11 0.01
Gyeonggi 73,047 1.10 0.11 0.01
Gangwon 11,398 0.17 0.13 0.01
Chungbuk 11,911 0.18 0.12 0.01
Chungnam 16,232 0.24 0.12 0.01
Jeonbuk 13,443 0.20 0.13 0.01
Jeonnam 16,446 0.25 0.15 0.01
Gyeongbuk 21,815 0.33 0.13 0.01
Gyeongnam 23,298 0.35 0.13 0.01
Jeju 7,395 0.11 0.21 0.01
Total/average ratio 307,687 4.62 0.13 0.04

A7 AEA ElE] 2RSSt eofas A WA A e A A &
A¥slo] 40 A AGT WA A4 Ao HE P Wi, B4 A1 58 Wws] dEslel B4
L AZ 5] A28 AAAS ARG AEH 0w 4 Qu w Lok AE RAS Aol ATt

(Fig. 2).
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Electric vehicle battery charging power demand analysis

Piiﬁgier Van/Bus Truck 35;;1111
(100kWh) (300kWh) | (500kWh) (500kWh)
Calculation of power required

Review of

relevant laws

Calculation of site area for
photovoltaic Power Plant

Land Building

Fig. 2 Methods for calculating the site area of photovoltaic power plant for charging electric vehicle batteries

4. 22 LA
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A 5 SHARE olgste] ARt J@7dolet & 4= vk A et A7geld Y Hidde 28t
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HiE]g] A% AT} 714 sleto] X420 2 AT AT dA 71502 S2H xjeF -5 weh At
HiE 2] GRS 582} 100 kWh, 81 F= HA 300 kWh, EE] 500 kWh 1217 E42R= 500 kWhE 285}
o] BTt A Alerha=2] 10%1 oF 2407t 2] 48 H2aRe oF 404 GWha 7=t

=4, viE| 2] S4oll B agh =2 AR Qg I L4-5 2851 25 0.3 GWolH, eieFgdxa
F2) WA 4.62 k' 2 FEL] 0.005%5 ot 202 et

AR, FENAH AZE AHHL 9F3 861 km’E 3.8%0]H, A-20] ¢F 563 km’Z A& EA]9] 93.1%= H-&
2 7P AR WAL 7771 2982 km’2 7P WA e 2| ASE 718 FR] oA B Al o
0.2%7} A8 =|31, 2] 2192 F0.1%7F Da3gh 2 0 2 Vept.

A, Ex]9] 287 A5 5 et 2 A ol 4ot A, |, 749, BAEA2 B
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ey
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7P AL AEEC) B2 A2 161 k' 2 7P 2R otk 4kx]e} 5219 71§ WA o] 71 A2 Algo]

0.34%7} ot s FA= o d=al, YA 292 0.1% ot 22 1122 e

ol & ATE 5ol H71AEA Ko = WAk HijE 2] 58 A AAteE ] et B 4 FA]
A2 - Ath= 212 RISt % A A SR A4, s et viEe] s 5o |
45 1efolH @A dlSohs WA D AR AR @4 Fu] 555 AA) 2Abstel M71uE =& 2ot
& P4 BA] Hle-2 R 1% AA|okA] 92 2 o0& S Yot ejddzdg aaket A gl 7]
£ gfistr] flaliAe ae4% EXol, APl 48], bt Ay § Hoh A< AlglS AR
HUS] FA5k= Zo] TRttt HekErt

Uo7t Bjofgol| A1 E o &1t M ate:2 Akdof S&Eg el glo] AIRE, 29, 719 52 k& 2A
=) o 2] 73 A| 2=l (Energy Storage System, ESS)

o] x| &]ojof gttt FSIH T} ESS= B o= AL H2& Al7ke] Alof glo] AR 4= Qlof 7|2 FE2t
FAE A71As A HiHE E 5

B, Sl 9] Bl8-2 A2 sfolal T Ac|A SH-5HE AR Akt 4= ik HiPF I AARL ESSE
AARE A7 125A) v 2] FEAI AL efofgabd A o]8et W7 |AEAL @Asle] 714 e & Sl

o= 7|diEH
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