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A Study on the Transformer Spare Capacity in the Existing Apartments
for the Future Growth of Electric Vehicles
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Abstract - Rapid Expansion of EVs(Electric Vehicles) is inevitable trends, to comply with eco-friendly energy paradigm
according to Paris Agreement and to solve the environment problems such as global warming. In this paper, we analyze the
limit point of transformer acceptable capacity as the increase of power demand considering EVs supply in the near future.
Through the analysis of transformer utilization, we suggest methods to analyze the spare capacity of transformer for the case
of optimal efficiency operation and emergency operation respectively. We have the results of 18.4~29% spare capacity for the
charging infrastructure to the rated capacity of transformer by analyzing the existing sample apartments. It is analyzed that
the acceptable number of EVs is 0.09~0.14 for optimal efficiency operation and 0.06~0.13 for emergency operation. Therefore, it
is analyzed the power demand of EV will exceed the existing transformer spare capacity in 7~8 years as the annual growth
rate of EVs is prospected 112.5% considering current annual growth rate of EVs and the government EV supply policy.
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Fig. 1 Utilization Rate & Peak Power Usage Rate of the
Apartment Transformer
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Fig. 2 Analysis of Maximum Demand Power in the Apartments

=7 S W= PRl E =71

J° 3 ollES PREeery WERo B4
Fig. 3 Analysis of Average Demand Power in the Apartments



3. +871s¢%

A/RER O BA

3.1 AAsANe SR =] Ay

3.1.1 AgF A=A g

e gAtsAE dits oz 71E 7@ Ao A7 HEQ

HiEEIE F7F g=6io] Fadejo] mat
£ Add] AtEsto] AHE

A7 WV EH
SFAAIZ] SHOIEE]=(HEV, Hybrid

Electric Vehicle), SIOIHZ|EHLCE tHEE HIEZIE AMESHO]

ANE e

= Too

=i

OF AMEdh=
Hybrid Electric Vehicle)@}
232 "7)oHAE SsHYO

==

Z71915t0] 22| E(PHEV, Plug-in
oAl AV1SEYCRREH B4
2 Al2ste ®VIRFSAHEY, Electric

Vehicle ; BEV, Battery Electric Vehicle)® ERFEICH 18 48

E 1 QEER E7[6)
Table 1 Type of Eco-Friendly Vehicle

_ Za170] -
Stolmale o RARER
= - HelE
e RHERHHEV) i (LHE]V) A (EV, BEV)
TEQ | dmemE | RE, AEeEA) 2
314
uxg| saam my | Vb HHEE )

(FHAD)

Combustion
- Engine -

Regenerative Brea

Regenerative Breaks

T

T

Electric Motor |

Electric Motor I

?.% B&ﬂelfbs BC[
@ tteries
o ; . CIC00 A qiiil 1y
[omron | [
TSAl AR ®Y|R
alyprg | DElE A= o
ey “;@T&{gfﬂﬁ =, :ﬁﬂfﬂf"g” PR
e Azl
_ Volt(GM)
ZzQ TP R2A(EQRED, ! Leaf (W4,
;;%} /\—],;;1‘ (&) K};fr?g{(gzz’r) iMeve (UT‘_’\H] Al
70
60

50

40

30

20 g

10 <

2011

2012 2013

38 4 =W J87 AIE ASE JAee(1]
Fig. 4 Market Share of Domestic Green Car by Model

8| PHEV
. HEV
FCEV
cov

2014 2015 2016 2017 2018 2019 2020

T7|ASAL 220l we 7|E ofmtEe| Bty | 8% SAAIE thet o7t

Trans. KIEE. Vol. 65, No. 12, DEC, 2016

W g% e BolA EVEl HIEO] 7HE Ethrt ol dE
olHst 552 I ohe} SRR E LIERLTAL /T
[6]. B AFoME A4 718 2 g8k nxls &4 &
Z1RFSZHEV, BEV)Ol il TSI

31.2 B7IAFERF A=k g

A7IRsA SddEeks AV|AsA] d¥e st 34
& dlot=d 29t 7[Ende Quigitt. & Sz o
SRt s4e 0 A Algshe STEAE 2Etlo S40] ¥
oA olFod & Aex Aok Adt Alde zefeith 1
g 50lM AETFde AN deEASEN A dde 3
Hote d83a4dh], d8g desle S47], SUHSER, A
28], Aoles =St SAIEERL} ABARIE, QEitEs

she Y dAlcd oz FdE o] ArHs].

Szt FQ|7IQ Ve UG wE Al ZHAl
2 EREL AVIRsEAet SWVE A ddsto] Sdote A
0] Rlom, o] WAl STAQARM et 2554
719 SEEVIZ EREH, ¥ 2004 §4E Huwsklth oS
OF FAbg HIHEO WRE YA ASA] FEUFE
GAIA oUXE W= HIFESA SHUEA0] o, Sda
oA A7IRFSA HiEZIE wAlsks diElzluetdAlo] Itk =

E 2 ISEWQ 554719 Hw[9]
Table 2 Comparison Charging System and Quick Charging

System
T a8 I8 | STHARE
= ==
ok | WREHY 220V | WREA 220V | 6~TkW | 5~6AIZL
2% | LR 380V AT 450V 50kW | 15~30%

AC 220V 2¢

AC 380V 3

Aol

REE | [VES

C’
I8 5 &A=l LAHE[9]

Fig. 5 Configuration of EV Charging Infrastructure

1951



HM7|etel=2X| 657 125 20164 12¢

Uollde Z-ERgs] SR0ustE FEstl Jon 4R,
ShEEE Al Ze Z37I180IM F

1, Yoz NI mel wUEAS EEFY9 H
Fol gl € Aoz HArk9].

3.2 ORIEO] +8&7kset W7IASA the £4

321 MEORIES HelY] o7& EA

= ATolME A7IE0] SRS MR, QFAV], SHe
B FAfi4 S0l A Sl BgoltES M BAS B
=]

Ot MEUAY +8-dH] 748 B Ao @8Rl d¥
Saote FHEHAYI SRS, AUHOE, AdRe S 7
ERfctol dEe SEche s¥8HYY] el HiggEdrz +
gEof ATk

B 3 RAO SXEE
Table 3 Overview of Sample Apartments

5 Case 1 Case 2 Case 3
Al 982 1,034 1,000
AWA [nd 121,675 96,779 125,136
SR E[KVA] 2,150 1,700 2,200
FEISH Y| [kVA] 1,500 1,100 1,500
SHEEHY7|[kVA] 650 600 700
FRPHS=[0]] 996 854 1,043
Althg === [Th] 1.01 083 1.04
A 2006 2006 2007

AEE OHIMES WYY O|SE(HYY] FAEY tiH] i
QEE HIg)E 4HHEH, dFET o)F AFREH 37 ©X|9
HeY] BHeedgn FHANEAE HolHE HIEOZ WHehy
O|ZAIHIE BEAS Zil Hd Oo|8E0] & TAHE 216%,
23.6%, 20.9%, HNLQAE 43.0%, 46.3%, 425%%E BAEQICH
Ol 7|EQATOIA RAE BYOITIES] OIFIES] Het7] B0
EF0| 20~27%, FTQAH 37~49%S} HAGIHS W FAIS
ZAigtolth

B 4 HYY] ol84H 24
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Table 5 Analysis of the Transformer Spare Capacity for EV

Infrastructure
5 Case 1 Case 2 Case 3 g
Trr[kVA] 2,150 1,700 2,200
Ppear [KW] 923[43%] | T87[46%] | 934[43%] 42.9%
Pemg [kW] 650[30%] | 600[35%] | 700[32%] | 32.4%
LFo, 50% 50% 50% -
P [kW] 464[22%] | 402[23%] | 461[21%] 22.1%
Tra [kVA] 611 448 639 -
Tra/Trr[%] 284 26.4 29.0 27.9%
Tre[kVA] 577 313 566 -
Trso/Trr[%] 26.8 184 25.7 23.7%
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Table 6 Analysis of EV Infrastructure Number
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E 10 FH VRS HE A%
Table 10 Prospect of Domestic EV Supply

. B7HE 112.5% B7HE 112%
EFUE | FAUe | REgHE | FEE
2015 5,767 5,767 5,767 5,767
2016 6,489 12,256 6,459 12,226
2017 13,790 26,047 13693 25919
2018 29,308 55,354 29,030 54,949
2019 62,284 117,638 61,543 116,491
2020 | 132,363 250,000 130,470 246,962
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Table 11 Prospect of EV stock in the sample Apartments

Case 1 Case 2 Case 3
T2 NEEE | Ao NEEE
EVLis EVEl2 EvVLis BV} EVLis EVT<

2015 0.3 0.0 0.3 0.0 0.3 0.0
2016 0.6 0.0 0.5 0.0 0.7 0.0
2017 1.3 0.0 12 0.0 14 0.0
2018 2.9 0.0 2.5 0.0 3.0 0.0
2019 6.1 0.01 5.2 0.01 6.4 0.01
2020 12.9 0.01 11.1 0.01 13.6 0.01
2021 215 0.03 23.6 0.02 28.8 0.03
2022 58.5 0.06 50.1 0.05 61.2 0.06
2023 124.2 0.13 106.5 0.10 130.1 0.13
2024 264.0 0.27 2264 0.22 276.5 0.28
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