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movable load charging of EV
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Abstract This paper presents an analysis for improving the power transfer capability in transmission lines caused
by the movable load charging of electric vehicles (EVs). EVs are expected to be used more widely and replace gas
fuel vehicles in the near future due to the shortage of fossil fuels and for environmental preservation. Movable load
charging of EVs could lead to the convergence of transferred power flow and overloading conditions in transmission
lines in a specific area of a power system, which is conventionally based on estimated fixed load capability. To
analyze these conditions, the New England Test System was divided into four regions based on the load
characteristics, and different charging scenarios were considered. In these scenarios, the regional power load was
highly increased to 31% based on the standard charging capacity of an EV. As a solution to the overloading problem
of transmission lines, a TCSC was installed serially on the overloaded line to directly control the transferred power
under limited line capability (100% load capability). The simulation showed that the application of a few TCSCs could
efficiently and economically control the line capability problem caused by movable load charging of EVs.
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Fig. 2. Li-ion battery of EV
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Table 1. Estimation of EV and charging capacity

Years 2020
Total No. of Cars 1,265,000
No. of EVs 64,900
EV market share 5.1%
Charging load capacity[MWh] 1557.6
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Fig. 3. System diagram with TCSC in tr. line
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Fig. 4. Control block of TCSC
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Fig. 5. New England System with 4 regions

19 59] New England 29 A5 A 711}574 Exal

wale] ol 5AE nefehy] 93l Aol AL 470l A
doz Fragen, Ui ¥k = A A4S O
©A, B AGE WERHE: 8 s el AR,

T ==



AR AR ol5H

1

(e} o) 2=
< =g AE

Aejepel 4 9 A

C A9 A=A, 18a D AL #EA M6t 3.1 HI7|XtSXt F5H7t X[ Boll HEE 82
. a7 62 WsEke e 4FL e AYEA B AY
a7 59 A=A drbARl drjRate] HEG B o Av)alEAle) FARE) o) SEle] A KalEe] =
A9l A A3} HEERQ) B AAbolol e, A7 sjsis 492 UEhd Rolth A, C, D 37] AeA 2}
AR Aulshs ol F A Hebrh Al A Al 2} 59 Awe] Bkl I EAQ B |02 o] 5t
9 Zlo] oI, 1 99 At E HIEEREY A8 Z2xEgs AlREE 492 Ui Ao AE A
& 3 B AHOE oA Fal7t olFste] AR malo) g 2w B A He] BalEke 159 =7}
o) g g Aow JafHr) AgAger FRI C g}
A& Fahgo] HlaA dA o] A H= A o' A7 oJolwl Az ¥abzke] wWalel A7) AHEx} wiE ] &
34 qlom, A oR P D A9 A FT gke wee nwdk o)Babgke] 4= ¥ 33 gl
ol F7HH| o5 Favt JeE Aow U
Ak 27 5oA] ZF A9 Halare] F3l fradE Table 3. Regional load capability change of case 1
B3 BEADDES T 20 ek
Load A B C D
P[MW] -74.15 +237.40 7773 -75.53
Table 2. Load capacity of 4 regions
Q[MVar] -16.36 +43.5 -16.62 -10.52
Load A B C D No. of EV -3,090 49,892 3,239 3,147
Capacity City Bed town Industry Resort
P[MW] 1483 1585.5 1554.5 1510.5
Q[MVar] 3272 539 3323 2104
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Fig. 6. Load capability of case 1 without TCSC
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Fig. 7. Load capability of case 1 with TCSC

l

719 7L o]E 4709 MRo| TCSCE AA|3ke] A=
oA Ao et FelE hatrzl AdE vebd
Zlolth. o] wj TCSCe] AdX|o) o] Hze] dgxi o
Wak= F 49 2k

Table 4. Transmission line load capacity of case 1

without TCSC with TCSC
Tr. Load Load
lines P Q Cap(;acity P Q Ca[;:iacity
[MW] | [MVar] | 00 | MWD | MVar] |
2-3 409.53 | 117.96 101.97 | 365.1 113.5 94.95

10-11 | 393.90 | 72.48 98.96 348.5 63.1 89.37

15-16 | 353.37 | 119.58 92.95 3402 | 114.6 91.74

16-21 | 409.92 | 72.86 102.31 | 361.3 58.4 91.28
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Table 5. Regional load capability change of case 2

Load A B C D
P[MW] -148.3 -158.55 -155.45 +461.9
Q[MVar] -32.72 -53.9 -33.23 +119.85
No. of EV -6,179 -6,606 -6,477 +19,246

Fig. 8. Load capability of case 2 without TCSC
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Fig. 9. Load capability of case 2 with TCSC
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Table 6. Transmission line load capacity of case 2

without TCSC with TCSC
Tr.
Load Load
lines p Q . P Q .
w1 | mvar] | S | vwg | pavarg | CaReCity

[%] [%]
2-3 | 433.05 | 101.56 | 106.15 | 372.9 66.3 92.82
26-27 | 353.62 | 80.44 86.58 372.8 83.7 92.47
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