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Assessment of Reactive Power Support Capability for Electric Vehicle
Charging Station Participating in Auxiliary Service
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(1. School of Electrical Power Engineering, South China University of Technology , Guangzhou 510641 , China; 2. School of
Electrical Engineering , Guangzhou City University of Technology , Guangzhou 510800, China)

Abstract: Electric vehicle (EV) charging stations utilize their remaining reactive power capacity to provide auxiliary services to the
power grid, assisting in achieving automatic voltage control (AVC) and generating additional revenue for the charging stations. In
this paper a market mechanism for the voltage regulation auxiliary services of EV charging stations is proposed , the circuit topology
of charging piles within the charging station is established, and the basic principles of reactive power support by charging piles are
analyzed. Based on this, using probability statistics and the Monte Carlo method, considering the charging demands of electric private
cars and electric taxis, the charging behaviors of each are simulated. Combined with power constraints of the charging piles and
transformer capacity constraints, the daily load distribution curve of the charging station is predicted. Furthermore, the reactive power
support capability of the charging station within a day is evaluated and the revenue obtained from the participation of the charging sta-
tion in voltage regulation auxiliary services within a day is calculated. Sensitivity analysis of relevant parameters of fast-charging
piles within the charging station is conducted, highlighting the differences in reactive power support capabilities corresponding to dif-
ferent parameters of EV charging stations. This provides technical analysis tools for charging stations to declare their participation
capacities in voltage regulation services and obtain relevant compensation benefits.

Key words:electric vehicle; charging station; reactive power support; auxiliary service; sequential simulation

EHEWA: [F5KARP3EE R ITIH (51307063)
Foundation item: Supported by the National Natural Science Foundation of China(51307063).



12 FEITRMEEA

919 %

0 35l

W B R VRV R AR R, Fe AR b
A, BCHE— BT T 7S RS AR DL R i 11
BEo BT 3 2025 4B VR IR 4 A ol ik 21 3 651
T, AEFEAES O Sk 13984
BEAF H 2 AR FEAN L RTE, I H AT ASE R
T, TSR B HUA R O KU L R
5 ) B T R U 1 O 00, B T b A T O
T, S 9 B A 25 T, XA
N RGBT R R . SRR
SR T RV, R S A G AR R BT
TR ST, AR R T,
PO AR 2% 1T 0 FRL 3 1 Sy — 6 2 14 O 45 A S
B, B4 2 6 FE B AAR G I W i 4 T
B, 75 4 (electric vehicle, EV ek #h24 Ha s,
A REFIFHT A TE T o) 2 2 i 5 5 o I B IR 45
EREA I FE A A BTG S s
PN ] 220 T 31 P 6 6 T 20 2 7 4 O R 41 4 e D 3
B, RERERERY L BT, A R T
NEG N RFaE BT, (R AT

I AN 56 T BV 30 3kl B Hh 160 4T G 2
135 8 R (0 STk A 22 B0 o 1 F 28 0 £ B, LA
W AR 22 B/ . R AR . il B IR S5 2 e/
PEHEATERRIAMEAL L SCHk 16 ] LA HL IS 17
ABAR Ky B, 7 76 H o 5 T e I 43 2 R 1
EV A YA JE D Ty 2R S ALK R Scik[ 17 )3 5
VA 75 B (0 D SR kS BV L A S IR
[P X T L O £ 5 R AT JE T S 4. bk Sk
W EV FE LB E TR, 3 1 e T
W SEAT TCT DM, (EL 3 A X 78 LA TE T B 3R
SCPERE AT IR AL

] FH 30 H, 36 980 4% TE ) Ty 8 7 S P L T oL
M AR T B AT AN FE R I B, PR R B
WA AT R AOE, (HUE, TEO i R A
FEHMES Y, X FEHBER TR —
Y SRR, FE R T 2 R R S e R
BRI, XTI R G R R

TEM 4 FE AT S R I KIS 52, N7
SR FE LG S R IR S5 TR L I 7 A T
Fo L B 5 VR S B IR 45 e 9 L 3 1 ) 25
A FE H 3 9 P 0 Ty % R R et H TR A T B 3 R

¥
il

R LA LD, AN SCERAS 7 I8 L R 5 e
R N LA R R AV W IR o R E S R £
RENITT k. B, feih e a2 5 R A AR 55
AT b RIS RS SR A IR I hAS R, TE
fifi LS BV SEHAT M ROBERARCEL, JRRI SRS R
B H N BV FERL DRI A SO0, BRI A
H 78 Rt ) I D B A SRR ) A2 I T il B AR 55
Allcss s R, e R AR AT B e AR R R 5 7k
AR

1 FERRuhEEHB AR S E T AL

F0HEL 3 2 55 R P 3 R Al B AR 55 ) R e AE 2R U ]
LR o ARSCI 5 B IR 55 7T 43 38843 . TCH) I %
ICAERE I VAR | JC T 1) AR FE LA A A e Bl
MR 55 AMEELE TR o, Te) DR S HE e T PPAl AR
SE R A B R S5 WL R 6 A, o2 2 SRR R RO 1Y
Wi s TCTh D2 FE AR L T W 5 BV 52
ML EME,  H B2 e X 3 S R 9k ] 5 Fe d
AT e/ IMb 5 Bl B IR 55 M4 B SRR “ UE A2 1
AR AR S0 0 AR A B BT R o
1 52 4 )7 A AR 32 25 07 AT A B A, AR T XU
S A A

EV 7oL 352 S5HTBIIR 575 LA B B A e e 0,
HHMEITMRS GG, FHZERRERE FHk
FoHUIRAS TN I RAF B, He 52 IR B b 1Y IR Y
84

U R A A BRI, JEEE UG R
K 1A R F A A Ll 1Y A8 350 s 722 s 4% (on-load
tap changer, OLTC) 4%k . #UIRMAHE A R4
(capacitor bank, CB)&F I A, ik LAt f5 A
REff UL la] 8, 8 EV 78 fL b 78 L AE 2 5 0 4 B
R 55 o

EV 75 HL il (1 F M2 9% by i R, i DL 2
PUOTEEI B R G R I TR A 'S, &%
JBAR G T DI 2T & A M EV SEHL 2 5
W BN 55 W AMEE 2 L DT i 1 2 B e 55 1) B
USTEDRERY e

TRE R0 5 BTG T 3y 23R 9 AR A AR TR A SR At I
AR ELEV 7 H il 75 S B 1Y T2 U AR RN 1)
AR NI S, RERIEE A5 7 B S i ok
PR G, A S0 78 H sl AS b 3 1 5 [



55 8 1 RIS, 45 RENRE TSR IES 5B IS B oD S A S RE 1A 13
. I (AR ) = =
F 2 TS T >
ws 200~1 000 V.
o +500 V ([O’ffé — E : -
0V —_kW) ; =l
sosen s i (0~60 — o P
PRI R T 2 W) I DAE I ‘( - g
4 FRMGES 380 v -soo VI o-15 L 000N
H UL 0 : 3tHAC L W)
[ DAB |
j (0~15
‘ 1 kW)

LEDNL

DESUNS .
WAy 5E 55 il
B1 wEkEERRS RAIELR

Fig. 1 System framework of charging station in voltage
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Fig.2 Circuit topology structure of charging piles

7, Ve WHEIRPZ

Q3 Q9 Ql5
K IKn Kz
.__C] ~ - -
T a Q4| Q@ QI10, QI3 Q16|
Ks Kz Kz Kz Ks Kz, |
lf"‘\"*”f\@eZl
Vdc i.b’Ym-@eb
Q2 Q5L Q8 Qlil, Qu4L QT TMos
<< JK&& I J@: K
16 H H |
T Q6 | Qi2l, Q18
K JQ& K

B3 ANPC#ZraRmE BN G
Fig. 3 Circuit topology structure of the ANPC inverter

WA AR DC-DC 75 #a 28 HAT S5 X Bk . g da
KU S, AR . R L 5 T A
TS DAB SIS B R IS g U TR 4
JiF R, Herh U, R U, 43 R s s A L
R, Q1 —Q8 BN WMl &M i TR IF 4%, LR
SR — U R B R A, m 1 TS 2R
. C,F1C, A3 R s e e B IR L 7

Ql Q3 Q5 Q7
] J@g J@u
_1G 2|e [ G| U,
+ s
Q6 Q8
] @s ]

4 DABZ#aERFERINGH

Fig. 4 Circuit topology structure of DAB converter
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Fig.6 Charging powers of slow and fast charging piles
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Fig. 7 Daily operational simulation process of charging station
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Tab. 3 Difference rates of reactive power capacities to declare
for charging stations in different parameters

S AR R0 22 5 40%

M Ssoc.

60.5kVA  61.0kVA  65.0kVA  70.0kVA
0.5 23.59 23.16 19. 66 17. 34
0. 65 38.34 35.90 29.08 24.45
0.8 51.79 48.49 37.42 31.75
0.95 60. 04 57. 68 45.13 36. 13
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