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V2G control for EVs participating in primary frequency regulation

LIU Hui, WEI Yanyan, WANG Ni, LI Zhengming
(School of Electrical Information and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Based on EV charging modes of maintaining the residual energy of the EV battery and increasing battery
energy for EVs, two kinds of control strategies, maintaining battery energy and implementing planning charging of EVs,
are proposed for EVs to take part in primary frequency regulation. In order to hold battery State of Charge (SOC) levels
and at the same time implement the frequency droop control, an elliptic function is used to construct the correlation
between the battery SOC and the charging/discharging droop. According to the charging demands of EV users and the
battery SOC level of EV battery, the scheduled charging power of EVs is corrected in real time to achieve the charging
demands of EVs users. At last, simulations on a two-area interconnected power system show the effectiveness of the
proposed control strategies.
This work is supported by National Natural Science Foundation of China (No. 51107054 and No. 51477070).
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Fig. 1 Schematic diagram of V2G control for EVs joining

in primary frequency control of a power grid
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Fig. 2 Structure on implementing V2G control for primary

frequency regulation
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Fig. 3 Charging/discharging droop for holding battery energy

FEIE 3 o, AR R BR80T 3 B L
fiif HUIRZS (State of Charge, SOC) LS55 28, AHN )
B R s R .

1) 24 s0C,, <SoC™ it

ik

Kick = Kmax
’ (1)
Kic,‘k = 0
2) 4 50C™ < SOC,, < SOC" It
1 (soc,, -socr)
Kic,/c - Kmax I+ [1- ’ SN2
(socr -soc™)
. 2
) (soc,, -soc™)
Ki,/c = Kmax 1_ 1 - ’ L \2
(socr -soc™)
3) 1 S0C" < SOC,, < SOC™ I}
| (s0c, ~soc™ )
Kic,/c =_Kmax 1_ 1_ ’ 2
2 (soc! -soc™)
3)
(soc,, -socm)
Kic,‘k =1Kmax 1+ 1_ l,’k : 2
2 (soc - soc)
4) 24 50C,, = SOC™ It
Kick = 0
’ (4)
Kic,‘k = Kmax

A)~R(@) e K7, MK LR § a8

ik
k ZI e, R, K ik V2GR E;
SOC,, . SOC" . SOC™ F1SOC™ 55l &2 i i

SNV kI NI SN BB TR



_92. CE R R R EEL

Z &3 (1)~204), 7R8I RS
T =0 EHER A V2G DR A

KA CAf > £, B A < By

Kic,‘kAfk (A, < _fd’ﬂKic,‘kAf}c >~-P,)
Fi=1Pux (Af, > fi, BK A 2 B) (9)

~Pr (A <[, AK A, <P,

0 (|af] < £)

L P NERCK V2G ThE; £, Wik S
FL PR A3 1 T (R ZE X

M (1)~2(5), R A4ERF it SOC i
A SR W R Bl . 4 SOC,, < SOC! I
Kfo> Ko By A IS v ek 22 TRE I
2R L AR, IXARALE AL AV Fat SOC B8 . Jx
25 IR R, 24 SOC,, = SOC! I, Kf, =K,
FL B V2R ISR H B R A5 TR I L RE A v
SOC TRHFFAA . R, FEXPHEHITEnS /R T,
HENAEAES S MR AT RN, b ae
Wi RE7E SOC ! 252 .
2.2 THXIFE RIS

HIE 2 AT, 4 T RS 5 L A O 1 11 [ I
56 ANVAE H P I i 3R o S E A8 Rl
BT H S A i S R e B 3 . AR P 7
FL i SOV HRAS RSV I S TR e v
IR S I

j P (k)dk =(SOC; —SOC!" ) E; (6)

e " R Ay RS @ AW BV AR
FEHMITR]: P (k) RE @ rE R AR e
s SOC A% i S shy = I SOC.
H S E AR IR, O EKR A
(soc; -soc,, )E;
P, = : (N
' ti _tk
L PEONER @ WAV HOT R R T
t, RIS Z; BT O WA e 25 o NV AR H
WA R R R TR B it SOC IR AR [R] A%
e ARt HRT e s G P e K
Z ISR K V2G A7), Tkl 7 H A
3l B AR v RoR

KmaxAﬁc + Pz,ck (|Kmafok + Pz,ck < Pmax)
Pmax (KmaxA k +Pic ZPmax)
P, = St ®)
_Pmax ( KmaxAﬁc + Pz < _Pmax)
i (ari] = £

X E(8), R TS I A i J B AT 4
BEAT IR - B4 TT I, S R A AESE X N I
HRLENAFAIAT T RI e L. — FUAR G (B i
AP Sk PR B WD ) LRI S E S b7 PG IR S P
N ARG DR A, RIS, RN
fritiizer.

* i
Prax ==~
AR ,
« 4> T Af
—> HEIX
Kinax
_____ ~Prax
I GEl

4 X7 RIS R
Fig. 4 Frequency regulation with scheduled charging of an EV
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Fig. 5 A two-area interconnected power model
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Table 3 Normal distribution for EV battery SOCs
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Fig. 7 Simulations of type 1 under random distributions
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Fig. 9 Simulations of type 2 under random distributions
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