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Control method of electric vehicle charging station participating in

auxiliary frequency regulation for power grid

YAO Ruoyu, WANG Xinshan

(School of Control and Computer Engineering, North China Electric Power University, Beijing 100096, China)

Abstract: Electric vehicle (EV) participating in grid ancillary frequency regulation involves leveraging the "source-
load" characteristics of EVs to quickly eliminate system frequency fluctuations. However, ensuring the economic
feasibility of large-scale EV-assisted frequency regulation while maintaining system performance remains a challenge. To
address this, a distributed economic model predictive control (DEMPC) method is proposed for large-scale EV
aggregated charging stations assisting in grid load frequency control (LFC). Based on economic model predictive
control, the DEMPC method employs a single-layer control structure to oversee a two-tiered hierarchical system,
enabling distributed collaborative control across multiple regional power grids. The optimization of controllers is
achieved through convex relaxation of the economic cost function. The collaborative work of each subsystem controller
with adjacent subsystems ensures the control performance of the entire system, and an appropriate terminal cost function
guarantees the asymptotic stability of the system. Simulation results demonstrate the effectiveness and superiority of this
method.
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Figure 1 Structure of four-area interconnected power grid
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Figure 2 Load frequency control of thermal power plant

BEXT BE ML A7 40 B, P 2 b Bl A S B —
P, Hgh A% *chv
AX, =— ! — AX,+— (1)
TR, T, Ty

TR HLIE I S B A PO L B AX, AR i A2
o, BRI AR UL, KB HLII R AP, B
Wl 2 oA R R — A — B R ER T R B AIR
RALRA G )5 2R, Hsh SRk A0y

AP, =— T%APg,- + %AXg, (2)
REHLEN S RIE N
AP, — AP, — AP,.,=(M/s+ D,)Af,
. . 1
M= A APy (3)
1 1
a AP~ AP
‘?}:/\%/l‘I‘ﬁﬂﬁi?ﬁﬂ%%%%ﬁﬂﬁ%ﬂ%@%ﬁ
AP, = ETU(Aj Af) (4)
ﬁt,

%o, T, A i v 2R 0 W] 20 R 880 MO DX
1.2 BHRERETBIHER

AR SCHL Rk R LA £ & s TR Ry
BT WA A . W TFERENEV R A
AN TR) B 9 L B TORT LA R — AN SRR EV
R FHAS ] 0 30 A i 25 0 B EV R 2 801k .
T LFC M4 30 i S IR RN & 3 TR, i B Y
B — A~ H S PR 2 s i A7 R, T T T A T ok
BTFHEFR/ T,

Bl 3 Ty EV B I [E] 5 2, Au. R KL FIEV
W LECI5Y . EA IR RIE R W, £ Ap N HE)
TR 1R 70 R B BR , - AG. ﬁﬁﬂtﬁﬁi_%?%fiﬁ
E e E i 53 500 A H 3L ) B K R R /N AT P B 5 A
ﬁ}i/ﬁﬁt%%%,APezoﬁaL%zijEL?mJ%
K, AP > O BF HL 8l ¥R %2 IE 76 0, AP << OF HL 3
REIETEFL R o N R Y i 3 R ik re
i E o B HL SR 4 AT RE S 5 L, O
O~p; [AIRE 5 HL SR ZE W66 BE KT E ., WL B3R
I — po~0, H B BB A RIR A

. 1 1
APE&:?CAuE&_?CAPEk (5)

HENAETE R G T AR &R
— U APy ()< py, k=1,2
{ Ou<<APy(1)<du k=1,2
EV ) 7 HL R 35 (state of charge, SOC) & B HL

(6)

b 1 Y B2 AT IR A RN T RE T, W AR R

S()(:Av:S()(:o_(ﬁJ,Pe,dl‘)/Cn (7)

ASoc,: = Soc.o — Soc.k
K,y B RIFE R B C WBE A1 Soc.0 Y
ﬁﬁﬁ%’”ﬁj& ;S()c,/ejjﬁﬂ‘zlj kﬂ\ SOC E‘J@j’ﬂﬁﬁo

A K>0 A K>0

E3 &R AAmER

IR SOR A PR %

Figure 3 Electric vehicle model in load frequency

control of power grid
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Table 1 Parameters of thermal power plant in each area
X 45k Ty T, M} D, R, v,
1 0.081 0.28 3.50 2.75 2.6 1.02
2 0.072 0.30 3.70 3.20 2.8 1.01
3 0.083 0.32 4.00 2.80 2.7 0.98
4 0.075 0.35 3.75 2.50 24 1.03
XI5k a; b, ¢ P, APy,
1 3.31 0.13 1.32 0.012 0.005
2 2.75 0.11 1.05 0.013 0.005
3 3.15 0.14 1.50 0.015 0.005
4 3.78 0.12 1.74 0.011 0.005

F2 BRMFPALHIY ARG BIHAE LK
Table 2 Parameters of electric vehicles participating in

auxiliary frequency regulation in each region

EV, EV,

Ty Ou  Ma Eue E Te b M Enwi Euig

max i mini

1 0.02 0.01 095 0.80 1 0.02 0.015 0.90 0.75
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Figure 5 Frequency deviation of each region under

change of load demand
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Figure 6 Output power of each region under change of
load demand
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Figure 7 Power of contact lines into each area under

change of load demand
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Figure 9 Power curve of thermal power generation system
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Figure 10 Frequency deviations in region 1 under

different control strategies
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