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Research on grid frequency regulation using schedulable capacity of electric vehicles
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Abstract: Electric vehicles (EVs) are not only controllable load, but also can serve as distributed energy storage unit.
Therefore, ancillary services for the grid such as frequency regulation can potentially be provided by EVs with
schedulable capacity. However, the schedulable capacity is limited by factors such as the constraints of user demand and
the battery life. On the basis, a centralized control mode is applied to distributed EVs, and a model with charging and
discharging static frequency characteristics of aggregators is developed considering EVs schedulable capacity. Then the
load frequency control models including EVs for single area power system is developed for simulating load frequency
control. The simulation results show that using EVs schedulable capacity for frequency regulation can not only reduce the
system frequency deviation effectively, but also can decrease the reserve capacity of traditional frequency regulation unit,
improving the electricity quality and economics of power system. Meanwhile, the result shows that user demand and
battery life can not be neglected in EV participating in frequency regulation research.
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Fig. 1 Traditional model of single area power system
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Fig. 2 Control mode of EVs joining load frequency control

S rb o B B B AR U T AR ST # 2)
AR Ml e PR SE S D OBCA i Lt e R R U
FRGURHL A 8] 0 A3 ) S I R DL SR 5 g e
s ARG IOOS AR LT, Uik
T, PATHERIE S, WS SR AE e L
UL, W, S LA T th B B R Gk
(LB SEN Hedhs, PPAl R By S ) I SR
FREA/NF R LR R L. BRI, A K
R MO, B CoR AR F Sy R R SR
Frik b i BLas MIARERTORIE S . S EHA
U3 g 97 ) 2R 8 SRR R X P LB P4 IR T L B
K, DT Sk (R I 25 A T A K o
1.2 HREBHAEFAIAEAFENEDEERFHSM

REFIEHEE

W2 T SO LY, LBl se i R ) LAAE
KT S N e IR 2 [ A8k, R —
TR ey R B T MY S B v WS /P (P L
VIR, R BRI DU O AR SE RO
U2 55 R IR

BN B 2 5 U — O i



- 136 - & 0% EP DA

I, SRABREE P alretE, APk, =
R B A BB AN, g i ] g AR A A
i 244 52 P AR LB TR I SR T 6
A})Droop = kp : Af (1)

X AR, J BRI N TS SR R 7e L Th
Bk EASERIEREG & RS
i 22 4 o

Pl 3 S T RN AR AR ) TR
2k, 4 RGIRAEAERUE N, BTz
MDA ETERUEH Py o SN T 16, 03]
RESRR =Y L N R ST P TB S (2 AN P
BNVAE BB DR AR R AE

PA Pl
/
-f;|cg -ﬁ) /| | o
T T I T »
i b i I
[ Lo [
P Lo !
IIIIII | I{——V}' )
i VALK
P LGN A

[ 3 BahRE TETHEYT
Fig. 3 Generic droop control for EVs
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Fig. 4 Frequency control model of EVs
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Fig. 5 Schedulable capacity of EVs
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Fig. 6 Model including EVs for single area power system
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Fig. 7 Frequency deviation in single area power system
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Fig. 9 Frequency deviation in single area power system
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