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Fig.1 Structure diagram of wind-storage combined
frequency regulation system
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Fig.2 Curves of wind speed and load power
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Wind-storage combined frequency regulation strategy and optimal configuration
method of energy storage system considering process of frequency response
ZHU Ying',QIN Likuan', YAN Quanchun'?, WEI Zhinong'

(1. College of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China;

2. Jiangsu Frontier Electric Technology Co.,Ltd.,Nanjing 211100, China)

Abstract: It has a negative impact on the frequency of the system after wind power is connected to the
grid. Making a reasonable wind-storage combined frequency regulation strategy can reduce the frequency
fluctuation caused by wind turbine connected to the grid. In order to analyze the economy of wind-storage
combined frequency regulation strategy accurately, firstly combined with the characteristics of power grid,
wind turbine and energy storage system, considering the inertia of power grid and wind turbine, the wind-
storage combined system is modeled,and the frequency response process of wind-storage combined frequency
regulation is simulated. Then the relationship of frequency regulation power,wind power and system frequency
is determined,the frequency regulation coefficient is determined according to the frequency regulation effect,
and the configuration strategy on reserve capacity and the allocation strategy of frequency regulation power
are improved. Finally,the optimal model is built to minimize the cost of frequency regulation,and the particle
swarm optimization algorithm is used to solve the optimal configuration of energy storage system. The case
results show that the wind-storage combined frequency regulation strategy and the optimal configuration of
energy storage system can effectively reduce the frequency regulation cost and improve the economy of the

wind-storage combined system.

Key words:process of frequency response;wind energy;energy storage system;frequency regulation;economy



Mk A

AP /MW

-0.033 [0 \0-033 At /hz

(@)~ XIAHURE

AP/ MW
G A

B 083710 \0- NG o Hz

(b) ~RSR
B Al BMiFmREE
Fig.Al Schematic diagram of power grid frequency regulation
B3k B
S5 M) [ 15 B
11 EBpSRIm AR R R AR 12
111 =EER R
— UIREAFAE B X 5 e KA 2, T4 -Zkvﬁiﬁ1<E@ﬁ%jiﬁﬁﬁivﬁigﬁi

| Af, |- 0.033+ rmx
Z s
A AR A — RRSR B RS % . F I () D 28 SR AT AR R A
AP=P —P,
2 FL DR B A ) )T R ARAE XN, F R ) D) 2R R AN -
AR, =0.033K,

2 A B — ORISR 2 LRI, HL TR ) T 2R RN «
AP, =0.033K_ +(Af,, —0.033)(K_+ > K;)

PR 1 A 22 7] 2R

_4ap |AP < AP,
KL
Af:—owammAm—ifiéi- AP, < |AP [< AP,
L+ZKG
AP —AP,
sign(AP) - ——=—*— AP [> AP
max g ( ) KL+ZKG I |> 2
5 (B5), & HMIANER 5 D 2R ERA ) 8 RN
AP =g(f)

(B1)

(B2)

(B3)

(B4)

(BS)

(B6)

TR AT R AR A AR A ZE R T . 25 R B R A JE B SEI, A TR AT A0 K T D AR R

B, ORI DR



P — AP +0.033sign(AP)K, (B7)
iﬁqﬂ- Paee ARSI KT .

RS A Tage s JBBNIERT A Ty pcer TIEINZN Koo » RIS D) 2R SRR W E BL f
N i*/l\lﬁﬂ}fﬁﬂ/ﬁﬂlj‘]’ TRV D) E R -

0 t<T acc
Pmax
PAGC = KAGC (t _Td-AGC) Td-AGC <t< Td-AGC + KAGC (BS)
AGC
max Pmax
PAGC t> Td-AGC + KAGC

AR RN, = ORAAT ASE RO — AN Tage I T 7 81 Page (1) 5 A0 1) 17 51U B K Tage ST 1K,
B = AR B 2R S RO IR K Dh 3R 224k, ThR e A2

AP =P —(F; +Pasc (1)) (B9)
Prec
ot t, t t, t
t =t +T, t, =t +Tase
=t + T + T4 t,=t, +2Taec

Bl ZRIBASMTHETLIIE
Fig.B1 Power change process of secondary frequency regulation

112 FEE RRH®

% S M, A 2 S D 2 e 2 A B R MR R SC R, T EX B SR AT IR H S
PR B PSSR AR PR, (R IEA ISR A By, R n] DUAE AR SR s b 140 8, BRI HE =
LR .

B BRI, MIAR I 20 R 2y R 55 fy, A5 BRI, SEBRM M 0 . BT
HLRAEAE IR PE, SRR AR 5 DR R RN

n+1 g(fn+1) Gnd ((an ) _(an reil) )+g(fnriil) (BlO)
W 0 B e, MRS
F(f)— Gr.d[(an) —(2nf )? ]+g(f) a(f...) (B11)
F(f5)=0, Hig#=R(B10). (Bll)TéEn g(f) s i i o, EﬂzF(f)ﬁlﬁﬁﬁ NHRAFIF(,) <0, f 5
faBean, A DLES FOF) A2, 50 oy DOd@ i —4mk st AT sk
1.1.3 BRGS0 v 2 AR AL 69 18 £
EmMANGESHEE RS, IRHEZAN:
AP =P —(P; + Py (1) + Py + Pess) (B12)
TIRIASIE T B R B XAE RS — IR Th & DL R G BE R 45 SOC /T, IR RA N
P = AP +0.033sign(AP)K, +AP, . +P%¢ (B13)



K ARpion NIGEIR G — RS Th A . £5 E, SR NS FE a8 B2 .

AeEALATHE BRYESR 7 iz
t v ¥
KB T R

hERB

A

P T2 % ihThE
Y l A
N g 3 KBRS
Sigpmg [¢
X v
RIERIBA| -
Al B iR
A ¢
RIET—R%I
UL A VB
ES

B2 SRRMATIE
Fig.B2 Frequency response process

1.2 XA EE B FNfiRE HsK 7
PSR, KWL R T2
Puind = (L=C)Puind + AP,ing (B14)
BT XL BTE 50 A 2 S5 A 22 Ja Bl 2 00 A 2 ], AR A el PRt D 23 B o) DA R >4 iy IXUT ] LUK A P
JAHE ) A3 T 28 5 IR H 7 ek 48 EU A9 50 Dy R s o e R LR R AR 2 o AWLARZE B, DRI T 5 552 I SR A UL )
B A, LI, RN 2R
Puing (@1, Boa) = %nRzpvgﬂCp (@1 Bra) — % J ind (a)nz+1 - wnz) (B19)
AL R FH R T e N 2 A 4 ) 2 ) O SN AT A, D0 2 45 PR R R, 2 UL B IE i A T
i, TR M. IR (BL4). (B15), B HARIIERN Pan » 2% R AL N SRIR Ping(@ 00 B 1) = Pl
(R O S5 3B A
R T B E AT IRAS I, A ARSI R, WEe R REEAR, B 7RISR &, th D 3 b 4R
PN, EIRCNEEE, REEFIH REOE R, HORINARE, MR LIRE R, BRI A, BTk
AR 2, ) XD 2R SR B A 2R A )3 KT k) o
HRE L BB e, RALAL TR ASCIRAS Iy, 5 R A e L 2R BE A, RUBLAR H D3R ek /N, o /)N A
WHEA, KL D238 K, DR XL ) A T 5 3B A T DB ook i . e e I 7R BRI AR &
2 P > Pung (04,0) , REEAN 0, ToERMAINLAEE, B0, 7RI, s U8 & i

Misg C
#=Cl BEEH

Table C1 Parameters of power grid
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Table C2  Parameters of wind turbine and energy storage system
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Table C3 Parameters of economic analysis
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Table C5 Results of optimal configuration of energy storage system
under Strategy 1-4
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Table C6 Economic analysis between single frequency regulation and
wind and storage energy combined frequency regulation
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