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Abstract : With the global energy transition, renewable energy sources are increasingly dominating power
systems. However, the inherent volatility and intermittency of wind and solar power pose significant
challenges to grid frequency regulation. As the primary solution for frequency modulation, the
coordinated control of energy storage capacity configuration and frequency regulation performance
becomes crucial. This paper first analyzes the current status of energy storage system configuration
and frequency regulation performance in renewable power plants. It elaborates on the significance of
coordinated control between storage capacity configuration and frequency regulation performance,
proposing two optimization strategies: one based on renewable energy generation forecasting and
load demand analysis, and another leveraging advanced control algorithms to enhance frequency
regulation efficiency. The study highlights the synergistic relationship between these approaches.
Through coordinated control strategies, renewable power plants can improve operational efficiency
and stability while avoiding issues like energy waste and excessive generation costs, thereby
promoting sustainable development in the renewable energy sector.
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performance; collaborative control strategy

FELHREERAAIR R = T, BB A RIRE AR, BIHCEIE R, i LAENEE . ARPHRESET s e 2 Bk AU AP Y
i R DA— & LUIREEE BT, (EXGREZ RN U RN, RPHRESZ 2SR DU BRI , HEA BRI R AR, X
LRGSR T ERRIRAE, TREIN S SERMAERA R, AT AT R R S REIB T, fHRERGULIEEeT IR A i S L
MEEZEALTY, HAEW PO FRIREE, ATT AR BT REIUA e sk, STt MAReE s, AT, MHeERSENREIUL ) H
Wz B 2, ELbrisfTid i, —Lulrali A i) TRt H AR RE RS E AR T I BN G HLRYL, B e R AT s, e
/NTEH AR, TIH, Hmikseth i ek, ®RRINIRLRSE, FMEREEGEISR . L, AHeelU ) RS
AL E S TRAIERR R RIS, XTI R RIS TRCRE . RIERMNERE | (TERr R A R B B A S (AL
R ASCUNFEREER b, X IR FREA TS TR L U R SR

EHEA: HE (1990.10-) , %, Wk, #EERATA, BBTRF, LT W HERLIRRE TRER,

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 001



EHERS | POWER SYSTEM

—. MEERAHE EERATERESEMMEIIRK

(—) ZERERK

L X A7 RE R ST A L LR

FEXHUA LT B, BB R SR A R B KUE A
B DAR R L T B3 e S i 28X FIA TR AR A A
MR, R R R AR AT TR, WA FH T
ROCRLTRIN A, A7 2E R TR AR BT I SR, TR
FLEAHREA R, &R AR EE 2, TP T IR, H
e — B A SRR Z , TR RE AN, AN aefR
GFH XL UEEN, ARMERE & HLR R 25K

2 ERK A R RER AR BT

JER A BT REREA IR/ NZ BRI . RACIRILAFE 2R
HIsn, BERTRZICR )RR AR R A R AN, HFBCATR
IS & B TR BRI R M A HIE R, FEaRFE R
BHOCRE BRI B, BFOSRRREREIAG, 2RI RICIA
ik, BB EEF A, ERCRRIIR DY TIFEC A Bt
RHBNIRE, fEREFR G X TCIER AR B AT s, S0
BB MY IERIZT .

(=) IRsmiEREIRR

LA AR 15 0

FIATHTAEIR A H) £ BRI RS0 PID P A 2 i vk
SRHEFTIRSAA], XL SRR R R ELF I, (R TR R
K P TP RI ZUAS L R R R, EEMA R e, AR MR S T
RIRCR . IF B2k i) iR ) AEE TR S S RE R
GUIBEBIEZZ IO, fEk R IR R TR AR R A
SRESLIUMEREFTHR, BRI TSECR

2AFHERIAN

LR, FTRRIUA T AR R A AR VRS A R
AL, —TTEIE A RGR G, SRR A A WE, fRER ST
BRI VEHU R, NREME I N AR (e W D2, AT
SR RO R, 5 — D TR R, AR
WA FEFEIETE N, ALA 5 18 i AR B8, 24
TG st ke

—. WaERAH[ EERAEERESEMLAENR
EHRINEX

(—) RErERFBAME

ERER A L A L B R AL RE, AT DAs D B B IR A
RUIFEIX . FEOREIG, TR PYALHE X R T P A 4 SR O
FEHH 16% FE 3 8%, AR A i 4 2000 5T RIS, HiREdR
JERIN, RSO Z R ERER, TFlRDERBEE
ARREA BT, SRR EIL 3000 T T, fEH A 2R
FERCLRE, SREETREINANE, LS A I B T IR e R
GBS, I H IR, (ARG B 12%, 4R
IBUE IR 8%, WA T R TR ies s

(=) fRIZEE MR EIEST

HREI A B W I, AR T RE S i 4 SOHz AT
1B, FRIE MR RVHRZ £0.2Hz, KEsHlE , A0l
IR FRE R ESRAR R, R UEhE R 0.5H2 i & SR &AL
HEHIRER, UEEG R RERSTE 100 =R 2 NIFH R
B, SRS, TLIRART R IR S P R LU, K
B2 0. 1THZ ISR T RRE60%, T HERah 5 | i
SRR IR 76%, SXBRARIE T R & 2 2islT, R
UE T Hhe A P A G I D ROE SR, AR E R R T T
T3,

(=) (BRI AR

EERFBAPFAUHREEA R S LT AR A B AR, WCEAE
2030 4T FEAE BB HR 40%,  PHRHERI BRI ET BRI I Y
BORKERE, LEJcra) PG I, HeangRE GRrRBR rLub R
JERRRE ) A0 RN R, S8 [ BB IR AR R X i,
ARG, HraeEI HHFRIEL = 70% H2E ) 95%, WEF kA
RS VNS T T PR A T 4757 Nl e S E P S T ST 4
PR 501LTC, BORSHUEETRER I A R, %
GEKHISEF I Z AW, AT BRRE I P

=. MeERAHB[ ERRAEERESRMtENR
152 T SR

(—) BEmEMRILER

1. 25 4T REIRUR HRL T AL

R LSTM S, 5GP i h4UR. K2 TER
K. M SRS 2 M S, B 72 /INES ARty
S5t KA S TR R SR T P 7, IKUHLHE 7 24 /NI P 58 22 H
12% PR3 8% ARYBTHIEE FH7 TN —(w2e — 255" SCeefs
AL TR HIEAGER 77 W (E A E LOOMW I, 4% 8 15% (133
B TER 1MW BB s WA X B T E A, Bt pe s
A THRE RN 10%, Fek i FiZ RS, fhheam
il F % K 60% F2F+51 85%, FEMk R RM TR I, #E % T K4
20% WA TUATR

2. F R R E

BN A, ETOAT (IR ISR T L) |
B ST CIMAREIIER AN ) | R G (B B e e ) (1
ZERMX A TToR, FEHRA I MBS R, G TR X
IR 10-16 I S fif g e, (B 2R G st B2 HE 20M W /40M Wh )
bk, FASRANESR TS AN 2, Gl nskd, BT
VR AR IR, AT DAZE R E SMW/10MWh, I 44
TR AL, KM RN B e BRI R e Fe S 2
FURIGX AN AR S, (RER G HIAFERTRIRALN 31K
RTFEI 5, AT T 01258, E) T 5 1 RIS

POJARS
3. BI NS A EEH L]
HE BN P (L TR AR SR BRI . FeBR (A I 26 2

002 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



B, GBI SG IR USSR A R, I8 E N R,
TR T B H 10%, 55 USSR T MW [ IHEE, 5t
SR MRS, i I IE R X, KB 8my
SHRAE R 12m/s, REGE 2FD 2 PIHHAEZS AN 20M W T 58
F26MW, MTiFG (= E B pfads, i BRI “Refll i %
A, EHIG RS CR R G — I, RS HT B
10% P TUARZSIAI N LR R 8, IATAT SO B GAOR F 22, XL
N2 ST, AT AE IR 25 1 8 S R I (R4 95081 500
2R, JHBHEAREESET T 30%"

4. NZEGF s AT

g A T BT LS (D8 Bl e, fEREH
W60%, 1&HiIFRG20% ), Bt (RS EANE 3% ),
R (BT 20% ) DA HRASRIHIIC (4240 0.3 5T
), FIHEIE (NPV) BRI SE: J7% A 100MWh
R 8000 57T, A3k 12005 78; Jr5E B 80MWh %
HEAEE 6500 Ji7t, AR 950 J7 TeHFERE 50 T EFE L, it
J7%E BTL4E NPV HJT % A& HE 300 HIC H 2T IFReRe, H—Ii
FoRFMRIL Y J5, (AR R GEH VIR O I 8 AR 458k 6.5 4F, 1
EAES % NI IS b SUIE e

(=) iASRitREIR FHERRE

LR A skt sk

PRI S (MPC) (02 BRI EREL, MR 22
/N, GEREMVEESRLIR, 4950 RV EHT— IR, it A
R ZE Af, fEEE SOC (fr iRAS ) ALY, AfKTF0.05
LISl B RERLCHL, fBRE SOCAET 20% I A Zhidi/ INiL LT
K, FIAEGs PID#EGIMT L, MPCE Sk 2 i 1647 0.08 i 2% 3
FIE A 0.05 k%%, BRI 40%, FEEANA FIE R S,
R AR R TR BE A , anE E R sk, B
TEHISEL, A REZRALE, SEFMEREE N 80% 45
96%",

2 M RE SRR R Gt R S L]

FT IEC61850 PRI T E AW Im M4, SREDEAF AR +
TLA I WEE R T, (RUEAR L H I 4E <10ms. fHRE R G Al
i A% SOC, eI 16 JUINER, WAL FRM=G
&, B E GG, AR R, HRE A R R

e

PG4 2S5, L 5ms BRI, %S EROEFI AR
ES P

(PCS) , EshTh=cis, Sopraelr st it Bl B Rk
KR AHEIR N, BB A T0% M_EARER S, EIRR
BT BEIOP, DT Sl B AR AE R B | & (R Ao S IR A e

3 AR RGN T SR

CERET FEECR N S >50.1HZ (I, fERER
2Rkl (CHRRFERE) , 108 Z Pt T DA it )
M= 1E49.9-50.1Hz X [H], FE:0i=E 0.5C, it /&1y 4
Ky INTA9.9Hz I, WIALL15C fESRM, R 5 b 5
IAF B A Gk R, BRI T-80%, A HAEERR
HWEDTHIR, HFE MG RE RGN X — K2 5, 6%
74 FH SR 3000 1R K F 7 38003, SEHIEEAE I R ARG K T
25%, TEIIATIREAMERG, ATIREMRNEE, A3l
IR N 10%, Bk i, RIEE —20°C MB%HE
80% Iy HiRE

4. St 22 RE ELAM R #0

TR ke - AR + A" ARG, ki (W
A < 10227 ) Bk O-2 Fh Atk A (el oh i) | #2
TS (3 2000W/kg ) M 2-60 B A 2, A Fst
(RESLASE 150Wh/kg ) RN 1408 DAL RREERAR, I A i 2
F5 (EMS) e HABRL, s 0.2Hz 1, Sl K
BRHOMW IS, 0585 BA ARG SMW, 54 di
PLEMW RS, FoRyui HoR FIL R 5, LR & oA
LB — 4 L R BT 30%,  TT0 HLUA R S B h bR 40%, Se A
WA [T s DR A =k 1

[S

. BRIE

Zr bR, ASTHGHTRBIE A P R AR R G A L B AN R
REDRREHIAT, FI T ARTA R EA G B, TR R4S
(AU, P T ORGSR TR, R e, s
PR RN, T S ST R AT AN A R A D
B, ZREEANFRMSCIETT 56 X PO AR REIR L) AL
BT RIS, AN AR A MERE I R EHR R, S
TR TR ST RN Riseas,  UST ARA A 2R AR
HIRWTSS, (REEAEMETEH, IATER R eI L 8k e 45 11
AIIEAT R

(11 E3 . BTRRIRR U RBROR S M FIERTE 1) RHEAILAL L2024, 14(16):48-51.

[21TFSBCHE |, Biesixl] . L] HEERE AT AR ISR FR Y R (). 8B 4EE 2024, (06):110-112.

(31283 , FLRETS . Il HLHL it B PR ET AR ISR FE P R FER T (). H R L L2024, (08): 94-96.

[41FSCHE | IMA - FRFEHRER GO RETREIR R HUBEH LA LD R GEIERR IS (1), RTHIR 220 L2024, (03):336-338.

[SIZE3 KA, Bk, % T E MM A ETRRIRSE G R T H ZEFIRE TS 1), I R Ge P 5454 | 2024,52(06):65-76.
1615218 L ETREI R MU RE RS A R I B S R R 1)) s SRR L 2024 ,45(01):65-70.

(71 HkHs | Bl | DR RTRBIRR RIURR BEROR I S S D). TR | 2023, (S1):240-242.

OB, F8FTF |, WEUR - /Ryt | 5 | SRR RBIRUR FR AR IR R i AEA2 I SRS ST (1. s FEER | 2023,59(07) : 65-74.
(101 E2€ | 7528 | S ACRTREIIUR L P IR R GERERUAT AT 1) SRAFRER I L2023, 40(03): 374-375.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 003



