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Abstract : Photovoltaic has the characteristics of strong volatility and weak controllability, which causes serious
problem of photovoltaic power curtailmentposes, and it is a severe challenge to the reliable and stable operation
of the power grid. In order to alleviate the phenomenon of photovoltaic power curtailment, firstly, a photovoltaic
consumption strategy based on the optical storagesystem is proposed. This strategy takes photovoltaic consumption
as the priority principle, and introduces solar storage combine thermal power plants to meet the load power supply
demand; Secondly, formulate a framework for the charging and discharging state of the energy storage system;
Finally, to optimize the configuration of the solar storage system capacity, the maximum net capacity of the solar
storage system Revenue objective function model is built, and the energy storage capacity is optimized. This paper
takes a photovoltaic power plant and a thermal power plant in Xinjiang as an example to analyze. The simulation
results verify the superiority of the whale algorithm in solving the model, and the proposed strategy can achieve
the purpose of photovoltaic power curtailment consumption.
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Fig 1 The system power supply structure diagram
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Fig 2 Strategy of photovoltaic power curtailment consumption
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Tab 2 The thermal power unit related parameters
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JRFER B 16.19 17.26 16.61 16.50 19.72
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tric quantity

HE7TA N, SRASOEHARISIS , TOLR 2% L, #£00: 00—14: 00518: 00—24 : 00X PHAAF[A] B,
RE R GEA AT TAE, TOLIAI TGkl i TR IA] 5 FE14: 00—16: 00Z[H), W THEEZ=5ih), T
LT B2 Y AR FL sl B AR M B K 22 57, 7EBL EZL50Hr14: 00—16: 00R [H] B i Y AR HL 3l s 715 O
RI7E14:00—16:00Z[0], T-B25G0k H 1B a8, sens SR 0 — 5y 1 2 S far g =k, 53— ol
TAARE RGEHATAEA ; 7E16:00—18:00Z 1], SEREHA T , TOLUR LA BRI IR, i B3R srdrmlan, T
DL AN T 200K . R FB It i FE OB TR AN EIS 7, it BE Fo vt 1) fr FECIRZS AR AL AN I 9 s

[
=

=)

fift g HI 78 EOR D) /MW

20 F

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

[Py A e Sprep e = 8 A ZI/h
T MRRIRKIRH D T Lo G
Fig 7 Actual output curve of photovoltaic power plant Fig8 Charge and discharge power of energy stor-
age batter

FHEISAT AT, 7E14:00—16:00Z 1] , e i1 T e , 7£16:00—18:00Z 8], fif g HL it Tl , ARSI B
AT, PR R

t 9T AT, SOCTH /2 X [H0.1~0.9F 2K . SERE RGEHAT— U FTI L , A0 T B8 28 58 70 H 33
W, T HA SR RE L B A, AF5 SE PRl RE R s f RS T EOK .

RIEAE RS BB, 18] RGNS SIERERFAYIR | (MMRERA A BN R, SR WE10FTR.



55540 oo, 45 ETFOLTHM DL R AR E DTS 639

MELORT B, i REAS 5 R G R ss TR B IEA G , RGuEnIEs M if e 2R G 25 i3S Inmisa i
HBEEMEREDIR AN, RGNS I AR — B3N, AR SCR A B EE RS SRR gl 15, 24
THRETh % M22.10 MW |, 2518 H31.83 MW -his % i 19 RS04 zi ik, M4 650 9367T.

17

0.8+

0.6

0.4

firtfig b RS

0.2r

ol . . . . . . .
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
i %/

9 fEEEHIBSOCT L B 10 fEfsR
Fig 9 SOC change of energy storage battery Fig 10  Optimization results
3.3 EEXTLE 1651 210
AR R G0 | BN TR | 63 osos|
0L =AU TR XL & F R Ge i ss iE 175K o 465
i, TSR AR, WSith & in 11 R . §4.6495
FHSTI I, AL | HIE DR TRk Flfg £ é 4649
BIRTEFOERII N2.9% LT | itk he it /5
435.00 MW-h | 33.31 MW-h , 31.83 MW-h. ASCH = 1648 (_J# “rso
FREEEXT AR R B AR i, A I 0 A — 2 1y 46475 e ;)WOA s
P, PR i fa S ) B pr R g LAk . BRKE
A LA, SRR B 500 , BEE EARIEL 11 Yesahsk
PIBEAN , 7E0 R L RIS LU, e . AE Fig 11 Convergence curve

PORL TR | Sk 40t 152 108 | 84UGEIRZ )R, U R ENE THUE | I BRI RG il ok
Jr294 648 6537C , 4 649 9217C . 4 650 9367, P HAREN] , TECHER R RG T , LM L RAM A
T VR RE SR M SGH R PR HL R A R S
* 3 IHEER
Tab 3 The calculation results

Tk FIH(%) T (MW) A AE(MW)-h il (70)
GA 2.9% 22.30 35.00 4 648 653
APSO 2.9% 22.25 33.31 4 649 921
WOA 2.9% 22.10 31.83 4 650 936
4 #it

AR SCHR LT E0E & F RGN S ETH AN RN , I FIZ R M 1 5 £ e 22 58 Fe IR HE S | FE 4R i ne e v
LT ERI R, SEBFOCR R RIEN. FEIET

(1) AR EET60E 4 B R G FCTHAN RS , OGRS AN A S E , B hlme & Joi) it 2 fufar
HEH TR, M LIOGRE RS H N REHIER B Ar R 5L

(2) LU e Ok o s B E A 740 0T, e 0k F B N & B8 2R SR RS IR B4R TH 38 R GE I AU E g
1, L IX SR 12.7% 5 42.9% , FefER RS i 31.83 MW h, H RSt KifHii ss “H465.0977 IC.

(3) TERMARIBEL TR L, A TR 5k 5 Al DR TR, S O R S e e . 5
ERERE R« 5 kB 4 Jmy e e ) I s

e FAERE R FH T O0IS 25 X T L R FERRAS A B A U | T LT G R T el KRR S i



640 B R (HARRIED) (FR3Es0) 20214F

REFE MBS PR AY B FERUMAS | DR HCAR T H ARG 3R A7 iy (s 1SR AR A B FEL YL P A R T 1)

S

[1] EZXGEIER. 2019961k & B IFMIZF 7% 30 [EB/OL). (2020-02-28). http://www.nea.gov.cn/.

(2] EHEIR, fariln, OB, A5 R A LAY A SR BT sl il (3], RS2 (A SARHERR), 2014, 31(3): 261-264.

WANG W Q, HE S, DONG X S, et al. New trends in the development of large wind turbines[J]. Journal of Xinjiang Univer-
sity(Natural Science Edition), 2014, 31(3): 261-264. (in Chinese)

(3] BHFAE, AR, FAI7. ElRXI) k AR RIS B 3E REH[T]. Brces s (B R BERR), 2006, 23(4): 482-485.

HU S H, WANG W Q, YU S F. Model reference adaptive control of constant speed wind turbine[J].Journal of Xinjiang Univer-
sity(Natural Science Edition), 2006, 23(4): 482-485. (in Chinese)

[4] PhNER, 8, VST, 5. AERERI N FBUIRFN & B 0T [0). E AR, 2020, 46(1): 80-89.

SUN Y S, YANG M, SHI C L, et al. Application status and development trend analysis of energy storage[J]. High Voltage
Engineering, 2020, 46(1): 80-89.(in Chinese)

(5] A7, THER. XBEE A RG], B K22 (E ARBER), 2005, 22(2): 228-232.

XIE L J, WANG W Q. Wind energy composite power system design[J]. Journal of Xinjiang University(Natural Science Edition),
2005, 22(2): 228-232.(in Chinese)

(6] ZREAR, ZOuEE, AR, 25, KOG R Geft e A U0 G e B R (0], HL THORR, 2018, 33(6): 1189-1196.

LI J L, GUO B Q, NIU M, et al. Strategy for optimal allocation of energy storage capacity of wind and solar energy storage
system[J]. Transactions of China Electrotechnical Society, 2018, 33(6): 1189-1196.(in Chinese)

[7) EFENSE, SKEENI, ZRE10E, 45, B liH a8 S R 2 T SR et ot 1), o E AL TR 254, 2017, 37(1): 1-9.

SHU Y B, ZHANG Z G, GUO J B, et al. Study on key factors and solution of renewable energy accommodation[J]. Proceedings
of the CSEE, 2017, 37(1): 1-9. (in Chinese)

8] BRI, FMESE, XM, FKIBRGAEFH IBRZE T M PEAG [D]. KBARE2%H], 2020, 41(6): 171-177.

XIAO J W, HUANG H X, LIU X Z. Carbon economy assessment of large-scale wind and solar storage integration[J]. Acta Energiae
Solaris Sinica, 2020, 41(6): 171-177. (in Chinese)

(0] T M, TLakAR, FMESR, 45, KT Ao A S AR B IO F 100 25 v YA BE R TR DAL IR B2 (0. FLIEOR, 2015, 39(1): 264-270.
XIANG Y P, WEI Z N, SUN G Q, et al. Optimal configuration of storage battery energy storage system based on full life cycle
cost[J]. Power System Technology, 2015, 39(1): 264-270. (in Chinese)

[10] ZEEEAK, 40, SR, 45 IR BRI h AR IR R G RE 25 AR B A 25 AT [0). L TR 224, 2020, 35(4): 874-884.
LI J L, NIU M, ZHOU X C, et al. Energy storage capacity planning and investment benefit analysis of micro-energy system in
energy internet[J]. Transactions of China Electrotechnical Society, 2020, 35(4): 874-884. (in Chinese)

(11] RNE, R AU, 5. P Re I h I sh AR REOC LT & 7R (0. PR AL TRE2 0, 2014, 34(22): 3700-3706.

SANG B Y, WANG D S, YANG B, et al. Energy storage optimization configuration method for smoothing fluctuation of new
energy output[J]. Proceedings of the CSEE, 2014, 34(22): 3700-3706. (in Chinese)

[12] #/KIN, ZEEEMK, AR, 45, R EREE XS -al H  f H st i e R SR A LR L B [0). L 4R, 2014, 38(6): 1485-1491.
YANG S L, LI J L, HUI D, et al. Capacity optimization configuration of battery energy storage system for tracking planned
output of wind farm[J]. Power System Technology, 2014, 38(6): 1485-1491. (in Chinese)

[13] VT, JEIRR, XUTEER. KR MR XA A H BT A i LA B B 14 0). RBHAE2=H], 2015, 36(12): 2946-2953.

WU K H, ZHOU H, LIU J Z. Large-scale grid-connected wind-solar storage power generation unit capacity optimization configu-
ration method[J]. Acta Energiae Solaris Sinica, 2015, 36(12): 2946-2953. (in Chinese)

(14] ERRIE, 58, SUM, 45 JE TR R R po i LSk ). PRSI, 2019, 34(9): 1893-1900.

WANG J H, ZHANG L, SHI C, et al. Whale optimization algorithm based on chaotic search strategy[J]. Control and Decision,
2019, 34(9): 1893-1900. (in Chinese)

[15] AWAD A S, ELFOULY T H, SALAMA M M, et al. Optimal ess allocation for benefit maximization in distribution networks[J].
IEEE Transactions on Smart Grid, 2017, 8(4): 1668-1678.

(16] EARE, Bk, HEG, 4. B XA R KU - AR RE- 25 PG U L i B S RGERE R OUIL (0], PIEBHL L RE 4R, 2017, 37(S1):
137-143.

WANG Z H, YANG L, TIAN C G, et al. Energy optimization of wind power-electric energy storage-heat storage electric boiler
combined system considering wind power consumption[J]. Proceedings of the CSEE, 2017, 37(S1): 137-143. (in Chinese)

RiEHE: BHR



