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Study on capacity optimization and law of wind-solar-thermal-storage

system with permeability constraint
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(1.School of Electrical and Control Engineering, Heilongjiang University of Science and Technology , Harbin 150022, China;

2.School of Electrical and Electronic Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: Exploring the influence law of different photovoltaic penetration rates on the capacity allocation and
operation of wind-solar-fire storage systems, a three-layer capacity optimization model considering penetration rate
constraints and integrated control of thermal storage is constructed, using a wind-solar-thermal-storage combined
generation system as an example. Firstly, introducing the golden search optimization (GSO) algorithm into the solution
of capacity optimization configuration, the best capacity configuration of the system under different penetration rate
constraints is provided, and the resulting data of system operation indicators is obtained. Then, the obtained results are
subjected to a least squares curve fitting, yielding curves depicting the variations of system economics, reliability, and
stability with different penetration rates. Finally, the main reasons for the trend changes in the curves are systematically
analyzed, providing insights for the optimization and planning of capacity allocation and operation planning of
renewable energy systems such as wind and solar.
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Figure 1 Structure of wind-solar-thermal-storage system
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Figure 2 Multi-layer capacity optimization model structure
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Figure 10 Wind power photovoltaic utilization rate fitting curve
A 11 e 0045 10 E AR K 0.997 8, 145 3L
R, RGURAR R Z2 0 45 2R
;= 0.524x" — 399.5x + 3.363 X 10*  (38)
BT 2 AT KOG 7 AR A S PR KF 45 A XUk H
s 8 e SR ALK TR B S B s SC o A 649 T i L R B
Ay R B (10%~30% ) 7o HE 4 (30%6~50%)
FA s FE A (50 %6 ~10026) 34~ B B

WOEHI I /%

B HE /(107 1)

20 30 40 50 60 70 80
Bk R/ %

B 11 A ZT b mL

Figure 11 Carbon emission fitting curve

TE L 8 o 2 W B, vl AR R TR MR D U Bl e
] BRCPE X 2R G 5 W /N o FR G 6 XU g U R
PR, i sh RN R R, KH T
FE T i T b I BCR , RGE AT AR S 2 ok
BLZE H T 080/ 52 M 52 T o 4, LA T 5 1 R Al D
HeR 25 7 R B 2

TE LB B R B, RGN AT FEAE AR )
U S PR R R EOE X R S A AR A . R R
PEREAG, s Kb m B Wi, B 28T kL
T KU o TR Ayl R O fer 7 R 8N 3 KL
i, REMRERE A RN K EE XBSHR TR
BA Y PO, P U ML N T 71 MW,
AR BEHLA BN T 13 MW, 8 e HLAS R B hn 1
420 MW « h, 5 A Jin 1 1 063 75 7T, 1 3% 3
TR T 4.48% , WOLRIHFE TR T 3.33% . HFE
B G0 R e MR RN D HE AL 25 O T, R 46 B e it R SR
e HE il i AR 2 T R R o AT B R TR T
0.84 % , B HE B L > T 8 091 t,

P = L5 37 R B B, T R R VR R I D
Sl PE R LR X R G 48 U PR R RS E AR AR T ™

S o AE UG B B, XU it 8 ML A B R T B fr
(B, G2 U A QURISE N, 30K 3 U580 I
Bf, KU 7 % kAL AL H T B R R AR N L AL
4L SN R . LLB 3B 50%~80% K,
RGN ABEHLE RN T 135 MW G IREHLA &
Hm Y 75 MW i REREHLA B N 7 1 032 MW « h,
GVMAR I T 4754706, M I sh FRE® T
6.54% , WOLFI FH R T T 10.38% , 5 Ik [ i, R 40
i far BRI T 0.27 %60 R HEBCR N T 9 714 ¢

7 &iE

AR SCAR X A 6] 35 125 A 20 X KOG KAl 2R S8
AR ES RS REETE AT AR M



82

I <

15

%

R £ Eird 202441 H

i W HE 8 A 1 S A AT RS A B T LR A58

AT

D) HWREIAT GSOREM ARG A LBl

SRAG L 28X HE A3 BT, HCAE SR SR A v i S5 iR

FCSOR B T 276 R

pixl

=R

2) M T RO K it R 5 £ )2 4 i AR TG A

o A
R

JE T IR AL 5 ik BE A R R SR G, 45

TARFBERART KR RRE;

3) KA T /N A IE X R GV 48 A 2E AT 4

FoHT T MBI AR SRR T REBE
AL P ECAR TR BT R T R B8 HE 2K
fii B e A AR L R o

SE Wk

(1]

(2]

(3]

(4]

(5]

= R RS AT Q¥ I WXL AR
IR SR I IZ AT W [J]. i ) Bk 5 5 R 2 41,2022,37
(2):106-115+128.

ZHENG lJieyun,SONG Qianyun, WU Guilian,et al. Low-
carbon operation strategy of regional integrated energy
system based on the Q learning algorithm[J].Journal of
Electric Power Science and Technology,2022,37(2):106-
115+128.

S T, 300 1 S0 5K 5 0, 45 TET )R B B ) AR g R R 4R
T [ Y &1 B IR 45 TS B 9T S5 (0], B T R AR,
2023,38(6):1662-1677.

WU Shan, BIAN Xiaoyan, ZHANG Jingxian, et al. A
review of domestic and foreign ancillary services market
for improving flexibility of new power system[J].
Transactions of China Electrotechnical Society,2023,38
(6):1662-1677.

PR TR, T R R E AR & —
AREGMENZHMABENRERF R E ] B0 R
SR A 5 45 ,2022,50(14):53-64.

LI Ruirui, LT Qi,PU Yuchen,et al. Optimal configuration
of an electric-hydrogen hybrid energy storage multi-
microgrid system considering power interaction
constraints[J]. Power System Protection and Control,
2022,50(14):53-64.

B L, I, B AR R T A T B T Y 28 LRI R
F G0 0T R R R RIS (). L T 5 0 T RE IR, 2023,
39(9):67-73.

XUE Cheng,CAO Ge,WANG Zhengmian,et al.Research
on the reactive power and voltage control method for
AC-DC hybrid systems based on the whale swarm
algorithm[J]. Power System and Clean Energy, 2023, 39
(9):67-73.

FRNF AL W A LT R MR RS AR A W T
YR 0] T R FEL8,2023,59(11):155-161+171.

WANG Shaojing, REN Maoxin, CAO Pei, et al
Correlation analysis method of condition monitoring

data based on random matrix theory[J]. High Voltage

(6]

(7]

(8]

(9]

[10]

(11]

[12]

Apparatus,2023,59(11):155-161+171.

R B AR W AR5 L L) T AR AR VR L T R G
PR (7] R ZE TR [T]. HE ) #%,2022,43(11):108-121.

HE Ping, GONG Zhijie,JIN Haoran,et al.Review of peak-
shaving problem of electric power system with high
proportion of renewable Power
Construction,2022,43(11):108-121.

R E YR, B B 5 B T RE AL I R e LR e
PR TC WL 90 F) A3 R £k 458 20 7 (7], 7 B W 0,2022,50
(12):34-40+78.

LIANG Chen, WANG Weizhou,MA Xiping,et al. Analysis

on limit line loss in high proportion of renewable energy

energy[J]. Electric

distribution network based on stochastic power flow[J].
Smart Power,2022,50(12):34-40+78.
B30, £ 8 R R 5 T B A s R R AE &
T HL PR B RE R 4R T SR (7], Hh [ 07 ,2023,56
(9):104-111.

DAN Yangqing, WANG Lei, ZHENG Weimin, et al.
Robust improvement strategy for power grid hosting
capacity with integration of high proportion of
renewable energy[J].Electric Power,2023,56(9):104-111.
T A0 0, B A1 73 5 A5l 5% . 2 R IROR A B0 A AR AL
Tic B B 5T 25 38 [J]. BB R 2 i (T4 Bl ),2017,50(3):
375-383.

XING Pengxiang, ZHANG Shize, ZENG Mengdi, et al.
hybrid
microgrid with multiple energy resources[J]. Engineering
Journal of Wuhan University,2017,50(3):375-383.

£ — JU,E 20 PH L5 SR G A AR s 25 e
B BT SRR [I]. ) P I KA 2 R (B AR
Ji2),2022,40(6):18-36.

WANG Yifan, WANG Hui, LI Xuyang, et al. Survey of

capacity allocation of microgrid hybrid energy storage

Review of configuration optimization for

system based on hydrogen energy storage[J].Journal of
Guangxi Normal University (Natural Science Edition),
2022,40(6):18-36.

MR, 220 RPN B8 AT R TR L 1 A R T 40 1 ok
B RE A Bk 2 I ) R 3% A0 A0 TE S A (0], H 1 5 0
TEAETR,2021,37(1):104-111.

LIN Li, LT Beichen, SUN Yong, et al. Multi-time-scale
iterative optimal configuration model of pumped storage
capacity based on accommodation of high share new
energy[J]. Power System and Clean Energy,2021,37(1):
104-111.

Ao 2 25 5k 0 5K R 45 OB B T A BRP Y =
AR HL 0 ik BE TIC B SR (], L 1 R 48 A 3 4k,2018,
42(15):53-61+185.

FU Aihui, ZHANG Feng, ZHANG Li, et al. Capacity
optimization strategy of energy storage system for power
grid with high penetration of photovoltaic considering
limited smoothing of photovoltaic ramping power[J].
Automation of Electric Power Systems,2018,42(15):53-
61+185.



#3955 11

RN, S T BB R AR KOG K ik R G A A BOR AT 5T 83

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

HOU Q C,DU E S,ZHANG N, et al. Impact of high
renewable penetration on the power system operation
mode: a data-driven approach[J]. IEEE Transactions on
Power Systems,2020,35(1):731-741.

AN AR IR s L) T PR AR RE IR L T R GE Y
RIS AT [I]. B R G H 51116,2022,46(16):3-16.
LU Zongxiang, LIN Yisha, QIAO Ying, et al. Flexibility
supply-demand balance in power system with ultra-high
proportion of renewable
Electric Power Systems,2022,46(16):3-16.

B R R i LA T LE BT R A R BEURT AL L )
F G R 253 (7], P B L TR 2 417,2023,43(2):
555-581.

LI Bo,CHEN Minyou,ZHONG Haiwang,et al. A review

of long-term planning of new power systems with large

energy[J]. Automation of

share of renewable energy[J]. Proceedings of the CSEE,
2023,43(2):555-581.

T P,k B AR R L AT A R I ) R AT G RE
5 )5 B B S AE L (D). B T R4 A Bh4k,2017,41
(9):2-11.

KANG Chongqing, YAO Liangzhong. Key scientific
issues and theoretical research framework for power
systems with high proportion of renewable energy[J].
Automation of Electric Power Systems,2017,41(9):2-11.
DENHOLM P, ARENT D J,BALDWIN S F, et al. The
challenges of achieving a 100% renewable electricity
system in the United States[J].Joule,2021,5(6):1331-1352.
A A5 FU M R E 25 0B KOG g 2 e Sl O it
FEHCE[I] BT TR ,2022,41(4):51-57.

MEI Shufan, TAN Qinliang, DAI Mei. Energy storage
capacity configuration considering seasonal fluctuation
of wind and photovoltaic output[J]. Electric Power
Engineering Technology,2022,41(4):51-57.

R AT X RS BT R R B L
T L 0 U Al 3 B8 SR s (9], FiL ) k2 5 R 22 41, 2022,37
(3):33-40.

SONG Yang, SHI Yong, LIU Baoquan, et al. Optimal
dispatching strategy of airport microgrid based on the
improved sparrow search algorithm[J]. Journal of Electric
Power Science and Technology,2022,37(3):33-40.

o U U B A R R4S T A R 8 T 4R 2 i 1 XL
HL 37 B AR A RE TR 7 [9]. B T R 5 5 HOR %:41,2022,37
(4):152-160.

YU Haifeng, HUANG Jingjie, IANG Shiyao, et al. The
overall energy storage configuration of wind farms
considering the service life of electric energy storage[J].
Journal of Electric Power Science and Technology,2022,
37(4):152-160.

XSG 6, 1 Fi W1 IR S, A B T R T R B VR A e A
FL AR Bl 090 000 A 9 2 ], v ) B2 5 BOR 22 410,2018,33
(2):35-42.

DENG Jianbo, MA Rui, HU Zhenwen, et al. Optimal

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

scheduling of micro grid with CCHP systems based on
improved particle swarm optimization algorithm[J].
Journal of Electric Power Science and Technology,2018,
33(2):35-42.

NOROOZI M,MOHAMMADI H,EFATINASAB E,et al.
Golden search optimization algorithm[J]. IEEE Access,
2022,10:37515-37532.

R W B A, A5 7 b A S A R A E R A
o I 25 AR [, L R B R ,2023,49(3):1128-1139.
ZHU Xianhui,HU Xu,SHI Nan,et al. Long-term capacity
optimization of electrohydrogen coupled microgrid
considering dynamic efficiency of hydrogen storage[J].
High Voltage Engineering,2023,49(3):1128-1139.

R Bl B AR5 AR E B A R A =
Z HAr AL [T]. K FHBE 2% 42,2019,40(2):422-429.

MA Ronggu, CHEN Jie, ZHAO Junchao, et al. Multi-
objective optimization for capacity of non-grid-
connected wind/hydrogen hybrid power system[J]. Acta
Energiae Solaris Sinica,2019,40(2):422-429.

H BB IRIA AR5 T WO 0 R AR 5C R ALY
IR TE B R 4 S S5 A A 3 T7 3k (0], B T R R P 5 4%
#1,2019,47(11):37-43.

XIAO Yong, ZHAO Yun, TU Zhidong, et al. Topology
checking method for low voltage distribution network
based on improved Pearson correlation coefficient[J].
Power System Protection and Control,2019,47(11):37-43.
AR A S, PN A B R 3 B 1Y DX 3 XL
it A I B LA 7 0], sRDUR 2 25 i (24 i) ,2020,
53(12):1091-1096+1105.

CAO Jianwei, MU Chuanwen, SUN Ke, et al. Optimal
configuration method of wind-photovoltaic-storage
capacities for regional power grid considering carbon
trading[J]. Engineering Journal of Wuhan University,
2020,53(12):1091-1096+1105.

FEASJE R R 258 2 K I 0 T Bl 1 S R
Wl 7 (14 5 7 e B 0 R e A AR R BE D], B R R 2021,
47(5):1674-1684.

CUI Yang,ZHOU Huijuan,ZHONG Wuzhi,et al.Optimal
dispatch of power system with energy storage
considering deep peak regulation initiative of thermal
power and demand response[J]. High
Engineering,2021,47(5):1674-1684.

LIU J Z,WANG Q H,SONG Z Q,et al. Bottlenecks and
countermeasures of high-penetration renewable energy
development in China[J]. Engineering,2021,7(11):1611-
1622.

BRI TN A s T R AR RE R D R 4
KR & R PR (0], f 1 R 48 A Bl 1k,2021,45(9):
171-191.

ZHUO Zhenyu,ZHANG Ning, XIE Xiaorong, et al. Key

technologies and developing challenges of power system

Voltage

with high proportion of renewable energy[J]. Automation
of Electric Power Systems,2021,45(9):171-191.



