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Energy management of an integrated energy system based on an improved sailed fish optimizer algorithm

ZHANG Zhenglin, ZHANG Huijuan, SUN Wenzhi, LI Lingling
(State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
Hebei University of Technology, Tianjin 300130, China)

Abstract: An integrated energy system is important in the utilization of renewable energy. Combining biomass energy
with an integrated energy system and incorporating flexible loads at various moments into energy dispatch, a
source-storage-load multi-objective energy management model driven by the synergy of biogas and photovoltaic power
generation systems and a micro gas turbine is constructed. This is to further optimize the output of each part of the system.
The optimal configuration of the model is established, taking the internal interaction of the system and fuel costs, penalty
costs, equipment investment and operating costs as the optimization goals, and taking the user's comprehensive energy
satisfaction, new energy utilization rate and electric energy autonomy as evaluation indicators. Non-linear attack methods,
differential mutation, soft encirclement in the Harris hawk optimization algorithm and the algorithm stagnation prevention
strategies are used to improve the global search ability of the sailed fish optimizer algorithm (SFO). Comparative analysis
of calculation examples shows that the proposed improved algorithm and energy management model effectively improve
economic and environmental benefits in different scenarios, and the ISFO algorithm has advantages in global optimization
and search accuracy.
This work is supported by the Natural Science Foundation of Tianjin (No. 19JCZDJC32100).
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E] IBYERA/ (TEIKW) HE 25 B IKW T /A
BIO 0.021 100 20
PV 0.025 350 25
MT 0.029 500 30
HE 0.026 600 135
GB 0.026 400 20
co 0.014 200 20
ER 0.014 200 20
BAT 0.0018 800 20
HSK 0.0018 400 20
=2 SEYHMERER
Table 2 Pollutant emission coefficient
g/kWh
S| MT GB AC F
0, 724 254 171 922
NO 0.2 0.54 0.06 2.295
S0, 0.0036 0.764 0.0008 3.583
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Table 3 Time of use
i B T E/(T/kWhY - 5 H/(TIKWH) - TS/ (Tim?3)
00:00—06:00 0.42 0.36
06:00—16:00 0.88 0.75
16:00—22:00 1.35 1.16 205
22:00—24:00 0.42 0.36
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Table 4 Objective function optimization of IES system

JG
gl fi f, fa F
HHO 5215.7 7262.5 24.1 5200.6
H=z= SFO 6105.3 5998.5 48.2 5443.4
ISFO 42793 4697.8 102.4 3950.0
HHO 3323.0 49413 38.8 3388.1
X2 SFO 4397.4 44515 93.1 3960.6
ISFO 3085.1 34114 101.7 2857.0

* 5 GABERARZRHMEREERTN
Table 5 Performance index evaluation of IES system

Byl s u z
HHO 0.98 0.12 0.34
CES SFO 0.94 0.05 0.17
ISFO 0.95 0.33 0.32
HHO 0.97 0.26 0.50
P& SFO 0.96 0.17 0.28
ISFO 0.94 0.39 0.47
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Fig. 7 Daily power scheduling results in summer
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Fig. 8 Daily power scheduling results in winter

FERE iRk, FUARI 00 i AR 32 e
R SR AL, AR 2 P RE AN AR & B
FEHCP TR T T, E it T B S R
BHVER . RV AR, s A LR A 7
vefie, WAL B 5 LUK, FERT T
R, HERRRGEEUN, B R
BBV, ARG IAVE E Bl & A,
R RIAA AT RN 7 A TR AT T2 208
MEARGRPE L, 2 RIEMEEAE
BIAE,

4.5 ZEBERRFENEF Y@

TEAUE P 1) ORI AR A REAT AN 7 26T
&, RIMELZEREMFEBEES, HA &I
ACBEMERE SR, PRV UK B R G LD AR AN AT
KEHAR. £5EVRRS SRS GRIEAS
(BIO-IES)H, AILIERAFHHR (L AR AL a4
SOKZEE BEE R RN LI ARA ML R
SR IS AT G DUBEAT TR EE T, SRR 6 PR .

% 6 BIO-IES ZAZMAFH &
Table 6 Economic benefits of BIO-IES system

AT AW

B FIoT s u z
o5 IES 3990.9 0.94 0.34 0.30
BIO-IES 3950.0 0.95 0.33 0.32
X IES 2870.7 0.94 0.39 0.46
BIO-IES 2857.0 0.94 0.39 0.47

MK 6 FIEN, FEFFRIALE B, S YRR
CREREIR R AN AT A L TR S R — 255
BEVR RG24 T 1.04%F1 0.5%, FH /7 fR2E 4 F BET
B HREYRA R A AL VAR LT REEAAS,
FHOE AT, AR BEAE ORI 255 e IR 2R 48 1 45 Il ik
R FER B ROt AL A5 4 k) LT A2 B AR .

5 £

1) T M AR RSN e BB A,
CAAZ H SRR . AR5 38 R & 008 I s T 9%
RERAC 2 BoR, LUt P EEE FH Re =
FE . HrReVEF 2 I FRE B IR RAE N EN RS, H
JE& T W A BRI AN 2, I S ISFO
FE 2 BB AT SR . IRINE TR A%
LAY H BT T, SRR, A ST
e EHEIAEE T RgtERetets B A PR RE S
LURIRA, XTEEE BEIR R G AL I FE R AT SR
BH—2Z%ME.

2) EFX} 3 M AT IS AT R, AR SO R S e
INISATREEVE R, A HE 22 HES AN ) B S
RS eI RGBT, i s B P AR £
fr R PE LB N, R A RE R

3) KR, S ERIAA, FHBINENE
SR HHO Sk R R AR, o Y ek H 45
MK SFO HEIH T oG, 15 T EEM &R R
BE71, JEHTZ BB RE. 5 HHO &
N SFO BEXTEG, ISFO SykAE IS SICkS B A1 5K figd
TR A R 2 RE A5 5 T A I B R

4) WX A REIR R G S A R EEIN
B REXS EL T T AR B S AR RIS A e
RARGAEA AT ARG TS 45
eI ARG, HULUEI, EWFREnT LAE— e fEE L
N T LA REIR RGNS AR EE R, NAES
G L A 5T (1) R R

S0k

(1] 28, R4, TRk, 55 FETHR R XA R

A POR P N BE R L[], B R RS S5,
2021, 49(18): 137-145.
LI Jian, WU Lianghong, ZHANG Honggiang, et al.
Microgrid economic dispatch of combined cooling, heating
and power based on a rank pair learning crisscross
optimization algorithm[J]. Power System Protection and
Control, 2021, 49(18): 137-145.

[2] ZHU Mengting, XU Chengsi, DONG Shufeng, et al. An
integrated multi-energy flow calculation method for
electricity-gas-thermal integrated energy systems[J].



- 150 -

CEEE R R

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Protection and Control of Modern Power Systems, 2021,
6(1): 65-76.

EIASIH, sk, FRM, & T K ERE TR RE N A
ENEIE X 455 BER R AN BITHRAL]. ARG
R4 545, 2022, 50(2): 163-175.

YAN Mengyang, LI Huagiang, WANG Junxiang, et al.
Optimal operation model of a park integrated energy
system considering uncertainty of integrated demand
response[J]. Power System Protection and Control, 2022,
50(2): 163-175.

FHE, BRI, BB R v AR ) 40 A 2 TR
X T e AR TALT]. F NS5 13K, 2018, 55(22): 64-71.
DAI Luping, CHEN Peili, QIAN Yihui. Optimal planning
and operation of distributed generators in a multi-energy
microgrid[J]. Electrical Measurement & Instrumentation,
2018, 55(22): 64-71.

LI JC, YING Y L, LOU X D, et al. Integrated energy
system optimization based on standardized matrix
modeling method[J]. Applied Sciences-Basel, 2018,
8(12).

ZUO X, DONG M Y, GAO F K, et al. The modeling of
the electric heating and cooling system of the integrated
energy system in the coastal area[J]. Journal of Coastal
Research, 2020, 10: 1022-1029.

JEANZ, RN, 2Ry, 4 SREAMIERIERALE
PRI Lt RLRAR ], I Ly, 2021, 54(11): 153-163.
QU Xiaoyun, WU Ming, LI Qi, et al. Review on
comprehensive evaluation of multi-energy complementary
integrated energy systems[J]. Electric Power, 2021,
54(11): 153-163.

Tk, BENS, SR, 2. R RALE SRR
REEVE N & 3Fi2 1T [J]. M EIR, 2020, 44(2):
547-557.

ZHANG Feng, YANG Zhipeng, ZHANG Li, et al. Optimal
operation of islanded micro energy grid with multi-type
demand responses[J]. Power System Technology, 2020,
44(2): 547-557.

FlEge, ZEukam, TR, . BRI RS L Bir

S 51847 SRS T[], TAEAWIHL24R, 2019, 40(5):

1016-1024.

JIANG Runhua, LI Honggiang, YIN Huibin, et al.
Research on multi-objective evaluation and operation
strategies of combined cooling, heating and power
system[J]. Journal of Engineering Thermophysics, 2019,
40(5): 1016-1024.

WK, Tk, WU, S BB A REAE R
A- A TRIR RS Z HArE IR IER]. T E
71,2021, 54(4): 119-129, 140.

[11]

[12]

[13]

[14]

[15]

[16]

ZHANG Min, WANG Jinhao, CHANG Xiao, et al. A
multi-objective ~ robust  planning  method  for
thermal-electrical ~ coupling system
considering the uncertainty of renewable energy[J].
Electric Power, 2021, 54(4): 119-129, 140.

KIYERE, Y, KRR, 55 B AR AR T
A REVFAR BRI M RE TR M 2 AR LRI s RS E 3)
1k, 2018, 42(16): 11-20.

LIU Weikang, WANG Dan, YU Xiaodan, et al. Multi-
objective planning of micro energy network considering
P2G-based storage system and renewable energy
integration[J]. Automation of Electric Power Systems,
2018, 42(16): 11-20.

WP, BRER, 84, % FRHEAREGNE-RE
R GHHA SRR ). B RS R 5%
], 2019, 47(8): 34-41.

SHEN Haiping, CHEN Ming, QIAN Lei, et al. Linear
model research of unit commitment for integrated electricity
and natural-gas systems considering power-to-gas
coupling[J]. Power System Protection and Control, 2019,
47(8): 34-41.

MO, b, RS, S5 SREREIR RGN A EIR
AR BE BRI T B & R EE[I]. & &7, 2021, 49(6):
1-8.

LIN Tingjun, DONG Kun, ZHAO lJianfeng, et al.
Research status and prospects of internal and external
collaborative optimization scheduling technology for

micro-energy

integrated energy system[J]. Smart Power, 2021, 49(6):
1-8.

ML, Tk, T, & SREAME—EREGS
REVR RAMNRAE T 21T [J]. AR S HEARZHkK,
2020, 35(2): 76-83.

GONG Xiaogin, WANG lJin, WANG Long, et al.
Low-carbon economic operation for integrated electricity
and natural-gas energy system with power-to-gas[J].
Journal of Electric Power Science and Technology, 2020,
35(2): 76-83.

Wit BRIE, (0K, 55 T R RO 4% 0 et A<l
PNk X R REIR R G 2 H AL B2 D743 s
i, 2021, 42(7): 20-27.

CHEN Wei, LU Yuan, HE Xin, et al. A multi-objective
optimal scheduling method for integrated energy system
of protected agricultural industrial park considering local
consumption rate of wind and solar engery[J]. Electric
Power Construction, 2021, 42(7): 20-27.

G, AR, TR, S ETORPRBEANAEY) AR AR
Mot ae REW U] RFHRE4R, 2019, 40(11):
3164-3171.



SREO, 55 BT EAI GG IR A SR B T - 151 -

[17]

[18]

(19]

[20]

[21]

[22]

HAN Zhonghe, QI Chao, DING Jing, et al. Research on
distributed energy supply system based on solar energy
and biomass energy in rural area[J]. Acta Energiae Solaris
Sinica, 2019, 40(11): 3164-3171.

B, AT, T, & T IEE HARORAE
FR 4 A B A TR Aol R XS AT AR AR [IOL]. FE S5k

1-9[2022-03-11]. DOI:10.19753/j.issn1001-1390.2022.06.

002.

QI Yan, SHANG Xuejun, NIE Jingyu, et al. Optimization
of CCHP micro-grid operation based on improved
multi-objective grey wolf algorithm[J/OL]. Electrical
Measurement & Instrumentation: 1-9[2022-03-11]. DOI:
10.19753/j.issn1001-1390.2022.06.002.

MRae, xiex22, SR, 46, ZET AR FE RV OB ig
P X TR A2 A R BE AR AL [T]. H il 554 3%, 2019, 56(10):
47-55.

CHEN Yu, LIU Huilan, LI Ran, et al. Interval optimal
dispatch model of CCHP microgrid based on possibility
degree[J]. Electrical Measurement & Instrumentation,
2019, 56(10): 47-55.

FEFET, BRE. T RVe . B WD R HLIRE P 45 4
PR, B R GRS 28, 2019, 47(3): 168-175.
WANG Yangzi, CHEN Qian. Optimal dispatch for the
integrated electrical and natural gas network with
combined cooling, heat and power plant[J]. Power
System Protection and Control, 2019, 47(3): 168-175.
TR, XHER, SRE, F RTRTOABEENLEGS
REVR R G IR -47 HLah 2 HAREAL I BE[T]. I BOR:
1-12[2022-03-16]. DOI: 10.13335/j.1000-3673.pst.2021.
1407.

LI Yunzhi, LIU Jizhen, MA Suling, et al. Source-load
interactive multi-objective optimal dispatching of integrated
energy system based on off-design model[J]. Power
System Technology: 1-12[2022-03-16]. DOI: 10.13335/
j.1000-3673.pst.2021.1407.

PG, BT, FIAER, 5. TSR A R RN 4R
FRIEAGIAREZD]. B RGRY 58], 2021,
49(21): 36-42.

LI Zhengjie, HAN Aoyang, ZHOU Shenggi, et al.
Optimization of an integrated energy system considering
integrated demand response[J]. Power System Protection
and Control, 2021, 49(21): 36-42.

LI Peng, WANG Zixuan, WANG Jiahao, et al. Two-stage
optimal operation of integrated energy system considering
multiple uncertainties and integrated demand response[J].
Energy, 2021, 225.

(23] Bz, Z=E%, £ W ERAP %S B M

BORBEH e RI[]. H R G A Bk, 2015, 39(17):
19-25, 41.
XIAO Jun, LI Sicen, WANG Dan. Model of total supply
capability for distribution network considering customer
classification and interaction[J]. Automation of Electric
Power Systems, 2015, 39(17): 19-25, 41.

[24] HE Liangce, LU Zhigang, GENG Lijun, et al.
Environmental economic dispatch of integrated regional
energy system considering integrated demand response[J].
International Journal of Electrical Power and Energy
Systems, 2020, 116.

[25] JIANG P, DONG J, HUANG H. Optimal integrated
demand response scheduling in regional integrated
energy system with concentrating solar power[J]. Applied
Thermal Engineering, 2020, 166.

[26] BRiodm, Off, 7L, & AHREBLERRL otk

BB AT A0 B 5L [I]. B L H R &4k, 2019,
34(15): 3231-3243.
CHEN Bohan, FENG Wei, SUN Kai, et al. Multi-energy
storage system and islanded optimal dispatch method of
CCHP[J]. Transactions of China Electrotechnical Society,
2019, 34(15): 3231-3243.

[(27] Wi, RELE, XHE, % FEERGNR 0

EAERAE & [J]. K FH &5k, 2021, 42(10):
424-430.
XIE Zi, ZHANG Huijuan, LIU Qi, et al. Optimal
configuration of distributed power supply capacity
considering battery life[J]. Acta Energiae Solaris Sinica,
2021, 42(10): 424-430.

[28] mfRid, EARE, TRE. T IRE A &R TR E

PR RHEBERAERMI]. BAORGRY S5 EH],
2020, 48(10): 123-130.
YUN Baoji, BAI Senke, ZHANG Guo. Optimization of
CCHP system based on a chaos adaptive particle swarm
optimization algorithm[J]. Power System Protection and
Control, 2020, 48(10): 123-130.

WS EHER: 2022-01-01; &E HEf: 2022-05-11
fEE B
KRB (1998—), B, MAELHRLLE, AR FTEHEN F
SR AL M ; E-mail: zhangzhenglin0814@163.com
KR (1963—), &, WA/EH, W, ik, ALH
@ A ¥ 7] F A5 H. E-mail: zhanghuijuan@hebut.edu.cn
CEE 2N



