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Abstract: Aiming at improving the renewable energy consumption level in the multi-energy system and quantify the in-
fluence of uncertain unit output on system scheduling, a multi-energy system containing hydrogen and gas energy
storage is constructed and the operation characteristics of hybrid energy storage in the system are analyzed in this pa-
per. Then, a multi-objective optimal scheduling model for multi-energy systems is proposed, and the uncertainty risk
of wind turbines is described by the multi-objective conditional value at risk method. In addition, the fuzzy C-mean-
comprehensive quality assessment and improved particle swarm optimization are utilized to transform the system un-
certainty problem into a deterministic problem. Finally, the single-objective optimization results without uncertainty
and the comprehensive objective optimization results with uncertainty are solved respectively. It is shown that (1) hy-

brid energy storage devices can effectively improve the consumption level of renewable energy and realize the multi-
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stage energy conversion. (2) the uncertainty of renewable energy increases the comprehensive cost of a multi-energy

system. (3) the improved risk tolerance of system can improve scheduling results.

Key words: hybrid energy storage device; wind power uncertainty; the multi-objective CVaR method; multi-energy sys-

tem
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Figure 1 Multi-energy system with hybrid energy storage
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Figure 2 Process chart of the multi-objective

scheduling optimization model
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Table 1 Time-of-use price of electricity and gas
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Table 2 Parameters of devices in the park

multi-energy systems
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Figure 4 Electricity-gas-hydrogen load
demand of a park user in a typical day
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Table 3 Scenario setting

&Y
155 5 A B K

Al S
1 0. 85 0.75 0.25
2 0. 85 0.25 0.75
3 0. 90 0.75 0.25
4 0. 90 0.25 0.75
5 0.95 0.75 0.25
6 0.95 0.25 0.75
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Table 4 Setting of power adjustment coefficient
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Figure 5 Optimization results with minimum operating cost

TE 23:00—05.:00 BBt KU HLAE AL T 1 J7 i
WL TE T 2 AR G B A ) SR IR B BE R SRl i
H ) S AR L W AR R G S B e e oK O o U R AR
SE— 2D I AN R G0 R, TE T R R I AT ) Al
EL AR MIE X HEATRE S AE . WIS . i T g
RGBT AR & N LB 4T A e /N A RE R 4
W ok BB KON REWNAMFE R K &,

TE 05:00—07:00 W} B, KA ALA Y 338/, &
SR TR AN i B e S e A= N T GIE e iy
HUER AT A2 47 WA FGE BE & H AR 1 05 1 40 1
A i TAE B RSB AT A T LR A 1707 1 1 Ab
WA

TE 07:00—18:00 B B, KUHEALAL H g X DLk 2
RGP K AR HL A A T 0 P B R SR
FE R BRI AL & L, B A i T R AN A
2 W s B 1S o B A S I L SR U/ T R RRAS L R G
HE— 20 J5 Sl R L e TR

fF 18:00—23:00 BB, 41 o f A F 7 B B2
TR S AL A2 T3 55 ) A2 BRIt 7 8070, 8 2 He
it 32 B AN I RN A

2) I A e /N B B AR AR A S SR 4B . DLER
B A B /N Ry B AR, 45 Bos H T I E 6 TR, 38 KU
IR NE , {E 22:00—05:00 I B, fE7E KR
GRRHL A R A IR e R G
F, e S R B O SR RO B B IR AT 1R 0 Y BB o A



23 W B %

i VN 2 Eite 2022 4 5 A

e, 7E 05:00—23:00 HFBL, i F KU H 70 DA 2
G T K RGNS R AR 1t % H A R
53 R ORR A LR A AN 2 . BT ROARLR A AL
8 PR 558 FRCAS I T A0 W H o 3R G0 O 52 A 4 I H A
S | IG5 R OB R AR DL H o 2R 50 0 fif o RS

Fh A1) HE AR AR
127 R R AL ) — TR ]
10¢ = CH4 TEATIE —— 37 A HL
I \ W
= ]
=
.R
H
2
=X \ T
..\..J
8 1‘2 16 Zb 24
s 18] /h

Bl 6 IR¥LmARADKALER

Figure 6 Optimization results of minimum

environmental cost
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Figure 7 Single-target optimization for the system

natural gas net load
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Table 5 Comparison of single-target optimization results
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Table 6 Main components of single-objective optimization cost
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Table 7 Multi-scenario optimal scheduling results
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Figure 8 Optimization results of different objective

function weights at the 85% confidence level
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