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Fig.1 Maintenance plan of three scenes
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Maintenance optimization strategy of multi-type energy storage systems
based on state evaluation
WANG Tingtao, MIAO Shihong,ZHANG Songyan,ZHANG Di,YAO Fuxing,ZHENG Zhong
(Hubei Electric Power Security and High Efficiency Key Laboratory,State Key Laboratory of Advanced Electromagnetic
Engineering and Technology,School of Electrical and Electronic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In the power system, various types of energy storage devices are usually equipped to meet the
various operation requirements of the system. With the increase of operation time,the health condition of
multi-type energy storage systems is gradually deteriorating,so it is necessary to take into account the impor-
tance and deterioration degree of each energy storage system,and work out a reasonable maintenance plan.
Therefore, a maintenance optimization strategy of multi-type energy storage systems based on state evalua-
tion is proposed by comprehensively considering the key equipment of multi-type energy storage system
and its operation state. Considering the operation characteristics and technical characteristics of multi-type
energy storage systems, the evaluation index system of key equipment operation state of multi-type energy
storage systems is established. Based on the improved objective and subjective weighting method and attri-
bute recognition model,the operation state of key equipment is evaluated,and the maintenance plan is made
according to the evaluation results. Comprehensively considering the constraints of maintenance plan and
system operation, the maintenance optimization model of multi-type energy storage systems is constructed
considering maintenance risk cost and actual maintenance cost,and the nonlinear terms in the model are
linearized by large “M” method. Based on the typical daily data of a certain region and the improved
IEEE 30-bus system, the simulation example is carried out,and the simulative results verify the rationality
and effectiveness of the proposed model.

Key words: multi-type energy storage systems;operation state evaluation;objective and subjective weighting

method; attribute recognition model; maintenance optimization model;mixed integer linear programming model
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Table A1 Evaluation index for operation state of pump-turbine
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Table A2 Evaluation index for operation state of compressor
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Table A3 Evaluation index for operation state of expander
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Table A4 Evaluation index for operation state of battery string
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Fig.A1 Flowchart for operation status evaluation of key equipment in energy storage system
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Fig.C1 Structure diagram of improved IEEE 30-bus system
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Table C1 Standard load parameters of IEEE 30-bus system

Yo

19 1 2K /MW T /Mvar T (AP Rt A /MW o Th/Mvar
1 ST R 0 0 16 PQ i A 3.5 1.8
2 PV T & 21.7 12.7 17 PQ i i 9 5.8
3 PQ i A1 2.4 1.2 18 PQ i A 3.2 0.9
4 PQ i A1 7.6 1.6 19 PQ i A 9.5 3.4
5 PQ 75 A1 0 0 20 PQ i A 2.2 0.7
6 PQ 75 A1 0 0 21 PQ i A 17.5 11.2
7 PQ T & 22.8 10.9 22 PV i i 0 0
8 PQ T & 30 30 23 PV i i 3.2 1.6
9 PQ T AL 0 0 24 PQ ¥ A 8.7 6.7
10 PQ T & 5.8 2 25 PQ i i 0 0
11 PQ 75 A1 0 0 26 PQ i A 3.5 2.3
12 PQ i 11.2 7.5 27 PV Fi A 0 0
13 PV 7544 0 0 28 PQ i A 0 0
14 PQ ¥ s 6.2 1.6 29 PQ i s 2.4 0.9
15 PQ T & 8.2 2.5 30 PQ i i 10.6 1.9
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Table C2 Branch parameters of IEEE 30-bus system

JEREpEY RATH LI CEE7IN [REP=Y KA R H B HfT
1 2 0.02 0.06 15 18 0.11 0.22
1 3 0.05 0.19 18 19 0.06 0.13
2 4 0.06 0.17 19 20 0.03 0.07
3 4 0.01 0.04 10 20 0.09 0.21
2 5 0.05 0.2 10 17 0.03 0.08
2 6 0.06 0.18 10 21 0.03 0.07
4 6 0.01 0.04 10 22 0.07 0.15
5 7 0.05 0.12 21 22 0.01 0.02
6 7 0.03 0.08 15 23 0.1 0.2
6 8 0.01 0.04 22 24 0.12 0.18
6 9 0 0.21 23 24 0.13 0.27
6 10 0 0.56 24 25 0.19 0.33
9 11 0 0.21 25 26 0.25 0.38
9 10 0 0.11 25 27 0.11 0.21
4 12 0 0.26 28 27 0 0.4
12 13 0 0.14 27 29 0.22 0.42
12 14 0.12 0.26 27 30 0.32 0.6
12 15 0.07 0.13 29 30 0.24 0.45
12 16 0.09 0.2 8 28 0.06 0.2
14 15 0.22 0.2 6 28 0.02 0.06
16 17 0.08 0.19
e HBH. YU L 1E.
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Table C3 Parameters of conventional generators
A
Gi G2 Gs Gs Gs Gs
BUE H J1/MW 350 240 200 250 350 230
BN 1 T3/MW 100 30 20 50 50 30
T LI AR BB a/[ G- (MW -h) '] 251.16 319.28 382.46 299 275.34 355.42
W HL R AS 2230 b/[ 7T (MW h) ] 790.92 724.1 659.36 741.26 768.04 687.18
IE 4% F A R EU/[6-(MW-h) '] 244.66 177.58 113.1 196.56 222.04 140.92
B AR R BU/[T-(MW-h) 1] 202.8 151.32 92.3 135.98 153.4 120.38
W BLRAR R H/[J6- (MW -h) ] 52 5.85 5.85 5.85 5.2 5.85
TEHLRAS /76 9750 5785 3250 5850 9425 4680
BN B AF LI A /b 4 2 2 2 4 2
JE3H 2 /(MW -min") 2.3 4.5 8.2 4.6 2.7 7.9
& C4PS RESH
Table C4 Parameters of PS system
ZH iV eiel ZH iV Eiel
P K 4 b oK P F5 /N P 25 63033.33
HUHHUE K B IR /MW 50 PR BRI 4E K i /m? 523791.7
HUH /N R B D) F /MW 20 7K ALK - Ty 2 3 240 [m> (MW -h)!] 749
B 17K 2 26 /MW 50 R LK - Ty 2 e 4 R [ (MW )] 998
WL B /N 7K T 2 /MW 44 A4 HBTEERA/(G-MWT) 101.53
KR R KA /m3 1110617 LI NSRS FNEREZIIRYE /o 10
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Table C5 Parameters of CAES system

S T A8 e Bl
FEAF L EL 4 BUAL /N R4 D % /MW 20
i L 1 3 4 it < & W) 4 S fbar 50
BUAHE K B /MW 80 R LS - D R 5 4 R4 [bar (MW h) '] 8.58x103
WA &R/ R B /MW 32 FE 48 TSR -2 % e e R 80/ [bar- (MW -h) '] 4.83x103
PWUAHUE 46 D)% /MW 50 ARG HIBTEERA/(L-MW) 325

% C6 BES A48 ¥
Table C6 Parameters of BES system

HUAE HUAE
BH ZH
Pb-BES Li-BES Pb-BES Li-BES
FEL Y R A 10 10 % SOC E/F IR 1/0.2 1/0.2
H, b 7% 25 /(MW -h) 3.5 2 Y ARV 4E SOC 0.5 0.5
FL Y AR A0 s 70 R ) /MW 1 1 ARG HBATEEEA/(OE-MW) 80.80 403.85
Bl 7 A R 0.8 0.95 RYH KA E/(MW-h) 70 40
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Fig.C2 Forecast curves of load and wind power in a typical day
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Table C7 Maintenance cost parameters of equipments to be maintained
U AE
%%ﬁl 4 ke F= ?
PS HLA ;{k’ﬂk% CAES-1 ZJE%iHl  CAES-1ZUMKHl  Pb-BES Hijtifk 1 Li--BES Mithf% 1
[OR - SR 1 2 3 4 5
LR VY 24.50 23.52 24.51 23.50 24.48
Tl i 28 0.11 0.12 0.11 0.12 0.11
L) Fe B R R4S T 34793.88 JL/MW 75806.84 JTG/MW 5665426 JL/MW  45117.48 J6/(MW-h)  93011.75 J5/(MW-h)
B )RR = 50 MW 12.5 MW 20 MW 3.5 MW-h 2MW-h
IRSKAZ B 5 s e 15 2
K M/%mzitmg L 0.05 0.05 0.05 0.05 0.05

RERAE AT 86984.70 47379.28 56654.26 7895.55 9301.18
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Table C8 Parameters of optimal system cost

BHRERBEE &SRS RGEA A TG B H R RS R & S RGN A TG
TR H 7302430.07 3 7469475.47
1 7413418.65 4 7306152.56
2 7469475.47 5 7306286.67
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Table C9 Maintenance duration parameters of equipmentS to be maintained

. K K /h . R AE K/

o TSI S TR A TRk mmr wes waans
[24,25) 6 3 4 2 [19,20) 17 14 15 8
[23,24) 8 5 6 3 [18,19) 20 17 18 10
[22,23) 10 7 8 4 [17,18) 23 20 21 12
[21,22) 12 9 10 5 [16,17) 26 23 24 14
[20,21) 14 11 12 6 [15,16) 29 26 27 16

Fz C10 KIEIEESH
Table C10 Parameters of maintenance team
ZH il
al b cH

B K FREE T AR E)/h 8 8 8

TAE 1~2 h 5EBAAE J5 AR BE I 18] /h 1 1 1

TAE 3~4 h 58 BUSAE J5 B AR I T /b 2 2 2

TAE 5~6 h 58 S AE J5 B AR I [l /b 3 3 3

TAE 7~8 h 58 Sk Bk B fi K Rp 8 TAE I 8] J5 AR FE I 8] /h 4 4 4




