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A Study on Generator Maintenance Scheduling Considering Renewable Energy Generators
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Abstract - The purpose of this paper is to establish a new optimum Generator Maintenance Scheduling(GMS) considering
renewable energy generator. In this paper, the total renewable energy generation is estimated using hourly capacity factor of
renewable energy generator. The GMS was optimized with the objective function of maximizing the minimum reserve rate,
minimizing the probabilistic production cost, minimizing the loss of load expectation, and minimizing CO, emissions. In the
case study of this paper, GMS considering renewable energy and GMS not considering renewable energy are shown by each
objective function. And it shows scenarios of the reliability, the environmental and economical factors when two nuclear power
plants inputted and ten coal thermal power plants shut downed respectively.
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Fig. 1 A system model for the proposed method
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Table 1 Generator type and characteristics

= A
o 88 [ .. [ @gwt [, seds
ST T -
(MW] [H/Geal]l | [Ton/MWh]
AR 24,516 26 1.290~2.175 0
AErSl 24,534 51 15.483~17.086 0.80~1.05
Ko 5,216 28 71.273~162.756 | 0.59~0.76
LNGsH] 38,895 121 71.273~79.452 0.36~0.49
A 93,161 | 226
Data Base
- - Input Data
Generator Maintenance Scheduling Senermtor Charactast
nerator Characteristic
NG
¥ - IDD
Set Up Initlal l MaxCap
Maintenance |-a—- Modifying LVC — MinCap
Problem — CoEff_a
— CoEff_b
| m CoEff _c
l FC
o1 l FOR
m ZETA
- IMN , IDN
Ignore the Previous Phase of the . FMN, FDN
Maintenance Schedule of #/Unit i IDM 2
i oo et
Generator
- WEGP
Check the Constraints for L SEGP
Maintenance Possible Time Period - =
4 O ond b
Generator
— CFHYD
Solve the L CFPG
|: i=i+1 Maintenance Original Loadt
Probl rigin
4 forlem Variation Curve
4 LDTP
Schedule the New Optimal LDIP
Maintenance in Maintenance NSTZ
Possible ime period PKLD 1
Output
Maintenance Scheduling
Rl Plotting
Rl SRR
- SRP
- PC
Optimal hl LOLE
Generator - EIR
Malntenance e CO,
Scheduling

18 6 Aok WHo] dAAQl daelE

Fig. 6 Flow chart of the proposed method

605



7|85 =2X 67 55 20184 5¥

T OEY 0 BYE A4 wEo ot ARk WX e
28 50 By W FY9 Al o|8ES TsEr ol |
g W E2o] it WY WS I8 79 1Y 83 2ok

[0}

0
4P A8 G g0 DD G P D9 P PP P PSP B D 0D P S
S EPEPESF PP ISP E PSSP E

O3 7 iYL ©R7)9] 2E HiE (20139 5%)
Fig. 7 Patten of solar cell generator in 2013

—wind

09
i
07 ‘

. mwh il

Pt DF PO TIPS o o 25 D5 P bt
FEELFEPEF TSI EEFPFSFFE PSS ESFEFE S

J% 8 ZHEEY|9 2 38 (20139 %)
Fig. 8 Patten of wind power generator in 2013

5

QY]

a

s
.
' ‘

o

82 =Xg+E Al 23

2 3= 7+ BXgkedFE 4 Zgodle JgE SEEF
e H12 F438) LOLE H438 181 CO, MiEE 545D 47}t

- Casel : STLHZF U BN AAZ 112 OFgt

- Case2 : ZEYAE 11, efSZEEZ g orgt
- Case3 : ZHENE 1HOIE 2 YT dbEE 11
- Case4 : ZHENF 9 BigZEbygr 11

821 A4xZFoME FAris B

AZNBOIHA] EPERe] E7HEIYE 3529MW, &8 939MW)
2 Q5 oHy SH SHolA] 1.861%2 St S8 SQlg &
o SE2F dEHgEigne 1) SHA YT 18
g mf oF 2,000 ¢, ERSTEEETE g uf oF 80009 &,
018 BT g o o 1299 dAng Y 3 g
4 ok ol Caseli} Case4ofl Tk HPRISIAL A9 €FAZ] o)
AuAEe 19 9, 101 Zrh

606

E 234 Sgddg HoE BEEs

Table 2 Maximization of the minimum supply reserve rate
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ANZE
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Casel | 1243 6.233
Case2 | 13.063 6.111
Case3 | 13.87 2.128
Cased | 14.291 2459

256,618,279.50 | 20,648,361,379 [0.99943
255,325,376.40 | 20,407,170,116 {0.99940
252,744,482.10| 19,855,119,843 [0.99977
251,539,493.60 | 19,625,736,700 [0.99979
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Fig. 9 Casel: A company's generator maintenance scheduling
(supply reserve rate)
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Fig. 10 Case4: A company's generator maintenance scheduling
(supply reserve rate)
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Table 4 Objective function to minimize LOLE

[P =
T || 829 | Hge | ER
[%] vear] [kWon]
Casel | 12672 | 1.352 | 256,650,702.20 | 20,465,481,880 | 0.99987
Case2| 13.063 | 1.174 | 255,414,743.90 | 20,232,696,166 | 0.99989
Case3| 1387 | 0.655 |252,652,961.70 | 19,677,368,670 | 0.99993
Cased | 14.291 | 0.559 | 251,392,203.50 | 19,458,264,396 | 0.99994

F|A Al SEZH
| ba| 228 | g | B

[%] vear] [kWon]
Casel | 4.005 21.52 | 255,687,860.20 | 20,366,385,288 |0.99648
Case2 | 4.007 |19.751 | 2564,490,537.60 | 20,142,443,169 | 0.99673
Case3 | 4.005 10.99 | 252,077,350.60 | 19,598,694,5654 | 0.99821
Cased | 4.007 |10.195 | 250,858,516.40 | 19,365,450,830 | 0.99832
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11 Casel: A company's generator maintenance scheduling
(probabilistic production cost)
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Fig. 13 Casel: A company's generator maintenance scheduling
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Fig. 14 Cased: A company's generator maintenance scheduling
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Table 5 Minimize of CO, emissions

F4a LOLE - SIEER
agotig| bows | 0 CF | wamg | BN
[%] vear] [kWon]

Casel| 4.004 | 40.905 |254,725,828.70|20,616,957,445 | 0.99393

Case2| 4.003 40.5 | 253,541,097.30 | 20,395,724,822 | 0.99401

Case3| 4.001 | 38.963 |250,809,842.20 | 19,941,555,657 | 0.99439
Case4 | 4.001 | 36.739 |249,667,250.80 | 19,672,450,257 | 0.99465
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Fig. 15 Casel: A company's generator maintenance scheduling
(Minimize CO, emissions)
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Fig. 16 Case4: A company's generator maintenance scheduling
(Minimize CO, emissions)
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8.3.1 AEslEatA 107] HAA|

Co, B HAMEXIY HiE Astol wet ABsEEE 107
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off HQITH

B 6 AESHE 4F HAAl
Table 6 Coal thermal power plant closed

HA T2 B
g | Gy | w88 | SESS | ER
[%] vear] [kWon]

Casel | 7.789 | 23.642 | 245,317,752.00 | 22,192,439,950 | 0.9973
Case2| 8.853 20.29 | 244,265,492.00 | 21,966,904,832 | 0.9978
Case3| 8.833 15.939 | 241,671,835.00 | 21,422,128,021 | 0.9984
Cased | 8877 15.365 | 240,421,613.00 |21,175,899,471 | 0.9984
Caseb | 14.291 2459 | 251,539,493.60 |19,625,736,700 | 0.99979
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HIAZE Sdall BTt olmo]l MAl AHASS Meje & 73}
2zt
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Table 7 Addition of nuclear power plant

F|4 35| LOLE €O, WAl SEEN EIR
olHlg | [hour/ [Ton] ElgS == [PU]
[%] year] [kWon]

Casel| 16.188 249 | 246,141,078.00 | 18,722,643,147 | 0.9998
Case2 | 16.097 2.2 |244,933,981.00 | 18,498,118,345 | 0.9998
Case3| 17.293 | 1.198 |242,259,580.00 | 17,962,589,348 | 0.9999
Cased | 17.726 | 1.041 |241,037,688.00 | 17,744,874,840 | 0.9999
Caseb| 14.291 | 2459 |251,539,493.60 | 19,625,736,700 | 0.99979
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