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Establishment of Generator Maintenance Scheduling Considering Minimization of
CO2 Emissions
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Abstract - This paper proposes establishment of generator maintenance scheduling(GMS) considering minimization of
CO: emissions. The objective function model to minimize CO: emissions is used in this paper. In this paper, and also,
GMS 1is established due to freedom of GMS of generators owned by a designated generation company. The practicality
and effectiveness of the proposed approach are demonstrated by simulation studies for a real size power system model in

Korea in 2010.
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Maximize Z; = minimum(SRR,) [%] (1)

@, SRR, = (IC-MCAP,-PD,)x100/PD,
IC : &7l & A& [MW]
MCAP,: n1 A Azt o] B8 [MW]
PD,: nidA) A1zkeie] Hojist [MW]

Minimize Z> = SD of SRR, [%] (2)
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Maximize Z3 = minimum(SRP,) [MW] (3)

©, SRP,=(IC-MCAP,-PD,)

Minimize F{E, ,®, (u,)}

=z E{AE +BTO,(u,)} [4] @
o, Ay Eu &g 13 AlS[Y9/MWh]
Bi ¢ & &3] [ /hour]
En i n ]{”Hf’ﬂ 1 HA A7 e SEEA THZFMWhI
i AT A BRI EE we] §EREA
Q—E’rﬁ
T 7 Azt A A2 [hours]

"o (vdx

E,=(-q)T| o, [MWHh] ®)

i R R e
n o FAVNBFFA AZY L S
ui © C+Cot+-++C; [MW]

Ci: A HR7 o &5

u =0

qi - A BRI At EE

2.1.5 LOLE9S| =#/235t

Minimize Z, = LOLE=® . (U,,,) [pu] 6)

2.1.6 EIR2l #x3}

}=2 4 EIR(Energy Index

WA RERAAD A A
; AL A (D3 2ol nAT >

of Reliability)< # 43 s
Ut

Minimize Zs = EIR [pul (7)
t EIR= 1-EENS/ESD

EENS: &3A %= 7% [MWh]
ESD: ey 7|t A [MWh]
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1co, =Y, Y ¢ E, [Ton/year] (®)
n=1i=1
o og A 719 COp ¥lE Al [Ton/MWHhI
NT NG
1C0,; = Y, Z 7. [Ton/year] 9)
n=1<D8

Maximize Z7; = TCO: [Ton/year] (10)
@& TCO, : & CO; W&
2.2 HMekx=#

221 ME X Hefx#

7 AdE F 5 e H & (SRR Fold A= =T+
HeN & (SRR*)& "H stojop @} ol& A4 s}std
(1D} 2o

1> o

SRR, = (IC-MCAP,-PD,)100/PD, = SRR (11)

o, SRR+ 1 nAlRF O] A% 7]1EE T oW & (%]

222 NBE BA=H

= = 7 wAvlel u
FaHE e duuExe Age AAxae 08w
2ol s}

n<MS, or n>MF +MD,
MS, <n<MF +MD, (12)
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Fig. 1 A load duration curve modified by simulation model
of hydro and pumped-storage generators
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Fig. 2 Yearly load curve pattern with hourly load peaks(2009)
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Table 1 Range of 52» according to generator types in input

data
&2l W[ Ton/MWh]
A 0
Mgk 0.8071.05
LNG 0.5970.76
A 0.36-0.49

708

42 AT Aot

At AT E AT FHEAH & HostE SR
A 2 A5 e AbAT 71Ee] HE oew o
Hom olsh o] M7 BEFAALS FHE F9ol &
Aol ZHA He wadr e 65[%1E U A 7HA A
AAT9 A7 E FH AU & (SRR )2 A&t Ath

A HA A ATE BHFR
Hastets WS wEt A
LOLEE 43 st WHe nest 49, 28 A
At AT s CO2MES HAstste WS
stogm olFojyrt. 1eja 247kl A9
AAE S FHdHRs W AAAFA FEEHA EH|
LOLE, 123 CO; WiE %S HlaiAste] Bt} ol &
2014 Koli lrt.

ooy R OE U op

f & oo W & r o

E: 2 =g wE 2H™H| &, LOLE, COM &
Table 2 Probabilistic  production cost, LOLE and CO;
emissions according to objective functions

5]—15 =2 7<4 .
Y LOLE COMI &
9 [hours/year]| [Ton/year]
[10°won]
Z1EA 14,245.67) 105.301] 208,296,904
T o v & (7)) T ’ T
Ahal T 14,225.22, 98.001| 208,299,132
2 v] 82 2 3H(Zy) S ’ ”
Ard I 1423341 74766 208,310,348
LOLE# 4 3HZs) - ' o
Arel 14,245.66 96.457, 208,296,904
COM & & 2 3HZ7) T ’ ’ ’
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Table 3 The results of CO. emissions and emissions cost
In case of minimization of probabilistic production

cost
COHl & 3 COzvl &1 &
[Ton/year] [10°Wonl]
A3Z|A} 34,820,682 835,696,366
B3] A 43,765,856 1,050,380,540
C3| A} 14,003,900 336,093,609
D3] A} 39,180,084 940,322,015
E3| A 38,464,499 923,147,979
F3) A} 38,064,111 913,538,663
G A 0 0
A 208,299,132 4,999,179,172
i 4 AtEH2] B UHSIAL @ CO, B &2k} vl EH| 2

Table 4 The results of CO, emissions and emissions cost
In case of minimization of LOLE

CO Ml &3 CO.m &1 &

[Ton/year] [10°Wonl]
A3 A} 34,870,552 836,893,254
B3| A 43,784,896 1,050,837,515
C3| A} 14,001,674 336,040,164
D3| A} 39,174,577 940,189,353
E3| A 38,471,010 923,304,244
F3) A} 38,007,639 912,183,333
G3) A} 0 0

A 208,310,348 4,999,448 363
= 5 AElel B2 eXs| AL @ CO, Bl &2k} v &EH|E

Table 5 The results of CO, emissions and emissions cost
In case of minimization of CO. emissions

COxMI & = COzvl 1] &

[Ton/year] [10°Wonl]

A3Z|A} 34,835,712 836,057,097

B3| A} 43,806,538 1,051,356,918

C3] A} 13,999,616 335,990,789

D3] A} 39,193,852 940,652,440

E3| A 38,492,295 923,815,071

F3] A} 37,968,891 911,253,393

G3] A 0 0

SHA 208,296,904 4,999,125,708
tEo EX3FR COMEFS Has S 49
A3AF # COMEZF 2 COMEH &S b F Abde 7+
zb vaste] ®okEd HEAEFRE COMES HAislsie
WS ARESte] Y] HERAAEE FHIAS AT
COMIEHT HwlEn&o] o= A& FAHEA FE &
6ol Alsted YelY. 2 Ao w2 AHI|AF E
Zrol= BASARE FAHSZE COMEZo] Hadtts
AE & dom, o= 3] COMEH & Fgt TFargo
2R ALNES SEvaErt do® g4 o pEHE 9
galA HAviH wEAAH Al FEe ojfer HAgdE

Sl shvbel digetom slue 4 slvk

UXI|EFFXAE e =1
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Table 6 Reductions of CO, emissions and CO. emissions
cost when the case of minimization of CO:

emissions is compared with other cases

COMlEHAa COM &1 & A
[Ton/year] [10*°Won]

D & ] B e D ] A R e D ) e o D ) Sl e
A|  -15,030% 49,870 -360,731* 836,157
B| -40,682% 19,040 -976,378 -519,403:
C 4,284 -2,226% 102,820 49,375
D| 13,768+ =5,507* -330,425% 462,587
E| -27796% 6,511 -667,092: -510,827
F 95,220 -56,472% 2,285,270 929,940
G 0 0 0 0
&
A 2,228 11,216 53,464 322,655

(%3 = 7S 9

a7 3 AlHE el UHSAL H COHET HWEE
Fig. 3 The CO. emissions[%] of generation companies in
case of minimization of CO. emissions
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