(TTF)

(TTR)

(Customer
interruption cost) (Composite Customer
Damage Function: CCDF)

4.1
3
4.1.1 FOR (Forced outage rate) [1]
FOR
COPT Recursive
(Variance) (Cumulative probability)
COPT COPT

(Covariance matrix)
LOLE LOLE
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COPT

PX)= (I-1)P'(X) + rP'(X-C) (41)

COV[P(X)P(Y)] = [A—r)2+ VICoV[P’(X), P'(Y)]
F (- 1= V{COV[P-(X),F (Y - ¢)]
+ COVP' (X —¢) P (Y)]}
' [r2+v]Cov[P'(X-C),P'(Y-C)]
FV[PXOPY(Y) - PYOXPY(Y - C)
P (x—C)P!(Y) + P'(x —C)P'(Y —¢)]

(42)

X Y (MW)
P(X) X MW
P(X) X MW
Cov[P(X) 1P(Y)] (Covariance) ~ P(x)  P(Y)
Cov[P'(X) , P’(Y)] (Covariance)  P’(x) P'(Y)
r FOR
C

(Variance) ~ FOR

p(x<0)=10, P(x>0)=0 Cov[P(X),P(Y)] —0
X Y LOLE LOLE



412

E[LOLE]= X e[P(C .-X.)]

Var[LOLE]—~~Cov[P.(c. —X.),p.(C. -X )]

i=i pi

()

(Expected valug)

[1]

(Normal distribution)

(Standard deviation)

41




4.2
4.2.1

PL
LOLEI

TTF

FOR

LOLE

LOLE

LOLE

2.1
(TTF)
TTR

average

2

MTTF

FOR

45

= YVp,, )(LOLE, )

SD.

MTTR

FOR

Lm

+3)

Lia

(TTR)

411

I

SD.

(Crisp number)
(Nature)

FOR

FOR



TTR

422

P, P

up ' down

m,7

12

TTF
2
(Crisp number)
2
2
2.12 2
[2
(State Space)
(No Memary)
(Exponential Distribution) [f(t)= e ]
(Transition Rate)
3
f, = [+r-(1/ffi) 5 "= 1+ (l/r)-(ffi> <4'6)

(TTF) (TTR)



423

COPT

COPT

4.6

Nf-C:

3

46 ” 1_Pup = Fown l_Pdown :pup
3) 4.6
?up ’pdown
(Deviation)
(Fuzzy arithmetic) Recursive 213
COPT
" COPT " (System-COPT)
Pup Vpﬂ:!)WH »
(Identical ~unit)
COPT
"COPT " (Sub-COPT)
CidMw
(Failure state)
COPT 41 Nf=0,
41 COPT
Ps A5
rN. A
(Pel INF(P o e (N.-N r) =X Nf.»

VN fy



14

Cos (MW)
P5 Individual €05
5 Cos
N; = COPT
COPT COPT
COPT 4
COPT (=123,
COPT )
1 COPTX COPT -1
X i=1 COPT  COPT
2 COPTy COPT Y
COPTX
3 COPTx( x) COPTY ()
i
COPT, 2
* V A
COPTX COPTy ’
4.2 COPTZ ( z) (Row)
(Column)
4.7-4.10
CO,SX :Co,s‘ 1 C (47)
:‘I‘)“sx .’I‘)'s (48)
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Xt —X5 + Ag (4.10)
COPTX
States(s) = ipan i, Sx X
cm e === i A— -
Jleee o o
R e
3 e-e—e @ o |
8 | [Co,szapsza “’sz ,Ksy !
l L e ? © l
Q] s e PR e @
- | 51
| | |y
COPT
Y|-+eo—o-@ ) o ¥
42 2 (2-dimensional state array) ~ COPTZ
COPT,  COPT,
4 COPTZ 3
pjl, X 411 412
, ()
R P X
(p) modified = Z (p k) t4-11)
KES|
f \
A A mod ified Rk 1+ X(PJ /pk)] (412)

kES. jg’f(



COPT
COPT
4.1
4.2
4.2 41
in(TTF) 1(TTR)
(Mw) () () ()
10 3 (2646 ;2940 ; 3234) (54 ; 60 ;66)
15 1 (405 ;450 ;495) (45 ;50 ;55)
20 1 (1782;1980;2178) (18 ;20 ;22)
4.2 m 1
(TTF) (TTR)
A= (al;a2;a3) :) a3 0.0-cut
1.0-cut 4.3 43() 430 )
ITHi(x) 11700
4 4
1 1
FaTua $2Tuq
- >
al a2 a3 al a2 a3
() ()
4.3 1 1

76

4,



42 IDup ’pdown

4.6
43 44 45
4.3
41
PU Pown
(MW) p d
10 (0.0164 ;0.020 ; 0.0243) (0.9757 ;0.980 ; 0.9836)
15 (0.0791;0.10;0.1257) (0.8743;0.90;0.9210)
20 (0.0082 ;0.010 ;0.0122) (0.9878;0.990;0.9918)
1 0.01-002— 1010
/\
0.9 \
0.8 / \'\
] 0.7 / \
Eos / \\\
é :j | /“
2 | f
0.3} I \ /
0.2} N | ll /
01}
LL - X
% 002 004 006 008 01 012 014
Probability
4.4 (Forced Outage Rate: FOR)

COPT  (Sub-COPT)
COPT 44 4§



10
20
30

20

1r
09]

+-0:90

0.8 h

07!
0.6

o
o

|
f
E
I 04
03

0.2

01

0.86 0.88 0.9

45

44 COPT

Ps
(0.9288;0.9412;0.9515)
(0.0469 ; 0.0576 ;0.0706)
(0.008;0.0012;0.0017)
(4429 ;80 ; 14.413) * 10%

45

Ps
(0.0791;0.10,0.1257)
(0.8743 ;0.90; 0.9210)

COPT

4.6

Ps
(0.9878 ;0.990 ;0.9918 )

(0.0082; 0.010; 0.0122)

COPT

18

i OAB? 009

092 ~ 084 096
Probability

10 MW 3

As

(0.0220 ;0.0245 ; 0.0272) 0
(0.0148;0.0163;0.0181)  (0.364 ;0.4 ;0.440)
(0.0074,0.0082;0.0091)  (0.727 ;0.8 ;0.888)
0 (1.091 ;12 ; 1.330)

15 MW
As
(0.048 ;0.053 ; 0.0627) 0

0

K
(0011 ;0.012; 0.014)
0

(0436 :0.480 ; 0.565)

20 MW
As
0

(1091; 1.20 ; 1.33)



COPT
COPTx  "COPT " 44
COPT (COPT2L)
41
47 COPT
Co Ps
0 (0.8119;0.8471:0.8763)
10 (0.0410;0.0519;0.0650)
5 (0.0734 ;0.0041 ;0.1196)
2 (0.0007 ; 0.00106 ; 0.0016)
% (0.0037 ; 0.00576 ;0.0089)
30 (0.0000038 ;00000072 ;0.0000132)
3 (0.000062 ;0.000118 ;0.000220)
48 COPT
Co Ps
0 (0.8021;0.8386;0.8691)
10 (0.0405;0.0513;0.0645)
5 (0.0725;0.0932:0.1186)
20 (0.0073 ;0.00952 ; 0.01228)
% (0.00366 ; 0.0057 ; 0.0088)
30 (0.00034:0.00052;0.00081)
% (0.00066;0.00106;0.00168)
0 (5.657;10.584;19.63)*106
45 (000003 ;0.000057; 0.00011)
50 (0.032; 0.072; 0.162 )*10%
55 (0.50; 1.176 ;2.679) *106

9

COPT
COPT 1
COPT, "COPT " 45
4.1 psa=1 108
Cob= 45 MW)

COPT 1 4.1

X5 fis
(0.0707;0.778 ;0.090) 0
0.0633 ;0.0697 ;0.0809) (0.3636 ;0.40 ;0.4444)
0.0223 ;0.0245 ;0.0272) (0.4364 ;0.48 ;0.5647)
0.0559;0.0615;0.0718) (0.7273 ;0.80 ; 0.8889)
0.0148;0.0163;0.0181) (0.80;0.88;1.0092)
0.0485 ;0.0533 ;0.0627) (1.0909;1.20;1.3333)
0.0074;0.0082;0.0091) (1.1636;1.28; 1.4536)

~—

~—— ~— ~——

COPT 2 (COPT )

Xs fis
0.0818 ;0.0899 ; 0.1034) 0
0.0743 ;0.0818 ;0.0944) (0.3636 ;0.40 ;0.4444)
0.0333 ;0.0366 ; 0.0407) (0.4364 ;0.480 ;0.5647)
0.0611 ;0.0774; 0.1011) (0.9235 ; 1.156 ; 1.4253)
0.0259; 0.0284; 0.0316) (0.80 ;0.880 ; 1.0092)
0.0612 ;0.0696 ;0.0834) (1.4050; 1.595 ; 1.8195)
(0.0171 ;0.024 ;0.0321) (1.1685 ; 1.636; 2.2074)
0.0559 ;0.0615 ;0.0718)  (1.818; 2.0; 2.222)
0.0148 ;0.0163 ;0.0181) (1891 ;2.08 ;2.3425)
0.0485 ;0.0533 ; 0.0627) (2.1818; 2.40; 2.6667)
0.0074 ;0.0082; 0.0091) (2.2545 ;2.480 ;2.7869)

~ o~ o~ —~ —~

—_
~—

—_—~
S— S

—_
S—
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COPT 2 COPTx  "COPT
1" 47 COPTy "COPT " 4.6 COPTz1
COPT 48
4.3
43.1
412
, (Flexibility)
(Membership function)
1
(Linguistic description)
“ 10 MW” K 8 MW 12 MW
10 1Mw”
(Long-term)
432 (Cumulative Load Duration Curve: CLDC)
L= FL(t)
tE[0,T_ ]
CX-cut 413

Lo = [ = L{00)-Fi(t)[1+ SR{0O)-Fi{t)] (4.13)



8l

L(00 R(00
(Non-strictly monotonie decreasing function) 0
1) L, R[0,1]—[0, nx], nx<1 ( )
2.) L), R{)=0
((D: max _( max 'a) (00 - max_(aZ. max)‘

46

46 @) 1a)
La)  1(a)
413 Lc MW
CX-cut 4,14
a= [FLi[L,fa-s1 (@))].FF (LA + SR() ] an
R (G0, ]
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12 L= FL(1
40 MW tG[08736] ()
L(0t) RO L(OC), 1(a)=0.05-(0.05)-(a) o 5%
47

o T T
2 0% | 22 .
E 0.4 | 3\1 I j”; A o !,;_
t | =TT
=02 { [ ' | | ‘ f ‘
L&~ ' | J ’1 [ | 2 '
[ | | [ ‘| [ M |
ol || VA | AR H I
50 2 ' 4 —— I‘:Lﬁ 4
40\ g D N PR =\ e
t N
20 @7 2000
Load (MW) el Duration(hours)
4.7 4.2
433 Cumulative state

Cumulative state

L=FI(t)

(Daily load curve) FL(t)
a-cut

413



221

aundoluusazyraves Tvan
Y V.V V¥V VY V¥ o

¥23v0a Tvan

Duration

43
La=[I"L ]
a-cut

4.8

(La)

>

a-cut

83

a-cut
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a -cut
(22
Load
A L) / k.
L f
Duration
)
PR FES « 12>
<— R1—>» <«— R2—»
49
49 (L)
1 I a-cut (La)
L a -cut Ta =[TKXTA] Ta
LI, L2,L31. Ta RI  R2 ,R3, .. 49
a-cut L
TI 365 8760

L P



221
221
(12)
434
2
1
)
2)
48

a-cut
1 Load“12}> L 2 Load“ 102 <L
1 L
a-cut
L FI
Individual state
Individual state
2.2.2
(N) L) (LO
(365 8760 )
(L
L
a-cut a-cut

85

49



49
Individual state

L L0
e e
( )
Individual p(L.) n%”(@ p(LO)= (I —e)
( )
A+(L)—0 ¢ (Lo
( )
AJLJ=E A (L0)= 0
( )
)= ") f(L,)= |
( )
44
441 LOLE  EENS
COPT

Loss of Load Expectation (LOLE) Expected Energy Not Supplied (EENS)
415 416



T C0S
ES Cos
7 COPT
LOL T w /4,
anld 1941 5
Lc MW
EENS E5
4.17
E. A B ED
ila Ec (Energy curtailed)
EO (Energy suplpied)
E0 (Energy demand)
4.17
328 4.18
g.(n,z) = S,(n,z) —Eg,(n,zx Vcce [0,']
e £402) 4.18

ST
LOLE=) (- L)

s=1

EENS= X (ps+B1)

87

(4.15)

(4.6)

(4.17)

CLDC

(4.18)

4.19
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E* ="K, I]'dt-« CT-c,)-t“N),Vas[0,i] (4.19)
1) Eca =[E“1,£%2] , ta =[t" ,t“] La =[1",1"] 410
OC-cut
2) 1,2 4.19

i Duration
ty t‘z‘_ L >
4.10 CLDC
Es 4.17 Co F‘a 419
Cos t*
4.3 41
4.2 LOLE EENS
Co5
(T) C0S (Es)

COPT 410



0

10
15
20
25
Rl
3
40
45
50
55

4.10

(0.8021;0.8386;0.8691)
(0.0405;0.0513;0.0645)
(0.0725;0.0932;0.1186)
(0.0073 ;0.00952 ; 0.01228)
(0.00366 ;0.0057 ;0.0088)
(0.00034,0.00052;0.00081)
(0.00066,0.00106;0.00168)
(5.657 ;10.584 ; 19.63 ) * 10'6
(0.00003 ;0.000057 ;0.00011)
(0.032;0.072;0.162) *10'6
(0.50;1.176;2.679)*10'6

4.15

T
[N

EsS
4.16

LOLE

E5

4.14
)
0;0;0)
0;0;0)
0;0;0)
0;0;0)
(0,0 15.062)
(64.7;243.9 ;625.3)
(1230;1794;2312)
(3325;4036,;4653)
(5848 ; 6453 ; 7045)
(8468 ; 8606 ; 8698)
(8736 ; 8736 ; 8736)

(
(
(
(

410

LOLE =[ 1.039;2.451:5.393 ]
EENS =[2.902:8.392;21.620] MWh/

EENS

4.19

/

89

(0;0;11.55)

(05385 ;299 ; 10.217)
(2456 ;4991 ; 8319)
(1.349; 1.904; 2.544)* 104
(3.367 ;4.511 ;5.412) *104
(7.314; 8.374; 9.441) *104
(11.661 ; 12,735 ; 13.81) *1Q%

LOLE

411

EENS

412



/& o 8 W L ® 1 1 4 2
EENS (MWh/year)

4.12 EENS 43
442 Frequency & Duration (F&D)
¢ Individual state
F&D Individual state
2.3.2 2.22 2.23
ANGEORN =1}

Ao =Ph-ct VI
4.20 421

Margin Margin
2.24 4.22

Probability pk=(pcXpL)

90

420 42
(4.20)
(4.21)

Margin
(4.22)



2.25 Margin

1= PkE +k+ N -K)

Margin

4.26

(= *kei pk$+k “ Aok)

4.26 Fk

(First negative margin) “Frequency”

4.2

Fuzzy Duration

4.23

4.24

4.25

a1

(4.23)

(4.24)

(4.25)

(4.26)

"Duration”
Fk

(427)
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Cumulative state

F&D Cumulative
state 2.3.2 2.30 2.31
428 429

P(m)= X p(X)P(C-X-m) (4.28)

Fim)= X p(X)(E+(X)- x_ (X)P(C- X- m)+ F(c- X- m)) (4.29)

X
4.28 4.29 "Frequency" F(0)
“Duration™ n(0) F(0)
45
45.1
2
(Fixed cost) (Variable cost) 4.30
CP=X(FC. -C. +OC, -EES)) (4.30)
H
CP
FC.
C. |
OC. 1
EES. (Expected energy supplied)



(Expected energy supplied)
(EES.) 4.31

EENS() + EES0) = EENSO. |

EENS0J EENS
i (EENS(0) =E 0) EES.

431 432

EES .:1= EENS* 1 )-EENSX.« .v<xe[0,])

45.2

(Systematic)

/
(Sector Customer Damage Function:
SCDF)
(Composite Customer Damage Function : CCDF)
2
8 I-then

411

93

(431)

(432)



411  If-then

" Input 1 Input 2 Output
IfDistance IS andFrequency IS thenmembership value IS
1 Nearest - Highest
2 Near High High?
3 Near Low Moderate2
4 Moderate High Highl
5 Moderate Low Low?2
6 Far High Moderate 1
T Far Low Lowl
8 Farthest - Lowest
distance
frequency
RN 7 g T — yﬁL{\ /
05} / //y N = /Xl /ﬁmml

0 10 20 3'0 40 50 60 10 80 90 100
Input 1 "Distance" (%)

ﬁ 1 fow i i T L high
2 =y &
§ 05/ R —<aill ]
“6 | /'/» 7 "7\_“\
9 L ’//// B
0 10 20 30 40 50 60 70 80 90 100
Input 2 "Frequency" (%)
| lowest™ Tow1 —W—mqm "mod2 highT " ~high2 mgn\es
[\
0.5 T : / \\ 1
[ \ \/ \
0},,_“_ VAW N ) ]

- SRR

0O 01 02 03 04 05 06 07 08 09 1
Output "Obtained membership value"

413

94
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distance frequency
2 (frequency) 2
413
(Filter) Convex
4.14
Frequency Membership value

|||| ‘\lIIICost /_\Cost
. >

4 i
Filtered
Input 1 Y
Distance SN 4
If-then Output
rules §=% | Membership
] @ Rules) value
Input 2 2%
’
Frequency

4.14

453
(Composite Customer Damage
Function : CCDF) (IEAR)
IEAR 433

CL —(IEAR) +(EENS) (4.33)
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IEAR
4.34
N
X mi. ec(cen(d.))
IEAR= i e (4.34)
Z mi*PL|
m. Margin i
f .
cen(’) (Centered-value)
d. i
c(cen(d.)) CCDF
5,
PL1 Individual ~ m.
N Margin
4.34 5.
454
i EENS. 4.30

433 4.35



min (¢” + ¢ 10)

EENS.
st LOLE. < LOLEmx

1jc, <cTm
LOLE ., LOLE .
LOLE. LOLE
Ch
4.35
(Ordering of a fuzzy number) [3]

(Centered-value)

97

(4.35)
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