Load Expectation (LOLE)  Expected Energy Not Supplied (EENS)
(F&D)

2.1 (Generation system model)
2.11

[13]

2.1

Loss of

Frequency & Duration

A(Up)

TTF1 TTF2

TTF3

» 17a1

GE (Down)

21



1

TTFi (Time to failure)

|
TTRi (Time to repair) i

2.1
[1,9] 2.2
A r
A(Up) ) n
(&0 (Down ) » a1
2.2
m ( TTF)
r ( TTR)
2.2
(Repairable component) 2.2

2 (Up) (Down)
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P(s)
M(s)
T(s)
_ M(s)
P(s)= — 2.1
(%) T 21)
2.2 " (Up)" " (Down)"
2.2
m r
pup — m+ r Down m+r (22)
2.1.2 2 (2-states Markov model)
X
2.3
2 2.3

Stochastic (Stochastic transitional probability matrix)
(Continuous Markov process) [5]
Stochastic (Stochastic transition equation)

~1-X
1w P P

Down Down

P+ PDuL= 1
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P = ( : Steady State )
Pl = (  Steady State)
X = (Failure Rate)
, = (Repair Rate)
2.3
Pp L oron = T (24)
22 24 P
FOR (Forced Outage Rate)
P
A (Availability)
2.2 m
Mean Time To Failure (MTTF) r
Mean Time To Repair (MTTR) T
(m+1) ( m r )
m=MTTF=1/x
r=MTTR= 1T
T=(m+r)=1/f (2.5)
f 22 24
m 1 f
(2.6)

p m+r T X t X



26 27
f =
2.1.3
1] COPT
COPT
(No derated state)
X MW

2.9

14

T ) (27)

Py X = PBbun -+ (2.8

COPT ( Capacity Outage probability Table)
Recursive (Recursive method)
COPT

(Cumulative probability)
c MW FOR =

P(X)= (1-U)P'(X) + UP'(X-C) 29)
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P'(x) X MW
¢ MW

C MW
(Initial condition) P(x)=10 X<0  PXx)=0 X>0

(Individual probability)

2.10
p(X) = (I-U)p'(X) + Up'(X-C) (2.10)
p'(X) Individual X MW
¢ MW
p(x) Individual X MW
C MW
(Initial condition)  p(x)=10 X=0  p(x)=0 X" 0
' ]
(Transition rate)
2
Recursive ¢ MW FOR =
X jut 211 212
X.(X) - p'(x)(l )"1 (X)+ P'(X - C)U(A,'1+(X- C)+ 1) 210
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p(X)
X
At (X) X MW
X MW
A+ (X) X MW
XMW
X_(X) X MW
X MW
X_(X) X MW
XMW
At (X) A, (X)
(Individual probability f(x) ) ( Cumulative probability : F(x) )
COPT 213 214
f(x) = p(xxA+(x) + A, (X)) (213)
F(X)= F(Y)+ p(X)(A+(X) + X_(X)) (214)
f(X) XMW
Y X MW ( (X)
COPT)

F(x) X MW



2.2

221

[1]

(Load model)

Cumulative state load model

Individual state load model

Cumulative state

17
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2.1 2.4

A
150
100
50
| i
2 4 6 8
24
24 20 MW
20 MW 100 MW 150 MW
10
20,100 150 MW

18

10

10

2.1

150 MW
5 3 2

05503 02
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2.15
PL(X)= ZiP i>1) X Xi (2.15)
PL(X) X MW
pL(x.) Individual x; MW
2.1
2.1 2.1
20 05 10
100 0.3 05
150 0.2 0.2
Cumulative state load
model 2
1 Load” L 2 Load< L
Load
L

Load 2L |8 Load <L

25 Cumulative state
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25 A+(L)

A,_(L)
25
2.6
A+(L)
Load, , <L
>
A
2.6 Cumulative state
Load: [ Load:.1 H 2.6
Load < L Load > L
(L)
2.7 2.7

A A0 F(L)

svauIvaa (L)

»

2.1 Cumulative state load model
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20
100
150

2.4

1-e

2.2

1 Load. >L

2.1
22

Individual state

2.8

48 Jvitjin 3

W 21
1 2
2 Load,.1< L
0
L
2 A (L)
2.1
= /10
0
0.2
0.1

(Load cycle)

Exposure factor
2.9



2.10 Individual state

2.8 X X
e e 1
X 85%
ER | Two-state load
/J\/ representation
& === /
«— ¢ —» | Actual load
e v shape
0 Hours 24
2.8 Individual state load model
A

2.9 Individual state

22
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Peak [B Peak |
Load L1 | Load L2 |

% )

2.10
Individual state
N )
L:i=123,..N L,>L2>L3>...> Ln
L0
L L),i=123,..N \
( ) D= 2]n(L.)

2.3



24

2.3
Individual state
4 L0
e 1-¢
oiL)= Mg p(L0)— (1
At(L)=0 *he-])= - -
A (1.)= A (L0)=0
f(L) = ) f(L,)= |

216 21
fL.)—p(L.)(A+(L.)+ A_(L.) (2.16)
F(L.)= F(L. D+ p(L.)(A+(L.)+ A_(L.)) (2.17)
flL.) L
A+ (L)
A, (L)
F(L.) L

F(L_]) LM



2.2 2.4

Individual state

25

2.4 2.2
()
65 8
55 4
50 4
46 4
0 20
e=05 2.4 D=20 L=65MW L2= 5 MW
Lj =50 MW L4=46 MW L5=0 MW 2.3
2.5
2.5 Individual state 2.2
L p(L) M m h(L) fQ Fog
65 0.2 0 2 0.4 0
55 0.1 0 2 0.2 0.4
50 0.1 0 2 0.2 0.6
46 0.1 0 2 0.2 0.8
0 0.5 2 0 0.1 1
Individual state 1
(Mean) [1]

2.18



Lav = |=lln
Zni
m
Lav
1 L
2.2 3 (
1 41 -50 MW
2 51-60MW
3 61-70MW
2.4
2.6
2.6 2.2
(MW)
61-70 65
51-60 55
41-50 48

20

26

(2.18)
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2.3

[34]

Loss of Load Expectation (LOLE) ~ Expected Energy Not Supplied (EENS)
Frequency & Duration (F&D)

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

LOLE (Loss of Load Expectation) ( )

1
, EENS (Expected Energy Not Supplied)

LOLE ~ EENS COPT

(Cumulative Load Duration Curve: CLDC)

Cumulative state load model ( 2.13)
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Installed Capacity (MW)
bow b Resere
Lpeak
tx
g
=
ki
0 8760
Duration (hours)
2.11 LOLE
(Cumulative Load Duration Curve: CLDC)
2.11 CLDC LOLE
211 L, c. MW
(Outage capacity) k COPT
A LOLE
2.19
LOLE= £ , 11 (219)
pk Individual ~ Cok MW
tk ,
Cok MW

N COPT
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Installed Capacity (MW)
Lpeak \ \ Cok
% Ek
3
0 8760
Duration (hours)
2.12 EENS
(Cumulative Load Duration Curve: CLDC)
EENS
CLDC 212 Ek ,
Ck MW
EENS 2.20
EENS = X p kEk (2.20)
k=l
pk Individual ~ Cok MW
Ek

Cok MW
COPT
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Margin
2.21

mk

Margin

+m

X{

AL

30

Frequency & Duration (F&D)

Individual state

Individual state

2 Margin [1]
2
mk = Cr Lj (2.21)
J
(Transition rate)
222 223
= A L (222)
= n LGt ML (223
X " , Margin ,
X 0
X L
Margin

Margin 2.24
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Probability pk = (pc)(pb) (2.24)
ne
PL
Margin 2.25
fk= pkx +k + A_K) (2.25)
Margin
226 22
Pk- Z Pi (2.26)
A = . (2.27)
2.28
fe=f.-, +p3 M- M) G5
2.28 Fk
(First negative margin) "Frequency" "Duration”
Fk

2.29

Duration — (2.29)



32

Cumulative state

(First negative margin)

Individual state (Zero
margin)
Margin m MW X MW
¢ MW
L>C-X-m Margin
m 230 231
p(m) =" p(X)P(C—X m) (2.30)
X
Fm)= X pIA+(X)- X (PC- X- m+ FC- X- m)] (23
X
p(X) X MW
COPT
P(C-X-m) (c-x-m)
Cumulative state
F(C-X-m) (C-X-m)
Cumulative state
A+ (X) X MW
X MW
A, (X) X MW
X MW
2.30 2.31 “Frequency” F(0)
“Duration™ n(0) F0)
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24

2.4.1

3 [16] 3

1 (Indlirect
analytical evaluation)

2, (Case study of actual backouts)

3, (Customer survey)



2.13
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2.13

2.13

2.4.2

(Customer Damage Function: CDF) [13,14]

213

(Sector Customer Damage Function: SCDF)

[17]

34
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30 kw

30 kw

2000 kw

2000 kw

214 215

1,000 -
_-u
— "rr/r;,//:
[ //‘/‘/4?‘/// %
/7/x“ /X///
€
-3 ’
% ‘7/ /4‘/4.:/
z 10 :_;‘/’/ =
<3 y
‘S_ ?
a e
| /
//
0 T T — e~ F Y
1 10 100 1,000
()
— Residential —a— Small general service

—A— Medium general service

Specific business

2.14

T 23D2

-X — Large general service

—» — Government institutions and non-profit organizations

s



1,0

100

E 10 ===

—— Residential
—— Medium general service
—x— Specific busingss

2.15

Function: CCDF)

2.1

®

10

|
-
A il ——
X a ST
——— . A
X P v 0=
<% o SRR
. S
100

()

~=— Small general service
-x— Large general service

~e— Government institutions and non-profit organizations

36

(Composite Customer Damage

20

20
25
10
13

2.16

(%)

2.1
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120

g 100

:E‘ 80 -

\i-' 60

g

£ e D

5 10 30 60 120 240
()
2.16
2.4.3
(Interrupted Energy Assessment Rate: 1EAR) [14]
2
(Frequency & Duration approach) (Monte Carlo simulation method)
21 22
IEAR
(CCDF) Margin
Individual state load model
(EENS)
2.32
Total EENS = v jm.f.d. (kWhiday ~ MWhiday) (2.32)
-

m = ( Margin) (MW kw)

f = 1
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d = ( )
N =
2.33
Total expected cost= ~ ! .f.c(d.) (1 $iday) (2.33)
IEAR 2.34
5>, )
IEAR =L ( /kwh  $kwh) (2.34)
D mfd
IEAR
o(d))
d
IEAR
Exposure factor Individual state load model [14]
244
(System cost) 2

(Production cost)
(Interruption cost)

(Fixed cost) (Variable cost)
EENS
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|EAR EENS 231
2.35

¢ = (IEARXEENS) (2.35)

(Total cost)
(Production cost) (Interruption cost)
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