
~~,~ ~t J.:s-

~~ clU.\ ~~ ~ ~.cl\ ~ ~ ~~~\ L.cl\~

~~y--J\ ~yJ\ ~\ - uP~)\

,<: "~~\ ~L ~L;, ( f ~L ~<:"q~q ~\1.kJa>..:J1 - . ....\:..-- \\'<""' - .J r _.~ t.Sr - ~...r--

~ ~llhJ . ~I ~I yAl#~ uncertainty ~~\ 4.r~1 ~

"~I~~~~l&. J~)l1 ~ 1.1>.1~I#I ~ t.S~J ~IJ~ ~~

~;f~\11 ~~4\..f4~llhj~lS . ~~IJreliability~~~)l1 : ~J

~ j-O ~l ~ J~)I\ ~ ~l>\1 ~~~I ruaJl ~L..a.>- ~ ~fJ

.t.Sy>i

t..-..ul' .,

~~ UL A~q ;jLkjL ·.C\~ .. "~I...lA1 UL A~q -~'1 ~f ~~I' \o".oJ_1L'I ',:..tj 01.. ,...~ .~ ~""..,~ LS.r ~ tf . ...,--. U".r- s-

o U. \~ W.,.\;~~~~ \'1 I.r" 1.5,,::.-0 ~lc-P ~ ~~

:.ro JSJ ' ~~~I ~~I ~i~ ~~ ~)~I ~~L, ~~~':JI ~i.LAJ

~ o~4j ~~~ ~i ~':J ~~~':JI o~4j ~ ~i ~ ~?~ Wl:...o.Y?-!. ~)~':JI ~..iA

~I ul)I~~1 ~I...L.ol.JA ~I ~:.ro w~1 01 . ~~ ~I)~ ~ ~ll ,~~I

. ~I ~ 4-o~li u~ i~1 rJ-l1 )\.;JI ~\,;l':J~ o~li ~~1 w~ ~~J ' 4tlS utA~

~ JIJ..)r1~~lS ~}~ !J~L, ~\ ~\ .r'~1 :.ro~I Jl; ~ ~ o~~ ~L,

~ 0~ ~ll . ~ J.raJ-I ~~1J ~'Y~ ~;}I ~~ ~.!..LL15J ulk>J1 ~~1 ~~J

clJ~ ~ J>-~ ~ ~~\ :.ro~I ~ ~~ ':J ~~\ ~~J o~J ol:,~~\

~I~ l:.; 01 . ~\I ... ~ 'lA.H ~\ ~L.J\ ~~L.a;j':J\ ~\ ul .~ ..\1~f~.. .. C '" c'" ..~ ~ ..... ~ .. .. ~ .. ~ .. ~ ..

ll.>r JS ~ ~~ ul..l>J ~~1 ~J 4"; ,-?i , JJ.,:JI ~ e.flJ~ (.6k>- Ji)~



o.

~ 0~\J 0.r--'~\~ ~l5' ~Jr ~\~ 0.,s::, 0\~ .kk.;L..\ ohJ .~\ J>-\y-o jA

. ~}\ JJ~ ~~J ~~J;Sf ~~\ 0.,s::,~ ~l:J.\ ~~\ ~ jA ~\ ~Ij\~~\

~ ~ ~~ J' j-!.~ LS.ll o~~ ~ LS~ ~~~\ LS~\ ~)r LS.ll\ ~ ~p\ 01
jA ~l:A~ Jf , ~\~~ 4~ .kk.;L..I~~j ~\~\ ~ ~ ~, ~ ~J , ~\

~\~ t JLa-f j# J' , ~K:J\ ~ o~~j J'o~~~~J#~~~J ~K:J\ ~L;

~~J~I J>-Iy-o~ .t1>y-o JS .1:&- .kk.;L..\ ~\j~ o~~l ~ ~jJ , 0~\ ~ ~l>' J' lr:
JI~\jA~\JJ~~ro~~0.,s::,~\~01. ~~I~\~\J'~\~\~

~'PIJ ~~\ ~\j~ ~~~~ ~,j~'1 JI~\ olA Js- p,-,~I~ ~J

. ~~~\ ~)r\ ~\~t Js- o)jl\

~~~':J\ ~J , ~.?~ ~ j-!.l1J\ ~lA.U ~ ~IJ~ ~~1~ ~\ Ih jA w..l!\ JJJ

l:. :. .. tI ~"'1 ~~ l~:'~ 0'~ ~L A< \.1i.; ~L:..;L ~I ~K:J\ ~ 0\ . ~K:J\u-::-- J ." '-? .. v-- . ... ~ .~ , ~. .. . ~ .. ~

JLa-)r\" ~. ~ .. JJ- .. tl ~LiS' -LJ ~'.~l:.;\ .. j .. q olkH~~~lS ~~I
~ . (f 'j~J .. 'r ".' '" ~ ~ ~ r~ .. J'.. ~

. o..rPGl1

'L-o\$.~~ ~,'

:~~JloWI ohJ Co [t-\] ..L:J?\ ~t ~~~\ ~~ ~~\ ~~WI j.A ~..w\ !JlA

. loss of load expectation, LOLE ~I...w ~y ('

. expected demand not served, EDNS Cl:l l -is'~I ~y (Y

. loss of energy expectation, LOEE ~lkH.J.A.9 ~y (~

~L:.;J~ -tiJ ~Wy Js- J~ ~'JSJ '4~1 ~ Js-~~ J~~~WI ohJ

~~ ~ t.:\~,-, ~~ .fS)r\ LOLE ~~~..J , ~I~~ LrSJJ~
0~ ~~~~J~ JJJ . LS?)r\ ~~W\ ~Ll ~~)rl ~fJ 4l;,jJY-OJ d.J+-' \~ ~\

JJ\>. ~~J , 4-:! ..L:Jpl ~~ ~J.l> ~.p\ ~)\ ~~\ ~ .1-.,p (f ~~ ~W\ \h

~ ~\ \llJ ,~I Ih~ ~'l ~J , o~~ ~/ 'J'!. ~\.l>J 0~J ~ ~j 0";';

~LkJI ~ ~lSJ ~I ~~ LS.L 4.i.rJ ~~J , ~\ LS?)r\ oJ~li\ ~~WI ~ ,I~I

J):aJ ~\~\ ~\ ~ LS~ ~}! ~~W\ ~ ~)r I~J .~\ ~jJ ~ o~.r"ll

. ~ ~ ~~W\ ~ ~~l ~l-,'J



",
Capacity and Load Models ~\J~\ ~LW ~,~

~I Jo~ ~J ' ~J C~~ ~J.:Z r .?'..lJI;.A.;\u~W\ ~:.r ,-?i ~l!:~ JJ\'\ #\ ~l

. risk level oykl>J.1 ~~ Jl J+'rU ~ ~~ ~~ ~~W\ ~\hJ . JJ-\ Jo~J

~Jt~~ o~~~~lS ~~) ~~~\ ,lk:JI ~ o.1>J JS ~l-! ' ~\ Jo~ ~l!:l ~ ~J

~.J~J 0~}.1\ ~\ ~ Ji ~l.>- JSJ , o~..u-;l\ J\ ~~I 4.JlJ.. \e~~ '-~yf; (~Wl

w~ JJ~ ~I oh (f ~..J ,0.1> ~ ~l.>- JS r..J.).j ~yf; jJ~J . ~ .k~)\ ~l-:>':J\

JJ.lJ:-\ \hJ ' capacity outage probability table (COPT) O~#\ uU\ J~:.>-\ JJ~

. ~ ~)\ ~l-:>':J\ ~)~J l.A.ili~\ u~L tJ5~

JJ-I ~J~ '.J;! JS~~~i j.JJ , ~\~\ ~\ J~\'\ (.~~ :..r ~wlJ\ !.\'~J

~ .~ J~\ ~ Js~J ,~~ QjL.:; Jl...2'-\'\ ~ ~; '-?~ ~ , ~ ~\'\

daily peak load variation curve y~\ oJ.J..lJ\ J~ \'~\ ~~ W~ JJ-\ er-J ~\;

load JJ-\ ..Lot~w~ ~L:J\ e~\ ~l-! r~\ J~ u~W\ r\~\ ~ \~1J, (DPLVC)

(f ~~I 4.iL1J\ ~\ \h J ~Ll\ Ji .1A; ~LJ-\ oh ~J " duration curve (LDC)

. ~~~\ rlk:J\

LOLE \ _..L\~ ...... ~u--- :~Y ",

Ji DPLVC ~.J~ll\ ~\ ~~~. :.r ,-?4 ~\ e~ ~~ LOLE ~~ ~~l ~

~~~ ~ ~ ~}\ ~p ~~~\ ~h~ ~..J , ~~I ;S\j\~ JJ\j\J ' LDC

~~ JoW\ CJ\.1>J ~~ DPLVC J\ \~\.,li . ~~\ JJ-\ ~~ Jit -yp\~~
\"L,. 0\ ~\.,J\ ,j"J . v::Al1 / ~L.. 0~ JoWl d...b-J 0~ LDC JI r~1 I~l~ , •.;A.l1 / ry.

~)\ o)-.WI ~~~t ~J.;l\ J~\'\ ~ ~~~~ JJ\>. ~}\ J~ .l:ili~ JoW'

~ JoW\ \hJ . ~#\ JJ-I ~~~~ ':J &J ~~~I rlk:J\ ~ 4.>l:1\ -yp\ ~1.1>}

: ~\2~~
LOLE = I Pk tu timeunits/period

. ~I ..lW ( k ) ~.J ~-.lJ-\ t}J Jl-:>\ = Pk

. J.:Jp\ O.J..li J-Y~ ~\ jJ~ ~..iJI ~}\ = tk

EDNS c..\...."i\~~\ c:--iy ~,t

u,~~ ~ ~\ ~ LOLE J\ Jo~ ~ ~#\ JJ-\~ 4;..,u ~ ~~\ ~\ ~l

~~r1~ r/~' ~..J , LOLE J\ JoW ~~* o~~l ~~l ~i . EDNS JI~



J: lS ~L>~ ~W\ IhJ 0 ~.J~..ll\ j.J-\., ~I

EDNS = I Pk Dk MW

o (~'pi O)J.iJ j.J-1 jJ~ ~) ~P.I j.J-1~~ Dk ~

LOEE Lj~\~ c::-Jy '<,"

~~G V f }5\11 ""'J I ~lk ~L.v. .j~~ ~~G ~~ ;Sf ~WI 1..i.A ,I~I ~f

bLt!~..J . ~)I ,LJa:Jlcj...u j.J-1 jJ~Lo~ ~11..w~~ ctJ.lJJ I ,<14-- ~1I ~~
I')U DPLVC j.J-1 ~~ Lor , LDCj.J.\ c~~ ~ ~\ ~~ ~ ,I~~ LOEE JI

J: LS ~L>-~ LOEE J\ ~~ LU . ,LJa:J1 ~ ~~\ 4JUJ\~ '1 ~\J 4..41~1 ~

LOEE = I Ek Pk MWh / period

. k t.lki;'1\~ o~P.1 4JUJI = Ek ~

~~I~~~~i .~

~'u .('\\ ~\~~ ~ ,
~.~\ .. ,

: \ OA~L ..("",~-~"~L~ [",O]c~~~~!JlA
~ ...~ ~r O.~ ..

. c-4J.J:..\ ~.p\ ~\..L>J ~~~ UL..:i\., ~~f)1 ~ts:::J1 - f

~L,)J c~~L, .J~\ ~J ~\)L, ~L).~ Ul.-.:lL, ~L;JI ~~L, ~I ~L.>:; - ~

• '. :,~.". '0 ~1I
~.r~~~

o ~I..L>}I ~J ~}}~ L.,L,i UL..:iL, c~1 ~I ~~ - ~

~ ~ ~I ;UL, ~ts:::J~ L:,L,f UL..:i1 ~J 4 ~~~\ ;.;L6J\ t.~\ ~~ - ~

. .ul1J\ ~y ~\..r:- ~~I

present value (PV) ~lS::.U ~LJ..\ ¥\ ~-> \I~~ c)fi..lll ~ts:::J1 ~4:1 ~..J

rJyU\ 4.S~\ Jl J~}J ~y Ji .J~ ~~~I ~~I t.lki;1 ~~ \I~I ~..J

. ~~~yU

Capital Cost (CC) \~~~)\ ~~\ ~,,<

~\ ~~ ~ ~ JS ~ ~~ ~ylkl\ ~ts:::J\ ~ (CC) ~~f)\ ~~\ J-:.C
c~l&- ~.rJ\~~I ~ts:::JI ~~ ~WJJ\ ohJ '" ~'p1 ~~ ~}J ~~14f' ~l;j\.,

i c..L>J ~.;J ~~f)1 ~ts:::J\ ~ ~~ LU . ~'~l,!JJ\p '1\., ~t:J\J ~J.;J\ ~ -UI..,AJlS

~LS~~

cc = I c,. . (cost / k W)
i



. LAj~l ~\)\ i o..l>-}\~ = Ci

. U\J» j5J ~lS~:H = (cost I k W)

Fixed Charges (FC) ~W\ j ..; ....~\ ~~ ~,~

~G ~~I.).r:--~ C~~G ;.;~\ uw.;~~l3-\ u\jJ~\ ~ Fe~~\ oh

~ \2 ~L.> ~-J • ~~~\ ulbJ.\ ~J~ .k~.)\ lA ~~\ h J ~ ~~ ~\3..\

FC = ~ (C) . (OMF)
i

. i o..l>-j,l ~L:J\ ;';~.JlJ ~I ~~ = OMFi ~

Variable Cost (VC) o~\~~\J~\~~ ~,to

~~ l5.,,>-t o.)~ J\ ~;}\ ~~ ~ v-J.)~ VC o~\ ~~G~I ~~~

4 '*'- 4 .~~.}Iy~~Jf } ~~~ ~t5:::.l1 .J.." J )Y.J 4 ~~~I :uLklI •...l>-J CL:;1

~\ ~ o..l>-}\ ~Y:-J ~ ~ ~\ ~~G ~ ~\ ..l4t~ 4 ~~~\ ~\ ~J~

~\2~~\ oh~~l~~..lJ. o~\

VC = ~ (E) (OMV)
i

. d.&-G ~G» j5J ~LbJI o..l>-J Cl::.;l~~ (OMV)

. i o..l>-)\ '.r (d.&-G u'-'~) ~\ ~LbJI = (E)

~ \2 system cost (SC) ~~~I ,l1a;JJ ~~~I ~t5:::.l\ ~L.>- ~ 1..lJ

SC = CC + FC + VC

L..>\::l\~LJ~\~~ ~,c

~~~\ ,U2:J1 l5...u ~15 ~~* o.)..Ai ~YJ ,J..&.~ o~~ ~~~\ uu.l.k.-4.;~1 ~J.:i

~ u\..l>-}\~ V.,,>-~o~~ ~J 4 '.r)\ u~ '.r~ ~\ J ~)Ju ~ ~i ~~

Ji 4 ~PJfJ G::s ~ JL?-\)\~~ Ji ~ 4~~1 u~\ ~ ~.)~ Ji ~..,,-J Jlk&.t

~1 4 ~\..l>-)l\ ~f '.r ~~\ t.lk4;\ ~-J •~\ ~ ~l:Si JL?-)l~ ~\ ~ ~ t1.>-~

V~ ~~Lo ;L>-J~ ol;lJv~ ~-J II ~lJ..\ ~i ~~\ 0~~ uLfj ~ ~J.:t. ~.)

~l+" QU ~~ ~L:.;~\ ~YJ ~~lll ;l-E-I Jl ~\ 4fll+" QU y~ V G~\ ~

4 ~\~~ ~1 y\~ ~rJ\ ~ o)f~ ..Ai ~'-? ~t; ~\~ yi \2 4 ~~G ,-?J~\

C~l ~ Lr~ o~~jJ LrU,~J Lr~~ ,-:?J~G ~U\ ~.rJ1 ~J j;: -li ~lJ~ ~')J

. ulbJ.IJ u~\J u\...u)\ ~~J



of

~.:.Ak~IJ ~I~I 15.1A~~J~~ ~J [C\-V];W-I cll; ~~ ~L-,~ J.;k !.H.:.AJ

~J.b- ~JJ t.Ua4;'11 .1At ~ ~I~; )W-IJ c;L;WI alA 0i ~ , u~Ua4;'11 cll; ~~~\

~I~~.l5(~I rl..G.:.....'1W~ tUa4;'J1 ..:;.,1;.; (,...oi 0-" IJh ..ti *--~I .)

~.u t.Ua4;'11 ~t; 0~ t.lk.i JS' 0"1 <t:!l ... '-I'~ , ~IJj , ~~~., ,-?J'ui- , ~)

0-"~I 0-" r~ ~I ~I IJ~ ..WI .) t.Ua4;'J1 ':"...1>- 1~1 ~ 4';->-')II (f W
Jl~'-?)~\ ~\ 0~ JyJl ,,~i ~.b- 1~1J ' "WI ,,~i ~ \~ 0i ~~ ~I ulkW:J1

~L-:.;~I 0;"; ,,~i t.Ua4;'11 ~.b-1~1 ~15 , ,-?J~I ~~:li..P~ u-.o \~..J ~.r-oJi a~ J~l

~W ~l1J\ ~~ J>-~J~l Jl~..J ~L-:.;1 U;~ ~L:-.aJ1 ~ll+" QU ~~

:.t; . u ~.u . ~l1J\ 01..tW~ 0 . <~~ ~ ~L;. ~~ . . I. , l;,;'1\
~ u~ ... ~ .. 'J .. ...r :.f'~ ~JJ C ~

~~\ ~f 15.1A ~15J , t.Ua4;'11 .1A~ ~JJ ~\~~ uJ~ ~..l:ll t.Ua4;\

. ~..;}t; jA~\J~~ I;\~I ~.u .k~\ YL-,J 4.JA u~Ua4;'1\

~J.b- ~ ~ 0~ ~J ~I ~\ )W-IJ~\ u~lk; ~i ~~ ~ ~J

: u~l.1A,j'11

0~L;"J.1 ~lk~ ~JllJ oJL;~1 4.JA ~Lo.rl ~I ~fl- ~ u~Ua4;'11 ..;}b CJ~ : ~I - t

~\11 ~U ;;~ ~~Lo;~~~JJ <~~J~) ~I j-4 0Lo~ ~.rl\ ~\ J>-

· . J}>i ..:;.,1;.; tUa4; '1I .loi x:..1) ~J

0Lo\11 ~\y 0L.aA,;J ~\~~)\ ~ W1;J u~1 ~ t.LkiJlllA~ : ,-?J~\ - ~

. ~~)IJ~.r--U ~JUIJ

~J (.L:;~\ ~y ~~~ ~1 ' ~~I t.Ua4;~ \)b ~I..,...:si : ifL:-.aJ\ - ~

• ~~~\ C;~~J ~ ~ ~~IJ u'1'1\ ~J u~1

~I~~I )J~J u~!J U'""J IJ1\~ ,-?iJl t.LkiJI IlA~~ : ~GJI uG-U-1 - ~

, ~~~~ ~ ~I j4:J1 YL-,JJ u'1L.a;'11 YL-,JJ ~I ~#I u~;lIJ 0.J!j-4l:JIJ

. V~I) ~J;s:l~1 ul.:-wLJ-1 o~i ~15 , JJ)I ul)LZkS' ~~IJ 0Lo)11 YL-,J;l.::-., ~JS

J..J..,J.j. Jl JJ"""')I ~ ..tiJ 4 JW-I cll; r-'..,A.:J 4 4)- • ..:;.,L..\.;.:l ~~f [H] ~'*-ll c::-I)I .)J

ohJ 4~I ..:;.,l:j~J ..:;.,~Ua4;'J1 \'""""-"" ~i .)~ '11 .) .l,:.)'1 c: ..:;.,~Ua4;'J1 --...i:J~

. ~~I ~lk.U ~..bJ1 ~ '11 r-J1,d .b- Jl jJ~ ~lS:::J1

~ ~ outage cost (oe) t.Ua4;'1\ ~~ ~L.>- ~ ~jj

oc == ~ (LOEE)i (cost / k Wh i )
i



00

~.L..1'~ h ..k>.:.U o..)~ ~~ . t

~.p,~~ J c----.,:.u

: y..o ~-ll' ~ ~,~ ~ylkil ~~, j~~ ~l-,t, (.~\; f..# ~.r:-

~Ij..., ~~.'~l) o~~ ~\...l>J ~LP~ ~~~'1'~..Ar~..J "[i]~\ ~~ ~lj~ - i

~..A ~~ r~..J "~\ J>-'r :r tl>r J5 ~ ~..bJ.\ 4:~~ '1' ~.f-l ~ "~~ Jl
. (", t • ,.,,.-).J:-4l1 .) ~I L",.J~ t.S.r:- ~I .:,,')l.WI '"7'~ ~.)~)'I ':"4f:.-.o

~, J ~.J~ ~.r:- ~'-' d.>L1' ~ ~\1J\ ~~ r~..J "["]~lkH ~..,z ~L;~ - ~

. (Y, 0)

. ["]~' ~~~ d..>L1\~ ~\1J' O.A>-J~~~~ ~.,L.\ - ~

. ['Y];J-,;.J.\ ~4~,~)f1~) ~.,L.i - ~

O)~' J)aJ'J ~~~,~ . 0

j:S;J4~ d a.. ';". 4 ~I)~ J ~~-' "L1;i o..)fiji, J..,kJ'-, ~l-,)f, ~ ~-' J.:.:.k;~.r:-..uJ

oh-, ,,~..,AJ,~)f ~G~' u')'~~' ~~ ~I~' J-5~:r~ J>- ~
t:.~I) l:-p J1 i li J1 . ~ 0 .~-: Jj " Lo~ . ~ ~L A< ~}.;: 4j~ I l __ ... .. .. L.wl -.UI
~ if .-' ~r . ~ ~ ~ ...~ \ ~ r.)AJ ..)
oh J1 d..)~ ~ ~..)~4 ~~~I ~rJI Q:.WI ~ ~G)fl oh J.:.:.k; ~..J "(J>JlI

t.WG if..,AJ1 j>-JJI ~IJ"-' J~~I ifl.:j~ ..ci-,~~ ~~~, ~)fl ~l ~ " ~\J..ul

• I .. :.._.~ .. LL:.., . UL .. ~tl ~\11 J,L; 1 ~, -'I W.~.~ ~ ~ ...~ .:)~ ~ '.)

.. O.l...-A.O \,\

~~I)..ul o~ ~..liJ " ~~W, ~ y. JI ~.l4 ~ ~i ~')U'~ ~I)..ul~

oh :r ~L:.:JI ~-' .~~~r Lrfi ;Jl>- JJ~J ;JJj't-A Lr.,5 .iJl>- J ~)11 oh

oxli ~.l4 j~ ~lS-, " .iJJj't-A~J ~r ~)1, ~.,5 ~I.r:- :.r (~..l:::-J ~l) ~~I ~ ~,)..ul

~l::JI 01 "~J~ Ji~~ l.>)fl~ rjyU, )\y4J\~~~ ~.l4J 4JJI~J ~I lla.;ll

~J ~I.A>-}I ~~J J~)fl ~J ~~4~o~~ ~I)~ ~ -4.:JU~\ Ih J ~..ill'

J ..1.>)11~~ u'1l>- ~')~ J:,s,J ~GJ\ J~ . (J>JlI ~\) ~~~'1\ ~~J ~~'11

. o~..bJ.I ulJ~1 o~ ~lA:S'1I \~J ~1)~I;r ~)I J~'1I
--------------- ---------------------



",
J~~~ ~\ ~~~\ O.r-Jb\» '\, ~

~~J (. (A, B, C) ~~*~, ~J\:J ~~li ~ Y• o..ll ~..ll\ o~ ~ ~\?14.-.,\)...u\ ~

Z'"~ u.J...lt...ltJ 4 ~~\ ~)..li ~Jt~ A ~\ Jl.a-\f\ ~.J~ ~

~ ~~\ oiA ~~ ~? --WJ .~\ ~ JJ\> ~~ ~\ oiA 0~J .~ J' o,:)4j

(') JJ~ j;..J . (t" tf' ['] ~.J ~)\ ..,Ja.;\) normal distribution~\ ~j'p\ ;J\~~

~l>- ~ ~\~j\ ~ ~'S:;J ~..,.Lkl\ uL~}\ ,:)~ 0\ JJ4\ ~ ~'-' J~..J (. 4.-.,\.J...u1 oiA ~l:;

. Z'fA~ ,:)\~j\ ~L:..;l ~'S:;J ZtV~ ~\,:)j\ ...It u\-l>-}I ,:)..UJ (. ~~I

~~\ ~.L...St:J1

(J~J ~~) ui:J~1 ~I..l>-}I~~ (J4J ~~) ui:J~1 ~I..l>-}I~~
rL-..la:J1

YAV'r ,, y·,t A A

'~A' V ,t ~. " B

, " t t V~, Y C

"Y'r YY t'r'" ,,,
(4)J~)~1

". " ,v YV,t ,,
(~wl.o)t.~t

d...b-)I .)~ J~ !.It.:.. .J~ ~\fl ~.)J ~yll ~ <G! <') JJ~:r ~f J2>.~ lcJ

j; liAJ . (~ .k~.J1 ~J~ ~i) o-l>- ~ rl1.; JSJ If=.9L,.;1 ~..,.Lkll ul-l>-}\ ~~ ~ ~.J14l4

~~ .p- ~! .,;s..~ lc 4.lt~1 ....i.:J~J ..:.>I...b-)I .)~ .p-YOJ ~\fl ..l,:>-"':; ~Ijo ...b-!

~l5::J ~ a... a" ., ~\)~ ~~\ ~~ )I~I ~ 0\~ Jl>- l:?t ~J (. ~~L, ~\J ,:)';)1

. ~\fl ~.J J }J ,:)~J j~ ~)I u~ ~L;..;1

~\-L...>~\ ~\.-.P\4Y ~~~\ '\,~
~ ~~t 0~\ J .l>-j: 0'~ ~..,.Lkll uLl»1 ;.jw,~ ~'piel; J' ~JZ J\<>I 01

~~ ~,:)L.a;jl wJ); J1~ J'~I ~x.-; ~)11 Jl.a-')~ L.,l ~~J ~ ~\

~ ~l::J1 oiA J...uJ . (Y) JJ~ ~ ~L::JI~~?J o~LlaJI oh 4.-.,1)~ ~.r:- --wJ . ~t:J1

J~~I rl1a:J1 0lS ~~ ~'pi .b1.>-~ o~L, ~ o..ll ~I~)I ~L;1 ~t; J' ~J.4j~t; ~..LA

. .,>1 i~ ~.r" J! \Jj-W
~~ ~..bt1\ ~)I:f o-l>-L,~ ~I-l>-}I oL;l ~t;~.r:-} ~i ~'-'J~ (. (Y) JJ~ ~

!J~ 4J~~.J (. ~L;..;~I ~l5::J1 ~ ~ ~4 ~~ ~~J ~b~ o)..,lJ-1 ~~



oV

,,)L..AJI..LJ.)I j..-':-jll ~)I ,)..L..>J.I ...L.s-}I

~~ ~~ ~~
,)...l.-...&-

,LJaJI~~ ~~ ~~
~1...l>}1

llki;'ll ,LJa:J1 t.l1.A.; '11 ,~I t.lki;'ll ,LJa;j1

V,A YVtY" \V,' \A· • \"',A y. t, A A

"\ , t \AO\ \o,l'" \Yto \ Y, t \t"· 0 B
Y" , \ \ •Y"o \ \ , A 0\' ", \ V,,"\ Y C

\V,l'" O,,\"A t t ,v Y"OOO l"'0,Y" tY"Y"Y \0 t.~1

(41J ju)

\ • , Y t"Vo YA, t Y"AV YY,V Y"AY"t \ \ t.~1

(~~)

~l;~\ 4Y r-:JZ ;Jl>- J clJ.lS . ~~~ 'j\ ~.f-A ~~..rJ ~ ~ls-lki;'j\ ~~ J t.\A;J\

J~~..J ~~~ 'jl ~.f-A~~J ~ ~~~\ ~~ ~ o~l:j ~~~~ 0}9 o-.L>L, ~

!JlJ, 0f ~f JJ.lJ;.\ ~-' . ..:,,~lki;~1 ~L>:; J ~I}I ~I J I.!m jJ:"'-' , ii..>}&:ll J..-lA

· ii..l&-l?J~ 45; .r i~ ~~ J~~ 4\.;- !JlJ, 0tJ 41a;~\ J..r.i~t ri.r. b...;IJ I~J

~\j\ ~J .1;.$. ~~\;s-~\;.rJ- ',t.

~ ~.r l-r.,5 ;Jl>- ~J ~Jj-tuJ l-r.,5 ;Jl>- ~ ~U2.:J ~~~'j\ ~~ ~\ Ih ~

. ~;'::"J ~JjAA y..,5 .r i~ 41a;)f\ ~..>.r l!?~..>~' ~I 41)1 j~ ~I I.lJ.J . ~

~~~'j\ ~.f-A 0\ )~\ ~ ~~L; ~~~ c.u (8 J A) ~U2:J' ~J ~\J~ ~ ..ill ~JJ

~.f-l\ ~ ~)\ \hJ (0.1 day/year)~ - ~\ olA JJ\.>~ ~t ~ 'j ~wU\J - ~.,.lkl\

~\ ~I)JJ\ 01 . ~I ~\)b'il J ~y1a1>J.1.J ~~~I ~lS~ ~~I ~ ~-lJ1 ~I
;,II' .. .. ..

~.r l-r.,5 ;Jl>- ~ rl [B(B) J A(B)] 'jJ\ ~JjAA l-r,.,5 4Jl>- ~ ~U2:J\ ')\5J e.,:J1 .kh>- J:1
o.J~ ~\11 4JJjJ.\ 41a;\1\ ~) ~~f ~ JJ\.> ~ ~\)JJ\ oh~ ...LiJj ~ [B(A) J A(A )]

. <')~~~ L\)JJ\ oh ~l:;J

0l! lo 0 .. _'\ ~\ ~\. JJ\.> ~~ ~~I ..,.·'jl ~~~ I 10 -- \' ~ ~L1a..:J1 0t _t
~ ~.. ~ .. ~ "'_.., .. ~).r.. ..Y

Jla--\1\ ~~ lpl;l ~yl1l1 ~\-.L>}I ~~ 0f ~ J.lj ~IJ ~I o~ ~l:; ~ (Y-) JJ41

, . L .. , U2.:J1 0 &<:: 4Jl>- . ~ , " '1 -.li I ~: t~ 1...iS ~t 1 ~~I ..,.-'jl .. ~ u.A.:.-l1
~.r ~ ..r 4..:?~ ~ J)r .. ~ ~.r-". .. .

. ~JjAA'j

~ ~)' ~ ~~~lk:JI-;)S 0i (Y-) JJ~J (')~~~ 0i ~I ~ ~jJ



100

10

1:
0)
CL-J 0.1

0.01

0.001

o.0001 I....--_...L.-_....L..-_-...._--....__~_..i...-_--'-- ~

1 2 3 4 5 6 7 8 9 10

..:.:..I~I

.d b.ir JJJj '4

"
6'\\

(J4J 0~) U:Jl5::J1 ~\~.J'JI~~ (J4J 0~) U:Jl5::J1 ~I~}I~~

t, · ,
~A·

,., A

""0 , Vol l B

- - t,.,V , c

VVo 'f y,,4\ ,
~I

... } ..... ~ " -

!Jl:A ~P JS Js-J ' ~~\ J)J !Jl:A ~~J ~.lJ ~~~~I ~ ~~~ '1lt
::; ..

~~ ~ ~jl)\ ~ d .4"';" A ~\J~ !Jl:A 0~ ~i ~ \~ Js-J ' ~)\ .kp ~~

.--4~ u\..I>-J ~L,.;l 0t if LS~f ~)I 0~~~~; ...,.;. Js-J ' -.:s ~l:.ll }}G ~)I

.~ Ji\f!J ~~)1\ .JA oJ>. Js- \~ j5J

h ..h;.:Jt~~~Wt ~t~ ~~4~~~ ',- v

~ J~P~~\;i ~G~~J '" ~\~~I.r=:-~ ~ Lr~lr ~ ~Iy !J~



~~J ~~~':JI uL~ ~ \A~t; 4.;.rJ. dJ~J 10 ~ ~I ~1}2JI dJ.lSJ rL1:JI ~L.a..>

~I~t ~ \A~t;~..Lo 4.;.rJ. ~L..a;ll cll;~J~I ~ ~l:JI rW\'1 ~J j ~IJ ~~~I

oh ~I~~ (. B) rL1:JI J~I ~ JAJJ . YI~L, .b.bll )~I ~ ~yJ\ JI~\ ~li\ J.t rL1:J\

.u~1

~\.L....> a\\ LJw,\ ~ ~ \ .~\:i "b",.Y ~~ oJ ~ ~ ,

4.;L;14y advance~..u; ~~)!J~ '.J~ '.Ji - ~ wJ); elkJ ~J - I~~I ~

Ji ,~I ll.>r ~~i '.J~I ~ ~ t ~Jl1 JL?-t ~~ dJ~J 10 ~..bJ.I o~y:.r uL.l>."JI

~~~I ~~ ~)\.:J ~1 ~~J 10 ~~lj uL;4J .ijL;~1 oh delay ~t; ~ ~) !J~ 0~ ~J

. 4.;L;~I oh ifJ::.-:J ~4* JL?-tJ~ r~ Ji ~~I

~~ ~ ;~ c:1J~ IhJ ' ~ ~ ;Sf Jl uL.l>."JI 4.;L;1 ~t; ~(j L.ul)~ ~ ..LAJ

(SC) rU2.:lJ ~I ~~I ~ dJ.lSJ , (Y)~~ ~IJ L,~~t:.H IhJ ' ~ylkLl ~~~':JI

.,"- (f~)~)~ '.J~I ~ ~ ~L, (OC) u~LkA;':J1 ~~J

65432

0.001 ......__-..... .....r.- ...-..-. _____

o

0.01

.1 0»1>.1 I ISr--
0.1 t::---------:IIf!&-------------------t

100 ----------------------~

t
:] 10

1

~u\u~

. ~~~':JIt.5~~~t:JI~t- (Y)~

ul Jl (uL.l>J e~ Ji) ~ o.l>-J ~L;~ ~t;~.l>- } ~i (f)~~~ '.Ji~J

.}.W~~J (......i::J~1 ~ -r).1 ~t; ~) Ja:.... rU2.:lJ~~I .:>~ 4 ~m:.r;Si Ji 4.); ~I



,.

5432

---- --- --- ...L..4j
___ (OC) ~ ---- --

I ~t;

(OC)~.----- .---" ----.---- .~----.----... _- .~
~- ......- .

/'~' ------------___ (SC) kt;

------------------

3.5

3.0
~

l' 2.5
~

J 2.0
~
,)
r"

1.5~

~
-.:;

1.0

0.5

0.0
0

.u~l r-:~ dJl> ~J . ~~~)'I ~~ ~~)' ~ ill~J , ~l&-l1u.;)'\ ~~ ~~

~~~)'\~~J~IJ ~L::...;~\ ~~ ~~~jl ~ ~~ ~~ , ~.l>.11 ~y (f uL.l»I

41)'1 ~~ ~~ ~i ~ JI.;Ju J5 ~j • ~~~\ ~~\ ~~L1a.4;\ ~ JZ ,-:?lJl -LJ-\ Jl

u4~ r-:~J ~\)~ ~ \2 ' uL.l>}I ~L;l 4y ~~ Ji r-:~ :.r~ ~I xlyiJL,

. ~t::J1 Jt r-:..L4::.l1 )) ~li\ J:i ~\ ~~~ If:.o~I.Y'J .;.,~lkA.;\'1 ~l5:; r-'~J ~.)~ \'1

~~~,J~~~~'~4~'o.)~)~~ 'J,~

uL""p ~ ~~~t; :.r lA U ~\~ ~ o~ ~f ;,.;~~I JlJ.-~ ~f

• ~~J ~~~I ,Ui:..U ~~~)'I

..u.lJ . ~~G ~.)~\'1 .;.,4r--~ ~'p1 Jf ~I o.)4j ~t; -,?.r-:J ~I).) ~ft"f ..u.l

~IJ.u1 uj~i -wJ ' (0-30%) ~ uIJU ~)~ ~I J~\J~ ~I ~ 4.:5~1 ~ ~r:

~).bll ~L.l»1 ~~ ~~ ~~\ c~4j dJl> J ~i ~ ~l::JI ohJ · (t)~ J~}.I ~l::JI

"~~I ~ o~4j~~W~ L.iAJ . risk level o>l>J.I~~ ~~ ~~J , ~I~~ ~~l

, ~Ll»1 4jL;~ oJJ..ri'!Jl:A ~i ~.".lkil J..J-I ~~~)'I LS~jJ~~)'.li ~ u)'l> JJ



~\)I .:r ...;\ ~i is; J.iJ ' -.dill .,;:.,Ij-ll J\ wi ..;> 4,iL,.;~\ oh ~t; .:"ts::.,,~~ ~J

~ ~~I oh ~t; (t)~ j; 0 ~lS::.J1 J .:l~j ~4-- Ih .:"i }) 4.-,;L.,.;~I ~J....Aj

~ j;lA>..lJ ~.,lkll d..l>}1 4,iL,.;1 ~ "-!:l~)l1 .,;:.,~~ ~\ j; 12 ' "-!:lp)ll .,;:.,L.,r=-o

..::..;LS } ~ .;:Sf .,;:.,LU;~~?I ~I J ~~\ .:"i j:1>..:J1 Ih ~Y") 0 ~.,lkl\ y~

~ .J~)l1 J .b:.;: .:"f~ -,?JJI JoWl Ih V f lS..lo j~ Ih ~J 0 ~t:.J~ 4,iJ/-" J\.;-\)\

o 4..JL .("11 ~')U J.l.\ I.. t. .h..k>.:.ll.. oft"'" is rJ'..r' ..

10 ~------------------~

.J
~ 0.01

0.001
o 5 10 15 20

(/) '---:5~1

25 30

L...,.,.Ij...\;r .,;:.,\.).._~ \S~\ t.Jr\~'i;. Y,r

lAr-J ~~ ~~R\ r lkJ1 J ~W\ ..t:lPI .,;:.,I..l» ~bi ~ "-!:lp)ll .,;:.,~r=--~

«•..l>}l-,?,;-ill C:'jll J..u....» ~ .:lls.w~ ~ lh,y~..) , ......8.-1 J lA:lY:O:-J lS..loJ ~I..ri)ll

o forced outage rate, FOR

lS~~ o~t; lS..lo ...... 1.J..l.l ~~J ' JoWl ~~ rJ J .:l~j JI<>I ~Y j:1>..:J1 Ih J~ ...\A.l)

rlkJl ~L.,.a,,;..:r Wo:-~ JoWllh~ U j; (0)~~J 0 ~~I ~J "-!:l~)l1

.)j.ll ~I ~J .,;:.,\s.lh.a.;)ll ~LS:;J .,;:.,1..l>}1 :l..\so J ~}1l\ .:l4)1 \.r.A ' ~.ij ~ ~~R\



~\ )i O).ul.\ ~\ ~ rf J.9i Eve J\~.J . effective unit capacity, EVe oJ.>.,.,lJ

. (At ~ (, [l] ~)\ ~I) ~~~~\u~~ clJ~J (, lA

100 ...-.-----------------------.

~}11\ ~\..l»\ ~~

0.;bbJl l.S~ ~w~

353025

,
IZ-15

~o;jl\~\~

~2015105

80

~ 20
J

( 'I )~~\ C!jllJ~

. FORJI JoW rU2J1 ~L..=:- ~ ~L>-\SJ..o y~ (0)~.)pJI ~l:::JI.)[

lJ5 ~l:.;,; ~\ oh 01 ~l " o..l>-yU o)jl\ ~\ ~ ~W\ Ih ~t; LS.M ~f ~I ~J~ ~

~\ ~~i ...liJ . 100 MW r ~I 1..Lo. .) .......G..:....l1 d..\>-)I r>J ' JoWl 1..Lo. .:I1.:ljl

o~ ~L:; ~ (t) J.J~.J " ~\~)I rf~ \~~ ~~ ~I o~..;:JU \.S~ ~.rJ. ~I.J~

. ~\.J~I

(~G~) o~Y.\ ~I ~\..L>.,J\~~ o..L>.,J\~

fV' - ft· t t • •
YA- - Y" ,

f· •

'Ao - 'VA A y ••

~A - ~Y ~ ,. -



\.r5J 4 ~~~ ':II~~~ 4>-L; ~ ~f~ ...l! ul~~ ~I r~ \11 ~15 1~1 . ~\jl

~~J o~~1 ~ ~ ~\j\ ul-L»\~ J~ ...l!J 4 ~I 4>-G ~ ~ .;sf J~ -li

. ~i~ ~~\ JL?-)fl

~~~~\~'w.~~~b ",to

~~ ~JSJ 4l>J1 rl1:J\ ~~ ~ ~~~ ':II uL""p ~ ~I ~t; ~.M ~\J~ ~y:- ..w
~~~ ~l>- ~f ul~ 0~...l! (')~~j~ ~I ~IJ~\ oiA ~l:jJ 4 ul&.l1A.;':J1

~~ ~ sc rl1:J1 ~~ ~J\b ~ ~~J 4 ~~pJU ~JU.\ ~~I UrJ ~4\J
. OC u~l1z':J1

3.0 r--------------------------.

2.& \
\

\
\

\ ,
\ ,,

\
\ ,,

" , ----
'" e.l.J:U..J'i I ~ L.S.:, •--. --.

"'L ---.----.
~ ..,...--.
"..... ----.---..~.

~. ---- ............ -____ ,oLJi.:,J1 ~LS.;,

~.~. ------- ------
.~. ----------

0.5

_1.5
'l-

0.0 '-----.......----........----.-.0.------....1"'""-----.....
o 0.2 0.4 0.' 0.8 1.0

I~ y~ SC 4l>J1 ~l5::;j1 (j~ ~~~':JI ~ Yl&. uL""p ~ ~f .k>~ (')~ ~

y}! OC t.l1A.;':J1 ~l5::;j ~~ tAi 4 ~..l::.4 uL""p Jl ~~~':JI JJY tA~ J\~':J\ ~ CJ.l:jJ

ul&.l1A.;':JIJ ..L:J'p1 OJ..li ~~ ~ lrL""p ,,~ tA~~J ~~~':JI~ tA...l:.&- J~~

~~~':J\ 15~ ~~ ~)11 ~}I J~I ~I ~~..J • ~~ "Iy:- ~ ~,jj. ~I y~\

. d~)11 ~I ~ SC + OC ~l5::;j\~ ~ ~~ l:?.\J\



"--__~cL;l..I . A

;;....k;)I~I~~.....~0;L~ ~ ~"I)I 4..:-~ ~ ---i? "-...-.Ij..ul oiA ~Jf

~ ~J.>. ~l..fJ OJ.,6 C~~ ~ ~..l4.l . ~Ls::.JIJ ~.)I.:=s- '11 LP'J • ~~~I LS~\

~~~I ;;....k;)l1 C:".):.r-~ ..l! ~\ ~.)L.ci'1\J ~I ~\)\ ~15 ~I~I ~..l4.lJ . ~;;....k;f

L".P\ .kh>- ~ "-:-lcll f'I}2JIJ "-:5pi ~t; LS..lo C~! ~..!..lJ.15 . oJ.>.y~~jJ

..:..>lbJl .L.:.;! Jy-- r-:U\ ).;.1\ ~lil rJ~I ~ J )~'11 J \...l..l>-f OjJr"J~I

~ 0-" ~Ls::.J1 J I)JJ~ 0-" ~.)I.:=s- '1\ J U ~~ . ,-:-"U\ -.;.j}1 J ..:..>\J.>.} \ ~L,.;!J. . .
. LS?f

"--"':~

~..ul.i'j~ .)..,....... ~I ........~ - "-...-...ul~ -=..>y.-JI jS) J-..l4;:jG ;::..:J~ oj-; .)i -..Al.Jl.1 .)y.

. t \. lor ~j UPI~~I 1lJ,

c: ~I)I

Billinton, R., and Allan, R., Reliability Evaluation of Power Systems. Plenum Press. New York, pp. [ \ ]
83-104 (1984).

Billinton, R., and Allan, R., Reliability Assessment of Large Electric Power Systems, Kluwer [ Y ]
Academic Publishers, Boston. pp. 112-132 (1988).

Endrenyi, J., Reliability Modeling in Electric Power Systems, John Wiley & Sons. Toronto. pp. [1"]
162-183 (1978).

Shaalan, A.M., and Mohawes, N.A., Reliability Concepts in Power System Planning, Reliability En- [ t ]
gineering, Hemisphere Publishing Corporation. New York, pp. 166-174 (1988).

Sullivan, R., Power System Planning, Mc-Graw Hillint. Company, New York. pp. 96-150 (1977). [0]

Shaalan, A.M., Cost of electrical interruptions in the residential area of Riyadh city, Arab Gulf [ , ]
Journal ofScientific Research, Riyadh. 7(1): 79-91 (1989)

Shaalan, A.M., Electric service interruptions: Impact and cost estimation, The Electra Journal, [V]
Cigre, Paris, 127: 99-109 (1989).

Wacker, G., and Billinton, R., Customer cost of electric service interruptions. hoc. IEEE 72(6): [/\]
919-930 (1989).

Allan, R., and Shaalan, A.M., Cost-benefit and reliability assessment of electrical generating sys- [" ]
terns, The Reliability Engineering Intern'l Journal, Elsevier Applied Science Publishers.
15(1): 1-19(1986).

Allan, R., and Shaalan, A.M., Probabilistic production costing model. The Inlernalional Journal of [\ • ]
Modeling and Simulalion, 8(3): 88-93 ([989).



Shaalan, A.M., and Bahrani, A., Assessment of customers and utilities loss resulting from power ["]
service interruptions, Project No. E£-3/1408, College of Engineering Research Center, King
Saud University (1988).

Shaalan, A.M., Reliability assessment of proposed SCECO in the northern province, Project No. [' Y]
E£-2/1411, College of Engineering Research Center, King Saud University, (1990).

~

L-,1.;..l11 J t....A~1 ~4~1 ~I ~~Iy

~IJ# / J~) yo. •

~IJ# / J~) '0.
~~ ~IJ~ / J~.; r-·
~~~\J# / J~.;r·

~I(i)

(~IJ# / ~\) 4.il1JI C~~ d..)~I)\ ~

(OMF) .u\.k.ll o..b-J C~~ ~L:.l\ ~\~

(OMY) ~LhJI o..b-J (~~ ';~I 4.;~IJ ~I~

~l)# / J~J r· :=: (OCR) 4..>l:lI..r}- ~\.k.I1 ~

'I." = '-:?~\~\)\~~

t • t, ot 0/\ "\r "\0 "\/\ VA /\, ~ . ,.. /~\

,.. ~ . /\- V· "\. o • t • r· Y- ,- . !o~\

(A) rL-.Ja:J1 (~)

• , • t ,-:?..;AJI u;L\ J.M.A "~G~ /\. x , J ~G~ , • • x V : ~\..u)1

~G~ to. = JI~)t\ ~I

y. '" 'A 'V '" , 0 , t 'r' , Y ,, ,.
" A V " 0 t r' Y , ~I

1, y- 1, 1 1, i 1,A 0, , 0, y- 0,1 0,"\ o,A o,~ "\, ,i,1 "\,0 i,A V,"\ A,"\ ~, ,~,Y ~,Y- ~,1 /.JJ-\~J..w

( B) rL-.Ja:J1 (~)

• , • Y L?..;AJ\ (2;L' J.M..o "~G~ vO x /\ : ~I..u)\

~G~ Yl"t = JI~)t1 ~\

y. '" ,/\ 'V '" , 0 , t ,yo- , Y ,, ,.
" /\ V " 0 t yo- Y , L-:.-li

o,t c, V o,~ "\,Y- "\,t "\,0 "\,"\ "\,V "\,A i,~ V, \ V,f V,o V,"\ V,A A,Y A,Y- A,1 A,O A,"\ /JJ-\~J..w

(C) rL-.Ja:J1 (.A)

• , .y I.:?..;AJ\ CJ;LI J.M..o "~IJ~ O. x 0 : ~I..u)\



"

y. ,~ '" ,v
"

'0 , t ,,,., ,y ,, ,. ~ " V , 0 t "., Y , L...:....JI

',Y ',1 ',0 "~
V, , V,f V,1 V" V,A A, • A, , A,Y A,f A,1 A,O A,V A,~ ~,Y ~,f ~ , 1 Z~\~JJM



,v

Reliability-Cost Assessment in
Electrical Power System Planning

A. M. SHAALAN

Department of Electrical Engineering, College ofEngineering
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ABSTRACT. Power system planning is difficult, costly and involves many
future uncertainties. This paper describes how ~hese aspects are investi
gated and analyzed based on two major considerations: reliability and cost.
This paper also exhibits the benefits that may accure from isolated systems
interconnection as well as the importance of some electric system charac
teristics that should be taken into consideration in the planning process.




