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ABSTRACT. This paper overviews a study that has been conducted to 
investigate the effects of electric service interruptions upon customers 
resulting from unexpected outages due to power failures in power 
stations, networks and distributions systems . 

Major classes of customers (residential , commercial, industrial) in the 
city of Riyadh have been selected as a practical case study to the 
developed methodology. 

In this research a survey questionnaires has been distributed among 
the customers (by hand or mail) in order to let them by themselves assess 
their losses based on their perception during and after outages. 

The results obtained show that a deep suffering and substantial 
monetary losses will be incurred by all customers should outages occur in 
specific periods and last for longer durations. 

For the residential customer, results indicate that most of the losses 
will be intangible such as anxiety and inconvenience which are difficult to 
be evaluated in terms of monetary values. However , these may exceed the 
monetary losses as food spoilage or other emergency actions. 

For the commercial and industrial customers, results show that these 
two sectors will incur substantial tangible losses as a result of shops closure 
and business cease due to energy shortage. It is noticed that these losses 
are increasing in a non-linear way as interruption durations increase. 

Results also show that it is possible to avoid much of these suffering 
and losses if electric companies inform the customers well in adva nce of 
scheduled outages occurrences and their durations to enable them to 
utilize their standbys systems that should be available particularly to the 
commercial and industrial customers as a precautionary actions to avoid 
outages or at least to mitigate their effects. 
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The information and data provided by this study contribute to a great 
ex tent in assisting power systems planners and engineers in their 
assessment of cost/benefit of future system plans and then selecting among 
the m the one that yields the most appropriate performance with the least 
cost. Also the study results could be useful in comparison with similar 
results in other places and conditions . 
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\.r~1 ~ PI.!.\p..!..l1 0f ~f ':>J.:»I \.r~..J 12 .~I ("""""y 
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~f \.r 0LS .1.Q.J ,L...rs ~.:>L..~L- Jl ~~~I ~~I tUa.4.;\ ~\r.­

a....f if 0.Jy. ~~ ~I a....)'1 0fy2' 0~')I \ ~ J ~I.J~')I\ 
~ I.-J \..i ~-: ')I U: '-<' - .1 I ~Ll:>.1 0f ~~Ua.4.;')II..!.J...\J- wi -'I _ _ . .J, ~ ,.J U'::-'..J"'--'" .' J "'J _ fl 

~~~)'I 01-J ~jJJ ~~Ua.4.;)'\ ..!.JJ~ ~J ~8f LAJ~ ~)L-..> if 
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(Swedish 1969 , Krohm 1978, Koval and Billinton . ..!...o~ f !J~ ,.s....AiY i..J.....s.J 

1979 , Munasinghe 1980, Billinton et al. 1982, Anderson and T aylor 1986, Wacker 

0..,5.;.......:11 lor. ~ ~I ~L;l..1 r-'~ ..::....;.s- and Billinton 1989, Shaalan 1989) 

oh J ~~I ~I J)a.ll ~1~I..J.:.s-J . ~~~I ~J3-1 t.UaA.;1 ..J.:.s­

~ J ~~IJ ;;6.... l\ ~L....)q J ~IJ ~L;!Jl.:.A 0f ~ J~)l1 
W Jl;>.1 ~ I.!..U~ LS ~ ..liJ ,~LS::.lIJ ;L;l..1 ~ r-'..fo. .i...,.:. L:J-I ~I<-ll 

LS..lAJ ~~I wJ}aJIJ JLa--)l1 ~J ~~~I ~)l1 ...:..L...,:.-oJ ~~)l1 

~ ..!...oJ..L>- ;;JI,;... J ;L;l..1 ~~ U:5..f...!l1 ~ 4>-\.::11 ...:..~ l5:..o)II 

~~ (Billinton et al. 1982) 0~~I ~> ~~I~ ,...:..\s.UaA.;)l1 

015 ~I !J~ ~~ . lor. 0.f-f ~I ;L;l..1 ~ ;;';.rJ. U:5..f...!l1 ~I.) 

~I~J ~)l1 ~ t.UaA.;)l1 ;;JI,;... J lor. ~~I ;L;l..1 LS..lA ~ j;:SjJ\ 

0~ ~l:......::JIJ <.?.J~I !J~ ~~ ~f . ~\J ~L.al1S 0).;)11 ...:..IJ~f 

~lor..J~1 ~ JL=.l~ I..w.J Cl::.;)lIJ ~)l1 ~Y J ~ \ct=\.;L­

..l..4t JlJ:, 1~1 ~ I..J. :i....>-~lj ~~~ 0.JL->. ~ ~.J ~.;...:..11 .j-A ~ I 

. t: UaA.;~1. 
;LJ..I ~ 0t ~ (Koval et al. 1979) ~l..a.>-I ~> ...:.J"~I I.!..UJS 

(Munasinghe 1980) -pf I.!..UJS . t.UaA.;)l1 ..lAi ~Ij lJS ~~ ..6..C ~ -41y.; 

~LlI 0';'; ~~i 4...t.: ... .j-A o~ ~ ~ jSj:. ~I !J~ ~I o.JL;l..1 0f 

:i....>-I)J ~")L>.)l1 I~J ~p.~IJ ~WI <L..ju,L.:..; ~f ~ IJ".Jl.f ~ 

(Billinton et al. 1982. Wacker and ...:..L-I.J~ ~f !JwJ . ~Y-lIJ 0~IJ 
LS..l..4J ...:..u.UaA.;)l1 oy-A>l1..l J-l..!. r-'~ ..::....;.s- Billinton 1989, Shaalan 1989) 

CL:;)lIJ <.?.J~I .k~IJ ~I J>-..LlIJ ~..ull ...:..L~ ~ LA~l; 

U:5..f...!l1.j-A 0)::.~ ...:..l!,; ~ ..::...s.jJ ...:..\.; ~1 ~ .4;:..JU L L....t ..j"J ~ l:......::J I 

(Allan ~ f ~ . 4A-:JLS:jJ lP>;L>-~J ...:.. \s.UaA.;)l1 ~t; LS..lA ;;';.rJ. I.!..U~J 

J ...:..u.UaA.;)l1 ~ 4>-\.::11 ~ ;;.;\.k.ll J...L- il~1 and ShaaLan 1986,1988) 
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~ 0 o..loi J . L ylkA.;')I1 ~ ..l>- -.::.....i .!J - .11 .i..-J:J ~L, ~i ;;\.jWI~.J L • '.J .J.J '...J"'--A -0 0 0 ­

~~UI .;L;ll ,jA ~I ~ ~ .!J~ 0~ J..,kf ul~ t.lkA.;)'1 ~I } 

o;;~l:ll 4-4JI ;;\.jW1.J ~I 

,;;~lkll o~ 6,....,1.J-u ~..rU ;;~~ uL..I.J~.J ~~ .!J~ 015 ..Ai.J 

~I ;;L...;W1.J ~~L\.I ~LJ-I ,jA ~I.J ~L:.;.J ~.Jt.;T ,-?.r?.J Lr.L:---i 

i I.1a...:J I 4.i G LS..lo ~ -..J~1~ ~~.J u u.lkA.;)'1~.J..L>- ..\.:.s- .!J~ 

r=-o ~..Lj 0L-aJ ~~~')II u~y:;-.o ~i Jl J.,....,}I ~ ,jA.J -J~RI 
4..l - ~ ls::::., ;WL, <' II :Lo..G-..LIA 

_o ~ O.J _ O..r\!""""' 

J \.:o'':>~o:.l\.J ,-?~I J r=-o.J ~I.;..o iPI ~)l1 ..u.JI JJ\.> ~..L>-

0L-aJ ~~RI uLS~.J ~L:JI.J ~I ~~.:..r' '"7'#1 :Lo..8-1 LSy:;-.o 
t 

~I ~I ~I ~~ ~I~jl i~ ')II 1.l.J. ~.J ~~RI 6jlk.L\ r=-o ~J.;0 

J ~~I ..!J.lj ~ ,jA.J ,J~I Ih J ~r.-i ~I uL..I.J..llI.J ~~)lI.J 

r-'~ ~~.J (Outage Cost Estimation) ~~RI :Lo..8-1 t.lkA.;1 ~ts::; J~ 

u \s.l.6....4.;)'1 ~.J..l>- ~Gi r-r= \;.; -..J~ I ~ 0..,...s.;...:J. 1Lr, ~ ~ I .;LJ-1 

~~~I ."\.o..,k-:J.I ~ ,-?iJl J.=.A.l1 ~ ;;~\s. ~.J..i ~I ~.J ~~RI 

,-?iJlJ'l' ,-?~I J.=.A.lI.J ~j?1 .Ji j4:J1 u~.Ji ~?I ul..l>-.J J ~I.J-"0 

;;~\s. Q,j)l ~~.J J~I Ih J ~L:JI.J ~~I.J ~I i~~ ;;~\s. ~ 

U.J U~ J.J ~I~ J 0~..Li.J c!~~.J -J~ ~ ~~ 
~i 4-::-! ~~~I 6jUJI Jl ~l:ll 0§.; ~ ..;..,1jJ J.Ji 4.......uiJl JL.a--)l1 

~~)l1 0j~ ~ ~.;...:J.I,jA ~~.J~~ ~ ..Ai.Ji ,~Lo 
.:..r..;..Ji J ..L.~I ~ ....L...;:...U ~I.J (Cold Stores) ..;..,~Jl!.lI.J (Supermarkets) 

Cb)'1 )~')I UUJI y-Jy ~ ~~\s.....L...;:...U ~I ~L..alI.J ,~,ll.)l1 ~.J 

_f_ 

http:J.=.A.l1
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J..I""""-! ..f~1 .1.r.-15 -,rL:.......lIJ <.?~t".:JI .!Jp....:.ll .sJ..l ..... ~J lA.}I"; ~ ..!...:>- (Standbys) 

.lA)!l ~ Ji'11 cY JI ..:-~UaA.;)'1 J*-l ~ 

<r..l.:.+-J ~ .....w:. J.r::S ~ Jl r+-i ....I~..LII ...;.. lAj.,.v ..pJI c3L:.J J ..:-L..,-WI 01
'

'-....J.a;'1 ~I c:-..,....:JI .l.J...,:.. (Cost/Benefit) ..I.:I""J -..A.,Jts:: r-'..,Ai ..I;s- <'-:~.,..sJI .s.,AJ1 <....10.;1 

..:-L-I~, c3~ ~~l..4ll,.c. ;,L4.:.-)'1 .:..s:....!1l..iS .l,.c. UJ.S:; Ji'1IJ .1,1 J-.<U'11~1..;>'1 .s.,AJ1 

. .s.r'-I .....J)OJ .:,SL.I J ..cl..: 

iJ.s. Jt 4pl O..J..G J f':oS' ~ O,:,~ ~~~I ~~l1A.;)'1 .!.JJ.....:t. 

iJ.s.J b)a >.:JI ~.r'" :r O,:,~ ..!..m ~...J . ~jpl ~tJ jA:JI .k."k>- ~lAS 

~W;1 ,!)~ 0~ yU .4 ).9' \I Jl.a--'JI J ~..,-JI 0,:,4)1 0~1 J ~'JI 
J->-Ir ) ~ ~I";""; J ~j.,....:JIJ jA:JI ~'J i~jN Ji 4pl ~1..J..L.4.l 
~~~I 4..o.B-1 t.l1A.;1 ~\.r.- :r 0.,,5y..!l1 Lr. ~ ~I ;U-IJ . (b)a>..::.ll 

i..).J,J c:.rlJ ~I ,!)~ 0~ p i ..!.l1~' .. II ~l:-t .o~ O,:,\s. 0~ 

~J . ~,:,~ rJ Jl ~';J ~L;.t ~I :r ~I ~lyJI o.iAJ ~ ~I)I 

L ~l::..!JI J ~\s.l1A.;)'1 ~~ I~l ou,J Jit 0~ ..w oL;WI o.iA ~ ..li 

J o,:,~ lM;r 0~pi ,!)~)'I 0i ~ ~~j!-IJt ~)I 0";'; JJt 

Lrs- ..JyJI J ~~ 1~1 oL;L- Jit 0~..liJ . ~~I ilJ.>..::....,1 ~~I 

J O,:,\s. .!.JJ.....:t. 4.rl1~'JI ~ 0t ~J 0..JL;)' I Jl ~lJ-I ~ JzUI J 
Jl.Jb a, .. ~ ~,:,~ O..J~ ~ L:?..J~I ..!.ll~' .. U ~~ ~t . ~LJ.I 

Lr. ~ ~,:,L; O..JL>- ,!)~J ~ ~~ ~~~I 4..o.B-I ':'yV ~o~ J')\&.l 

J ~ •• • ~~~I 4JlhJI :r ~L.o.r- 0t ~ ifL..:.....aJ1 ..!.ll~' \IL , , , 

0t o..JU-IJ oL;WI J ~~ l.:J ~ ~¥.I 01..w ~W~J c:.l:,;)'1 J lA.;YJ J-.lI 

iL.ot Jl>JI ...:....i.,.JI &- ~ ..G I.iAJ )..L;l ~L.. 0J':'J ~LiA ~\,&,l1A.;)'1 ~t; 

ulhJI )~)' 4..4~ j.JL..J ,:,4:-~ dl~J 41 ,,'-.\.I ;L..;ll JJ\;:.l ,!).P--!ll 

o..i....ll ~4-..J,:, ~..liJ . ~ oL;L-Jt ~,:,L.o)L..>- t)J 0J':' .d.J#IJ 

-'1'­
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- ~Y'-" ~\ .......'-":- - ...... ..I.:J.\ 4J5 -~~~\ ...... ..I.:J.\ r-i 
'-!.~yo--.i\ '-='..rJ\ i$.W\ - \ \ ~ '( \ .;:.\....)\ - ".. .. ~ . .J' 

...,.,L>.... ~4.,...sJ1 .....l....iI-1 ..;.,~u.u;1 ~l:T c?.r-:l ..:...;....".1 ,-I~, ~I I.u. j.f'! : ....... ')L>. 

~I (Unexpected Outages) w.,....:J.1 ~ Ju...s\'I... J1l-1 ~ ':'.,..sp..!.ll Lr. ~ ~I... 4A,JlS:; 

. 44~1 wa;'>'J c:j.rl l wa;1... JAJI ..;.,~... cS.,.<J1 ..;.,u,..,. J .,~ .:...~ 

~ -r'UI ~..LC (.,...L....II... c?~~I1... pi) .A"p..!.ll if ~~ ..;.,L:i ~L,=.>I ~ J..4J... 

. ~L,:.:.-I ~ ~I ...,..,JL..\'I... '-I~..ill J..s­

~ '-'-!.j"; cS.r'C (Survey Questionnaires) ~l,.,.:;.-I e---~~I I.u. J ~ ..LAJ... 

~....l:.:1 Lr. ':'.f-.=- 4~ ~I ;L.J-I ~...,..<;... ~...-=-. ~~ 1.........4 (-'-!.J4 ...1 -.1... \.:..) .A"p..!.ll 

. ..;.,~u.u;)'1 .:...... .J.>. 

~ U:- ....."L. ;L>.... ;,L-;"""";; ;l;L...,..!lLo ,:,14031 JY"yl ~ ~I ~l:J1 ~...I J..4J... 

..;.,1';"'; L.o.-L-I ..\.:.AI... ~ ..;.,1;'; J ..;.,~u.u;)'1 .!.l.l.;';"';..L..>- 1;1 r-rL:i w~1 j.&- ':'.,sp..!.ll Lr. 
Jrsj; .,-:L.J-I ~,:,~ ~l:J1 ~...I J.Aj (Residential) pl.!lj....!....ll '-:---:Jt.,> .J}>I 

..G - .",UI-""W4 4<...,..<; J+-li ~ if ,:,lS ':'U - ;L.J-I • .u. .... ~"pI... ~lS ~I ;l;WI 

~ .lr ... 1*" ~\'I ......J.; J y...:.; ~I... ....."LlI .,-:L.J-I if i.,...;t; ..;..sl... i."..-~I ,:,~ 
. L.o.)..,....;1 if J.,lA;.l1 ...1Lr.,L.d ..;.,~u.u;)'1 .l:.:1 .!lp..!.ll L.o.~ l.c~ ~I .,,~ ....,..;JI ..;.,u.,~)'1 

,:,~ '-I~JJI ~...I J.Aj (Commercial & Industrial) .,...L....II... c?~l,..;.J1 .!lj....!....ll '-:---:JL ... 

c.L..:.;)'1 '5~ W;.,;... .....,~l,..;.J1 ..;.,":>\>.11 JL.UI ~~ .",L. ;~ ':'l,.:....,.... <.#lla4J1 .:r-.u. 

~~ ,1,)" ;L.J-I .!.l.l.; ,:,1 k-).... ..,lla.Il ':'1J.Aj ~ ~I}I .!.l.l.; ~ c?lJl ~\:.JI ~I... 

. J}>I ..;.,lp4.I..;.,~u.u;)'1 ..\.01 ,I."jl ~ (Non - Linear) ~ 

':'lS 1;1 ;L...;WI... .,-:L.J-I.!.l.l.; if~1 J';}U ':'LS..)'L.....;I ~11.u. ~L:; ..;.,*"I-.!lJiS" 

-L-I... .:...... .J.>.~.,...:; (f (Early Warning) wlS -.:.J~ .A"p.....!.ll ~lJ..,;.1.4~1 ..;.,lSr ,:,K.k 

uu..u '-l,~ ~,L...a.. ~I..G.:.....I if I~~ (Scheduled Outages) <J... WI ..;.,~lJ....A;)'1 

- ,­
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