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ABSTRACT 

This paper deaLs wi th pOI~C r aya te l:! plu/l" i nl! in de ve Joninq 
countries. Severol features of pOller 9Y9t~m plullninu ill Jcv~lopill!r 

countri c s are present ed . These 9ho.4 til l'll:. the plunninu p("oc eg~ 

vur ies with the degree of OSsilililaLion of tc chnolog y by society i n 
general, an d by plann ers und de c isi on mal{ers in par t.i cular I os 

\,lell os the . degree of econ o mic g ro .... ·th, soumJ economic mnno1r.!C:Dlent, 
adoption of ~ppropriDte policie s Dn d degre e of soci ul devclopmcII\:'. 
The problems encountered by po •• e r systelll p l u nners in clevelopillJ! 
countries ar e di s9uss e d in the f irs t purt of th e paper. The sec onu 
pur t i s al l oted to II detailed description of the JOrdnninn case os 
C\ good model of fnirly successful planni"" endeavour. In th e thil'd 
nnd final pnx:t, sOln e conclu s ion s nrc drawn. 
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l. INTRODUCTION 

The (luthorg ut!licvQ thut P01,.lCI' ~;YHt{:1Il plllrill i rill Pt ' Of!t::r:lc~r jll 

developing countrie s ore s trikingly diffcrent froro t h o s e u sed in 
developed countrie s due to n'allY reasons sucll as 
1. Shortuge of oceu l' ute UHb.l, ill dc:ve1oping (! OII II tr ' i. C' s , nbO!lt 
consumption pattern s I~hicl, nrulu2: s it difficult to pro uIH':l! a c {~ urHtl': 

demand projections. This difficulty is compoundcr..l uy the fuet Lh ,~t 
power system sizes in many developing countries nrc r e lntiv e ly 
small; hence, any additional unforese en large l o au r: 0 1) 1d pose 
problems to uny plan no matter hOll well conceived or pr c pore tl . 
2. Development progrllmmell for the e l ec tri city sector n re usually 
cnpital intensive. Tile in v estme rl t needed constitute s a financ ia l 
burden on the governments of d e veloping countries, ma n y of wh i c h 
are poor or need the co pi tol funds for other e q ual l y or lItor e 
important sectors. Yet, e l ec tric i t y p l ays a loa jor role in t h e 
de ve l opment of country nnd l e ads to improved serv ices of o t h e r 
sectors. 
3. III ma n y cnse~ it is difficult Lo plotl f or p01,.ler sys~Rm 

de ve l opment which will matc h t h e g rowth in demand. There er e 
severnl causes fOJ:: the growth in demand in deve loping countries os 
follol~ s: nl natural grol~th, L) suppressed demand and c) s to Lu s 
adjustment gro\.th. 
In developing countries the natueal growt h is rather relativ e ly 
high because popul ation growtl\ us well us economic growth nre 
high. The suppress e d de mnnd , o s exe mplified by a po.liti c fll 
decision to connect 0 villag e , [or exulnple, wllicl, is ulreudy 
loca ll y electrified, to the notional g rid, causes a steep jump in 
dema nd. The status adjustment g ro!.th is motivated by sociocconOloi c 
development. It is ratber 5101. gro1,.lth in IIlOSt dev c lopin.c: countri es 
e xcept in oil expor ting countries wh e r e it is phenome nal, 
4, Prices for prilnary energ y u sed in e l ectricity ge n e r ation ar c 
usunlly fixed by the Government ond are rarel y affected by price 
c hange s that take place in t he l~ o l' l d lIIoril et . t loreover, i n mun)' 
in s t n nces, electr i city e ntiti e s in d e ve loping coun tri es pay a 
highe r price for fuel t h an t h e i nt e rnationul p r icc, This is a Itind 
of s ubs idy to the ene n! Y s e c t o r ( o r l'e fill e l' Y) by the ~lcctricit )' 

sector. 
5 . Fixe d und rigid tariff struc tures which are in most cases 
u neco no mic , are heDvi l y subsidized and not dynamic. 
6 . The lac lt o f tra i ned per s o n n e l and ne c es s ury hardl.;D.re and 
softl.:a r e t o implement a proper planning me thodology . 
7 . ~Ior e we ig h t is given to socio-po liti c al i s sues tilan tec)lIIQ
economic is s ues in policy farmultltions o r decision maldnt-:. This 
could be manifested by the exo.nlple s of inte rconnecting electr.i.cnl 
systems of some contiguous devel oping c oullLrj e s. This decision is 
usually affected by socio-politi cul foctor s co tiler than economi c 
feasibility. 

The planning process in generul is divided into s everol nctivities 
which o r e interrela ted and are performed in a n iterative mode and 
on n co n tinuous basis. Tile octivities of t il e p l oll il ing process 
include : 

- Lo a d re s eol:' c h ond dema nd anu l Yfii s 
- Dem o nd and ell ergy forecast 
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- Generation expansion p lannin g 
Translllission expans ion pll\nllin~ 

- Distribution expnnsion plo.nni ll g 
- Financial analysis 

E , I I ~ 

The plo.nning process cyc l es t hl'O UI~11 Lhc yenr Hhcl'coy cueh lIr.ti\' i t.,v 
is updo.ted once a yeat' nt l ell st nnd its output is u seo nR inrut 
for others. 
In this paper the autho rs will discuss the pianllinl'( rrOr!p.!'R nR it 
pertains to the electrical pOl.Jcr ('.yst cul or developjn ":: co"" I'.( 11)s. 

II. GENERAL DESCRIPTION 0, PLANHINO ACTIVITIES AND 
METHOOOLOGIES : 

EXISTING 

A brief description of planning activities in <levciopln~ eO UIH. rl en' 
and the relevant lIlethOlloiogicR ur n giveu below: 

1. Load research 
Lo ad research invo l ves the meosureme nt llnd study of the 
c haracteristics of electricnl l onds. Th e needs and objectives or 
lO!ld research !Hay include requiremenls in the load lUo.na.~~lII ent, 
tariff design, energy conservntion, energy- use, load fore casting, 
transmission and distribution oreos [1 1, 

2, Demand forecasting 
jhe l oa.d forecast for elec tri cal co n s umption 
clement in the energy futur e of elotions, 

nn essential 

A developing COl\ntry will r cqui.l'e (l <liffcrr.nt IlppJ'ol.lcll rrom 1\ 

developed country , The fore cnst in an o p e n econo my "'ill be 
different from that in tl planned economy. Fur th crllIore. not only 
th e methods used in demand f o r eco.st illg a r e di Cferent in th e 
de ve loping countries but o.lso their pU l;' pose moy be su hstan t iall y 
altered, Industr y . in genero l , i s t h e IIlOS t inte llsive f!lteq':y u sn r 
in developing countries, Indust ri a l growth can therefore be of 
st r a t egic impo rlance to both the lond forecast and econom y 
development. Vill.age ' or rural e l ec t r ifi cat i on schemes in 
de ve loping countries a lso foll ow thi s pottel'n . An tl.ctivc social 
po licY r e quiring tlte e l ectrif il:otl;.ion o f vas t rural flreU8 of u 
de ve loping c ou ntry, is often viewed in t erms of the development it 
may encou rEl ge rather than its log is t ics a nd the impact upon th e 
utility . 
TIle information required of a load f o r ecas t is mainly tIle 
pOHer and the total energy to be conSIIWCu. i ll t. h e fUt.IH'C. 
lond forecasts are also input.'> La th e finUllci.J\l rUllct.i.on 
areas of tariff policy and investment finclIIcing:, 

nw,:-:i mum 
["inn] ly 
j II the 

Usually forecasts ure classified llS short, medium and 101l~-Lerm as 
foll ows: 

2.1 Short-Term and ~Iedium Term forec ast:.: 
These terms tend to concentrute o n t h e e n e rj.\ y Il~pects of uti 1 ity 
operation, such os fuel requireille n ts and e quipmc fl t ut i l izatioo . 
They c a n also be u s e d to pl' cpare IIluin tCII(1nc e sch edu Les nod de ve lo!, 
ioter-regiono.l or inte rnational po'~e r nx c h nng c aJ!rc:emc:ntR. 
Fur t he rmore, th e ir p redict ions a loe re<'J u ire d to i ncorporate and to 
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eva luate the ef f ects of Ullcc~tninty ill ti,e bo s ie e lem~'lt~ o f t.l l~ 
for e co.st. Th~ eff ec t of wea th er OIlU ot. h er !'Jeoson n J co,"po l\ c nL~ o j' 
uemllnd ore q ui t.e r e.le vllilt in the ~c f or cc Oost 5l. 
2.2 Long-Term Forecasts 
Nc o.rl y 6 to 10 yeurs ot'e n::qui ("ed Lo dc vC"!l op a lI"l';or ~cn lO' rnt.ill '! 
pin!lt. 'ril e process be g ins wi tl l 0. lOllg-terln fo rcc/lst o f Cx pR~ I.cd 

demn nds o n the system o f 9uf fi cie ut d e toi! ond c:..l;c "d:; tu "l lolJ !'(lI" 
accu rate system ex pa ns io n planning . 
J.Exist ing Net hodologies 
({I.)Dete rm ini s tic Hodels 
Th es e mode ls can be us ed to fo recos t t he f utun;) beh av ior of v. 
var i able o n the basis of its post beha vior. They ore o f tHO 

ge ne ra l t ypes : 
Q-Simple CKtrapolotion models: These a re o f four f o rms: 
(i) Linear tre nd (ii) Expon c n tin l g row t h ( iii) Auto r eg ressive 
t ren d (iv ) Logarithmic a uto regr essi ve trend. 
b-Movi ng av ec-age models: There ore basically t wo t ype s or movi ng 
average l!Iod el s: 
(i) Si mple movinu average (i iI Ex pone nti al ly weigllted movin~ 
average. 
(n)Econometric l' lodel s 
(C)Time-Series Mode ls 
(D)"End - use (enginee dng) model s 
(E)Subjective model s 

" ,Cons ume I' Load tln nagc men t 
An e lec tr ical p owe r sy ste~ i s d es ig ne d a nd plunrl ed to ~crvc tIl e 
loads imposed by i ts conSumers. This fact a.ff ec ts the ov erul l 
capaoity of the system inc lud ing gene ra t.ion, trunsm i ss ion a nd 
distribution. It al so a ff ebt s lile operati on o f tIle power sy st~n in 
fol l olling the changes In consum e r dema nd and providina f or 
reliabl e power s upp l y (11. 

5. Generation plan ni nK 
In ge nerat i on planning th e followin g a spec ts ~r <:: studied: 
(o.)Clloice o( the optima l mix 
(blChoice of the op t imu m char ac teristics o f g en erut ~on plants 
(clLocation o f neu powe r p l a n ts 
(d) Use of comput!;:r mode ls for planning and analys is 
(elNati ona l e nergy policy 
(flEnergy reSources in d eve l opi ng cou ntry under con sidera t ion. 

6. T r ansmi ss ion ex p ans ion plann inl~ 

Lon g t erm and medium -term studies are conduc ted o n t he fo ll owing: 
(a) Si~e and locat i on of sub sta ti ons needed 
(b) Net., t r anslni ss ion Ii n es and li e t ... orl( s true tu r e . 

7. Di st ri bution System Plann ing 
Th e objective of di stribution system plunning is t o ltSl'>U l -t"! thol; 
the. g rO\.linf: delll tl nd fo r electri.city, in t ern!s o f ill C P'Hs inl( ':l" tl !d.1t 
rates and hi gh l oad de nsity, call ue satisfied in un opUmu! \.Iny by 
a ddi ti onal distribution syste ms, from t h e s c condnr y net \.lor!o; 
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through the bulk pOI-1c r di s tribution, which Ilrc ho t h te c hnica lly 
ndequate und reo:30 n o.b ly economi cal . 
B.finnneinl Ann lys i s 
The lust tas\< in t h e plnnninl~ process is the fin ullci ul Iln ulysis 
which u s eg the informati on fr om a ll prev ious to s!{!] La produc e .tons:; 
term finun ciul fo recas t. tlany o f th e problclIl!l of d '!v(' lopiIlJ~ 

countries r ego rding fi n un c io l u s pec t s c o n be !'Io l ved by in trno uc"in/-t 
this o9t i vity within the pl&nnin)J. prOCe!HI . 
Re cen tly , 0. nel-i f i no.ncin g sch e me cull e d Du i ld, Ow n, Trnll~ Cc, 
(BOT ), in I~hich u consortium of develope r s, flrUl llciec .5 uo d l oold 
governments s hure i n construetin~ u new powe r p l ant proj ec t and 
guaruntee purc\tase of its output for a per iod o f tiln e ufter \-111i c I1 
t he plont oweners h i p i s tra.n s Cerred to the g ove rnment, ~Iag 

recently int roduced in s ome d ev elopi ng c o untries. 

Ill. PROBLEMS OF POWER SYSTEM PL ANNNO IN DEVELOPING COUN1RIES 

In this sec tio n we su mmn riz e und pre se l,t til e In uln 
power s)'s tem plnnlli ng in d eve lopin s coun t rie s: 

I .G rowth Rute: 

feuLu t'c s o[ 

The crowthrate oC pO Her con sumpti on and needs , in de vC':lop in g 
countrie s is higher t han th e sum e f or industrial. Coulltri.p.~ , f or 
exampl e, in Jord ull it wus 2 1% ill 1960 12 J . Th e I"JIll/ I. I ' I. i o" 1~ /"u .. l .h 
r o tc is, olso, Il igh llnd t he mode of po\~er cOII!> ump tioll i s high, 
which imposes a burden on th e c lec tr ic sys tem an d rCf"]ui r es 
con tinuous d eve lopm e nt. Due t o t he lurJ.(c rlJtC': of gl ·uw l.h t.h~ 

planning process i s more complex nnd cun be c h urocterizeu b y lite 
Co llollin g: 
a. Th e pluoning peri od is shorter in o X'de, to cope. 
unce rtainty of f uture d ema nd o n power. 

th e 

b. Th e mi x of power sources ( fue ls f or elec trici ty ~e l' QroLioll 
plo. nts) c hanges from one plllnning period to anol iler. Fo r examp le, 
fOl" re lat iVely small pealt loud die sel i!'l u sed , us pc:nll 10<.\u 
increase s fuel chunEes to he av y fuel, co,ll und f i. n :dly nllclear 
fuels. This l eads to ma ny prob l em s ill h ond1int! l h e n e',.l t.cchnoiOlty 
introduced wit h each one of the fu e l types. 
c. The nee d Co r sltill ed techn ic ians ond stufr t l.l l'Uil nc\~J.y 

established statiolls is hi gh du e to the high role of ..:ro.J t h in 
e lectricity n eeds. In oddltion , due t o the lac lf of He ll deve l o p~d 
train ing pro~rommes and cllunge of tC C!111 0log y, s ho ,toue of s ucil 
n eeded staf f res u lts. 
2. rnabi 1 i ty l.Q. use Nuclear P01~er: 

Nany of the d eve l oping coun tries are unabl e: to usc nu c lear pO.Jcr 
in sat isfying their electricity n e ed ... . Iue t.o many reosons , 
wh icb is : 
u. Industrio.l cou!ltri es ure 
countries with nuc l ear po .~e[" 

countries in o(lui rin g lluclear 
d evelo ping nuclear \H~apons. 

hesi t:.l nt t o provitk 
i n ol·del:."" 1)ot to help 
tec!lnol og y Wllic\1 co uld 

tl cve i oping 
developin!~ 

l)(': u seu in 

;.11 

b. De velop ing c o un t. ri es , d ue to l ac lt of t r ,liH<"!d peopl 0. in n \ll; l c;\I' 
tec hno l ogy, nrc h esitnnt to in tl' oduce nuc l eur t'~chl101o~(y all ,l 
msny case s n re un able to. 
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c. Even though the g l' o wl;. h ('nte o f pOI,el' c on SU lllp~. ion i n cJcve l op i n.c; 
countries is I,igll re l utive to tll C rote in i,.dustrinl cOi\'lt r }e9, 
the p<!ln k loud magnitude in uevclop i ng count l:' ics does n o t 
economica l ly j ustify the lli~h i n itia l cos t of n u c l e R I:' stat i ons. 
d. The size o f t he clectric pOIJe r sys t cms i n mnny deve top inJ! 
couo t ries is n o t l a r ge cnou,,:h to uarra n t no cCO ll o ,n ic 'u JoIi t i on of n 
nuclear powe r p l an t . This i s b eCtl UfiC c omm e r cin l ly nvai1 fl b l ~ 
nuc l eor pouer p l nnt sizes ure in the Tonge (j 00 - 1200 Nl1 1.\ 11 0 s ince 
o n y ne u p l a n t s h o uld not exceed 10% o f e x i s tin.c; il1 $t llll e u ClT pa ciL)' 
i t meo n s that t h e min imum system size f or con s.i u e rill~ nuclea!' 
pouer is 6000 MW . 
3. Problelns wit h Rural Elcc td.ficntio n in De v e l oping Counlr i0s: 
The rural o.reus in most d eveloping c ountries u re not con n ec ted t o 
nationa l e l ec tricity grids . HO Wever , many c o un tries h(\Vc a lready 
s tur t ed con n e cting rura l nreas to t heir notional grids. ~l a ny 

pro b lems arise from not connecting rura l arcas os we ll as 
c o nnecting them: 
a . flvCrag c i ncom e l eve l i n ru r al a r eas i s l ow cOln pareu to UI::-b;)n 
a r eus, he nce, n o t a ll peopl e in rut'o l a r eas c u n orfo r d to use t h e 
p uplic power s u p ply. 
b . Du e to t h e nature of t h e ru r a l econom y ( l ou l nCOlne, 

u n i odu s trin l ized ) e l ectricity CO n SUllllltio r\ l~ lOll, liene e, 
e l ec tri ficatio n can no t b e justified on econo ln ic bosis. In many 
cases, the decision to e l e ctrify n ce rtain vil lage is justiried by 
social rea son s . I n a d d i t ion , t h e spread of COll 9Ulilption po jn ts in 
r u r al areas ove r II large area compareu to the salilC in urbn ll orens 
malte long transmis sion lines n eeded and hence cost of electr i city 
dist ri bu tion is Iligll. Co mbining the ubovc c l lar~ct~ r istics 

togeth e r , rJC find the cap iLnl cost of con nect i ng I'urul a r c;"]s to 
nati onal grid is li i).~h cO li lpar-etl Lo cap l t. a l cust. of us i 11,1{ 

autoge nerators. On the o t her h and , t he running cost of J!encrating 
one KWh is much h ig h e r by u s i ng au t ogene r n to r s r nther than 
con n ec t ing to t he natioo ... l l~r j d. 

c. Al thout! h con s uln p ti o n l eve l ill r 'II ·;.1. IIl'ca~; i :; lu •• , 
ro te , oncc on o r e o is connec teu , i s s ustui ll e d. 
d . tlun y deve l oping cou n t ries h a ve 0. long \JaY 
r uro.l e l ectr i fico. tion programmes. 

to go 

("I L HrO'lc h 

in thf!ir 

Al t h ough tuo thirds of th e p eople of the deve loping c ou n tr1 CR 
in ru r al are as , l ess tllan one t),11·tl of t lleln I'nv e access 

liv ~ 

'.0 
t h e electr ici t y, and les s than 5 10% of investments in 

electrici ty sector n r c nl l ocated to rur- a l ele c trifica tion (3 1 
e. Rural electr-ificat io n p r o j e c ts nrc characteri zed by lOIS 
benefits a nd 10101 produ c tivity g<l} II $ . Thi. s is due Lo t h e rnct t ha t 
e lectri c i ty ilT l'ural arcas i s u sed pr imaril y for uOlncsl.ic J1UPO SC9 
an d not ill p roductive fi e l ds ( 1) . No r c o ve l', ,"11 II }' o r Lh e b'!lI c fi tR 
guined b y rurnl e l cct r iricution CIUI b e c l a ss i fi e d as soc ia l 
bene f i t s whi c h nre di f fi c ul t t o men s u l:'e 0 1:' Clua liL ify , f or example 
mode rn izat i o n, improved q uality of li fe , nd tl i.t i on!1 1 eOHllllu ni l.y 
serv i ces , income redis t ribu tion u nd so("!illl equity , elOploYIII(~nt 
creati on llnd ot.her sociopolitico l effecls {S J 

±..:... La c k of Ilnd gllolity 2.£ Inforlnu Lion: 
Many devel o p i n ~ cou n tries ore beco illil. g DrJnrc o f tll Cil" n e ~J n l, d t.llC 
i mportanc e of 'do.ta banks and Llv a ilu b i lity of inro l" lIln Lio n. !loIJ(.!\"cr , 
a t the p rese n t ti!ne, bo tl, the a vailability und til e (IUn l ity o f 



Mansoura Engineer ing Journa l (MEJ) Vol. 16, No.2, Dec: 1991 E.118 

Qvuil llb le i nfo!;ma. t i on :1 ... : not [l !J ~ood llti the Sflmo ill inuu9Lrial 
c o untrie s. Thus , Co r;-c cu. ~ tin~ futur;-c de munu or- plllnninJ.: pOI.l CT' 
e x po llsj o ll lo u ::! t o tnl{ e l,h c '1uuliLy or illfur:-IIUl\;jOIl i. II1." 
con s i d e rut i on (03 I 

5. Environmc nto.l I s suc .;,: 
Concern ,.l ith en vi r o nm c nto.l iss u cs ill not U!l hinh 0.£ j t i~l I.he cnf10. 

in ueveloped COl.I,la· \' c9. II 0 1.l C V, : t·, it i~l Oln:;Cl·V{~d tll"l. I.l,,']"" i.'1 II 

grol~i ng concern i n tbe d e v e l o ping countrics with t.his issuc, f o r 
example in Indio (7). 
G. lnst! tuti o no. l Probl e ms: 
Many f n c tor s including quality of informo.tion, political 
instability, centrllli~lltion of t il e decision malting, inadequute use 
of computers nnd laclt of tn:dncd p e rso nnel have lead research ers 
to believe t hat t h e s ucces s of applying results of plannin g 
studies or lDun uge ment science are limited in developing countries 
[ 8 and 9 J • 
7. Financial Ourden: 
Power systeln dev e lopme nt pr;- o ~rQ lnln c ~ in dcve]orill~ cnulltr l p~ 

require huge investments and constitute 0 beavy fillnncial hurdl!n 
to their fi scal policies. Th e Horld Bunk (S] . fo"(' example, 
estimutes that the required inve s tm e n t a pprouches US $60 billion 
annually in order t o Ir ee p up IJi l..h n 7X ~rowth r a te in rJe mumJ. 
Typically, about l/3 oC th ese i " v c s tment ~ rc C]uircs payments in 
foreign currencies. ~I o re ove r, tl, esc e xpenditur e s typ icnlJy nCCOllnt 
for about 25 % of public capitol in vc s tme nt s o r a bo u t 2% o f Gross 
Nutional Product. 
8. La clr of Notional Co pabiliti es : 
~Iany deve l oping countri es e lec t.ri c u t i lit i es h Qvc outg ro ll n thei. · 
i nte rnal monag emcnt , t e c hn ica l nnd udlUi..,i s tl·n l. i. vc Cllpa hi l i t i r. R 
( 5J. C01."ruption o nu r e liullc c 0 11 im:ulllpc l. l!n l; pl ~ u pl l : I III V I ~ n l !-; o adll,,<\ 
t o th e p ro b leills of de v e l o ping t h e pOllc r sys t e ms or s o me devclopin/: 
count r i es. [l"urthermo r e , th e depend a nc e , fo r ma n y years, on 
expotl"iate pe r sonn e l n nd f ore i g n consulta nts h o s CHUSI?O the 
hig h l y qua lified nation nl s t o see lt be tt e r job oppurt.uni ti.es 
e I sel/here. 
9.Ahscncc of /'Iutio no. l Pin n !'; : 
I t i s essential that de v e lopin g c ountr ies ;)' UOl't Il pOIH~r !;y!; i".f'!(l 
plonning methodo l ogy t h nt r i t s 1-1 LlllIl Oil inl.. c ~r.:tl".p.d and 
comp r e h e n s i ve nationa l ener gy plonn i n~ me th u u o l oty [LUI. ~!ol"eover, 

the national en~rgy Sll o uld be pu rt o r n g loba l nati onal 
de v e l opment plan tllat encompass ~s ull rlJ l". 11r c u e vc lorlne lli". scenu r-los 
for a l l sector:-s. Unfortunutely, t h e nOl"m in d e velo pin l,! CQ untri<>s 
regarding energy planning do e s n o t Blw u y s s erv e tl,c national 
uevelopment plans. for eXD.lIlple, t. h e finan ci al r e rl'Jir p. ment or 1.111" 
energy sector bUl'llens the n[ltional c c on o ," >, /lnd ilL t.h e SOIliC Lilll(' i .e; 
developed in isolation from Ill.l.tionnl develol"'ul c J\L pl!:ws. 
lO·,\"bsence 'of int€rrcgional ~onnected 'l e t.wot"'~§";" 

Nany contiguous developin g countr i c!:I c un c l,hun c;c 1.:.1(\:: r e I lubi I ; l.y 
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n nd ~ontinuity of supply of their- <.! l cc tri o n ctwo rl(!! by co n,, ~!cti"J! 

\.lit h euch other. 11owcver, due to po liti cCLl tll1l.l other fnctor-s thi5 
oppo rtunity is not utilized. 

IV. POIIER SYSTEM PLANNING IN JORDAN 
1. INTTWDUCTION 
i\bOl~t 85 % of electricity supply il;l provided by the JQr-dnn 
Electricity Autllority (JEA) IOllicl1 i~ 0 sove r-III II~ nt-oW\lcJ IJtility. 
The remoining 15% is produced by o.utoproduoing Io.rJ,( e industries. 
JBfI is the only entity .... hich is e n titled by th e "Electdc ity La .... " 
to ge nerate, transmit, distr ibute nnd sell e lectricity to 
con sumers according to preapproved elect r icity tariff. 
Two othe r companie s ore allowed to buy elect rici ty from JEA and 
se ll to consumers according to cer tain c oncession lows as follows: 
-Jo rdan n l ectri c Power Com pa n y (JGPCO) is r esponsib le for the 
distribution of elect r icity in Anlmon , Oulqo and Zarqa 
Gove rno.a tes. 
- I.bid District Elec trici t y Compa n y (IOECO) is res ponsih le r o r 
the distri b uti on of e l ectricity in ( rbid ond l'I ar,..aq GoverrlOro.tes. 

The tl i nistry of ~nergy o. nd Min e rol Resou rces ( I'IEI'IRI is .espo n l'> ibl e 
for t h e energy sector whi c h i ncl u(.\ e s t h e elec tr iclll pOIJe r SCCtO I·. 

2. rower SYBtelll rlsnning Or-Sflllizotion 'in J o rdon 
AU the electric util i tie s porticipote in th e plolJlling o r 
electrical pOl-ler syste m i n Jo rdon . This pupe r IOi ll f ocus o n 
planning as p.acti c ed by JEA since its r cs ponsi Lility cove r s 
aspects of the power system. 

the 
the 
a ll 

The planning stoff at JEA is about 
are engineers and tbe re at are 
stal:.isticians. Th e planners of JEfI 
staff of JEA (about 2000). 

10 pro f e ss ionnls Ilalf o f Illl i c h 
econ omi s ts , uccoun tUIl ts and 

constitute about 0.5% of t ot~ l 

3. I'lanning Metll odoloSY 
The planning methodology 
in Jordon is depic ted ill 

u sed for th e 
rigu r-I:: I. 

planning of tile pOIJ~r system 

Tbe maill activities of t lli s Ineth odo logy are: 
-Demand and energy f o r ecast 
-Generat i on system planning 
-Tran sm i ss i o n nnd · di s tribution system development planning 
-f i nancial p l o.nning 

These main activiti.e s o. l'e pe rformed once 0. yeur Hilllin l;hc 
p lanning cycle which starts ui t h the d emand for ecast and enos \Ji 1. 11 
the fin a ncia l nn:l l ysis. Some o f th e {\<: tiviti es tlre pe l'Co n ned lIIore 
thDn once (\ yettr to cover f o r an y vD I· i.atioll!'; in the IllO SI;. CfHH! fltlilt 
fuctoe s affectillg the p lo lllli.n!! p eoces:;. 

In a ddi tion t o t h e ma in activities ment i oned a llo vc t here o.l'e o l. h ~ c 

activitie s tha t arc p e rfo em e d 011 u cont inuou s h'lSi,., ulld pl'ov jd~ 
valuabl e inptl t to t h e Ifll\ l n ac ti vi ties of t h e pJl\lIn.iIl~~ cyc l p,. Th r:se 
nre 
-Loot! res earch and demand analysis 
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-Inves tm en t progl'o.mme def in i t ion 
-Tar iff desil n i ss ues 
- Dema nd and s uppl y side datu bu s es 

The fi rst Dct ivi t y is 0. pu re ly p lan nin !;! activity 'Jl!ile t.h c oth~r<; 

i nvol vc other d~purtmcn t!>, Land re!J ~fl rch ond ,1!'! llIollq Ilno I yl': i '. 
fu nct ion ha s pro ve n to be a ve ry valuabl e t oo l fo r planners, 1 t 
cun be defined IlS fol lo \ ~ s: 

- study 
thor oug h 
behovior 

o f the c haracteristics o f electrical lOllu i'J to p rovi de n 
an d r e liab le kn owledge of trends in, and th e g e n e r u l 

of, th e land c llUro c teri st ics of tile electrical u saj'J e of 
co n sumers. 

-is a process by wh ich ut ili ti es meo su re the con sumpti on o f tile 
different consumer ca te gori es an d tile pa tter n of co nsumption. 

-till1~ r e l a ted energy usngC!' c o mbi n ed 
socioeconomic an d t~ eather data com pri sc 
re sea rch studies. 

.~ j th de ".oJ.!{' ~\ .. h; (! , 

the basis for loud 

-i t provide s valuable input to: 
-Load for e cf.\s t. 
-Load management strategie s 
-Ta riff str~cturc design 

is vcr y ess e ntial Th e load research and de mand annly si s a cti vi ty 
for the p lanning proces s and has thel' c f o re bee n 
tIl e plonlling activi ties of J EA. 

i neorpt) \'11 t.ed nmoll (( 

Th e following 
a ctivities os 
JEA, 

sec ti o ns 
practiced 

g i ve some detail o r t he 
by th e technical plann ing 

main plonninJ.( 
d c pol' l!n c n t o f 

h. De mund u nd Energy Forect.ls t 
Two fo recast s ore prepared nn l\ually by JEA a nd al'e 

requ ired, the s e are: 

A. t. Medium t el'lll f o r eca st: whi c h cove r s a per i o d of 21 months and 
produce s mon thly pe n1( loads and en ergy projections at .the ma ln 
tr a nsmissiOIl substa tion leve l <..IS well u s Lotul sys tem level, 
It is used for: ma in tena nce schedu li ng, pOIJer system n.nalysis 
studies, operation policies, med ium term finan c ial n nul ys i s a nd 
cash fl ol~ . 

A.Z Long t eem forccust : ,~ i Ji c h covent 0. pe l' ioll o f t o -I ~ 

produce s nnn unl penic loads and ma ~i mum el1en~y dcmanu 
scctor of con s \Ilnption rind for t he t ota l systl!ln. 
It is used for system ex po.nsion stud i es o nd l o n g 
analys is. 

tcrm 

yel lr !'; ;111<1 
for each 

financ.l..,l 

Th e methodolagy u s ed [01' the lonr. t~rm f ore cnsU 11).( is t ], 0. 

sec toriol ono lys is of demand •• hel'chy t h e r::oll s u mr> ti.on f or eilr:: h 
CDtegol'Y of c on sume rs hllving th e f: IlIiIC I,olllogene ou s pntt "! rn o r 
consunq'tion Dnd a r e affected by t he sa mc dr ivi. ng: f ot'c es is 
detennin e d separate l y . l'Iethod s ' us r ecression uno.lysi s , time series 
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analysis, economet ric analysi s alld murlt et su rv e y nrc Il s ed . For 
each s e ctor 0. sui t able e qu u ti on ( s pecificu t ion ) is determined by 
de fi ni n g the r e lat ion s hip bct r~e C Il COII::Hrlllp t lort I.lrrd cc r t.:~ill 

vuriubl es t ho t o ffeo t COIl!'lUl"pt i. OIl . The Ino!'lt 1Ji.Jo,i fieIlHI. vHri:llrl,::. 
ore de t erm i ne d (tllroug\1 s ta ti st i cs a nd loud r e seorel,) nnd t l, IJ8 t lr ~ 

future consumption i ~ determined through t he evo l ution o f t hes~ 

dr iv i n{! force s. 
JF.A hil S o l so acquire d 'Hrd tI ~1: ! ' n r.ompul r. e prol~rnlllrror: r nl' If)roj( l,"I' on 

e nergy d ern o. nd fo reca s ting fro m l h e lnt.erllll ti o nul fI' ,o rni t: En':n: ,v 
Agency (IAEA 0 UN Org llnizllt i oll) The progrouune is c al l ed "~lool c l 
fo r ' Anoly sis of En e r!Iy De mand" (t-IIl SD) , It is nn end us;e mode l 
r..rhi clt bosic u ll y provides demuno projec tions buoerl o n scl,:ct.)J 
seena rio e s. It i s n u s eful tool, however, it r e quires 0 11 e xtens i ve 
data base. Th e input data includ e s o.ll i nfo r ma t i.o n rc gard i n~ all 
e ne rg y forms nn d the a s soc i ated drivinG: force s . These vOrla bl es 
cover socioeconomic, demographic, t ech n o log ical und life s tyle 
factors. 
8. Ceneroti on System Plonning 
Histori cu l ly , JEll hu s depcllde d on o utside con s ul tn nt s t o provide 
for th e long term generation C XfHIIl [1i oll pl ai r. TII lA 1:'\ d\J ~ t. o 1,10<, 
fnet that t h e investment pro gramme ne e ded fo r the r eu li 7. llt i on o f 
t he e xpansi on .plan is to o impo rtan t t o rialr in n ot hoving 
e xperience. 
lIo\~e ve[", t hi s t rend ha s sh if t ed ~rudua ll y in recent ye n rs where 
JEA sto ff \.Io d( os pa r t of a teo m \.Jith the con s ul tan t s. 
Furthermor e , c ertain part s of th e o.;odt ar e done c omplete lY by JEA 
plonne rs . As 0 lIlolt e r of f ac t t h e whol e e xe r c i Se! oC gc n erat io n 
e xpa nsi o n plun ninlJ is d one by JEA prior the joi nt study with t h e 
consulta n ts, Th e r es ults are i nde pendently veri.fied ond JEA is 
surer to have a. s ound ex pO-nsio n plan in Ildd i t ion to th at J EA 
plonners hove g uilied i nVll luuble experience ill thf' prnc r: !';~ . 
JEI\ ha d. a cq ui red (rom the 1 111:: 1\ a c o mpu te r pro~~rurrllllr: C"r I{cn r: ral.j,," 
expan sion planning ca ll e d \~ein Automatic Sy stem Plan ni ng ( WA SP ). 
JEA pla nn e rs usc t he WASP -I II at l eust twi ce a yeu r to verify til e 
plan or u po n o ny c hunges in for ecast , capi t al c os t s, fuel costs, 
di scou n t rat e s etc., .. Very recent l y lhe WA S P !lro!~ (";) ml"e was us~d 
to s t udy nnd anal yze b en e f it s of the i n te rc on n ec ti on beluer:n 
Jo rdan nnd Egypt i n 't he [lreCensibility study whi c h loinS cn rricd o u t 
j oi ntl y by the tl~ O electr i city n u tho r ities, 
Fi gu r e (2) sh ows t h e inte r face be tHcen th e I'I IIED a nd \~ASP coml'l..ltc(" 
pro grammes wh ich togeth e r for m a n i nt eg ra l p la nn i ng tool., 

J EA has oth er co mp uter p a c luJ,g cr; IJhich fir e u sed in L1.e gencr;ltion 
syste m plunn i ng studie s and nre based on pro duct i o n costinl! and 
reliabili ty o. nu lys is . The s e are t he PSHI/P progranlme From POIJer 
Techno logies Inc., USA, a nd PC/CUN Cr om ME TA Systems,USA. 
C, Tr nrlsmi ss ion a nd Distri bu ti o ll Dc yr: lo l,m e nt 
The de vel opme n t process s torts by ide ll ti [yin J.~ the ne c us o f th e 
n e twork an d ends by d e si gning t he r ei n fo rc em e nts. Recen tl y, th i s 
plonning ac l iv ity ho.s been flug lQ ented by inclurl i n~ the deve l opment 
of in te r conn ec t ions, impro vi n g reliauility or suppl y and enh al\c in~ 
sys t em conditions. JEA u s es tire s tondllrd to ol s f oz' the technical 
p lann i ng stud ie s. The se i llcluue l on u fl o o.;, sho r t cl rcuit, 
ove r voltage (\ut1 uta uili ty s t ud ies. I n recent yea l'S, .l EA h Il S nrovr: (l 
into u n el. di r ection tor.ards lf~c hll o lol~Y t ("IH ' J'; fer. TIll 'OIl,!h 
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cooperation agreeme n ts b e tweell JEA Hod sister uti liti(~.!; in oth e r 
developing countri e s , studi es nrc cnrl'icd ouL u5ille lile f o c ilities 
or computer noftuo.rc / h o.rdworc jo i nt l y by JE/\ stllff lind I'D(pr.r·!.r. 

from such utilities. 
There nre several computer prog rammes available at JEA whi c h ore 
used in carrying out t.h e di ffcrr"!nt technicnl !olludics i Ilr.J lHJ i.I1 J~ 

those conducted for th e plt\l\lliJl« of Lhe po'~el- !'lysLt:ln. TI1C!H:: 
include 
- PSS/E from Power Teohnolo!li e:s Inc., USA. 
- ERACLES from EOf, Fronce. 

Load flo,,, froln Electrocon, USA. 
Short Circuit, Electrocon, USA. 

D. Financial Planning 

JEA uses u computer programme which was c!eveloped in-h o us e with 
the old of u local Jo~dDninn consultant. This progr~mme is Q VAr y 
versatile financial planning too l and has been acl(nowledged \)y 
most of the international fintlncing agencies whic h l e nd JEA. 

Recently, JEA has developed u PC veL- s ion of thc finUllciul 
programme which uill enhance t he fi n(l ncin l studics due 
v e rsatility and avoilo.bili t y of pe r sollal com putcl'S. 

analy s is 
to til e 

Tile use of tile fi na ncial 
financial f orecust but 
studies. These include 
source s of financillg. 

analys is prog ramme is not limited La th e 
it cun b e used to conduct analytical 
turiff studi e s Gnd cOlopnrison \)etl~een 
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v. CONCLUSIONS 

The following lIIu.in conc luHion::; CUll bte! druwn from \..hi!:l papet": 

1. POWCl' system planning in developing countri e s i s diffe . en t. fr o m 
t lla t in d e veloped countries du~ to 

D. lucl( of uccura te dutl\. 
b. lncl, of cnpi tnl fund s. 
c. lli g h g rowth rntes . 
d. prinlO.ry energy pricin" is not d YOl.ull ie Ulld doe3 lIot folluw 

ma r i(et price changes. 
o. 
f. 

fixed and rigid tariff. 
shortoge of sl<il led. pers onnel. 

g . more Weigh t i s given to s ocia-politic a l is s ues rather 
tha n tcchno-eeonolnic issueg. 

2 . There nre many ' pro blems fo e ing power 
developing countries such as : 

a. plnnninu proces se s nre influenced by 
iss ue s more than techno-econo mic is sue s . 

plo.nners in 

soci o -polil.ir.u1 

b . VEry lligh growt1, r~tes (and s ometime s p llenomennl ) ma ke it 
extr e mely d ifficult to pIon and impl e me nt 
de ve iopme n t. 

c. in a bility to use nucl ea r power plnnts whlc!, 
for pOl~er r:eneration f o r 

could b e o ne 
viable option some 
s ys t e ms. 

d. fillnnci u l burden of Illuny elec tric utilili e s in 
developing count. i es wli leh mu lt CH i t d i r [ i e ll1 t. 
undertake th e capi t al intens ive pr og ramme s for 
develo pment o f th e pO I~ e r sy s t em . 

tll ~ 

to 
th e 

3 . Al th oug h JOJ;'dan i s one o f the deve l o ping cQu ll tries, it ha s 
overcome many of the diffi c ulti es facing elect ricity sec tor <.lnU 
thus cnn be c onsid ered a s n mo d el for o ther d eveloping c ountries 
to foll ow i n progres s ing in tllis damai ll . 
1. Na n}' o f the p robl em s fncin g dcvelopinl~ c o unLrics In til e 
electricity s e c tor plann i ng cnn be catesoriz e d as institut iona l 
rnth er thnn analyt ica l. 
Developing coun t. ri e s should develo p t h e ir in - h o us e cO lllp~\.e nt !'l\·.arr 
in o rde r to b e able t o pe rform \.. h e plUllflill J,:" nc tivity pl·operl y . 
Th i s can be achi eve d b y t he nct i v e pal'l:.i c ipnti on of lhe i n -h o u !; e 
stll ff i n the p o r ti o n of t he plnnning process c urri e d o ut by the 
outside cansultUll ts . 
5. Problems in d eveloping c ountries concerning p OHe,r 
planning nre unique n nd thu s r e quir e s pec i al attention. 

syst e m 

6. Dev e loping countr ies sh ould b e ctlre Cul ill selectin~ plannillg 
me thodologies Qnd comput e r progro nllllCS to me et their rcquir€lII p. nt 8 . 
In other words, COlnplicuted progl'ummes , f o r e x a mple, may le ad to 
additional pro b lems , s uch as una vailabil ity o f dat a 'i1hd 
uncerta in t y of results . 
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