
l 

ECONO.\HC OPERATION OF LARGE PO\YER SfATIONS 

AS AFFECflNG DESIC<-J AND !:CHEDULING 

by :Dr . ffiL llvll'ci EL DEB IEI<Y 
--- -------

A in Shams University, 
Faculty of Engineering, 
Cairo . , 

.J 



f 1 ] GENc.RAL 

ECONOMIC OPERAT ICN OF LARGE POioJER STATlCl'JS 

AS AFFECf lNG DES lGN AND SCH:!DUL lNG 
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Wi.th the advent of need to enormous energies for use in the everywhere 

activities of c ivi 1 ized man , there has been a rapid increase in the produc­

tioo and usage of electrical energy . 

The in,tall<,tinns of an electric power system, thus; serve for: 

1- Generation of electric energy at the suitable sites. 

2- Transmission of the< generated energy to locations of load centers . 

3- Distributi<lO of energy among th : individual conswners. 

All is being dooe forth~ aim of contineous supply of the coosumer with 

low cost electri c energy at th~ requir•-,d standard voltage and frequency,with 

th~ admittance of ooly small specified variations . 

1.1. Generating P lants : 

Generators operating at th t powl)r statinns are the power sources . The 

following types of pOW'!r generatioo plants are used :· 

1.1.1. Therrml or Steam Power Stat~cns: 

In a steam power station, fuel (coal or petrol products) gives up its 

heat of coobustion to boilers ...tlich deliver steam at high tesrpratures and pre-

sures to steam turbines . The steam loses heat energy in driving the turbines , 

...tlich ar·~ coupl ed d i rectly or thcough gearings to e l ectrical generato:rs . 

Figure (1~ shows a scherratic illustration of a the rmal power station arrangement . 
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1.1.2. Hydraulic Power Stati<>ns: 

These make use of th~ costless enonnous en,rgy of water falls heads operate 

l hydraulic turbines th<H are CO!.opled to electric. ger.era10rS. 

1.1.3. Nuclear Power Stations 

v.hile fud is th< source of heat ene:gy in th t rnal pow~.r stations, it is rrade 

use of tht physical pri nciples of nuclear fission to produ<:e he<> t ent<rgy used 

in nuclear pow~r stations. 

(2) ENERGY ECONO.V.ICS AND THe OlOICE OF THE. POWER SfATIONS SITE 

2. 1. For Thermal Power Stations: 

In order to keep the co~ts of distribution as low as possible it is best 

to have the station n~r the centre of its district of supply. This is espaci­

ally the case when th; transmission is by dir<~ct curr·ent and voltage transf orrra­

tions are not possible. If the transmission is by alternating current it is 

not so necessary for the si1'e to be in th;: midst of th, district served, as th< 

ene:-gy can be led easi ly at high voltage into th, district and th-=n transfonn,~ 

down for use at a number of convenient points. 

The advent of th-:! Grid has an important effect on th< site and size of 

plant Attnetion is focu~ed on th: facilities for gene?atian rather t hrm on 

distribution, although th·: ' later cannot be disregarded . The site is chosen so 

th~t an abundant supply of cooling water for th, condenser is av~ilabl e, and 

th,·rc, is a low cost for th, tran,port of fu P.·l. The basic idea is thd.t energy 

should be collected at places wh,re it is ch~ap, fed into th~ high voltage net­

work or grid and th,n drawn off at vari ous tapping point>, . 
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The pri<:e of land, th< precautinns necessary to ket•p th, atrr.o£?here in popu­

lated dist r i<:ts unppolluted by fitmes and by th, residue fran pulverized fuel,and 

the reservatinn of land for future' developments all tend to shift t:l;- site a\\ay 

fran tO'•ns . After having paid consi derat : on to the-se point:;, thi:tt site '1\hich Is 

ne<J rest the centre of th-: load is ch;•sen. It is clear th.•t the site rTUst be sui-

table for supporting a large building wil' h heavy machin,ry, frequently t h, co~ t 

of foundation s is a ma·in item and rTUst be carfully cons~dered . 

A 25 M\11, station occupies about 10 000 square yards and a 100 W, Station 

occupies about 36 000 squ.\r•~ yards , with natur:a1 cooling 20 000 and 80 000 gal. 

pe! min . of cooling water an~ requ l roo respectively, '1\hereas wi t h tO',.-er s the fig­

ur•·s are 4 500 and 15 000; at 40 pe: cent load factor tht- coal per day is 16o tons 

and 530 tons . These figut·es allow a preliminary estima1e to be rmde of the size 

of th, sHe, th e· quanti1'y of cooling water needed, and th t- required transport fac­

ilities, but a very libe1·al allO\\ance rTUSt be made for futurt! extendons . 

2.2 . For a Hydraulic Power Sta1 ion: 

The site of a hyd•o-el<'ctri<~ pla!: t is determined .by natural conditions. 

The water rTUSt be available at a usable head and. in suffici<~nt quantity. If th, 

flow is not regular· enough for continuous supply, th,re rTUst be convenient acco­

rrmodatinn fo• a reseroir or dam at a reasooable co.;t, the l01•-er th:> head tbe lar­

ger rTUSt be th, •eservoi[' . Oth,r considerations rna)· help in th~ fixing of th~ 

site , fo! instance, the· erratic fin" of th.; Colorado Riv.;r has cr~ted dangerou~ 

condiHons resulting in d~:.ge to life and property, so th;t th.- b·~ild·ing of th e· 

Boul de• Dam was welccme fo~ fl ood control as well as for th~ const rncticn of th o· 

hyd•o- el ectri c stat jon. If water is stored by a dam and reservoir. it mus~ be 

carfully arranged th·• t th< heavy flows during peak loads do no1 caJse floods down­

stream. 
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( 3) ~r~ting Costs of a Steam Pow'2r Station 

There are three kinds of cost s, a fixed cost Which is independent of t h~ 

rraxirrum output or the en< rgy output ,a semi- fixed co~t Which &ep_end£ upon .the rrax­

im.un derrand bu t is independent of th < total en,-rgy ou tpu t ,and a coEt Which is pro­

portional to th< outpu t . If we call th;:se co~ts £A per annum, £B per K\>1, rmxim.un 

demmd per annum, and £C per kv/h . , r espectively , t h•· annual cost of t h< stati<m is : 

£ ( A + B X kW. + c X k\l'h. ) • 

A stat1on of 10 000 kW. ,maximum may possess the fotmula, fot exampl e : 

£ oo oooo + 8 x klv. + o.o15 kWh. l. 

Whilst a 100 000 kW. station may have the formul a 

£ (70 0000 + 5 x kW. + 0.006 kWh . ). 

The fixed cost rep r esent ed by A is due to th<· cost of t h -o cenlral organization , 

salaries of th<' higher officials , capital cost of land (espacia~ly if scme l and 

is held for fu tur r: developments and is not being used for present kilowatt derrand) 

etc . . . . . The semi - fixe?- charge r epr csent •«i by B is due to th e- salaries of the 

charge engineer s an.;l spaces, and non;al running l osses and cos t s . The charge C 

i s main ly on a ccount of fuel , water , etc . . . 

It i s diffi cul t to seperat " the cha::ges A and B , and for a given station th~y 

may be lumped togethe! to form a charge D x kW. 

The cost of installation of a lar:ge st••am powe!. station can be div ided appro­

ximately as fol lows : 

Buildings 

Fuel handling,boi l ers,etc . . 

Turbines, generator:; 

Switchgear 

Transformers,cabl es ,sundries 

35% 
20% 

25% 
10% 

10% 
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Interest has to be al l ow~d at about 10% , and. a sinking fund prmid-:d to 

replace the insta11ati<>n at th. end. of it:; usdul life,whi<:h is €sCrm1 ed at 

about twenty years . 

The advantage of a hi gh load factor can be easily seen by ccstder·' ng the 

case of th t la;;ger stem power stat:.on as shown by th , above equat i ons . 

Also fran th< above fonrulae , it is clearly indicat<~ t hr,t th , Iaeger th t 

power pla:-: t, th<· 1 ow~.r wi 11 be the co~t of th.,. produced ene1gy. 

(4] ECQ\la.iiCS Of. POWER STATION ~RCCNNtCf!<NS WITH A UNIF IED :GR ID 

AS AFFECf lNG TH~- ENi:I~Y CO~T: 

The interconnectit111 of a pow~r station with a unified grid can be achieved 

by several alternatives. In each case, the· regime of pow<?.r flo.• ,_.._ll differ. 

Consequently, the loadings of th·t ne~worl< lines and. associctt ed er: ,rgy losses wi 11 

differ fran one sch~me to another. The cost of th< pow.~.r loss o'v er th·t years is 

also on economically determining factor influencj.ngth-:: energy pri.c<• and has to be 

taken into considerat l on in the design stage. 

Furtht·r, th·t interconnt c t it>n ahema1 ives will aff<!Ct S.C. level in the whole 

network. Increasing th~ S.C. level encounters th e· increase of the S.C. capacity 

of the ins~allP.d switchgear and. equipment, cooprising addit' onal cost influencing 

the- energy pr:. ce . 

Furth.·nnor•!, th,· interconne,cti<Xl alternatives will affect tt, syst em stability . 

The equivalent cost fo? the outage of th, syst em whi-le in or in prt tf!resents a co­

rrplicated economy probl em that has to be taken into considerat j or. as influencing 

th·t ene?gy production economics. 

Ther efor<: , in th·~ desi&'ll stage, th,; interconn. ction alternatives of a new 

power st<<.t :" m have to be studied in the light of th: resulting pcwer losses of th" 

system,th, short circuit level and th·t stability, Fig . (2) . The lo .. ..-er th, r esul­

ting losses, the l01•·er t h~ r esulti11g short ciJ·cuit wi t h a resulr:·JJg stable system 

under s ingle and double contingenci•~s,th·t mon: economical will be th·; generating 

plant. Thi,; is clear as tht higher losses cost mon·'Y, the hig!·.er- sh·~·rt circui 1 

level requ i res more expensive switchgear and tht less stable sys~en . th, higer th·: 

probability supply interupt i on which in t um is equival<mt to loss in the rationa l 

economy. 
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Affecting th t Energy Pri<:e : 

Figures (3-5) sh01v three various load curves of a uni f i.ed power system 

to \.hich various types of power stat inns arc, connected,e.g. hydro-el•~ctric,ther­

rral steam and gas. The construction of new uni1 s of a given type to meet the 

load requi. rment s wi 11 clearly affect th t en<rgy pricing in any system of pricing 

ei the! , ave~ age CO'-t pricing or rrarginal co-. t pricing . 

In the sam,~ rranne•r , the· 'n'aY to meet th< load requi tments by operating on 

type of pow~r stution or oth·: r in a given time of the· day with hcu1 the same affe-

cts on the energy pr:.cing and el••ctrici.ty terrif . The details of the:se will 

be the subjects of succeedi.11g lectur•~s. 
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Exarrples of new P .S . lnterccrmection sch~mes . 

First suggested scheme. 

- .-. - .- . Second suggested scheme . 
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Typical daily lo.•d curve for unifi•>.d pow-:\r system and another suggested 

operation schedule for economic operat i on under g iven conditi ons . 
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Typical dai ly load curve fot: unif i ed PO\,e t: system and sugges t ed cons t ruction 

scheme for economical power gene~at ion and tat:rif. 


