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ABSTRACT . o

Economic operation of power plants in a large 1ntrgrated
system involves the problem OF detﬂrmlnlng the demands on the
individual generating statlon for a. glven recelvcd load so as
to achieve mlnlmum fuel cost as well ,@s mlnlmum transm1551on:m
losses, To express thc total transm1551on losses as. a function
of plant loadlngs rEqULIFs thc calculation of the transmission
line lomes co- efflclents or B- coeff1c1ants which are constant for

a certain range of load variation.

The presenf (lQBé) éystem and‘futurc (1982-83) projected
system network of the Western Grid of Bangladesh Power Development
Board with thres generatlng plants and thirteen major load centers
and with five gencrating plants and ElghtELn major load centers

respectxvaly ware considered to be the basis of the study,

Léad-fldw solutioﬁs of the systems with peak and off peak
load conditions were perfdrmed to determine the voltage magnitudes
With.theif”associated angles at the various buses and the real
éhd réaﬁtive power flows between the buses, The systamé were
simulated on an IBM—3TD digital campﬁt*r to determine the loss
formula coeff1c1ents matrlx, and hence to cbtaln transm1551on
losses in terms Df plants outputs, Comput T programmes were
developed for load flow studies as well as for B-coefficients

matrix solution using tha‘Gauss—Seidel iterative technique,

On the basis of input vs, output and incremental fuai-
caost vs, outpdt curves of thélpiants under consideration, optimum
generatidn schedules werc obtained for cases (i) neglecting _
and {(ii). including the transmission losses in scheduling formu-
lations, It was obsﬁrved that a considerable economy in terms
of money could be achleved in the casf of generation schedullng
by conslderlng the tqansm1351on losses over fhat when the losses;
are neglected and also over any other arbitrary methods of

generation scheduling,
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CHAPTER=1

INTRODUCTION

1.1 GENERAL

In any system in the present world, much efforts are
expended to achieve a high ratioc of return {output) to capital
(direct or indirect} investment, For a power system to return a
pro%it on the capital invested, proper operation is very impor-
. tant, Rates fixed by regulétory bodies and the importance of
conservation of fassil fuels place'extfemé pressuré on power
authorities to ensure maximum efficiency of operation and to
improve the efficiency continually, This is neéessary intorderx
to maintain a reasaonable relation between the price per unit of
electrical energy (kwhr) charged to the consumer and the cost
incurred by the p0wer-authority in delivering that unit of
electrical energy (Kwhr) in the face of constantly rising prices

of fuel, labour, supplies, and maintenance,

Economic scheduling of power plants in an integrated
power system preéents a:compiex problem to the power system
engineer, This is the problem of determining the demand on the
individual generator for a givem received load in order +o

achieve minimum fuel cost as well as minimum transmission losses,

Much effort has so far been expended in the analysis of
incremental fuel costs (1) ; However, in an integrated power vs
system it is necsssary to consider net only the incremental
fuel cost but also the cqsyubf transmission losses for optimum F

economy, Although the incrémental fuel cost at one plant may be

-»
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lower than that at another ﬁiént for a giv@q*disf;;bufiaﬁ o¥ 1sad
between them, the plant with'iawcrfincremehtai'?ﬁél‘c&gt‘mép ba
s0 distent from the system load centre that %hé‘EeSUItiné trang~
mission losses dictéte, lowering the load at that plant with the
higher incremental cost. (he co-ordination of incrementa;_fuel
cost and incremental trapsmisgipg Josses results in a consider-

able amount of economy in terms of fuel savings,

In a complicated system, it becomes too laborious to

determife ‘the currents (I) in the various branches and to make a

camn \:j

.

summation of the IZR(power)'ldsses af the whole.éystem; In féct; L
if the system losses for many différent generating conditions -
are required, the calculatiodn involved in the summation method
become practically prohibitiva; It, thersfore; becomes necessary

to develop an expression for the total transmission loss as a
function of plant loading in any problem involving the economic

scheduling of plant generstion in an integreted power system,

1,2 LITERATURE REVIEW ON METHODS OF CALCULATING B-COEFFICIENTS

A transmission loss formula expressing the total trans-
migsion losses in terms of source powars was first pressnted

by E.E. George( 2) in 1943, The formula was of the following

form:
Pl = total transmission losses 7
2 2 a2 >
= PPy PP+ BagPyt 4 el 4+ B P N
PP Pe v BByaPaPy e w 2PpaPaP g e e 2B PR
= sk B P | e (1,1

m n



L.K, Kirchmayer, and G,W,

Py P = source powers,

[w=}
#

mn

transmission ling-loss-formula cozfficiants

(Usually transmission line loss coefficients are called.

"Becaefficignt"), The determination of thao Emn

based on a londhand‘procedurﬁ which required two to three weeks

coefficients was

work by two men fof a system of eight to ten gencrators,

The application of tha netwdrklanalyzer to detzrmine a

" similar loss formuls was developed later by Ward,

Hale (3 )of Purdue University and published in 1950,

At the 1951 AIEE'summer'convenfioni G,

with .G,w, Stagg and L.K,

Kiféhmayer,

Kron, in wconjunction

Eaton and

prasented companion papcrs

(4, 5) which described an impm ved method of deriving a total

analyzer measurem=nts and arithmetic calculations,

transmission loss formuls rEqulrlng cansiderably less network

Re ference 4,

in addition, evalusted the discrepancies introduced by the

assumptions made in obtaining s loss formul

The applicastion of sutomatic digifal computers %o calculate

a loss fqrmula was presented by AL F,

' Glimn,

Stagg in 1953 (6).

=
i

R

. Hebermann, Jr.,

W,R, Brownless (7) indicated a method o f expressing

transmission losszs in terms of generator voltages and angles

and the X/R ratios of tha'fransmi%sion circuits,

Jhe first major step in-.the dmvvlopmant OF corordlnatlng
incremental fuel chts and incremental transm1551on losses was

presented in 1949 by E,E,

Gucrge

H.ow,

Page,

and J,B,

Ward‘f B

)

-t



in their use of théwnutwork analyzer to prepare predicted plant
- Yoading schedules for a larée-pownr gystem, At the same tlme::_
the electrical englnearlng staff UF thd American- Gas and Electric
Service Corpq;athnr alsu wxéh:;hu'ald of 'thé network analyzer,
‘developed a,method of mndlfylng the incremental fuel costs of
-i-the variqus plants on an‘intféméntﬁl slide rule in order to
account for transmissinn.ioéées. Next, the American Gas and
tlectric Service Lorporation, in.énnﬁefafion with the General‘
Electric Company, successfully émpioyed transmission loss formulas
and punched card machines:%n; the preparaticn.of penalty factor
charts to be used in the economic scheduling Of generation ( 9 ), ?1
The incremental production cost of a given plant multlplled by |
" the penalty factor for that plant gave the incremental cost of
power delivered to thes system load from that plant, Optimum
gconomy, with theo offaect of trnnémission losses CDnSiderBd,'WGS e

obtained when incromental cost of delivered powsr was the same

from all sources,

In 1952, L.K, Klrchmayor, and ‘G,W, Stagg (10) presented

(1) a mathematlcal analyqls of yarlous methods of caordlnatlng
incremental fuel costs and 1ncremnntal transmission losses, (11)

ah evaluation of _rfurs 1ntroduced in optimum system operation
by assumptions 1nvclvcd in determining a loss formula, and (iii)
an evaluation of the savings tn_be obtained by co~ordinating -,

incremental fuei-costs énd incremental transmission losses,
.“Pxogress in tnnwnnalysis of the cconomic operation of a

combined thermal and hydro—electfiﬁ“pdwer systom was. reported

by W,6, Chandler; P,L, Dandeno,. A, F, Glimn, and L K, Kirchmayer(11l:),



An iterative method of calculating ‘genaration 5chedules
suitable for the use of a high-gpezd automatic digital computer
has been described by A,F, Giims,'ﬁj Habzrmann, Jr,, L.K,
Kirchmayer, and R,W, Thomzs (12 )., for & given totsl load, the.
‘computer calculatcs and tabulatss incrzmental cost of rsceiysd
powéfi total transmission lossss, fotai fuzl input, pénalty-
Factors; and rececived load; =zlong with tha allocatiod and summa-

tion of generation,

Early. in 1955; the American Gas =nd Elscctric Service

Corporation installed en incremental transmission loss computer

|4
G

for the:uss of tha system load dispatcher (13,14 ), This computar
calculated incremental transmission losses znd penalty fsctoss
fsr various system operating conditions, The coordinated opera-
tion sf this computer apd an incrementzl slide rule furnished

a flexible =and accurate msthod_pf taking into account the chan-

ging conditions.in the plant =nd in the transmission system,

A digital computer method for dirsct calculstion of ‘loss
formulss coefficients was oresented by L,K, Kirchmsyer, H, Happ,
G.W., Stagg, J.F. Hohenstein (15) in 1960 which offsred signifi-
cant improvements ovs; previous mathods with respect to costs
and -data handling, .In addition, improved amccurscy was obtained
by automatic dsterminstion of reactive ou+put characteristics
of generators (s-factors), This method utlllzed fully. the unique

capabilities of digital computsrs and dlrsctly detcrmlnsd the . .

e

impedances betwesn the sources. and hypothetlcal load and pIOJBCﬂ,=

ted these impsdances-tq logs..formulas coefficients,



A direct method for constrictioh of logs formulss Fb;

systems containing off-nominal auto-transformers wes presented

by the same authors (16 )in 1964, Another significant improvement

realized through this method was a reduction in cchputer time,

compared to that required previously,

An-improved method of determining loss-formulae coefficients

. *
.

and hence the incremeéntil transmission loss factor from power
syastem admittances znd voltages develoosed by E,F Hill and W.D,
Stevension Jr, (l?nyas published in June 1968, In the same
year another suggestiop that came from the same authors fcr
finding the transmission loss-coefficiants was to detcrmine the
second partial derivativc of tha system lossss with respect to

plant outputs (18 ),.

The first published work on the construction of loss-
formulae for the tastern Grid of Bangladesh Power Development

Board (BPDB)} was undertmken by B,H. Sshs (19) in 1972, He used

~a G.E.AC., network analyzer to solve the transmission loss~matrix

(Bmmatrix), but his method was subject to the inherent limitations

at such aneologue tcchniques,

"In the year 1373, lo=d flow studies (which are.required
in the determination of B-coefficients) in slectrical networks
was undertaken by A,N,M, Sadrul Ula { 27) using FORTRAN II lan-

guage on an IBM 1620 digital computer,*

In the year 1975; 2 digital methcd of czlculating the

fot

——



four generating plants and eigﬁ$ major gpad:;gnﬁgqﬁ;‘ﬁnj{BM—Eﬁﬂ
cmmpufer was used =nd the programma was developed in FORTRAN IV
language,

The preceding summary and referen695léré obviously not
complete but they are intended to include much of the significant

developments to date,

1.3 SCOPE OF THE PRESENT THESIS

The scope of this thesis include: ths theory and practical
applications in datgimipipg the transmission loss formulae co-
efficients for tﬁe Western-Grid of Bancladesh Power DEvelopment
Board (BFDB) using @ high speed digit%l computer, and in the
date:mination of the.qpt;mum generatior schedules for the genera-

ting plants of the same system, fo ba nors sbecific, it involvesg
1, Determination of the load-flows in various lines of
the presunt (1980) =2nd future expansion {(including the
Ezst-West interconnector in the year 1982-83) system
by digital computar,
2, Determination of B-coefficiznts for the systems with

the help of a digital computer,

3. Daterminetioq of resective characturistics(s-factors) ‘
‘bf the verious plants under investigation, _ B
4, Determinstion of optimum schediling of generation for &)
the gencrating plants (1960) uader consideration for i

g

different values of received loéd, : T ¢
5. bvaluation of the ssvings made by such’ '@h optimum N

scheduiing of generstion. . .



1,4 SUMMARY

Chapter 1 prescnts, general approach for determining B-

coefficients, literature review and scope of. the thesis,

Chepter 2 presents; as a briaf introduction; the develop-
ment of an efficient load-flow (Gauss~Seidel iterstive method)
programmgfand its application to determmine the unknawn voltagaes

will their associated angles at cach.bus znd power-flow { real

and rzactive) in various lings-of the systams,

Chepter 3 discusses; the basic prineciples for calculating
the transmissioﬁ losscs of  a sysfem in terms of the source
loading and thz Becocfficients, This chaﬁtar also covers the
development of an efficient programme for automastic determination
of the Becoefficients for the Western fSirid of BPDB =nd for the‘
determinstion of the resctive characteristics of various plants

during the course of calculating B-coetfficients,

Chapter 4 prasents;, 2 mathematic enalysis of the varioué

P

methods of coordinzting incremental fusl cost and incremental

transmission losscs to prepeare an optimum scheduling of generation,

2
Lhapter 5 svaluates, the annual szvings made under the most

economic scheduling and compares the result with finanecizl losses

due to arbitrary scheduling,
Lonclusions of the study arc presentod. in Chapter 6 which

also includes a few suggestions for poesible futurs extension \

of the work,




CHAPTER-2 |

LOAD FLOW STUDY

2,1 INTRODUCTION

A load”%iéﬁ study is the determination of the voltage;
‘current, pawef, and-power factor or reactive power éf Uéfidﬂs
points in an electric network under e%lsting or contemplated
condititions of normal operation, Load--flow studies are sssentidl
in planning the future development of “ha system bccause satis=
factory operation of the system'dependé on knowing the effects of
interconﬁectioﬁs with other power systems, of new loads, new
generating.stations, and new transmission lines before they are

installed,

ns a matter of practical interest on the determination of
transmission line loss coefficients (B-coefficients) by digital
computecr, the tkansmiésion network of the Western-Grid of_BPDB
hés been considerad, The above study fuquires all load-flow data
and results, so the author has takean a step to develop -an gffi-
cient load-flow (Gauss-Seidel Itorative Method) programme for
the ex;sting'(l980);system and the.system thzt may exist in fhe
year.1982—83,_inclqding the East{West interconnector, A hypbthe—“
tical 60 MW gencrating unit at Tongi_has been considered only to
export energy;from Eastern-Grid to ths Wesferanrid_ The Power
Development Authority af,Bangladgsh, supplied necessary data;
such as, the transmission system configuration;, line parameters, e
data of t;ansformers.ana generators as well as projected load

conditions upto 1983,
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2,2 DATA FOR LOAD-FLOW 5TUDY

tither the bus sclf and mutual admlttancbs whieh composs
the bus admittance matrix, Ybus or the dr1v1ng point and transfer

impedances which'compbse Z may be used in sclving the load-

bus
flow problem, We have confined our stutly to methods using admi-
ttahceé: The starting point in obtaining the data which must be
furnished to the computer is the cng~-line diagram of the system,
Velues of éeries iﬁpgdances,and shunt ndmittances of transmission
lines are necessary so that the computor can determine all the

Y o £ alements, Other essential information includes

bus bus

transformer ratings and impedances, shunt capacitor ratings and

transformer tap settings,

The quantities associated with a node or bus in any power

network are:

1. Voltage magnitude, V
2, The phass angle, B, relotive to the phasc angle of
a reference bus

3. Net real power generation, P

. Net reactive power generation; §

Of the four quantities any two are the known quantities
along with the configuration and circuit paramcters of the power

network,

Normally three typgs:gf nodeé 6r gﬁsés are encéuntﬂrpd in
a load flow study (24,27,32), It 1s necs ssary to seléctlone bus,
called the swing or slack bus, to pr0v1je the addltlonal real
and reactive power to supply the trensmission losses, since these

v



11

-ére unkhowﬁ u;til the final rosult is_gbtaihgd; At this bus bétE
yaltage:maﬁﬁitud;:&U}mandmphESﬁ"ﬂnQ&enﬁe) are“épeti%gea, Real @
power (Pd and raact?ﬁgnpDQéf.LQ}Maﬁ this buéﬂéfa,JEfefmiqed_Ey
the Cbmpﬁtéf as.péft af tHQ solu*ién Ihﬁ remaining buses are
d551gnutad wlther s VGltdgL controlled busss or load buses The
real power (P) and voltage magnltuda (V) ars spsc1fladfat 3
voltade cdﬁfralled bus; The ruai (P} and reactive (Q)° pDWLrs ‘are
speci?ied éflé load bus; Thore i anothor type of bus Callod the
passivu bus which has nulthbr load nor genarator, Thoge buses

are usually treatad as load buses with both P and @ equai'td zeio;

Tha load flow problcm re §u1rus that the pair of unknDQn
quantltlps at each bus ba found When 211 the unknown pairs,
partlcularly the unknown valtages and chase angles ére found;
then the curreﬁts, real and reactive powar flows, and losses in

the various line s can beg ascartained,

Network connections are describad by uéing code numbers
assigned to wach bus, Those Aumbers spicify the terminals of
transmission lines and trahsformeré.~tade numb&rs 2re used also
to identify-tha typos of buées,'tﬁé location of static capacitors,
shunt rcactors, and those elemenf; in which off-ngminal turns o

ratios of transformars are to be representad,

The mathaematical fdrmulaticn of the load-flow problém
results in a éystem of algebraic nonlingar squaticns, As the
number of unknowns are large and the nonllnaarlty in the equations
make it lmpractlcablu to use any dlr;ct method such as Gauss;gn
elemlnatlon (33) method or Crdmer s ruls (34) 1anlQing determinénfs.

I

. Iterative tschniques are the only alternative and are of special
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help because QF large number of zero nlpmunts in the nodalrequa—‘
tlmns DF the powlr nutwork Thu éolution must satlsfy Klrchhoff'
Laws; 1.5 the algmbralc suf of ﬁll flows at a bug must ﬂqual Zaro,
and the algabralc sum of ali voltagas in a2 lgocp mist =qual zero,
One or the othur of thuse laws is uswsd as a tcst for convergcnce
of the solutlon in the 1t;r1t1vL computational method, The author
has usad Gauss buldel ltaratlva {27) method (Appendix=i{l)) for
the numerlﬁal soclution of algabfaic equations describing the

: pﬁwef system for load flow problam,

2;3 DERIVRTIDNJUF THE NODAL EQUATIONS

The complexity of obtaining a formal solution for load-flow
in a powsr system arises because of tha differcnces in . the type
Dfﬁdata specified for the different kinds of buses, Although the
formulation of sufficicnt cguaticns is not difficult, the closed
form of solution is not practical. Digital scluticn of the load-
flow problems we shall considzr f~llow an itzrative process by
agsigning éstimatgd values to the unknown bué voltagag and calcu-
lating a new values fur ecach bus voltags: fraom the estimgtgd valuggf
at the other buses and the resl and reasctive DoworT specified;

A new set of values for voltage is thus_obtained for each bus

and-is used to calculatc still another sst of bus valtages, “Each
'calculatlon of a new sLt of voltages is called an iteration
(RppendixﬁA). Theg itcrative process is repented until tha e
difference between successive itecratian ét each bus is less fhaﬁl “

a specified minimum value,
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Wé shall sxamins first ﬁhc solut_on besed on expressing the
voltage of a bus as a function of the real and rea;tivé”bdﬁérz
delivered to the bus from generators o supplied to fhe load
connected to that bUSg-the mstimated o previcusly calculeted
voltages at the other buses; and the s.1f and mU'tual admittances
of the nodes, We shall derive .the node equatidhs (32) for a four-
bus system énd write the genserdl equatiaons latér, Wifh the swing
bus aesignatad as numbsr 1, computatiorn.starts with bus 2, If PZJ,AL
and Q2 are the scheéeduled recal and reac-ive power entering the %

system at bus 2, | _ ' e k
v,X 1, =P, - iQ (2.1)
2 > = o .]2‘ . see 3

from which‘I2 is expresscd as

P, - g | I
I, = ————>=2 (2.2)
R
. 2-- "
and in terms of seilf ard mutual admittancus of the node, with
generators and loads omitted since the current into cach node

is expressed (32) as in cqn. (2,2},

I; = A T YarVitYaaVatTagVat oYy oo (2.3)
solving for V2 gives
: P. = iQ-
o 2 ~ I43 ‘
Vy o= =~ { " - (Y21V1+Y23V3+Y24V4)) ce. (2.4)
22 v, e

Equation (2,4) gives a.corrected value for V2 based upon scheduled
Ez-and QZ when the velues Qstima;ed Drigfnally are substituted

for the voltage gxpressions.qn‘ﬁhe righf‘héhd side of the equation,
- R %

L

T
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The calculated valge for V2 and thp estimated“valug FBr'@;‘ will
not agrae; By substit. ting the cunjugaﬁe of the‘ééibulbtédrﬁéfue;
of VZ for \]2'K in E£qn, (2,4) to calc;leted énothér v;laé“FOr V2,
agreement would be recached to a good déggéé'gffaééaréég after
several iterations and would be thz ccrrect véiﬁe for V, with
gstimated voltagaes and without regard to power at %he other
buses, fhis value would not be the solution for'Vzlfor the
specific load-flow conditions, however, beocause the voltages
upon which this calculation for VZ depznds arg the estimated
values at the other buses and the actual voltages are not yst
known, Two successive calculations of Vs (the secand beinglthe'
")

firét'excapt for the correcticn of V2 are recommendesd at each

bus before proceeding to the next ons,

S the corrigcted voltage is found st evach bus, it is used
in calculating the corrected voltége at the mext, The process
is répeated at cech bus consecutively throughout the netwoﬂf@ihg'
{except at tho swing bus) to complefe the first iteration. Then
the entire process is coarried out again and again until.tﬁe

amount of correction in voltage at =very bus is less than soms

predetermined precision index,

fhis procass of solving linear algﬁbféic'équations is known
as the Gauss-Seidel iterative hethod thppandix—%(l)l. If the samse
set of voltage values is Used throughout the complete iteration
(instead of immediately szsfituting éach new valug Dbtainéd to
calculate the voltage ot the next bus) the brocess is called

the Gauss iterative method,

|
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Convergence (Apﬁ;ndix-A(Z)) upon an erronzous solution may
Gccut if the original voltagss arc widely different from the
correct valuesl-irroneous cbnvergénce is usually avoided if the
original vélué; arc of ruasoneble magnitude énd'do not differ
too widely in phase, dny unwanted sblution is ususlly detected
(32) easily by inspection of. the results: since the voltages of
'thg system do not normally hzve a rangsz in phase wider. than
45° and the differcnce betwsen nearby bYuses is less than about

10Y and are often very small,

The real. and reactive power at aily bus K is given by:

. Ny K .
Pk - JQk= Vk Ik s 80 “ - " (Z-S) ﬂ

where Pk is the rcezl power =t the bus k;, 0y 1s the reactive
pawer at the bus k. Vk and Ik are the voltags end éurrent at

the bus k, and Vkﬁ ig the complex conjugate of Vi -

For s total of N buses the current at the bus k can also
be expressed (27,32) in terms of admittances =nd voltages of

thsz adjacent busos n as given by:

R "-N . ‘ .
Ik = z Yknvn e (2"_",5.)
Ml O
. N . . - . .
o Ik - Ykk '\!k M Z Yknvn oo ve. (2.6)
n=1
ngk
whe;e Ykn = Gkﬁ + jBkn = mgtual admittance between bus k and

bus n(G Béing the conmductancs and B being the susceptance),land
Ykk = Gkk + jBkk = self admittanc: of bus k that is sum of tﬁé

admittances of all branches terminating at bus k,

P
_,-'.‘_;:v‘v

o
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Equation (2,.,6) can bs rewritten as:

‘ N . -
1 . ;
y - —— ( I. = ‘5 Y, V ) .. (2.7)
Ykk k 1 kn'n’. !

n#k

Lombining equations {2.5) and (2,7)

. P—- jQ N
Vk = $ y k ;{ k - Z_:_ Ym(nvn) e ;(2“‘751)
n#k

substituting the resl and imaginary conaponents of the admittances

and expanding {(27) different terms,; th: above expresgion becomes:

RL1(k) + jAL2{kK) _ ﬁTN
z;ﬁ

vV, = " (YLlLk;n)+jYL2(k,nJ)Vn {2,8)
_ v =1 .
k
n#k

where AL1(k) = PkGl(k) o QkBl(k)g

RL2(k) = - Gl(k) - P, Bl{k),

YL1(k;n) ='Ethl(k).& BknBl(k),

YL2(k,n) = BknGl(k) - GknBl(k),

2 2

and Gl(k) = Ekk/(Gkk + Bkk)’

2

: -2
(BL(k) = B /(62 + BL ).

Substituting the real and imaginary componaents of the voltageg
and solving for rsal and imaginary terms; the above exprassion

{(20,27,28) becomes:

RL1(K)ER(k) - RL2(k) EI(}) ' ' H

ER(K)Z + EI(K) S 7 o

tR(k) =

N T : .
-3 {YLl(k,n) ER(n) = YL2(k,n)EI(n)) .. (F?9){5

n#k



BL2(K)ER(K) + RL1(k) EI(k)

EI(k) :
ER(K) + EI(Kk)2
N .
-5 (YL2(k,n}ER(n) + YL1(k,n)EI(n)) ,, (2,10)
n-.:l
n£k

where tR(k) and £I(k) are respectively the real and imaginary

cdmponents of the voltage at bus k,

The above two equations are solved by Gauss-S5eidel iterative

method,

The line flows are obtained (28;32) from the equation

P,y = 99,0 kO VO Y e 0 Yk
. : Y1
where Y is the line admittance —lksl) is the line

(k,L) 7 2

charging admittafce,

2.4 DESERIPTIUN'DF THE SYSTEM

Due to the harrier presentzd by the wide flowing Brahmaputra-

Jamuna river, Bargladesh Electricity system has to be developed
in iwo main ééparaﬁe parts, Last and'West.Zonés. However, Béngladesh

Power Development Board (BPDB) has recently entered into a contract
h

i._)

to construct a 230 KV double~circuit inte rconnector to limk the

two zones, Ccnstructiqn work'gf this project has already been Iy

R

taken up and . is expected to be completzd by 1982-83, The 1in°s ; "
will however, be energized (36) initially at 132 KV wi th loadlng
capac1ty of 350 My and about SDD MW wh 3n cnbrglzed on. 230 KV

The system chosen for the study is the' €x1st1ng (1980) :

WEstern—Erid“oijPDB with the éxception of a few radial feeders

S
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and with the inclusion of some immediate future expansion  schemes-
in the year 1982-83 including the initial {132 KV) Esst-West
interconnector, which is.axpéctedctu ihpoff”lBQ GWH of energy

from the tast-Zone,

The méin generating station is locatecd at Goalpara near
khulna town at the sourth of the zone, The total installed capacity
of.the plants comprises of a mixture of steam; diesel and gas
turbine driven generators. The stzam plant uses furnace oil as
fuel wheréas the gas turbines rum on naptha or diesel and fhe
di€sel engines on diasal distillate, Tke second major power
station is located at Bheramara about 90 miles north of Khulna
where two units of 20 MW gas turbine generators are iﬁstalled;

This gtstion burns H,S5,0 as fuel, Small diese; stations of

various sizes ars located at Saidpur ard Barisal (isolated),

The total available capacity of West Zone at present (1980)
is 140 MW, At Goalpara nne 2x28 MW(G,T) and another 1x110 My
{steam) stations are now under construction and expected to be

completed by June 1980 and Juna 1982 respectively,

The 132 Kv grid runs from Khulna in the South for slmost
the whole length (300 miles) Of‘thE'WBSt Zone to Thakurgaon in
the North, Ffrom Goalpara to the North is presently a single
circuit-but work is proceeding on the construction of a second
circuit upto Ishurdi, Second circuit extention upto Saidpur will
be taken up during the second ' five-year plah périod and upto
Thakurgaon at a later stage, Work is also'bidiéeding to complete

the grid in Khulpa-Bagerhat-Barisal section”in the south of the

zone (total of 510 miles)., The details of existing installed -
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plants and transmission lines in this zome and details of the

future (1982-83) extension programmes are shown in Fig, 2,1 and
2.2 respectively,

L

2,5 FEATURES DF THE COMPUTER PROGRAMME

Large-scale load-flow computer programmes incorporate'maﬁy’
autoﬁatic features torfacilitate'their Use in bower‘Sysfem”pla—
nning{ operating and interconnectiop stuﬁieé.~The prfnciﬁél-
objectives of these featureslarawfo m.ak e ﬁaximum use of the
computer's capability and to minimize the number of manual
operations:required by the engineer in specifying and maintain-

ing system data for the initial and subsequent load-~flow cases.

The programme was developed in FORTRAN IV language incor-
porating the theory developed in the previous sections for
running with the IBM 370 computer available st ths Computer

Centre, BUET,

The programme starts with the 1nDut data’ raadlng oF the
total numbsr DF buscs in the system, value of thc acceleratlgg
factor to be used with the real and reactive components of the
voltages, value of the tolerance limit to be reached and tge

maximum number of iterations to be allowed,

The system connecting lines are read in next, Thié'ié in
the form of an NXN matrix (where N is the tatal number of buses)
having as ele%ents geither zero or one, One represents a connec;
ting line between two buses and zero represents no connectidﬁ

between them, At every calculation sten, fho'computer compares
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the two concernad buses against tHis natrix éﬁd'f? theré ié no
connection betwesn tham, the calculation procezds to the next
bus, thus saving an enormous amount of computer time'aé very
few buses have intarﬁonnecting linss batwzen them, Thf; matrix
also helps in huge savings of combutar storage by reading-in the
line parametsrs-resistance, reactance and line charging reacﬁaﬁce
( shunt susceptance), and calculatlng and storing cnly the nonzero

elements of conductance; susceptance znd lineg charging susceptance,

Next input data are the real and reactive power geherated
at the generator bus and the real and reactive parts Df loads
demand/egch bus, Voltage magnitude of the swing~bus is then
specified and then initial voltages of all other buses are
assumed, To purform A8 many operations as possible before the
beg%nning of the iteration loop, some soltage Equatipn parameters
are calculated with the help of input data, These calculated
values along with all gr ény of the pr:vious data could be
printed with appropriate captions, This provides an opportunity
for checking any errors in the reading-in; wfiting or formatting
of data, The programme upto this is per-formed only once in any

load-flow problem and is hnever repeatesd,.

The next part of the programme is the iterative part,
For simplification, the real.and reactlve components of valtages
are solved separstely with the help of equations (2.9) and (2,10),
Then the chaqges in bus voltages from the previous iteration
are calculated, The bus voltages: are thkean replaced by theae bus
voltage in the previous iteration plus the changesrin bus voltage

multiplied by the acceleration factor, The real and reactive
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‘componegnts Df voltages are then tested agalnst & predetermlned
precision index callﬁd tolerance I thb ctharge is not:within:-
this tolerance; the 1te;atlon count is advenced by one and the -

iteratiaon portion is repeated again,

When the changes in voltags are within talerance, the
number of iterations requiredjtc convergz the problem, and the
real and reactive parts of ypltage alang with the bus numbers

are printed,

Next, voltage magnltud s and ang..es assoclated with them

are calculated and printed along with the bus numbers,

Then, the line flows are calculated and re=al and reactive

power-flows along with bus numbers are printed,

2.6 RESULTS

The computer programme described in the last.chtiDn has
been used to find the complete automatic load-flow solution of
the Western-Grid of Bangladesh Power Development Board, Figs.2.1
and 2,2 shows the one-line impedance diagrams of the systems for
1980 ;nd 1382-83 respectively., The systems chosen contain prasent
and future projects of power stations and transmission lines,
Load flow studies were performed with 13 buéé; including 3 gene=
rator buses and 18 buses including 5 generator buses for present’
and future systems respectlvely. For ccnvenience Df thL programmes
the gengrator buses were’ coded as bus number 1 to 3 and 1 to E
respectively, In both the'systems;fthe Goalpara bus, designated

as bus number 1, was considered as the swing bus and its vmlfage



MAXEIMURM (PEAK) LOAD CONDITION.

TABLE:

Z2.1A

(FOR THE YEAR 1980)

100; BASE

SPECIFIED TERMINAL :CONDITIONS (P.U. )

BASE  MVA = KV = 132

24

Voltage components

Power Geéntrated

Bus . Power Demand

No., Real Reactive Real Reactive " -~ Rual Reactive
' (F5) (Qe) . (PD)  (QD)

1 1.05 c.0 0.84 D,Qssz”“ 0,55 0,4125 -

2 1.0 0o D;éu 5?5& | 0,11 0.0825

3 1.0 0.0 0,165 0,12375 0.06 0,045

4 1,ﬁ 0.0 0,0 0.0 0,06 0.045

5 1.0 D.b 0.0 0.0 0,10 0,075

6 1.0 0.0 0.0 0.0 0.04  0.03

7 1.0 8,6 0.0 0.0 0,06 0.045.

8 i,b a,o 0,0 0.0 0,08 0,06

9 ;.h 0.0 0.0 0.0 0.065 0.04875

10 1.0 0.0 0.0 0,0 0,05 0.0375

11 1.0 'D.é .o 0.0 0,06 0,045

12 1,6 D,é t.o 0.0 0.05 D.0375

12 0.0 0.0 0.08  0.06

-

P
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) Tadli: 2,18
MINIMUM {(OFF-PEAK) LUAD COMDITIODN
(FGR THE ViR 1980)
SPECIFIED TERMINAL COMDITIONS (p,u.,)
) EASE MVA = 100 ; BASE KV = 132
Bus -Voltage compunents Power LHunorated Powayr bemand
No Real Heaotive Raal Reactive Real Reactive
' (PG) _(QG) (PD) (QD)
1 1,05 0o - ©.588 0.441 0.385 0,28875
2 1.0 0.0 £, 40 0,30 0.077 £.05775
3 1.0 0.0 -C,1155 (0:086625 0,042 0.0315
4 1,0 0.0 L.G 0.0 0.042  0,0315
1.0 8,0 0.0 0.0  -o0,078  C.0525
6 1,0 0.0 G.0 0.0 0,028 0,0210
7 1,0 G,0 G,0 6.0 0,042 0,0315
8 1.0 0.0 .o .o 0,056 0.042
9 1.0 .9;0 | g.o 0.0 0,0455  (,034125
10 1,0 J,0 0.0 0.0 .035 0.02625
11 1,0 C.0 0,0 ' 0,0 0.042 0.0315
12 140 0.0 0,0 6,0, 0,035 0,02625 &
13 1.0 - 0.0 0.0 0,0 0,056 = 0,042

T
.
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{FOR THE YEAR 1982-83)

SPECIFIED TERMINAL CONDITIONS (P.U.)

BASE MVA = 100; BASE KV = 132

Bus‘h leﬁage combonentg Pawer Generatsd Power Demand
No, = Real ° Rucactive Real  Rerctive Real Reactive

TR (PG) (g8)___(PD) (9D)
1 1.05 0.0 2.5000  1.6750 O, 66 0.495
2 1,0 0.0 0.6000 0,4500 0,130 0.0975
3 1.0 0.0 0.2150 0.16125 0,075  0,05625
4 1,0 0.0 0.2550 0.19125 0,100  0.0750
5 1,0 0.0 0. 6000 0. 4500 0.0 0,0
6 ;@.o G.0 0.0 - 0.0 0,080 0.060
¥= 1,0 0.0 0.0 0.0 0,120 0.090
g 1.0 0.0 6.0 - 0,0 0,050 6.0375
9 1.0 0.0 0.0 0.0 0.070 * 0.0525
10 1.0 0.0 0.0 0.0 8,420 0.3150
11 1.0 0.0 0.0 0.0 8,055 0.07125
12 1.0 .0 L.o 0.0 0.060 0.0450
13 1.0 0.0 0.0 0.0 0.080 0.060
14 1.0 0.0 0.0 0.0 0.080 0.060
15 1.0 0.0 0.0 0.0 0.110 0.0825
16 1.0 0,0 0.0 0.0 0.040 0.030
17 1.0 0,0 0.0 0.0 0,045  0.03375
18 1.0 0.0 0.0 0.0 0.030 0.0225
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TABLEs 2_ 2B T

CMINIMUM (OFF-PEAK) LUAD CONDITIGN
(FOR THE YEAR 1982-83)

SPECIFIED TERMINAL CONDITIGNS (P,U.,)
BASE  MVA = 100; BASE KV = 132

Bus -Voltage components Powsr Generated Powar Demand

Na, Real Reactive Real * Reactive Rezl Reactive
| = (PG) (&) (PD) (gD)

'1 1.05 = 0.0 2,50 1.875  0.462 0.3465

2 1.0 0.0 C.60 - 0.45 0,091  0.06825

3 1.0 0.0 0.215 0,16125 ©0.0525 . 0,039375
4 1.0 0.0 0,255 0.19125 0,07  0,0525

5 1,0 0.0 0.60 0,45  G,00 .0.0000

6 1.0 - 0.0 0.0 0.0 0.056 0,042

7 1.0 0,0 0.0 D,b | 0,084 0.063

8 1.0 0.0 u,0 . o,d 0,035 0.02625
9 1.0 0.0 0.0 0.0 0.049  0,03675
0 1.0 - 0.0 0.0 0,0 0.294 D.2205

11 1.0 0.0 0.0 . 0.0 D.G665 0,049875
12 1,0 0.0 0.0 0.0 0,042 0.0315

13 1.0 0.0 0,0 0.0  0.056 0,042

14 1.0 0.0 0.0 0.9 0,056 0.042

15 1.0 0,0 - 0.0 0.2 0.077  0.0577s.
16 1.0 0.0 0.0 0.0 0,026 0,020
17 1.0 0.0 0.6 0.0 0.0315  0.023625

18 1.0 6,0 .0 0, - 0.621 0,B61575

N
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magnitude was held constant at l.DSZﬂD P.u, The.line parameters
cunsistiég of resistance, resctance and line chérging (shunt)
susceptance ars shown in the impedanca dizgrams of Figs.2.,1 and
2,2, The terminal conditicns specified-by peak and off-peak
loading conditinns are given in Tables 2,1A and 2.1B and 2.2A

and 2,2B respectively, .

The peak and fo—peék‘lpad—floWS weriz excercuted seporately.
Complete lcad-flcw results and voltage magnitude with asscciated
angles are shown in Figs, 2,34/2,3B ani 2,4A/2,4B for present

and, future systems respactively,

Tolerance limit was set at 00002 which is fairly good for
accuracy inrtha soluticn by Gauss-Seidzl itsrative metﬁod (28),
The maximum nuﬁber of iteraticn was at 400, A number of accelera- -
tion factors 1,4, 1,5, 1,6, 1,7, 1.85 vare given as input, but
thé solution converged in 50/65 iterat.ons with =cceleration
factor of 1.6 for the present (19680) psak/offepeak systems and
66/77 iterations with acceleration facicr of 1,6 for the future
(1982-83) peak/off peak systems. respectively, (Time takan by
computer for the combleta load-flow so .utions wore noted as

aa

2-03/2-08 aﬁd 2=-11/2-14 seconds respec:ively),
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3,1 INTRODUCTION

For op timum schoduling of gémuzoion of zn integrated power
system, the basic prgblem involved is ‘he determinstion of an
expression for the transmission locses in turms of source loadings;,
For this purbage, it is described to p:oceed from a circuit in
which the various scurces are connectec by an arbitrary transmi-
ssion network to the individual loads, as shown in Fig, 3.1, to

2

an-equivalent ecircuit, as suggestod in Fig., 3

Transmission losses (4) of Figs. .1 and 3.2 are to be

€5

identicsl and may be expressed in the follo Z%g manneri
For Fig, 3;1

2 . . . . .
-PL - 2;” Ik, Rk (transmissior loscos in terms of line

paramctorys, - (3.1)

where, PL'= transmission loss

Ik scalar line currcont in line k

Rk = Regsistance of 1ling k
For Fig. 3,2,

PL = éﬁ' :;; Pm'anPn (tranSWlSSlCn lossas in terms

of saurce powes - ... (3,2)

P = source loadings

m’' n
an = Constants tc be deotermined )
. AR
(Los8~formula co=officiont matrix)
I'n all our deducticns which follov, i+ is to be noted

that whenever & repeated ind ¢ cppoizos, » cummation on that index
is indicated,:. o~
L

‘L,'-' !
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IMPRESSED GENERATOR POWERS SUPPLYING A SINGLE
HYPOTHE TICAL LOAD.




35
Thus & =1Z I
m

Means Em .o (3.3)

It

™
3
e

—
x

The various steps involved in the derivation of loss formulae B

will be noted by refersnce frame numb=rs Wsed by G.Kron (5),

The method;of transformation of Fig, 3.1 ts 3,2, i,e, reference
frame 1 to é.déve%dped by Krom (5), is showq‘in Appendix~8(1)i

In general; a reference frame denotecs 2 given step in the nethrk
analysis whoen the varisbles are chang:d from Sne set to another,
This change'may be thought of as a change inlrcfarence frame,

We shall procesed directly from reference frame 3 g calculatlon
of losses and transformation of goncrator currents to generfator

powers,

3;2 DEVELDPMENT OF TRANSMISSION LDSS FLRMULAE

3,2.1 Laleulation of Losses

The real losses in the equivalent circuit of Fig,3,8B and
equation (B-17) (shown in Appendix-B{1)) mzy be calculated as

follows:

P = Real ( 13* Yy ( E. )

. "K: '
Real (1,%) (2)(1,)

3 - & (3'4)

[}

where, E3, 135 and 23 denote reference frame 3 quantities,
Let us define the real and imadinary components of IGn by

I,, and an respectively (21),

Thus 1 = 1 + jli

Gn ~ “dn .. (3.5)

.

R
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R&éturning to tho general case in which the number gf

sources = m, N we have

+3X T4 1) .. (3.8)

m=n -N dn gn

Using equations (3.5) and (3.6) in =quation (3.4) we have

PL = Real (Idm—JIqm)(Rm_n+JXm_n)(Idn+31qn)
= Real (Idm—glqm)(ﬁm_nIdn - xm_niqn
+3 ))

dm ‘m-n "dn dn "m-n “gn gm m-n " gn gn m-n"dn
- Idm Rm—n Idn gm m-n gn 'Idm men gn + dm xh—m an
Xrn n_xn m
=1, R~ - : I - —————— ] 3
- IdmRmhnIdn * Iqum-n gn 2Idm 2 gn (3.7)

In case of quadra£ic form such as PAP or Pj AjkPk in which
the elements of P and A ara_reallnumbfrs, the matrix A may be
- replaced by its symmetric part (s +.At}/2, since the components

resulting from the skew=-symmetric part reduce to zero (21},

(A -At) .
That is P ———— P =10+ ' (3,7a)

2

Hence we com write equation (3.7) as

Hm_n+Rn m _ X n_xn n
= ——1 T - A _Nem
PL Idm 2 dn 2Idm pd Idn
Rm_n + Rri—m R, . .
+ Iqm 5 an k e (3.8)

N
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3.2.2 Trangformation of Generator Currznts tO'Qeﬁe;atDr Powers

Equation (3,8) expresses the t:EBSmissiDn losses in terms
of generator currents, but the load dispatcher customarily works
dn terms of powgrs, Hence it is necessary for us to transform
1equation (3.8) to gencrator powérs so that our expression for

losses will be most useful, The steps involved in proceeding

- M
A

from ganerator currents to generator powers are described:-as
reference frames 4;5 and 6 by Kron (5), In this section we shall

proceed directly fraom reference frame 3 to referance frame 6,

We denote 8, 2s the angle of ths valtage of generator m
with respect to the riference axis as shown in Fig, 3.,3. The
reference axis is the common axis upon which all volteges'and

currents have been projected inm our work,

Let P_ = real power output of ganerator m’

m
i, = reactive power output of gencsrator m
Vm = absolutc value of the voltage of generator m

From Fig, 3,3, it will be seen that

1 .
Idm = Vm (Pm Eosam + Qm 51n5m) .. (3.9)
I = - (P sirg % 0 Cosg ) S an t
gm Vm T 1n8m * 4y Osem .. A

Ta gliminpate Qm‘as variable, it is assumed that the ratio

Q .
of. —Fm will remain a constent value Soe
m .
Q
That is -_Em = constant = Sm
m
Therufore, Q, = Sm Pm' e, (3,11)

P
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~-g-axis

FI6.33 VECTOR DIAGRAM FOR ~ TRIGONOMETRIC PROJECTIONS.
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Thus/ quatians {3.9) ang (S;ID} may be Qritten as

I =

1 . ' :
an ST (C058m+ Sn, S;nam)Pm : e (3.12)
m
1 ) -
Iqm = = v—“{—_51nﬁm + 5 Cosem)Pm .. (3,13)
m .

Substituting cquations (3,12) and (3.13) intolequation {3,8),

we have
1 Rm n+Rn-m 1
PL = Pm, vr;-( COSBm + Sm SlnE]m) —T—— v;( EDSBn+Sn51an)Pn
1 len+Rﬁ m _1 '
= _c N = - —Sinp o *
+ P V,m( 51n5m+SmCL58m) > V. ( 51an+5nCoan)Pni? o
1 xm-n_xn-m 1 '
+2P  y—(CosB_ + 5p5in8 ) > 7 (-51nen+5nCoan)?n

m ' Ip

1 . c s . )
or PL = Pm v (CDSBmCDSBH+SnCDSBm51nBﬂ+SmJlnemEDSBH+SmSnSlan51an)

m n
R'm\--r:“"Rn-m 1
( 5 )Pn + Pm v;v:(Slnamalnen-SnS;anCoanﬁSmEosBm.

R

+ R
== N=Mm )

SlﬂBn + Smsn Cgsemﬁosen) ( > n

l 3 . .
+ 2Fm Umvn(-CosElm Slan+SnEosBmCDan - Sm51n8m51n8n i
xm n - xh m
+ S 5 Sing CDSB“).( 5 P e (3.%4)

"~ Remembering that Eosemn-z Cos(am—Bn) = CDsBmCOSBn+SianSinen (3.15)

and, Sing__ = Sin(em-Bn)=SinemCDsen- 5inenﬁosem P (3.16)
: o : . 3
. and substituting equations (3,;5)'and (3.16) intc (3,147, we have::
, R =n +1RH;m=: | . '
PL= Po Apn Pa e 2P F o PIo ees o (3,17)

m.mn A

“W"'.
|

!
v
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- 1 L - Y (e e oves oo
where,iAm:n =V ({1 + 55 )Cosg__ '+ (5,<5,)5inm8 ) (3.18)

(-Cc§9m51n9ﬂ + SnCosBm gosB‘ - 5, SlnEmlSlﬂBn

X . =X

+ 55 Sinan1 Cosea?(

m n "'-‘_-. (3.19)

PmanPn being in quadratic form we can further simplify equation

F+F-
(3.17) by substituting th by mnz Pm

Then from zquation (3,19) we have

F +.F X - X
mn nm _ 4 H m=~=n n-=m
2 = 7 "nn 2 -'
where Hmn = van ({1 + bmSn)Slﬁamn + Sn - bm)Casemh) (3,20)

Therefore, equation {3.17) can bga writien =g

Rm—n + Rn--m Xm-n = X5 m
PL = Pm Hrnn 2 Pn + Perm 2 Pn (3.21)
Rrn--n + R ' n n~m s
= Pm (Amr‘ : 5 A el N Hml"l *—mzz———"—-)Pn (3,22)
= Po Bon Pn _ (3,23)
R + R X - X
whers B = nzn =h . L H LR acm : (3,24)
mn mn 2 mn Z : *

The egquivalent circuit coiresponding to =quation (3,24) is
given in Fig,.3,2,_It is the circuit which we derived and which
we have developed from our basic éircuit of Fig,B,l. We now
have impressed generator powers insteac of generator currents,
but the laosses given by the two circuits must be ideﬁtical;

Mathematically~we can writc this: identity in usual notationsg as

o
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We recall that the B__ represant an equivalent loss netwdtk
through which the génsratof powers flow in supplying the ovetall
system load, Since B on = Bnm' as it is cvident from gguation’

(3.19), (3-20) and (3.24), the number of loss-cocfficients to

be calculated for s loss formula with n scurces is nin+ 1)/2,

3,2.3 Assumptions

'In'deriving the loss formulae, wr haves assumed that

1) “The equivalent load current at a bus, that is sum of
load current, line charging current ard synchronous condenssr
current (if any) at that bus maintains a constant complex ratio
with total current. This assumption is mor: flexible in the

sehse thet we did mot =sssume the ratioc to be a real constanf.

R , -oat , C _— _

2) The voltage magnitudes/generator buses remsin constant,
3) The vnltags phasz angle at wach generator bus remains

constant, This is squivalent tc saying that the scurce currents

maintain constant phase angles with raspect to a cemmon reference,

4) The source reactive charscteristic is linear, In othszr

words S~value of 2 gencrator is constant,

#l1ll the above assumptions are_nuf true for large variations
in luadsﬂ The assumpt;oq jhat gach load'cgrrant‘is‘a constant
fraction of total ioad is valid fq%Jmust of thpiloaas, The
vultage-phasé éﬁglg aefinitely deviates-larggr fof-large'variation
Df_laads-.The raactiy&.characfaristicé of gcncrato;s ﬁay not be
linear.far all ranéc of generqta;s. However tHerabDva assumptions

do not introduce any appreciable errcr in the usual case where the

variations in loads are not abrupt with respect to a base case, .



3.3 DERIVATIUN OF OPERATING EQUATION

We rewrite tho roference frame 3 equation (5;21)

{shown in Appendix~B(1) as

- {EGm = EL = Zm—n IGn . e

'where'EGm.= voltage of source m

m
]

voltage of hypcthetical load

P
Il

"self and mutual 1mpgdance bmtwecn sqgurces and

: hypathptlcal load

-
1

suburce current n

we also recall that

. .
£ = i
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.
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(3.26)

(3.27)

(3.28)

 (3.29)
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If the load current for the base case ,is supplied by one
geheratof at a tims as may be simulzted readily by digital
computer methods; these reference frame 3 impedances can be

determined ang column 2t 2 time, for example source-1 supplying

all load currents; maintaining 1j = ILj/IL* we got
Bar ~ B¢ ];21-1 Te1
Ee2 “ B ] = Zo1 I
4
R %341 e
So  that
—L’-:_ Fﬁ . - ’ -
L-i ¥ bBgy = E /I
o1 - (Bgo - E /1 . (3.31)
faa1 | } (Egy — E)/1Ig,

In more general tcerms for the case of source 1 genergized
¥ ’ .

we would have

Z=(E

m_l Gm - EL)/IGl * e

.and with source 2 supplying the teotal load current we obtain

Zm—Z - (EGm - EL)/IGZ | B _ f;' - (3.33)

Similarly for source n taking all loads

L = (&

men = (Egn = E/I_ BEETTREE E A1)

The ualueg of EGm’-ELj'and hence EL can:be calculated by

an iterative circuit solution as shaown in Appendix=B(2},

. - (3,32)
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fhué we méy oﬁtain the complex rafermncerframel3 impedances
( shown in prehdix-ﬁ{l)). Only the real symmefrie part and
imaginary‘skewusymm&tric part of this impedante matrix ars
required for determination of the rezal losses, Similarly on the
iméginary symmetric part and real skew-symmetric part of this
matrix are required to determine ths reactive losses, Howeher,
the full matrix is reguired for accurate troestment of losses for

interconnected systems {22,23),

The lass farmhlaa-co—cfficients then may be calculated as

Rm n* Roen Xm n_- xn-m '
an =3 Hmn ) 2 + Hmn _.ﬁ2 PR (3-35)
Hm_n + R -m :
where 5 n = rcal symmetric part of frame 3
impedances .o {3,36)
X - X
mn=n > LU imaginary skew symmatric part of
frame 3 impedances e (3,37
1 . - . ‘ .
AL = Vv ((1 * .5, S, Cos 4+ (S - 5,)5ima_ ) (3,38)
Ho= o= ((1 455 )5ing +(5 -5 )Cos g ) (3,39)
mn van ’ mTn mn n "m S %an’ e
Recall that V, = voltage magnitude of generator m
d 5 'AQm‘ o ' ,
an m = APm ) : ) - s s (3.60)

3.4 DETERMINATION OF SOURCE~REACTIVE CHARACTERISTICS(S )

e

; R - ¢
The values of source reactive charactoristics (5.) of the

genherating plants are detcrmined (21) from a knowledge of impedances

~ between cach source and the hypothetical load point (hppendix~B(1),

-

N - |
J \
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The value of Smﬁcan-be'takan as

Sm = =- X ) ) e s a (3.41)
m-m
where; R n = self rusistance of source m to hypothetical load,
Xm—m = self rsactance of source m .to hypothetical load,

In Sectien 3,2.2;, equation {3,11); 4, was eliminated as

a variable by assuming
Qm/Pm = constant = S_

or Q=5 P N | | (3,42)

- Ln many cases, particularly when Sm is small; this essumption

results in satisfactory answers, But when it is determined by
the totel system load level, it would be.apprcp:iate to include
the plant réactivelccmponcnt as-part of the load of that bus,
It 1s seen (21) that as the system load incrzases Q increases,
Similarly, when the system load ducvﬂa%ts, Qm duCIEﬂSPS By
denoting Q that part of rbactlva power af plant m whlch is

1nclud”d as part of the load at that bus,

Then Qm = + S P , (3,43)

Lm. m m * a9
or =0 -5 P - (3.44)
Mathematically QLm is the intercept of Pm Us_'qm,charac-‘

teristic, Q , is considered to be part of the load at load bus m,

Thus if QLum is the equivalent reactive load at bus m; then

~total reactive load at that bus ut'm is given\(Zﬂfﬁby

Wom = Yom * i | - e (3.45)

Lqm +-Qm - Dm Pm o s . (3ﬂ46)
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3.5 DATA REQUIRED FOR CALCULATING B-COEFFICIENTS

Input data degeribing the system for the loss formulae
programme is identical to that required for a digitsl load-flow

programme and includos:

1, Per unit values of transmission line and transformer

impedances and line charging susceptance together with LIV B

bus code numberg,

2. Estimate of per unit bus voltages and their phase

; T
. ’

;H%§ngles in degrees,
3. Per unit values of the plant gcnorations,
4, Per unit values of the system loads,

5. Per unit admittances of static capacitors and shunt

resctors. (if. amy),
6, Transformer tap scttings.
7. tstimeted values of S-constants for generating plants,

B. icceleration fzctor and tolerance limit for roal and

imsginary components of frams 3 voltages,

9. Acceleration fector and tolerance limit for reactive

characteristics (S-values).

3.6 FEATURES OF THE COMPUTER PROGRAMME

~The programmc was dLVLlODCd in FDR RAN IV languaga (24,29),
incorporating the thGOry developed in thz DHre v1ous SLCtanS, for
runnlng on the IBM 370 computer =t thp ,omputur Ccntrﬁ- BUET,

Dacca, The programme provides a means for procesdlng automatically
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from one step to the next in the calculation of loss-formulae
co-zgfficients thus greztly simplifying thz prsparstion of

necessary date,

In describing the programme we start with = varﬁ‘cpmpactz
flow chart as shown in Fig, 3.4, Step I provides complete ipadgp
flow results for pesk and off-peak load conditions, During the
calculation, data requiried in tﬁe'suceedinggﬁﬁeps are stored
automaticelly, This step can be executed separctely with the
requirad output punched on cards (diskstts), as has been dona

L

in this study {see Chapter 2).

In step II, bosed on sstimated values of Sm’ reference
frame 3 voltages and hence-impednances arc calculated one column
at a'time by an iterétive circuit solution similar to nodal load-
flow studies (24,25,26,27)., The diagonal Z is uscd to calculates
improved values of S These values are written {(nrintsd)immedia-
tely aftef the calculatian togethér with changes in 5, If the
maximum change in 5 from the previaus value is not within_@:
degsired tolerance a2 new caicLlétion is done and the proceés is
iterated until the preﬁisiqn index is rsached, Fimal S-values

are printed and stored for Step III,

Input for the calculstion of B-matrix in Step LIl includes
frame 3 resistance and resctance values which were stored in
Step II, gencrator angles and voltages from Step I and final
S-values just calculated_(Steb I1),

In Step IV the B-matrix of Step III is used to calculate

PBP {transmission} lusses,



Inputs R ' Step I

Outputs
- : Calculate Peak & : Listing
t.odd FIOW Dﬂta , Off P@Gk-LOGd FlOW . MW &MVAR in'BanC“
: Results fof Loss : hes , LOlGdS and
Formulae : L. Generations

Voltage & Angle

. | _— | = |
" ' l‘ e ] _ ~ Generation Bus
- ‘ l V *
| ' !

Step [[,l J

—— Calculated |
Estimated S, Accln. Calculate — S-Values:
& Tolerance Factors_] | ’, Frame 3l Impedqnce 7 ‘
| | 4
[ .
, ‘ 1 R &KX _ Final S
; Muatrices Values Listing
| o _ .
, |
| Step I, )
. ' Calculate »
o B-Matri ' ‘ ' -
. - 'a x B-Matrix ]
i e . .
h, . ‘7‘//’7_/r Calculate | [ PBPF:
Generation Schedute - 7| PBP Losses N > Losses  *

. Z

FIG. 3.4 COMPACT FLOW CHART FOR CALCULATING B - COEFFICIENTS o i

Ly
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The development of the load-flow programmc wos described
in Chapter-2, The detail fiow;charfifor Step II, Step III and
tep IV is given in Fig,; 3,5.and the programme in FORTRAN IV .is

listed-in Appendix=~B{3),

The programme starts with the reading-in of input data
sucﬁ as total numﬁé; of buses (N), number of gencrator buscs (M),
acceleration factér(ti) ond tolerance 1imit (TOLER) for faél and
reactive part of frame 3 ubltages; maximum ﬁuhbef of'iterationé
allowable_(ITMAX) for Ealculating these voltages; and accelera-
tion factor (Hl)f;folcrance limit (TOL) and meximum number of
iferations (ITM) purmitted for calculation d% 5. ‘It then reads;in,
for each bus: voltage hégnitude; angle, resl and reactive load
(with allowance for line charging) obtained from load flow
-;fqaies in Step 1 and resl and reactives ﬁoweriinput to the
géﬁeratqr buses, Number of connections with cach generator bus
is réad-in n?xt as well as for buseé where no generator is
connected, The squivalent feactivelgdﬂefiis gquated to thes load

"reactive paower,

Line connaction matrix is read-in rext, It is an NXN matrix
Having as elementsjeifher zerc or 1, Zero represents No connectisn
whereas 1'iepresenfs é”¢onnectingzlipeibetween the ;E;ativa husas,
At every calculation step, the-cchﬁ@t@f‘compares sa;h“bair of
buses against this matrix and if thers is no caﬁnactionibatween
the buses the calculation proceeds to the next bus; thus saving
?éénnééfion matrix is zero, Whenever thers is a connection; the
éuhhuter read; the Qine paramaters, i,z resistance and reaqtan;ei

e e e

VR
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Start

. _ ‘
|Read N.M,GI, TOLER, ITMAX, ITM, Al, TOL

. 'r'
Read V,9,PG,QG, QLO, PL ut Each Bus &
No. of- Connections With- Gen - Busses .

Read Line Connection Matrix, Line Resistance,
Redctance if There is a Connection & Calculute G, 8.

) r
Read S-Value for Edch Source

u
<

IT

¥

[T =1T+1

Calculate Load Current at Each B'us, Total ‘Current; Real and
[maginary partof conjugate of their complex Ratio

¥

[T

{TITER=0

=| ITER=ITER+1 ]

!

Solve Equations (B-26) and (B-27) for Frame
3 Voltage with Generator 1 Supply all load currents

Calculate Chan

{ |
| ge in Each bus Voltage |

¥
| Increase Each Bus Voltage

by Accelerated Change i

Greater -or Equal

Stop

FIG. 3.5 DETAIL FLOW CHART FOR CALCULATION GF B-COEFFICIENTS

) ' - : ' Contd.
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T
L)
—

Equatl or Greater Test for Convergence

of Real Voltage

Egual or Greater Test for Convergence
of Reactive Voltage

Less

Test for Completion
of all Busses:

Equal_ or .Greater
[ Write ITER NO | -

Calculate Ith Column of Frame 1.
3 Resistance and Reactance Matrics

~ lLess
(10 }—=

Eq ual.or Greater

Write R&X Matrics of Frume
3 and . Culculate New Valpes of S

Calculate Change in S and increase
S by Accelerated Change

<‘TM:_ Greater or'Equale

Less

Stop

2.

L Cailculate und'W_rit.e Hypothoticul Load Voltage j

FIG 3.5 DETAIL FLOW CHART FOR. CALCULATION OF B-COEFFICIENTS

Contd.
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2
3 | Less
A .
Test for
Equal or Greater Convergence
of S
Less Test for Completion .
of al| Gen. Busses
Equal or Greater
Write S and 11
, 1
Cdlculate and Write Symmetrical & Skew Symmetrical
‘Part of Frame 3.R and X Matrices Respectively
Caleutate & Write A Matrix :
| Calculute & Write H Matrix i
L
| Culculate and ‘Write B Matrix i
_ { : . )
| ~ Calculate and Write PBP Losses |
END
FIG35

DETAIL FLOW CHART FOR CALCU'LAT-ION' OF B—COEF#ICIENTS

-




52

and calculates conductances and susceptances, both the mutual

and self terms,

Estimated S-velues are read-inm next and, based on these

estimations, the zguivalent resctive load at the Qengrator busges

are calculated according to equation (3,46),

The computer than calculates the real and reasctive parts
of the load currsnts a2t cach bus, totsl load current and the
complex conjugate of the ratio of load current to total current,
The frame 3 vdltagas are caleculated naext by an iterstive process
(Appendix-B(2))with the first generator supplying all thg loads,
The. voltages at the hypothetical load aFQ Eaitﬁ;a#pd“%n accardance
with eguation (3-27) and the first column of ff%ﬁéNBLimpedances
-(resistances and rcactances) are thsh computad-followinﬁ'éqﬁation?
l(3;32), The whole process ié fﬁpﬁ atnd with the aecond gpnprator
suppiying.all loads, thus CUmpUtlng ‘the second column of frame 3
"impedances (rBSLStancrs and reactancas) using cquation (3 33): and
so on, Obviously ths number of load-flow steps requi:ed foi
caldulatiﬁg-thﬁ whole frame of impedances is equél to the number
of sources, Once the complete frame 3 impedances are obtained the
dlagonal r~s;stancu and reactance terms 8rc used fcr calculatlng
new values of 5 using equetion {(3,41) and if the change in 5 from
the previous calculstion or estimation is not within the desired
tolerance, the ‘wholc frame 3 impedances arz calculated once again
with-the.vélues of 5 just‘calculated. The propass*is~repeated
until the:désirad tolerance is reaéhed. The finsl values of frame 3
resistén;e’and rcactance matrices are converted to their gymmetricsl

and skew-symmetrical compounts respectively according to equations
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(3.36) and (3,37). A-matrix and H-matrix are calculatéd’pext as
given by equations {3,38) and (3.39) respectively, Finally the

computer calculates the B-matrix =2ccording to equation (3,24),

3.7 QUTPUT FORMAT

Printed results of thes calculaticns cre: number of voltage
iterations requirsd for celeculation of zach column of the frame 3
impedance matrix; wholg %rame 3 resistznce and reactance matrices,
list of S-Qalues and correction to S-values with respect to
previous values for each S-iteration and finzlly the list of
converged S-values as well as the number of S-iterations of

Step II,

The printaed output of Step III aro the symm&fric and
skew-gymmetric parts of frame jzresistance and rcactance matrices
respeptively and symmegtric and skew-symmetric parts of the
A-matrix and the H-mairix respectively, The cntire E—matrixg
that will again be used in the programme of gensration SCthuling
{(next Chapter), is also printed out, The transmigsion loss (PBEP)

computed is printed finally,

3,8 RESULTS

The systems chosen for the study are the nresent (1980)
and -projected {1982-83) Western—Grid-of Bangladesh Power Development
Board, shown in Fig, 2.1 and Fig. 2.2 raspectively (Chapter-2).
fFor our purpose, the sgstems weré simplified by considering only
3 generating plants and 13 buses for the present network and -

5 generating nlants and 18 buses for the projected network,
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For convenience of the programme, the gunerator bﬁsus wire coded
-as bus number 1 to 3 and 1 to 5 resnectively, The peak/cff—paak
load=-flow studies of Step 1, executed separatei§;uare shown in
Fig, 2?3A/2,3B_and 2.4h/2,48 for present and future systems

.

respectively,.

" The maximum numbgr of iterations wore sat at 400 for frame 3
vqitage calculations, A number of accelaration factors e;g. 1,4,
1.5, 1.6, 1.7, 1,75, 1.8 were used in both the cases, But 22 to
83/21 to B0 and 24 fo 128 voltage-iteretioné were requirsd for
one ccmplete set of frame 3 impedances for the present (peak/off

peak) and projected (peak) systems respectively,

Se-values of ganéfétnrs were estimatsed ag-0,.30. and ~0,33
which are apprmximately équal to the system-R/X ratios I&spéctively;
With such estimation it took only 6 (both peak and fo-péék) and
8{peak) iterations for reaching thé desired tolerance of C,001
-with an acceleration factor Df-l.S. (Total CPU times taken by
the computer to run the complete loss formulae piugrammes were

3-22/3-21 end 7-55 sscconds respectively),

The results of ths calculations =rec sHown bolow:

BASE PEAK LOAD-FLOW CASE (19B0)

FRAME 3.  RESISTANCE MATRIX

0.048309 -0.036206 -0.081924
~0,006253 0.032187 ~0,013624°

=0,041386 ~0.003102 0.148366



FRAME 3 REACTANCE MATRIX

G.014353 - . -0.055707 - ~0,181778
-U,065636 0,096532 -0,029998
“-0,195161 -(,033439 0,465323

SYMMETRICAL PART OF FRAWME-3 RESISTANCE

-

0.048309 ~0,021230 - .0.061655
~0,021230 0,032187 © .D.008363

~0,061655 ~0,008363 0,148366

SKEW SYMMETRIC:—\L- PART OF FRAME 3 REACTANCE

0.0 0,004965 - '0.006691
-0, 004965 0.0 | . D.D01720
-0, 006691 ~0.061720 . 0.0

SYMMETRICAL A-MATRIX

-1.009827  0.982926 . 0.999349

0.982926 0.959105 0.979476
0.999349 . D.,9T79476 1,008245

SKEW. SYMMETRICAL H-MATRIX

0.0 - 0.048856 0.139476
-0,048856 0,0 . 0,087422

=0.139476 . . -0,087412 0.0

T



CUNVERGED RunLTIVﬁ CHﬁ::CT“FISTIES DF GENER%T RS

et

5(1) 5(2) 5(3)
-0,336644 -0,333536 -0,319171
B-MATRIX
D,048783 -0,020625 -0,060682
-0,020625 0,030871 ~0,008041;,
~0,060682 -0,008041 0.149589
PBP = 0,01169 P.U,
OFFPEAK (MINIMUM) LUAD FLUW CASE (1980)
FRAME=3 RESISTHNQ§ MATRIx
D,052606 -0,055259 -0, 112637
0,014512 0,029506 -0,027994
-0, 005876 . 0,008958 0,148732
FRaME=3 REACTANCE MATRIX

D,156523 -0,046386". -0.163273 .
~0.069806 . 0,088526 -0,02689936
-0,198543 -0,040762 0.466787

aea e b s

§XMMLTQICnL PhRT DF PRHME 3 HtSISTnNCE

0.052886 -0, 020374 -0,059256
-D¢0203?4 0, 029508 -0,009518
-0.059256 -0, 009518

0,148732
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SKEW SYMMETRICAL PART _OF FRAME~3 REACTANCE

0.0 0,011726 : 0.017635

-0,011726 6.0 0,005913
0017635 . -0,005913 0.0

SYMMETRIC/L A=MATRIX

1.010273 . 0.912365 0.875811

0.912365 0.824025. 0.791366 "

b,.B875811 0.791386 0.761856

SKEW_SYMMETRICAL H=MATRIX

G.0 _ 0,008867 - 0.,051345

-0.008867 G.o ' b,038683
-0.051345 -0.038683 0.0

CONVERGED REACTIVE CHARANCTERISTIES OF GENERATORS

5(1) s(z) 5(3)
-0,337380 -0,333433 -0, 318959
B-MATRI X
- 0.053349° -0,018484 -0,050992
-0,018484 0.024315 -C.007304
-0, 0506992 -0.,007304 - . 0,113312
PEP_ LDSSES

PBP = 0,01710 P,U,

57



Arithmatic mean((Bpeak + k)/2)0f B-matrics

Boff-pea

obtained from,

PE~K .AND UFF-PEAK LOAD-TLOW DﬁTA (OF _1980)

-0,0558370

0,0510660 '-0,0195545
-0,0195545 6,0275930 -0,0076725
-0,0558370 -C,0076725 0.1314505

' 0.,040902
LD,Ulﬂaéz
-0,032361

0.036113

~0,015325

0.100804
-0,058077
'~0,131489
0.081953

-0,117515

BasE PEAK LOAD FLOW CASE (1982-83)

FRAME-3 RESISTANCE M TTRIX

0.034049

~0,040564 ;D.osseag
0.033367 . 0.008257  -0,017326
0.011310  0,182355 -0,039293
-q;045353 -0,070472 0,113905
0,028472  0,009563  -0.022221
FRAME REACTANCE HATALIX
-0.045079  -0,117290  0.082581
0.083516- 0,011017 -0.076196
0.009941  0,855163  -0,149564
-0,063928  -0.136110°  ©0,332012
0,024061  -0,03415)  -0.135628

~0,061372

0,012704
-0,003181
-0.066178

0,084463

-0,100890

0.027475

-0,031692
-0.119716

0.329008

CONVERGED REACTIVE CHARACTERISTICS OF GENERATORS

S{1)

-0_405487

S5(2)

- =0,399400

S5(3)

-0,328463

5(4)

-0,342983

5(5) AN
-0,257091
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0.040902
-0,025498
-0.049021

0.035081

-0,038348

SYMMETRICAL PART OF FRAME ‘3 RESISTANCE

-0,025498
0.033367
0,009783

-0,031339

0.620388

-0.049021
0.009783
0.,182335

-0.054863

0.,003191

D.035081
-0,031339
-0.054883

0.113905

-0,044200

~0,038348

v
0.020588

0,003191

-0,044200

0.084463

SKEW SYMMETRICAL PART OF FHAME=3 REACTANCE

0,0
-0,006499

-0,007099

-0,000314

-0,008313

1,056168
0.956306
0.972932
0.995911
0.805336

0.0

. -0,005396
0.161163
-0,035648

-0,018372

0.006499
0.0

-0,000538
0.006134

-0,001707

0.007099

0,000538
0.0
0,006727

-0,001229

3,000314
-3.0086134
-3,006727

4.0

-1.007956

SYMMETRICAL 4=MATRIX"

0,956306
0,.865917
0.881764
0,901930

0,725286

6.972932
0.881764
0.920849
0922863
0. 744671

0,995911
0.901930
0.922863
0,940297
0.760010

SKEW SYMMETRICAL H=MATRIX

0.005396

0.0
~0.140954
~0.027169

-D.012520

0.161163
0.140954

c,0

0.119129°

0.105964

. 0,035648

\0,027189

-0,119129
0.0

- 0.009858

0.008313 -

0,001707

0,001229

0.007956;

0,0+

0,805336
0,729286
0.744671
0,760010

0.,.614395

03918372
0,012520
-0,105964
-0,009858

0.0

59
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B-MATHIX
0,043199  -0.024348  -0,046550 0,034949 -0.030731
~0.024348 0,028893 0.008702  -0,028433 0.015036
-0,046550 0,008702 G.167903  -it.049848 0.002246
0.034949  -0,028433  ~0.049648  (,107105 -0.033670
-0.030731 0.015036 0,002246 - .033670 0,051894 -

PBP LUSSES

PBP = 0,13227 P,U,

3.9 INTERPRETATION OF RESULTS

. # close study af the relative mzgnitude of B-cneffiﬁ}gnts
help us to arrive at some interesting conclusion., From ari;hmatic
méan of B-magfices(l980). we note that at Saidpur (source N0,3),"
the most distant one from the system load has the highest,self-;
tarﬁ U.1314505, wheress the self-tazrm of Goalsara (source No,l)
is U,0510660 and the self-term of Bheramara (source No,2), which
is the'HEGrest to the system load is C,0275930 and isrthe
-idweét;‘ﬁ;am'the B=matrics obtained from peak-load of 1962-83,
‘we also note’thaf at Saidpur (source No,3),; the most distant
ﬁné‘frcm'kﬁé system load has the highegst self-term 0,167903,
whereas the self-term of Barisal (sour:e No,4) is G,107105 and
self—éerm‘of'Tongi(source Na,5) and Goilpara (source No,l) are
4,051894 and 0,043199 respectively, Bu: the self-terms of
Bheramara (sourﬁe Na,2) thch is again the neoarest to the system
‘iD@Q is 0.028893 and is the lowest, This is quite reasonable
”fhegéése the contribution to loss from she distant sources are

higher in supplying the system load,
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CHAPTER-4

GCHEDULING OF GENERATION

4,1 INTRODUCTIGH.

In an integratsd system where elactrical power is supplied
from more than one genersting plant, the plant with minimum fuel
cost is normally chosen to supply the part or full base load of
the system, First; hydrostations, next nuclear plants; with high
'plant factor' are ndrmally chosen to.co sao, Ths rest of the
system load is shared by the rem:ining gencrating stations_.Tﬁe
Aprcblém at hznd is to decids on the éh?ring~cf the total demand
between individual gemerators so that maximum dvgrall acnhomy is

achieved,

The generating plants zre normally situcted according to
the availability of fuel sources such ss water, diesel, gas etc,
and may not necessarily be located adjocent to the load centre,1
The transmission of ﬁowei from the generating plants to the load

centre thus becomes necessary,

The bulk powsr generated in a given arca has to be trans-
mitted to énother Ares Qhenrthe generating power.becumes EXCE55
with respect to thé~consumption capaclty of the generating aresa,

‘Even if tHe generating area has the capécity of consuming
the total generated power, pd@er systems of the different areas
have to be.infereonnected for the ﬁurpoaes of economy,.inter—

change and spinning ressrve capacity,.

The economic distribution of loads among different plants
is thus an important problem to the load dispatch and scheduling

egnineer,
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In the past much effort has beén exﬁqnded in the analysis
of fuel costs and thes thermal performance.df-ggnerafing units at
eqgual incfemEHtal fuel costs. HDweyer,\in an intéérated power
system it is necessary to considetr not only the incremental fuél
cost but also the transmission losgs cost for optimum sconomy,
This‘Chabter discusses thez use of loss formula (see Chapter-3)
in coordinating incrementsal production costs 2nd incremental

transmigsion losses,

4,2 DEVELOPMENT OF SCHEDULING EQUATION

In Chapter-3 we have developed ¢ method of‘e%é?essﬁpg
transmission loss in terms of plant output which will eriable us
t0o co~ordinate transmiSSiDnmlpss in sdﬁeduliﬁg output of each.
plant for optimum economy for a_ﬁiven systgm‘ioad'(B{lﬁ)ﬁ”The
derivation of co-ordinating equatians follows directly from the.

method of Lagrangian multip;iers described by Courant (37),

Let
Ft = totzl cost of fuel input to system in tekas per hour *
M
= Fl+ F2+ ‘c-".l+ FM=nz—l Fn (4.’1)

where, Fl’FZ"““ FM are the fuel cost of individual plants and

are functions of the respective plant outputs..

The total power input to the network from all the nlants

is M
PT=P1+P2+ ;..oo-- PM=EPn . (4,2)

where, Pl, P2 cree PM arz the individual plant outputs,
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Our objective is to minimize ths total input FT,in takasg

per hour fb; a given received load PR.{LEt
PR = given received load
By application of the method of Lagranjian multipliers (37)

‘the equation of constraint is given by

(4.3)

I
-
3J
1
-
-
I
-
-
i
[

Y(Pl’ P27 P3 LI ) Pn)

Then minimum cost of fuel input for a jiven received load is

obtazined (21, 32) when

3F  _ g _ | (4.4)

where F = Ft -ANY

A = Lagrangian type of multipl. .er

dF ‘ '
o t oY : .
ST = 39 - X 5P = 0 ‘e : (4.5)
n B n .
Then 3F 5
AN I T PL-Pgl =0
n n n
oF apP
or —t N S
- aP AL 8P ) =0
n -
oF opP :
t L ' :
ar- —t—— o+ A =—= = A : *.. , (4.6)
B‘n oP .
of o( P_) = OF df
But —_—t n n_ _ n_ _ n
) oP op aF dpP
n n n TR

Then equation (4,6) becomes-
df 'aPL |
dpn + A aPn =7‘K i s 0 (d-?)
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o ,ﬂ‘:_"

~ The terms involved in equation (4,7) are identified as

dF ‘ , .
'EEE = incremental production cost of plant n in takas per MW hr,
n . _ )
A = incremental cost of recelivaed power in takas per MW hr,
BPL : . ) N
P = dncremental transmission loss at plant n in megawa t¥er e
n

megawatt,

~ From Chapter-3 (equation 3,23) we can write

PL = EZ- S:- ?m'Bhn Pn
moon -

SD that ap_ = SF - Z Z 'Pm B P o)
i . n m (]

mn n
n

-2 5 : (a4
= 2 a_ll:n Pm an , LI ( IB)

The incremental production cost of a given plant over a limited

range may be represented by (21)

o _
Eﬁ:n = an Pn + f‘r'l ' ' XN | ‘(4.9)
where

fﬁﬁ = slope of incremental production cost curve.

fﬁ = intercept of incremental nroduction cost curve

Equation (4,7) then reduces to a set of simulatancous équations

as below:

FooPn + f.n_ + A Zm 28 P) =X (4,10)

The set of simultaneous equations thus cbtained may be solved

for different total loads by varying ths magnitude of A,
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Equation (4,7} caen be rearrangedl as

dF )
o ) A
n (1 - L ) . '
aP
n
an _
.or T Ln = A .o (4,11)
n : :
where
Ln = penalty factor of plant n —‘Tl 5P
(1 -==)
n

From equation (4,11) we can say that the most economie scheduling
of generation is obtained for the cond: tion when the incremental
production cost of each plant multipli:d by its penalty factor

is constant,

Again if we neglect transmission loss in equation (4,7)

we get
th .
EP_— =A P (4012)
n
or rnn Pn + Fn =M «se (4,13)

From equation (4,12} ws conclude that cconomic scheduling of
generation neglecting transmission losses isiobtained; when all

plants operete at the same incremental oroduction cost,

4,3 INCREMENTAL PRODUCTION €OST

Fhe incremental production cost of-a given plant is
composed of incremental fuel cost plus the incremental cost of
such items as labour; supplies, mainterance and water, For accurate

analysis it is necessary t0 express these items as a function of
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plamt output. Howeyer no method is presently availzble tp iné}ﬁde
them as functions of plant loadingé. I+ is usuzl practice to
include them as a certain percentagz o’ incremental fuel cost,

In many systams; fq; the purpose sf gt homi c scheduling” the
incremental production cost ié takei. to be equal to incremental

fuel cost (21) and this zpplied in our cass;, too,

-

4\4'PHYSICAE_INTERPRETATIDNTDF SCHEDUL. NG EQUATION

EThe scheduling eguation c%n be :ntzrpreted pﬁyéi?ally'
bﬁ*inséecting figure 4.1 , The incremertal production cost o -a
,giveﬁ plant nis measured at the plant bus and is denoted by
an/dPn' A given plant n incurs an inc1emental,trahsmissioﬁ loss
QPL/an in supplying the next incremeni of system ;Dad,_It_is

deéired that the next incremental cost of power received from

gach plant be the seme at the recsivinc point L,

dEm
—~ FPo  —— i
et _ | :
: g ~ " /..Jnc.t'—-emvh.‘f‘c\f ‘Cost Of .
. dEn C~ .+, received power = A
) SN Y i .
S i B el o — . ) :
I L Systerm lead.
- - - -
e - = s g !
. * I ‘. )
\\T E vivalent transmissicmn foss ' -
Crrcuvit Bman '
Fig, 4.1 Schematic representation of cost relations,

For example, Suppdsb that the lcad incrizeszs by an amount
VAN Pé. Assume that this load change is first taken up by plart 1

only by increasing the output of plant 1 by & P Then the cost

l.
of this ifcrement of péwer at the receiver is given by
i /’f aF &P
A S
A= = =P (4,14)

3 R
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l AP ' _
The QXQiassion =5 ‘may bo thiught of as the reciprocal
. .,_2.‘ R ) ) .
of incremental efficiency of the transmission system, The fors-

Qoing'quatioq may bc rewritten os

df AT
" dP; A Pl -—,QPL
T eP, 1 - (APL/APl ) & (4,15)
Ag Pl.becomes progressively smaller, we have
df
1, -1 _ :
A- = ( - ‘\7‘ ) e A (d-lﬁ)
dPl 1 «(BPL/aFl)
dFl .
A = s Ly (4,17)
1
For plant n we can rewrite the obove scuations as
an. 1 . ‘
A= { ) {(4,18)
dPn l - BPL/an
an -
= _"'L - PR 411
A aP, N ( 7)

thé eqﬁatian 4,19 is the same as eﬁuation 4.11‘( coemparing
equation 4,15) and we conclude ﬁhat.tha penalty factor of plant
n is the ratio of the small chahge in power at plant n to the
small chéwge in received power_wﬁen only plant n suppliéé this

small change in recdeived power. Far prscfical gxamgle plesse

see Rpﬁendix-C(l)f

LANTS _QF WESTERN GRID,BPDB,'60

The system under investigation, i,e the Western Grid of

BPDB showr: in Figw 2.1 and descrfibed ir Sec, 2.3; has three

(ﬁ}
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generzting plaﬁts { excluding some small capacity isoleted plants)
at Goalpaxa {(plant No,l}, Bheramara (plant No,2), and Saidpur
(plant NO_3)*# to supply the system léad, The three plants have
differant charscteristics, J1eble 4:1, 4.2land14.3¥ give the fuel

cost data for Goalpera; Bheramars and S=sidpur power plants

respectively.

Based on the dotz of 1980, a plot of fuel input (Taka/hr.)
Vs, power output (MW) is shown 1in Fig, 4,2 for thi different
plants. The slopes of these curves at dlffcant outputs give the
incremental production cost at thaesc Dutputs. ;h ‘incremental
production cost {(Taka/MW-hr) is plotted againét cutput (MW) in
Fig, 4.3. The lattcr curve can be apperimatéd by 2 straight
line as shown by the dotted lines in the figure, The slopn and

intercopt of the incresmental production cost curve can then be

gasily determined:

4,6 GENERATION SCHEUULE | . ‘L

Forrthe systun under investigation { see #ig. 2.1), the
generator at Goslpars has been markad as,ﬁlant No,1l, that at
Bheramara as plant No,2 and that at ﬁaidpur as plant No,3,

From thé incrameﬁtal producticn zost curves of Fig, 4.3;

the values of thu coefficients of Eqns. (4.9) i,e the intercépttfh)

xx The plant capacity of Thakurgaon {(3:2MW)is smzll ond it is
not considersd as an individual .plant for economic scheduling,
Moreover same .type of generatars and fuel =2re used as used at
Saidpur, It is slso within a short distance of 40 miles from
Saidpur, So the blant capacity of Thakurg=on is 1ncludnd w1th
Saidpur (10.5MW + 6MW = 16, 5MW).

x Obtained by the courtesy of 5ystum Planniﬁg DirEctorata,BPDB;
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TnBLE 4.1,

Fuel Cost Uats of Goazlpara Powar Station,

Power Specific fuel ”%déi input - Fugl input Fuel Cost in
cutput cost {Gallon/KWwhr) (Tk,/hr,) {Tk,/Gallon}
(Mw) (Tk./Kshr) . B -

5 - 0.B50 0.0963 4250.,00 8.82

10 0,767 0.0869 7664, 58 n

20 0,672 0.0762- 13441, 68 "

30 . 0.610 0.0690 18257, 40 "

40 0.635 6,072 25401, 60 "

50 0,672 0,0762 33604, 20 "

60 0,709 0.0804 42550, 00 "

70 0,709 - 0.0804 49640,00

80 0,709 0.0804

56730,00 o

TABLE 4.2

Fuecl Cost Unta of Bhercmara (G.T)Power Station

1.53 0.1115 6132, 50 13.75
B - 1,41 - 0.1025 11275.00 " .
10 1,364 0.0990 13612, 50 "
15 | 1,30 0.0948 19552, 50 d
20. 1,258 0.0915 25162, 50 "
25 1,30 0.0948 32587, 50 "
30 1,33 0.0967 ~  3986B.75 n
35 1,41 0.1025 49328125 "
40 1.474 0.1072 58960, 00 S
TADLE 4.3 .
Fuel Cost Date 0?_331353? (Thakurqaon)Deisel Power Station ¥
1 1.447 ~0,10507 1444, 70 13,75
3 1.377 0.10016 4130,00 "
5 1.362 0.09907 6611,06 . |
9 1,190 | 0.0867 10729,00 " 3
10 1,340 0.0976 13420.G0 n
12 ~ L.3ao. 0.0976 16100, 60 "
13 1.362 0.09907 17710,00 "
15 1.440 0.10476 21610.00 "
16 1,440 0.10476 23047, 20 n
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and sibpé (an) extended to 40 MW, whzsre necessary, for different

plants, are obtained and ghown in Tébie 4,4,

TABLE 4.4

Values of F and f
nn n

Palnt n F f
~ 'nn . 'n o
{ slope) (intzrcept)
20 525
2 . 66.67 1175
3 t 66,67 1300

The B-motrix obt=ined in Chezpter-3.is in per.unit and it is to
be converted into actual units (1/MW), -This iuqui:as division
of per unit values by the base MVA (10J) which gives the B-matypix

in units of (1/MW) as

%,
. g .
B-Matrix =

{Mean (épeak+ Bgffuggak)/z) values of peak aﬁq Q?f—péak lbadﬁficw,'BU)
0,000510660 ' -0,000195545 ‘;B.DDGSSBBTD
-0,000195545 - C,000275930 . -0.000076725
~0,000658370 “‘-oﬂDDUUTS}és  0,001314505

The equations for optimum scheduling of generation,
neglecting transmission losses, may be written from Eqns; (4;12}

and (4,13) as
FllPl

Faafs

F33P3

+

+

It

+

fl A B
=N : e (4,20)
F3 A
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Tha exact co-ordination simultnneous -qustions for optimum

scheduling of g;ngration may be written from Eqns, (4.7) and

(ﬂ,lU) a8
2B, Py % Fogfp + 28,50, + 2By4Py = A < F, | (4,21)

2B31Pl + ZBaéPz + r33P3 + 2333P3 = - F

The above equations com be rewritten s

(F + 2B )Pl+2BP+2BP;~.A-f

11 11 12 2 13 3 1
(r22 + ZBZZ)PZ + 2B21F'2 + 2B23P3 = /\ - f2 (4.22)

(F33 + 2B33)P3 + ZBGIPl + 2532P2 =N = f3
U;ing nume:ical values of Bij’ fnn and fni‘the above sat

of cquations have been solved on 2n IBY 376/115 computer for
.different values of A giving differert roecsoived load, Total
generation and total transmission loss h%ve nlsd been computed
for each value of A . The itsretive procodurs and the pfogrammé

are shown in Appundix~-C(2), C(4) and C{5).

4.7 GRAPHS AND RESULTS

Fig, 4,4 gives a plot of genctration schedules with iwdi-
vidual plant gﬁnafatidn plutted'against the totai gefretation,
Thé caleculation of genoration schedules for verious values ef A
are'givan-in:prendix-Cﬁﬁ); Fig, 4.5 gives @ plot of individual
plant.gunerétian against the total reczived lozd, The abscissa
of this graph is obt%inad by subtracting the transmission losszs

from the chrespanding'total generation of Fig, 4,4 for different
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values of AL, A plot of trrnsmission loss Vs, rﬁcuivéd load

hes been given in Fig, 4,6, Variztion of A. , (the incremental
cost of recweived power) with the received lozd is important for
a knowledge of how the cost of roceived power incrsases with
increments of load, This is also plotted in Fig, 4.6, In Fig.4.4
the dotted curves are the schedul @ of genuration cﬁnsidering

enly “the increment=l fuel cost as per zquation (4,13),

A tabulstion of rusults from th: curvas plotted are given

in Table 4.5 and T=ble 4,6,

4,8 DIFFERENT CONSIDERATIONS AND LIMITATIGNS TO SCHEDULING

Although tha critirion of incremantal nroduction cost and
penzlty factor detwrmines the ovtimum scheduling of gencration,
the following mcthods of scheduling =r: somec times still found

Cin use (36,39);

l. Bsse Loading tp most tfficicnt Load

In 2 powzr plant with saveral units; most of the units
need ‘be in operation only when the peak doemand occurs, To estab=-
ligh a basis for rosson~blc continuity of scrvice ;, sufficient
capacity should bg operstive ot a2ll time so that in case of
failure of the largest in-service unit; the romeining active
units ors capeble of maintaining supply without interruption,

If the minimum (brsc) load is =qual to or loss than the copacity
of » single Unit; two units will have to beg nleced in opsrztion
to profect continuity of survite., The order in which the units

are placed in scrvice dopends upon their relative efficiencics,
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The most efficient machine is placed in scrvice first, followed
by machines in descunding order of officicncy as needed, The
load is divided among thc units in oporation on the besis of

gqual incremental ratcs,

2. Proportional to Copacity

The londs on thc units or pleants ar: scheduled in pronpor-

‘tion of their rated copacities,

The question as to the moximum capacity to which a plant
can be opersted for a given total load is not =ns-wered in the
scheduling wquation, Determination of this capeacity is based

on such considerations as:

a) Eeconomic wvaluction
b} Rescrve regquirements
c) Stability limitztions
d) Vqltaée limitations

e) Ability to pick up load quickly

Thus the 2bove crpiterions put as limitetion on scheduling
and hence should bs taken into comsideration while scheduling
far obtimum economy, Usuzlly in larg: integrated systems

conditions 2 to 5 overrule condition 1,



TABLE 4,5

i ——————— iy

 “?8

Generation SChedule Lo-~ordinating Transmission Losses

Value Individual Generstion of Plants Jlotal Total Total
of Pl(MW) rﬁz(MW) ,P3(MW) ‘Genera-- Loss . Réceived
. tion PBP{MW) Lwvad _
Tk/MWhr 7 PT(MW) pR(Mw)..':
975  16,61230 0.0 ° 0.0 16,61230 0,14092 16,4713
1050 . 20,19337 0.0 1.05710  21,25047 0.18586 21,0646
1310 32,50687  2,26564 5.10625 39,.87877 0,35935 39,5194
1570 44,66644 6,28764° 9,17882 6013289 0,56390 59, 56895
1830 56.67899 10,332 13,272 80,284 0,811 79.472
2090 68,550 14,399 17.385 100,335 1,098 99,236
2350 - 80,287 18,487 21,515 120,290 1.423 118,666
2610 © 91.894 22,596 25,661 140,152 1,784 138,368
3130 - 114,740 30,875 33,991  179.606 2,602 177,003
3650 ° 137.125 39.229 42,363 218,718 3.539 215,179
4170, 159,081 47,656 50,768 257,506 4,582 252,923
-+ 185,96 58,285 61,305 305,560 - 6.019 299,540
207.064 66,860 69,751 . 343,676 - 7.264  336.411
227.816 = 75.495 78,204 381.516 8,587 372,929
238,070 79.834 82,432 400,337 9,275 391,062
TABLE 4,6
- ‘Generation Schedule Neglecting Transmission Losses
1050 21,249  -1,874 - 8,749 21,999
1310 34,250 2,025 4,649 48,925
1570 47.25 5.9248  B,549 61,7249
1830 60,25 9,8246 12,449 82.524
-~ 2090 73,250 13,7244 16,349 103,324
2350 B6,25 17.624 20,249 124,123
2610 . 99,250 21,524 24,148 . 144.923
31307 125,25 29,323 31,948 186,522
3650 151,250 37.12325 39,748 228,121
4170 177,25 44,922 47,547  269.72
4820 209,75 54,672 57,297 321,719
5340 235,75 62,471  65.096 363,318
261,75 70.271 404,917

- 5860 72,896




79

CHAPTER=-5

EVALUATIGK OF SAVINGS

5.1 INTRODUCTION

The technigue of including transmission losses in genera;
tion scheduling must have certain outstanding effects in the
field of =zconomic study of power gmneration, The ultimate aim of
our analysis is to inyestigatﬁ what savipgs-in tzmms of money
could be achieved by scheduling the generations 5%%ﬂrﬁfng to the
preceeding mathematical anflysis; The twb types aof sqpedulipg
curves (neglzcting ~nd including the fransmission l@§§953:?3;
each plant have distinctly different positions causing significant
differences in total fuel consumption costs, The diffoerence is
the amouﬁt af éaving (Teka per hour) th=t is abtained for »
particular Vaan of received load, The savings, howover, may
éeem tc be small whuep computed on ber hour bssis, but‘they

accumulats te a huge smount when calculated for the whole yvar,

5,2 EALCULATION OF FUEL INPUT FOR V~RIJU3 GENERATORS -

The fuél input (Tzka/hr.) varsusloutput (MW} of various
plants are plotted in Fig, 4.2. For any given velue of tétal
gencration tho indiviaual plant geperations can be found from
Fig, 4.4, The combinztion ofrthe twa plots givesrfull cost (and
hence production cost) for éaeh nlang 1t A particuler totai
genzration, Tha accumulation of the cost of all piants gives
the total cost, A comparative'étudy of the fuel costs for

various schedules is given in the section 5.3..

Ao
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5,3 COMPARATIVE STUDY

The comparison is made at a totsl genoration of 140 MW,
The total fuel inputs for various caszs and the annual losses
incurred for the differcnt cases as compared to the rz=ference
case are given in Table 5,1, It is assumed that 211 the plants

run 24 hours a day, that is B760 hours annually,

5,4 REMARKS

Table 5,1 rsvesls a considerabl:: amount of loss in crores
of taka par annum for scheduling the generstion erbitrarily,
The loss is considerable (9.37 crores of taka per annum) for
thé existing gensrating scheduling proctises by‘authority'
concernzd (BPUB) i.a-tﬁe plant at Goalpara carries 84 MW, and
Bheramara and 53idpur carry 40 MW and 16 MW respectively, The
- loss is also prominent-(6.84 crores of taka per anpum), consi-
dering the Goalpare plant at s constant gencration of B4 Mw and
the capacity of the plant st Saidpur inéreagcs to 280 MW and tha
plant 2t Bheramars decfeagus to 36 MW, The loss is maximum ‘
(31,27 crores of taka per snnum),; if zach of thea pl=nts carries
equal (44,667 MW) share af the total (140 MW) system load? The
écheduling of generation neglecting tronsmission losses f;r A
total degaration of 140 MW caused an =2nnusl saving of 1.4 crores
of také agsuming tihat the plants operate 24 hours a day |
continuously (hypothetical saving due to comparatively good
;chaa;ling gﬂil,‘bUf there will always be some traﬁsmission
losses), Evgnfif we congider thaf the nlonts operate 18 hré or
712 hrs a day“Stiii-thE losses invoi;ad in.arbitrary generati;n

is high when accumulated for the whole yaar.' .
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TABLE 5,1

COMPARATIVE STUDY OF FUEL INPUTS AND LUSSES INCURRED
AT DIFFERENT CASES (FOR TOTAL GENERATION OF 140 MW)

Total Difference - Annual Loss™
Fuel of fuel in- fompared to
Type of Scheduling Input PUts as com-. .. the refe-
© (Tk/hr) pared to the rence case
reference case (Tk,in crores’
(Tk/hr)

beneration schedule co-

ordinating transmission :

loss {Reference case) 1,31,3080,00 - -
(Goalpara = 92 MW, .

Bherampara = 22.5 MW

Sagidpur = 25,5 MW)

Goalpara = 84 MW

equally (46,667 MW)

Bheramara =40 M 1,42,000,00 10, 700,00 9.3732
Saidpur = 16 Mw R f
dehedule to supply losds ) ¢7.000,00  35,700,00 31,2732

Goalpara = B4 My,
Bheramara= 36 MW _ 1,39,113,0G0 7,813,00 6.8444
Saidpur = 20 MW :

Schedule, Neglecting
transmission loss

-

(Goalpara = 95,88 Mw, 1,29,700,00 1, 600,00 1,4016
Bheramara = 20, 79 MW o ( e )xx
Saidpur = 23,33 MW) : , , saving

* thsideriﬁ%i?ﬂ hours of operation of plants

KK HprEhe%iEal saving due. to comparatively good scheduling
gnly,but there will always be same transmission losses,
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CHAPTER-6

DISCUSSION AND CONCLUSION

F

6.1 DISCUSSION

Iﬁ the present world, because of the continuously rising
cost of fuegl, labour; supplies and maint;nance in any system,
much efforts are wxpended to have more return from less capital
~investment, Economic operation ﬁf-powe: stetions in an integrated
system is a complex problemﬁto the ﬁnwur system‘engineug, One
of the aspects of cconomic operation is scheduling of gehgration,
58verai,methods a;e'aﬁailable (1) for the aconomic“séﬁeduling
of generatiné plants, such as, (i) econeomic scheduling by neglec-
ting transmission losses, (ii) economic scheduling by co-ordinating
transmission losses in the scheduling nguation, (iii) ecohomic

scheduling by pen=lty factor method,

Method (i) is an approximate method and may introduce
appreciable loss in ferms of honey 28 is avident from the evalua-
tion of savings done in the previous chapter. Methods (ii) and
(iii) are accurate, and require expression of transmission losses
in terms of soﬁrce loadings, The constaznts involved in such
expression'are called B-coefficients which need to be determined
eccurately. Previously, B-coefficients werc determined by network
analyser measurements and the results vere of questionable
accuracy, But with the advent of high speed digital computers,
the B-coefficients can be determined accurately and in a much
shorter time, Computecr methods are chscper too, As the system
grows the B-matrix is to be calculated for the changed system

every time and onceé the programme for calculastion of B-coefficients
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is develdped, it requires only a few minutes to calculate the

B-coefficients,:

In our calculntions of B-matrix with 13 buses and 3~
generators it took only 3 minutes 21 seconds with binary deck

to get Bematrix, using an I{BM 370G/115 computer.. .

In this endcavour, wconomic sechzduling of generations %_A
for the Westsrn-Grid of BPDB has besn obtained with method

(ii) quoted earlizr,

6,2 CONCLUSION

The aim of thz rescarch work undurtaken here was %o
present s digital computex method of calculating-tha traﬁsmiss—
ion linz loss co-efficients and coordinating the loss in the
problem of detprmining_the optimum scheduling of generation, The

achievement of thw desired objectives involved the following steps:

(1) The development of an efficient load-flow (Gauss- .
Seidel iterative metﬁod) programme for detcermining unknown
voltages and rhase angles et different busecs and real and

reactive power flows in verious lines of the system,

(2) The development of an efficient programme for calcu-
. 1ating the transmissicn line loss coefficients {B=coefficients)
automatically without intermediate data handliné—and for thec
determination of reactive characteriétics of the verious plants
during the course of Calculating the B-coefficients,

| (3) Drawing up =2n opfimum generstion schedule for the

present (1980) Western~-Grid of BPDB,
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(4) Evaluation of the amount of =nnual savings under the

most desirsble scheduling of generation,

The results obtainzd from the investigation of the ﬁ&oblems
undertaken, if utilised by the authority concerned, can save a
huge amount of money asnnually which is being lost ot present

because of arbitrary scheduling,

6.3 SUGGESTIUNS FOR FUTURE WORK

Future research work in the field of ecanomic operation

and control of puwér systems could concentrate on the following:

{1) Penalty factor spproech of co-ordinating the trans-
mission loss in the digital methad of determiﬁing the optimum

scheduling of generation,

{(2) A digitzl method of célculating coefficients for
systems involving non-conforming lo=ds, i, e the loadé which do
not vary over the daily load cycie in the same manner as the
system loads and which do not maintzain a constant ratio with
the‘total load, They con be handled by splitting them into two
parts (i) a constant part which do not'Qary within the range
of vériation of load; (ii) a Qariable part which varies with
thé total load, The constant componsnts are treatéd as negative
generators in the loss formula, The loss formula {21) then takes

the form:

P =P B P +B_ P + 8. cee - (8.1)
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where
Bo= ?ﬁi BHJ . (6.2)
Boo = Pi¥ik P - B (6.3)
Pj’ Pk = constant MW components of loads
an £ mutual lbss—formula cdf?f?icients,between
congtant comﬁonents of'ioags and gcnaratorsr
Bjk = sal% and mutual loss-Fofmﬁfé#pq-officients for

constznt components of loads,

(3) Calculaticn of Bematrix for sygteﬁé involving auto-

transformers taking into account their off-nominal turns ratios,
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APPENDIX=A(1)

 IHE GAUSS-SEIDEL. ITERATIVE METHOD OF SOLUTION:

In general; therc are two types of numerical techridues
¥ Vi q

for solving simultansous ecquations:

1, The direct methods, which are finite, would in principle
(neglecting round-off .errors} produce =n exact solution, if
_ there is one, in a finite number of arithmztic operations, But
this methua is not of help in solving large system of equations
due to accumulation of round-off errors, limitations of the high-

speed computer storage; and the programming complexity, -

The limitations of the finite methods could be overcome
to 3 great extent with the help of an infinite method the iterative

technigque,

2. The indirect methods; which are infinite; would in
principle require a2n infinite numbar of arithmatic cpegrationsg
to produce an exact sclution, that is =2n indirect method has a

truncation error,

The best knawn and most widely used finite technique for
the solution of simultaneous limear zquations is generally
referred to as the method of Gaussian £limination., This methad
expresses every variable interms of the gther variables, Taking
any first approximation te the solution, the axpfession for
each veriable is solved for a new approrximation, The process is
repeated till the values attain the required precision, A numerical
method in which a succession of approximaticn is made is called
an iterative technique, tach step, or approximation, is called

an iteration, ' .
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Of all the ite;ative tg;hﬁiques, the most common one,
marked by its simplicity and the case with which it may be
programmed for a high-spged computer, is the%Géaﬁggﬁeidel
iterative method. Though its round-off error is small, the
method converges only under certain corditioﬁs,wﬁugki&?'thew
conditions for convergence are often sztisfied when partigl

differential gquations are solved (35) num&ricaliy by cortain

techniques., The power network equation: fall in this grour,

To illustrate the method, let us consider the case cf

three equations in three unknowns:

all X F 32 x2 + 613 X3.= bl .. (A=1
— N ' ‘Ah;}\
a5y xl + a22 xz + a23 Xq = b2 ‘ R ‘(5 B
@31 X1t F32 Xp * Fy3-%3 = by ces (=2
, Let all ;é Dg- 322 #-[ U, 833 -'.é 0 ancd I'BWI'J.tJ.."lg' the equatz.nnc-
as:
- X . 1 (b X = ) - - (/‘“ d"
"1 oa, ., 1 alz 2 T F13 X3l e d
11

X2 - a 2 321 1 823 3, »ea A=
22

3. a 3 3171 3272 e ,
33 ,

We now take any first approximatisn to the soiutinn;‘cqﬁi
it xl(o)* x2(D) and XB(D)- We solve (A-1) for a now abbioxim;{gfn
to Xy :

(l) _l_ (O) (D)

"1 TR T T - a3y )
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{o)

Using the new value qf X 3 ;

L together with x we solve the eqgn,
(6.5) for Xt

(1) (D))

- Finally we use the newly computed values of x; and X5 in (A,6)

to find a new valuse of xa:

This complztes one iteration, We can now stsrt all ovar by

(o) (o) (o) by x, 3 (1) (1)
1 T2 j

Teplacing 3] 3 %o gnd X4 and x and

find another approximation, In genzral, the Kth approximation

is givén by:

(k) 1 o x Lk=1) (k=-1)

1 = 7 (A=T) .

X

(k) _ g£_~(b - e, ,x ~"aj.x ) (A-B)
22
: (k) 1 RS (k) ‘ :

x =3 by = s ~ By ) (A-9)

It may be noted that the most recently computed values for.

(k)

until

(k)

each x are always used and that we cannot calculate X
(k) has been computad, 5Similarly, the calculation of X3

; -1
: . i (k) - (k)
requires the prior calculetion of Xy and x5 .

- EXtending now equations (A~7) to (A-9) to n equations

in n unknowns; the Kth approximation to x5 is:

(k)
D S (k) (k) (k-1)
;o= aii'LQi—" Bi1X1 T eeee T B3 41 %501 TP4Lie1%41
‘ (k-1) '
- - inxn ) = lizi--'-cu-o;'! n (Jx-lDJ
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(k)

The process is iterated until all x i
(k~1)

are sufficiently

close to x4 . A typicel way of determining closenesd.-is

to let:

wk) = max xi(k) - xi(k-l)f ... : {A=11)

where the maximum is taken over all i, Then if:
M £¢ - | - (A-12)

where ¢ is some predetermined small positive number usually

called the tolerance limit, the iteration process is stopned,

i
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“nge

APFENDIX-A(2)

'ACCELERATED CONVERGENCE OF THE 5,5, ITERATIVE METHOD

ERP

In any itvrative prbcess if th= iterations produce approxi-
mations that aposroach the sclution mors and more closely, tHe
iterative methad is said to converge, [f, on the othear hand,
the iterations ﬁfoduce'ﬂpproximations that are mofe and mare
further awéy from the solution, the iterative method is said

to diverge,

Experience (27;32,35) with the Ga@uss-Seidel method of
soclutions has shown that an excessive number of iterations are
required beforz the final values are within an acceptablé
précision index ttoleranca) if the corrected value at one
iteration merely replaces the best previous value as the
computatiaons procéeds from one iteration to znother iteration,
The number of iterations required is reduced considérablyri%
the cﬁrrection in each va;ue ig multiplied by some constant
that increases ths amount of correction to bring the final
value closer to the value it is approaching, Tthe multipliérs
that accomplish this improved convergencs are called acﬁeleration
fagfors. tThe difference betwren the newly calculatéd value and
the best previous value is multiplied by an appropriate accele-
ration factor to obtain a better corrac£iun to be added_to the

previous value,

To explain this; the value obtained from esquation (A-T)

may be modified in the following way:
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' _ {k-1) (k) {k=1)1 |
®1(accelerated) =~ *1 + Xq - X (n=13)

where, the parameter « is called the relaxation parameter or

mﬁ?é commonly acceleration factor.

The acceleration factor for the real component of the
correction may differ from that for the imaginary component,
For any system, optimum values for accelerétion factofé'éxist!
andlpoor choice of acceleration factors may result in less
rapid cnnﬁergence or make convergence impUssible, In general
(27,28,31,32) the velue of « lies bgtween ong and two i.e
1 ¢ 2, An_éccsleration factor of 1,6 for both reai and’

imaginary companents is usually a good choice,
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APPENDIX~B(1)

SUMMARY OF TRANSFORMATION

" Inm the following‘analysis, the lcwer cesz indices m,n,j and
k are tensor indicséj and the Fapiﬁals a1 and L are
identification indices r&ferrihg to gﬁﬂGIEtDIIBHd load raspec=
tively, Whenever = repeated tensor index sppears in a product

a’ summation on that index is identificd,

Transformation to Referecnce Frome 1

Let us consider Fig., 3,1(B),if any point R in this

. I
Gm I
P . R
S 3 . Bl |« Lk
L ARBITRARY —
— TRANSMI SS I[N .
(:)-—- NET%0RK -
E . Lij
Li 1% =
,,‘-‘}__._ ' L e
aJ0Urces L.Dads

Fig. 3.1(B) Schematic diagram of = system connecting sources
and loads by an arbitrary transmission network,

transmission system is chosen as refersnce point as shown in
Fig. 3,5(B). Then the following set of équationé”may be written
in terms of all the generators and loar self and mutual impe-

dances with respect to the reference point,

; 3 (B,1)




" Fig..3.5(B)

where
m; N
Ji k
G,L

H

L GmeGn =

ZLj-Gnl

ZGm—Lk]

Z

Lj-Lk =

_load respeétively,

e
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Reference point;R

g

Tek

LY
£

A%
(/i;
1
Q//

PWaa!

I

~—
.
[ )
~
[ 4

\P

GmFLk . . .

Lji-Gn A} _
Z iy St
Li-ik

5¢1f and mutual impedances for trénsmission
network (reference frame 1),

number of sources
number of loads
identification indices rafering tc generator and

-

self and mutual impedances between the generators

self and mutual impedances between the genefators
and the loads

se2lf and mutu=l impedance det@een the loads”

For example,  let us consider a sinple system with three

generators and two loads as shown in Fig. 3,6(B)

‘\
. tquation

(B.1) would then be written as



Gl

G2

G3

L2

L1

Fig. 3.6(B): Simple system with !

- ?R ZGl-G;
- R 262-61
- Bl =1 %e3-m
= &g ., fL1-61
- Ea fLole

[P m—

G2-G2
G3-G2
L1-G2

ZL2-G2

261-53
262-G3

263_63

ZLl—GE

Z

L2-G3

Transformation to Reference Frame 2:

In this step, it'is desired to eliminate the individual
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generators and 2 loads,

ZGl-Ll

“G2-L1

Z[53--Ll

ZLl-Ll

Z

L2-L1

—

ZGl-LZ

Lol 2
253412
2Lz

YA

L2-L2

—

bt

L1l

EGZ

L1

G3

L2

(B,2) -

load currents.asivariable,_since the final result involved only

the generstor powers. It is to be noted that the/

equivalent
load current

at a bus is defined as the sum of the line chérging, synchronus

condenser and load current at-fhat bue,

Let us assume that each equivalert load current remains a

constant complex fraction of the total equivalent load current,

Such an assumption is reasonably valid for most of the loads,



Now we define (21) 'IL = » 1
J

By the above assumption

Then for the system given

we may write

The preceeding relation

of transformation;

—

I 1 i

|

I .
Gl
G2

IGB

Iia

L2

-

1

Gl

LJ

=1
=t

:,IGl

= Igs
= lgs

= llIL

= 121L
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(B.3)

{B.4)

by the fig. 3.6(B)} and equation (B,2),

(B,S)

may be written in terms of a matrix

1,

-——

—

Gl
G2

53

(B.6)

Thus the currents of reference frame l(Il) are related toc the

currents of reference frame 2(12) by a matrix of transformation

~ 1

-

(B.T):



96

The éDnCEpt of the transfofﬁation matrix £ allows a gi;én
circuit to be modified to a new circuit in such a manner that
thelpower input remains invariant, By deroting the quantities
pertaining to the original circuif by the subscript gld and
the guantities pertaining to the desirad new circuit by the
subscript new . In general; it has been shown by G, Kran (30)
“that if the set of currents Icld pertaining to the old circuit
is related to the new currents Inew by a transformation matrix C
such that
. - (B.T)

Iold =t Inew :

and if the power is to remain invarian: the new set of voltages
is given by

E = C E . L) . ‘(B‘B)

Z =C ¥z C .. (B,9)

The matrix Ct¥ is obtained by conjugating the elements of the
matrix Ct. Here our transformation matrix is Ezl as given by
equation (B,7). The symbol ij is used to indicate the trans-
formation from set or reference frame J to set a reference

frame k.,

Using eguation (B,9) for the syst:m illustrated we get

reference framé"é'impedance (21) as



where,
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2 z N 'r; 1
61-G2 G1-G3 1
“62-62 462263 %2
_ (B.10)
263-52 £63-63 %3
CZ C3 | _-W —J
fei-tl Y1t foiaz 1o
fea-L1 f1 * Zgaqz 1n
Zga-1 Y1+ Zpaos 1 511,
B,11
Zacer M gl 1S
Zagr N 4 Logy 1,
2ices M % Zoga b |
1.% z 1.+ 1.%z 1, + 1 ¥2L2~Llll

1 Li-tl 71

*

*la foaal;

From equation (B,8) it is seen that our new voltages of

reference frame 2 are given by Et“ Eold as indicated by

- E

—
Eey

EGz

-E

L1

£

L2

G3

|

E
E
E

Gl
G2

G3

E .

L

new

(B.12)



" The calculation of £, ~'£; is indicated in detail below,

L R
r _ .
|xK o £ -y * % (1 ¥ *
LUCE = B+ I (BB = 10T 4 b E om0y T 1T Eg
By defining g o= lli( ELl + 12* EL
Since
% #* _

we have % - % .

1, (ELlh tﬁ) + 1, (EL2 - FR) = B - ER

From equation (B,6);, (B,10) and (3.12) we have tha reference

frame equation for the system illustra:ed,

_ z z z
‘a1~ Er | “61-61 “61-62 “s1-63 11 I'm;

Egz = Eg ‘62-c1 ‘cz-g2 “ez-63 %2 | ez

. = 1 : j (B,13)
Ees3 = "r | 1 %63-61 %c3-c2 Ze3-c3 23 Tea

g - B < <5 Sy wor

it will-be not ad thaf‘the effect of each load current has been.

replaced by a single total load current (I, ), And is general

L

we write equation (B-13) as

(B,14)
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By means of above transformation the circuit of Fig,3_1(8)

has been changed fo the circuit giveﬁ,in'Fig, 3,7(B).

Reterence point

. 1. '
am SRNL M > Hypothetical load
| Tan f’/\”\_ o i/pc’i”t
-
£6n (:) - -’ — B B o
’ LL

~ e
PR n

p | IL

Gm
FR—— -
—_—

- i
AN TN 74
% wl '

Fig, ‘3,7(B) Equivalent circuit with respect to
Reference frame 2,

The load point L does not nxist i3 actual network, So it
can be visualised as a hypothetical load point, It is evident
from equation (B,14} that the componert of the voltage drop
Ecm = ER due to load current IL L
the component of the voltage drop EL - ER dug to génerator

ig given by amI -Similérly

current I is given by cnI The imp~dance w is the self

Gn Gn*

impedance between the hypothetical lozd point and the reference

bus. The next step in next step in our analysis will be the

~--glimination of total load current (I, ) as a variable,

L

Transformation to Reference Frame 3

Since the load current is supplici by the gemeradtors, we
may accomplish this by the relationshii that thg summation of
the generator currents must be ecqual z3d cr~o-~ite 4o the summation

of the ibad currents,
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Thus

| ﬁ%: I..o=1

~So0 for the system illustrated in Fig. 3.6{B) andséguation

(B,13), we may write

1. = 1.

61 =Gl
Te2 = le2 o
T | (B,15)
S g3 = Tgg
I == g+ Ty + Igg)

The- above- relation may be written in temms of a matrix of trans-

formation as indicated below:

T;' ; rﬁl B 'r} B
Gl Gl
I, 1 4] Tes Lo (B.16)
e3 - i RS Ies
11 I -1 -1 -1 '_j

Thus the currents of reference frame 2(12) are related to the
currents of reference frame 3(13) by .2 matrix of transformation

2
C.3 i whera‘

Ly 7= | | ~ (B.1T)

-1 -1 -1

The new voltages of reference frame 3 .ire then given by the

equation (B,B),
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i —— — ‘_T ¢|"-"' ——n
1 -1 c1 ~ Er fa1 £
1 -1 E . - E : E _ - E
- - - E . - E a
1 1 | ey - Ep Ecq
£ =By
X ,
Ct EDld = Enew

The new impedance matrix; as indicated by the equation

(B.9) will be (21) as

R T
[?3] = %21 f22 Za3 | (B.19)
B f3.1 a2 faa
— -
where, Zm—n = ZGm—Gn 8, = Cp t W ' (B, 20)

30 that the reference frame 3 esquation reduces to

. _ i 7 z
EGl- EL Z1-1 Z1-2 T1-3 IGl
faz TEY o 4 Zo Zaug Te2 (B.21)
E . - E z z Z, . I
63 L 321 3~ 3- G3
And in general
EGm - EL = ZGm-Gn - a =c o+ w IGnl (B,22)
= zm-n IGT_J

The circuit of reference frameé 2; given by Fig, 3,7(B),
has been modified as indicated by equation (B,22) to that given

in Fig, 3.8(B),
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I .
Om |
A —pr )
EGm f:)'_ T -
) \—- . 3
. I ~ Hypothetical
Gn =~ L—~1locad point
—— . . : L ) ‘
' -~ o L.
‘ @_-_.__..F.__-__w_a-»_/_%
Gn e £ "-I
./_—.-‘ . L L
’_"r-"'
Fann ,_.-"é/
L S
-».”

Fig., 3.8(B) Eguivalent Circuit with respect to
Reference Frame 3,

Obviously frame 3 impedance are not symmetrical, Hence it
is not possible tDlrepresantfthe above circuit on the anal&ser
through the use of static circuit elerents. Thus direct measure-
ment of-these impedances is not feasible, But they can be cal-

culated directly by the use of digital computers as demostrated

in 'Chaptéi-3.
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APPENDIX=B(2)

Nodal load flow method ®f determining referance
frame 3 voltages '

{Itexative cirpuit solution)

We have established that total load current is to be
supplied by ane generator at a time to get the corresponding
column of frame 3 impedances, We assume that the bus connected
to the generator which takes all the load curren£ in turn,ris
the swing bus and we arbitrariiy specify a voltage magnitude

and angle for that bus. All other buses are then load buses,
Let I(k) be the current entering at some load bus k,
Then from node equation at that bus we can write °
I(k) = Y(k1)E(1) 4 Y(K2)E(2)+....+ Y{(KN)E(N) (B,23)

Where the admittances are the self and mutual admittances at
the nodes as usual, E(k) is the frame 3 voltage at bus k and

N is the total number of buses,

Rearranging the above equation we (20) can write

E(k) = TiRR) (I(k) = Y(kn)E(n)) .is (B.24)
Let Y(kn) = G(kn) + jB(kn)

Hk) = IR(k) + jII(k) ... (B,25)

E(k) = ER(k) + JEI{k)

Then from equation (B,24); solving rea: and imaginary terms,

‘we (20) get

ER(k) = IR(k)GL(k) + TI{k)BL{k)="L1l(k;n)ER(n)=YL2(k,n)EI(n)

(B.26)
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EI(k) = II{(k)GL(k)-IR(k)B1(k)=YL2(k,n)ER(N)+YL1{k,n)EI(n)

(B.27)

Where,

YL1(k,n) = G(kn)Gi{k) + B(kn)Bl{k)

YL2{k,n) = B{kn)Gl(k) - G(kn)Bl(k)
(B.28)

61(k) BUkk)/(G2(kKk) + B2(Ki})

Bl(k) = B(kk)/(&%(kk) + B2(kk})

Equations (B,26) and (B,27) can be solved by Gauss-

Seidal iterative methad (27) te find frame 3 voltages,
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APPENDIX-C(1)

CO-ORDINATION OF INCREMENTAL CDSfV

Consider the simple system of Fig, 5,1(C) in which we
have a single plant supplying .a single load, [t is desired tD

know the incremental cost of

dF o A
ol |
&—

P, =8 MW Pl o= 3MW AP =5MW

Fig. 5.1(C) Simples one-plant system,

received power, Let AP, = 5 Md, Assume that to supply
this increaée in received power it is necessery to increase
Py by B MW, Then AP =8 MJ -5 Md = 3 M. If the cost

at the plant bus bar is assumed to bs three takas per MWhr,

then the cost at the receiver is giver by

. ?l:_B x —E - 3 x -8 = 4,8 takas per Mwhr,
Ap ] ,
R
L _ 1 1
or ' 7\: 3 x = 3)("‘]—-""':-?—

1 - (d&PL/thl)

1

= = 4.8 takas per-MWhr.
3 )

Ml
o
x
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CITERATIVE PROCEDURE FUR SCHEDULING OF GENERATIDN

>

The iterative procedure involves

a method of successive

" approximations{1l) which rapidly convesge tc the cerrect solution,

From BquatiDn'{4¢7) of the-Ehapter—d; the exact co-ordination

equations are'given‘by

dF . oF . _
?‘_P__ - -7\ -é-P—-— =7\ ™ (E.l)
n n
or an Pn + F 4+ AN 2; 2an m = 4 NN (c.2)

collecting all coefficients of Pnj we abtain

n

Mz n
solving for Phg we obtain
fn
1 = =—— - 2B P
P = AL . mh m
n

~nn_ + 2B

'y nn

This iterative procedure is programmed

: N <~
P (an +?\2Enn) = A ,»_.2an

P _'fn+ Ao (C.3)

(C.4)

and shown in Appendix-C(4).
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Calculation of Generation SChedules for the Case of

Neglecting Transmission Losses:

From eqn, (4,13} we have,

dF : ~
. n
Pn an + fn(— dPn ) = AN .. (C,5)
A f | R
or Pn = .o (C.6)}
nn :
From Table 4,4 we have
Values of F and £
i © o nn n
Flant n F i
o nan n
(slope) (intarcept)
20 : £25
66,67 1175
66,67 1003
Case: (i) AL = 1050
20P; = 1050 - 625 = 425 i, e Py o= 21.25
56.67P2 = 1050 -~ 1175 = - 125 i,e P2 = - 1,B758
66,67P, = 1050 - 1000 = 50 i.e. P, = 0,745962
Tatal geﬁeration(PT)z 21,99960 MW -

Case (ii) AL = 1310

20P, = 1310-625 =685 ‘i, Pl = 34,25
66,67P2= 1310-1175=135 1i.e PZ = 2,02
66.67P35 l3lD-;GUD=3lU i,e P3 = 4,65

Total generstion (PT)”; 40,92 MW
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Case (iii) A = 1570

47,25

20P, = 1570 - 625 & 945 ije Py

66,67P,= 1570 - 1175 = 395 i.e Py = 5.92

66,67P,= 1570-1000 = 570 ie B.55

il

Totsl generation (FT)z 61, 72MW

Case {iv) A& = 1830
ZUPl = 1830 - 625 = 1205 i,e Pl = 60,25
66.67P,= 1830 ~ 1175 = 655 di,e P, = 9.82

66.67P = 1830 - 1000 = 830  i.e Py = 12,449

fotal generation (FT) = B2,50 MW

Case (v} A = 2090
20P, = 2090 - 625 = 1465 e Py o= 73,25
66,67P2 = 2090 - 1175 = 915% L. B P2 = lB,TZQ
66,67P, = 2090 - 1000 = 1090 “.e Pg o= 16349

Totel Qeneratian(PT)leB,BZMW

Case (yi) A = 2350
ZDPl =" 2350 - 625 = 1725 i.e Pl = B6.25
66.67P2 = 2350 - 1175 = 1175 i.e Py = 17,624
66.67F, = 2350 - 1000 = 1350 fie Py = 20,249
Total generation(PT)= 124,125My
Case (vii) ~ = 2610
20P, = 2610 - 625 = 1985  ..c P, = 99.25
66.67P, = 2610 - LI75 = 1435 e Py = 21,5239
66,67P4 = 26¥0 - IE0OC = 1610 .8 P, = 24,1487

3 _
Total generat;on(PT)z 144,92 My
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dN TV 360N-FD-479 3-8 . MA ITNPGM " DATE 25706780 °° TIME 13.26.3
C AMINUL HOQUE/ BUET /MARCH. 1980
< LOAD FLOW STUDIES BY DIGITAL COMPUTER
C GAUSS SEIDEL ITERATIVE METHOD OF SOQLUTION
DIMENS ION' LiNE(1a.1aJ.G(ioo>.B(1001.85(1001.le(lOO),Ythlooa.vtgg
1),PD(GG) .QD(99) , ANGLE(99}+EER(18),EET(18),RLI(18),RL2(18),STER(18)
EoSTEl(lB).CORR(lB).CORI(18).PG(18)106(18).PL(18}'0L0(18} P{o9},

~40(99) -

- WRITE(3,91)

Q1 FORMAT (51X,'AMINUL HOQUE / BUET / MARCH 198077
READ (1.,11) N.CI-TULER.ITMAX
WRITE {3,90) _

WRITE (3.112) ) . _
112 FORMAT(30X,"'T3TaL BUS'lOX.'ACCL FACTOR' 16Xs*TOLER'L16X,"ITMAX? /) i
WRITE(3,12) N,Cl1,TOLER,ITMAX

12 FORMAT {32X,118,15X+F642,15X,F10.5,15%X,14)

1i_FORMAT (14.,F6.2,F10.5,14) ]
1=1 oo
READ (15183 ((LINEC(KLL)sL=14N)+K=1,N)

WRITE (3,90) .
WRITE 43,119)
119 FORMAT (58X.'DATA OF LINE MATRIX*/) ’
A WRITE (3,19) ((LINE(KsL)aL=1N) K=14N)

18 FORMAT (2612) , , ’

19 FORMAT (41X,2612) . - .
WRITE (3,90) . g
WRITE (3,1222) J

1222 FORMAT(/47X, "RESTSTANCE"6X 4+ 'REACTANCE*3X 4 * SHUNT SUSCEFTANCE'/) ,
J=N . - '
DO 20 K=1,N » | !
G{K)=04.0 . . {

20 B(K)=0.0 t
DO 24 K=1.N . P
DO 24 L=1,N : - . ?
IF{LINE{K,L)J21,24,21 *

21 J=J+1 fi
BEAD_‘{])ZZ} R1+ X1 XS * . - !
WRITE (3.,222)R1,X14+XS K ; u'

22 FORMAT {(3F10.5)

222 FORMAT (41X,3F15.45) . N i

23 TERM=R1Z%¥2+X1%%2 il
G(JI=—RI/TERM ) 1
B(J)=X1/TERM i
B5(J)I=X5%0.5 . |
G({K)=G{K)I=G{J) T
B{K)=B(KI-B(J)+BS(I) ;

C WRITE {34115} KyG{K)sK.B{K) . 1
C 115 FORMAT {30K."G(" T2, ")=* E15.7+10X, *B{*12, *)=* E15.7) |

24 CONTINUE )
WRITE (3,90} ) . 1
WRITE (3,999) !

999 FORMAT (/szx,'os-19x.~oo'10x.-p0~1sx.-oo'/)' i
DO 102 K=1,N : _ . :
READ (1.179) PG{K)4+QGIK),PD{K) ,QD{K)
WRITE (3,9999)PG(K)+QG{K) +PD{(K)}»QD(K)
b 4
e Aty s L ke ek ok i S S _ ﬁﬁ;
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W IV 360N-FO-479 3-8 MA INPGM DATE 25/06/80 TINME
# :
25 D{KI=({PG(K}—PD{(K}*0.7)
Q) =(QG{KI-QD{K)*0a7)
101 EER(KI=1.0 \ .
L EEI{K)=0.0 E -
102 'CONT INUE
PL1)=0.0 :
@(139=0.0 ) |
EER(11=1.05 :
179 FORMAT {(4F10.6) - §
9999 FURMATI16X:4F2146) i *
99 J=N . :
A WRITE (3,90)
DO 35 K=1sN *
CG1=GIRI/ZLGIK)I*%2+4B(KI%%2)
B1=83(K)I/{G{K)I=%2+B{K)Ix%2)
c WRITE (3,114) K, Gil, Bl : a
C 114 FORMAT {10X, *K=1 I2, 10Xs 'G1=" E15.7, 10Xs'Bl=' E15.7)
26 RLI{K)I=P(KI®G1-0{KI$B1 L !
BL2(KY=—-0Q{(K)&*G1-P({K)*81 a
C WRITE (3,113) K, RLI(KY, K, RLZ2{K)
C 113 FORMAT (10X, FRL1(" 12, "I="ElS5.7,10Xs *RL2{" 12, *)= *ELR 7)
" DO 35 L=1.0
1F {LINE(K,L}) 34,35,34 : ’
34 J=J+1 :
YL J3= =Gl ) 4#G14B (11581 -
YL 2{ J)=B{J)*G1-G(J)*B1 - - i
C WRITE (3,857 JeYL1(D)aYL2{ ) 2G6{JIsBLII2GIKI»BIK)K,L :
C 85 FORMAT {20Xs15+5Xs6F10e5,1645%X212) $
.35 CONTINUE ) '
c WRITE {3,90)
35 ITER=O0 ]
38 ITER=ITER+1
Nt ] = :
DO 46 K=2.N , K
STER(K)=0.0 : .
STEI{K)=0.0
39 DO 42 L=1,N ‘ o i
IF(LINE(K,1.)) 100,42,100 - b
100 J=J+1 . ‘
41 STER{K)=STERIKI+YL1{JIHEER{LI-YL2{J) *EET (L) i
LSTEI{RI=STEI(K I+ YL2{ JI=EER(L)I+YL1 (D *EET (L) '
42" CONT INUE )
C AMINUL HOQUE/ENGG COLLEGE/CTG '
C AMINUL HOOUE/MATLAB/CUM[LLA 4

DIVIDE=EER{K)**2+EE]
ER={RL1{KI*EER(X)-RL

(KY#n2
2(K)FEET(KII/DIVIDE-STER(K) .

EI={RL2(K}I*EER (K} +RL
43 CORRIKI=(ER-EER(K)?

L{K)XEEI{(KII/DIVIDE- STEI(K}

Y

CORI(KI={EI-EET{KI)

C AMINUL HOQUE/NORTH BARITI BHANGA/COMILLA *

C AMINUL HOQUE/COMILLA
44 FER(KI=EER(XKI+CORRIK

1EC1

EEI{KI=EEI{KI+CORI {K)*C1

c . AMINUL HGQUE

Jurty

B s el L4 L. . & R N . ("

e A mee.

A

. ]



N TV 360N-FD-479 3-8 . MAINPGM DATE  25/06/80 TIME

13.2643

46

CONT INUE :
IF{ITER-ITMAX) 48.54:54

48 DO 52 K=1.N
IF{K=1) 49,52,49 )
49 1F (ABS(CORRIK})I-TOLER)S0,53,53 ,
50 IF{ABS(CORI(K))I-TGLER) 51,53,53 _ .
51 IF(K=-N) 52,5%,54 - . - '
52 CONTINUE
53 G0 TO 38 - -
177 _FOGRMAT({2F10a5) _ - .
175 FORMAT (/37X, 'EER{(Y412, *)=4,E1547s 1AX,*EEI(*,12,5%)=",4E15.7/),
54 WRITE{(3.55} ITER
| 55 FORMAT(G64X,"ITER=" 1&) -
WRITE _{3,90)
WRITE (3,1175) ¢ ’
1175 FORMAT (/41X, 'REAL VOLTAGE*18X,*REACTIVE VOLTAGE®/)
DO 176 K=1,N
174 WRITE (3,175) KsEERIK)_sK+EEI(K)
176 CONTINUE
WRITE (3,90)
WRITE (3.2200)
2200 FORMAT (/36X+*VOLTAGE MAGNITUDE®16X, YANGLE IN DEG.*/)
DO 56 K=1,N T j
L VIK) =SORT {EER(KI**2+EEI{KI*%2)
ANGLE (K)=ATAN(EEI{K)/EER{K))*180./3. 1415926 ,
200 WRITE (3,181) K V(K)+K.ANGLE(K) ‘
' 56 CONTINUE _ _ !
181 FORMAT}/3?X,'V{';12;')ﬁ“.F19_6.16Xw“ANGLE(?»IE,“)=‘3F10-6/3 '
CWRITE (3,90) _ o
WRITE (3,1178) . - )
1178 FORMAT(/46X,'BUS TO BUS'6X,"REAL meCR'gx.'REACTIVE POWER® /}
J=N : C
DO 50 K=1,N i B - ‘ 3
PLIKI=PG{K)
QLO(K)=QG(K)
DO 60 L=1,N : N ‘
IF(LINE{KWL)) 59:50,59 , ' ]
59 J=J+l . .
SUBR=EER (K )-EER{L) C . {
_SUBT=EE1(K)-EEI{i} - :
SUL=EER(K)*SUBR+EET{K) *SUBT . : i
] __BUR2=EER(K)*SUBI-EEI(K)*SUBR o , : :
TP =(SUZHBI) -SUL®G(I)) . | i
Q{J)=—((EER(KI*#2+EEI(KI**2)+BS(JII=SU1*B(J) =SUXG(J) ) )
PLIK)I=PL(KI+P(J) . 1
QLO(K)I=0LO(KI+O(JY . .
WRITE (34178) KyLsP{J4),004) - ‘
178 FORMAT (45Xs14,2X213,5XsF1449,5XsF1449)
60 CONTINUE
TGEN=340 . : ’
TL.OAD=0.0 - .
WRITE (3,90) : .
WRITE (3,1180)
1180 FORMAT (/26X K'15Xs?V111Xs TANG?12X,9PL"11Xs QL0 12X, *QG*11X.*PG* /)
- r
e w2 mBe e et B - —— AR e s e . - - s . -
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AN IV 350N—FQ-479 3-8 MA INPGM NATE  25/06/80 TIME 13,263

DO 61 K=1,N
TGEN=TGEN+P! (K) -
TLOAD=TLDAD+PG{K)

QAG(KI=-GG{K) - .
WRITE(3,180)1K, VIK) sANGLE (K)sPL{K)» QL O(K) sQG(K) 3PGIK)

180 FORMAT (25X 312, 5X+6F14.46) I N
61 CONTINUE L o LT -
WRITE (3,90)
. 90 FORMAT{25X* ===~~~ ———— ——————e e e ——————
e teetoetestostoioetestosterteafieatoeiretetestettedall | -

TLOSS=TGEN-TLOAD

WRITE{ 3, 222)TGEN, TLOAD 4 TLUSS

WRITE (3.909) '
D00 FORMAT (//60Xs 'END OF J0B' )
83 CALL EXIT

END
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53 FORTRAN IV 360N-FU-479 3-8
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-V AG0ON-FO-479 3-8 MAINPGM 23705780 12.50.12
C AMINUL HOGUE / BUET / MARCH.1G80
. C DETERMINATIGN OF TRANSMISSION LION L0OSS CBEFFICIENTS{B—-CDRFFS)
DIMENSION LINE{(18,18),B{100)sYLI{100)»YL20100),Vv(18),PL{18),0L0(18
1) ANGLE(18)},EER(18),EEI{18),RLI1{18).,RL2{18},5TER(18),S5TEI{18), CORR
2018)+BS{100)+PG{18),06{18),AL1{18)+AL2(18),0L{18),AILR{18),ATIL{18)
T4ANGLDI{18)sR{535) s X{5,435) yA{5:5) 1H{G5,5) ,BC{5+5)35(5)+sCORSIS)sNCON(S
/-}JJPB{S:)!RR{SIS}! G( 100}|AILI‘(18}9CDRI(18)sXX(SsS)
WRITE (3,91
g 91 FORMAT (47X, YAMINUL HDQUE / BUET / MARCH,1980*'//) 8C0 G111
; READ {1+11) NsMyC1yTOLERSZITM,AL1,TOL, ITMAX BCO 012
WRITE{ 3,90) _ BCO 013
VRITE{3+911) NaM,Cl,TOLER,ITMs Al .TOL,ITMAX
911 FORMAT(/E:BXI1417X|14sSX"F6=-2v5X1F10-515)(»:{4;5}(9F6-2‘35x3F80533X91 49
WRITE (3,90)
WRITE (3,1915)
PO 16 KZIsN | -
READ (1,15) VIK) ANGLE(KIsPLI{KI»QLO(K) ,QG(K) +PGIK)
1918 FORMAT{/28X,*y! 11X+ *ANGLEYIOX,"PL" 11X,2QL0"12X,1QG*12X'PG"Y/)
CHRITE(34915) VIK)IZANGLE{K) +PL{K) sQLO{K)0GIK) sPG(K)
15 FORMAT (6F10.56) ’
G915 FORMATI{1GX,6F1446) ,
16 CONTINUE
READ {15200) {NCCON({I),I=1,M)
WRITE(3,90) '
., WRITE(3,1202)
1202 FORMAT(/45X,7N0. OF CONNECTIONS T GENERATOR BUSESY/) 3C0 014
WRITE{3,202) {NCON(I)sI=1,M) : BCO ¢15
200 FORMAT{(314) BCDO 016
202 FORMAT({356X,3114) 8C0 017
DO 17 K=4,13 BCO 618
17 QL{K)=QL0O[K) 8C0 019
READ (1,18) ({LINE{K L )sL=]+N)+K=1,0) 8CO 020
WRITE{(3,80) . BCO n21
CWRITE (3,119) BCO 022
119 FORMAT {/53X,37DATA OF LINE MATRIX*'/) BCG 023
BRITE(3419) ({LINE(KsLI»L=14N)sK=1 N BCG 024
18 FORMAT {2612} o BCO 025
19 FOGRMATI(37X.2612) BCO 025
J=N BCO D27
DO 20 K=1.N i BCO 028
GI{K}YI=0.0 . BCO 029
20 B{K)=0.0 N 8C3 030
WRITE (3,090) . 3C0O 031
WRITE (3,9222) ' BCO o032
DO 24 K=1,N BCO 033
DO 24 L=1,N BCO 034
IF (LINE (KsL)) 21.24,21 8C0 035
o201 _J=J+1 8C0 036
READ {1,22) R1sX1+XS R : 8C0 037
222 FORMAT{/43X, "RESISTANCE'EX ,"REACTANCE®* 33X, "SHUNT SUSCEPTANCE'/) BCD 038
WRITE 134222) R1.%X1+X5S BCO D39
22 FORMAT (3F10.5) BCO 040
222 FORMAT { 37X,3F15.5) 2C0O 041
11 3C0 042

FORMAT {214:F6+2+:F10e5:143FGaR24F8:5,14)

X3



V 360N-FO-479 3-8 MA INPGM " DATE * 23/06/80 TIME 12+50.12
23 TERM = RI£S%2+X1x%2 BCO 043
G{J)=-R1/TERM BCD 044
B(J) = X1/TERM BCO 045
C B8S(J)=X5%0.5 :
GIK) = GIKI=G(J) . BCO 046
B(K) = B{XK)-RB{J) . BCO 047
24 CONTINUE _ 8C0 048
READ {1425) (S{K), K=1,M) , BCG 049
25 FORMAT {(3F10.5) BCD 050
c WRITE ( 3,500 ) '
C 500 FDORMAT ( * AA 1 ) t
1T = © BCO 051
’ 36 1T = I17+1 8CO 052
27 DO 30 K=1,M 8CO 053
30 QL(K) = QLO{K)Y+QGL{K)-S{K)IHPG(K) BCO 054
. AILTR = 0.0 BCO 055
- AILTI = 0.0 - 3Cco 056
31 DO 32 K=1,.N BCO 057
S Z=ANGLE{K}%3.14159/180. BCO 058
G=ATAN{QL(K) /PLIK) ) 3CO 059
Y=SART PLIKI®PL{K)+QLIK) *GL(K) )/ VI K} BCG 060
C WRITE ( 3,501 )
C 501 FORMAT ( * A *
AILR{K)I=YXCOS{G+2) 8CO 051
ATLI(K)=Y*SINI{G+Z) BCO 062
ATL{K)I=SQRT{ATLR{K)*¥24AILI(K) %%2) 8C0O 063
ANGLD(KI=ATANCAILI(K)/ATLR(K}) BCO 064
ATLTR=AILTR+AILR{K) BCO 065
AILTIZAILTI4AILIIK) BCO 066
32 CONT INUE BCO 067
' AILT=SORT(AILTR**24AILTI®%2) BLCO 068
THETA=ATAN{AILTI/ZAILTR) BCO 069
DO 33 K=1,N BCO 070
D=THETA—ANGLD{K) BCO 071
ALIIKI=(AIL{K)I/ATLTI®COSID) BCO 072
AL2(K)={ATL(K) /AILTI#SINI{D) 8CGC 073
C WRITE { 3,502 ) '
33 CONT INUE
WRITE(3.,90) BCO 074
99 J=N . BCO 075
DO 35 K=1,N BCO 076
GI=G(KI/(GIK)IXX2+B{K )%%2) ' . 3Cc0o 077
B1=B{K)/(G(K}*%2+B{K)%=%2) ‘ BC0 078
RLI(CKI={-AILR{K)*GI1-AILI{K)}EB1} BCO 079
RL2(K)={AILR{K)*BI-AILI(K) *G1) B8CO 080
C WRITE { 3,90 )
.C 503 FORMAT ( * C ' )
) DO 35 L=1,N . BCO 081
T [F TLINE (KsL)) 34+35,34 R BCO 082
34 J=a+1) BCO 083
YL1(J)=G(J)%G1+B(J)%B1 83C0O 084
YL2(JI=B{JI*G1-G{J)*B1 3CO 085
" 35 CONTINUE BCO 086
DO 59 I=1,4M BCO 087




il

WV 360MN—~FD~479 3-8 MAINPGM DATE 23/06/780 TIME 1250412
"
D3 102 K=1,.N 8CG 088
IF (K—1) 101,102,101 8C0O 089
101 EER{K)=1.0 8Ce 020
EEI{K}=0.0 BCO 091
102 CONT IMNUE BCO 092
EER{11=1.05 BCO 093
EEI{1})=0.0 8C0 094
ITER=0 BCO 095
38 ITER=ITER+1 BCO 096
J=N 8Ch 097
DO 46 K=1.N BCO 098
STERIKI=0.0 BCO 099
TSTEI(KJI=0.0 BCO 100
TUIF{K~1) 39,37,39 BCO 101
37 J=J+NCON{I) BCO 102
* " 60 T0 48 BCO 103
3% DO 42 L=1,N 3C0O 104
IF {LINE{K,LJ) 100s+42,100 BCO 105
100 J=J+1 ) BCO 106
41 STER{K)I=STER(K)I+YLI{J)*EER(LI-YL2L JIXEET{L) 8CO 107
FSTEI(KI=STEI{KI+YL2{J)*EER(LI+YLI{ JISEEI(L) BCC 108
42 CONTINUE ) BCO 109
FR=RL1(K)~STERIK) BCQ 110
EI=RLZ2ZIKI-STEILK) BCO 111
43 CORR{KI=(ER-EERIK)) BCO 112"
" CORI(K)={EI-EEI1(K]}) BCO 113
44 EER{KI=EER{K)I+CORR{K}*C1 BCO 114
EFI{K)=EET(K)+CORI (K)*Cl ‘aC0 115
a6 COMTINUE - BCO 116
CIF (ITER-ITMAX) 48,54,54 BCO 117
48 DO 52 K=1a+N B8L0 118
"IF{K~1) 49,52, 49 BCO 119
49 IF{ABS{CORR{K))-TOLER)} 50+53:53 BCD 120
50 1F (ABRS(CDRRI(K)}}-TOLER) 51,53,53 . ace 121
51 IF {K-N) 52454454 BCO 122
52 CONTINUE * . BCO 123
'53¢GO TO 38 - . BCO 124
S4l WRITE(3,55) ITER BCO 125
55 FORMAT (60X.7ITER=T 14 ) BCO 126
ELR=0.0 8C0 127
ELI=Z0.0 BCO 128
DO 56 K=14N , BCO 129
ELR=ELR+AL 1 (K)%ZER(KI-ALZ2({(K)Z*EET(K) 8CO 130
ELISELI4ALI(K)FEEI{RI+AL2{K)*¥EER{K) - * *ACO 131
56 CONTINUE BCC 132
€ _ _WRITE {3,221)ELR,ELI 8CO 133
C 221 FORMAT {.5X, 2E20.7 )
DO 59 K=1,M X BCO 134
DIV={AILTREL+ATLT I #%2) . BCO 135
ARIK I )= ({EER{K)—ELR)*AILTR+{EEI{K)I-ELI}*AILTI)/DIV BCO 136
XX{K s I}={{EEMK)-ELI}*AILTR~-(EER{K)I~ELRI¥AILTI)I/DIV " 2C0O 137
59 CONTINUE BCO 138
WRITE (3,920) sC0 139
1490

Q0 FORMAT {25Xs'————momm e ————— —————— e 8¢0




12.350.12

WRITE {3,90)

W 36O0N-FG-47% 3-8 MA INPGM DATE 23/06/80 TIME
P R BLO 14%
DO 60 K=1,M
SS==RR(KsK) /XX{K+K)
CORS (K )=S5-51{K)
s 60 SIK)I=S(K}+CORS{K)*®Al
DG 62 K=1,M . _
v IF {ABS(CORS{K))-TOL) 61,900,900 _ ‘ .
61 IF {K-M) 62,B64,64
652 CDNTINUE .
900 1F (1T—1TM) 63:64,64,
63 GO TO 36 _ i et
64 WRITE (3,1150) ,
1150 FDRMAT(/50X,"FRAME-3 RESISTANCE MATRIX'/) B BCD 142
WRITE £34150) {({RR{K,IVaT=1,M)oK=1,M) 8CO 143
WRITE (3.,90) T BCO 144
) WRITE {3.2150) BCO 145
2150 FORMAT{/50X+"FRAME~3 REACTANCE MATRIX'/) 3C0O 146
. WRITE 351503 ([XX(KsI)sTz1,M},K=1,M) BCO 147
"150 FORMAT {(43X+3F126/) BCO 148
CWRITE (3,90} BCO 149
WRITE( 3, 4150) BCO 150
4150 FORVMAT (39X.'CONVERGED 2EACTIVE CHARCTERISTICS OF GENERATORS'/) BCO 151
WRITE {3,150 (S{K),K=1,sM) - . BCQ 152
WRITE {(3,90) BCO 153
WRITE{3,888) . BCO 154
888 FORMAT (38X, 'DIFFERENCE FROM THE PRIVIOUS ITERATION FOR S—-CHS'/) BCO 155
WRITE (35,1501 {CORS(K) :K=1,M) BCO 156
WRITE {(3,90) BCD 157
WRITE (3,95 17T - 3CO 158
95 FORMAT (60X, "IT=213) : BCO 159
WRITE (3,90) BCD 160
DO 66 K=1,.M BCO 161
WRITE (3,65) K+S{K)sIT BCD 162
_ WRITE (3,90) k
T 65 FORMAT(45Xs13s 10X+F10.5, 7X+147) BCO 163
66 CTONT INUE _ . BCO 164
DO B7 K=1,M BCO 165
DO 67 I=1.M BCO 166
RIKs II={RR{K,1)I+RR{1,K)} /2. . BCO 167
LKy II=IXXIK, L)=XX{1,K)) /2. o 3CO 168
&7 CONTINUE ‘ : 8CO 169
WRITE (3.5150) ,
5150 FORMAT (744X, " SYMMETRCAL PART OF FRAME-3 RES1ISTANCE? /)
WRITE (3,160) ({R{KsIIsI=14M),K=1,M)
WRITE (3,90) .
; WRITE (3,6150) o
5150 FORMATY {/42X,'SKEW SYMMETRICAL PART OF FRAME-3 REACTANCE?/)
WRITE (3+150) ({XTKsI),T=1sM)}sK=14sM) .
- DO 72 K=1sM N
DO 72 I=1.M
P={ANGLE{K)—-ANGLE{1))%32.1415926/180. ]
L AR IN= (e VLK EVIT) ) I ({1 +S{KIHSUI) I RCOS(PY+(S{K)I-S{I))*SIN(P})
72 HIK» I)={1 e Z{VIKIFV{II) ) { (1 +S{K)IHS{ III%SINIP)I+{S{I)-S{K)}IZCOSE(D))

"o

e

I



N IH0N-FO-479 3-8 MA ITNPGM DATE

23706780

1Z450.12

WRITE {({3,7150}

BCO

. 7150 FORMAT (/52X, *SYMMETRICAL A— MATRIX'/) 170
WRITE {3,150) (LA{KSI)»IZ14M) K=l ,M)
WRITE (3,90) BLCO 171
WRITE {3.,8150)
8150 FORMAT (/50X,?SKEW SYMMETRICAL H— MATRIX3/) B8CO 172
WRITE (3,150 { (H{KsI)sT1=1,sM)sK=1,M) BCOD 173
. DO 78 K=14M BCO 174
- DO 78 L=1,# BCO 175
BC(Xal)=A{KyL)FRIKJLI+H(K, LIFX(KyL ) 3C0 176
78 CONTINUE BCG 177
‘ WRITE (3,900 ‘BCO 178
2150 FORMAT (/55Xs" B-COFF. MATRIX7/)
WRITE {3,9150)
C WRITE (2,90) BCO 179
c DO 78 L=14M BCO 180
-C BCIKSL)=AIKs LI *R{K L I+H{KsLI%X{K, 1) 8CO 181
C 78 CONTINUE o BCO 182
WRITE (3+4150) {{BCIK,LIsL=1,M)4K=1,M) 8C0 183
WRITE (3,90) BCD 184
-C WRITE {3,80)
C WRITE {(3,90)
=C 140 FORMAT (25Xs5F12.7) BCG 185
WRITE (3,80) , BCO 186
80 FDORMAT (60X, P3P LOSSESY//) BCO 187
DG 81 (=1,M - BCOD 188
PEB{L)I=0.0 BCD 189
DO 81 K=1,M ) BCO 190
PBIL)=PB{L)+PG{KI®BC{K L) BCO 191
81 CONTINUE 3C0O 192
PAP=0.0 BCO 193
DB 82 I.=1.,M BCG ] 94
PRP=PRP+PE{LI%PG{L) BCG 1953
B2 CONTINUE . BCOD 196
WRITE (3,79) PBP BLO 197
79 FORMAT 59X, 'PEP=IF10.5) 2C0 198
WRITE(3,979) ' BLO 199
979 FORMAT (/760X *END OF J03B* ) 3C0O0 200
83 CALL EXIT BCO 201
. END BCO 202
b
4




,POS FORTRAN IV 360N-FO-479 3-8

GPTIONS IN EFFECT

.LDAD. =4

DECK NQ

i I ST Y.ES

- LISTX .. NO

T

- EBCDIC_ ..

L

APPENDIX- C(4)

- e ———- w— . —

———— — ——

L
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B FORTRAN IV

C

(. G

IEON~-FG—472 3-8 MAINPGM DATE 21706780

TIME

AMINUL HOQUE / BUET / APRILs 1980
CRTIMUM ECONOMIC SCHEDW ING OF GENFRATION

01
2

03
£

—0 e e s
05
os .. -
Q7
o .C..
o8
09 . -

DIMENSTON B{5,5)P(5),F(4),FF(4),CORPT{&) ,PB(S)
e MRITE (3,91)

91 FORMAT (47X, *AMINUL HEOQUE , BUET ~/ APRIL. 1980°'//)
o READ _{146) _(ABAK L I 1 =153} ,K=143)

WRITE (?5!8)({BtKQL)’L=193)1K21‘03)
DEAD {1 31..7) {F{X)  K=1,31 3 IFF{XK} K=14+33

WRITE(3,8) (FIK)K=153)3{FF{K)K=1,3)
. _o1iT=0..

CRP=1050.0
. P{4)=80.0

22 DO 25 K=1,3
25 _PA{K)=0.0

10

20 D3 11 K=1.3
D=00

DO 10 1L=1,3
JE _ (K=13 _2210.,9

9 D=D+O{LKIXP{L)
10 _CONTINUE

'sBaNsBsEesNs!

11,
12

13. -
1,14

15 o e
16

17

18

19

20

21 et —

22
23
24
25
25
27 o e

PP= {1 .0-F(KI/CRP-2,0%D) AAFF{K)I/CRP+2.,0FB{K,K))
_PP={CRP=F(K)I/FF{K)

CORP{K I=PP-P{K)
11 PLEK)=2(KI+CORP{KIF1 .25

DO 13 K=1,3

12 IF (K—=3) 13415,15
A3 COMTINUE —

14 GO Ta 20
15. TGEN_=00.0

WRITE (3,21 {PIK)+K=1,3)
D 26 K=1a3

TF (P{K)) 24,26,26
24 P{K)=0.0

26 CONT INUE
DO 16 K=1,3

16 TGENSTGEN+P(K)
WRITE (3,213 [PIK)sK=14333s TGEN ,CRP

DO 30 L=1,3
L PBIL)=0.0 .

DO 30 K=1.3
_30 _PRBIL2=PBILYFPAX 2B IK,H L)

eBP=0.0 .
DO_31_1=1,3

28
29

30

AP AOOAN

31 PBP=PRP+PB{LIFP(L)
TLOAD=TGEN—P 3P

WRITE (2,5} PBP,TLOAD
XI1T=311T+

IF{(IIT«GE.A00) GO TG 18
IF {TGEN—40C0) 17+ 17,18

31

17 CRP=CRP+130.0
G0 TO 20 __.

5 FORMAT {40X, *PBPR=S1F15.7,5Xs "LDAD=' Fi5.7/}
65 FORMAT. (3F15.92)




' FORTRAN IV 360N-FO~473 3-8 MA TNPGM . SATE  21/06/80 TIME
33 7 FORMAT (6F10+5)

134 ] FORMAT (30Xe 3F17.97)

35 21 FORMAT (10X»5F1245/)

36 18 _WRITE_{(3,92)

437 92 FORMAT (//60X,'SND OF JOB' )
.38 : END L . '
il
-
—

1

- S

o

i

n —— e e

ELl
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-
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=
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DG5S FORTRAN

1V 360N-FO-479 3-8

SGPTIONS

IN EFFECT

L3AD

R
DECK NG
| LIST  YES
LISTX NO
EBCDIC

APPENDIX- C(H)

el s



e A b L R

£ d

T. fed-S= -ieciemiE - - - R - - B A R Sk ST

NRTRAN IV 360N-FD-479 3-3 A INPGM DATE 19706780 TIME 12 .
C AMINUL HUOQUE
C AMINUL HOQUE 7/ BUET /7 JUNE. 1930 '
C OPTIMUM SCHEDUL ING OF G-NERATIOM NEGLECTING TRASHMISSIDN L&SS B

DIMENSION P(3), F({3), FF(3)+ CORP(3)
WRITE {3.,91) °
91 FORMAT (47X, PAMINUL HDQUE 7/ BUET / JUNE,19380%//)
TREAD (1473 (F{X) +K=1+3)s (FF{KIsK=1,3)
WRITE(3,8) (FI{K)+K=1+3)s (FF(K),K=14+3)
I17=0
CRP=1050.0
, 52 DO 25 K=1,3
25 P{K)=0.0
20 DO 11 K=1,3
PP= (CRP=F(K))/FE(K)
CORPIRK )=PP—P{K)
11 PIK)=R(K)I+CORPIK)*1.25
DO 13 K=1,3
! IF (ABS(CORP(K))=0.002) 12, 14, 14
12 1F (K-3) 13, 15, 15
13 CONTINUE
‘ 14 GO 10 20
15 TGEN =C.0
WRITE (3,21) {P(K), K=1,3)
\ DO 26 K=1,3
IF (P{K)) 24, 26, 26
24 P(K)=0.0
26 CONT INUE
DO 16 K=1,3
16 TGEN=TGEN+P{K)
WRITE (3,21)}(P(X)s K=1,3)s TGEN, CRP
ITT=10T+1
IF (11T« GEe 400) GO TO 18
IF {TGEN-400.0) 174 17, 18
17 CRP=CRP+130.0
GO TD 20
7 FORMAT {(6F10.45)
8 FORMAT (36Xs 3F17+49/7)
21 FORMAT (30X, 5F12.5 /)
18 WRITE (3,92)
3 92 FORMAT {// 60X, YEND OF JQB *)
END
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