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ABSTRACT

In this thesis, 'a dynamic optimal economic dispatch
‘pelicy has been developed on the basis of a stochastic
availability model of large-scale power systems[6,7] and a

piece-wise constant incremental fuel cost model[8].

Using these hodels the optimal economic dispatéh under
given .system availability constraints is formulated as, a
_dynamic nonlinear optimization problem. The random variation
of demand, available generation capaciti®s and availability

of the tie lines are considered as constraints in the

problem.

In order to solve the optimization problem an efficient
algorithm based on thg rule of merit-order loading has been
developed. The algorithm allows large dimensionality of the
system and randomness of the system paraheters. The
algorithm can also be easily ‘implemented on a dispatch
computer. -

4

‘ - _ .
In order to illustrate the effect of the proposed method

on system economy and availability, an example pas been

presented, giving detailed numerical results.
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Chapter 1

. oW
INTRODUCTION

Electric power is one major industry that has shaped and

contributed to the progress and the . technological advances

of mankind over the past century. The electric power systeml'

engineer is faced with the challenging task of planning and
ope;ating one of the most complex systems ‘of today's
civilization. |

A main objec}ive in the operation of any of today's
complex power systems is to produce and transfer power to
meet the system demand at the lowest possible cost, while
maintaining safe and clean standards of environmental impact
or with consideration of the effect on system security.
Reliability (or availability) among those géals Es the most
essential one that the electrical power system engineer
strives to meet at all times,

Economic dispatch ranks high among the major economy
security functions 1in power system operation. This 1is a
procedure for the distribution of thermal generation
requirements among alternative soG}ces for optimal system
economy with due consideration of generating costs,
transmission losses, and several recognized constraints

imposed by the requirements of reliable service and
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equipment limitations. Because of the following trends in
"the growth of pover systems, it becomes progressively

important to give increasing attention to  economic

operation. . k

1. In many cases economic factors and the availability of
priﬁary resources, such as coal, water, etc., dictate
that new generating plants be located at greater
distances from the load centers.

2. The installation of larger blocks of power has resplted
in the necessity of transmitting power out of a given
area until the load in that area is equal to the new
block of installed capacity.

3. Powét systems are being interconnected for the purpose of

economic interchange and reduction of reserve capacity.

4. In many countries the cost of fuel is rapidly increasing.

A fully interconnected system allows not oﬁly ma;imum
éossible savings in the total system running costs but also.
the effective improvement of the gverall level of system
reliability (availability). The savings in system
fuel costs by incorporating all generating unitgt into one
merit order 1list with consideration on transmission losses
with interconnection can be set against the capital and
running costs for the interconnection. The iﬁstalled
capacity benefits due to interconnection depend mainly upon
the operating reserves in the individual systems, the

interconnection limitations and the type of agreement

between the two systems regarding emergency help.
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In the ‘operaiion'of a power pool cohsisting of sevé?al
areas interconnected by tie lines, the basic question is
therefore: héw much power should be generated by each
generator and how much power should be transferrgé thrbugh
‘tie lines in order to meet the demands as economically as
possible, while maintaining the reliability index "at the
highest possible level (under ﬁhé given syétem environment).
The two important problems of dynamic economic dispatch
and reliability (or availability) have been extensively
studied but seperately in the past [1-7]. However, for real
practical applications economic diSpatch calculations for a
power pool interconnected through tie lines must take into
account the system availability as well as various types of
constraints such as
i) demands of. interconnected aréas,
ii) available generation cépacities in various areas,
iii) capacity limits of tie lines intercohnecting areas,
iv) and finally the random variation of all these
parameters. |

To the kowledge of the author, a dynamic economic dispatch

problem with the system availability constraint* has not

been considered in the literature before{8].

* The requirement that system availability be maintained at
the highest possible level 1is referred to as "(system)
availability constraint” in the sequel. :
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In this research, the dynamic economic dispatch problem;
taking into account the above constraints, is formulated as
a dynamic optimization problem. The sclution to the problem
provides the optimal dispatch policy which minimizes the
generation (fuel) cost under the availability constraint.
Two main difficulties associated with the optimization
problem are the system availability constraint and tﬁe
nonlinearity. fhe system availapility improvement under the
random variation of the system parameters such as available
geheration capacities, area demands and available tie line
capacities makes most of the conventional = methods
inapplicable. Recently a dynamic reliability model for.
large scale'interconniﬁted‘powér systems has been develope?
[6,7] 1in order to consider the random Qariation of thé
system parameters. Using such a model, the system
reliability can be considerably improved by solving a linear
programming problem as demonstrated by the results of Ahmed
and Dabbous, However, 1in the work [7], the system
economy -has not been considered. In this research the
economic generation as well as system reliability
improvement is considered. .

Because of nonlinear constraints involved in the economic
dispatch problem, direct application  of the existing
optimization algorithms [9,10] to the problem results in
increased computation time and slow convergence. In order

to overcome the difficulties an algorithm is proposed for
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solving the economic dispatch problem under the constraints

_ . described above. This algorithm can be easily implemented ~

on a dispatch computer for real time appl?cations without
any problems in computatioq‘time and memory Size increase
which have been the main difficulties in linear programming
approach [11,12]. |

“In order to illustrate the usefulness of:the proposed
method on generation economy under the availability
constraint, an example cbnsisting of three areas
interconnected through tie lines (Figure 5.1) 1is presented.
It should be empasized that the algorithm deQeloped here can
be easily modified to take into account the system security

constraints as well as any binding agreements between areas.

In the following, major contributions of this thesys will

be presented, followed by the outline of the thesis

Major Contributions Of The Thesis T

(i) Development of a metheodology for dynamic optimal econo-
mic dispatch under the availability constraint for
large~$cale interconnected power systems.

(ii) Development of an efficient algorithm for implementa-

tion on a dispatch computer.

Outline Of The Thesis

In chapter II a large - scale power pool consisting of
several power systems interconnected by tie lines 1is

considered. The power pool is completely described by the
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stochastic reliability models of the major components
composing the individual areas or power systems,

In chapter 1III the production cost as an objeétive
function of the ecoqomic Hispatch ‘problem is expressed as a
function of the output of generators and ceorresponding
incremental costs. The constraints that should be satisfied
in the cost minimization problem are available generation
capacities, " available tie line capacities and the system
avaiiabiliﬁy‘ requirement. After the constraints are
described in terms of the output of the generating units,
the economiF dispétch problem is formulated as ‘a nonlinear
constrained minimization problem.

In chapter IQ_ a data estimation problem associated with
the minimization problem is brfefly discussed. In order to
avoid some limitations of the application of existing
optimization algorithms to the problem, a new efficient
algorithm based on the rule of merit order loading is:
developed for the problem.

In chapter V, in order to illustrate the usefulness of
‘the proposéd ‘algoriihm on the system economy ‘ and
availability, numerical simulations for a power pool
consisting of three interconnected areas are performed;
giving detailed@ numerical results vhich are. very
encouraging.,

In chapter VI conclusions of the research and proposals

‘for further research are finally presented.



Chapter 11
LARGE-SCALE INTERCONNECTED POWER SYSTEMS

~

»

2.1 INTRODUCTION

—_—

A good model of large scale intefconnected power
systems 1is essential in order to develop the plausible
control policies for economy and availability. In this
chapter, a stochastic " model of reliability dynamics for
interconnected power systems is presented. In ﬁhe model, a
power ‘ne;work consists of many' individual subsystems,
interéﬁnnected through tie 1lines and exchanges powérs in
order to minimize the generation cost under the system
availability constraint.

There have been several approaches for dynamic modelling
of power system components [7,13-17]. However,  for real
applications, a plausible model for reliability of power
systems must take into account the following natural random
environment:

Random failures and repairs of generators,
Random variation of demands,

Random availability of tie lines.
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In order Fo'take into consideration the above properties

.0of system componénts; a very iﬁteresting model for
reliability' or availability of power systems has been .
developed recently by Ahmed and"Dabbous[6,7]. It is a new
complete time series model which considers the random
variation of the systeﬁ components.

.The dynamic modelﬁ for the components in the seéﬁéllin
this chapter were taken from references‘ [6,71]. Complete
development of the models are also given in the references.

Before proceeding to the dyamics, the topology of pbwer
systems will first be outlined. The reliability dynamics of
the system components 1i1s followed by the power pool

description.

2.2 POWER POOL MODEL

A power pocol consisting oer areas interconnected through
tie lines is considered. Each area or subsystem has a number
of generators of different sizes, a number of local
transmission 1lines and a number of major load or demand
centers., The system is controlled by a main central dispatch
computer. | If thére is a shortage of power in an area, the
area can import power from another area, provided there is a
tie lipe interconnecting the two and there is available
power after the lending area's local demand has’ been met.
If required, more than one area can co-operate ;S/meet the

shortage.
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Figure 2.1. presents the topology of the interconnected
power system. Each area 1is denoted by a 1ar§e circle
indexed b; an integer with an accompanying small circle
denoting the area demand. The notations and their‘meanings

are listed as follows:

Index for Areas : {i}, i=1,2,eee,N
Demand center in the i-th Area = Di

No..of generators in the i-th Area = n.
4

Total capa€ity of generation of the i-th Area = c .

Figure 2.1. A large scale interconnected power pool.
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2.3 STOCHASTIC DYNAMICS OF THE SYSTEM COMPONENTS

In this section, the dynamics of the power 'éystem is
considered component by component. " The complete
mathematical model of interconnected power systems consists
of .

(1) A stochastic dynamic model of the failures and repairs
.Pf generators, .
T f2) A §Fbchastic dynamic model of tﬁéﬁpower demand of each
area, |

(3) A stochastic model of the matrix of tie lines inter-

connecting ‘the areas to form the power pool.

2.3.1 Stochastic generator models

Let ri=(rki (t): \k=l,2,...ni;i=1,2,...N) denote the
generator vector. for ;he area i with 1 representing the
state of the k-th generator in the area i at time t. |

The elements of this vector are random processes
{rki(txltao} taking vaiyes either zero or one depending on -

whether it is in .the failed state or operating state as

shown in Figure 2.2.
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i (8

operating 1
state

failed
state d

1 Y
Figure 2.2. Random unit performance of a generator,

Consider any generator i and let {dl’dz'd3’.

the sequence of its random failure times .and {ql,qz,q3,000}

ee} denote

the corresponding repair times. it 1is clear, from Figure

2.2) that with probability one, A <81 G <Gl and
dn'1<qm<dm+l for all integers m2l. Note that

it
0,

T (1) T G ' (2.1)

Tm(O)

i
4

o
3

denote the residence times in state 1 and 0, respectively.
It is assumed that these random variables are exponentially

distributed with parameters &,.° and ¥, . respectively

indepéndently of m. That is
.
™~

-& .t
z ki
Pr{T (1)sz} =l g dt | {2.2)

Pr{T (0)sz} =f _H{izt
r m =7 = Oukie

where Pr{e} = probability of {e}
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Normally £ . << Wopg - o Under the above ‘assumption the,
process {rki(t)ltzo} is a homogeneous jump Markov process,

Further, for 4 sufficiently small (>0),

Pr{ng (£)=1|rc; (£-8)=03=u & + 0(»)
Pr{rki(t)=0|rki(t-A)=0}=(l-ukiA) + 0(a)

Prir.,; (£)=0|r . (t-2)=1}= € i% 0.2) (2.3)
.Pr{rki(t)=1|rki(t—A)=1}=(l-€kiA) +ofa)

From this, the following state transition diagram 1is

obtained.

operating My 8 ' failed
state state

Figure 2.3. State transition diagram for generator Lyt

Thus the elements of the generator vector r, are independent
random processes and each one is governed by a homogeneous

jump Markov process with values 0 or 1. Introducing random

. Poisson counting nfeasures Mg (dt) and-Mii(dt) on the Borel

i
sigma; field B(Ro) on Ro=[0,~) with E(Mgi(a))=ﬁkia ' and

E(MiifM)==ukiA,stochastic differential equations for the

generators are obtained as follows:

~ 1 o
dr g (£)=1"(r; (e=)=00My; (At) =12 (ry;(t-)=1)My; (at) |
k=1,2,e%e,n. ; i=1,2,eee,N, ' (2.4)

D
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where 1 if (e) is true. :
1+ (e) = { ' (2.5)
0 otherwise. :
: e
_ Note that this is mathematically equivalent to the model
discussed above. Using the process {rki (t), t20}, we can
define the available generation capacity of the ‘generator k
in the area i at time t as

a
Ck,i(t) = ck,irki(t) . (2.6)
where ck,i den?te generation capacity of the generator k
in the area i.
Similarly,'hhe available generation capacity of the area i

is defined as
n,

i ‘ .
C.(ty = t©.¢C_ .(t) - (2.7}
1 k=1 k,1i

2.3.2 Stochasti¢ demand models

Let Di,i=l,2,-&0N denote the demand for the area 1 at
timévt. Since the overall demand rate is given by a sum of
two components, one representing the mean demand rate and
the other representing a random fluctuatibn around the mean,

the process {Di(t),tZO} is obtained as the solution of
ap,/dt=H,(t) + S_(t), | (2.8)
i 1 1

where H,(t) is the mean demand rate at time t and S (t) its
. : 1

random variation. For a short term model, it suffices to

take H; as a deterministic function of time and Si a
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;uitable random process.. For a generalized model, taking
into account possible regional expansion, for  example
population and industrial growth, it is natural to consider
H;(t) not only dependent on time but also on the level of

demand at the time t. Thus it may be taken as
H () = g;(t,D;(t)) (2.9)

for a suitable function g;, a function of time and the
demand Dj. Also the component S;, representing random
fluctuations around the mean, depends on the size of the
population and density of industries in the area and

consequently on'the demand level. This can be modelled as
R :

§;(t) = o4 (t,D;(t))(aw;/dt) (2.10)

4

where dwW,;/dt is the White noise and o¢; is a function of time
and the demand Di(t). Thus the demand process for the area i

is governed by the differential equations

-

ap,(t)/dt = g;(t,D;{t)) +a; {t,Di(t))(dwy/dt). (2.11)

Since ﬁhite nose is defined as the derivative of the Wiener
process {Wi(t),tEO} whereas the Wiener: process 1is not
differentiable in the classical sense, the equation (2.11)
has no rigorous mathematical sense, For a rigorous

mathematicaM interpretation, equation(2.11) is written as

\
dp;(t} = g;(t,Dj(£))dt +oy (t,Di(t))dﬁi (2.12)
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and dDi is called the Ito differential of D,. The equation
(2.12) is kno#n as the Ito differential equation.

" The demand equation for the entire power pool is then

given by a set of stochastic differential eguations:

ap,(t) = g;(t,D;(£))at + oy (£,D;(t))aW; (2.13)

o
Di(O) =Dy, - i=1,2,eeeN,

*

8
The process {Di(t), t20} is a Markov process. @ Admitting g,

b“/

and o, 8s general functions of the demand D, the system

demand( for the entire power pool ) can be given by

N
D(t) = £ D (t). (2.14)
i=1 1 .

2.3.3 Model for the étochastic tie line matrix

As shown in Figure 2.4, the tie line matrix is given by
{Tij,i¢j=l,2,'..N}; The elements of this vector are random
processes {Tijﬁt),tzo} taking values either zero or one
depending on whether it is in the failed state or operating

state as shown in Figure 2.4.

t..(t)
1]

|

operating 1

state
failed ¢ -t
state h h h
¢l 1 ¢2 2 ¢3 CRE
Figure 2.4, Random tie line performance.

A
—
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Consider any tie line iy and let {¢1,¢2,¢3,-oo] denote

the sequence of its random «failure times and {hl'hz'h eoe}

3!
the corresponding repair times. It 1is clear, from Figure
2.4, Fhat with probability one, L <¢m+1f hm<hm+1 and
' ¢m<hm< ¢m+lfor all integers mzl. Note that

frm(l) 8 boe1 S Ry | ' (2.15)
T, (0) & hy - ¢

denote the residence times in state-l and 0, respectively.
It is assumed that these random variables are exponentially
distributed with parameterg‘ ti5 and 844 respectively
independently of m. That is

i A "Cijt

| Pr{qn(l)Sz} =£)Cije- dt (2.16)
H z . ._aijt =

Normally gij << Gij . Under the above assumption

the process {Tij(t),tzol is a homogeneous jump Markov

process. Further, for A sufficiently small (>0),

Pr{'fij (t)=llle (t- A)':O}: di'A"' O (A)

J
Pr{rij(t)=0|1ij(t-A)=0}=(l-%jA) + 0 (8) (2.17)
Priv;s(£)=0|tj5(t-2)=1}= g8+ 0 ()

Pritis(t)=1lri5(t-28)=1}=(1-c358) +O(4)
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From this, the following state transition diagram is

obtained. - L .

operating Gij failed

Figure 2.5. State transition diagram for tie line Tige

Thus the elements of . the tie line matrix
r={rij,i¢j=1,2,-'-N} are independent fandom processes and
each one 1is governed by. a homogeneous jump Markov process
with values 0 or 1. Introducing random Poisson counting
measures Nij(dt) and Nij(dt) on the Borel sigma- field B{(Ro)
on Ro=[0, =) with E(Ngj(ﬂ))=éijﬂand E(Nij(ﬂ))= 6ija , the
stochastic differential equations for the tie lines are

obtained as follow5i

-

- l - -} = °
dtij(t)=l (Tij(t-)=0)Nij(dt)-1 (ry4(t }=1)N, 5 (dt) (2.18)
i#j=1,2,%ee,N.

Note that this is mathematically equivalent to the model

discussed above,.



2.4  SUMMARY

In this chapter, a complete dynamic model of reliability
dynamics for power systems interconnected through tie lines
was presented. Using this model the system availability can
also be introduced as given in [7]. When combined with the
incremental producﬁion cost model, .the eqoﬁomic dispatch
under the system availability constraint Eén be formulated
in terms of the power output and incremental fuel cost. The

formulation of the problem is presented in the next chapter.



Chapter III
FORMULATION OF THE PROBLEM

3.1 INTRODUCTION

An important problem involved in the opefation of large
interconnected power systems is to determine dispatch policy
for optimum system economy, including the effects of both
incremental production costs and incremental transmission
losses. - Thus the objective is to determine the generation
allocation of each geﬁerator ih the system and power
exchange between the areas so as to minimize the production
cost while maintaining the system availability index at the
highest possibleflevel subject to several constraints. These
constraints will be described later.

In this chapter, the objective function 1is described as
the integral of fuel cost rate over the specified time
period ang transformed to subinterval optimization problem
using Bellman's principle of optimality[18]. In order to
express the objectivg funétion in terms of power outputs, 1n
the next section, the fuel cost curves of thermal generating
systems are briefly discussed. Using the given cost curve,
the economié dispatch problem can be formulated. However,

the direct use of the given cost curve to the problem

_19_.
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Eesulgs in a constrained nonlinear objective function which
is difficult to solve, In order to avoid the difficulties
associated with the cost curve, it can be approximated in
. several ways[19-21] without a large error in the production
cost calculation. In this research, piece-wise linear
approximatjon using several straight line segments was used.
The corresponding incremental cost curve becomes a staircase
function with several constant line-segments. The édvantége
of this approximation 1is that the piece-wise constant
.incremental cost- function enables us to solve the

minimization problem by using the rule of merit - order

loadiné as shown in referéhgs/[él.

After the constraints (for the objective function) such
as available generation capacities, available tie line
capacities and system availability requirements are

discussed, the éptimization problem is finally formulated.

~,

\

The objective function may be written as:

3.2 PRINCIPLE OF OPTIMALITY

T
J(O,T)=éF(P(t)-)dt (3.1)

where J(0,T)= Total generation cost of the power pool

-
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over the time 1nterval [o,T].
F(P)- Hourly fuel cost(cost rate) of the power pool
at the generation level P.
P(t)= Power generated in the power pool at time t.

Using Bellman's principle of optimality[18] we may write:

t ), g=1,2,e%e,n

o1ty (3.2)

-
e 3

T
J*(0,T) = lJ*(t

. _ _ *
with tO—O,tnT—T, where J (t£ 1

cost over the time interval (tz—l'til' In other words, the

t ) is the minimum generation

minimum cost over the time interval {0,T] is the sum of the

minimum cost over the subintervals (tg—l’tg]' _For
computation of the optimal dispatch policy for each interval
(tl X 'ty 1, it is assumed that. sufficiently accurate

predlctlon of the system data like area demands; available
generation cangities and the staté of tie lines is
available for the given time interval at time tzml' Several
stochastic models are available for the prediction of
demands, éeneration capacities‘and tie line availabilities
17,35—37]. However, in this research, these data were made

available by use of the stochastic models(6,7] as summarized

in chapter 1.
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3.3 PRODUCTION COST MODELLING
* This section begins with a description of some necessary
definitions. Then the incremental production cost of a
generator will be derived as a function of the output of

individual segments corresponding to the generator.

3.3.1 Definitions

Frequently used type of simplified performance curves of
thermal units are shown in Figures 3.1, 3.2 and 3.3.  1In
Figure 3.1, the fuel(heat) input H, in Btu per hour, is

plotted.as a function of power output P, in megawatts.

Heat, Btu/Hr
| .

%10 °

1000

800 -
600 A

400 J;;'

200

—» P, MW

0 20 40 60 80 100

Figure 3.1. Heat input curve.
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- The corresponding heat (fuel) rate which ‘is}obtained by
dividing the input by corresponding output,"jis given in
Figure 3.2. It is to be noted that the units assoﬁiated
with heat rate are Btu per Kw-hr. The incremental fuel
(heat) rate is given by the following definition:

dH -

Incremental Fuel (heat) Rate = —— {3.3)
dp '

Heat Rate,

‘ Btu/KW-Hr

15000
14000 1
13000 -
12000 1
11000

10000 y y + . - P, MW
0 20 40 60 80 100 -

Figure 3.2. Heat rate curve.

T
in xgEher words, the incremental fuel rate 1is equal to
instantaneous change in the input divided by the

corresponding instantaneous change in the output. The units
associated with the incremental fuel rate ére Btu per Kw-hr
and are the same as the heat rate units. The incremental
fﬁel rate is converted to incremental fuel cost by
multiplying the incremental fuel rate in Btu per Kw-hr by

the fuel cost in cents per million Btu.
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' Btu/KW-Hr ' '

A
150001
14000,
130001

120001
11000+

100004—, , : . ; ~P, MW
0 20 40 60 80 100 "

Figure 3.3. Incremental fuel rate curve,

The incremental fuel cost is usually expresssed in mills per
Kw~hr or dollars per Mw-hr. That is,

s . ‘

dH
incremental Fuel Cost = ——— e (Fuel Cost), (3.4)
dp
in . [$/MW"'hI.‘] .

Incremental production cost of a given unit is made up of
incremental fuel cost plus the incremental cost of such
items as labors, supplies, maintenance, and water. It is
necessary for a rigorous analysis to be able to express the
costs of these production. items as a function of
instantaneous outbut. However, no methods are presently
available for expressing the cost of labor, supplies, or
maintenance accurately as a function of output. . For the
purpose of generation scheduling towards minimum generation
fuel cost, incremental production cost can be assumed to be

equal to the incremental fuel cost.
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3.3.2 Incremental cost modelling .

Economic dispatch makes sense only if reasonably accurate
cost curves are available from the measurements, which are
not always easy to obtain [22].  In this section “an
incremental fuel cost model for a given cost curve 1is
sugggsted by segmentation of the generation of powér output.
Tonsider that a typical fuel cost function £(p) for a
thermal generating unit and 1its linear approximation as
shown in Figﬁre 3.4, In Figure 3.4, pm is the maximum
generation level of the generator. It is assumed that the

cOS5t curves are convex,

e
1

1 +
pO pl p2 ' p™

Figure 3.4. A fuel cost function for a generator (a)

and its linear approximation (b).

The corresponding incremental fuel cost curves A(p) are

shown in Figure 3.5.
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! -
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. — et \(a)
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T T T bl p
po pl p2 pm .

Figure 3.5. The incremental fuel cost corresponding

to f{p).

o -

Referring to ﬁigures 3.4-3.,5,

f(p) = ( £° +
S

and 0 s x%spS - pit o %
1

if p2p°® (operating state). \
XgO = {. o _ (3.7)
0 if p<p~ (failed state)

?lxs x5 ) * X P _ (3.5)

where m is the number of segments and p™ is the installed
capacity of the genérator. Now each generator may be
regarded as several -eqguivalent generating units whose
outputs are {xs,s=1,2,-oom} with linear ‘'costs as shown iﬁ

Figurte 3.4. It is clear, from the equation (3.5), that this
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incrementa&_fuel cost model can take into account the random

failures and repairs of the generator by introducing the

-

simpie function X Furthermore, it should be noted that

po °
each segment may be considered as an independent unit,  but
aﬁy‘segment of generation for a generator can be loaded only
after all the preceeding segments have been loaded to their
full capacities. This is a consequence of the convexity
assumption on f(p) which implies:

1 2
A <) < eee <A T

. ' (3.8}

3.4 EFFECT OF TRANSMISSION LOSSES
!

|

Another problem encountered by a .system operator for the

interconnected power system is to determine vhether it is
economical to export power to (or import from) other areas.
Whenever power is imported into an area, the power to be
produced to carry the area load is reduced by the amount
received from the other area. Conversely, whénever power is
exported, the power production must eqﬁal the area load plus
the amount of the export. 1In case of power exchange between
areas, if transmission losses are unavoidable, their effects
should be included in the evaluation of incremental fuel
cost to compensate for the energy lost in transmission and

to arrive at a true economic loading of the entire system.
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Thus in this section the effect of transmission losses on
the incremental fuel cost of the area éxporting power is
considered. Let us consider power transfer from the area i

to the area j as shown in Figure 3.6.

4 N
{ pt —
. \_‘// ~
’/' S
L.,
XL 12//
* /s
area & . area \ .
P 1 U J J
ij 943 .

Figuré 3.6. Power transfer from area i to area j.

In Figure 3.6,

Ai - incremental fuel cost at the level of power gene-

ration pj in the area i,

Uij = Delivered power to the area j.

b |
It

i5 The transmission loss for the power transfer Uij'

This can be computed by a formula for thermal loss

(see Appendix A).

Dé = Artificial demand to represent the loss Lij‘

&Ey
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In order for the area i to supply Uij to area Jj, the
required generation in the area i is

The éorresponding generation cost in the area 1 is then
Aipij' but the actual amount of power transferred to the
area j is only dij' Thus the ective incremental cost at
the receiving area corresponding o U;. must be compensated

ij
in the following way.

M o Pig = Uiy (3.10)

'Ln other words, to export power Uij to the area j at the new
incremental cost A can be considered egquivalent to
generate p;4 at the cost); . The factor &i may be expressed
in terms of the original incremental cost A,. Substituting

equation (3.9) into equation (3.10) gives

p. .
x; = 11 M
Pij ~  Fij
1
= VA, (3.11a)
l = (rlj/ pij ) . 1 )
= K, . 7, (3.11b)
ij i
where 1
i ] (3.12a)
] 1 - (L.‘Lj/ plj )

Substituting eguation (3.9) into egquation (3.l12a) and using

equation{A.4), we obtain
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ij ¥ 1 - (3.12b)

The coefficient Kij can be interpreted as the T"penalty

factor" for the transmission loss Lij corresponding to the

power transaction U Therefore the effect of

ig*
transmission loss can be considered by the penalty factor in
the economic scheduling of power systems, This will be

discussed in the next section.

3.5 QOBJECTIVE FUNCTION

r

Factors involvég in the cost of producing electric energy
can be divided into those that are for meeting local demands
or loads and those for export of power to other areas.
Within an area, theAeconomic allocation of the generation
for minimum fuel cost among several available wunits can be
determined by the rule of merit order loading, on the basis
of the incremental fuel cost function developed in the
previous section. However, 1f the power exchange between
areas is necessary for fuel economy or high system
availability, the incremental fuel 'cost of the area
exporting the energy should be. compensated for the energy
lost in transmission. In this section the objective
function, which represents the _geﬁeration cost to Dbe
minimized, 1is formulated in terms of incremental fuel cost

and the penalty factor associated with transmission losses.
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3.5.1 Production cost for an area

Consider a power pool consisting of N areas. Let n;

denote the number of generators in the area i, iél,z,-oi,N..

Let
. Tt ' .
m{k,i)= Maximum number of segments of the capacity of

generator k in area i with the installed capa-

city denoted by pﬂ(E'i!

‘e i = Incremental fuel cost of the segment s of the
! -
genérator k in the area 1i.
s . .
xk,i = Generation allocation of the segment s of the

generator k in area i to meet local demand.

U.. = The power delivered to area j from area i

1]
given by
n, m(k,i)s
where U°

K, i3 represents the same object corresponding
, .

to power segment s of the generator k in area 1.

Py, i = Power output of the generator k in area 1i.
B, S N‘K (m(k'i)S ) (3.14)
= . + . . N . -
K,i sﬁlxk,l j£1 ij Sil Uk,lj
171

Pi is Minimum power output of the generator k in area 1i.
, .

For a given area i, the hourly fuel cost function may be

written as !

_ ‘ 17— N e =
£.(P,) = £205) + E5(X )+ r ES(Ui4) (3.15)
. ivei 1iv5i iVaq A iY¥ig
total cost fixed cost for cost for

in area 1 cost local demand power export

—
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n -
o =9 i 6 o
where f,(P;) = kzl fk l( k,i) (3.16a)

-

TNkJJ s s |
f (x ) = z I . . | , (3.16b)
k=1s=1 .k 1xk,1 _
S
£ @, 5 lj(ki'l si) xk Vs i) (3.16¢)

with the variables defined as

% 2{X; ;; s=1,2,eee,m(k,i); k=1,2,eee,n;]} (3.17a)
- S .

Uijé{qgij; s=1,2,%ee m(k,i); k=1,2,000,ni} (3.17b)
P; 4{P_ ;i k=1,2,%0e,n } | | (3.17c)
Parp® . o=

Pi_{%ﬁdf Kk 1,2,--0,ni} (3.17d)

3.5.2 Production cost for a power pool

The hourly fuel cost function of the power pool is given

by the sum of the corresponding cost functions of individual

areas

-

F(P) £; (B; ) (3.18)

1
e
ol

where P = . 7 i=1,2,eee,N }
F(P)= Hourly fuel cost function of the entire power

pool at the generation level P.

Using this hourly cost function, the objective function can
be formulated 1in terms of the incremental fuel cost, the
penalty factor and power output of generators. This will be

described in the following subséection.
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3.5.3 Objective fﬁnction .
Suppose that the generation level of a generator remains®
constant during each interval (ta-l'tn] of optimization.
Since F of equation (3.18) 1is the hourly fuel cost functién
or fuyel cost rate , the fuel cost over the time interval
(t, ,,t,] is then given by multiplying F(P) by (tn_tn ).

-1
That is,

Jlt,_q.t,) = F(P)'(tg—t%_i) (3L19)
Substituting equations (3.15) & (3,18) into equation (3.19),
J(t .t )2t -t Yo T (£9(B0)+el (R )+ £5(T;.)) (3.20)

e~-1""g e -l jmp i S S T ! ij .
J#i
Substituting equation (3.16) into equation (3.20) gives -
N i o o)
Tleg pety) = (et ) (I, 20 B s (B g) (3.21a)
+ (t -t b nﬁm@ih S (3.21b)
i_tﬁ—l) 121 k—lsil k,i"k,1 — :
N n'm(krl)
+o(t=tg 1) T ¥ ok . iy Ai . U° (3.21c)
i=1 §=1 31Jk=1s=1 P1k,1]) .
371

Note that the expression (3.2la) does not depend on the

power output X or U. However, since our objective is to

g=1"'"%
i=1,2,%ee N, the first term (3.2la) will be disregarded in

minimize J(t t,) with respect to ({X,} and {ﬁij}'

the optimization. Therefore, the objective function to be
minimized is as follows:

Ny nymik,i)

A
J(t yt,) = (£ -, J)e T & % 2SS (3.22a)
B-le Loamlt yoik=1s=1 k17K,
N . nlm(k:l) g g
+ - ¥ Ix,. 551 A, LUD L
(t,-top)e 15145155 kBl k,i%,i3 (3.22b)
=1
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From the convexity assumption, it should be noted that any
segment xi i of a generator k in the area i can be allocated
r

only after all the preceeding segements (i.e., from xi'i to
xs—l

k,i _
capacities in the optimization of Y of equation (3.22) as

) of the genérator have been allocated to their full

described in section 3.3. This implies that the variables

Ki 1 and Ui i3 should be governed by the same loading
!’ !

principle as  for xi . corresponding to the generator k in

4

area 1,

Let us define that

n. :
1
p. & I p. . 3.23
~ 1 kzl k’l ( )
s N ' ‘
P & L, P, _ (3.24)

Then P, denotes the total power output of the area i and P

total power output of the power pool {(entire system).

%

3.6 CONSTRAINTS

The constraints that should be satisfied in minimizing

the objective function

Y] . ! .
Jd = ¢ Jf{t Lt ) , {3.25)

are considered in the following subsections,



_ 35
'3.6.1 Available capacity limits of generators

It should be noted that the segmented capacities {x;,i}
are limited according to equation (3.6} and they are given

by .

' s : 5 en3=1
0 < x¢ i <PB,; "B i (3.26)
s=1,2,eee m(k,i): k=1,2,oo-,ni: i=1,2,eee N,

This implies, from the equations (3,14) and (3.23), that
P 3 and P, cannot exceed corresponding available generation
r

capacities Cp i and C,; respectively. That is,
. :

“ Pr,i S S, i P; SC (3.27)
k=1,2,9ee,n, ; i=1,2,%ee N,
there Ck . ‘and Ci‘denote_the available generation capacity

of generator k in the area 1 and that of the.area 1 as

defined in equations (2.6) and (2.7).

3.6.2 Total generation reguirement

1f we include the transmission losses in the generation

allocation, the total required generation P is given by

P =1 + (3.28)

et X

1

Wil
o |

13=1 13
Jj*1

where L denotes the total load actually taken by the

customers in the power pool.

™~
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However,  the system load L can be different from the total

system demand D due to the following reasons.,

i) The total available generation capacity is less than
the total system demand.

ii) Although the total capacity Jserve is enough to meet
the system demand, sometimes the available tie line
capacities are not enough to Q}ansfer the required
power in order to meet the loss of demand in the areas

having negative reserves.

Hence the load is limited by the constraint

L < minimum {D,C} (3.29)
{
. N s
where D= t D, pS (3.30)
i=1 -
c= % ¢, (3.31)
i=1

and D, denotes the total demand of the area i and C. the
1 1

total available generation capacity of area i at time t.

3.6.3 Limit on power flow fhrough tie lines

t

Since tie lines have their own capacity limits,  the
amount of power that can be transfer;ed through them is also
limited. Let us consider the power Uij delivered from the
area i1 to area j through the tie line rij'having capacity

v .. Then, it is limited by
13 '

|Uij| < \Jij. ’ . i#j=l,2,.'.,N, : (3-32)
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where Uij denotes the capacity of the tie lineTij .

3.7 SYSTEM AVAILABILITY AND POWER EXCHANGE MATRIX

) S, . . .
Let Ri denote” the  operating (i.e., immediately

dispatchable) reserve of area i, which is defined by

R, =P, -D,, i=1,2,eee,N, (3.33)
1 . B

If R.>0, the area i exports power to the other areas of the
1 \‘\___,——" .
power system and if R <0, it can import pover (from other
1
areas) provided the corresponding tie lines are available.
Thus, with the help of the tie lines, the operating reserve

can be distributed over the power pool as desired. Hence

“u
after the distribution, the resulting operating reserve R,
i
has the form
! b ( 1°(8,.#0,R;>0)) (3.34)
R: = R: + % t2: (B,.R: - L . 1°(B..20,R:> .
1 1 j=1 J1 3id ji ji 1
: j#i
i=1,2,eee N,
o~

where g={g .} is defined as the power exchange (or transfer)
Ji :

matrix. Note that the upper limits of B,i's must be reduced

: 3 .

to a fraction which is determined by the capacity of tie

line and the operating reserves. These are discussed below:

(i) If there is no exchange of power between the areas i

and j, then B,., = B.. =
: ij ji

(ii) Since maximum power transfer from one area to



Wi

38
# another can not exceed the operating reserve,
0 < sji <1 for all i#j=1,2,eee N. (3.35)
(iii) Since any area (say i) can at most export all its

operating reserve to the rest of the system,

¥og. <. | (3.36)

j=i 1]

J=1

Remark 3.1. Since power export and import between two areas

must be equal, it is necessary that
B..Q. = -B.. Q., - j#i=1,2,ees N. (3.37)

Thus the matrix B is not symmetric.

.Remprk 3.2, In order to include the capacity lihits.of tie
lines, the upper values of Bji's must be reduced to a
fraction. . This is mainly determined by the capacity of the
tie line and the operating reserves. For example, 1if the
capacity of the tie line ‘Tij is vij and the operating
reserves are Rj and R, {allowing both positive and negative

values) respectively, then the upper limits are given by

max.Bij = minimum{1,|Rj|/|3i|,vij-jigi]}, (3.38a)
max.Bji = minimum{l,JRi|/|Rj],uji [le}, (3.38b)
This can be summarized as
0 £ g, < minimum {1, |R |/IR, |,v../|R. |} - (3.39)
J1 1 J Ji ]

j#i=1,2,eee N,
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at all times. The value of Bji -at any time indicates the
fraction of operating reserve delivered from the area j to

the area 1i.

One of the ideal goals of the interconnection 1is to
achieve a high degree of reliability or availability of the
system towards meeting the power demand of all its customers

in the power pool. Clearly this objective is met if

R, 20, i=1,2,eee N, ‘ (3.40)

1 i
for all time. This, however, 1is impossible since the
demands, the available -generation capacities and the

availability of tie 1lines are all random ‘'and hence the
inequalities (3.40) may not always hold. Instead, the

following relation holds for sufficiently large si's.

Y]
Ry 2 = ey, g 2 0, i=1,2,eee N
0 < Bji < m1n1mum{l,|Ri|/|Rj|,vji /|Rj|} (3.41)

j#i=1,2,ses N,

It 1is clear -that in order to improve the system
availability, the inegualities (3.41) should be satisfied
with the smallest possible gi's. . Thus after the
distribution (or dispatch), the {potential) reserve margin,
say Q;. of the area 1 1is given by
N _ - ‘ )
Q. = (¢c,-D.) + 1 . . (8, ,R.-L. 1"{(8, #0,R.>0)) (3.22)
i i i .21 i 313 3t ji i
i

o -
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3.8 THE OPTIMIZATION PROBLEM

From the previous development, the economic dispatch

problem can be described as: ' a
For éiven cost function's (equations 3.15-3,17) and

and .system data {Ci,Di,Tij; i#j=1,2,eee N}

for the time period (t _y,t;l,

find (1) the optimal generation allocations

S % S * . ] R *
k,i’Uk,ij' s=1,2,eee m(k,i)} or {pk,i 1,

k=1,2,'00,ni; i#j=1,2,0ee N

.ix

(2) and the power exchange matrix
{Sji}, i#j=1,2,00e,N
. v
forlthe same period (t,_;.t;]
such that the geneqFtion cost (equapioh 3.22) is minimum,

subject to the constraints

Py 35 Cx,ir  PiSCy . (3.27)°
L < minimum {D,C} ' (3.29)°
lUiji < \)ij _ (3.32)}'

k=1,2,eee,n;; j#i=1l,2,ees,N
and the inequalities (3.41):

e
Rj 2 -e,, €20 (3.41)°

0<8..<minimum{,|R.|/|R.],v../|R.
it {1, R [/]Ry] 517 51

j#i=1,2,eee N

kl

with the smallest possible ei's.

-
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3.9 SUMMARY

. il

1

v

In this chapter, the economic disbséch problem under the
system availability consfraint was formulated as a dynamic
minimization prqblem: The objecﬁive function of the problem
was derived as« a function of the incremental fuel cost and
output of the generators, by introducing the piece-wise
constant incremental cost model. This incremental cost
model results 1in a very Pimple and efficient minimization
method which is célled "merit- order loading"[8]. The
-solution to this problem, based oﬁ the rule of "merit- order

loading®, is presented in the next chapter.



Chapter 1V

OPTIMIZATI ON?-_ALGORI THM .

4.1 INTRODUCTION

In chapter III, .the economic dispatch problem was
. formulated as mathematical optimization problem. The problem .
can be soiﬁed by the algorithms ‘based on modern mathematical
optimization techniques such'asqnonlinear, quadratic, linear
and dynamic programming and their many combinations and
extensions [23—26]._ However, slow convergence and 1long
computation time have been the principal drawbacks of the
algorithms when applied to large scale sgystems especially
with nonlinear constraints. In order to overcome these
limitations, considefable efforts have been made
[1,2,27-29]. The large number of recent papers avail ble is
a measure of the necessity for an efficient alggrgfhm in
the field of economic dispatch. :

The classical 1loss coefficient models[20,30] are-simple
but involve many assumptions. Optimal load flow
methods[31,32] promise accurate dispatch solution but these

‘j)methods are sensitive to load flow mismatches and many have

convergence problems. Unfortunately these methods are

inapplicable to the problem being considered here because of

- 42 -
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the sysfem availability constraint as well as the other
random environments. Thus it is essential to have a
ﬁlausible method for the problem, " In this chapter such an
algorithm is developed on the -'basis of the rule of
merit-order loading. Before describing the algorithm,. the
prediction of the system data, such as available generation
capacities, area demands and the availability of tie lines,
will be briefly discussed. Using these data the algorithm is
then developed. For the sake of convenience for computer im-
pleﬁentation, it ié described in the form of & flow diagram.

o

4,2 PREDICTION OF THE DATA

For presentation of the prediction of the system data {

Di(t), Ci(t)f rij(t); i#j=},2,-0-,N}, . certain standard
concepts and notations from probability theory [33] are
required.

Le%

(2, F,P ) = The probability space,

~

where o = A sample space,
F = Sigma-algebra of events,
P = Probability measure on F .,

All random variables and processes discussed in the sequel
are assumed to be based on the probability space without
mention. For any F  measurable and integrable random
variable X, its expectation / XdP is’denotéd by E{X}, and
its conditional expectation f;r any sub-sigma-algebra ACTF

and the X is denoted by E{X]A}.
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Ideally our aim is to find the optimal generatdon and
» . - - ‘ * *

dispatch policy, i.e. {xi'i}, {Ui,ij} and {Bij}; s=1,2,0000,
m(k,i}; k=1,2,-0-,ni; i#j=1,2,eee N for each time interval
(tl_l,tll. 2=i,2,100,nT. However, the policy decision and
the execution of dispatch of/ power according to the policy
at the same time is practically impossible.: In practice it
requires a finite time to determine the dispatch policy and
then execute it. Let this finite delay period be denoted by
A. Thus if the decision is taken at time (tg—l’A) and
execution of the required dispatch takes place at a later
‘time t as shown in Figure 4.1, then the dispatch policy

t-1

for the time period (t t ] must be estimated on the basis

e=1""g N
of the history of the system up to time t, -4,

Disraten Policy , N A
2 wiation A
quziJvuquh | ‘
i1 Computor
D.P. D.P. D.P.
A .
D # | D o R Y time
Frecutton in
Power Netuworx | i 1
! i ’
t t t .
\ ) -1 g 2+1

D.M.: Data Measurement
D.P.: Dispatch Policy

Figure 4.1. Signal flow between computer and power network.
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This requires short term prediction of the system data like
{D._, C,,r,j :. i#j=1,2,e0e N} fdr the period (tbq_'tzl on or
_before the time to - The best estimate-for these data,
given the history "up to the time tl_l—A, is determineé by
their conditional expectations as given in reference [6,7].
Therefore, instead of requiring that the objective function:
S(tn-l'tn) be minimized on the basis of the data measured at
time (t, , -4), it is preferable to do it on the basis of thej
estimated (predicted) _ data. For simblicity let the
conditional expectations be denoted by the symbol (:), for
example D for ﬁ. Then the problem can be described in terms

of the'p:edicted data (or conditional expectations) as

follows, . -

Find the optimal generation allocations and power

exchange matrix:
*

{xk 1, {U .j and {%j }; s=1,2,%%e ,m(k,1); k=1,2,eee,n,;

jri=1, 2,000,N, such that the generation cost (eguation

3.22) is minimum, subject to the constraints

< C < C 1)
Poy $Ccir B SG (4.1)
L < minimum { D, C } (4.2)
U..l1 £ v : 4.3
-and the inegualities
A z ) '
E{R | F } =2z -¢, £ .20
i -0 oA i .
0 < g8, €< minimum { 1, |R,|/|R.],v.. /|R.| } (¢.4)
ji 1 J Ji J
with smallest possible = 's,
’ i .
where, . .
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- z y o

= : : - [ t Fz : .
cl_ E{C, (t}] Ft_A } kﬁlck,iE{rki( ) | t—A} (4.5)
D= E{D; (£)| FZ ~} =D;(t-2) + gi (£-4,D; (t-8))ed  (4.6)
: = Z '-“ * - = L J
T, .= E{Tij(t)[ Ft—A} =1 (Tij(t: 2)=0) GijA

1

ij

A

(4.7)

.+ 1(T, (t-b)=1)e(1-c, )
| ij R &
Blrg (£)] FZ 3 = 1°(ry; (£-8)=0)eu,s
+ 100 (£-8)=1)e(1-& . 8) (4.8)
i z _ z
E{Ri(;)lﬁ Fea b = E{Ry(t)] F_ }

+ j=1f¢i Tji(t)( Bji(_t)Rj(t)-Ljil‘ ( Bji (£)#0,R, (t)>0)) (4.9)

with following definitions

z{(t)= The state of the power pool at time t

a ' . k= . {geis oo
& { Tij(t), D, (t), ry; (e); k=1,2,8%0,ny; i#j=1,2,eee N}
= Sigma{z(6);0st}: sigma-algebra generated by the
process z associated with the probability space(®,F,P)
F®™ = history of the process z up to time t-4.

=4 -
= Increasing family of completed sub-sigma algebras of

the sigma algebra F measured_on the probability‘space.
The solution to this problem is presénted in the next
section. For convenience of users it will be given in the

form of an algorithm.

4.3 THE ALGORITHM

In this section, an efficient afgorithm is devefoped on

the basis of the heuristic principle of merit-order loading

and using the data {D , C , T, . ; i¥j=l,2,0-0,N} discussed in
. ‘ i it ij

section 4.2. The algorithm can be easily implemented on a

dispatch computer.
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4,3.1- On the Merit-Order Loadin

The simple 6ptimization rule equal incremental cost
(Appendix B) . will work only "if all\incremental cost curves
‘are continuous and monotonically increasing and if the
available power is not constrained [19]. For example, if the
incremental cost functions are of staircase-type, clearly
the equal incremental cost loading 'cannot be used for the
optimal solution, Instead, the - power demand must ‘be
allocated by the principle of merit-order loading, whereby
the segments are loaded up in the order of their ipcre;sing
incremental fuel costs, that is, the éegmeﬁt Qith smallest
incremental cost must be.loaded first up to its upper limit
before the next efficient unit is loaded, untill the total

D
load is met.

4.3.2 Flow chart of the algorithm

Figure 4.2 presents the flow chart of the algorithm.. It
is divided_into five steps. After setting the time index .
to 1, in STEP 1, the fuel cost data are given from the power
nefwork. From these data the generation cost function
equation (3.22) 1is formulated as given in section 3.5. In

STEP 2; the system data {Di, Ci' Tij: i#j=1,2,eee N} are

given at time~(t,_l—a) from the power network. in STEP 3,

the conditional expectations {D , C ,x ; irj=1,2,eseN} for

.- F !

i i ij

the time interval '(th_l,tn] are computed based on the past

information {Di(th_-a), %_(ti_l-a), Tij(th__b); i#gj=1,2,

eseN} by the equations 4.5-%4.7.

bad
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ComRUtﬁ the conditional expectations

{ﬁ”C.,T.
by by 1

j;i=j=l,2,...,N3 for (r
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step &4
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{r=

Execute the vptimal policics:

S3k=1,2, . ..n,;i=1,2,...N)}
k,1i i

& {Sji) for the period (t

g-17"g

]

Minimize J(tg_],tg) subject to the

constraints
using i

Write {p#*

b

T

£3.27),(3.29),(3.32) and (3.41)
it for Di'Ci'Tij' respectively. |

. L . R
¥kl 2, n 5421, 2, N} & {Bji}

—

step 5

Optimal policies

Figure 4.2. Flow chart of the algorithm.
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Now at this point all necessary data for optimization are

-1""

. 4"
available and so, in STEP 4, the generation cost J(% t )

is minimized on the basis of the predicted data {ﬁi,

el

i.l‘

.. i#j=1,2,eeeN}, This step can be described by the

i3

following sub-steps:

STEP 4.1:

STEP 4.2:

STEP 4.3:

STEP 4.4:

Find the loading order of {xi 3 s=1,2,%ee m(k,i);
, 1
k=1,2, eee,n.; i=1,2,eee N} by their corresponding

incremental costs {A: 3 s=1,2,%ee m(k,i);
o1 :
k=1,2,--0,ni;i=l, 2,99¢ N}, Let the ordered {xi .}
be denoted by {x]i l(e): e=112:...rE]r
N OBi,, . '
E= ¢ 1 mi{k,i).
i=1l k=1 '
Allocate the ordered segments {xi (e);
1

e=1,2,%ee E] in the order of increasing e subject

_to the constraints (3.26), (3.27), (3.29), (3.32)

and (3.41) with the smallest possible Ei‘s. More

- details of this procedure 1is depicted 1in Fiqure

4.3. As a result, we have the optimal generation
* * .
{X]Sc_,i, U]S{,ij': s=1,2, ee® m(k,i}; k=1r2r..'rni5
i=1,2,eee N} and the exchange matrix {Bji;
j¥i=1,2,eee N} for the time interval (t b 1.
Compute P . usin s * and U " foi— S£ and
e i X . . .
P kr 9 ‘S{!l k,l:] xk,l
s . .
U, ij'ln equation (3.14) for the generators
! . . * . LI
k=l,2,000,nj_1n the area 1i: and Pi using Pk,i in

equation (3,23) for i=1,2,eee N,
Compute the reserve margins {Qi, i=1,2,e%e N} by

equation (3.42) at time t_ 1

~

-
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Make the merif—order list

Take the next
segment;
e=e+ 1,

yes Allocate for Di

Transmission
losses are considered -7

[
Allocate the most efficient
segment ameng the unallocated&ones.

\
Exchange power
as required.

no

oy j=L,2,...N
Jare all met 7

STEP 4.3

Compute the optimal generation:
Pi i k=l,2,...,ni; i=1,2,...,N

+ . STEP 5

Step 4.4

Compute the reserve margins:
Qi; i=1,2,...,N. =3 o

Figure 4.3. The flow chart of STEP 4.
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Finally, ;he step 5 is to execute the optimal generation
and dispatch policy determined in step 4 and at the same
time to increase the time index £ by 1 for the next time
interval. Then the steps 2 to 5 are répeated until the

specified time T.

*

4.3.3 On the practical application of the algorithm

In this subsection, the ‘éroblem associated with
application of the algorithm to practical systems shall be
‘addressed. In practice, being able to compu;e.tﬂe obtimum
generation allocation policy of real power is only half of
the - problem " of the Bptimum operation; the other half
consists of implementing it in -real time; This aspect of
op£imum controrqﬁelongs to the topic of automatic generation
control(AGC). The generator controls -are divided into
aufomatic load—fréquency control (ALFC) and automatic voltage

regulator (AVR).

Under normal operation the controllers keep the generator
operating about a prescribed "nominal” state with minimal
excursions. Thus in the norﬁal state the frequency and bus
voltages should be kept at .the prescribed values. - This
ffequency and voltage conhstancy results ‘from a carefully
maintained balance between power demand by the loads and
those supplied by the power sources. It is a well known

fact that the .frequency is closely related to the real power

et oo e Bt
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generation, whereas the voltage level of a bus is strongly
related to the reactive power injection af the bus (i.e.,
added reactive power translates into a rise in vdltége). The
reactive power generation has negligibly small
influence on the generation cost because it is coﬁtrolled by
varying the field current. However, the generated real power
accounts' for the major influence on the‘geheration cost
since individual real power generation |is raised by
increasing the primé mover torgques and this requires an

increased expenditure of fuel.

Therefore, as the system load changes with time, it

becomes necessary to adjust the generation in real time so

that the power imbalance is continuously zeroed or at least‘
minimized. This requirement can be effectively satisfied by
the optimum control policy of real power generation computed
at high speed by ‘theralgorithm‘ which has fast demand
tracking capability as demonstrated in reference [8].
Mbreover, it should be noted that the algorithm does not
requ%re large computing resources (see section 5.6). This is
another advantage  of the algorithm in practicai

applications.



4.4 SUMMARY

'.In this chapter, the estimation ofltﬂe system data like
available generation caﬁacities, area demands and the
thilability of tie lines was discussed. The estimation was
cafried out by taking the conditional expectations 1in tﬂe
péobability space as given in section 4.2. On the basis ofs
the predicted data,1—an algorithm was developed‘in order to
minimize the productjon cost under the constraints. The
principle of merit-order loading was adopted efficieﬁtly in
the algorithm[8] which was presénted in the form of. a flow“
diagram ,for convenient implementation on a dispatch
computer. Brief discussions were also made on the practical

application of the algorithm to automatic generation control

systems.,




Chapter V

NUMERICAL SIMULATION

5.1  INTRODUCTION

" As an illustrative example, a power pool consisting of
three interconnected areas‘(éﬁgure-S.l) is considered. The
details of the powér pool are given in section 5.2. In
order to stuéy the‘effeét of the proposed méthod on system
economy and system availability, the simulations for the
three different system environments ‘have been _carried out
and - compareé with each other. - For the purposg‘of _cleér
presentation, the cases being éqnsidered are designatea as
follows: o
CASE (A): The | control pelicy 1is @etérmined by the’

| availability control method in reference[7]

o without considering transmission losses.
CASE (B): fbf control polic% is determined by the economic
) dispatch a}@orithm developed here (chapter 1IV)
without considering transmission losses[B]. |
CASE (C): The control policy is determined by the econom}c.
dispatch algorithm- developed here (chapter IV)

with consideration of transmission losses.

(3

. | § - 54 -
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In section 5.3 (Case study 1), ~ the results corresponding

to the cases {A) and (B} are discussed in_detaii for demand
. . I ‘

curves shown in Figure 5.4. For the purpose of comparison of

results, the same set of demand curves as é;ven in reference
[7] was takeﬁ in the simulation. fhgse results‘corréspona to
mild ‘fiuctuations of demand - - {i.e., small standard
deviation). The section 5.4 (Case study 2) presents similar
re;ults' for .large fluctuations (i.e., large standard
deviation) as ‘ shown in° Figure 5.10. The results

corresponding to CASE (C) for the demands shown in Figure

5.4 are considered in section 5.5 (Case study 3). Finally

‘the computational aspects associated with the. proposed

algorithm will be briefly discussed.

5.2 A POWER SYSTEM FOR THE CASE STUDIES
» T '

Figure 5.1. A power pool with three areas.

e e ———
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It is considered that in Figure 5:1, each area has three
different - {in capacitjés and cost ._characteristiés)
generators whose available/gen ration ‘capacities (expected

value) are given in Figure/5.2, And the tie line capacities

are v,,=65 MW, “13=55 MW, v,.=45 MW, it is also considered
that the fuel' costs of the generators are characterized by
Ai’i‘s as shown in ?igure 5.3, F;f siﬁulation we take
Pp, ;70 and’ fp ;=0 for k,i=1,2,3.. Further we consider that
the area demands and the states of tie lines are given by
Figures :5.4 & 5.10 and Figure 5.5, respectively. The
effects of the dispatch policies on the generation (fuel)
economy and the system availability, corresponding fo the
above system data, are discussed in the following sections,
fhé FORTRAN code used to solve this problem is 1listed in

Appendix C. -
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5.3 CASE STUDY 1 (RESULTSKCORRESPONDING TO MILD FLUTUATION

OF DEMANDS)™

The effects of the proposed control poliéy on the
generation economy and syste& a;ailability for the CASES (A)
- and (B) . are discussed in this section. Figureé'5.6;5.7
_present the optimal .control policies, i.e., optimal
generation al%ocation {P}hzjt) , k=1,2,3; 1i=1,2,3} and the
power exchange matrix {sji(t), i#j=1,2,3}. The réserve
‘margins (equation 3.42) and the minimum hourly generation
(fuel) cost are presented in Figure 5.8 and.Figﬁre 5.9

respectively.

5.3.1 Effect of the control policies on system
availlability

For the two cases (A) and (B), the reserve hargins after
exch;nge between the areas aré compared with those without
exchange in Figure 5.8. It is clear, from Figure 5.8, thaf:
(i) Use of the control @olicies has improved the system
availability considerably (compare the reserve margins
before control with those after control for both cases
(A) and (B)).
(ii) For some period of time [5,5], the reserve margins
before dispatch of power are all positive 1in all
areas. Thus for the case (A) the power exchange is not

reguired at all and so the reserves after availability

control remain at the same level as those before
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control. Howeveri for the case (B), during the same
period t6;5], /in spite of positive reserves in all
areas, the power exchange (betﬁeen areas) is essential
for minimum global generation cost. Therefore, the
reserves after economic dispatch - (contrel) are not
identical to the original reserves; while the éystem
availability index_(see section 5;3;3) remains at the
same level as those of case (A).

(iii) During the time interval [17.8,22:2], the resérve of
area 1 remains negative (even after control) with some
improvement. So does the reserve of area 3 for the
time interval [18,21.2]. JIndeed, this result is
expected siﬁce the resérve power available from area
2, during the time interval [17.8,22.2], is not enough
to meet the loss of load imposed by area 1 and area 3,
and also since the area 2 can only supply areas 1 and’
3 with power less than or equal to the available tie
line capacities 71,7(t) vyqlt) and Tzﬁ(t)v23(t),
respectively.

{iv) Note that tHroughout the entire dispatch horizon (of
time), the improvement of system availability By the
proposed method {(case (B)}) is the same as that of case

(A}.

For quantitative presentation, the system availability
indices are introduced in the following. If the system
&
availability is defined as the probability that the reserve

ﬁargins are positive, then the indices can be defined as:

Y
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System Availability Index 1

During the time period [0,T] the total failure times of

service or LOSS OF DEMAND in an area, say i, is computed by

(TLOD), = / 1°(Q, (£)<0) dt (5.1

1}
(o T

i

i

where (TLOD)i Total Times of LOSS OF DEMAND in area i,

"

Q. (t} Reserve margin of the area i at time t,
i

’ﬁ.‘-—

1 if () is true.

1
~—

1*(e) (5.2)

0 otherwise.

The total time of LOSS OF DEMAND in the power pool having N

areas is the sum of the times in each area. That is,

(TLOD) =

| 12
'_J

(TLOD), (5.3)
i R

Thus the ratio of (TLOD) to total service time can be

interpreted as the probability of'LQSS OF DEMAND. Then the

s?stem availability is defined by

{TLOD)

1 - ‘ (5.4)
N e T

1°4

Al

where Al is called as the system availability index 1 in the

sequel.
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System Availability Index 2

System availability can also be defined on the basis Cf-LOSS
OF ENERGY. The total‘ENERGY NOT SERVED corresponing to the
LOSS OF DEMAND -in area i during the time period [0,T] is
computed gé | |

T
(ENS)  =--/ Q. (t) » 1*(Q, (t)<0) 4t o (5.5)
1 c 1 - 1 . e

where (ENg)i = + ENERGY NOT SERVED in area 1. The total
ENERGY NOT SERVED in the power pool bhaving N areas is

computed by

(ENS)} =

Il a2

| (mNs)y (5.6)

i
Thus the probability of ENERGY NOT SERVED can be computed by
the ratio of (ENS} to total energy requued during the perlod

(0, T]. Then the system avqglablllty can be defined by

~

A2 4 1 - Prob{ENS} | (5.7a)
(ENS)

=1 - {(5.7b)
(TRE)

where (TRE) denotes the total required energy during the

period [0,T] and A2 the system availability index 2.

Note that these indices Al  and A2 are slightly different
from those computed by the methods of Loss Of Load
Probability and Energy 1Index Of Reliability, but the

concepts used are basically the same.
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5.3.2 Effect of the control policy on generation economy

‘In Figure 5.9, the minimum hourly generation costs are
presénted for the two cases (A) and (B). It is clear, from

Figﬁre 5.9, that:

(i) The minimum hourly generation cost in case (B), which

is the minimal solution of equation 3.22, is

iy

considerably less-than that in case (A), except for
o .

the time interval [17.8,21.6]1.

During the time period [17.8,21.6], the hourly cost
ves for the two cases are identical. In fact, this
;esﬁiﬁ is expected since there is no room for
improveﬁent of the fue} cost due to the fact that the
reserve of arega 2, during tﬁe same period, is not
large enough to meet the loss of load imposed by areas -
1 and 3 and also the area 2 can only supply areas 1
and 3 with power less than or equal to the available

tie line capacities. _

(1iii) The shapes of these cost curves have the same pattern
as that of the demands. In fact, this is quite logical
since more energy production corresponds to more

demand.
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5.3.3 = Summary of the results (Case 'study 1)
The above observations may be summarized as follows.

Fuel Cost [$] Loss of Energy

CASE (based on 24 Hrs.) Al A2

per day per year ' 1
A 146,515.1 ° 53,478,011.5 534.9 MW.Hr 0.91 0.94
B 133,030.18 48,556,015.7 534.9 MW-Hr 0.91 0.94

Table 5.1. Summary of the results (case study 1).

In this table, the fuel cost was computed on a day or year
basis, The syétem' availability indices Afzhana A2 were
computed by the definitions i.e., equations (5.4) and.(5m7);
| COmpéring the two cases (A) and (B}, it is clear, from
Table 5.1, that the generation cost_in case (B) ~ (the
proposed.method) is remarkably less than that correspondigé
to case (A),‘retaining the same system avdilabili?y indices.

Therefore, it is concluded that the proposed method. (case
(B)) provides the optimal control policy for the generation
and poweé exchange at the least fuel cost with the highest

possible availability index.
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5.4 CASE STUDY 2 (RESULTS CORRESPONDING TO LARGE
FLUCTUATION OF DEMANDS)

In this section, the effect of the control policies oh
system economy . and availability under large fluctuation of
demands (Figure ‘5910) is considered for the same example
system {(Figure 5.1). The results are presented in Figures
5.11-5.14. The dispatch policies (i.e., optimal generation
and power exchange matrix} are presented in Figures 5.11 and
5.12,‘ respectively. Figures 5.13 and 5.14 present the.
effects of the control policies on system availability and

economy, respectively. It is summarized in Table 5.2.

. Fuel Cost [$ Loss of Ener
CASE ¢} (based on 24 H%gf) Al A2
per day * per year
A 145,898.4§ 53,252,937.9 | ~ 566.1 MdHr 0.91 0.94
L, B‘\ 132,488.58 48,358,331.7 . 566.1 MW+Hr 0.91 0.94

Table 5.2. Summary oflresults.(Case study 2).
Examining Figures 5.13 and 5.14 and Table 5.2, we arrive
at the similar conclusions as obtained in the previous

example (case study 1}.
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5.5 CASE STUDY 3 (TRANSMISSION LOSSES. CONSIDERED)

.In order to show the effects of the proposed control.
policies on system economy and availability, in this
section, the simqlatidn fesults corresponding to CASE (C)
are discussed. To examine the effect of trangmission losses,
the results of CASE (C) are comparéd with thoseiof CASE (B)
in which the losses were not considered. Figure 5,15 and
Figure 5.16 present*the optimal dispatch _pplicies,l (i:e.,
generation and exchange matrix) for the demand curves in
Figure 5.4. The corresponding reserve margins. and minimum
hourly generation fuel costs are presented in Figure 5.17

and Figure 5.18, respectively.

5.5.1 Effect of the control policy on system availability

'The reserve margins are presented in Figure 5.17 for the

cases (B) and (C). It is clear, from Figure 5.17, thgt:

(i) Use of the control policies has improved the sysfem
availability con51derably (compare the reserve margins
before control with: those after control for both cases
(B) and (C)}.

(ii) It is interesting to observe that the reserve margins
corresponding to «case (C)-. (i.e., iﬁcludingh line
losses) is always closer to the‘original reserve
(without ény control) thén that corrésponding to case

(B). 'This is quite logical since there is a trade off

-

[ L
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between the losses (or gains)™ in availability and
gains (or losses) in economy caused-by reduced (or

increased) transmission of power,

5.5.2 Effect of the control poliéy on system economy (CASE
STODY 37 \

.

" In Figure 5.18 the minimum hourly generation (fuel) cost
for case (C) is compared with that for case (B} in order to
show the effect of the losses on system economy. It is

clea;, from Figure 5.18, that:

3

(i) The results show clearly that the transmission losses
increase the generation cost as expected.

(ii) During the' periods. [6.8,;}.6], {15.8,17.8], the
minimum hourly generation cost in case (C). is
substantially higher.than that in case (B). This is

expected, sincé during these periods, there has been

substantial transaction of power between the areas

thereby increasing the cost of transmission losses.
(iii) During the period [17.8,21.6], the hourly cost curves
for the two cases are almost identical. In fgct, this
result. ié expected since there is no room fpr
substantial improvement of generation cost in both
cases due to the fact that the reserve of area 2,
during the same period, 1is not large enough to meet
the loss of load in area 1 and area 3 and also because
area 2 can only supply areas 1 and 3 with power less

than or eqgual to the available tie line capacities,

Py
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5.5.3 Summary of the results (CASE STUDY 3)
The above observations may be summarized as follows:
Fuel Cost [$] Loss of Energy
CASE : - (based on 24 Hrs.) Al A2
per day per year .
B. 133,030.18 48.556,015.7 534.9 MW+Hr 0.91 0.94244
C 142,936.46 52,171,807.9 539.1 MW-Hr 0.87 0.94199

Table 5.3. Summary of the results (CASE STUDY 3).

’
/

In this table, the results for CASES (B} and (C) were

compared in order to show the effect of transmission losses.

Comparing the two cases, it is clear, from Table 5.3, that

transmission losses considerably increase the generation
(fuel) cost while slightly decreaéing the system
availab;lity iﬁiﬂigs. This is again due to trade off
between system economy and system availability.

Finélly, it Fhould be pointed out that the proposed
method provides the optimal dispatch .policy which gives
minimum generation cost and maximum system availability

under any given system environment.
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5.6 ON THE COMPUTATION

It was oeserved from the case studies, that the required
time for computlng an optimal control policy for generation
and power exchange in the example was about 5 m1111 sec, (in
CPU time in IBM470) for each decision. This is due ‘to the
simple .structure of the optimization algorithm which . is
based on the simple heuristic principle of Merit-Order
Loading and hence does not require any ccmplex optimization
procedure for solving the problem. Furthermore,rthe'propOSed
algorithm aoes not require any kind of large dimenéional
matrix manipulations or corresponding intermediate
variables, and therefore it does nof’require large computiné

resources.

5.7 SUMMARY

In this cﬁapter, three case studies for a power pool
(Figure 5.1) were performed in order to iilustrate the
effectlveness of the proposed methoé\bn system economy and
availability. It is clear, from the case studies, that the
proposed method provides the optimal control policy for
generation and power exchange at the least fuel cost with

the highest possible system availability for any given

system environment, while using modest computing resources.




Chapter VI
CONCLUSIONS

In this thesis, a methodology for constrained dynamic
economic dispatch under the system availability constraint

for large scale : interconnected ‘power systems has been

presented.

In order to include the Effects of the random variations
of system data such as available generation capacities, area
‘demands and availability of the tie lines, the model.of
reliability dynamics [7] was setected and briefly discussed
in chapter 2 for_the power pool model. A dynamic model for
the incremental generation. cost, taking into account the
random failures and repairs of generating unité, has been
developed by segmenting original cost curves into several
lines. It resuylted ‘in a‘jpiecewise eonstant ‘stair-case
function. The incremental‘cost model was extremely gseful
to solve the-ecconomic dispatch problem under the constraints
as presented in sectien 3.6-3.7. . Using such an incremental
cost model,the economic dispatch problem has been formulated
as a dynamic nonlinear minimization problem. The objective
function of the problem was transformed into a coét function

for the subintervals by Bellman's Principle of Optimality.
\
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Examining the cost fuﬁétion; it is easy to find that the
principle of : Merit-Order " Loading is very, suitable‘ to
minimize the cost functien (equétion 3.22). Therefore, in
chépter 1V, an efficient algorithm has been developed by
using the principle of Merit Order Loading on the basis of
the predicted system data. For éonvenience (of useré), the

algorithm was described in the form of flow diagrams.

As an illustrative example to show the effectiveness of

the proposed method, the following simulation studies were .

‘carried out for a power pcol as shown in Figure 5.1.

(i) CASE STUDY 1: Two control methods were compared under

o mild fluctuatibn of demands and without
considering transmission losses.

(ii) CASE STUDY 2: Two control methods were compared under

‘ large fluctuation of demands and without
_/’HH\\\) considering transmission losses.

(iii)} CASE STUDY 3: With consideration on transmission

_losées, the results corresponding to

mild demand fluctuations were discussed.

It 1is clear; from the case studies, that the proposed

algorithm can be used to determine the optimal control

~x
policy for generation and power exchange (over the entire

power network) with the minimum generation cost and the

highest possible system availability ‘indices. Therefore,

when used together with proper short term load prediction

techniques,  the optimal dispatch policy " obtained by the

+

X
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proposed algorithm <can provide benefits of better 1load
tracking and improved system availability as well as best

generation economy.

"In- this resegrch, only the thermal units were considered.-
However, the other type of generétors can also be integrated
into the economic 6peration in a similar way. For example,
if é valué can be placed on water (which is true in ‘the case’
of pumped-storage hydro units),usually in dollars per cubic-
meters,. then these units can be operated incrementally
along with thermal wunits for overall economic operation of
the system. By the fast load-following capability of the

algorithm'intermittent generation which is quite different

from conventional power plants operation can be included,
too. '
' =

In defininé thermgl cost models in common use, the
assumption of monotonically increasing cost curves is being
employed. This assumption is not everywhere valid because
of the throttling losses near valve points..In this case the
valve po}nt ioading should be used for the economic
operation [34]. However, it should be pointed out tﬁat the

benefit of the valve point loading can be achigved 1in the

proposed method (section 3.3) by taking the points of the

lines at the valve points. : - *

Furthermore, the method can be applied to the system with
binding agreements between areas and allowing power exchange

through composite tie lines. The powver exchange matrix can
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be used for the interchange billing between areas; If the
security constraints are taken into consideration, decoupied-
load flow methods may be combined with the algorithm.
_Finally the author feels that the flexible structure Qf the’
algorithm ‘has high- potential for appiications to manﬁ

relevent problems under different operational environments.




Appendix A
TRANSMISSION LOSSES

;Consider the following network, in which area 1 generates

the power required from the area 2. : -

I = X, = L4 -
(=R X Line Impedance

L,=Ro+fX,= Load Impedance

Figure A.l. A power network.

The active power generation in area 1 and the corresponding

power delivered to area 2 are given by

Pl - Ul]' .cosei (A.la)

P2 = 11'2'1’-00562 . (A.1b)
where Pl = Average power generated in area I, .

P2 = Average power delivered to area 2,

Ul,Vj= r.m.s. value of the voltages at nodes 1 and 2,

_97_
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1= r.m.s."vq}ue Jﬁ the current'flowing from ﬁodg,l
to node 2, -

coSel,c0502 = Power factor in areas 1l and 2.

‘The thermal loss on the trinsmission line depends on the

resistance RL of the line. That is,

Lyg= Ry I? | (A.2)

Substituting equation {A.1lb) into equation (A.2),.

~

~ ‘P R
L, = R(——2—)* = (————) P} (.3)
2 a
Uzcose2 Uzcos ©,

Therefore, the active power loss in the line is directly

proportional to the P3 for given z@nd Z,, That is,

L a_ _p? . (A.2)
12 1272

where ? .
L ,
a ., = (A.5)
12 Uicos’e2

It is noted, from equations (A.4) and (A.5), that the
transmission loss is a function of the delivered power P2
and the coefficient can be assumed constant for the fixed

power factor and voltage level at the receiving node.

P




Appendix’' B )
EQUAL INCREMENTAL COST LOADING

The optimal allocation of power to ny individual running
units within an area i for a given total load Li can be
formulated as:

'Minimize f(P) with respect to P

—_— nl
£(P) = & £ (R ) o (B.1)

subject to the power balance equation
n

where %{= Power output of the generator k,
5‘: { Pk; k-=1121...r-n~i}r
',Li = Total load to be supplied by the area i.
By application of the method of Lagrangian multipliers, the
augmented -function is obtained as

nj

y(P) = £(P) - Y(kil B, ~ L) 2 (B.3)

where y=Lagrangian type of multiplier.

The necessary condition for optimal solution is that

= 0, k=1,2,...,0, ‘ (B.4)
P 1 :

Then

~
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afip)/a?k ~y=0, k=1,2,...,ny. . (B.5)

Substituting equation (B.1l} into equatioh.(B.S) gives
aﬁéPk)/BPk - v =0, kfl,Z,...,ni. {B.6)

df(p,)/ap, = ¥, k=1,2,...,05. - A (B.7)

Note that in equation (B.7), dfk(Pk)/de= Y is the
incremental production cost of the generator k. In other
words, the minimum hourly fuel cost in dollars‘per.héur Tfor
a given load ‘is obtained when all generating units ' are
operated at the same incremental production cost. Therefore,
if a chart of the incremental cost curves of all units is
available, the optimal'dispatch policy can be easily found.
-Station loading slide rules  were based on this-
principle(20]. If the transmission losses must be taken into

consideration, the well-known.penaity factor method may be

used in a similar wayl20].
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T64
ccc

616

45

602

600

6§35

101

; 201

FAIL{1,1)%0.,008
FAIL!l,lD:n.OO!
FAIL{143)+0,00088
FATLI2,1)=0,0077
FAIL(2,21=0.0089 :
FAIL{2,3)=0,0085
FAIL(3,10=0.,00838
FAILI1342)=0.,0075
FAIL(333)=0,00%5

DO 764 I[=1,43

DO 764 J=1,23 N
EGES{I,J1=1.0D0

FAILAIL JI=FAIL(I,,J}*1,0D0
REPAITI JI=FEPAITI,LJ)I*1.,.000
CONTINVUE

-k A D TS PR R SR e vl e e Glh I D D W WS S WD G eem I MR M SR G D W e O
.

CALL POSCN

ENTER THE CAPACITY OF THE TIE LINE IN MW,
TLC11,4,11=100. '
TLCl14201=6%,
TLCI(1,3)=5%5.
TLC(241)=TLCH

)
TLCE3,42)=TLC (2, 3) \
TLC(IZA)I=TLC{1,411
DO 6168 I=1,NTIE
DO 616 J=14NTIE
F}(I.Jl:i.o
Mil1l=0,.0
Mi21=0.0
M{3)=0.C
D111=70,0
D121=80.

ND(31=30.
DO 45 I=1.NAREA
XxXRUIy=0
XFE(I)=0
viiIt=0W?
wlil=0.0
EDLIN=DLT)
CALCULATE THE SYSTEM INITIAL CONDIETIONMNS
DO 600 I=1,NAFEA
x{(IYy=90 -
PALI)=0
«+ DD 602 Jd=14NC

PA(II=SPAITII*+CCII,JYeXxXCH{TI,J]
XLII=X{I)+XCH{T4J}
EPALINI=PALLI
QEIy=PAa{It-D{II
EQUII=EPA{I)=EDI(I)
EX1(IV=X({I)
Ex2(11=0.0
EX(IVT=Ex1 (T }—-Ex2(1I)

D0 6%5 I=1,12
PSOLII)I=0.0

SU=C .2

AM=0,0

IX=11

NTIE=3

DG 201 I=1,NTIE

,DO 202 J=14NTI1E
IFII.NE.J) GO 7O 201

T‘IuJ'=1

ET{T,J1=1,0

NULI yJ)=040

LUM{I,J1=0.0
CONTINUE
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21

610

190

440

404

4012

S35

MM=NTIE=-1
IF(Y.EQ.0.D0} GO TO 102
CALCULATIOQNS GF NO. OF GENS, HAVE B3EEN

I=1
RAV=0.0
CAV=0.,0
CEX1{I1=0.0
xe{IV=0
K=1 - “
KR=TXC(I KI=XCLlI, K} T

KR1=TX(T)I=XLI]
IFIKRL,LELO} GO TO 404
IFIKRLE«O) GO TO 404 -
KXE (T 4K1=0

SUMIT KYI=0,.0.

DO 190 KK=1,KFR

S31(TIcKKes2®EXPIKK21 ,0)
MU(T, X)=0.10*T/75231(1I}
SUMiI.Kl:SUNII.KI*KK'DY.“U(I,Kl
J=1

IJtay=¢0

NL=1

IFINLLLE.OY GO TO 400
S3I(LI=Jes2eEXP [ J*1.0)
AMUZ=Z0,.,310*1I/5311)

CALL GGPOSUAMULCNE yNLyIRLZIEK)
KR (I gk YK XRITLKI+IR{L) S J

GO T0O 401

IFlJsEQLI) GO TO 404
KXREL,KISKXRIT,K)

GG TO 23

KXF{I,KI=0

SUMI{ I 4KI=0,0

Go TO 3 !

% g S v

IFldelLF oK%} GO TC 1 .
EXP LI ¢KI=KCUI  ,K)I+SUMITI,K}
K=K +1

IF{KLLF.NCI) G TO 610

DC %35 IK=1,NC

Ex11I1= EXI(TI+EXRITI,IK)
XRII)=xXxRIT)I+HXRII 4 IK}

e
Ti1,21=1 :
TiL,31 =12
Ti2,11=T(1,42)
T(2,31=1
TU3,13=Tt1,431
T13,21=27(2,43)
ET11.2|=T|1.2)
ET(1,3)1=Tl1,3)
ETU(2¢31=T12,3)
ET(Z 921=T(2411
ETL3,1)=703,1}
ET13,21=T13,2)
NU(142)=0.1
NULL1,31=0.08
NUL2,31=0.07 .
NUL3, 21 =NUL2,3) —
NUL3 410=NUT1,3)
LUM(1,2)1=0.05
LUMI1,31=0,01 '
LUMI2,11=LUM{1421)
LUM[2,3)=0,0018
LUM{3e1l)=LuUMI1,3)
bLuM(3,21=LUM{2,3) .
NR1=1

REFPAIRED

104



33
15

630

131

11

500

504

635

14

701

I=l+1
IF{I.LENAREAY GO TO 5
CALCULATIONS OQF NOD.

)
DYeL ANDA LT K}

NM=1

IFINMJLE,LQF GO TO 500
S11Ii=JsExP(Jel,C}
ALANDASOD,04e*I/S1(1)

CALL GGPCSUALANDA ,DNE §NM,IR ,IER}
KXF LTI yKISKXFUI,KE+IR([1)

GO TO 501

IF(J.EQCL11 GO TO 504 .

KXF (T ¢k )=2KRXF (I, K]

GO0 YO 12
KXF [T K=
SUMLIITTI K]
GO TO 12
JzJ 3
CIFUJdeLE JKFY GO TC 11
EXF (I KI=SUMT (T X))

[+
=040

KoK +1
IF(K LELNCY GO TC 630
CO0 63% IK=14NC
C EX2UIN=EX2{TI+EXF {T,IK)
XFIE)=XFLL)+KXF (] 41IK)
IzI+1
IFI1.LE.NAREA) GO TO 15
DO 168 I=1,.,NAREA
PATINI=0
EPALINI=0
DC 17 J=1,NC
XCUT4JI=XCUTgJ)+RXRII G J)I=KXF(TI,4J1
EXCUlI g JIZEXRIUIZJI=EXF (I, J)
PALLII=PALTII+XClI,J)*CC{T,.J])
EPAL(II=EPAL{TIN+EXC{TIJI®CCHI ,u}
EX(IIT=Ex1{X)1=-EXx2(1) -
X{IV=X{(IV+XR{TIJ=XF (I}
DO 995 I=1,NAREA
ERQ{II=0(TI)Y+m{I)%DY

IFIYaGT,.1

M{1)1=-20, +« 0
Mi2l=M(1)
M{a)=m{1l}

GO YU 777
M{1}1=0.0 e
M{2)1=0.0
MI31=0.0

Go Ta 7177

Py

OF GENS. HAVE'BEEN‘FAILED FROM

105

EVERY CLASS,



703

704

715

T16

717

T1is

TT?

301

302

102

3913

102

132

11=30.0
M{21=25.0 -
M{3)I=20.0 .
GO TO 777 N
IFIY.GT¥.9.0) GO TO T04
M{11=0.0 .
#(2¥1=0,0
M{3)=0.0
GO TO 777
M{l1}==30.0
MI2}==20.0
M{3}==20,0
GO TO T717
IF(Y.GT.18.0) GO TO 717
IFlYy.GT.15,0} GO TO 716
M{1)=0.0
M[{21=0,0
M(3)=0.0
GQ TO 777 /
MEL)I=40.0
#{21=160.0/3.0
M(3)=2110,.0/3.0
Go TO vIW
IF{Y.GT.21.0} GC TO 718
M{11=0.0
M{2}Y=0.0
#{3}=0.0
G0 YO 7717
M{1l==40a0
M{2}==60.0
M{3}==110.0/73,0
CONTINUE
DO 3130 I=1.NAREA
CALL GAUSSHEIX¢SUTY qAMyvLiITI) K}
DlIl:C(II*IVXIII-E(II\+NlIl‘DY
Q(il=rPAlI)=-D{I)
ECGlIV=EPA{TI=EDI{I)
IF(LTIE.EC.1Y GO YO 102
I=1
J=1+1
NRP=O0
NF1=0
R=NUI(I,J)
p=LUT“'tI'J’ .
IF{T{1,J)1.FC.01 GO To 3ol
CALL GRPOSIPLCNET NRLyIRL1,1EFR]
ET{1,J1=1=-PeDY ' \/_
ETLIsIVZET LT 4J)
Tl J) =TI ,J1=IR1I1)
T e IN=TH(IJ]
GO VO 302
CALL GGPOSIR DNEL1,NRL1,IR2,IER}
ETII 4J)=ReY
ETIJyIIZETLE LI
TITIZJI=T(IJ1+IR2E1]
TEJe IN=T UL ()]
J=J+1
IFlJLLELNTIE) GO YO 203
I=1I+1
IF{l.LS-.NMMY GC TOD 204
OO0 393 1=1,3
DE 393 Jd=1,3
TFlI,leFLDATIT(I,Jll
TT'I.J'sz‘Ing '
ETTHI gJY=ET{I,J}
wRFITE LR,1031) ¥
ECPMﬁfllHl.Zox,'TIME=',F6.31
wRITE(BE,132)
FOFM#T('G'.ZTX.'—ﬁ———--——-—*—'l

———r
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: . .
107
WRITE(64132) .
138 FORMATI'O‘.QK:'X!!!'.ax.'EXIII'.SK,'PA|IJ'.TK.'DIII'.ax.'ED(II'
1 ,9%x,%QlTIY,8x,YEQ(IN")
DO 104 I=1,NAREA . )
104 WRITELG410%) x(!l.EX(II,PA(Il.DlIi.ED(II.QIII.Eolll.
X ‘KC(IQJ"J=1'NC, .
105 FDRMArl'o'.5x,12.3x.Fo.4.3x.13.3x,a|F10.4,3x1.3(12.2xl|
WVRITE(G,149]
149 FDPM!T('O'.l?X.'TlI.J)'.lax‘*ETlI.Jl'l
DD 106 I=14NTIE .
106 WRITELG,107) (TT(Ile.J=1.NtIE|,(ETT(}.JI.J=1,NTIE|
107 FORMATl'o',151.3lF6.3,3x|.5x.3<Fs.3.3xll
¢ :
§70 NZ=9 ,
M1Z=12 \
M22=3 ’
TASMLZ+M27+42
M12Z=M1Z4+M22Z -
MIW= [ 38MLZ)I+(2¢M22} 4 -
MRWE(IASIA)+MIW : ) v
IPE=MAXD{NZ 4M1221 ‘ :
c
DO 674 I=1,3
DEDIIVY=0DBLE(EDIT)]
DEX({(IN1=DBLEC(EXL(TI)]
c peEQlII=EQ(I?
1IYY=Y*10.0
c e o e P e = e S T T .
CALL GENCCULIYY)
Cc o - - —— o — - —— o ———— — - —————— -
C

DO 6§74 J=1,43
XCX(I4db=XC LIy
DEXCUI, J}=GES(Igsd)

§74 DCCULILFI=CAPPIT,J)

CALL COSTI(PE 'DPE'Rl‘"Ih'IA|N2,MR“."I",RAMDA'

1 Dcc.xc,DED,PM,s.a.Miz.Mzz,IPE.sa.PSOL.ITIE,NTC)
FL=EQ (1)} +PSOL (1)¥*ET(1,2)*EQ 2)1+PSOLE21ET{1,3)¢EQ(I])
F2zEQ(21+PSOLta)*ETL J+PSOL(3)*ET(2,3)*EQL3}
F3=EQ(3I+PSOL{BI*E

Fa=0(1)+FSOL{
FszQ{21+pSOLl
Fe=Ql3b+PSOLI(®

A0 00000
rer-rrr

- s ofm ey g m e

AT -0
T MMM N =

o
-~

-t bt e

(

(1
11I+PSOL(6!‘ET(3,2)'EQIZ!
+PSOL{21eT (143220103} :
+PSOL{3)1*T(2,31e01(023)

+P *Q{2)

1
1
[
&
. SOLIGY®T(342)

2410
T(3,11)*
(1,231*Q¢(
{2,1)%Cl
t3,1)%Ql

-
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1 GO TO 694
694 CONT

695 QAV=0Q

DO 665 I=1,NAREA - .
IFIOTILI(YTI.GE.RINDX) GO TO 665
ION(I)I=TQN(I}+1

6§65 CONTINUE

DO 667 L=14NARE A
RLOLPIII=IQNI{TI)Y DY /YDY
RIN(TI=1.,0-RLOLP{II
6§67 RAV=RAV+RINII]
RAV=FAV/NARERA

FOET=0.000
SUMD=0.000
DO 657 I=1,NAREA

IFIATIL(I).GE.O0.000) GO TD 656
DEfII=ROE(L) +QTIL(I)
656 tOSUM(TY=DSUMIIVI+ED(I)
FIRIII=1L.0DO0+(FROE(T)/DSUM{L)]
b syuMpz=suMD+DSUML T N

ROET=ROET+POE(I}
557 CONTINUE Q ]
TEIR=1.0D0+{ROET/SUMDY . '
WRITE (64669 ) RAVe{RINITI) 3I=143),0AV,{QIN{T]),I=1,3),TCOST
ROET==ROET ' .
669 FORMATI{ /410X, "RELTASILITY INDEX='",F5.2,45X,'R1,R2,R3 = e
13F 5.2 47+10XK,'RPEL BEFORE CONTROL=",F5.245X,'QR1,0FR2,QR3={43F6.2,
2 !y 'TOTAL COST = ',F13,.3,1H1).
wRITE 2ZITEIRL{EIR(I) s [=143),ROET,5UMD N
6§72 FORMA VENERGY INDEX OF REL o= ' F5.2,5 Y, EIRIII="43F5.24/y
X

0
6
{ » !
1 10 ' T='yF12.445%, 'Sur¥ OF 0 = ',F12.4)

1
t 7
T X
’ E _
673 CONTINUE

MA=SNA+]

IF(Y.LE.YGUT) GO TO 21

DO 839 I=1,4NA
CWRITEL6,8311TIMECI) ,COSTL(I),COST2(1),COSTT{I),COST3 (I},
1 PGGL(TI) PGG2(I) 4PGG3IL) 4ALFI{TI),ALF2(I),ALF3{T1,ALF4II],
JALFSIT} 4ALFBIT) EDEMI{I)ECEM2IT) EDEM3(T),0R1(TI),CR2{T),QR3(I]
WRITE (6,633) QTILOI} 40TTI2 (11 ,GTI3(TI)EFMIL{IILERM2IL)ERMICT]),
1 G1EI),G2(I),03¢01) . .
. WRITE (6483501 P11{T) PL12(I014P131I1,P2101)1,P22(1),4P23(11,P3111),
1 P3211),P331(1)
WRITE (6, 8371PP1 (L) PP2(L1,PP3(I)4PP4IL} PPEIIN,PP&EIT) FPTII],
1 PPBUI) 4PPOUI) 4TC12 (T} ¢TC13(T),TC23(I) 4DEMIIII LCEN2TT),DEM3IT)
u

839 CONTIN
: FaoealgF10e2,3FB 337 42%36F1145,4/42X33F12.443F11.4)
6F1le3 s/ 42X43F10.31
31
OF Te 2 o/ 42X ¢ 3IF Ba 343X 43F %441

833 FORMATH
835 FORWATI
m37 FORMATIH

e tr—e g
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ECONOMIC OISPATCH SUBROUTINE

CXyNXoDyPH ,NAREAJNCLASyM12,M27, TPF 452
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SUBROUTINE COSTUPE ¢DPESRuWIW, 1A JNZ MR JMIBRAMDA,
IMPLICIT REAL®8 {A—

1

Commn o it e o e e
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NSEGaLOSCO/ D 4345/

NC/949 497 ¢MNAZ37 4NARS
TLC1,.7LC2,TLCA/60,0D

DATA
DATA

v23392914241,41/

1325414,
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*
A1f0000’3000-3p
A2/79%0,D0/
Aldr9*0.DOY/

CATA

DATA
DATA

VARTIARLF S,

0
)
SYSTEM,

FROM SUBPRPOUTINE PDIS
CaiLL PDISI(LLLLL)
INITIAL CLEAR OF aALL

,2.50—3.1.60—3.2.50—3,0-000.6.60—4,1.60—3.
C Q
v r
SET NARG>0 FOR LARGE

CATA A1/0.00D0
8.60~4,0.0D0/
2 0.
3 6 .
LARR NEEDED,
IFINARG.EQ,. 1)
INITIALIZATION &

IF- LAKH,
DATA

pguvuuLvL VvoLLL

NGT
CXSIT JIAGESTIT 4J)

MK{TI+PMULyJ)

PrM{TI,.J)

NUT+NA
NGT1=NGTH+1

NGENENSEG
NARI=NA®]

NGT#NA

NGT
NUTA

NUT
33 CONTINUE
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111

VIUI=20,4.0

DO 150 [=1,NAREA
DEQII}=PMMII}I=D{I)
QRI{IV=DEQ{I) :

QtIl=griI)
QTItI=0.0D0
EQUII=QR(I)
TQE(I1=0.0D0
150 DTOT=DTOT+CUI) S
DO 594%& IT1,NUTA .
594 AAL(II=0,0C0
DO 596 I=1,NA
DO 596 J31,NGT1
596 DEXX(I,J1=0.00D0
- DO BBET I=14+NA
DO 667 JZ1¢NA
TU1,J)=TTI(I4J) -
FEX{LoJ)=0.000
TEX(1,J)1=0.0D0 . \
BETA(I,J)=0.000 ‘
PLOS{I+JI=0.0D0
PGXX(I4J)=0,000
IFIETTII J)lalLTo0,9) GO TO 647
ETTII J1=140
GO TO 6%8
547 ETYTII,41=0.0 -
658 CONTILNUE . )
. TCLUIL ¢ JIZETT(IJI*TLCETI W)
TCLLUL,JI=ETTII JI '
E67 ETIILJI=ETTII,J]
------ PRE—DISPATCH FOR BEST SYSTEM AVAILABILITY ———me———

6§01 IFLQRI11<GE 0 .0C0AND,OQRI21 4GE«0.000.ANDJCRIL3)+GELQ0C0O) GO TO 451
IFIQR{1) w LT 0.0D0 ANDQRI2) LT 20,000 ANDLOR{3) 4L T.0,0001G0 TO 408

IF(ITIE.NE.1.AND.NTC.EQ.1) GO TOQ 606
DO 505 I=1,NA
DO 505 J=1,NA
505 TCL{I,J)=DTOT
§06 CONTINUE

339 (0 341 I=1,.NA
341 GTI(I)=DEG(I)
345 CUNTINUE

CALL 2QLP{NALQTI,EPS1,EPS2,EPS3,4¥7CL}
CALL DISPE(QTI 4ET 4T 4UsS44PS0LGEPS1,EPS2,EPSIZNTCyNAD

DO 426 I=14NA
IFIDEC{IYTJ.LELO.CDO}Y GO TO 425
PRUINI=DI(II+QTIA(II=-OTILII]}

GO TC 42¢

425 PR{IV=PMM({EI]
426 COWNINUE
GO{TO‘4$5

451 CONTINUE
DO 457 I=14NA
457 PRIII=DI(I) .
455 CONTINUE -

- COMPUTE THE RESERVES BY REL. COMTROL=w—wer—=cmcecc——w- -

Y
Y
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DTOT2=0.00D0
DO 135 T=1,NA
PCIII=0.00D0"

13% DTOT2=DTOTZ+PRILI)

c
GRT{L)IZDECQ(LI+PSOLCLI®SQTI(2)+PSOL(21¢QTI(3)
QRTI2)=DEQ{2)+¢PSOLI31®QTI{3)+PSOLI&41edTTII1)
QRT(3I=DFGI31+PSOLISI®QTI{1}+PSOLIGI*QTI(2)
c IF{ITIEEQelaAND.NTCANELL) GO TO 139 .
c
WRITEUIGE ,783)&(PMIL  J) 4 J=1,NGT)
: WRITE(G6 ,783F (PMI24J} 4, J=14NGT)
. WRITEULG,783F IPM(3,J),J=14NGT]
783 FORMATISX,'AVA. PuR *43X,9F6a.1)
C—-——.-..- —————————————————— —— W i R e TR e e W e - - —— ———
C MERIT- dRDEP LOADING
c—- ———————— R R i e e S DV TR AR I W weh W S R T W SN S W WA WED W SR S S et W A D S e e — e el W S
WRITE(6,802) (RAMDA(1,d)3d51,9] ) N
WRITE(64802) (RAMDAI(2,4J)14+Jd51,489) .
WRITEU16,802) (RAMDA({3,J41,0=1,19)
802 FOPMATI3X,"LAamMpa=z",39F9,3)
c
o
PMOGILIZPMIL, 13 4PM{1,2)+PM(1, 3]
PMOO(2Y=PM (2,1 +PNMI2,2)+PM(2,3] ———
PMOOC I =PM{ 341 +PMI{3,21+PM{3,2])
PMOO{ 4l ZPM{ 1,41 +4PM 2,51 +PM{1,5)
PMAD(SI =PMI3,4)+Pr{3,51+PML3,6]
PMOQI6I ZPM{ 2,4 +PMI2,5) +PM(2Z2,46)
PMOOI TI=PMU 3 7)) +PM{ 3,01 ¢PM[3,9)
PNOOC(B)SPMIZ2,7H+P™MI2, 8 +PM{2,9) .
PMOO (9 =PM{Ll, TY+PM{1,8) +Pm{1,3])
c )
DO 5% L=1,NUT
KAR=LARIIL ]
KAG=LAGIL)
PMOILI=PMIKAR,KAG]
55 CONTINUE
C .
DO 916 T=1,NUT
PE(I)=0.00D0
DO 916 J=1,NA
916 XFER{I,J)1=0C.0D0C ' :
c . .
DEPP=DTYOT
C U

DO 3300 I=1,NA

NCCC=NC (T}
CEXXXx=PMM{1)
IFIDII) GELDEXXY) GO TO 315%0
DEXXX=D{I)
DO 3100 K=1,NCCC
K939=38{I-1}) + K
K&B=LASIKAI]
DEXX{1,X88)=PM{],KA8]}
CEXXX=DEXXXx=DEXX{T, a8}
IFIDEXXX,.GE.C.0[0) GO TO 3100
DEXXII K88)=PM[{I,KRB)+DEXXX
GQ TO 3300

3100 CONTINUE
GO TO 3300

3150 DO 3200 K=1,NCCC -
DEXX{T K)=PHM{I, K)

3200 CONTINUE
RCCCL=NCGCC+1
DEKX[I,NCCCLI—FII'—DFXKX

3300 CONTINVUE

c



66

T7

81

3400

s NeNgksl

3500
4197

5900
6005

6100

DD 86 Ix1,NA
IFIR=LARRII)
AAL(I)=DEXXUIFIR,NGT1}

&

DO 77 K=NARL1,NUTA
LVARENUTA+1-K
LR1SILARRIK)
LRZ=LAGILVAR])
AAI(KI=DEXX{LRL, LR

DO 88 K=1,NUTa
AAAT (LK) =AAT (K]

0O 81 I=14NA

CO 81 K=14,KGT

PPMII 4KI=PM{I K]
WRITE LG 34001
FORMAT L3N JVYAALI=S",30F7.2)
NUTAL=ZNUT A+

KKK=1

LEF=0

JI=0

L=1 3

IL=LaR(LY

LC=LACIL)
KSG=LAG LY
KML=NUTA1-L
pPCMM=PC(IL}
PELC=PE(LC) .
PEI(LCI=PMOLLI
PCIILI=PC{ILI+PMOIL]

IFINCT.GE.2) GO TO 920

IF{PCIIL}.LE.D{(ILIY GO TO 7100

IF(LUSCD.EQ.1) GO TO 1001

TEXXX=0.000
PCQO=PC{IL)=PM
IF(PCO0.GELDLI
TTRP=ZPCLIL)=DI
GO TD 6005
TTPP=PMOIL)
CONTINUE

DO 6600 K=1,NUTA
ILL=LARR (K]
TF{ILL.EQ.,IL)Y GO TO 6600

MO
[

ITF{PCIILL).GE.D({ILLI} GO TO 6600
IF{AATILK) sLELQ.O0DO}) GO TJ BEOC
IFITCLIILILLYJLELDL.ODO) GO TO

TTP=TTPP
TTPP=TTP-AAILK)

IF(YTTPP,.GE.0,0D0Y GO TQ 6400
IF{TTP.LTATCL{IL,ILLY} GO TO

TEX{IL,ILLI=TCLIIL,ILL}
AAT(KI=AATER)I=TCLITLLILL)
PCIILLY =PCOILLI+TCLITIL, 4 ILL)
TTPP=TTP=TEX(IL ,ILL]
TCLIIL,ILL)}=0,0C0
TCL(ILL,IL)=0,0DO

TEXXX=TEXXX+TEX(IL,ILLY
FEX(TL,ILL)=FEXCIL,ILLY +TEX(IL,TLLY
FEX(ILL ILI==FEXIIL,ILL}

GO YO B60CG0Q

IDEXXUTI4J) gJ=1,NGT1) ,121,3)
1

113



6200

6300

6400

6300

6600

6800

6300

6931¢

6950
c E

Commmmn

1001

1010

1011

1020
o

Qe ——

1021

1050
105%

IFITYPP.LE.0.0DO) GO 7O 6800
GO TO 6600

TJEX{IL,ILL)I=TTP

AAT{KI=AATIK)=-TTP
PCLILLY=PCLILLY«TTP

TYPP=0.0CO -
TCLIIL,ILLYI=TCLOILGILLI-TEXITIL,ILLY)
TCLUILLLZILI=TCLATILyILLY}
TEXXX=TEXXRX+TEX{IL,ILL)
FEX{ILGILL)=FEXA{ILILLY+TEX(IL,,ILL)}
FEXULILL, ILl=—FEIlIL.ILLI

GO TO 5800
IFLAATIK Y} LT, TCLUIL,ILL)) GO TOC 6500
GO 70 6100

TEX(ILZILLY=AAT K]

AAIIKI=0L.0D0
PCLILLY=PCUILLI+TEX(IL,ILL)
TTPP=TTP-TEX{IL,ILL)
TCLATILLTLLY=TCLOIL 4ILL)~TEX{IL,ILLY
TCLAILL 1L I=TCLIILILLY
TEXXX=STEXXX+TEX(IL,ILLY
FEXCILyILLI=FEX(ILJILL) #TEXIIL,ILL)
FEX(ILL.ILI=-FEXIIL.ILLI

GO YO 6200

CONTINUE

LI=ZPCHITLY=PMD L) ‘
IF(PCIILY .GEL.DIILIY GO TO 6910
CI=D{ILY—=PC{ILI+TEXXX

PCLILI=PCIILI+PEILC)

GO TC 6950
PEILCI=TEXXX

GO TO 6900
DEPP=DEPP=PEILC)
GO YO 7c00

IFIPCMM,GELDIILY) GC TO 1010

DMPC=D(IL)—PCMNM

PE{LCI=DMPC

PPVMIILKSGI=PPM{ILKSG]I=DMPC
PC{ILI=VIIL)
AATIKMLE=AAI{RNMLI=D¥PC

DEPP=DE PP=DW™PLC

GO TO 1011

CONTINUE

PCLILI=PCKMM

PE(LC)I=PFLC

IF(LEF .,NELO) GO TO 1020
LEF=L

CONTINUE .
SELECY I¥PORT CANDIDATE AREAS =ww—===
JJi=0

JFIR=1

DO 1050 K=JFIRZKUTA
TF{AATIK)  ,LE.D,.ODOQ) -GO YO 1050 .
JI=ZLARR (K}

IFtJI . Fu.J4J4dIY GO TO 1050

JK =K

K31=31-K

JS=ZLAGI(XK31)

G0 TOU 105%

CONTINUE

IF(JI.€Q.0) GO TO 000

114



Ce===== CANDIDATES FOR EXPORT OF POVER

c

c

c

c

oo -

Cc

c

onoonno

DO 1200 I=14NA
1200 LINIIN=O

0o 1210 I= I,NA
1210 LIMIIN=O

IFAL=0

DO 1300 I=14,NA
IF{l1.EQ.JEY GO TO 1300
IFIPCII)LT.O(IN) GO YO 1300
DO 1280 KK=LEF4NUT
IFILARIKKYLEQ.I) GO YO 1230
GO TO 1280

1230 KKG=LAGI(KK)

IFIPPMIL,khGI.EC.,0,0D0) GO TG 1
IF{TCLLY, JIl.LE.OﬁODOI G0 TO 12
LIMIIYI=LA ClKKi

CLINELIY=KK

IFAL=1

GO TO 1300
1290 IFALS=1

GO TO 1300
1280 CONTINUE
1300 CONTINUE

IF{IFALLEQ,.,0} GO - TO 1303
GO TC 1304

1303 IF{IFALS.NELL]) GO TO 7000
JFIR=JK +1
IF{JF IR, GT.NUTA] GO TO 7000
JJI=JI
GO TO 1021

1304 CONTINUE

00 1305 IT1,NUT
DO 1305 JT14NA .
PXFER{L +J}=0.0D0
1305 PLOPOII,J)¥=0,0D0
DO 1307 I=1,NA

1307 RAMA({ILK}I=1000.0D0
DO 1310 I=1,NA
DO 1310 K=1,NGT
1310 PGX{LKI=0.000

DO 1400 I=1,NA
KS=LINUI]
K55=LIM{TL

IFIK5.EQL0)Y GO 'TGQ 1400
IF{TCLII,,JI1.LEC.DO0} GO TO 140
IF(PPM{I K5).LF.0.0D0) GO TO 14
IFITCL (I, JI).GT.AAI(JXE) GO TC 1311
PDJ=TCLITI,,JI)

GO0 TG 1320

1311 PODJ=AAI{JK)

1320 IFIPDJ.GE.PPM{I K5} GO TO 1330
IF(AILI,, VIV . EQ.C.DO) GO TO 1335
DISCC=A3{I,JIV+FEX[I4JI}+PDJ
DISC3I=(AZ (I, JIV=1.,D0)*l
DISCa=4,00*DISCC*a1I1L,J

DISC=015C3~-DIS5C4
IFIDISC.LT«0.000) GO TO 1330
DISC=DSART{(DISC)
PGXXX=(1.0P0=A2(T4JI1-DISC)*0.5
POXXX=ALIT,JI) SPDI*PDI + A2(1,4
PGXXX=PGEXX + PGXX(I,JI)

60 TO 12340

280
90

v

0
Q0

Da/sA
I)=P

1t
CJ

1

*
*

LOSSES E PENALTY FACTORS AND NEW LAMDA'S

J1I
A3{ILJI}

¥

}

+ PCJ

o

115
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133% PGXXX=FEX{IZJI}4PDJ
GO YO 1340

1330 PGXXX=PPMII (KS5) +PGXX L1 T,4JI)

1340 CONTINUE . '
PLDSS:!AllI,JIlOPGKKX.PGxKXI+tAZlI.JIIOPGXKKI+A3(I.JII
PLOPOIKSS ,JII=PLOSS = PLODSIILJI)
PGRXLIJKS)=PGXXX=PGXX{I,yJT)
IFI(PGXUIIKS) ,LEL,0.DO} GO TO 1400
PXFERIKS5S 4 JIV=PGXII K51 =PLOPOI(KSS 4JI)
PLPGX=PLOPOIKSS 4 JIN/PGX{L K5
PLPGM=1 ., 0D0=PLPGX
IF{(PLPGM.LE.D.DO) GO TO 1400
ROCO=1.0D0/PLPGM

RAMA{TKSI=RAMDA(T,K5)*ROCO -
1400 CONTINUE :
c
Y MINIMUM VALUE OUT OF THE NEW LAMDA'S =—==c-——ce—--
C
1410 MK=LINIL)
MI=1

RAMM=2000.000
DO 1430 I=1 NA
KT=LINICI} _
IF(K7.EQ.0! GO TO 1430
IJFIRAMM LT, RAMA(I,KTI) GO TO 1430
MK=KT?
MI=1
RAMMEZRAMA (I ,KT)
1430 CONTINUE
c
MS=ZLIMINMI)
¢ IF{RAMM . EQ.2000.000) GO TO 7000
IF[RAMM ,GE.RAMDA(JI,JSI} GC TC 1440
GO TU 1470
1440 IFIOEQ{JIN.GE.0.0DO) GO TQ 7000
FEEX=0,000
DD 1460, I=1,NA
IF(I.EG.JI) GD TQ 1460
"FEEX=FEEX+FEX{I,JI]
1460 CONTINUE ’
FEXDSFEEX+PMM{JI)
IF(FEXD.GELD{JI}) GC TO 7000
1470 CONTINUE
c .
Cmmm—= DLISPATCH wITH TRANS. LOSSFS ==e=wm—me—e=-
c
1500 PLOS(MI  JII=PLOS{MIJI)+PLOPO{(MS,4JT]
PGRXXIMI 4 JI)NSPOGXXIMI ZJII+PGXIMI MK}
1510 PPMIMIJMK)=PPM{MI MK)=PGX (MI,MK]
{(MIY=PCINMI}I+PGCXINMI MK
PCILJIVN=PC{JLY+PXFERIMS, JI
AFERIMS ,JI) =XFER(MS ,JI) =PXFERIMS4JTL]
TCLU{MILJIN=TCLIMI ,JI)=PXFERIMS,JI}
FEX(MI JIJ=FEX (ML, JIV+PXFERIMS,JI) J
AATIJKISAAT{JKI=PXFERI{MS,JI)
PEIMS)ISPE(MS)I+PGXIML 4MK)
DEPP=DEPP=PXFER(MS,JTI]
TCLUJEZMIN=TCLAMI 441}

FEX(JI4MII==FEX(MI,JT)
c
Ce==—= CHECK [F THE TOTAL DEMANDS ANE MET —=———=- fmm e —————————
c ,
7000 IF(DEPP.LE.1.0D-6) GU TQ 4297
IFIL.GF .NUT} GO TO 4297

L=L+1
GO TO 4187 '



L")
7100

0o 00O

[o]

O 0 o000

220
4297

5500

5810

DEPPEODEPP=PMO (L)

PPMIIL 4KSGI=PPMIIL,,KS5G)=PMOIL)
AMALIKNMLISAATIXKML)~PEILC)

GO T4Q 7000 '

CONTINUE

CONTINUE

WRITE(6,1234) TIFEXUT4J) 9J=343) 415143)

-

COMPOSITE TIE LINES ARE ALLOWED ?! =—e====—-——=wsmsoe=
: IF YES, SET NCT > 2.

-+
IFINCT.GE.2) GO TO 4298
LCONS2 :
NCON= 3

DO S810 I=iyNA
DO 5810 J=14NA-
TCTlI.Jl-ETT(I.Ji‘TLC([,Jl

DO 5830 IZ14NA

MCONZ=3

IFIDEQLI).GE.0.000) GO TO 5850
\DD 5840 J=1,4NA

S~ IFtJ.EQ.T) GO TO S840 .

5830

58 35
508040
5850

548473

5875

5855

5860

5870

5880
54,90

99

IF(FEX{TI,J) 4LTL0.000) GO TO 5835
IFIFEXIIo+J) eEQe0.000} GO TO 5840
MCONZ=1

LCON=1

DO 5830 K=J,NA

TCT (L k120,000

GO TO 5890

MCON=2

CONTINUE

CONTINUE

0O 5880 J=1,4NA

IFlJeEQ,I}Y GO TO 5880

IF(FEXtTI4J)eGT4C.0DC) GO TO 5855

IFIFEX{T J) «EQa0,000) GO 'TO 5880

IF(MCON.EQ.1} GO TO 5873 .

MCON=2

Go TO 5480

ILCOn=1

MCON=2

DO 5875 Kz=J,NA

TCTUIK,I1=0,0D0 -

GO TO 5890 : “

IF{MCONLEG.2) GO TO %860 ‘\

MCON=1 . .

GO TO 5880 -
MCON=1

LCON=1 ‘ .

kk22=J=-1 _
DD 5870 K=1, szz T

TCTIlKk,y1)=0. ODO

Go YO 5890 : =
CONTINUE

CONTINUE

IF(LCON.EQG.21 GO TO 4298

RE-START —=——s==————- -
IFIKKK,.GT.NA] GO TGO 42938

DEPP=DTOT

DD 89 K=1,NUTA
AAT (KIZAAAT(K)
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c
e

C

oo

DO 5500 K=1,NUTY

PEIX)1=0,000

DD %500 L=314,NA -
5500 XFER(K4I)=0,0D0

DO 5700 I=1,NA

PCIIN=0,000

DO 5700 J=314NA o /
CTCLIT 4 JI=TCTLI,J)
PLOS{IJ1=0.0D0
PGXX(I,J1=0,0D0
FEXILyJ)=0.0D0
5700 CONTINUE

DO 5705 I1I=1,NA
DO £70% K=14NGT
5708 PPN{IHI=PN{I,K]
KKK=KKK+1
GO TCO 3500

mmmw== CUMPUTE POWER GENERATION & FESERVES FOR HELP —=—=re===

4298 KKK=1

WRITE [6,12361 {UFEX(I4Jredm1431,1=21,31
1234 FORMATIIX 4 "EXCHANGES=",9F10.3)
MRITE (6 4,4231) (PELXI),I=1,9)
WRITE(B,4231F (PEULI} I=10,18)
WRITE (6 +4231) (PEA(I)I=19,27)
4231 FORMATU 3IX ¢ "TPSEGE" 43F6.242X,3F6e242%93FF.2)
394 CONTINUE
ANAL=NA+Y
NCCt11=0 '
DO 301 J=24NA1
Ji=J-1
301 NCCUlJI=nNCCLJ1) +NC LI
DO 303 K=1l,NA
NCFIKI=NCCIKY+1
NCLIKI=SNCFIKYI+#NCIK)=-1
PELIIKI=0,.0
NCFR=NCFIK]
NCLK=NCL (K}
DO 303 I=NCFK,NCLK
303 PEI{KI=PEIIK])+PE(TI
5§03 CONTINUE
DO 65095 I=14NA
QS(I)=PETI(T¥=-DI(TI}
PGLI) =PETI LI :
asstIr=asi{I}
605 CONTINUE
WRITELG 49731 (PELIILI) yI=14NAYy (PRILIF,I=1,NA}
KRITE (649751 (D(I),I=1,NA}4(QSITI),I=1,yNA)
373 FORMATI( /410X, "PELIII=",3F12.4,5X,3F12.4)
975 FORMAT(1O0X,'DLI} = ‘.3F11.h,51.‘05([I='.3F12.hl
COMPUTE BETA'S ————m - —————

DO 7550 I=1,NA

IF(0S(I).EQ.C.CD0) GO TO 7530
DD 7520 J=1i,.NA :
IF{I.EC.4) GO TO 7520
BETA(J, I}=DABSIFEX{I,J))/7DABS(QS{TI)]

7520 CONTINUE
60 TC 7550

7530 DD 7540 JS1,NA
IF(1.EQ.J) GO TO 7540
BETALJ, I}=C, 000

7540 CONTINUE

7550 CONTINUE
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c
PSOL{1) ZBETA{L1,2)
PSOLE2I=BETALL1,23)
PSOLEINI=BRETAL2,42)
PSOL L&) =BETA{Z2,1}
PSCGLISI=BETA(3,1)
PSOLIBGI=BETAL3,2)

c

WRITE(6,2651) (PSOLAIIIL),III=1,61"
2651 FORMATII1O0X,

1 BETALL,2) BETAL{L,3) BETA(2,43) BETA(2,41} L
2 ' BETAL3L1) BETAL3,2) Y /e 3X L YBETAS Y4,6F3.5)
c
F1=DEQ{11+PSOLI11sQSL2)+PSOLC21%QS5L3)
F2=DEQ(2)Y+PSOL(AY*QS{1)+PSOLL31eQSL3)
F3I=DEQA{FI+PSOLISI*QS{ 11 +PSOLLIGI*QS{2)
Fa=DEQ{1) '
F5=DEQ{2)
FE=DEQ( 3)
QTIL{1Y=F1
QTIL12)=F2 ’
QT ILI(3)=F3 )
wRITEL{G6,2671) F1,F2,F23 ' -
2671 FORMAT{/ 410X,%'0T1,0QT2,GT3= " L3IF11.5,43X1)
WRITE(G6,2681) Fa,F5,F&
2681 FORMATI(10X,"EQ1,EQ2,4,EQ23= P o3(F114543%) 471}
GO TO 995
c
408 DO 482 I=1,3
PGLII=PMM (T
QsStIt=PG(I}=-DII
GTIL{IN=CS5¢(I)
482 CONTINUE
WRITE (65,7791 (PGUI) gI=1,NA),{0(IV T=14NAYLIOS5(T),1I=1,4NA}
779 FORMATI/Z,10%X,"ALL NEGe. FESERVE"' /7,410X,
1 TPIIl MAXe ='",3F1l2.4,7/,10x,"'0(I1= VodF 12,447 410X,
2 fostis Y L3AF12.4) )
S4=05(11+CsS {21 +QS5(3)
0O 438 1=1,6 -
538 PSOLIINI=0.000
995 CALL COSTMIRAMDA,,PM,D,Q,PG,PR 3,9 NSEG4NGEN)
c CALL LAMDA(PR,PM, nnvoa 3 3, PG)
RETURN
END
c..._------- ——————— v e . S Y —— S M Gme e S - — e —————— —— -
SUBROUTINE POIS{LLLLL)
c-_-_ _____ i S R S R e e SN A S - a aie e i S S —— — e i i T —
IMPLICIT REAL®A(A=H,0=7}
RETURN
END
c

IMPLICIT REAL®8(A=H,0=21}

COMMON /7CCCTT/ SCOST,HCOST.PGCIS
DIMENSTON FAMDAINA,10) ,PMINAZNC])
DIMENSION PGS(3,31

ICON=1
DO 110 I=1,NA )
PLIN=PRII)
00 110 J=1,NC
110 PGS(I1,J)1=0.0D00
115 C€OST=0.0
DO 223 I=1,4NA
)

PGI=PILI



221

222

223

G4l
444

447

5he

600

u}

700

DO 223 JEl NC
TEMP=PG I

IF(TEMP.EQ.,0,0D0} GO YO 223

IFITEMPLT.PMIT, J¥) GO 7O 221

TEMP=PMI{I,J}

PGSI I’J'=PM(I'J'

GO YO 222

TEMP=PGI.
PGSIILJI=PGI
CCC=RAMDALI JYSTEMP
COST=COST+CCC
PGIZPGI=TEMSP

CONTINUE
IFIICON.EQ.2) GO TD 44
ICON=2

HCOST=COST

DD 441 T=1,NA

DQ 441 J=14NC
PGS(IsJ1=0,000

00 648 I=14NA
PLINI=PG(T}

GO TO 115

SCO0ST=COST

DO 555 I=ziagNaA
PGGLLI=PG(T)Y

DO 700 I=1.NA

1

23) SCOST4H
3313 FORMATI/Z,10x%x,%'CQs5T="
o/ OX439F10

DO 700 K=1,AC
K2=(K=1) /NS +1 ‘
PGC Ul 4K21TPGC T, n2) T+

g}
o
.2
—
-
Z
C X
m

wR1ITE (6432

PETULRN
END

2

PGSHET 4H )

IMPLICIT REAL®8 {A=H,0=~2)

N~ COMMON /0QGTT/ OTIL (3},FA

DIMENSION EQINA) ZET{NA,NA

DIMENSION 2{14,6} 4B{141,C

DATA E/L.0C0/

3,3),6513%,0
s TUINAGNAY JQUNAY
16Y,P50L(12)

IFIEGI1)1.GE .0 .0D00.8NDLEQI2).GEw
IF(NTC«GE.1} GO TO 670
A1=DABSI(EQ(1))/DABSIEQL2)}
B1=TLC(1,2)/CABSILEQ(2]))

FA(Lg21=DMINLILE 4P L, A
A2=DAYSIEQ{11)/DARBS(
B2=TLC (1,30 /DABSIEQI
FA{1,31=DMINLI(E,B2,4A
A3=DABSIEQ{2)1/DABSI
b3=TLC(2,3)/CABSI(EQL
FA{2931=0MINTI(E B3, A
A4=DASS{EGl2))/DABSH
Be=TLC12,11/7/0ABS(EQH
FA{2,11=DMIN1(E B4 ,A
AE=DABS(EQ(3})/0ABSI
A5=TLC{3,11/DARSI(EQL
FAII,1)=CMINI{E 4B5,4
AG=DABS{EQI(3))/DARBSI
B6e=TLC(3,2)/DABS(EQ
FA({3,2)=DMIN1(E,B6,A

RN N =T Mww MWl

120

T o
T

- R A S R A S S i

RT(3),TLCI(3,3)
,OSOLU14) ,RW(233) , LW (3T}

0+ 0D0CANDJEOI(3Y .GE 000} GO TO 217



670

309

339
215

217
273

210
558

283

caa?

g

121

N1=6
1=9
M2= 3
TA=ML +#M2+42
D0 305 Icl, A
DO 305 J=1,N1
AlI,J1=0.0
C1l1y=EQ(2)

- C1t2)=EQt 3y
C1(3¥Y=EQ(3}
Cii{s&)=EQi1}
Cl{B%I=EQl1)}
Cilér=EQli2)

DO 339° Igl,3

DO 339 in.a

ET(I,J)=1,00D0 :
A(L1,1)V==ET(1,2)%EQ{2)
Al1,2)=«ET(1,3)%EQ {3}
A(2,3)1==ET(2,31*EQ({3]
Al2y,a)z==ET{2,11%EQ (1)
A{3,5)1=—ET(3,1)*EQL(L)
A{3,6)1==ET(3,21*EQ(2)
Al 41)=1,0
A{S42)1=1,0,
AlBy3)1=1.0
AlT441=1,0
A{8,5)=1.0
AS ,61=1.0 -
A{1041)Y=EQ(2)*ET(1,2)
Al10,4)=FEuli1i*ET(1,2]1
A{11,21=EQ(3)%ET (1,31
A(11,51=EQl1)*ET(1,3)

. A(12,3)=EQL{31%ET(2,3)

T ALL2,6)=EQUZI*ET{(2,3])
BI1)I=EG (1]
B{21=€EQ{2}
Bl(3l=EQ(3) »
Blal=FAl1,2])
BIS)I=FA({1e3]) p
BlsY=Fai2,23)
BITISFAL2,1]
BIBI=FA{(3,1)
B(3V=FA{3,2) -
Bl101=0,0 _
B{111=0.0
B(121=0,0 e

1
2

CALL 2ZX3LP LA, TAyB,Cl,NLyM1,M2,S44PSOL,DSOL,RuyIl,ER]
GO TO 210

DO 273 I=1,46

PSOL{II=0,000

S4=0.000

WRITE{(S6,555} Sa&, (PSOLITI)I=1,6)
FORMAT{10X,*TOTAL DISPATCH '.FlO.S.I.lOX,

. BETA(1,2)} BETA(1,3) BETAL2, 31 BETA{Z2,1) Yy
¢ BETA(3,1) BETA({3,2) Y e/ s BXyE6F13.71)
F1=Eol1:+psoL¢1)-ET(1,2|-EQtza+P50L(2|-ET(1.3|-EQ(JI
FZ:EQ(2!+PSOL(41*ET!2.11‘EQ(11+PSUL(3I‘ET12.3)‘EQIBI
F3=EQ(33+P50L(5|¢ET(3,1)tEo(1|+P50L16)tert3,2|-EQ|2|
Fa=o(1|+psoL(1|'T(1,2)to|2)+PSOL(21nTt1,31-0(31
F5=0¢2|+P50L(41-r|2.1:*o(1:+PSOL|3|¢T(2,3itQ(3»
F5=Q¢3.+PsnL|5|tr(3.10-011|+PSDL(6l-r(3,2|-o|2|

QTIL(1)=F1

aTIL{2)=F2

QTIL{(3)=F3 -
WRITE{6,283) OTIL(1),QTILI(2),0TIL{3}
FORMAT{*0°,3X,'QTIL1,QTIL2 AND GTIL3=',3(F11.%,3x})
WRITE(6,287) F4,F5,F6
FORMAT('0',3Xx,'D1,02 AND D3=*,3{F11.5,3X}))

RETURN



Cowe

SUBROUTINE QQLPINAsQeEPSL,EPS2,EPS3I,,TCL}

c —— S S — A e e o T S Y ol i e U D M S A e iy g s S S S e e

100

1%0

" 200
300
400

500

6060

700

Aa00Q
300

1000

1500 -

2000

IMPLICIT REAL®B{A=H,0-2) -
DIMENSTION O{31,QQ13),QQ80t31,QLP(3)5TCLL3, 3}

DO 500 Iz=leNA

TCLT=0.,000

aQl{Ii=a(I)
IFIQII).LT«0.0D0) GO TO 150
DO 1006 J=1,NA

IFLJ.EQ.I) GO TO 100

IF{QtJ]) .GELQ.0D0) GO TO 100
TCLT=TCLT+TCL(JLI)

CONTINUE

IF{TCLT.GE.QII}} GO TO 500
QaalI)=TCLT -

GO TO 500

DO 400 J=14NA

IF(J.EQ.I} GO TO 400
IF{QUJ) .LE.0.0D01 GO TO 400
IF(Q{J) +GE-TCLIT,J1) GO TO 2¢O
TcIJd=atJ)

GO0 'TO 300

TCIJ=TCLII,J!
TCLT=TLCLT+TCIY

CONTINUE

qMOoD==-q (I

IFITCLT.GT.OMOD) GO TO 500"
QQ{It==TCLT

CONTINUE

QO5=0.00D0

DO EGCO0 I=1,NA
gga(It=qall)

QLPI(I)1=0.0D0

QQS=Qas5+0QtI)

IF{QGS.6GE.0.0D0) GO TO ivdc
DO 900 I=14.NA
GE «0.0C0Y GO TOQO 800

(I)e
IF(Qu(TI1.GE.QQS)Y GO TO 700
GoQ(I)=qQQlI)=QQs -
oLP(IY=QCS
GO TO 2000 .
cQai{l1=0,0D0
QLPIIN=qC{IY
gas=aas-00lI .
IFIO0QUS.GE.0.0DO) GO TO 2000

GO TC 900

QeatIrl=0Q(r} ’
QULPIII=0.00D0

CONTINUE

GQ TG 2000

0O 1=00 I=1,NA
ceuiIy=aualT)
GULP(I)I=0.0D0D
CONTINUE

EPS1==0LP {1}
EPS2==QLP (2]
EPS3z—ULFL3]}

D0 2200 1
gt Iy=qQcat

=1

1,NA
)

01 (UD(1) ,I=2143),0CH{T),1=1,3),0PS1,0PS52,EPE52
9F11.4} .
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S Gl s e N S g o S e

SUBROUTINE GENCC(IT)

o e e e v o e e e o e e T S L -

'€

100

300
400

5S¢0
11

22
33
44
S 5
66

T7

o
[=20- SV o]
o w

700

IMPLICIT REAL#®S8(A=H,0=2} . .
COMMON /GGGTY/ CAPP{3,3),GES(3,3)4,EGES{3,3)4FAILL(3,3)
COMMON /ZMMMML/ M1(12114M2{121),M3¢(12L) ,M&([121),M5(121
COMMON /NNNN2/ N1(121),N21121}F.N3{121) NS (121),N51121
COMMON /MMMM27 MT13121),M8 (123 ),4M30121) ,N70121) (NB(121
K=IT/2+1 ) . e
M
DO 100 I=1,3 \\x
DO 100 J=1,3 , TN
GESIILJIZEGES(IJ)’ ™
CONTINUE S
INDX=1 )
0O 600 I=1,23
DO 600 J=1,3
IFIGES{I.J) 4EC.0.0D0) GO TO %00 .
GO TO ‘1'2‘3.A.5’6"7'5'9)'INDX
IFINL(KI.LE.OY GO YO 400
GO YO 300
IFIN2(KYT.LEL.O} GO TO 400
GO TO 300
IF(N3({KI LELO) GO TO 400
GO TC 300
IF(N4{K).LE.O) GO TO 400
G0 TU 300 . .
IFINS(K)LLELO) GO TO 400
GO TO 300
IF(NGB(R}.LELQ) GO TO 400
GO TC 300
IFINT(K}LE.D) GO YO0 400
GO TO 300
IFI(NBI{KY ,LELO0) GO TO 400
GO0 TO 300
IFINI(K)LLELO) GO TO 400 -

GES{T,.Jt=0.0D0C
INDX=TINOX+1

GD TL 600

GO TO (11922+33484,55,66,77488,99),INDX
IF({M1{K}Y.LE.O) GO TG S80 ‘

GO TC 550
IF{M2 IK).LE.O)

GO Ta %80 .
GO YU 550

IF{M3(K}.LFL.0} GO TOU 580 .
GO TG 5%0

IF{(M4ai{K) ,LE.O) GO TO 580
GO TC 550

IF{MS IK),LELO) GO TO 580
GO To 5590

IF{MGE(K) ., LEL,O0) GO TO 580
GO TC 550 '
IF{M7 (K1 .LE.OQO) GO TO 580
GO YO 550

IF{MB(K).LE.O) GO TO 580
GO TOD §%0

IFIMS{KY.LELO) GO TO 580

GES{I,J1=1.00D0
INDX=INDX+1
CONTINUE

D0 700 I=1,3

DO 700 J=1423

EGES{I4J)=GES({I4L)} . -
CONTINUE

RETURN

END

-
-« »
Z2ZXTM
waHn v
-
[l Y
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C oo ot o o i o v e - - - -

SUBROUTINE POQSON

oo = - ———— 2

C
REAL® S CAPP,GESEGES+FAIL,REPALSEED (3,431, SEE2(3,3)4DSEE2,DSEED
COMMON FfGGGTT/ CAPPI3.31|6E5(3g3l,EGES(S 3',FAIL(3.3|.FEPA13.31
COMMON /JMWMMML1/ N1l121|.H2|1211,M3l121’.Mﬁ|121 5 (121 },M6(2121}
COMMOMN . FNNNNZ2 /S Nl(lZl).Nlele.N3(121l.N#llzl].N5l121l,N5(121|
COMMON /MkMM2 [/ MT(lle.MOllle.MQllZli,N7l121|.NBI121|.N9{121|
DIMELSION IRRR{121) ,IRRFI121}
DATA SEED/711.D00412.00,13.00421.00,222.00,323.D0, 31.D00432.00,4,33.007/
DATA SEE2/744,D0,45.00447. 00,5&-00.55.00.57 DO.?A D04 795,00, 77.00/
c .
C GENERATE POISON RAMDOM NUMBERS s=mewscecamacw-ee=
c
INDX=1 .
N121=121} *
c ‘ L)
DO %00 I=1,3
CO 300 Jd=1,3 B
FFSFAIL(TILJ)
RR=REPAII J}
DSEED=SEEDII, JIl
DSEE2=SEE2(T,4)
C
CALL GGPOS{FF ¢yDSEFL 4N221,IRRF LIER])
. CALL GGPUOSIRR,DSEFUN121,IRRR,IER)
C
GO TO (192¢3eboS5e6eTeded),INDX
C

CO 13 k=1,N121
MLIK)=IRRRIK])
N1(K)=IRRFI{K}
11 CONTINUE : -
GO YO 200 !

2 DO 272 K=14M121
M2 [K)I=TRRRIK)
N2I{KI=IRRF (K}

22 CONTINUE
GO TO 200

3 DO 33 K=1,M121)
M3IKR)ISIRRR(K]

. N3I(K)SIRRF K]
33 CONTINUE
Go L 200

4 DO 44 K=Z14,8121
Ma{KI=IRRR{K}
NG LK) =1RRF K

44 CONTINUE
GO TG 200

5 DO 5% K=142N121
MS (K)=SIRFRIK]
NS (K)SIRPF(K)

55 CONTINUE
GQ TG 200

6 DO 66 K=1,N121
M6 {K)=IRRRIK)
Nb(K)ZIRRF[K)

66- CONTINUE
G0 TC 200

7 DO 77 K=14,N121
MTIK)I=ZIRRARRIK]
NTI{KI=IRRF (K]

77 CONTINUE
G0 TO 200

8 DO 868 K=14n1
MBIK)=IRRRIK
NBIK)=IRRFIK

68 CONTINUE

[
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700

800
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GO YO 200

DO 89 K=1,4N121
M3 (K}=IRRR (K}

NS (K} =IRRFIKI

CONTINUE
INDX=INDX+1

CONTINUE
CONTINUE

1(L3.MZ(LI.M3(L[.Mb(LI.MSILl.NS(Ll.NTlLl.HB(LI,MQlL!

Z

1|LI.N2ILI.N3(LI.NﬁlL|.NEIL'.NB(LI.N?!L\.NB(LI.NS(LI
\\ N

IXgITY s YFL,L)

VE[A=Ga0)*S+AM

RETURN

END
SUBROUTINE RANDUII X, IY, YFL,IFLI -

IY=IX*655539 . g .

IFLIY) 5,6,6

IY=IY+214T7483647+1

YFL=TY .

YFL=YFL®,4656633F=9

IFL=YFL

RETURN

END

The IMSL Routines used in this program are as follows:

GGPOS, GGNML, GGUBS, MDNRIS, MERFI
1JERTST, UGETIO, ZX3LP, ZXOLP
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