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Abstract: The performance evaluation of a power system @an The performance indicators are based on the asatyfsseveral

carried out through deterministic and probabilistipproaches.
Deterministic methods presents the basic limitatioh not
considering the essentially stochastic nature ofigrosystems
behavior mainly due to random equipment outages laad.
Therefore, the adequacy analysis of a power systeould be
performed by using stochastic methods such as piligie power
flow and composite generation/transmission religbil

The performance indicators are based on the asabfsteveral
possible system operating states, including contioina of
generator, transformer and line outages, load atains, etc. To
achieve a reasonable accuracy in estimating théapilistic
indices we may have to perform a great number ctesy
contingencies. Therefore, in the contingency aislysocess,
specially in dealing with heavily stressed systethere may be
situations where the Newton-Raphson algorithm doed
converge to a solution. These system solvabilipbfams may be
alleviated by calculating the minimum load sheddingrder to
bring solvability to an otherwise unsolvable poviiew. In the
considered approach, the process of computing themeim load
shedding is carried out by an OPF solved by a tlirgerior point
(IP) method based on the primal-dual logarithmibaalgorithm.

This paper describes the adopted approach
probabilistic indicators of power system performandy
combining the nonlinear OPF solved by the IP atbariand the
Monte Carlo simulation method. Applications to a Qs
network derived from the Brazilian South/Southeasit@é West
system are presented and discussed.

Keywords: probabilistic analysis, reliability evaluation, topal
power flow, interior point methods.

INTRODUCTION

The need for more efficiency in power production aelivery has
led to the restructuring of the power sector inesal countries.
Although the new frameworks are deeply relatedh® ¢ountry
characteristics, some common features have beehasimpd such
as industry deverticalization, introduction of catifion on
energy production and trading, and mandatory actesshe
transmission network [1-4]. In this context, a cemcthat has
been always raised is associated with the impacthef new
regulatory structure on the system performancedeve

The performance evaluation of a power system cacabéged out
through deterministic and probabilistic approach2sterministic

methods present the basic limitation of not conside the

essentially stochastic nature of power systemsvi@hmainly due

to random equipment outages and load. Therefoeeatlequacy
analysis of a power system should be performed bingu
stochastic methods such as probabilistic power #ad composite
generation/transmission reliability.

to asdcul

possible system operating states, including contioina of
generator, transformer and line outages, load Uhtains, etc.
They can be expressed in terms of probability ihistions of
selected variables (e.g, power flows, bus voltagesea
interchanges, etc.) or through their mean values.

To achieve a reasonable accuracy in estimatingptbbabilistic
indices we may have to perform a great number ctesy
contingencies. Therefore, in the contingency aiglysocess,
specially in dealing with heavily stressed systethsye may be
situations where the Newton-Raphson algorithm doed n
converge to a solution, for a given set of actind seactive power
loads. This may occur due to poor starting poititspnditioning

problems or because the power flow equations hawereal

solution.

nIn our approach, system solvability problems adevaited by
calculating the minimum load shedding in order tandp
solvability to an otherwise unsolvable power fldw.the process
of computing the minimum load shedding, an OPFolsexl by a
direct interior point (IP) method based on the pfhtual
logarithm barrier algorithm [23].

In the application of interior point methods to OR#o basic
strategies are generally reported in the literat@itee first one is
based on a load flow-optimization scheme wherdntegior point
algorithm is applied to the resulting linear or drsdic
programming problem obtained from the linearizatioh the
power flow equations at the solution of the loaolwflalgorithm
[26-27]. The second strategy, calldnlect interior pointmethod,
consists in applying the interior point method tee toriginal
nonlinear programming problem which is the OPF [2Bhis
second strategy, which will be adopted here, isenaatequate for
our purpose because it does not depend on the igamee of any
load flow algorithm - in its iterative scheme thewer flow
equations are only required to be attained at titenal solution.
Also, numerical experiences have shown that dirgetior point
methods are very effective in dealing with largealscill-
conditioned and voltage problem networks [14,23].

Also, in this OPF formulation is possible to defime set of
objective functions which are tremendously impom &
competitive environment, such as:

¢ minimum load shedding;

. minimum active generation costs;

¢ minimum reactive power injection;

e maximum active power injection;

¢« maximum simultaneous transfer capability (bus ts, s to
area, area to bus, area to area);

. maximum wheeling transaction;

¢ maximum system loadability.
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All these objective functions can be used insidprababilistic
framework, using both successive enumeration or tMddarlo
simulation. In this case, each selected contingén@nalyzed by
the IP OPF using the selected objective functioa. ifiprove
computational efficiency, variance reduction teclugis can be
used in the Monte Carlo simulation scheme.

Finally, sensitivities of the probabilistic indicas with respect to
system reinforcement as well as with respect tapegent failure
parameters can also be obtained.

All these features were incorporated in a compaonati program,
which was developed by CEPEL in close cooperatioth \he
Brazilian utilities through the Multi-Utility Reliabty Working
Group (SGC/GCPS). It has been the official progranthef 10-
year Transmission Planning Working Groups (GTPD/GCPS

This paper describes the adopted approach
probabilistic indicators of power system performandy
combining the nonlinear OPF solved by the IP atpariand the
Monte Carlo simulation method. Applications of thmpeoach to a
1600-bus network derived from the
South/Southeast/Central West system Brazilian systemalso
presented and discussed.

OUTLINE OF THE INTERIOR POINT OPF

To achieve a reasonable accuracy in estimatingotbbabilistic
indices we may have to perform a great number stegy states,
including combination of generator and circuit @#s, and load
uncertainty. Therefore, in the contingency analypiocess,
specially in dealing with heavily stressed systethsre may be

to a#dcul

Brazilian

(1.3) bounds on variables. For instance, each coemoof 0
should be greater or equal to zero and less orl ¢guane. Note
that if for a given vector of active/reactive loatls power flow is
solvable, in the optimal solution of problem @)= 0,i=1, ... N.
All control variables may be fixed in the optimimat but if
control optimization is allowed the correspondiragiables should
be within bounds. Problem (1) neglects voltage thnfor load
buses, circuit flow limits or any other operatiranstraint.

Solution Algorithm

Letting z=@, X, y), problem (1) can be stated in a more génera
form as:

Min 0(2) (2
s.t.
h(z) =0 (2.1)
asz<b (2.2)
where:
9(2) =P';
h(z) = 0 represents constraints (1.1), (1.2) obfm (1);
g(z) =P@in(1).

The general problem (2) will be solved by an irdepoint method
based on the primal-dual logarithm barrier algaonitf23]. In the

situations where the Newton-Raphson algorithm doed napplication of interior point methods to OPF twesibastrategies

converge to a solution, for a given set of actind eeactive power
loads. This may occur due to poor starting poititspnditioning
problems or because the power flow equations hawereal
solution.

Mathematical Formulation

In the adopted approach, system solvability probleare
alleviated by calculating the minimum load sheddingorder to
bring solvability to an otherwise unsolvable poviiew. In the
process of computing the minimum load shedding,ORF is
solved by a direct interior point (IP) method. Timathematical
formulation of the minimum load shedding problem is

Min P9 (1)

s.t.
(18)P-P(x)=0,i=1, .., N (1.1)
(1-6)Q;-Qx =0,i=1, ..,N (1.2)

a< (@, x)<b (1.3)

where:

P, Q are active and reactive loads at bus i, i =1IN;..,

N is the number of buses;

0 is a vector which represents the fraction of lcadailed
in each bus;

P is the vector of active power loads;

X is a vector which represents the power flow acanéand

state variables.

In problem (1), equations (1.1), (1.2) represerd #ctive and
reactive power flow balance equations at bus il =, N, and

are generally reported in the literature. The finse is based on a
load flow-optimization scheme where the interioirnpalgorithm
is applied to the resulting linear or quadratic gresnming
problem obtained from the linearization of the powow
equations at the solution of the load flow algaritf26-27]. The
second strategy, calledirect interior point method, consists in
applying the interior point method to the originabnlinear
programming problem which is the OPF [23]. This cs&t
strategy, which will be adopted here, is more adegdor our
purpose because it does not depend on the coneerggnany
load flow algorithm - in its iterative scheme thewer flow
equations are only required to be attained at fitenal solution.
Also, numerical experiences have shown that dirgetior point
methods are very effective in dealing with largealscill-
conditioned and voltage problem networks [14,23].

The first step in the application of the primal-ta#gorithm to
problem (2) is to incorporate constraints (2.2)atdogarithmic
barrier function:

Min {g(z)—uz_log(z,- - §)-HZlog(h - ;)} ®)
] J

s.t.

h(z)=0 (3.1)

wherep is the barrier parameter.

The basic idea of the algorithm is to solve apprmtely problem
(3) for each value oft and forcep go to zero; at the limit, the
optimal solution of problem (2) is obtained. Focleavalue ofu
one iteration of the Newton-Raphson algorithm ipli@gl to the
nonlinear system of equations derived from the roality
conditions of problem (3). A crucial point in theethod is the
control of the primal and dual variables in itgative process.



In the next sections we will describe the use & thterior Point
based OPF in reliability e simultaneous transfepabdity
analysis.

RELIABILITY ASSESMENT

As we have seen, after a contingency occurrenceysim can
present solvability problems. However, after rasgrsystem
solvability, it may remain some operating constiiniolations
such as bus voltage deviations and circuit ovedo#u this case,
the adequacy analysis of each selected systemcstatbe carried
out in two steps. In the first, the previous OPffolation is used
to compute the minimum load shedding to restoretesys
solvability, neglecting operational constraintstsas bus voltage
levels and circuit power flows. In the second athe, additional
minimum load curtailment to alleviate any operatitigit
violations is calculated also using the IP alganithand related
reliability indices are evaluated. Observe thas #ppproach can be
used in both enumeration and Monte Carlo simulatiethods.

Calculation of the Minimum Load Shedding
Due to Operational Constraints

The minimum additional load shedding to restore tesys
feasibility is a standard OPF problem and can &tedtas:

Min P29 4)
S.t.
(1-6)P*-R(® =0, i=1 ..N (4.1)
1-6)Q"-Qi(0=0i=1 ..N 4.2)
f(x)<0 (4.3)
a< (8, x)<b (4.4)
where:

Pia, Qla are active and reactive remaining loads (at thémap
solution of problem (1)) atbusi,i=1, ..., N;

f(x)

represents functional constraints (line fliimits or any
other operating constraints);

In addition to the constraints in (1), problem {@es into account
voltage limits for all load buses, line flow limiend any other
operating constraints.

Conceptual Definition of Reliability Indices

The evaluation of probabilistic indices is equiviléo calculating
the expected value of a given test function [28]:

E(F)= 2. F(¥PX

xOX

®

where:

X vector representing theystem stateeach component ix
represents the state of a system element (e.grajers
circuits or loads);

circuits and loads belongs to the unsolvable, sifda or
feasible regions.

As we will see in the next sections, different thsictions will
result in different indices.

Voltage Collapse Reliability Indices

As stated before, voltage collapse problems arsetjorelated

with system solvability [17-22]. Thus, we can defia set of

probabilistic indices associated with solvabilityalysis. The first

one is theprobability of unsolvable cas€®UC), related to those
contingencies where theaditional load flow algorithm does not
converge. For those cases, the test fundgiph in (5) is equal to

one; otherwise it is equal to zero.

Using the IP model, a subset of these continger@Esssolvability
restored without load shedding, whereas for theroslubset load
curtailment is needed. Therefore we can defineetbtber indices,
the probability of load curtailment to restore solvahjl(PLCRS),
the frequency of load curtailment to restore solvapifFLCRS)
and theexpected load curtailment to restore solvabi(isLCRS).
For the PLCRS index, the test functi®(x) is equal to one for
those cases where there is load curtailment; otherw(x) is
equal to zero. In turn, for the FLCRS and ELCRS indiEés) is
respectively the incremental transition rate [289§ dhe amount of
load curtailed to restore solvability associatedhwthe statex.
Observe that the difference between the PUC and PLiGR&s
gives a measure of the effectiveness of the IP dtation in
restoring system solvability retaining total loat;luding possible
control actions.

Additionally, we can compute the probability dibtrtion of such
load shedding, from which we can estimate, for gdamthe
probability of having a load curtailment greater egual to a
specific value.

Adequacy Reliability Indices

The primary objective of an adequacy analysis iguantify, after
a contingency occurrence, thetal amount of load shedding
required to move a system state from an unsolvablafeasible
region to a feasible region. In this sense, a ldiig evaluation
program usually produces the following basic indide loss of
load probability (LOLP), the expected power (or rgy$ not
supplied (EPNS) and the loss of load frequency (EPLThe
LOLP index corresponds to the expected value ofnalicator
function F(x), whereF(x) = 1 if x is afailure state(i.e. if there is
load curtailment due to solvability problems, islarg or
operating violations in that state); otherwigé) = 0 [28]. In turn,
for the LOLF and EPNS indicesk(x) is respectively the
incremental transition rate and the total loadailment associated
with the statex.

Observe that this total amount of load sheddinglmoriginated
by islanding, voltage collapse and operational trairg problems.
Therefore we can additionally calculate thexpected load
curtailment due to islanding problenfELCIP) and theexpected
load curtailment due to operational constrain(ELCOC). In
other words, the EPNS (or EENS) index can be ezprkas:

EPNS = ELCIP + ELCRS + ELCOC (6)

The system problems probability (SPP), the loss ladd
expectation (LOLE) and the expected energy not lsghpEENS)
can be directly obtained from the previous expmssi

X  state spacei.e. the set of all possible statesrising from
combinations of component states;
P(X) probabmty of State(; Basic Re“ablllty Algorlthm
F(X) test functionits objective is to verify whether the operatingThe proposed algorithm will provide the calculatisrannualized

point resulting from that specific configurationggnerators,

indices, i.e., conditioned to each loscEenariq or annual indices,
i.e., integrated over the load scenarios. Oseenario is



characterized by the base system configurationludimtg the

following elements: system topology, equipments &adl level.

Associated to each scenario, there is a set ofrgéoe dispatches
which, together with the voltage profile, defineset ofoperating

points Note that, in contrast to thermal-dominated systein

which the operating point is associated to the enoa fuel

dispatch, there may be several hourly dispatches ihydro-
dominated system. Therefore, system base casewhich

corresponds to an adjusted power flow solution, ukhobe

associated with each scenario.

The basic algorithm of the proposed model is coragosf the
following steps:

budget, set up additional samplings for the scesatcording
to a sampling plan, calculated by the model, antbggiep (2).

In step 6, the IP formulation allows to observe ithpact of each
control optimization in system solvability. Howeyewvhen all

controls except the load curtailment are fixed,caa identify the
false indications of unsolvable load flow casesisTdtcurs when
using the IP model, a contingency has solvabibistaredwithout

load curtailment, meaning that the power flow ddese a
solution, but the traditional load flow algorithmas not able to
find it due to ill-conditioning in the Jacobian mat

Application to the BSSW System

The main features of the proposed approach willlbstrated in

1. Set up the scenarios and associated base ¢asesystem : ) ) ; o

configurations and load levels. case studies with a configuration of the Brazilian
South/Southeast/Central West (BSSW) system, planored996.

2. Select one scenario (and base case), by eitheessive This a 1629-bus, 2597-circuit, 297-generator systenith an
enumeration or stratified sampling. installed capacity is 46,268 MW for a peak load4f202 MW.

3. Select a system state, i.e., define equipmeailadbility. The The composite reliability indices, including voleagcollapse
selection is carried out either by successive enatiod of problems, were estimated through non-sequential t&dDarlo
system states, based on their severity/likelihasd)yy Monte simulation, taking into account generation and graission
Carlo sampling of equipment availability from thedspective outages, and load uncertainty. In each study, i whaosen a
probability distributions. sample size so as to obtain a coefficient of vianafi28] of 4% for

4. Implement the set of changes and adjustmentsiassd with it::teo E(I:ECI\cl)inltndex. Also, the generator reactive limitsre taken
the selected contingency, including: network repmhtion '

(switching); identification of electric disconnemti in the .

transmission network (islanding); adjustment folarisling, Peak Load Analysis

i.e., definition of new slack buses, removal oflased buses, |nitially, it was carried out a composite reliabjliassessment for
generation/demand balance per island; automatiergéon the peak load condition, without taking into accobupad
control; and load shedding due to insufficiencygeheration. uncertainties, i.e., only generator and circuit ages were
Update the estimate of the ELCIP index. considered. It was used a sample size of 5,000nzt#Ens. In the

5. Run atraditional Newton-Raphson AC power flow for the solva_bility phase of the algorithm (s_tep 6), aé ttontr_ols in t_he P
selected state. If the algorithm converges to at&wl, go to algonthm_, except the_ _Ioad shedding, were constiiae fixed,
step (7); otherwise, update the PUC index estimatiegn to whereas in t_he feasibility phage (step 8), all caatwere allowed
step (6). to _be_ _opt_lml_zed. The _annuallzed adequacy an_d wltzgllapse

reliability indices for this system are presentadrable 1, for the

6. Apply the described IP algorithm to restore abliity, using no uncertaintycolumn.
the base case condition as the starting operatig.df the
system solvability is restoreghly with load shedding, update Table 1 - Peak Load Case Study
the estimates of the PLCRS, FLCRS and ELCRS indices. Index No Uncertainty | Uncertainty

7. Check the feasibility of the selected state, verify operating SPP (%) 44.60 45.4
limit vnolapons., in the system, such as c!rpun dclzad.s and bus PUC (%) 112 164
voltage violations, based on pre-specified critehiacase of
violations go to step (8); otherwise go to step (9) LOLP (%) 26.30 26.50

8. Apply again the described IP algorithm to achievfeasible PLCRS () 0.9 1.20
operating point by including the system operational|LOLF (occ./year) 143.8 146.6
constraints. If necessary take control actions suh FLCRS (occ./year) 38.5 45.3
genergtion rescheduling, bus voltage cqrrectionﬁc Ltap EENS (GWh/year) 70.74 76.42
changing and, as a last resort, load curtailmentcuGde the
load curtailment due to operational constraints apdate the ~ |-E=CIP (GWhiyear) 59.73 60.09
ELCOC estimate. ELCRS (GWhlyear) 1.75 6.74

9. Update the estimates of scenario adequacy iléjaindices, ELCOC (GWhiyean) 2.26 2.00

such as LOLP, EPNS and F&D, based on tbml load
curtailment performed (computed in steps 4, 6 andf&he
accuracy of all estimates is acceptable or thespesified
sample size is reached (Monte Carlo option) or the- p
specified set of contingencies is exhausted (enatioer
option), go to the next step; otherwise, go to $83p

10 If the set of scenarios is not exhausted, gostap (2);
otherwise, if the enumeration approach was selesteg; if
the Monte Carlo approach was selected, go to step (1

11. Compute estimates and verify the accuracy of animdites;
if acceptable, stop; otherwise, if allowed by thempling

From this Table, we see that the impact of the Pd€ RLCRS

indices in the SPP and LOLP indices were relatiVely. This is

due to the representation of radial subtransmisseworks in the
BSSW system. In this way, the major impact in thegagcy
indices comes from islanding problems, contribufimgmore than
85% of the SPP and LOLP indices. On the other hdmedyoltage
collapse frequency index (FLCRS) represents 27%ephtlequacy
frequency of failures (LOLF).

Now comparing the expected amount of load curtaibsiewe see
that the islanding is still the major contributi(8%%), followed by
operational constraints (13%) and voltage colldf%6) problems.



Comparing the SPP and LOLP indices we can see tmat t

effectiveness of the remedial actions was 41%imdhse.

As in this study the solvability problems were gutied without
control optimization, we can identify the false irations of
voltage collapse problems, by comparing the PUC Rh@RS
indices. From the initial probability of 1.12% obmconvergent
load flow cases, only in 0.98% of the cases loatadment was
required to restore system solvability. Therefane0.14% of the
cases, the power flow equations did have a solutimrt the
traditional load flow algorithm was not able todiit due to ill-
conditioning in the Jacobian matrix. On the othandh with the
employment of a robust optimization method, aslEhalgorithm
with its augmented matrix, these false unsolvapilitdications
were cleaned up.

This case study was carried out on a Digital Al@eaver 1000
Workstation. The execution times were 37 minutesnthis total
time, 54% was spent in 760 contingencies solvedthsy IP
algorithm. The average execution time per IP sofutivas 1.65
seconds.

The Effects of Load Uncertainty

The probabilistic indices were also calculated @ering an
uncertainty of 1.5%, normally distributed aroune timean value
of the system peak load. Again, a sample size @® system
states was used, arising from combinations of geaeand circuit
outages and load uncertainty. In the solvabilitageh the only
control action allowed to the IP algorithm was thead
curtailment. The results are also listed in Table fdr the
uncertaintycolumn.

As we could expect, with the introduction of loadcartainties,
the reliability indices have increased. Howeveg ttariation on
the adequacy indices was provoked by increasinth@fvoltage
collapse related indices. Hence, the growth ofSR®, LOLP and

Cumulative Probability
1
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Figure 1 - Probability Distribution of Load Curtailments

MAXIMUM SIMULTANEOUS
TRANSFER CAPABILITY ASSESSMENT

Again, due to possibility of solvability and opéaaial constraints
problems in the contingency analysis process, @ &sessment
is carried out in two steps, for each selectedesysitate. The first
step is related with the alleviation of the potehtbperational
violations in order to achieve a feasible operaagnt. Further,
the STC is maximized starting from the feasible apieg point
obtained in the previous step. In both cases, thectdinterior
point OPF is used. Figure 2 illustrates the adoptededure.

Calculation of Maximum STC

The simultaneous transfer capability problem cdssisn
maximizing the net active power transfer from aegiset of areas
in the network to other areas. The problem carobadlated as:

LOLF indices were less than 2% while of the PUC, PLGRE Max z P )
FLCRS ranged from 18% to 46%. Comparing the PUC and (i.j)ba
PLCRS indices in each study, we see that the nunilzeses with s.t.
S ; o

gaISSSe%:ndlcatlons of voltage collapses increaseiinfr0.14% to PL-P(xX)=0,i=1, ..,N (7.1)

) ) QL -Qx)=0,i=1, ..,N (7.2)
The greatest change is related to the ELCRS indexchwh
increased almost 4 times, from 1.75 to 6.74 GWhiy€his bulk f(x)<0 (7.3)
sensitivity to load variations may indicate thageréh are areas in a<x <b (7.4)
this system operating near to their loadabilityitémThe proposed
algorithm can also identify these critical areas. where:
As we have seen, the BSSW system is islanding preble p. q. are active and reactive loads at bus i, i =1,N..and

dominated. However it is interesting to further etve the severity
of the load shedding when it occurs. With this otije, Figure 1
shows the probability distribution of the load @irhent in MW

due to islanding, voltage collapse and operatior@hstraints

problems,conditionedto those cases where load shedding WaBij

implemented. From this Figure, we note that, cctitng with the

unconditional case, the conditioned ELCIP indexadanger the
largest one, because the range of load curtailmaoies due to
islanding is comparatively tight. Conversely, theoamt of load

curtailments associated to collapse problems témd® spreaded
and quite larger than the other two failure modés a

consequence, its conditioned mean value is theedargne.

However, because of their probability of occurreixceelatively

low, the unconditioned ELCRS is the smallest.

constraints (7.1), (7.2) represent active and ieact
power balance in each bus;

is the number of buses;
is the vector of active power flow in circuifj)i

X is a vector which represents the power flow marand
state variables;
is the set of tie lines connecting the areas fudrith net
active power transfer is to be maximized to othrers;
f(x) represents functional constraints (line fltimits or any

other operating constraints).

When formulating problem above we assume that tiseat least
one operating point with no constraint violationslave do not
allow any load shedding in order to maximize actpewer
transfer.
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Figure 2 - Proposed Approach

Probabilistic Maximum STC Approach

The feasibility and STC steps described previousking the
proposed Interior Points algorithm, can be recetgiapplied for
each sampled contingency, to calculate the associaaximum
STC. Therefore it can be defined a probabilistic eindthe
expected simultaneous transfer capabilifESTC), which
corresponds the average STC over the system s@lezmly, for
the ESTC index, the test functiéifx) is equal to maximum STC

generating units plus 2597 circuits) it is only gibfe to obtain
accurate estimates through this simulation tecteiqu

The probabilistic evaluation of MSTC from Furnas ppeak load
conditions was achieved considering an uncertaioty 2%
normally distributed around peak value. It was usesample size
of 1,000 observations, and the expected MSTC fronmd&area
was 7171 MW with an uncertainfy = 0.21 %. Table 3 presents
the minimum, maximum and mean of resulting intengjes with
neighbor areas from probabilistic assessment of ®MSfom
Furnas.

Table 3 - Interchanges on Probabilistic MSTC from Furnas

From Furnas to Interchanges (MW)

other Areas Min. Mean Max.
Itaipu -10,008 -9212 -5745
Central 1095 1264 1572
Minas 595 2612 3035

Rio 4079 4485 4821

Sao Paulo 2651 5631 7821
South -1105 1201 1667

Table 4 provides the basic statistics calculatedpi@babilistic
MSTC study. Figure 3 shows the probability distribot
(cumulative and individual) of MSTC using the propds

associated with the stateMoreover, it is possible to calculate theoptimization model. The resulting information fropmobability

complete probability distribution of random variebl such as
STC, transmission margins, etc. This informationmgportant to
estimate the probability of having a STC greaterequal to a
specific value. Also, as noted before in the optismdution of the
IP optimization model the dual variables providepartant
sensitivity information for planning and operatiqourposes.
Again, we can compute expected values of thesahas from the
several analyzed system states.

Application to the BSSW System

The proposed approach was also applied to the Brazil
South/Southeast (BSSW) system, planned for 1996leTab
summarizes basic information for each system area.

Table 2 - Basic Information of BSSW System

System Peak Load Installed
Areas Allocation Capacity
(MW) (MW)
Furnas 52 7989
Itaipu - 12,600
Central 1771 711
Minas 4525 5206
Rio 5225 1017
Sao Paulo 13,944 11,392
South 6401 7884
Total 31,920 46,799

Probabilistic MSTC from Furnas for Peak Load

The aim of probabilistic MSTC evaluation was to restie the net
export interchange from Furnas area, considerin@ws system
operating points, imposed by generator and cirouiages as well
as load uncertainties. The estimates and distdbstirelated to
MSTC can be fairly computed through the Monte Cairfwutation

scheme. Moreover, due to the number of system coerge (297

distribution provides a general framework for proitiatic
analysis of MSTC.

Table 4 - Basic Statistics of MSTC Distribution

Index Value (MW)
Mean 7171
Median 7276
Mode 7143

Standard Deviation 472

Minimum 3196
Maximum 7728
Lower Quartile 7042
Upper Quartile 7440

probability cumulative probability

0.12

01T
0.08 T
0.06 T
0.04 T
0.02 T

—— 1 1 I
T

O : T
3196 5119 5897 6355 6721 7087 7453
MSTC (MW)

Figure 3 - Probability Distribution of MSTC from Furnas

CONCLUSIONS



This paper described an approach to calculate pilidiec
indicators of power system performance by combinting non
linear OPF solved by the IP algorithm and the Mof&rlo
simulation method.

The system solvability problems, associated to abetingency
analysis process, were alleviated by calculatirmgrttnimum load
shedding in order to bring solvability to an othiesvunsolvable
power flow. In the considered approach, the prooés®omputing
the minimum load shedding was carried out by an €fed by a
direct interior point (IP) method based on the pifhtual
logarithm barrier algorithm.

In this OPF formulation is possible to define a sttbjective
functions which are tremendously import in a contpet
environment, such as: minimum load shedding, mininactive
generation costs, minimum reactive power injectiol@ximum
active power injection; maximum simultaneous transapability
(bus to bus, bus to area, area to bus, area t9, aneimum
wheeling transaction, maximum system loadabilitg, &ll these
objective functions can be used inside a probaigilfsamework,
using both successive enumeration or Monte Carlalsiion.

Applications to a 1600-bus network derived from Beazilian
South/Southeast/Central West system Brazilian systeene
presented and discussed.
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