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ABSTRACT

In analysis of generation reliability assessment 1Ln
vower systems, the effect of both forced outages, and uncer-
tainties in load forecasting must be taken into consider-
ation. In this paper, the analysis has been evolved from
loss-of-load and loss-cf-energy probability techniques.

The student-t-distribution method is used to calculate
the uncertainty of the forecast peak demand at specified
intervals of confidence. The effects of the numbers and the
forced outage rates of the generating units have been
studied.

INTRODUCTION

Power generation expansion planning starts with a
forecast of anticipated future load requirements, Estimates
of both the peak demand and the integrated energy
requirements are crucial to effective system planning.
Forecasting the future 1s usually based on what has occured
in the past, and time~series analysis 1s the technique of
making inferences about the future on the basis of what has
happened in the past,

A time-series technigque describes the time variations
of the variable under conslderation as caused by its
systematic and random behaviour. If the series has ’shown a
trend in its variations for a long period of time in the
past, it can be assumed that the trend will continue in the
future and this consistancy is the basis of the study of
forecasting.

The model obtained by using the time-series analysis
gives a load forecast which excludes the uncertainty of load
behaviour. The student-t-distribution method can then be
added to calculate this uncertainty at a specified period of
confidence limit,

The generation reliability 1s thus evaluated by load
forecasting obtained by using the modified model, and takes
into account the effects of: a) the number of generating
units and b) the forced outage rates of generating units.

1. TIME-SERIES ANALYSIS

An appropriate statistical tachnique for load forecas-
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ting is time-series analysis. This technique describes the
time variations of the variable under consideration as
caused by its systematic and random behaviour. If the series
has shown some trends in its variation for a long period of
time in the past, 1t can be asssumed that such trend will
continue in the future and that consistancy becomes the
basis of the study of forecasting. The trend can be
represented by a continuous function of time, and the
forecast is obtained by extrapolating this trend forward.
Accordingly, the model is in the form

YP{(t) = TR(t) * S * CI (1)
where, k
YP 1s th2 monthly peak lecad

TR the trend function :
8 the monthly index of k th. month (seasonal index)
tk the time igﬁerval

CI the cycl;a 1 and irrigular components

The selected trend function TR(t) is usually the
exponential function of the power demand, and 1s expressed
by TR(t) = exp(Bt) (2)
where, Bt reﬁiesents the estimated load forecast = Ye ny and
more detaifs for the calculations of the model parf%eters
are men;%bned in ref.[1,2,3,4].

T consider the uncertainties of load forecast, another
comp<nent is introduced which can be computed and added to
the estimated load forecast (Bt in egn. 2) to obtain more

_»ccurate values for the load forecast.
T This component expresses the effect of load
2 uncertainties and is computed by applying the student-t-dis-
tribution method,

2. STUDENT-T-DISTRIBUTION METHOD [4].

This statistical method is used to include the effect
of uncertainty in load forecasting. Its value can be
calculated by applying the following steps:

a) Calculation of "t" parameter.
This is given by

£ = v/ (8-2)/(1-¢2) ' (3)
comp

at (N-2) degree of freedom and some confidence interval,
where, A

r = coefficient of correlation

N
LX. Y.
: i i

i=1

N N
[ T X% .3 Y?]é
1=1

i=1 1
The calculated wvalue of "t" from egn.(3) 1s checked
against the tabulated "t" wvalues, to make sure that it is
greater than the corresponding tabulated value. If not, then
the original model (egn.l) must be changed.
b) Calculation of load variance "E"
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The total variance of the load function at a month X is
given by (3 ,
E = § (L + 1/N + ——— )7 (4)

VX EX2
the measured load value
number of intervals
the mean of the deviations squared for a sample of
points measured from the estimated regression line
N

il 1
&§ = [ 1/(N=2) I 24 LA K

where,

wn =2 x

yX

The confidence level a is defined as the probability
that the load will be egual or less than a specified value,
and from egns. 3&4, the component of load uncertainty effect
1s given by + t, E, with the +1ive sign for maximum load
forecast and the —lve sign for the minimum load forecast.
Hence, the load forecast is calculated by Yost * ty E
instead of YeSItR Then,

(t) = expl Yoot * ta E ] (5)
Substituting egn.{(5) into egn.{l), the modified model is
represented by

YPa” (L) = T%ui (t) * %lx (t) * CI (6)
where, Rai% min m%n
TRmaﬁ (t) = expl¥ _ + tg E]
m1

3. GENERATION RELIABILITY EVALUATION [5,6,7,8,9].

The generation reliability is evaluated for the
modified model given by egn.(6). This evaluation has been
made by calculation of two indices which depend on the
probability of outage capacity of i th. generating unit“PRi"

where, . (r) (n-1)
PR = . q (1-q) &
r! (n-r)!
g the probability of failure of forced outage rate

L

X rate of outage
n = no. of prabablilities for the loss-of-capacity.
These two indices are
1) Reliability load index (I )
This is given by L

I =1 - ELRI
where, L
ELRI = the expected load risk index
o
= E * T
i=1 p%_ t1 /
t. = the time during which outage capacity . will
1 cause a loss of load
T = the total time duration of the considered load

duration curve.
11} Reliability energy index (1)
This is given by ’
I. =1 - EERI

where, 2
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EERI = the expected energy risk index
n
E * PR / E
E =1 i | ol
k- = the energy curtialed due to capacity outage c,
i i

E = the expected annual energy requirement.

4. EXAMPLE

WITH REPRESENTATIVE VALUES

L}

The data used in this example is for a power system
similar toc the National Unified Power System of Egypt. In a
country such as Egypt, weathz=r does not influence the load
behaviour significantly, even 1in the future, since the
climate conditions are moderate and consistant in both the
summer and winter seasons.

The first step in the calculation procedure using the
time series technigue is to obtain the necessary historical
data. The monthly peak demand data observed in the time
period from Jan. 1979 is given in table (1), and taking

IS = periods / year = 12 months
N = number of months of historical data = 84 “
NT = number of months for which the peak
demand will be predicted = 360 vz
t = student's -t- distribution from the
statistical tables = 3
The computed value of the student-t-distribution tcomp is

equal to 112.8 and is greater than the tabulated value, con-
firming that the chosen exponent function is suitable for
the data under consideration.

The maximum, minimum, and the mean values of the
seasonal index with the standard deviation over the months
of the year are calculated and given in table (2).

Table (3) illustrates the calculated values of the
monthly peak load demand YP for the year 1973, where the
cyclical irrigular variatioen CI has always approached the
unity value, fig.(l). The values of the monthly peak load
demand for the rest of the period have been computed and
plotted as shown in fig.(2), together with the values of the
scalar trend TR. It is seen that the scalar trend curve
represents a smoothed function for the monthly peak load
demand curve. This gives credibility to the data given.

Applying the student-t-distribution method at different
values of confidence level n = 80 % and 99.95 %, the values
of predicted peak load YF nax & YBain are computed and given
in table (4), for the ypar 1981, where the peak load is
centered at Lhe middle of the intervals as shown in fig.(3),
The £ifth column in table {4) represents the values of the
predicted peak loads according to the estimated load values
in the data given in table (1) and using the time-series
technique. The columns of YP,x & YRnln indicate the values
of these predicted peak loads by using student-t-distrib-
ution method. The differences between the two cases seen are
due to adding the term +ta E to the estimated load values.
These predicted peak load values are computed for the months
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of the years 1986 & 1991 .,

The expected annual peak demand and annual minimum
demand in MW, together with the annual duration and the
assumed annual load factor, are given in table (5},

Table (6) includes the proposed generating units being
used in the present calculations. For the expected annual
peak load (EAPL) of 2610 MW in the beginniny of the year
1982, the proposed generating units are chosen as given in
table (7) as a case no, 1. Case no.2, is for EAPL value of
5000 MW for the year 1987, with the folloeing units added to
the original units in case no.l, to cover the load growth,.

no. of units type & rating forced outage %
1 N - 1300 11
1 C - 600 4
5 oil - 600 8
1 G.T.- 100 8

The case no.3, where EAPL = 9400 MW for the year 1992, the
added units to the used units in case no.2 are

1 N - 1300 11
1 N - 1000 9
2 C - 600 4
1 oil - 600 8
2 oil - 300 6
3 oil - 150 4
1 c.T.- S0 9
1 G.T.- 100 8

The expected energy risk index has been computed for
the three cases and plotted as shown in figs, 4,5&6, respec-
tively.

To study the effect of changing the number of
generating units at the same predicted peak load on the
reliability indices, the first case is taken into
consideration with new proposed generating units given in
table (8) instead of those given in table (7). The expected
energy risk indices for the two different proposed systems
are shown in fig.(7).

5. CONCLUSIONS.

It has been shown that the student-t-distribution
statistical technique can be used to compute more accurate
values for the predicted loads by modifying the model which
is obtained by the application of time-series technique.
This modification includes the effect of load uncertainty on
the scalar trend value. The modified model can be used to
calculate the generation reliability, taking into account
the effect of various combinations of generating units which
have different forced outage rates., The effect of these com-
binations on the generation reliability index has been
illustrated, It has an important role in this area of
investigation and future work will atudy the effect of
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ompromising the economy and reliability of the plant to
obtain the optimum combination of the generating units,
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Jan. Fab, Nar. ART, May Juwaa  July  Ang. 5ept. OQat. By, - TT- I

1973 a3o 815 850 B3 8aa 310 89G Baz 917 932 a8 962
1974 903 920 965 942 952 972 1005 992 1025 1019 1073 1027
1978 | 1040 1083 1100 1105 1083 1059 1085 1114 1129 1185 1212 1230
1976 | 1280 1236 1238 1255  126% 171 1290 1288 1274 1293 1307 1342
1977 | 135 1405 1378 1395 1420 1452 1AM 1A71 1512 1530 1559 1611
1978 | 1516 1685 1601 1625 1613 1632  16M4 1675 1682 1715 1750 1762

1979 | 1761 iBos 1817 1829 1B6c 1855 1870 1901 1925 1954 1972 1980

Table { 1 )

Month 5] max. 51 aln, 51 mean, 5t. Dwv,
January 1.0215 0.9523 0.9903 0.0228
Yebruary 1.058% 0.9785 1.0154 0.0275%
Harch 1.0257 0.9930 1.0083 [ 0.0126
april 1.0234 0.9911 1..0067 0.0132
Hay 1.00% 0.9786 0.9937 0.0104
June 1.0016 0.9535 ©.9877 0.0175
July 1.013) 0. 9524 0.9938 0.0178 I
August 0.9971 0.9754 0.9893 0.0078 - ;
Saptamber 1.0178 0.9765 0.9961 0.0168 '
October 1.023%h 0.9823 1.0031 0.015)
Kovembar 1.0332 0.9574 11,0039 0.0283
Decembar 1.0375 0.9803 1.01h4 0.0225 \

Tabie { 2 )
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CYCLICAL ond IRREGULAR VARIATION
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i { Forced-
Type of Unit Unit's Name Capacity in WY setARe Rirs
Hucleur ¥ 130 1300.0 0.11
¥uclear ¥ -1000 1000.0 0.09
o1l 0ll~ 150 150.0 0.04
oll o011~ 300 300.0 0.06
oil 011~ 600 600.0 0.08
Gus-turbine GT - 100 100,0 0.08
Coal c - 300 300.0 . Ok
Coal c - 600 600.0 Q.04
Comb, Turbine CT - 50 50.0 .09
Table (6)
Ho.of Uclts | Unit Rute in MW Forced cutags rate
#
% 1 i - 1000.0 ' 9%
i 1 c - 600.0 A £
‘ 3 0il - 300.0 6%
l’ 3 011 - 150.0 4 %
1 Y = 80.0 9%
/ 1 Gr - 100.0 8 g
Table (7)
¥o. of Units Unit Rate In M Torced outxge BRute
- : :
1 c - 600 0,04
1 0il - 600 0.08
4 0il - 300 Q.06
|
3 0il - 150 0.04
1 cr - 50 0.09
2 4T - 100 0.08
Table (8)
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