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Abstract;

The importance of this paper is to evaluate the reliability of the unified power systemn arising from
iecessity of the recognaition of the newwork problems, the availability of the generating units and the
and frequency variation linits in case of network accidents and the failure rates of the power planis
components as a step towards the collection of this data.

The probability nf forced outage of the different generating units and the spinning reserve of the
unifled power syseem are calculated by three methods: the binomial distribution method, the poisson method
and monte carlo method which are usually used to detemine both short and long erm operating reserve
requirement.

For computing the forced outage rate of the different generating stations, the statistical das of the
different units has been used. Computer programs were designed compiled and applied.

0% of the forced outage events of the steam units are due 10 boiler problems, the average outage
hours due 1o botler problems is in general higher than those of the other sysiem problems gxcept the wrbine
problems which are egual.

The condenser problems causes 15.5% of the wtal forced outage events of the seam units which
requires further study of the boiler and condenser problems in order 0 redece the number ol outage events
and the average ourage hours. The unified power sysiem problems ccuses 8.7% of the toral owage events
of the steain units and 1 1% of the total forced outage events of the gas trbing units.
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1. Introduction:

In this paper, the probability of forced outage of the different generating units and the spinning
reserve of the Egyptian unified power system [1-3] was calculated by three methods: the binomial
disuribution method. the puisson method and the monte carlo method. These methods are usually used o
determine both short an long term operating reserve requirement. For computing the forced outage rate of
the different generating stations, the statistical data of the different units has been used. Computer programs
were designed, compiled and applied.

2. Spinning Reserve Requirements:

Arall times it is required that a power system operates a number of generating units whose capacity
exceeds the actual demand to fuifil both the short and long term reserve requirements.

2.1 Short term reserve:

The short term reserve or the operating reserve may be defined as that reserve above system load
required for regulation within the hour to cover the minute 1o minute variations, the load forecast error and
the unscheduled loss of generating units.

2.2 Long term reserve:

Long term reserve is the static reserve required to secure a predetermined reliability level [4-3] which
will be hopefully satisfied in the long period. A basic difference exists between the generatng units
probabilistic statistical data used in a static reserve study and thar used in an operating reserve swudy. In case
of a static reserve study, the basic statistics required are the generating units forced outage rate. In case of
an operating reserve study, the basic statistics required are the probability that a generating unit will be
removed Irom service due to a forced outage and will not be replaced by another usit.

In the static reserve stmdy, the available generating capacity under normal conditions is the entire
sysiem installed capacity. In the operating reserve study, the assumption used is that. there s an excess
installed capacity in the system such that if a unit is forced out of service it is only a matter of
replace jt by another unit o meet the load requirement. In this paper static and operaung reserve
requirements are discussed and evaluated.

3. Binomial Distribution Method:
Consider the forced outage rate (P) for each unit of a system of (n) unics of equal size. The
probability {q) that an outage does not occur will be:
q= (- P
if the probability of one unit outage is (P), then the probavility of two units outage is (p™) and the probubiiiy
of {r) units outage is (p"). The probability that (r-r) units ourage does not occur is:
qﬂ'l’ = (l'p)ﬂ-(

Hence the probability of a cerwin sequence of (r) outages will be p' g™ Using the rule of
- . nl . ; o
combinations and permutations, there are —————  (writen as (r"), equally probable sequences.

which {r) outages can occur in a system of (n) units. The probability of outage of the various combinations
of {(n) vnits is given by the binomial expansion:
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nl ol n!
{Q+p) = Q* + —omm Q¥+ e G e gD + p°
{n-1)! 2Wn-2y! rl{n-r!
=g (19 q7'p + (27 @™’ + ... + (' + ...+ p°

where {1} is the pumber of unis out of service at the same time due (o forced outages.

4. Poisson Distribution Method:

The peisson distribution represents the probability that an isolated event occurs a certain number of
times in a given interval of iime when the rate of occurrence is fixed. The occurrence of the events must be
affected by chancs only such that the information about the position of one event is of no help in predicting
the position of any other specific event. Furthermore data on one interval of time is of no help in predicting
how many events will occur in any other interval. In other words, if the poisson distribution will
mathematically represent a random phenomenon, the foilowing conditions must be fulfilled:

L. The probability, that (K) random events occur during an interval (T) (between t and 1+T) depends
on (K) and (T) only and not on (1),

2. The probability that (K) random events occur between {t} and (t+T) does not depend on the number
of random events observed before.

3. The probability of more than one random event in any inerval of lengih (1) approaches zero faster
than {1).

Derivation from hinomial distribution;
The probability thar an event succeds or occurs () times in (n) trials i
!
P{ = emmwsr—w—— - assssmas== p‘qn-l

If {p) is very small and {n} 15 very large compared with {r} the above equation iends 1o a special form which
is the poisson law of probability. Let the most probable number of oceurrences (np) be some number
L= np

then p = 2
]

n! A A
= ¥l - 2y
) Be n! (n-r)! (ra)( n)
it n -2 oo and (r) is finite, then

pr=ﬁr(i)f_e_l=kﬂe__
) rton ri
Substitute by (P}
P - {(nP) Ie‘
r
which is the probability of (r) successes in (n} trials. The mean number of cccurrences of an event per unit
of ume is A = nP and the standard deviation of the number of events is:

g = {nP

Thus the mean and the variance are equal

A=g9%=aP
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The poisson distribution can thus be used as an approximation of the binomial distribution when the

sample size is large and the probability of success (P) is small. Although the poisson distribution is derived
from the binomial distribution it should be considered as a separate distibution. Thus the binomial and
poisson distributions are two different distributions which give similar numerical resuits for large (n) and
small {P). The peak of the poisson distribution is near (A) and the symmetry about the peak begins
develop at large values of (A).

5. Moate Carlo Method:

3.1

Determination of the Forced Qutage Probability of the Generating Capacities:
The application of Monte Carlo technique [6] to calculate the forced outage probabilicy of the

generating capacities in any power system can be detaiied in the foilowing:

5.2

From statistical data on the peak load demand, a number of peak load days which characterise the
pattern of the daily peak load over a year has to be chosen. In this paper the peak load of 48 days
characterising the pauern of the daily peak load in the UPS of Egypt has been selected and used.
Usually the yearly peak load is known and the other 47 peak loads are obtained knowing the
statistical ratio of their peaks to that of the yeurly peak.

For the year to be studied the peak load level has 10 be determined.

Each of the ratios is multiplied by the load level. This will deermine the peak loads ot the year
considered. These peak loads are numbered.

The generating capacities available o supplv the loads during the year under consideration are
arranged and a sequential number was given to each unit. The rate or rorced outage P and the rated
capacity (C rated) of each unit was specified and had the same number as that of the relevant umt.
Random number generator is run to choose one of the peak loads P, peak.

The key features in a Monte Carlo simulation are the generarion of a series of random variable with
specified probability densities. The method used in this work 10 generate a series of random nuinbers
is the congruential method. We consider the recursion relation.

¥, = aX,; + C {modulo m)
where X;= ith pseudorandom number
a.c= inegers between o and m-1
m = quaniity which sets repetition period.

The operation X, (moduio m) is defined as the remainder which results when aX;  +¢ is divided by
m. The maximum period obtainable is m digits, but shorter periods are also possible if m, a and ¢
are chosen without restriction.

The tirst generating unit is considered, random number generator run, the resultant number
compared with the rate of forced outage of this unit P, [f the random number is higher t

unit is available, if not, the unit is considered nat available.

The same procedure is repeated with all ather units,

The summation of the available genera
capacities are obtaind. I C rated is then compured with P peak.

If £ Crated = Py peak this implies running with sutficient generating capacity and T C raed - P,
peak = excess running capacity.

If £ C rated < P peak a generating power shortage resuits and P, peak - T C rated =deficite power.
The above procedure is repeated a large number of times (1000 1rials).

Determiantion of Reserve Requirements Using Continuous Random Variable Distribution:
The static reserve requirements can be determined using the results obtained by the previous method.

ng capacities © € raed wa

The forced outage capacities obtained in the different N iriais are arranged in rank and the grouped
frequency able is easily calculated using a special designed computer program. The cummulative probability
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is calculaied as follows:

As the cummulative probability of zero forced outage = |, it was assurned that the cummulative
probability of the mid point of the first class interval is equal 10 ong and the cummulative probability of the
2" ciags interval P, = 1-fl/N
where f, is the class frequency of the first inwerval

M is the total number of observations (trials).
The cummulative probabuility of the 3™ interval P, = P, - £,/N and s0 on. If a curve is ploted to represent
the cummulative probabilities for the forced outage capacities, the examination of the curve showed that
these daw@ points may be fied © an exponential equation. The exponential equation is represented by:

P i) =em
where P(x}) = cummulative probability for x MW

X = forced outage capacity in MW

m = constant (o be determined

{n P({x) = mx

Letin P{(x)y = ¥
Y = mx
The last equation represents the equation of a straight line which passes through the origin. This straight
line should pass through the point (X.Y) hence
y-¥
s —
X-X
- X
where Y is the mean of Z Yi

i=1

£
X is the mean of ¥ Xi
imp
K 15 the number of class intervats.
To determine the value of m, apply the least squae method by minimizing the sum of the squares of the
residuals. m has the value.

e 2 (T 1K= T0)

3 (xi-x)?
Calculation of Static Reserve Requirements:

6,
6.1. Application to the Egvptian unified power svstem (UPS)

The above method was applied to compute the forced outage probability of the different generating
capacities of the Egyptian unified power system during the year 1990. Static reserve capacity is evaluated.
The datz source is the reports issued by the National Dispatch Center. A computer program has been
designed, tested and applied to carry out the study calculations. The input to the program includes the ratio
of 48 daily peak loads characterizing the pattern of the daily peak load in the UPS, the load leve! for the
year 1990 (6940 MW) and the data about the available generating capacities. This data includes the net
available power of each unit taking into consideration the effect of age, the method of feeding the auxiliaries
and the forced outage rype and rate of each unit. Table | shows the forced outage rate of the different UPS
generating units in the year 1990,
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Zone Station name Unit instailed Number of Forced
capacity MW units outage rawe
Cairo Shobra El-Kheima 315 4 0.5
Cairo West 75 4 2.1
Cairo South (TH) 35 4 1.2
Cairo South {GT) 110 2 2.0
Cairo North 18 4 0.8
Tebbio 13 3 31
Tebbin 20 1 4.5
Helwan 20 3 1.7
Wadi Hotf 28 3 0.1
Deita Kafr Dawar 20 3 9.0
Damanhour 40 5 5.4
Talkha 27 3 1.2
Talkha 24 8 0.6
Mahmoudia 33 12 Q.3
Damanhour 25 4 0.3
Damietta 123 [} 3.0
Damigtia 123 3 3.0
Alex Abu Kir 225 3 7.4+
Suif 17 4 1.4
Suif 32 i .2
Canal Abu Sultan 150 | { [.3
Afaka 225 4 34
Suex 43 4 9.0
Shabab 33 3 0.4
Porr Said 23 2 [.1
Ismailia | 20 1 0.7

Tabie (1): Forced outage rate of the different UPS generating units inthe year [990.

The ratio of 48 daily peak loads w0 the yeariv peak load for the year 1990 is given in Table X and
3. The ourpur of the program includes in addion 10 the input dat, the predicated daily peak loads. .-
corresponding excess running capacity or deticit and the forced outage capacity in each one of the (N
trials. The actual quantity of static reserve is dependent upon many factors. One of the most important faciurs
1s the desired leve| of reliability or the desired risk index or the loss of load probability (LOLP).

922190 | 938040 534294 932565 | 922190 1923631
929107 939914 945245 943228 | 948415 941210
945245 1926801 931988 | 932421 | 930193 | o246l |
1938040 923919 933429 | 951009 | 922190 [ 960231
937608 927233 932277 as216 | 939700 | 963401
965418 958790 962536 979251 | 975937 | 969452 |
975793 1985793 978674 971326 | 991354 | 996686 |
1993228 987752 1995101 980692 | 991066 1.00000 |

Table {2): Ratio of 48 daily load 10 vearly load tor the year 1990
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6400 6510 6484 6472 6400 | 6410
6448 6523 6560 6546 £582 6532
6560 6432 6468 6471 6518 6388
6510 6412 6478 6600 6400 6664
6507 6435 6470 6421 6522 6686
6700 6654 6680 6796 6773 6728
GE 6841 6792 6741 6380 6917
I 6893 6855 6906 6306 6878 | 6940

Table (3): M.W. values for the year 1990

The factors which affect the LOLP in the power systems, assuming that the transmission sysiem is
supposed to be infinitely safe and of sufficient capacity, are: the annual daily peak loads,the capacities,the
number. the locarion and the arrangement of the steam turbines and beilers and the time required (o swart

zach of them, the mainienance schedules of the hydro capacities, the forced outage experience of the hydro
unis. the gas unis. the steam turbogenerators and boilers and at last the economic considerations. A
calculated value for the LOLP or the risk index in the Egyptian UPS is not available, so different assumed

values based on the system behaviour and the past experience have been used o determine the reserve
5. Two sets of results are obtained using either:
The calculated forced cutage rate of the different generating units of the Egyptian UPS, or
The generic dara for the forced outage rate of the generating uniis.
assumed values are:
torced outage rate for the steam units.

% torced ourage rate for the gas units.

T torced outage rate for the hydro units.
type program is implemented which combines the proceedings derived in sections 3.4 and 5. The
1 was implemented in Fortran on a PC.

6.2 Generic Data for the Forced Outage Rates:

The reserve required to secure 0.999 reliability (LOLP = 0.001) for the UPS of Egypt in 1990 is
at first calculated. Then different LOLP values have been assumed and accordingly reserve requirements
are determined. The values used for the LOLP are:

One day every three years

One day every two years

Two days every threg years, and

One day every year.

Fig. | shows the variation of the reserve values {in percentage of the peak load of 6940 MW for the
year 1990) with the assumed range of LOLP values of one day and three days every three years. The
maximum value calculated is 17.25% for a loss of load probability of one day every three years. Table 4
represents the grouped frequency table for the forced outage capacities daw during the year (990 for a
LOLP of one day every two yeas (LOLP = 0.0014).
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Class interval Class midpoint Class frequency Cummulative
M. W, Probability
0-100 30 70 1.00000
10Q-200 150 165 0.9285
200-300 250 197 0.7599
300-400 350 217 0.5587
400-500 450 117 0.3371
500-600 550 94 0.2175
600-700 650 54 0.1215
700-800 750 41 0.0664
800-900 350 4 0.0245
900-1000 950 8 0.0102
10001100 1050 1 0.002
1100-1200 1150 0 0.001
1200-1300 1250 i 0.001

Table (4) Grouped frequency table for the forced outage capacities
data during the year 1990

Sensitivity analysis of the assumed forced outage rates of the different generating capacities has been
carried out. Increasing or decreasing the forced outage rate of the different units by 10% of their initial
value affects the value of the estimated reserve by 0.7 % and 0.4 % respectively. To study 11 there s an effect
of the initial value of the random number chosen (IRN) on the results obtained. diferent values for IRN of
0.1319, 1.1319. 3.1319 and 5.1319 are used. The estimated value of reserve required o secure (0.8886
reliability doss not ditffer in any case by more than 1.2% of the value calculated for the value of 0. 1319 used
in the paper.

6.3 Actual Forced Outage Rates:

Differant values of LOLP are used to calculate the value of the reserve required to secure differ
reliability levels for the Egyptian UPS in 1990. The same values of LOLPs used with the generic data anu
the calculated reserve values are shown in Fig. 2. The maximum value of the reserve for the assumed range
of LOLP values is 16.4 % of the peak load for the year 1990. This value differs by about 0.8% ‘rom that
in the case of generic data. The effect of the class interval used in the grouped frequency able is considered,
Changing the class interval from {0 to 50, 100 and then o 120 shows that a class interval of 100 is suitable
and no change occurs when the interval changes from 100 to 120. Fig. 3 is a sample of the cumulative
probability curve obtained in one of the study cases. The effect of the number of trials on the
value of reserve is considered. Table 5 presents the variation ot the rese~ve versus the number o

a class inerval of 100, LOLP = 0.002 and IRN = 0.1319. The cal' jated values ot reserve s
nearly independent of the number of trials it 1000 trials are used, ' e whole paper [000 trials ar ¢
Number of trials : h  Keserve MW
200 127
400 1146
1000 1025
2000 {028
5000 1011
10000 1023 '

Table {5): Effect of number of wials on the caleutaled values of reserve
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It can be concluded that the maximum calculated reserve value for the Egyptian UPS is 17.25% of
the peak load (6940 MW in the year 1990) assuming a LOLP of one day every three years and assuming
generic data for the forced outage rates of the diferent generating units. The actual forced outage rates for
the UPS units differ considerably for some units from the used generic values. For example the calculated
forced outage rates for Kafr Eldawar steam units are 12% higher. Although these differences occur, there
was no remarkable effect on the final calculated reserve values,

6.4 Calculation of Qoerating Reserye Requirements:

The operating reserve requirements are evaluaied using both the binomial distribution and poisson
methods. The cummulative probabilities of forced outage of the UPS generating units using these methods
are given in Tables 6 and 7 respectively. If a LOLP of 0.00054 i.e. of one day every five years is used, the
value ot the operating reserve using the binomial diswibution and poisson methods is 8360 and 730 MW
respectively.

Capacity™ MW Probabilities of forced outage
capacity larger than capaciry'™

0.0 0.05459

60 0.03716
120 0.02534
180 0.02027
240 0.02176
300 0.01516
360 0.00775
420 0.00518
480 0.03697
540 0.00221
600 0.00120
660 0.00057
720 0.00032
780 0.00017
840 0.00008
900 0.00004
960 0.00002
1020 0.00001
1080 0.00000

Table {(6) Cummulative probabilities of forced outage of the UPS
generating units using ¢he binomial distribution method
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Capacity™ MW Probabilities of forced vutage I
canaeity lacver than capaciiy'™
(.00 0.04354328 i
67.61 0. 13046462 |
135.23 0.2138<007
202.44 022339159
270,46 0.17302731
333.07 0. 10970712
405.69 0.05730268 I
473.30 002565568 |
540.92 Q.0100306! I
608.53 0.00349985 i
676.15 Q.0U109685 l
743.76 0.00031250 !
811.37 0.00008 162 I
| 378.99 0.000014968
946.60 0.00000440
1014.22 0.00000092
1081.83 LU000 TR
L1449, 45 0. U000

Table (T): Cumulative probabilities of forced autape of the UPS
generating units using poisson method

7. Conclusions and Recommendations:

In this paper, the farced and planned outage events of the Egyptian unified power system generating
units are collected, reviewed and analysed.

40% of the forced outage events of the steam units are due to boiler problems. The average outage
hours due 10 boiler praoblems is in general higher than those o the other system problems except the turbine
problems which are equal. The condenser problems caused 15.5% of the towl lorced outage events ol the
steant units which requires further sdy of the boiler and condenser problems in order o reduce the number
ol outage events and 1l:e average outage hours.

The unified power system problems caused 8.7% of the wtal outage events of the steam unis and
L% of the toml forced outage evenes of the gas wrbine units.

Ouly 7 forced ourage events for the steam units and Ll evenis for the gns turlding umes are recorded
due o human ercors during the study period.

No dama concerning the fire events in the unified power sysiem is available from the power Swation
or tiwe reports theretore they were not included in the swdy.

Based on the way of recording the outage events of the generating units aml fronn the anplication and
compacison, the study recomimends the following:

. Use of the atrached form for recording the ourage events of the generaning s and is apolication
for a periad of one year,

- Further study of the boiler and condenser problemns in order to reduce the number of outage events
and the average outage hours,
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