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SENSTIVITY OF SYSTEM RELIABILITY INDICES
TG FORECASTED LOAD UNCERTAINTY,

By :
M,A. Tantawy.i

ABSTRACT :

The paper presents a comprehensive analysis for the
effect of forecasted peek load uncertainty on power system
reliability. The uncertainty is described by a normal dist-
ribution and the forecasted load is represented by its mean
and standard deviation . Equations for the loss of load exp-
ectation and varience in terms of peak load uncertainty are
given., These equations are distinguished by simplicity and
low computer time required for computations .

Sengtivity analysis for the reliability indices due
- to finite changes in system loading is introduced .

1. INTRODUCTION :

The power system operational planning has been
strongly affected by the uncertainties in the daily forecasted
peak loads (FPL) as well as the forced outage rates ( FOR } of
generating units . Since the uncertainty in FPL results in unc-
ertainty of computed reliability indices of a power system, it
is required to quantitatively asses a reserve margin that should
be allocatea in order to satisfy system security constraints .

Recent publications studied the problem of load forec-
asting in order to reduce the load forecast uncertainty (1) .
patton(2) analyzed the effect of uncertainty in FOR on the
g,stem reliability indices ( while the FPL is assumed determ-
inistic)., The effect of uncertainty in FPPL is studied in (3,4).
An approximate mathod was described by Billinton (3) for calcul-
ating the expected loss of load prohability when uncertainties

in FPL, but the FOR is fixed. This m: *-~= not nrovide
informations on the variance of LOLP Bt
a method for calculating the mean an o

uncertainties exist in the PPL only.
method for analyzing the general ca
considered random variables is give
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2. Sources of load uncertainty :

Although it is possible now to reduce the maximum error
of forecasted load to 4.0 % .1t *.5% gtandard ceviabtion,there are an
amount of uncertainty which could not be avoided.
This uncertainty is a result of the following sources :-

1) Randdm component in the load behaviour,

2) Random component in the weather sensitive load .

3) Recording and mesasurement errors of load and/or westher data.
4) Extreme weather effects .

5) Assumptions in load froecasting models .

6) Paults in the power system .

3. Bffect of uncertainties on gystem reliability :

3.1, LOLP as & measure of reliambility lavel :

The loss of load probabilty ( LOLP) is generally defined
as the long run average number of days in a period of time that
load exeeds the asveilable inatalled capacity and thersby capacity
deficlency occure ., During a state of capacity deficiency the
load demand is not met by an adequate generation due to either
unexpected loss of generation as a result of technical problems
or unexpected increase in the daily peak load caused by the
uncertainty in load forecast ,

The LOLP, for a single area system and for N-day period is :

LOLP = zf—: By €0y = L) Freafetie (1)
i= 1
Where :
' Ci = total generating capacity scheduled for service on day i.
L; = forecasted peak load on day 1i.

P (Ci = Li) = probability that (Ci = Lig ) is less or equal to zero.
i = l’ 2, 33 LRI R DA B A ] No
If there are uncertainties in FPOR, the values of Ci and Li

must be represented by a set of random veriables, Then the "LOLP is
a random variable defined on w®oth Ci and Li with non-Zero varlance,

3.2, Mathematicel formulations for the mean & variance of LOLP:

It is interesting for power asystem operational planners
ve exact formulations for the loss of load expectation (LOLE)
a of load variance (LOLY) for the general case when both
are subjected to uncertainties. The FOR and FPL are asp-
1y independent of each other (4) . This mssumption is

~ause forced outages of generating unites are usually
when making load forecast .
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The peak loads are reasonably assumed normally distr-
iduted around its mean, It may be scattered on a base of smell
fraction of standard deviatiorn (k = 0, 1 , 2, «¢ssy, 00 ). The
probability of having the peak load in certaing level k can be
supplied from the normel prowawility table. The loes of load
expectation is :

N 00
LOLE = 5 / ch ( Cy - Li) FIR.K) 4R dk .....0(2)
1=1 0 0
Where :
f ( R, k) = joint density function of FOR and PPL,

f(R) £f(K) by the assumption of mutual independence.
Therefore,

o0 N w
LOLE = / f£(R) dR.Z / £(X) Pc(Ci-Li) s it 19D
0 i=1 0

P c(Ci = Li) is & momotonously increasing " staircase" function of

k with discontinuities at regular intervals equal to S{the step
size of the cumulative capacity outage probability table ).
Because of this property, equation (3) can be rewritten as:

L#.9]
LoLE = [ Sl Py (k) P, ( c; = Ly ) cevnneenas (8)

X
i=1 k=C

Where P (k) is the probability of having the peak loasd in certa-
in levell k.

The LOLV, can be determined and is given by :

( € - L;) + VAR {P_(C, - Li)”

LOLY = Z ): Py . (k) LP

i K .

O N

2;;{?2? Py (k) PLj (1) Co¥ [pc(ci - Li),Pc(Cj-Ljﬂ

104 & 1

2 EE R R (5)
—:LOLEl

Where ;
VAR P, Vs Ly ) = Variance of load lose probability
on day 1,
cov p, ( C; - 1) + p, (C; ‘Lj) = Covariance of probabilities
p (Ci - L;) on day i and
c( CJ - LJ) on day Cy

LOLEi = Losg of load expectation on
day 1.
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4. Sensitivity of reliambility indices to losd uncertainty

As it 1s useful for power system operation to study
the effect of incremental loed changes on power system
reliability indices, an efficient method for estimating
the changes 1n reliability indicas due to incremental
changes in the power system loading ie given. Equation (4)
for LOLE can be rewritten as :

(%3]
LOLE =) £IT) Pc(Ci-Li Y dL 2 b Fdied SER)

i0

Where £{(L) 1s the density function of the forecasted load L
which is assumed normally distributed .

* 322 2
f(L):—- 1 _e-l/Z(L"JJ)/c"' SRR (7)
& 42}7
Where 1is the standard deviation ., For the 1®" day, the LOLE,is:
_ _ 5
LOLE, =P, (C; - Lyj+8) / £(1) ar
0
28
+P, (0 -Lyt2e) [ £(1) 4L
.
d ns
(N-1)8
00,
N nSs
AL o #
LOLE; = § P, (C; -Ly 4 n8) J £(L)dL ..... (9)
nel (n=-1)8
Where n = 1, 2, ..., , N and X is sufficient integer number at
which £{(L, + (N=1)S ) is equal to zero. The seppitivity of LOLE
to a smal} variation in the mean load of the i day 1sg 1@
N | ns
SLOLE. . — 5. (0] =T #ns) 224L) ar ... (20)
2L, o &k
i rad (n-1)s 1

Taking the partial derivative of £(L) w.r.t, “Ili in equation (7)
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S£(L) L -1 ey 7
= A s w00 11
2L, 2

Substituting equation (11) in equation ( 12 )},
N

s

» LOLE 3
S g Ry S0 T [f(L)J SR
1

n=1l (n=-1)=
Therefore,

YLOLE N - -
—_— = 5 (P (¢ =1; -ns) - B, (C; =~ L; + n8)

s c
BIﬁ n= 1

. ( £(1y + (n-1)8) - £(I; +nS) ) .....(13)

The LOLV for the ith day is :
Lo 0]
2 2
LOLVi = /’f(L) e ( cy - Li) dL - LOLE] sven- CLED

o]

For the sensitivity evaluation of the LOLV to variation in the
mean load of the i *B day, a similar procedure results to :

> LOLY W 5 * > -
= 24 ( Py (Ci - L, -n8) - ¥ (ci-Li +nS)

o Ly

. (£(Ly + (n-1)8) - £(I; + n8)

> LOLE

- 2 LOLE; I L

> I

5. Economical reliability level

The most economical relia¥ility level is affected by the
uncertaities in forecasted load and forced outage of generating
unite. An accurate power reserve calculation ensures good ser-
vice continuity and saves the service interruption cost.

However, this power reserve depends on the load forecast unc-
ertainty and hence +the power reserve determination is uncertain.
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5:1. Cost of power resgerve

Estimation of reserve cost of power system devends on

loading procedurse, availability of units and the rorecasted 1
load demand .

Figure (1) shows the relationship between the cost of power
reserve and system availebility at different load forecast
standard deviation .

L g
2 s 5
b o™ dGV /
Sy 2
PR o
//(G‘e/ ;‘P' .
3 i~ da,, Sor
- Aveilability
100 %

. +Cost of power reserve

5.2, Qort of gervice interruptien

Power service interruptions resgult in considerable cost
to both the electric utility and power customers (6), It may
result in the following costs to the utility :-

1 - Loss of revenue from load not served.

2 -~ Losg of future potential sales due to adverse consumer
reaction.

An expression for the cnst of service interruntion(ci) as
a function of service availability (€) is 1

C: = kp {1" a } L ( 16}

Where & is the service avallability and k is the proportionalty
congtant .
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It should be emphasized that the straight line expression
for the cost of service interruvtion is belived to be valied e
only for relatively small deviations from the level of service
availability . But large reduction in the service aveilability
would probably be represented by the hyperbolic expreseion(7)
as

Where k and a are constants. Both the straight line and
hyperbolic cost functione are shown in Pigure (2).

5.3 Sensitivity of economicel reliability level to loamd

The cost of power reserve (C_) es a function of the
system availability a may be repfesented by a quadratic equ-
ation as @

C, =% +b a+h,a s g e 1)

Where b, , bl and b, are constantes depending on the system
characterisgtics ana the uncertainty of load demand .

For economical reliability level, the total cost (cT)
should Be minimum i.e.,

ac
T i erik v 1E19Y
de
Where :
CT ’Cr + Ci 'R R r.. 20)
Thus,
dEr dCl
= i % 4 & 9 A (21)
da da

Substituting in equations ( 16 , 18), we have :
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;]

Therefore, the economical reliability level ( oo ) 18 3

aec. = ( k - bl ) /bz YEEEEE] (23)

It is shown from equation (23) that if there is uncer-
tainty in load forecast ( where b, and b, are increased),
the economical reliability level &ill be“decreased. Thus, the
uncertainty in load forecast results in an increase in the
power system cost and also decreases the aystem reliagbility
level.

Figure (3) shows the effect of load forecast uncertainty
on the economical reliability level. Figure(4) shows the effect
load uncertainty on the total cost of both power memerve &
gervice interruption .

6. CONCLUSIONS :

As the power system reliability indicas depend on uncer-
tainties in the estimated FOR of generating units and the
uncertainty of FPL, equations for LOLE and LOLV are troduced.
These equations have the adventage of simplicity and low
computer time required for computations .

The presented senstivity analysis of power system
riliability indices ( LOLBE & LOLV ) to forecasted load
uncertainty show that an increase in the system loading
level repults in a decrease in system reliability level,

7. REFERENCES :

1 . Tantawy; et al . " An accurate model for short term

load forecasting., iccented %5 be precentes

i o A Ul e e % Y
e ANte: ag : Al +1 .-1| _!f.'.

2 » Patton, A.D., and Tram, N.H, , " Sensgitivity of gen-
eration relisbility indices to generator
parameter variations" , IEEE . Trans., PAS- 97
July/August 1978, PP, 1337-1343.

3 . Billinton, R., ™ power system reliability evaluation”
"Book™ New Yo rk, Gordon and Breach, Science
Publishers, 1970.



E. 70. M. Tantawy.

4, Wang, L., " The effect of uncertainties in forced outage
rates and load forecast on the loms-of-load
probability (LOLP)", IEEE, Trans., Vol. PAS~
96, Nov./ Dec. 1977, pp. 1920 - 1927.

Bs Tantawy, " BEffect of undertazosiaz in forecested ~tads
and forecasted outage rates on power svstpm
religbility".

Bulletin of the PFaculity of Engineering, Fle-
Mangours University, Vol.3 , No. Tec. 1978.

6, Patton, et al, " Power Reliability cost Vs. worth", IEEE,
Trense., PAS, Sep., Dct. 1972 PP 2204 - 2212,

7. Wollen berg, et al, " A cost effective security dispatch
methodology™ - bid, PAS, Jan, Feb. 1976 PP 401-
409 ,



