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EPFECT OF LOAD UNCERTAINTY 4N
ECONOMICAL LOAD SCHEDULING.
BY

M.A.Tantawy

ABSTRACT:

Among the input data required for systen Ssonammsl load
scheduling is the forecasted load. The ameertalasy ia ferecasted
load is of the main factors affecting eceaneniug] ll!‘ schedidl ing
(B.L+S.) problem.

This paper presents the sclution ¢f B.Le.ds pradles for elec-
trical pover systems. The plants limitatiens, demsand and transe-
mission constraints are of the factors consideped. Factem iaf)-
encing forecasted load load uncertainty are iliustrted. Nathema~
tical formulatiopn and comprehensive analysis fer cerresctions nust
be made to E.L.S. due to incremental load chaages are introdused.

l. INTRODUCTION:

in electric pover system operation, an effort is made to
predispatch the pover generation for supplyiag econemically the
uncertain 10ad demand satisfying the reliabilitsy aad security
constraints. These constraints are due to gensratiag uaits and
transmission network limitations as well as the maceértainty in
forecasted loads.

To study the effect of load uncertaimty om theiecemonmiocal
load dispatching, it is important to have the $otalioperating
cost of the system (under economical load dispstchiag) as a fun-
ction of load uncertainty. Various methods bave bewn developed
to predict the operating cost of a givea utilidy. The most sim-
plified procedure is _based on the load duratiom curwe (LBC)[4]. ,
An improved approach[s] for calculating the operating cest of &a
power system is that based on the combined load duration ourv-" :

2.+ Economica)l Load Disgatching Problenm:

8conoaical load dispatching is & comn~"
by the total generation required is a'-
generating units so that the gene:
reliability and security constrain
economical load dispatching determ: S
ration level of the different units 4fl
tion &t any time. The incremeantal
been widely used for economical lcad
the incremental cost of all available
equal for any demand level.
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2+ls SBecurity constrained dispatchs

The power system scheduling process can be formulated as an
optimization problem with linear inequality constraints{1]. The
objective of the optimization prodlem is to minimize system gene-
ration cost subject 1o generator, transmission and reserve conste-
raints., The objective function isi

NG
Fy = Z F,(P)) cesosenall)

Fon (the total system cost) is to be minimized w.r.t. generator
cutput Pj. NG is the number of generating, units. The resulting
schedule should satisfy the following constraints:=

&) Demand constraint:

The total generation schedule should meet the system demand
and transmission lossest

NG
E Pj.:Pd.’PL o--o---o(a)
i

wvhere P, i8 the load demand.

d

b) Generator constraints:

The generation schedule produced should be within the physical
limitations of generating units. The limits considered are the
operating capability and the machine response limitations;

PHAIl 2“ P PHINJ.' i=1 to NG -‘ooo...-(})

i 7
Pi°+PU17/ Pi7/’ Pio-PDi. .o.ooooo(“‘)

¥here:
PHaXi, PMIN, are the dispatch limits of generator i,

Pio is the initia]l generation level of unit i.

PUi is the maximum pickup capability of unit i,

PDi is the maximum load drep capability of unit i.
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¢) Transmission const}aints:

The resulting flow through any line, group of lines and/of‘
transfer interface should not vioclate any imposed limitsg

PTI!Xk }PTk ?/ PTlllik, k=] to N seevesesl’)
Where:

PTHIE, PTHRk are the flow limits imposed on transmission
linek

ka is the flow in transmissien line k.

NL is the number of transmission lines.

d) System reserve requirements:

The generation schedule produced should insure that suf-
ficient pickup capability exists to meet load uncertainties and/or
source contingencles;

R“Axi .->/ Rsi’ 1=1 to HG ......a.(ﬁ)
PHAxi - Pi 7/&81 .caoooc.(?)
NG
Y BS; J BT cesseses(B)
i

Where:
RHAxi is the maximum reserve pickup of unmit 1.

RS, is the reserve left on unit i at a given output.
RT is the total system reservse rsquired.

The forecasted load is appropriately represented by a
probabilistic distribution, reflecting the fact that there is a
certain probability that system load may exceed the forecasted
value. The stochastic deviations from ths forecasted leads may
significantly influence the power system security function. The
security function expresses the system risk as a function of time
in the near future. The system risk identifies & breach of secu-
rity as a breach of specific limitas on node voltage, power flow
in transmission lines...etc. Such limits have to be agreed upon,
and the system risk is the probability of exceeding these limits.

2.2. Bffect of forecasted load uncertainty on E.L.5.:

2.2.1. Sources of load uncertainty:

Although it is possible now te reduce the maximum error
of forecasted load to 4,0% with 1.5% standard deviatlon[8,9], there
are an amount of uncertainty which could not be avoided.

This uncertainty is a result of the follewing sourcesi-
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1) Random component in the load behavior.

2) Random component in the weather sensitive load.

3) Recording and measursment errors of load and/or weather data.,
4) Extreme weather effaects.

5) Assumptions in load forecasting models.

6) Faults in the power system. ‘

2e2+2., Goneralized load duration curve (GLDC):

The need for better analysis that accouats for ithe load
uncertainty has resulted in development of a modified LDC known
a8 the egquivalent load duration curvo[} « Im its most genera]
form the equivalent load contains four elements of demand:-

1) The deterministic component of load demand (Pd).
2) The random component of load demand (Pr).

3) Requirements for forced outages (Pf).

&) Requirements for maintenance (Pm).

Therefore, the combined load (Pc) is:

Pc =P, ¢ Pr * Pf + P

d --00-0-3(9)

The deterministic component of load demand can be viewed
as the expected load (forecasted) with a random_component P
distributed around it in a normal distribution [ 8,9 roprolgnted
by its standard deviation. The demand for forced outage and the.
demand for maintenance are conceived of as the self demand of the
power system with zero consumption of energy.

Maintenance requirements can be incorporated im the calcula-
tions of the GLDC by partitioning the total period involved to
subperiods ©f constant maintenance and carry out the calculations
for each subperiod separately. The regults of various sdbperiods
are then comblined te yeild the corresponding results for the whole
pericd.

The random load component is incorporated im the calculations
of the GLDC by scattering its probability distribution (normal
distribution) to a. sufficient number of step-sizes (k's) as a
fraction of its standard deviation. Thereby, the load demand is
given by different levels each with certain probability. Hence,
the partia)l generalized load duration curve tg(Pc) containing Pd'

P, and P, which is fixed for each subperiod of constant mainten~
ance (excluding Pf) is:
' ®
t (Pc) = z::: t(Pd). f(Pr) dpP , ceseseesl(lO)
Q

Whera:
t(Pd) is the LDC containing Pd and Pn’

f(Pr) is the probability density functien of load demand.

Equation (10) can be transformed to
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_ o
tO(Pc) =: t(Pd). P(pk) o--ooc-.(ll)
£=0

Where P(Pk) is the probability of having tbe uncertain load in

the level k.

The forced outages of generating units can be incroporataed
in the GLDC using the recursive relation[6]:

1 (P) = Q=R )Y (PR R (P () ....(12)

Where: tn
L is the generating capacity of the n unit in MVW.
Rn is the forced outage state probability of the nth unit.
1 (P ) is the partial GLDC 1nc1ud1ng T 2= (Pc) and the demand

for outagas of the (n-l) unit.

2.2+3. Cost of total system generation:

The tota]l operating cost of the power system can be obta-
ined from the system incremental cost function and the load dura-
tion curve. For a deterministic load demand P the incrementa)
energy required diE is:

dB = t(P, ). dP cecenass(l3)

fhe total incremental cost dFT of delivering d& 1la:
dF = 7\(pd). d8
=%(Pd). t(Pd). dpd. o.oo--o.(lq')
Whera: 7\(Pd) is the system incremental fue]l cost for demand P

Therefore, the total operating cost of the system is:

_ dma x
Fp = ‘/” NP, t(P,) Py covsesas(l5)
Q

Where pdmax is the peak load demand.

To incorporate the load uncertainty in the total cost,
equation (15) is transformed to:
P

dmax -
FI. - f ?\(Pd). to(Pd) dpd oc-o-a.o(16)
Q .
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2.2, Cost of generation for each unit:

Por the ith generator, the energy delivered is:

P .
imax
Ri =f t(Pi) dPi 0001000(17)

0

Wheret t(Pi) is the LDC for the ith generator and Pl is its out-
put._power.
t(P,) is not known since it depends on the individua)

! loading pattern of generator i,

So, equation (17) can be rewritten as:

danax dPi
Ei=f t(Pi)-‘d_Pd_.dpd -llso-l(la)
0 »

At the point of equal incremental cost there exists:

t(Pi) = t(Pd) 0000000(19)

Denoting the ratio of the 1th generator load P, to the total

system load Pd by m, (Pd), hence, i
Pi=llli (Pd)o Pd c-a.a.o.(aO)
Which results by differentliation to:
dPi
T (P,) cessessl2l)
d
Therefors, equation (18) becomes,
Pdmax
B, = f t(Py). m (P,) 4P, cereeee(22)

0

th

I'he cost of the i unit F, is:

i
P

dma x
F, =/ NP t(P).m (P AP, ..u.o(23)
0
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I1f there is uncertainty in the load demand, equation (23) is

transformed to: Pdnax |
Fi = f )\(Pd)oto(Pd)oli(Pd)dpd .'0000(24)
v}

3, SBenslitivity of Generation Scheduling to Load Uncertainty:

Since the forecasted load is always subjected to errors, it
is necessary to consider frequent updating of the system load dis-
patching obtained from the optimization based on this forecast.
Because the accuracy of the optimum generation schedule is influe-~
nced by load uncertainty, the optimum generation will no longer be
the optimum one, and after the forecast errors are known correct-
ion to the origina)l schedule is necessary.

For incremental change in the forecasted parameters, change
in the incremental cost of delivered powerzsi(t) and incremental
change in the optimum generation schedule &P(t) are given [10] by:

(t) = Ell(t)AHP(t) * 5_12(1;)A_\_r - a(t) AH% (t) +esee(25)
and -1 -- .
AP(t) = HPP (AHP HE* (t) thAV) esessl(26)

¥here H is a Hamiltonian (scaler) defined as:

-}
H(_P_.'?\(t), V(t), t) = Z Fi(Pl)
i=]
o+ D
¢ M) (Py(R)eP (P)= T~ P,
i::]_

n
3 ViCe) q (P ) veeee@D)

=1
Where: :
is the water conversion factor for hydro units{£/cuft).

is the number of thermal units,

is the number of hydro units.

is the water discharge for the Jth hydro wunit,

is the water conversion factor for the Jth hydro unit.

< £ B B <

a(t) = (y B0 Hp )7

(¢) = a(t) By, Hpp

a,(t) =-a () Hyy
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An error in the load forecast'éPd results in the following
special cases:-~-

H #0 ........(28;)

.,nd, HP = 0 00000000(29)
Therefore, '

AH)\'—'-APd 00-00-00(30)

and AHP = 0 oa-oooo-(}l)

Assuming no change in the water conversion factor i.e.,

A‘l =0 o.o.o..n(”)
Substituting equations (30, 31, 32) in equatien (25), we have;

AN(E) = a(t) AP, essssess(33)

The above equation shows that the uncertainty in load for-
ecast results in loss of system economy.

The change in the optimuam generation schedule AP(t) due to
changes in the load forecast is give by substituting equatioas
(31, 32, 35) in egquation (26) as:

AR(8) = -Hpp Hy, a(t) &P, NS
Putting b(t) = -H'% LN a(t), equation (34) becoms!

Ag(t) =b(t) APd 0-0-03-1(35)

The above equation shows that for uncertain load forecast
the optimua generation schedule reguires frequent corrections as
soon as forecast errors are known.,

4, CONCLUSIONS:

It could be concluded that in the presenance of forecasted
load uncertainty, it is important for power system operation to
consider the effect of this uncertainty on economical load dis-
patching problem. The E.,L.S. problea among the systea different
generating plants is analyzed. The maximum plant generation,
trapsaission limits are of the constraints considered. To ine-
lude the effect of load uncert#inty G.L.D.C. is developed.
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The cost of generation of each plant is also iliussrated. It is
shown that, in the presenance of load uncertainty, the power sys-

tem operator judgement is demanded to modify and update the system
generation schedule frequantly.
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