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nA PROPOSED METHODOLOGY FOR MEDIUM-RANGE MA XIMUM
DEMAND ANTICIPATION AND APPLICATION":
BY

M.S.Kandi1*, M.H.E1-Maghraby®* and H.E1-Dosouky™™™

ABSTRACT

One to three years anticipation of monthly and weekly
peak demand are required to: prepare maintenance schedules,
develop power pooling agreements, select peaking capacity
and provide data required certain reliability coordinating
centers. The total monthly forecast of the maximum demand
(m.d.) is deduced and computed along the future three years
till April 1981. This is accomplished for & one of vital
important electrical network in EGYPT. The anticipation is
executed for El«Mehalla El-Kubra City network. This network
has an industrial and residential dally load characteristics
Direct monthly m.d. forecasting is executed by separate treate
ment of non-weather (NW)and weather-induced (W) demand, The
forecast required is derived through this paper by two metho-
dologies: the probabilistic extrapolation - correlation and
that suggested by the authors Data collected for our work is
the daily and monthly date for more reliable determination of
veather load models. Complete analysis, discussions and com-
ments on the resulte are exhibited., An entire comparison is
also made between the results, This comparison reveals an

acceptable and reasonable percentage error obtained on apply-
ing the proposed methodologye.

l« INTRODUCTION

Load forecasting is the first step in power system plann=-
ing. Forecasting of both demand and energy requirements is
very necessary to determine the capacity of generation, trans-
mine the capacity of generation, transmission, and distribution

system additions, as well as the energy forecasts determine the
type of facilities required.
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Moedium range forecasting of maximum demand (m.d.) is required
to: preare maintenance schedules, develop power pooling agree-

ments, select peaking capacity and provide data required cert-
ain reliability co-ordinating centers.

Previous work in m.d. anticipationle> has adopted the pro=
babilistic extrapolation = correlation technique. This method
has been used in this paper and applied to a practical network
in EGYPT. The paper also introduces & new nezhodology for deri-
ving the monthly forecasting of m.d. :

2. Computation of m.d. by probabllistic extrapolation « correla=-
tion technique.

The goal of this section is to compute the m.d. anticipation
for certain month in the future time for the electrical distribu-
tion network of El-Mshalla El-Kubra City. The data required is
tnes daily med. and the corresponding appropriate weather variable
weich 1s taken the dry=bulb temperature.,

Pue single line diagram of the electrical distribution network
tagxen is revealed in "Fig. 1%.

This methodology conpriseslz (a) the derivation of the wea-
thar load model for each season of the historical period.
{b) the determination of the mean and variance of NWS component
along the past period taken.
{c) the forecasting of the mean and variance of NWS component.
vd) tbe estimation of the mean and variance of WS component.
(ea) the deduction of the mean, variance, and probability density
function total anticipation.

The complete scheduling of the results obtained is tabulated
in the following manner:

Table (1)
Month O o= o
Month No(x) (MW) "] (Hg) ‘
May 1978 25 15.40 1.557 14247
June 26 15.58 1.567 1+252
Jllly 27 15.77 1-619 l272
Aug. 28 15.95 1.665 1.290
Sebe 29 16.32 1.765 1.328
Octe. 30 16,32 1765 1.328
Nov,. 31 16,35 1.328 1.152
Dec. 32 16.52 1.357 14165
Jar,2979 33 16.99 1.384 1.1276
Fel., 34 16.86 1.413 1.188
March 35 17.02 1441 1.200
April 367 17.19 1.469 l1.212
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Pig (1 ) Single line disgram of BL-MEHALLA EI-KUBRA CITY SUBSTATION.
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Table (1) Continue

Month ~
Month )
No.(x) ) 0% 03
(M W)

May 37 1759 24165  1.471
June 38 17.78 2.223 1.491
Aug. 40 18.15 2.342 1.530
SBbo 41 18052 20451 10559
Oct. 42 18.53 2.490 1578
Nov. 43 18.31 1.658 - 1.287
Dec. 44 18.48 1.686 1.298
Jan. 1980 45 18.65 1.714 1.309
Feb. 46 18.82 1.742 1.320
March 49 18.99 1.770 1.330
April 48 19.15 1.798  1.341
June 50 19091 20717 1-648
July 51 20.10 24777 1.666
Auge. 52 20.29 2.836 1.684
Oct. S4 20.66 2.998 1.731
Nov. 55 20'33 1-990 10411
Dec, 56 20.50 2.021 1.421
Jan.1981 57 20.67 2.049 14431
Feb, 58 20.84 2.07? 1.441
March 59 21.01 2.105 1.450
April 60 21.17 2.133 1.460

where E is the total monthly estimation of the mean (MW)
@ =M (NWS) + ¥ (WS)

o is the total monthly estimation of the variance (MW)?
o% = oﬁ (NWS) + °2w (¥s)

Since the tota) monthly forecast is Gaussion and its mean and
variance are demonstrated, then the probability density funct-

ion for any future month is computed by the aid of the following
equationlz

- _ _ @ - 0 .42
£(o, O, o-a)- o 2T Bxp(i?(——-) )

%
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3., Computation of m.d. by the proposed methodology

The probabilistic extrapolation correlation approach needs
daily data for reasonable past years. Sometimes, this data is
not available in EGYPT. This leads us to think about a new meth-
odology which requires monthly data rather than daily one becauss
of its availability.

Thus, the data required here is the entire monthly m.d. in
(M¥W) and the corresponding temperature in (°C). This temperature
is deduced by averaging three registered temperatures three hours
before, at, and after the instant of attaining the m.d. of certain
month. This method of having this temperature is ascribed by the
fact that the effect of weather appears not only at the instant of
having the m.d. but also extending to the time preceding and fol-
lowing this instant. This data is gathered along the past five
years beginning with May 1973 till April 1978.

~ The suggested methodology may be explained as follows:

1) The NWSC of the m.d., anticipation is deduced by passing an appro=
priate polynomial curve (trend) through the available historical
data by the application of the least squares technique. Thus,
we derive an appropriate trend for each individual year of the
5 years taken as a historical period. The following equations
represent the mathematical expressions of these polynomials:
First year (May 73 = April 74): T = 4.79%41+40.,3533x -0,0136 &

Second year(May 74 - April 75): T ==0,874940.3754«x

Third year (May 75 ~ April 76): T ==0.6119+40.7776x

Fourth year(May 76 = April 77): T ==15.615740.6139x

Fifth year (May 77 ~ April 78): T =-248.305048.8029x-0.0734 e

2) The separation of this trend from the weather and noise compon=-
ents is attained by subtracting it from the historical charact-
eristics. This separation is executed for each month of the
past 5 years.

The weather and noise components are designated by the fluctua=-
tion component (F).

3) The characteristic relating the weather and noise components
and the temperature for each month is plotted by the aid of
the historical data. Then, an adequate curve is passed through
This characteristic for each season, representing the weather
load model for this season. We have three distinct regions:
the first one has the range of t 2» 24°C while the second belongs
the range of 17 « t < 24°C and eventually the region of t<L17°C.
For each of these regions, we have three different fitting linear
relations using the least squares method. Also the slope of each
weather model is derived for each season along the past period.
Table (2) Summarizes the weather load model coefficients for the
preceding periocd (May 1973 - April 1978).
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Table (2)
Summer Winter
Year Kso Ksl Kwo le

Kay 73 - April 74  &.,2445 =0,1584 ~1 o441 62 0.1036
May 74 = April 75 7.0067 ~0.2601 -5.1183 0.3323
May 75 - April 76 18.3352 ~-0.7079 =1.9304 0.,1726
May 76 = April 77 36.7734 =13372 -14.1822 0.9358
May 77 = April 78 25.5837 -0,9483 ~5.9149 04045

Thus, the complete scheduling is now available for the NW
(trend), W and noise (B) components for each month of the histori=-
¢tal five periods. Note that the difference between this compon=-
ent and the historical fluctuation one results in the noise or
the error component at the consideredtemperature.

NW anticipation is accomplished by the aid of extrapolating the
vnified trend which fits all the historical predetermined compon-
ent for each month along the five years of research to the requi=-
red future month from May 1978 till April 1981. We then apply
trhe well-known least-squares method to determine the coefficlients
of the fitting function of the historical period. The general
equation of this function is then:

T = 4-6729 + 0-1793 X

Thus, the monthly forecasting of NWS component is derived by extr=

apolating to the future required month = the fitting function
deduced as before.

The predication of the WSC is executed through the following three

steps: _

a) by extrapolating the coefficients of the weather load model for
each seéson (K for summer and K for winter seasons), to get
them at the required future montHK.

b) by forecasting the weather variable (temperature) to the_future
required monthe. This is executed by the calculation of Tj(for
summer), T.(for winter), 0gd and qf i.e. the mean and vari-
ance of temperature for the summer and winte. seasons respecti-
vely along the five years of the historical period.

Then a reasonable fitting function is passed through the points
of each of the preceding parameters. The future values are
deduced by extrapolating each curve. The forecasting of the
temperature at any future month is deduced by assuming the tem=
perature distribution to have the Gaussion (bell) shape during
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each season. Then, the probability density function f£(tg) 1is
calculated from the relatiocn:

T - T
£(tg) = ———— Exp. (- (—2—2142,
{27‘ TS “ s

for summer season - similarly, this expression is applied for
the winter season.

T —
We compute the factor —TT%_T which gives the value of T; per
s

unit f(t )+ The temperature anticipated for each month of
multiplylng this factor with F(t;) corresponding to that month.

By deriving, eventually, the WS5C forecast simply by the direct
substitution of the extrapolated coefficlents of certain season

and the corresponding temperature at any future month in the
weather load model.

The noise component forecast is &ttained by means of Fourier
series analysis which leads to three main items: d.c., Sine

and cosine components. This is derived as follows:

a) This component is deduced along the historical periocd simply

by subtracting the W8C out of the fluctuation one(F)for each
month of this period.

b) This results in the noise components along the months of the
past pericd. With regard to the wave form of this component
against the month number, we note that it satisfies the condi=-
tions of analysis by Fourler series.

c) The coefficients of each harmonic are then calculated for each
season of the historical and future periodes The higher har-
monics are omitted because of having very small values.,

By graphical means, we demonstrate the Fourier Series of each
Season of the future years.

d) For the year (May 1978 « April 1979)

Summer:

B, (t)= = 0. ?80 + 201633 Sin (x - 33,69) + 0.3635 Sin
(2x’ = 7.9070)

Winter:

B (t)= = 0.065 + 0.9962 Sin (x+ 72.47) + 0.3687 Sin
(2x'- 12.53)

For the year (May 1979 - April 1980)

Summer: '

E, (t)= O. 70 + 1.0632 Sin (x’= 16. 3895) 4 0.2920 Sin N
(2x'= 30.9640) -

Hinter.

E (t) = 0.30 + 0,8490 Sin(x 4 57.9900) 4 0.9024 Sin '
(2x'- 12 .8000)
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Feor the year (May 1980 - April 1981)

Summers: (t) = 0.0500 + 1.5075 Sin (x'+ 5.7100) + 0.6500 Sin
dinter: (t) = 0.080 4+ 1.1100 Sin (x“+ 35.8370) + 0.5467 8in

(2x"- 39.8100)

7) The monthly total anticipation of the m.d. along the next three
years (May 1978 - April 1981) is derived by summing up the
various components: NWS, WS and E components for each month.
This sum 1s registered through Table (3).

Table (3) Monthly total anticipation of maximum demand (m.d.)

Month Year Trend Weather Noise Total(m.d.)
No.
X NWS ws E M)
65 May 1978 16.3253 0.4208 -1.3339 15.4122
66 June 16.5045 -0,9740 -0,0443 15.4863
67 July 16,6838 -2 3364 0.9087 15.2561
68 Aug, 16.8630 -1.2973 1.1298 16,6955
69 Seb,. 17.0423 -0.8128 0.4449 16.6745
71 Nove 17.4008 0.1971 ~0.9213 16.6707
72 Dec. 17.5801 =0.,6072 =-0.5834 16.3895
73 Jane.l979 17.759%  =0.,7049 -0.3735 16.6809
74 Feb. 17.9386 ~0,0394 -0.2477 17.6515
75 March 18.1179 =1.9564 0.0291 16.1906
76 April 18.2972 =1.2933 0.5484 17.5523
77 May 18.4764 -0.92 86 0.6693 18.2171
78 June 18.6557 =1.4537 1.4595 18.6615
79 July 18.8349 -2 4117 1.8629 18.2862
82 Octe 19.3728 ~0,8306 0.9985 19.5407
83 Nov, 19.5520 -005233 -0.2450 18.7838
E}"-& Dec. 19-7313 -0.8015 0.3527 1902825
85 Jan.1980 19,9106 -0.8746 0.2921 19.3281
87 March 20,2691 -1.,0195 ~0,3891 18.8604
89 May 20.6276 =1.5579 0.6666 197363
90 June 20,8069 -2 ,7692 243173 20.3549
91 July 20,9862 =3.2747 2 .0542 19,7657
%2 Auge. 21.1654 -3 ¢344 3 1.3766 1941977
93 Sebe 213447 =0.,3943 0.4046 21.3551
94 Oct. 21.5239 0.2716 -0.2231 21.5724
95 Nov. 21.7032 =-0,5852 -0,8738 20,2442
96 Dec. 21.8825 =1.0735 -0.5959 20.2131
97 Jan,1981 22,0618 . =1.56%76 -0 4474 20,0380
98 Feb. 22 .2410  =1.5779 -0.5346 20.1285
99 March 22 4203 -1.0840 =0.5253 20.8109
100 April 22 .5996 =0.5909 -0.0464 21.9622
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4, Comparison between the two methodologies

A complete comparison is made between the probabilistic
extrapolation-correlation and proposed methods to display the
comptibability of the latter for computing the monthly total
anticipation of m.d. Table (4) reveals the entire scheduling
of the m.d. for each month in the period of forecasting initi=-
ated with May 1978 till April 1981 as computed by means of the
two techniques, The percentage error for each month is derived
on the basis of the former method. This error has the range of
0.0147% and + 5.4335% which explains that the suggested methodo=~
logy has & comparable results and practically, it has the same
anticipation as the present technique.

Table (4)
Monthsa med. by Prob. m.d. by the
Extr. correl. Suggested Error
method method,
(M¥) (M¥) %

May 1978 15.4037 15.4122 0.0552
June 15.5869 15.4863 =0 ,6459
July 15.7708 15.2561 =3 .2636
Seb. 16.1385 16.6745 343213
Oct, 16.3228 17.0197 4.,2695
Nov, 16.3566 16,6767 1.9570
Dec. 1605225 . 16.3895 -0.&049
Jan. 1979 16.6939 16,6809 =-0,0778
Feb. 16.8616 176515 4 ,6846
March 17.0295 16.1906 -4 ,92 62
May 17.59% 18.2171 3.5098
June 17.7852 18.6615 44,9271
July 17.9725 18.2862 1 « 7454
Aug. 18.1589 17.6384 -2 8664
Seb. 18.3205 18.7593 2 3951
Oct. 18.5337 1945407 54333
Nov. 18.3144 18.7838 2.5630
Dec. 18.4813 19.2825 4,335
Jane. 1980 18.6552 19.3251 34,6070
Feb. 18.8213 18.8977 0.4059
March 1809922 ]_8.8604 -006939
May 19.73 34 19.7363 0.0147
June 19.9159 20,3549 2..2043
July 20,1069 19.7657 -1 .6969
Aug. 20,2938 19.1977 -5 4012
Seb. 20.4808 21.3551 4 ,2689
Oct. 20,6683 21.5724 4,373
Nov, 20.3333 20,2442 =0 439
Dace 20,5032 20.2131

=1 .4149
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Table (4){(Continue)

m.d. by Prob. msd. by the Error
Months Extr. correl. Suggested
method method.
(K W) (Mw) %
Jan. 1981 20,6719 20,0380 -3,0665
Feb. 20.8407 20.1285 -3.4174
March 21.0115 20.8109 -0.95‘47

Along the future three years,
positive and negative percentages.

the error fluctuates between
The m.d. is plotted versus

the time expressed in months (Fig. 2) for the two methodologies
to display the extent of convergence between the results attained
(Fig. 3) shows the behaviour of variation of percentage error
along the months of the perliod of forecast.

5. Conclusions

- - Y

The main conclusions of this article may be summarized as
follows:
@) The suggested method introduced in this paper gives accurate

results compared with the probabilistic extranolation correla=
tion method.

b) The data required for the proposed methodology is the monthly
one rather than daily data., Thus, this methodology is more
adequate in our country, at present, due to lack of daily data,

c) The WSC has a few percentage of the total monthly mean forecast
(@) in the range of about 0.65 to 3%. The Jower figure belongs
the winter season meanwhilethe higher one is obtained for the
summer season. This means that the latter has & more influence
on the humanbeing than the winter one, so this reflects the

increase of the utilization of the electrical energy during the
summer season.

d) Also, this ratio (3%) (the higher 1imit) reveals & very small
portion weather component with raespect to the total mean fore-
cast, while the major part is a non-weather component i.e.
independent of the weather component. This is ascribed by the

fact of the nature of load taken which is mainly non-weather
industrial factories.

e) The noise componsnt in the probatulisticextrapolation correla-
tion technique is not analysed in detail. However, in the
proposed methodology, Fourier series concept is utilized for
the-analysis this component in the historical period to facili-
tate the forecasting operation of that componant along the
future period.
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