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CRAPTER V

MERIUN TERN AND LONO TREM PREDICTION MNODELS OF ARNUAL
INSTALLED PLANT CAPACITX AND CONGUNPTION OF ELECTRICAL
INERGY BX CONPUTER-AIDED 3ELR-ORGANISATION OF
NATHEMATICAL MODELA

8,0 Intredustion

This work relating $o the short temm and long ters
foresasting models of anmual installed plant eapasity and
sonstap Sion of electrical energy of India has been divided into
four parts. In the first part an annmal model of installed
eapasity of electrical energy for medium term (6 % 7 years )
prediction has been obtained, Vifferent types of polymcmials of
inoreasing complexity have besn tested:. The polymomial whigh
gives ainiaum of a selestion eriterion has been found, In the
Sesond part ssswmming an annual grovth rate ef installed
oapasity of 8 £ a long term prediction medel of installed
plant ecspacity of eleatrical energy has been odtained.

In the third part assuming an annual growth rate of
eleetrisal energy consumption of 8 § e long term predietion
medel of annual energy sonsumption has been obtained, The anmial
Plant load faetor has been found $0 have e distinet preiodicity.
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In the fourth part a polynomial medel of snmial losd faster
has boon ohtained incorporating periodic temms,

With the theory of self-organisation commonly knewn
as growp method of data handling it has been possible to
formulate mathenatical models for complex processes with
predietion optinisation,

The conespt of self-organisation ean de fllustrated
as follows $

When the medel complexity gradually inereases the
otmputer finds dy shifting the different models, the minimum
of a seleestion eriterion vhieh the cosputer has been asked to
ook foy. Thms the ecaputer indicates to the operater the
medel of ap’tm complexity.

8.1 MNeiius-term predistisn medel of snmmi instelled
!lnt gmg of elestrical snergy

We have annual installed plant espacity data frem
1081 - 1981. Pzgg }mtty spectra versus cyecle per anmn
ebaracteristie of the data does not shov any harmenieity
in the proeess. o 1t 1is obvicus that the process does mot
eontain any sinusoidal harmonic parts. The correlasion
e-efficionts versus shift of instances of time ( equation 5.%.8)
show thni the eurrent year installed plant sapacity is strongly
eozrelated wvith the past three years installed plant eapasity.
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Thus the process is assumed to have a finite differenee form
struoture of the following nature.

xk*l L 4 ‘!k' Y 10 Y90 & ) ®Be2s1)

We write,

Yol ® ¥ installed plant eapacity of electrical energy for
the k+l «- th year.

Iy = x3) installed plant eapacity of elestrical energy for
the k - th year.

Te.l w mg, installed plant cspacity of eleetrisal energy for
the k-1 - th year.

Iyg = X5 installed plant caspacity of slestrieal energy for
the k-8 « th year.

fy = X time instant for the k-th year

‘0;101‘(!1, g 83'2‘) @.2.8)

e funcsion £(. ) 1s sought in the elass af quadratie
polynomisls on the basis of & Tadlo of polynomial of gredually
inereasing complexity of four variebles as shown in Tabdble 8,1.1,
with the help ef the theory ef the self-organisation eof
combinatorial group method of data handling algoritim, The
model of optimum complexity is selected on the basis eof the
ainimun of the integral square error criterion.
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The integral square error is defined as

L) 'y
S (Yean@t) - Xg,q@))

fal
LB 8 cvnconnoccncans connes ®.1.3)

: s
7 (X))
tal

vhere Xi , (1)) 1 = 1y8)eec) X years are the talulated values
of the variables in the interpelation reglon and Yy . (1) are
the values of the variable obtained from the medel. The time
instanees % is taken a8 1,8,¢00, k = 1961, 1068,.,.. and so on
e models from the Table 8.L.1 comprising of four variables

are tested for all the data points.
The model of anmual installed plant oapacity of

eleetrical energy in MW for India is obtained as

Yy = 88584.157006 « O.890089 x;
=0, 330078 xg -0, 185849 =y
*770,0L1884 x4 + 1.06648168 B-08 x,xg
- 8.57186548 B-09 x;x,4 ®elod)
In finite difference form,

Yoy ® 0884.157006 + 0,59968 Yy
~ 0.330978 Y ; - 0. 185840 ¥ o
¢ 770.911984 tx + 1.08648188 B~ 08 Xy X,
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The corresponding minisun value for the integral square
ezrer and the aean error are 9, 306641 E~ O4 and 8,684 R - O8
zrespestively.

The errors betwesn the observed and the medelled
values are found to be almost unsorrelated for k ot J,
Fige Sedela and 8, 1L, 1D shows the oblserved and erreys betweon
the obesrved and the modelled values respestivelys. Fig, S.l la
has been extrapolated for seven years of prediestion of the
installed plant capaeity of electrical energy L.0¢,
pto 1988,

8.3 &, tm predistion medel of installed
plant gmw

Daring the pericd from 1970 - 80 the installed plant
oapacity of electrical ensrgy has grown at an average ammal
~ 2ate of 7.8 5. Considering the deletericus lLupast of pover
shortage on the productive sectors, both industry and
agricul ture, of the eeonomy the Planning Commission of the
Gove. of India has suggested an average anmal grewth rate
of il.3 per gent during the Sixth Five Year Flan peried
(1980 «» 86 ). Dw growth rate has deen suggested on the
assmp tion that a distinet fsprovement in the working of
povey plants and strist adherenes to the working sehednles
of powe® projests. Over the years the trend has been a
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mounting negligence and an appalling dasklags. The plant
load factor has been moving in the vicinity of 48 per ems.
1t 1s nov suggested that an anmual grovih rate of installed
plant espasity of 8 per cent would de @ realistic estimate.
Besause of the interacticns of different deep lyiag feedbask
paths it may be recognised that this growth rate s o
evaplicated progess and is l1ikely to change slowly rather
than quiekly.

(n the basis of an anmmal growth rate of 8 per emt
the installed plant capaeity of electrieal energy has besa
extrapolated Wpto 4 times the 1081 Lfigures.

A mathematical model in the form of a finite differenee
egiation has besn postulated as '

Teer ® T (Xppo¥p 1% Ty g0 ™ ) B.21)

The four argaments Yy, Y\ ;, Y\ g0 X) o are selested desmnse
of \heir strong cerrelation on Yy,i;. The eorrelation
oo~ offioient at 2 shift instanes ) 18 defined o

S /03 S MW&,-4 T W)/
Gp(P)adml e W o
//L%c-é‘.:)' Xyod S 1) /é
. 2G5 2 3 o S
fal ku} Jule) k=)

soe BeBeB)
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Pelynomnials of gredually inereasing eomplexity of five
variables are shown in Inble 8.8 1.

he nodel of optintm coiplexity whieh gives ainimwm
of integral square eriterion is found tc be

Igel = = 838.764083 ¢ O, 999068 Xy
+ 0167739 Xy, - 0,0R0E88 X, o
+ 0,086804 X\ o - 170471615 &
- G977 R O? Xp Xy,
* 2818640 B~ 11 Y, Yy o 5.8 3)

The eorresponding values of the integral sguare errer and the
mean error are 1.884107 B~ O4 and 1.818884 B . 08. |
The ervors are found $o be almest unsorrelated for
kg 3.
Fig. 6.8 la end 8.8.ib shows the extrepelated anmmal
installed plant eapacity Wpto 1008 and errers of modelling

respestively.

[ % ] Hmpwcmmoxm eleotrical

oRergy eonsump tion

n the basis of an anntial growth rate of 8 per cent
the elestrical energy consumption has beenn extrepolated to
8 tines its 1981 consumption figures. It has been odleerved
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there will be a significant Liaprovement of the quality of
life of the Indian people if the energy sonsmptien is
inereased to five times its 1981 figures. All reasomable
solutions to alleviate the multitudes of somplex preblens
involving population growth, econonies, energy, develepment,
transport and eommunication invelve sharp inereases bdoth ia
the amount of energy eonsumed and in the effieiensy of
their use.

A long term energy ecnsumption model has Wen
postulated in the fors of a finite difference equation as
stated below ¢

xku sf (X, () !&.t !h_v L ) Gel)

The arguments are selected on the basis of the eerrelation with
the catput Xy ,..  The polymomial medel of cptimum somplex has
been obtained a0

Tpey = = SR J74T7 + LAUSLO Xy
+ 0,088099 Y\, ~ 0, 114970 Y, o
+ 0,088869 X\ o - 198.685781 &,
- 3701969 B- 08 Yy Y,
+ 4.807808 B~ 18 Xx X g B 3.8)

he eorrespending integral sqiare erzer and Nean 6ryer ave
7.188383 B~ O8 and 3,400083 E~ 0%
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The errors are found to be uncerrelated for k o6 J,
Pig. 5.3.1a and 5.3, 1d shoy the extrapolated ammal elestrical
onergy econsumption and the errors of modelling.

8.4 Polyncaial model with periodisity terms for
ancue) plmnt leed faetey

The purpose of this part of the vork is % odbtain a
polymomial model for annual plant load fastors The observed
data are proeessed aceoxding to the method stated bdalow

The amnjial neasured data for load factor arve

P(1 )yt = 1,8 o000y n
1 Ddeing the instant in years,

The nean value is given W

L)Y
¥ §
n

isl

Mtossvarianee of the data at lag instant k 15 given Wy

Epk -
i / - 7 / 7
W) 5 eeme > S P@ - FOO S Sram) . Fop
- W=k 1:1" ' o & o/

ese (BudeB)

« i
where k =0, 1,8, ssep N and M<-2- .10
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he normalised eo-effieients of covarianes are given \y

al(x)
Rk )8 concavenn. B.4.3)
Mo )

e estimtes of the normalised powver density spectra for the
data are givea Yy

M
P(W ) = eee N RACK ) ess WK Buded)
k=0

veere W, = 374, (n -;-; 0 (£ 0.8

R =5 0)1s8) ooy N

Bx has been defined as the weight for vindow eorrestion and
Bay be taken as

I = L0 for O<k<N
0.8 for k s O)N 6. 4.8)

These rav estimate of pover spectral density are sacothed W
using Hamming Window to obdtain the final estimates of the power
spestrun, The smoothed estimates of the oxdinates of the pewver

spectirim are
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(W ) =084 PE( Wy ) »0.48P6( VW, ) j for Ruw 0
$( My ) = 0.83 PO Wy, )+ 084 Pi( 1y )
+ 083 Pa( W, )3 for O<h<N
S(Wy ) = OB4PI( Wy ) *0a8PE(1y )} for hul
soe (s 4e8)

The pertiodieity in terms of funigaental and its hammonies ean
e estimated frem the pover spectral density - frequengy
esharasteristier o8 shown in Fig: S.41. The process has been
found t have a 10 yearly cyele ( 1.0.y Oul ayeles per enmum ).
Gnly one lag instant of the anmual plant load fastor has deen
found o be strongly correlated with current instant of the
annmal plant load fastor.

Consequently the funstional model of the annual plant
doad fastor in funetional form is given ly

P(k )= f(P(ked )y 8in (BTLK ), cos (BTl k ),

sin (8 £,(k-1))) o008 (BTL(KL ))) + (k)
soe Bete?)
Let P(k) my)P(Rked ) mx;, 8in (87L£,k) = my,
008 BTk uxgy 810 BTL, (-1) = xg
008 87 (Rel) s g and (k) .}
Bguation (5.4.7) beeomes
r-t(:”a..z,.x‘,:‘)#} (5, 4.8)
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The estinate of y as ¥y is defined as
Ilf‘llp gy Xg» 8‘035) Bt 9)

The funetion £(. ) 1in equation (5,4.9) s sought in the

elass of quadratic polynomials on the basis ef a Tadle of
polynomials of gradually increasing ecomplexity of five variables
as shown in Table 8,8.1 with the theory of self-orgmnisation of
mathemationl models. The model of optimum eomplexity is selested
on the basis of miniaum integral square errer eriterion as
defined in squation ..i.3).

The medel of optimun complexity is obSained a8
P(k ) = 0218817 + 0,808000 P(k-1 )

+ 17,.088008 sin 0.2k
- 16,2090890 o008 O0.2Tk

- £3,161i83 ain 0.2 m(kel )

+ 2.984181 o8 0.2 m(kel )

e 17,073073 P( k1) ein O2rk

+ 18,829761 P(k-1) ees O0.27k

+ 80,968488 P(k-1) sin 0.2 T(kel)

- 7 R=12 P(k=1l) eos 0.2 m(ke 1)

oo e e 20)

e sorresponding integral square errer and mean eFrer are
2.848190 5-04 and 1. 800687 B-~03. 7/ («) is found to be almest
ungorreleted for k 9o § and vith varianee at 0.909893,
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Flgs Bee22 and 8.4 2b show the observed valugs of the
plant load fastor and the mon‘]:o?n the ebserved and
the modelled values respectively « The software
developed in BASIC language is given the Appendix as

AS.l and AJ.8.
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