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ABSTRACT
This work predicts the peak electrical load dememasumption of Bayelsa State by the year 2025.dEte of
electrical load allocation and utilization of powsemsumption of the State in the past five (5) y¢2006-2010)
were extracted from control room log sheets of Rade@lding Company of Nigeria (PHCN) and Kolo Creek
Gas Turbine Power Station (Glory Power Company Ead}he analysis. Population growth rate for ttetesas
well as Master plan by the Capital City Developm&anthority were also used. The loads for the anslygere
divided into the following categories: domestic,mouercial, industrial and electrical load consumed b
government agencies. Various improved engineerimadyais models and applications including calcolai
diagrams and graphs were reviewed and applied dfifyjuhe study; the Study revealed that Seconde©rd
Polynomial Model gives the best fit because it gitlee least error of 0.66 and provides a good aqupiaiion

to the shape off (X) function which describes the trend of the electqmaver demand distribution in Bayelsa

State.
Keywords: Prediction, Electrical load, Power Demand, Improstimate Method

1. INTRODUCTION

Electrical load is the power that an electricalitytineeds to supply in order to meet the demanfdgso
customers. It is therefore very important to thtiets to have advance knowledge of their eleafrioad so that
they may ensure that this load is met and inteiwaptare minimized to their services; this will ehen unstable
power system normally created when power demanéesdsc supply. This will be possible if we know the
expected peak load demand in each hour of theedey day of the week, each week of the month, esxtth
of the year and each year of the period under tigag#on. Prediction is the act of making knowndrefhand
and foretelling what will happen in the future [. Bayelsa state which is located in the SoutheigeNDelta of
Nigeria has a difficult mangrove terrain with aalusetting. This generates a lot of problems ieaife power
distribution to end-users. The state has a groaii of 2.9% [2 ] and an expected population of Bngillion in
2025.

Several methods have been used in the past tacpeddctrical load. Leonardo et al [3 ] studied éhectricity
load behaviour in Brazil. They adopted a Generdlizeng Memory to model seasonal behaviour of tfzello
Their model involves statistical linear methodsaBiwaj et al [4] in their work employed key enerigglicators
to predict the load demand by kaval cities in Inayayear 2023 using mean temperature and populgtionth



rate of the cities as dependent variables. Thay atslyzed the electricity power demand of Luckrowy[5]
Artificial Neural Network (ANNSs), a 3-layer networkas been used in the past [6] to carry out sleont-t
forecast of load demand in the Nigerian Electrisgstem. Peng [7] also used this method with deficit
management to carry out load forecasting. BayaSiatistical Technique on dynamic linear model has a
been used in the past [8] to predict residentiattelcity consumption of a rapidly developing amdiustrial
nation. The Bayesian Statistical Technique hadléxibility to solve multi-dimensional time-seri@sodels and

update estimated parameters as demand changetsnoeer

Fuzzy back propagation network has been used irpdisé to predict short term electric load. Thisolwres
using an algorithm that is capable of predictinfpiimation and fluctuating data patterns. Forecasire can be
evaluated usins Mean Absolute Percentage Error (B)APhe importance of Mean Absolute PercentagerErro
was cited by Park [9] and Rajasenkaran [10], bex#@usieasures proportionality between error and.lo@ahe
least square model was used by Odubo [11] to fsteekectrical load in Bayelsa state by year 202is T
method gives good result although it doesn’t taite account variation in load demand due to indaistation

and population increase.

Bayelsa State was created chCctober, 1996 and the only source of Electric Raw@x20MW gas turbine
plant installed in 1988. The transmission and itistron system of the state is that of a ruralisgttintil 2005
when industries started being constructed andttiie.Only the state capital (Yenagoa) has beenemad to

the Nigerian National grid in 2006.

2. SIGNIFICANCE OF THE RESEARCH
The results of this research shall be beneficighéoperators of the Bayelsa State power systdory{®ower
Company Ltd) and the Power Holding Company of Nagétd in the following areas:
a. Generation: The Electric Power Companies and Bay8te Government are expected to have
adequate generating resource capacity for the aleyesirs ahead.
b. Transmission and distribution infrastructure upgradd expansion.
c. To plan for the economic impact assessment of Baystate by the State Government.
3. MATERIALS AND METHODS
The research methodology involved data collectiwh @nalysis; the data collection was carried odbbews:
» Collection of data from actual plant operating &gets from January 2006 to December 2010 from
Kolo Creek power Station and control log sheetsnfRower Holding Company of Nigeria Ltd

(PHCN)

> Simulation of parametersy{ & &), that will be needed for the research which caiweadirectly

extracted from the log shee®,. &, & are the population growth rate, effect of tempeaet{weather

condition) and price of electricity respectively.

» Computing the mean values of daily parameters ustiatistical methods.

A\

Monthly average and overall average for the petfiedresearch was carried out.
» Extraction of data from Yenagoa City Master Pla?]|[1



4. THEORETICAL ANALYSIS

In this work data which comprised of hourly eleditsi load demand from the area covered by thetieslifrom
January 2006 to December 2010 shall be used. Pgevaration data from the Bayelsa Ministry of Poji&]
shall also be used. A variety of models and methedse employed in the study; in particular, Numairic
Methods, Linear Statistical Methods were adoptedhia research. The errors in each of the methogie w

evaluated and the model and method with the leest was accepted as the best for the forecast.

5. LEAST SQUARE METHOD
The least square method can be used in approxigntténrelationship between two variables using pafyial
of any degree; and in this research since the stuajves the forecast between two variables (Laad Time),

the method of least square will give a good appnaxion (figure 1).

Fig 1: Fitting a Curve with an approximate line

In the standard formulation, a set of N pair oferation {Y, X} were used to find a function given the value

of the dependent variab(é() from the values and an independent varia(k)l’e) with one variable and a linear

function, the prediction is given by the followieguation:

0

Y =a+bX @)

This equation involves two free parameters whiakcgp the intercepl(a) and the slope(b) of the regression

line. The least square method defines the estiofateese parameters as the values which minimigestim of



the squares (hence the name least squares) betineeareasurements and the model (i.e., the predictiees).

This amounts to minimizing the expression:

FZ[Y—\E}Z[\G—(M*JX)]Z (2)

where £ is the “error” quantity to be minimized.

Taking the derivative of with respect toa and b and setting them to zero gives the following skt o

equations (called the normal equations):

3_5:2a+2bZXi—22Yi:0 (3)
a

%:zbz X2 +2a> X, -23 'YX, =0 @
Solving (3) and (4) simultaneously, we get theneates ofa and b as:

a=M, -bM,

(with My and M  representing the means of andY') and

b:Z(Yi_MY)(Xi_MX)
Z(Xi_MX)

The method of least squares can be extended to thaneone independent variable (using matrix algebs

©)

stated below:

[ n o 3 YxE XX . XX Ta] [ DY ]
DX XX YXE YXE L XM A | XX
Z X|2 Z X|3 Z X|4 Z X|5 Z X|n+2 az _ ZY|X|2

3

ZX|3 ZX|4 les ZX|6 ZX;+3 z:Yixi3
z X|n z X|n+1 Z X;+2 z Xln+3 . z Xln+n_gaTL ZYixin

However, the research will be limited to2x 2matrix since the forecast is a relationship betwead and

time. For a2 % 2 matrix, the following expression will be employed:

| {Z”Xi %;(Z}Bj {Zz\:ftz } (6)
o - ) @)
RDE




TABLE Forecast values for least square method

Year (X) Y, (Mw) X2 Xy
2006 37.32 4024036 74863.92
2007 39.3¢ 402804 78995.5:
200¢ 40.32 403206« 80962.5!
200¢ 42.62 403608: 85623.5!
201C 48.51 404010t 97505.1!
>X=1004(| Zy = 20¢€ .13| ¥x?=2016033! 2xy =41795(.68

Note: Y, is the Actual peak load demand aids the year under study.

TABL2: Error values for least square method

X Ty.mw | y,ouw) | Eror (e) e
2006  37.32 28.47 8.85 78.32
2007|  39.36 31.03 833 69.39
200€ | 40.3; 33.5¢ 6.7 45.2¢
200¢ | 42.6; 36,18 6.47 a7.8¢
201C | 48.5] 38.7] 9.8 96.02

S, =330 .90

The results using the least square method showsgptiveer demand by Bayelsa State in 2025 is 77.11. NTié
method also gives an error of 8.14MW (indicating #xtent with which the forecast values differ freime real

values).
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The results of these test calculations show thast&quare Method can be very efficient if it igdisn an
appropriate way, however several reasons are regperfor the high error experienced using thetlsgsiare
method; outliers, which are significantly bad olysg¢ions, can skew the results because they have impact.
This impact is because the square of a number gtange, faster than the number. It is better teakejhe
outliers using some other method prior to usingtleguares on the remaining data. Of course, thist ive
substantiated because rejecting data otherwisadsppactice. It is also attributed to the choiéestarting
values.

6. LAGRANGE INTERPOLATION

Assuming the existence of a set of data pc(ib(ﬁ yi) ,1=0,....n obtained from a functionf (X) S0

that y, = f (X ),i = 0L,..n, asuitable function for interpolatioh(X) is expressible as;

100 =3 L,00.7(x) )0
109 =L,00F 04) +L,09.F(¢) +..+ L, (- (x,) )

The functionL, (X), X = O.1...,Nare chosen to satisfy;

0 X=X, XXy X
Li(x):{ X=Xy Xyyeees Xy Xegyeees Xy an

1 x=x
Suppose we have four data poirft,, f (X )],1 = 01,2,3; from equation 9 withn = 3the interpolating

function | (X);

1(x) = ZO L (%).f (%) (12)
Evaluating | (X) at the four data point¥,, X, , X, , X, we have;
106)=Ly06) £06) +L,06) £(0) +L,06) £ () +L,06) £ (%) (13)
160 =L09 £0)+L09) 09 +L.X) F00) +L,x) £ (0) (14)
100)=L,00) £0) +L,(%) T09) +L,00) £ (%) +,(%) (%) (15)
100=L,00) 1) +L,(¢) F()+L0) T %)+ () (16)

From equation, 11, (X,) =1and L, (X,) = L,(X,) = L,(X,) =0

Hence equation 12 is simplified as follows:

100)=L00) £0)+L,00) £69)+L,00) £0) +1,00) £¢)
=1f(x)+0f(x)+0f(x)+0f(x)
= (%)



By the same reasoning] (X)) = f(x),1(X,) = f(x,)and 1(X,) = f(X,) which means the

interpolating functionl (X) passes through the given set of data points.

The analytical form ofl (X) depends on the functioh.i (X),i = 0]1,...,Nthat satisfies equation 11 and are

called Lagrange coefficient polynomials defineda®ws:

J

X=X |
L|(X) :1-0L..H|+L..n()§ —X]. ]I - 0,12,3,n

For a four-data pointll = 3) Ll(X) through L3 (X) can be expressed as follows:

120, L (9= XTREX)KX)
(6 =X)06 =) 0% =)

=1 L= KX x)

(6 =%)06 =X)05 =)
=2 L= TR X)x=x)

(% = %) (% =%)(%, = X)

XXX X)
=3 L0 )06~ %06 —x)

However, this research is limited to two data pgimiodel as shown below:

RX):[X‘Xij(xo){X‘XO

X =%

X=X

jf(xl)

TABLE Error values for Lagrange method

X Ty omw) [y, mw) | Error (€) g2
1| 3732 37.32 0 0
7 | 393 39.3¢ 0 0
3 | 403 ATAC .08 117
7 [ 428 4342 08’ 067
5 | 4851 45.48 3.03 9.18
S =1102

17

(18)

(19)

(20)

(21)

122

The results using Lagrange Interpolation shows ploater demand by Bayelsa State in 2025 is 76.08 NIé

method gives an error of 1.48, indicating the diémaof forecast values from the real values usilgmethod.
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Fig 3: Lagrange interpolation method results

In comparison with other methods, the Lagrangerpati@ation models is a simplicity, that is, it caa Getermined
without solving a system of simultaneous equationgerforming repetitive calculations as in theecas some of
the methods hence the results are acceptable. Howilve error between the real and interpolatedegamight be

as a result of the few data points used in theyaislthe more the data points the less the error.

7. SECOND-ORDER POLYNOMIAL

Assuming a polynomial of second-order degree, say

y=a, +aX+a,x’ (23)
As with a linear fit, the concept of “best fit” reiges a definition of some measure of the errowbet the data
and the fit curve. The functional form of errosimple generalization of the linear error function;

eror=01(a,,2,8,) = Y. (8, +ax+ax’ - )’ @0

The minimum error is at the partial derivative béterror function with respect to coefficients atkzero.

Hence the equation resulting from evaluating théigladerivatives with respect t& ;

00 _Q :
=) 2 4 YA
ta, & B raAX FaxX —y)

Z[naﬁal;xi +a2;><f-;yi}=0

Dividing both sides by 2 and rearranging we get:



n n n
2 —
naﬁ[Zx}aﬁ[in }az—Zyi (25)
i=1 i=1 i=1
For the partial derivative oa1 we have;
o @ 2
——=22a, tax +ax —y)X
6a1 i=1
n n n n
a3x +a3x ra3 -Sxy =0
i=1 i=1 i= i=1
Dividing both sides by 2 and rearranging we get:
n n n n
[Zx }ao +[Z>¢}al +[Z>¢}a2 =2 XY, (26)
i=1 i= i= i=1
For the partial derivative o1, we get;
o @ 2 2
——=22a, tax tax - y)x
6a1 i=1
n n n n
aSx +a3x +ady -3xy =0
i=L i=1 i=L i=1
Dividing both sides by 2 and rearranging we get:
[ n n n n
S B x| B¢ p=by @
Li= = i= =L
And in matrix form we have;
r n n 2_ ™ n ]
noo2x 22X Y,
i1 i= a, i=L
n n 5 n 3 _ n
PREDR DR N ENE DN (28)
i=1 i=1 i=1 i=1
In 2 In 3 In 4 a2 In 2
XXX XX XY
Li=1 i=1 i=1 L i=1 _
TABLE 4Forecast values for second-order polynomial method
2 3 4 Xy 2
MW,
YearX X= yx( ) X X X X y
X - 2008
2006 1 37.32 1 1 37.32 37.32
2007 2 39.36 4 8 16 78.72 157.44
2008 3 40.32 9 27 81 120.96 362.88
2009 4 42.62 16 64 256 170.48 681.92
2010 5 48.51 25 125 625 24255 1212.75




10

Z :15 > = 2= = = = =
20813 550 2250 9790 650.0 245231

TABLE 5:Error values for ? order polynomial method

X Y, Mw) Ve (MW) Error (e) e’

1 37.32 37.79 -0.47 0.22

2 39.36 38.43 0.93 0.86

3 40.32 40.37 -0.05 0.0025

4 42.62 43.21 -0.99 0.98

5 48.51 48.15 0.36 0.13
S, =219

The results using Second Order Polynomial showgbater demand by Bayelsa State in 2025 is 272.25. Wik'é
method gives an error of 0.66, indicating the démmof forecast values from the real values usirgmethod and
the least error amongst the forecast methods.dtreticed from daily load demand log sheets thak peads occur
between 6am-9am and 7pm-9pm. This is becausainesnly created state where most of the work foatecivil
servants. In the morning, they prepare for workclsse of work by 4pm, they get home between 4.36pm and
carry out their domestic functions between 6pm-9pm.
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Fig 4: Second-order polynomial method results

Although the Second Order Polynomial gives the égghoad demand for Bayelsa State by 2025, it dgivedeast
error recorded so far from all the models emplayetthe forecast because a second-order polynorfiend provides

a good approximation to the shape 6{x) near and optimum.

8. EXPONENTIAL FUNCTION

Bayelsa State is a fast developing state anddb@d to put industrial development or expansiorexiting
industries into account in this research. To actdon these anomalies, the exponential functionl Wwé
employed to obtain a best fit for the period tleisaarch was carried out.

Exponential functions are expressed as;
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Y = AB* (29)
To solve the exponential function, equation 29 baninearized by multiplying through by the log &tion,

hence we have;

logY =log(AB)*

logY =logA+ XlogB (30)
let Y =logY,A =logAB =logBand X =X
Substituting in equation 30 we get;

Y =A+BX (31)
Equation (31) is the linearized exponential funtti@btaining a matrix of the linearized exponentiaiction,
we have;

s Selal i “
And applying Crammer’s rule we get;
L INEX (XY X)
ny x> - (> %)
B = N Y X =Y XYY,
Y X% = (Z X, )

Where A =logA= A=10"

(33)

(34)

B =logB= B=10°

TABLE 6Forecast values for exponential function method

X x=X-2005 | y w) | Y=InY xy=XInY X2
2006 1 37.32 3.62 3.62 1
2007 2 39.36 3.67 7.34 4
2008 3 40.32 3.70 11.10 9
2009 4 42.62 3.75 15.0 16
2010 5 48.51 3.88 19.40 25

2 =15 >=1862 3 =5646 5 =550

TABLE 7Error values for exponential function method

X Y, (MW) | Y, (MW) Error (€) e’
1 37.32 36.60 0.72 0.52
2 39.3¢ 38.8¢ 0.5¢ 0.2t
3 40.37 4127 0.9 0.9¢
4 42.6: 43.8: “1.2E 1.4z
5 48.5] 46.5: 1.9¢ 3.9
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S =703

The results using the Exponential Function methoolasthat power demand by Bayelsa State in 202514544
MW. The method gives an error of 1.19 indicating tteviation of forecast values from the real valusisg the
above method.

140
S 120
2 100
e}
8 g0
£
a
= 60 ——ACTUAL LOAD
(5]
E 40 1 —8—PREDICTED LOAD
& 20

0

2006200820102012201420162018202020222024
YEAR

Fig Exponential function result
The small error obtained using exponential funci®rattributed to some reasons. Exponential smogtis
easier to implement and more efficient to compaseit does not require maintaining a history ofvfmes input
data values. Furthermore, there are no suddent&ffie¢he output as occurs with some forecastinthous.
With exponential smoothing, the effect of the uralslata fades uniformly as it has a big impact widinst

appears.

9. POWER FUNCTION
Equation of the formy = ax"is called power function equation whe@and Nare constants. The equation
can transform into a straight-line form by takiogérithm of both sides. The equation will then bmep
logy =nlogx +loga (35)
Comparing with the standard straight-line equatiyh== MX+ C, we see that a plot dog Yy against|Og X
is a straight line withM = Nand C =loga,
[Jc=antilocof a

TABLE: &orecast values for power function method

X | x=X22008 by, uw) | logx logy
2006 1 37.32 0.0 1.572
2007 2 39.36 0.301 1.595
200¢ 3 40.3Z 0.471 1.60¢
200¢ 4 42.62 0.602 1.63(




‘ 201C ‘ 5

48.51]

0.69¢ 1.68¢

TABLE rror values for Power Function method

XTy.omw [ yoomw) | Eror(e) | e
T | 373 3732 0 0
7 [ 3936 4438 507 |25
3 [ 4032 4912 890 | 77.44
4| 4262 52.78 1016 | 10323
5 | 4851 5581 730 | 53.29
S =259€

13

The results using the Power Function shows thaepaemand by Bayelsa State in 2025 is 78.93 MW.ratod

gives an error of 2.20 indicating the deviatiorfayecast values from the real values using powectian.
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Fig 6: Power function results

In considering the power function model, the dateymot actually be linear but the use of power fiomctransform

the equations into a linear form through mathermahticanipulations before applying the simple linesgression to

fit the equations to the data, hence the least exmbtained.

10. FORECAST BY TIME SERIES

Time Series analysis consist of a description (gglyemathematical) of the component movementsgrgego

understand the movement involved in such descriptite technique of analyzing time series assuimestie

time series variablé is a product of the variableb,C, Sand | that produces the trend, cyclic, seasonal and

irregular movements, respectively. Mathematically,

Y=TxCxSx| =TCS|

(36)
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TABLE 10rend values

YearX x = X - 200 Trend Value, Y,

200¢
2007

1 3395+ 256(1)=36 51

2 3395+ 256(2)=3967
2008 3 3395+ 256(3)=41.63

4

5

2009 33.95+2.56(4) = 44.19
2010 33 .95 + 256 (5)= 46 .75

Error Estimation

TABLEL Error values for time series

X Ty.ow |y, mw eror (€) | €2
1 | 3732 36.51 081 | 066
2 | 3936 39.67 031 | 010
3 | 4032 4163 131 | 172
4| 2262 4419 151 | 246
5 | 4851 267 17€ [ 31C

S =80

The results using Time Series shows that power ddrbg Bayelsa State in 2025 is 85.19MW. The metjivds an

error of 1.27, indicating the deviation of forecastues from the real values using Time Series.
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In using the Time Series model, there is a positlationship between load demand and year; aggheincreases,
the load demand increases. Although Time Seriessgan error more than some of the models, it givasore
reliable forecast because it considers general enadlical description of movement present in théeserThe
increased error may be due to the decompositiogedks into its basic components (T+C+S+l) whicé aot
presented in the other models. The method givesttarkfit because time is a physical concept, hgraameters

and other characters of mathematical models caadeavorld interpretation.

11. CONCLUSION

In summary, there exist a very strong positiveti@teship between Power Demand and Year; that ishagyears

increases, demand in electricity increases. Théstipe relationship between the two variables (Polxemand and

Time) is shown in all the methods adopted in thalysis. This positive relationship is attributedthe fast rate of

development of Bayelsa State; Bayelsa State idrgifiV state and it is a good site for investorsnbe the sudden
increase in population and power demand.

In all the models employed in the analysis, theoB8deOrder Polynomial Model gives the best fit; ikep the least

error of 0.66 and 272.25MW providing a good appmdion to the shape off (x) function which describes the

trend of the power demand distribution in Bayel$ateéS Also, the daily peak load periods in Bayedsate occur

between 6am — 9am and 7pm - 9pm respectively.

12. RECOMMENDATIONS
Based on the data provided and the analysis castiedhe following recommendations are made:

¢ Load demand forecasting should be carried out periodically to enable power system planning and
development.
e Researchers who are interested in load forecasting should adopt Second-Order Polynomial Model because

it is a holistic approach and is more adequate compared to other methods used in this research work.



[6].

[7].
(8].
[9].
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e Bayelsa State is fast developing; hence there is the need to step-up power generation sector (building

power plants) to meet the teeming population and industrial development of the state.

e The distribution network infrastructures in Bayelsa State is of the rural setting and should be improved to

reduce the power interruptions usually experienced in the state.

e Injection substations should be installed in Bayelsa State to improve the power situation and flexibility in

operation of the system.
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