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Abs t rac t  : The demand for electricity in Sr i  Lanlca depends mainly on the activities 
ol'clomestic, industrial and comnlercial sectors ancl t h e  th ree  conlponents a r e  highly 
correlatecl.  A l though such corre lat ion does no t  affect un ivar ia te  es t imat ion  
procedures, i t  may lead to incorrect inferences of influerltial factors on the demand 
for electr ici ty. As a resu l t ,  sepa ra te  un ivar ia te  a p p r o a c l ~ e s  for  each sector  
m a y  not bc a n  accu r ;~ te  niethocl of' ident i fy ing such  factors.  Therefore, this 
stucly alms to identify sucll facto1.s using multivariate regression whicb consjders 
the correlation among different sectors (or dependent variables) ancl estimates il 
mult ivariate demand model for the purpose offorecasting. The overall sign iricance 
of the  f i t ted demand model and  the  signif icant inf luential  factors a r e  assessed 
by mu l t i va r i a te  t es t s  such  a s  Bar t le t t ' s  us i ng  t h e  s ta t i s t i ca l  package SAS. 
Theoret ica l ly ,  demand  is  a funct ion of i t s  own pr ice,  t h e  income level ,or 
consumers, and the price of substitutes. Gross Domestic Product (GDP) a t  constant 
(1960) factor prices is used as a proxy for income level of consumers and kerosene is  
tillten a s  a close substi tute Ibl. elcctriclty. The analysis uses quarterly data Tot two 
periocls 1970-1977 ant1 1978-1994 to assess  t h e  effect of t h e  liberalized 
economy int~~ocluccd in late 1977. During the period aftcr 1977, the effect ol ' thc 
income levcl h a s  i~ lcreasecl  subs ta~ l t i a l l y  clue to t h e  l ibera l ized economy. T h e  
substi tut ion between electricity and lierosene is  marginal ill the post-lil)ol~alizecl 
periocl, a s  electricity is more eff icient antl- convenient  t l ~ a n  Iterosene. Jlue to  , 

such dit'ferenccs between t he  two pcriohs. t h e  de~nancl  for e lectr ic i ty  lni>y 

be explained better by tnto models rather than a single lnoclel estimated for t l ~ e  
entire period. The multivariate demand model based on the post-li.beralized period is 
fbuncl to aclequately forecast the clemand for electricity. 

i 
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INTRODUCTION 

In Sri Lanka, electricity is generated from hyd.1-o and th.erma1. power. While hydro 
powel: is the cheapest and cnvironmental.ly beneficial source of energy, thermal 
power. is more expensive and the demand fbr which vai-ies with tl-te changes in the 
weather pattern, and is mostly used for meeting the shortfall i n  the supply of hydro 
electricity in the drought periods. The level of energy consumpti.on depends mainly 
on the activities of domestic, industrial, and commercial .sectors, and the pattern of 
consumptioil is associated with characteristics exclusive to different sectors. 
Therefore i t  is important to examine the sector-wise consumption of electricity. 

Corresponcling author 
Pn1.L or t h i s  worli was  presentecl a t  t he  54th a n n u a l  sessions of t h e  Sr i  Lanlca Associatiotl 
Sol, t h e  Aclvancenlenl oSScience (SLAAS) 
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The domestic sector is the largest energy consumer in Sri Lanka and the 
household income is an important determinant of the use of electricity for domestic 
p ~ r p o s e s . ~  The industrial sector obtains about 25% of its energy requirements from 
clcctricity at present." The consumption pattern of different types of energy sources 
in the industrial sector indicates a shift from petroleum products and firewood to 
electricity, as electricity is a more efficient source of energy with minimum wastage 
in consumption.The commercial sector includes activities of shops, supermarkets, 
banks and hotels. As a result of expansion in service and commercial oriented ac- 
tivities following the economic liberalization introduced in November, 1977, the 
commercial demand for electricity has considerably increased. Today, electricity has 
become the main source of energy for commercial activities, accounting for more 
than 60%) of the total energy consumption by this sector. "There has been 
an  increase in the installed capacity of' electricity in Sri Lanka from 265 MW in 
1970 to 402 MW in 1977 and 1409 MW in 1995. 34 

Continued expansion in power generation and the growing demand for 
electricity, provide a clear case for the need for an efEcient forecasting system for 
the demand. However, there is no recent information available on such forecasting 
systems. Satisfying the ever increasing demand for electricity is a major problem as 
long spells of droughts prevailing in catchment areas are more frequent now than 
in the past, which prevent the hydro power plants from generating to full capacity. 
Thermal power generation is a substitute in such situations. However, this is 
expensive and therefore, a sensible pricing policy should be formulated to 
suppress the unwarranted consumption and to recover the increasing energy cost. 
In formulating such policies, i t  is required to identify the economical variables 
affecting the demand for electricity. However, no recent infornlation is available on 
the influence of such factors on the demand for different sectors. Thc earlier 
studies l0.l"re based on the total demand for electricity and they used 
univariate regression techniques. However, if the demand in different sectors 
are inter-related, univariate approach may not be an accurate method of 
identifying the factors influencing the demand for electricity. Therefore, this paper 
aims to identify and examine such factors using a more appropriate technique, the 
multivariate regression. Apart from these, the structural stability of the 
formulated demand function due to the implementation of liberalized economic 
policies in November 1977, is also studied. Finally, an attempt is made to forecast 
demand for electricity for different sectors, a t  least for the purpose of short-term 
forecasting based on multivariate regression model. 

METHODS AND MATERIALS 

The consumption of electricity has been taken a s  i ts demand. The demand 
for electricity is grouped into three major sectors namely, (i) domestic, (ii) indus- 
trial, and (iii) commercial. According to the economic theory, the demand for any 
good or service is a function of its own price, income level of consumers and the 



Modelling electricity deinalzcl 57 

price of substitutes. Apart from these factors, demand of a service may also be 
affected by the changes of economic activities of the country.13The most important 
economic change in Sri Lanka, is the implementation of liberalized economic 
policies in November 1977. 

The analysis uses quarterly data for the period 1970 to 1994. T l~c  figures for 
1995 and 1996 were also available, but due to the frequent power cuts i n  1996, t l ~ c  
data on consumption of electricity fb~. 1996 cannot be used for this study. 
Thc f~gu~.cs  tbr 1995 were not used in the analysis as thesc figures were used for 
calculating forecasting errors. Data on consumption of electricity were obtained 
from Central Bank of Sri Lanka and from Ceylon Electricity Board.',-' The tariff 
structure used by Ceylon Electricity Board is somewhat complicated. In order to 
overcome problems arising from this, an  average price of one unit (1 kwh)  
of electricity of a particular quarter in Rs/kWh was computed by dividing the total 
revenue from electricity of that  quarter in  Rs. Mn. by the number of units 
consumed within that period in Mn. kwh. 

The data on kerosene sales and revenue were collected fi-om Ceylon 
Petroleum Corporation and from Central Bank of Sri Lanka." The price of 
a metric t o n  of' kerosenc of a particular quarter in Rs/M.T. w a s  calculated 
by dividing the total revenue of'that quarter in Rs. Million by the total sales within 
that period in 000' tons and multiplying by 1000. For commercial and industrial 
sectors, diesel would perhaps be a better substitute than kerosene. However, as tl-rc 
quarterly figures of sales and revenue of diesel were not readily available, checking 
of the effect of diesel price was not possible. 

Gross Domestic Product (GDP) at constant (1980) factor prices was used as 
a proxy fbr income level of the consumers. Thesc are availablc in Ccntral Bank of 
Sri Lanka on an annual basis. However, the actual quarterly figures ol'GDP are not 
available. Therefore, the quarterly estimates of GDP figures " were used in this 
study for. the period 1970-1981. For the period 1982-1995, correspoi~ding figurcs 
were estimated by an additive time series model with trend and scasonal 
variations. Trend was adequately estimated by multiple regression modcl 
as  i t  explained 98% of the total variation. The estimated values of GDP werc t l~cn 
adjusted for the annual data published by the Central Bank of Sri Lanka. The 
differences of annual estimates and actual values were small and random. 
The multivariate regression model can be stated as: 

Y is an nxp matrix of 'p' dependent variables, Y,, Y ,,..., Y,,, 
X is an nx(q+l) matrix of 'q' predictor variables of the form (1, X,, q,..., X(, ), 
B is a (q+l)xp matrix of unknown parameters, and 
E is an nxp matrix of residuals assumed to be from a multivariate normal 
distribution with zero mean and dispersion matrix X." 
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In this study, there were three dependent variables, Y,, Y,, and Y:,, 

where : 

Y, = log (Domestic demand), 
Y, = log (Industrial demand), and 
Y ,  = log (Commercial demand) 

and three predictor variables, 

X, = log (Price of electricity), 
X, = log ( Price of kerosene), and 
X ,  = log (Income level of consumers) 

A A ]  A A  

The estimators B = W  X)-' XIY and C=T (E IE )  of B and C can be obtained 
fi-om the method of maximum likelihood using the statistical package SAS. 
Multivariate regression considers the correlation among dependent variables. 
However,  t h e  mu l t i va r ia te  es t ima t ion  i s  achieved by p independen t  
univar iate est imations, so the  inter-correlation among t he  Yi (i = 1,2,3) do 
not influence the estimation of B. On t he  other hand,  the univariate estimation 
does not consider the off-diagonal elements of 2 which play a n  important 
role i n  test ing hypotheses about elements of B. Hence, if correlations among 
the Y ,  ( i  = 1,2,3)  are ignored, and three separate univar iate regressions a re  
done, one on each Yi ,  t hen  the correct parameter est imates will be obtained 
but incorrect inferences may be drawn about these parameters. "The assumption 
of' multivariate normality is  assessecl by exam.ining whetb.er. t he  scat ter  
d iagrams for pairs of' f i rs t  few principal com.ponents of E appear  to be 
e l l i p t i ~ a l . ~  Further,  the separate columns of E are  assumed to be sei-.ially 
independents and it is  tested by the  Durbin-Watson (DW) procedure.14 

The overall significance of the multivariate regression modcl was tested by 
the Bartlett's Statistic of the form -[n-q-1-(p-q+l)/2]ln A where p, q and n were as 
defined earlier and A is called Wilks' Lambda "hich may be an equivalent to the 
F value given by the univariate regression. The value of I\ was given by tlie MTEST 
statement of PROC REG in SAS. The Bartlett's statistic has an approximate xL 
distr ibut ion wi th pxq degrees of freedom under t he  nul l  hypothesis of non- 
significant model." 

Selection of the most effective variables in the multivariate regression model 
was obtained by the Bartlett's statistic of the form; -[n-q-1-(p-q,+l)/2lln A, where q, 
is the number of variables that provide no additional predictive information when 
adjusted for the remaining explanatory variables. I t  also has a x2 distribution with 
pxq, degrees of freedom under the null hypothesis that q, number of variables have 
no effect, when adjusted for the remaining predictor variables in t l ~ c  model." 
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The effect of the liberalized economic policies introduced in late 1977 on the 
stability of the demand for electricity was tested by the Chow test '"here the 
test statistic is given by : 

[ {SSR - (SSR, + SSl3,)I 1 rl 1 { (SSR, + SSR,) 1 (n - 2r) I ,  

where : 

n = sample size, 
r = number of parameters being estimated, and 
SSR, SSR,, and SSR, are the residual sums of squares of the estimated models for 
the entire period, the pre-liberalized period, and the post-liberalized period, 
respectively. 

This is an univariate test which is done for each Yi. The above Chow test 
statistic has an F distribution with (r, n-2r) degrees of freedom under the null 
hypo thesis of parameter stability. The demand for electricity had experienced a 
structural change even before the introduction of liberalized economic policies as a 
result of a major political change in Sri Lanka and the expectations about new 
economic policies.'O Therefore a t  the time these policies were introduced, the 
patterns of the demand for electricity had already adjusted to the new situation. 
Thus, we could use 1970-1977 as pre-liberalized period and 1978-1994 as 
post-liberalized period. 

RESULTS AND DISCUSSION 

The coefficients of correlation between Y, andY,, Y, and Y,, aildY, and Y, are 0.94, 
0.96 and 0.93 respectively. This ind.icates high correlation between dependent 
variables. 

The values of the Bartlett's Statistic of multivariate regression used to test 
the predictive power of each explanatory variable, adjusted for the effect of 
remaining variables are tabulated in Table 1 for the three periods. Tlle table also 
contains the t-statistics of univariate regressions for the comparison of two 
regressions. 

According to Table 1, the effect of variables on the denland are different for 
the two periods, before and after 1977. Based on the results of multivariate 
regression, in the post-liberalized period, income level of the consumers is 
the most influential on the demand ( p < 0.01), while it is the least effective 
before 1977, which implied that  the effect of the income level has increased 
substantially due to the liberalized economic policies and the price of electricity has 
a more significant effect on the demand during the pre-liberalized period. However, 
the unlvariate regressions lead to different inferences about price of electricity 
and income level of consumers. The plots of the demand against X,and X ,  over the 
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whole period indicate clear differences before and after 1977. Although the price of 
kerosene i s  a n  important  factor in  determining t h e  demand before 1977, it 
became insignificant during the period after 1977. As the use of electricity is more 
efficient and convenient, the substitution between electricity and kcroscnc was 
marginal  dur ing the  post-liberalized period, and such substi tut ion may be 
impracticable by the requisite expenses and radical modification of'the equipment 
required, mainly in  the industr ia l  and con~mercial sectors. 

Table 1: Effect of explanatory variables on the demand for electricity 

Bartlett's Statistic of Multivariate Regression and 
t- Statistic of Univariate Regressiolt 

Explanatory p=3, q=3 and q , = l  
variable 

Entire period Before 1997 After 1977 
Sample size (12) =lo0 Sample size (n) =32 Samplc size (11) = 68 

X1 25.426 (0.0001) ' 15.569 (0.0014)-' 10.838 (0.0045) ' 
1.607 (0.1114) 1.627 (0.1150) 3.150 (0.0025) 

X, t log (Price of electricity); X, = log ( Price of kerosene); ancl X, = log/Income levcl 1 

Note : Figures in parel~theses are the corresponding p..vaIues ofBnrtlett7s Statistic ancl t-st;~tist ic. 
.>.,. 
....., indicates significance >it 1 8 level ( p < 0.01 ) 
'Vindicates significance at 5 ';/F level ( p < 0.05 ) 

Due to the  above differences between t he  two periods, t he  demand 
for electricity may be explained better by two models ra ther  t han  a single 
model est imated for the  ent i re period. Therefore, i t  i s  important  to tes t  
whether t he  statistical stability of the demand has changed significantly due to 
the new economic policies. This was identif ied by t he  Chow test  using thc  
est imates of Residual Sum of Squares (RSS) fi-om theunivariatc regression on Y,, 
Y,, and Y,]. If est imated parameters in  t hc  demand model change with nctv 
policies, th is  implies t ha t  the stabil i ty o f t he  relationship has  changed. Thc 
Chow test  :-esults appearing in Table 2, show that thc parameter stability of Lhe 
demand model had cl~anged significantly due to the open economic policics implying 
that  the estimated model is not the same for the two periods. Therefore, for the 
purpose of forecasting, a multivariate demand model estirnatcd for the post- 
liberalized period is more appropriate than that for the entire period. 
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Table 2: Chow test results for parameter stability. 

Dependent SSK SSR, SS% Chow test 
variable (Entire period) (13efbre 1977) (After 1977) statistic 

Y, = log(Domestic demand);Y, = log(1ndustrial demand);Y, = log(Commercia1 demand) 
SSRS = the residual sums of squares of each dependent variable estimated for the corresponding periods. 
Note : r = 4 

Figures In parentheses are the corresponding p-values of Chow Stattstic 
lncllcates significance a t  5 O/o level ( p< 0 05 
indicates significance a1 1 '% level ( p< 0.01 ) 

In the post-liberalized period, the price of kerosene had no influence on the demand 
when its effect was adjusted for price of electricity, income level and also for the 
inter-correlation a ~ o n g ~ t h e  three dependent variables. Therefore, a multivariate 
model of the form Y=XB excluding the price of kerosene, was estimated for that 
period. 

The model is, 

which gave rise to three univariate models 

(1) Y, = - 6.3479 + 0.212 XI + 1.9286 X, ; 
(2) Y, = - 2.1902 - 0.0153 X, + 1.0537 X, ; and 
(3) Y, = - 5.9654 + 0.0621 X, + 1.8465 & 

for the domestic, industrial and the commercial sectors, respectively. 

The value ofthe Bartlett's Statistic for overall significance of this model is 
248.789. As the value is greater than the corresponding table value (12.592) at  5% 
level, it can be concluded that the above regression is highly significant. Therefore, 
the variables, X, and X, adequately improve the prediction of the dependent 
variables, Y,, Y,, and Y,. 
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The residuals (E) of the estimated model did not indicate any substantial 
departure from multivariate normal distribution with mean zero. The values of 
Durbin-Watson (DW) statistic for the serial independence of the residuals of the 
three models, (I), (21, and (3) were 1.92, 1.40 and 1.74, respectively. This implies 
that the model (2) contains pos~tive first-order serial con-elation as its value olDW 
statistic is less than the lower bound of the DW critical value, d,, = 1.174 and models, 
(1) and (3) do not indicate such correlation. As the residual plot of model (2) did not 
show any strong pattern and most of its residuals were within the acceptable range 
(-0.12,O. 121, the amount of serial dependence present in model (2) may have little 
influence on its estimates. 

The forecasting performance of the estimated models are presented in 
Table 3, where the quarterly predictions of the demand in 1995 are compared 
with the corresponding actual values. 

'l'able 3 : Forecasting performance of the estimated models for cliffereilt sectors 
in 1995. 

Model Demand QI QZ &:I QI 

Y ,  - Domestic Predicted 245.6 250.2 252.8 259.8 
sector Actual 239.1 253.9 256.8 265.0 

% Forecasting error -2.7 1.5 1.6 2.0 

Y, - Industrial Predicted 314.8 315.5 317.1 321.5 
sector Actual 318.6 320.0 322.5 325.2 

(3/0 Forecasting error 1.2 1.4 1.7 1.2 

Y, - Commercial Predicted 203.5 205.4 207.2 212.5 
sector Actual 198.5 201.1 204.3 210.2 

% Forecasting error -2.5 -2.1 -1.4 -1.1 

Q, = 1st  quarter Q, = 2nd quarter 
Q:, = 3rd quarter Q, = 41;h quarter 

As the percentage forecasting errors are relatively small, and .  the 
tests described indicate no evidence of failures of the model assumptions, we expect 
the model to be satisfactory. Since future estimates of electricity prices and 
GDP values can be obtained from Ceylon Electricity Board and Central Bank of Sri 
Lanka, we believe that  the modelling exercise described in  this paper is 
worthwhile. The suggested model can therefore be used to forecast the demand 



for electricity in  any given period, using the price of electricity and the GDP value 
pertaining to tha t  period. To be on the safe side one call always forecast the next 
four quarters only, using this model. Once the actual values of these four quarters 
are available, these values can be used to update the model which could then be 
used to forecast the next four quarters, and so on. 
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