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ABSTRACT

Electricity demand in Sri Lanka is mainly categorized into three main sectors as
Domestic, Industrial and Commercial and the factors affecting on electricity demand
may vary from sector to sector. Various methods have been developed to predict
electricity demand for sector wise by many authors. The objective of this study is also
model the sector wise electricity demand considering the quarterly data of Gross
Domestic Product (GDP), Exchange Rate (USD) and Electricity Price (X1) ( 1994-
2007) using Vector Error Correction analysis.

Dickey Fuller test confirmed that each series were non stationary. The Granger
Causality test was applied to find the direction of causality between electricity
demand (Y;) in each sector and GDP, USD and X1. Cointegration test is used to
identify linear combination of the integrated series for which is the best define for
long run equilibrium relationships between the variables. Three separate VEC models
were identified for each sector. By using the plots of histogram, Autocorrelation
Function (ACF) and Augmented Dickey Fuller Test (ADFT) confirmed and that the
errors of each models as random. Further, it was found each model less than 5% Mean
Absolute Percentage Error for the data used.

Three main factors are identified as the significant contribution to electricity demand
in Sri Lanka. Gross Domestic Product is the most important factor for electricity
demand for three sectors as GDP of lagl, 2 and 3 found as significant variables for
three sectors. Exchange rate only affects for the Domestic and Commercial sectors
electricity defand and ey cain bendesdithed wsing 6ns, ltwe and three lag values of
USD. Ther8€Mkno affect. from electricity sorice .on . commercial sector electricity
demand. Domestic sector eleciricity demad depends on one, two and three lag values
of electricity prite and fndustrial sectof-electricity demand depends on two and three
lag values of electricity price. The results obtained this study is useful for the
awareness on the impacts of different external variables and so to set up the effective
business strategy in the changing business environment.



ACKNOWLEDGMENT

Apart from my efforts, the success of this research depended largely on the
encouragement and guidelines of many others. | take this opportunity to express my
gratitude to those who have been instrumental in the successful completion of this

research.

| would like to express my grateful thanks to Mr. T. M. J. A. Cooray, Senior lecturer
of Mathematics, University of Moratuwa, for providing guidance and for his
tremendous support and help. Without his encouragement, guidance and infinite
experience this research would not have been a reality. | deeply appreciate his

dedication and for sacrificing his valuable time to make my effort a success.

| also wish to express my appreciate to Mr. Rohana Dissanayake, Senior Lecturer,
Department of Mathematics, University of Moratuwa for providing immense support

and advise in completing this project successfully.

| express my sincere thanks to Mr. Bandula S. Thilakasena, Deputy General Manager
(Regulatory.;gs{f}airs), Electrictty’ Board“for''‘providing the''opportunity to receive
or

information ‘__?the successful completion of this project.

I also would like to thank Mr. W. K. Wijeratne of the statistics division of the

Electricity Board who provided data to make this project a success.

Finally, 1 would like to thank my parents and members of my family for the patience
they had while I was on this project and for their guidance and blessings.



Table of Contents

DECIaArAtiON. .. .ttt e i
A DSITACT. ..ot i
ACKNOWIEAZMENT. ... . et ii
Table OF CONENTS. .. ..uieiit et e e e e iv
LSt OF FigUIeS. ..ttt viii
LISt OF Tables. ... iX
List of Abbreviations and APPendiCes. ...........covvviiiiiiiiiiiiieiiieee e X
CHAPTER L.ttt bbbttt ne bt ene e 1
INTRODUGCTION. ..ottt ettt sb et se et e s s 1
1.1 INEOTUCTION .ottt bbbt 1
1.2 Importance Of EIECIIICITY.......cccocveiieieiee e 1
1.3 POWEL EIBCIIIC ..vevieiieiieieie et 2
1.4 SoUrces Of EIECIIICITY ......eccueiie e 2
1.4.1  Oil and NAUFal GaSES ........cceiviriiriiiieieiesie et 3
142 €08l i bbbt 3
1.4.3  Formation of Gas and Oil..........ccceviiieiiiiieiieecc e 3
1.4.4  NoN- renewable FESOUICES .. ..ot 4
1.5 Othei_rrf‘;S_ources A e A R A A SEL LAk e eeeereereereeressennenns 4
151 Stgaw_;l #s an EPerp@Isurcg1CSES. oL LMSSCIIALIONS. ... 4
152  Emaronmental Bobee L ac. K e 5
1.6 AIErNaliVE ENEIJY SOUICTES......ciiiieiiieiieieieste sttt sttt sre st 5
1.6.1  THErmMAal POWEK ....c.oiiiiiieiee ettt 5
1.6.2  SOIAr POWET ...ttt eneennees 5
1.6.3  HYArOEIECIIICITY ... .ovveeeeiieitesecse e 6
1.6.4  WINA POWEN .....oiuieiieie ettt sttt sne e e eneennees 6
1.7 Transmission of Electrical Energy in Sri Lanka ..........cocovvvveeeveerieeeiseenen. 7
1.8 Factors Influencing electricity Demand .............cccoveieeii i, 8
1.8.1  ECONOMIC FACIOIS...c.uiiiieieiiesiieieeieeie ettt 8
L.8.1.1  GDP ittt et 8
1.8.1.2  EXChaNQE RAE.......cciiiiiieiie et 8
1.8.2  Environmental FaCtOrS ........c.oooiiiiiiiiieiee e 9
1.8.3  DemographiC FACLOIS ........cccuiiiieiii ettt 9
1.8.4 Factors Related to Policy Change .........cccccoeviiiiiciie e 9
1.9 ECONOMIC GIOWEN ..ot 9
1.10 Demand of Electricity in Sri LanKa...........ccccovveiiiiiiie i 11



1.11  Electricity Demand FOreCasting ..........ccouveeruereeiierenieseene e siee e 11

1.12  Types of Electricity Demand FOrecast...........cccccoovrveienenenenineseseeeeens 12
1.13  Importance of Energy FOreCasting ...........ccocvrvriririeniieneie e 13
1.14  Objective Of the STUY ........ccooiiiiiiiece s 13
1.15 Data for the STUAY ......ccooviiiiiiieee e 13
1.16  Significance of the STUAY .........ccooiiiiiiiii 14
1.17  Chapter OULHNE .....c.ooveieiiceee et 14
CHAPTER 2.t bbbt b bbbt 15
LITERATURE REVIEW .....ooiiiiiiiie e 15
2.1 INEFOTUCTION ..ottt 15
2.2 Previous research related to the tOpIC........ccccovvieiiiie i 15
CHAPTER 3. bbbttt e 17
METHODOLOGY ..ottt ettt ne e 17
T8 A 1411 7T [¥ T £ To] o ISR PR 17
3.2 Properties Of tIME SEIIES .......c.cviiiiiecie et 17
3.2.1  Stationary TIME SErIES .......civiriiiiiiiiiiii s 17
3.2.2 Di@encing ................................................................................................ 17
3.2.3 AthQOI'relation ............................................................................................ 18
3.24 Parﬁal AULOCOITEIALION ... e 18
KT B U 1o 1 = (oo | SRS 18
34 COINEGIALION ..ottt bbbt 19
3.5 The Linear Regression MOdel ...........cooeiiiiiniiiiisieeeee e 20
3.5.1 Multiple Regression (IMLR) ........ccooiiiiiiiiieieseseeeee e 21
3.5.2  Assumptions for Regression Analysis..........cccuvririnieienene e, 22
3.6 Granger CauSAlITY........coooeiiiiiiiei s 24
3.7 Model SeleCtion Criteria ......c.coveieiieieiieseerie e see e ee e e 25
3.7.1  Durbin-WatSON StAtiSTIC .......c.ecveiieerieiieriesieeieseese e e e see e e se e e 25
3.7.2  Akaike Information Criteria.........ccooeiiiirieriiiii e 26
3.7.3  SCNWAIZ CrITEIIAN ....ecuviitieiiieee et 27
374 SEANAAIA EFTOIS....coiiiie ettt 27
3.7.5 Maximum Likelihood Estimation (MLE) ..........cccceevviiiiiiiiiiccccec e 27
3.8 Vector Auto Regression (WVAR) .....oovi i 28
3.8.1  Vector Error Correction (VEC) Model ..........ccceovvviiiiiiiiieece e 28



3.9 NOIMAIITY TESES ..ttt nne s 29

3.9.1 Histogram of ReSIAUAIS ..........cccoiiiiiiiieie e 29
3.9.2  SKEBWNESS ...ttt ettt ettt be et neenreas 30
3193 KUIMOSIS ..ottt ettt re e nreas 30
3.9.4  Jarque-Bera (JB) Test StatiStiC........cceurvereeriiriieiienieeie e sieeree e 30
3.10.1  GDP-National OULPUL........cceiiiiriiiieieie et 30
3.10.2  EXChanQe RaLe........ccoiiiiiei et 31
3.10.3  EIECHICILY PriCE ....uiciiieieie ettt 31
CHAPTER 4 ...ttt sttt 32
DATA ANALYSIS ..ottt bbb 32
A 01 (oo (U o1 T o OSSR PRPR 32
4.2 Modeling Electricity Demand for Domestic Sector (Y1) ......cccceevvveieiienenn 32
4.3 Preliminary Analysis of the SEries.........cccccviiiiiiiii e 32
4.3.1  TIMeE SEriES PIOTS......coviiiiiiiiiiiee e 32
4.3.2 Testing Stationary of the SEries. ........ccccoveiieie i 34
4.3.3 Testing for Granger Causality ... 35
4.3.4 T@ng {010 1] (=70 [ Lo T OO 36
4.3.5 ngif.gength e FeTor AT o] (oA ¥ 1T o o] o N SO 36
4.4 Testilmwdg residuals of the VEC model ..., 39
4.4.1 ACF and PACF graphs of residuals for selected model.............cc.ccocvennnnene. 40
4.5 Selected VEC MOUE .......ocveieeeiiece et 41
4.6  Obtaining FOrecasts fOr Y1 ..o 41
4.7  Modeling Electricity Demand for Industrial Sector (Y2) .......cccccoovvvrivvnnnnnn. 42
4.7.1 Testing Stationary of the Series. ..., 42
4.7.2 Testing for Granger Causality ..........ccoceiiiiiiiiniiieiee e, 43
4.7.3  Testing COINTEGratiON .........cccviieieieieiie e 44
4.7.4 Obtaining VAR Lag LeNgth ..o, 45
4.8 Checking residuals of the VEC model ..., 49
4.8.1 ACF and PACF graphs of residuals for selected model.............c...c.......... 49
4.8.2 Histogram for the residualsS ...........cccooveiiiiiiiii e 50
4.9  Selected VEC MO ......oouiiiiiieice e s 51
4.10 Obtaining FOrecasts fOr Y2 ..ot 51
4.11 Modeling Electricity Demand for Commercial Sector (Y3)........ccccevvvennne. 52

Vi



4.11.1 Testing fOr StAtIONAIY .......c.ciieiiiieiieie e 52

4.11.2 Testing for Granger CauSality .........ccoeiiiiiiiinieee e, 53
4.11.3  Testing for Co-INTEQratioN ...........ccerueieririiesieieeee e 54
4.11.4 Obtaining Lag LENGth .......cccooiiiiiieeeee e 55
4.12  Checking residuals of the VEC model ..........cccooviiiiiiiiciinceeee, 59
4.12.1  Histogram for the reSidUalS .........cccooereiiiiiiiicee e 59
4.12.2 ACF and PACF graphs of the residuals ..........ccccccevviiiiieiiieiecce e, 60
4.13  Selected VEC MOEL .......ccoviiiiiiiiiee e 62
4.14  Obtaining FOrecasts fOr Y3 ......covoiiiiieiiiie st 62
CHAPTER 5. ettt bbbttt 63
RESULTS DISCUSSION AND CONCLUSION ......ccoiiiiiiieienese e 63
5.1 INEFOTUCTION ..ottt 63
5.2  ReSUItS and DISCUSSION......cuiiuiiiiiiesiieiiiiieiesie ettt 63
5.2.1 Model for the dOMESLIC SECLON .........cviiiiriiriesie e 63
5.2.2 Model for the INdUSErial SECLON ........cveiiieieieie e, 64
5.2.3 Model for the Commercial SECOr..........cocviiiiiiiniiis e, 64
5.3 Con@%sion ...................................................................................................... 64
REFEREIV\_»IQES ......................................................................................................... 65
APPENDI)Z e e e e s s e e earrres 67
APPENDIX oottt e e e e e nnrre e e e 69
APPENDIX .ottt e e e e e e nnrree e e 71
APPENDIX TV ettt e e e e e 73

vii



LIST OF FIGURES

LIST OF FIGURES

Figure 1.1 Sectorial Composition of GDP (%) 1950-2000
Figure 4.1 Plots of quarterly data for the electricity demand in Domestic,
Industrial and Commercial sectors
Figure 4.2 Plots of quarterly Gross domestic product (GDP),
Electricity Price(X1) and Exchange Rate (USD)
for the period 1994-2007
Figure 4.3Correlogram of the residuals of the regression model in Table 4.6
Figure 4.4 Histogram for the residuals
Figure 4.5 ACF and PACF graph for the residuals
Figure 4.6 Histogram for the residuals
Figure 4.7 Histogram for the residuals

Figure 4

S A
e 4

oeis, 7T

PAGE

10

33

33
40
40
49
50
59
60

viii



LIST OF TABLES

LIST OF TABLES

Table 4.1 Augmented Unit Root Test-First Difference
Table 4.2 Granger Causality Test Results

Table 4.3 Co-integration test results

Table 4.4 Lag length selection criterion values

Table 4.5 VEC Model Results

Table 4.6 Unit Root Test Results

Table 4.7 Forecasts Vs. Actual of Y1

Table 4.8 Augmented Unit Root Test-First Difference
Table 4.9 Granger Causality Test Results

Table 4.10 Co-integration test results

Table 4.11 Lag length selection criterion values

Table 4.12 VEC el iResult:

Table 4.13 f?% pnodel Result

Table 4.14 Unit

Table 4.15 Forecasts Vs. Actual of Y2

Table 4.16 Augmented Unit Root Test-First Difference

Table 4.17 Granger Causality test results
Table 4.18 Co-integration test results

Table 4.19 Lag length selection criterion values
Table 4.20 VEC model
Table 4.21 VEC model

Table 4.22 Unit Root Test for Residuals
Table 4.23 Forecasts Vs. Actual of Y3

PAGE

34
35
36
37
38
39

41
42
43
44
45

46
48
50
51
52

53
54

55
56
58

61
62



LIST OF ABBREVIATIONS

Abbreviation

GDP
DW
ACF
PACF
ADFT
GWh
kWh
uUsD
UK
USA
AIC
SIC
JB
OLS
VAR
VEC
Mn

s
€3

Description

Gross Domestic Product
Durbin Watson statistic
Autocorrelation Function

Partial Autocorrelation Function
Augmented Dickey Fuller Test

Giga Watt hour

Kilo Watt hour

United States Dollar

United Kingdom

United States of America
Akaike Information Criteria
Schwarz Information Criteria
JarqueBera Statistic
Ordinary Least Square
Vector Auto Regression
Vector Error Correction
Million

LIST ORABPENDICES

Appendices

Appendix |

Appendix I

Appendix 111

Appendix IV

pescripuuti

Quarterly data of electricity revenue (Rs. Million)
For Domestic, Industrial and Commercial sectors
from 1994-2007.

Quarterly data of electricity units (GWh) for
Domestic, Industrial and Commercial sectors
from 1994-2007.

Quarterly data of electricity price for
Domestic, Industrial and commercial sectors
from 1994-2007

Quarterly data of GDP and USD from 1994-2007

Page

67

69

71

73



