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ABSTRACT 

 

Long term energy sector planning is essential for a country to acquire sustainable 

development in all its social, economic and environmental dimensions. Further it will ensure 

the energy supply security of the country. Energy supply side needs to deal with technical, 

economic and environmental assessments of all energy supply options such as natural 

resources, energy imports, energy exports, etc. Also the energy supply side should follow 

policy directives of the government and should take all other related constraints in to account. 

Similarly the demand side too has to deal with the assessment of future energy needs of 

various consumption sectors, policy directives, etc.  

Sri Lanka being a country scant of fossil fuels mainly depends on imports of petroleum and 

coal. Even though coal is used for electricity generation only, petroleum products are being 

used for variety of applications. Further, at the moment Sri Lanka does not deal with Natural 

Gas (NG) to fulfill its energy needs. However, potential NG fields have been found in Sri 

Lanka during the recent past. Therefore analyzing the viability of using NG is a timely 

requirement. 

The software MESSAGE was used to model the energy chains associated with Petroleum, 

Coal and NG. The model was validated by comparing it with results of LTGEP of CEB and 

results of the initial natural gas utilization road map. 

Under results, modernization of the existing refinery, introducing NG to the energy sector, 

and introducing electric vehicles have become economically viable options in the long run. 

Further, coal has become the most economical option for electricity generation. In addition, 

construction of a urea plant has become more economical than importing urea. 

This model can be used in the planning stages of introducing a new technology, new energy 

source, or any other major change in the energy sector. 

 

Key words: Long Term Energy Planning, Energy chain modeling, Least Cost, Technical, 

Economical. 

 

 

 



iii 
 

ACKNOWLEDGEMENT 

 

Foremost, I pay my sincere gratitude to Dr. K.T.M. Udayanga Hemapala and Mr. 

Kanchana Siriwardena who encouraged and guided me to conduct this research and 

on perpetration of final dissertation.  

I extend my sincere gratitude to Dr. Nalin Wickramarachchi, Head of the Department 

of Electrical Engineering and all the lectures and visiting lectures of the Department 

of Electrical Engineering for the support extended during the study period. 

Further, I Extend my sincere gratitude to Mr. Damitha Kumarasinghe (Director 

General), Mr. Gamini Herath (Deputy Director General), Mr. Chamath 

Goonawardena (Director - Regulatory Affairs) and Mr. Palitha Sirimal (Director - 

Human Resources) of Public Utilities Commission of Sri Lanka (PUCSL) for 

supporting me during the study period. 

I would like to take this opportunity to extend my sincere thanks to following experts 

who gave their support to conduct my work. Mr. Raja Amaratunga (Consultant - 

petroleum sector expert of PUCSL), Mr. EM Piyasena (Petroleum sector expert), Mr. 

NRR Jayasekara (Refinery Manager of Ceylon Petroleum Corporation), Ms. AS 

Premakanthi (Department of  Economic and Scheduling of Ceylon Petroleum 

Corporation) and Mr. Lathika Attanayake (Electrical Engineer of Ceylon Electricity 

Board).  

My thanks extend to International Atomic Energy Agency for providing the software 

MESSAGE. 

It is a great pleasure to remember the kind co-operation extended by the colleagues in 

the post graduate program and my friends. 

Further, I would like to thank my parents, my sister and my wife Moditha who helped 

me to continue the studies during the entire MSc program. 

 

 

 



iv 
 

TABLE OF CONTENTS 

DECLARATION ......................................................................................... i 

ABSTRACT ...............................................................................................ii 

ACKNOWLEDGEMENT ........................................................................ iii 

TABLE OF CONTENTS .......................................................................... iv 

LIST OF FIGURES ..................................................................................vii 

LIST OF TABLES ..................................................................................... ix 

LIST OF ABBREVIATIONS ................................................................... xi 

1 INTRODUCTION ................................................................................ 1 

1.1 Background .................................................................................... 1 

1.2 Problem statement/justification ..................................................... 2 

1.3 Motivation ...................................................................................... 2 

1.4 Objectives of the study ................................................................... 2 

1.5 Methodology .................................................................................. 3 

1.6 Contributions .................................................................................. 4 

1.7 Organization ................................................................................... 5 

2 LITERATURE REVIEW ..................................................................... 6 

2.1 General Information ....................................................................... 6 

2.2 Energy Planning Software currently used in Sri Lanka ................. 7 

2.3 Overview for MESSAGE .............................................................. 8 

2.4 Nature of Results of a MESSAGE Model ................................... 11 

2.5 Importance of Environmental Factors in Energy Planning ......... 12 

2.6 Electric Vehicles .......................................................................... 13 

3 MESSAGE MODEL OF SRI LANKAN ENERGY SYSTEM ........ 15 

3.1 Present Situation of Sri Lanka’s Energy Sector ........................... 15 

3.2 Natural Gas – An Option for Future Energy Needs of Sri Lanka 16 

3.3 Selection of Energy Networks to the Model ................................ 18 

4 BUILDING THE ENERGY SUPPLY NETWORKS – ENERGY 

LEVELS.................................................................................................... 19 

4.1 Primary energy level .................................................................... 19 



v 
 

4.2 Secondary energy Level ............................................................... 19 

4.3 Final energy level ......................................................................... 20 

5 BUILDING THE ENERGY SUPPLY NETWORKS – DEMAND 

FORECAST .............................................................................................. 22 

5.1 Demand Forecast – Industrial Sector ........................................... 22 

5.2 Demand Forecast – Transport Sector ........................................... 25 

5.3 Demand Forecast – Household and Commercial Sectors............ 29 

5.4 Demand Forecast - Electricity ..................................................... 31 

5.5 Demand Forecast - Urea .............................................................. 33 

6 BUILDING THE ENERGY SUPPLY NETWORKS – 

TECHNOLOGIES .................................................................................... 35 

6.1 Technologies – Existing Refinery ................................................ 36 

6.2 Technologies – Sapugaskanda Oil Refinery Expansion and 

Modernization (SOREM) ...................................................................... 38 

6.3 Technologies – Existing Thermal power Plants .......................... 41 

6.4 Technologies – Candidate Power Plants ...................................... 43 

6.5 Technologies – Urea Plant ........................................................... 44 

6.6 Technologies – NG Distribution Network ................................... 45 

6.7 Technologies – Maximum NG production from Indigenous 

Resources ............................................................................................... 45 

7 BUILDING THE ENERGY SUPPLY NETWORKS – COST OF 

FUELS ...................................................................................................... 46 

7.1 Cost of Fuels – Crude Oil ............................................................ 46 

7.2 Cost of Fuels – Coal ..................................................................... 47 

7.3 Cost of Fuels – Gasoline, Kerosene and Diesel ........................... 47 

7.4 Cost of Fuels – Fuel Oil and LPG ................................................ 48 

7.5 Cost of Fuels – Naphtha, LNG and Nuclear ................................ 49 

7.6 Cost of Fuels – Indigenous NG .................................................... 49 

8 BUILDING THE ENERGY SUPPLY NETWORKS – ENERGY 

FLOWS NETWORKS ............................................................................. 50 

8.1 Energy Flows Networks – Natural Gas ....................................... 50 



vi 
 

8.2 Energy Flows Networks – Petroleum (Supply side) .................... 51 

8.3 Energy Flows Networks – Petroleum (Demand side) ................. 52 

8.4 Energy Flows Networks – Coal ................................................... 53 

8.5 Energy Flows Networks – Nuclear .............................................. 54 

9 MESSAGE MODEL – RESULTS OF THE BASE CASE ............... 55 

9.1 Fuel Imports ................................................................................. 55 

9.2 Petroleum sector ........................................................................... 56 

9.3 Electricity Generation .................................................................. 57 

9.4 NG Sector ..................................................................................... 60 

9.5 Results in general ......................................................................... 62 

9.6 Transport Sector - Energy Share by Fuel ..................................... 64 

9.7 Industrial Sector - Energy Share by Fuel ..................................... 66 

9.8 Household and Commercial Sector - Energy Share by Fuel ....... 68 

10 SENSITIVITY ANALYSIS............................................................ 70 

10.1 Sensitivity Analysis – High Discount Rate Case ...................... 70 

10.2 Sensitivity Analysis – Low Discount Rate Case ...................... 70 

10.3 Sensitivity Analysis - High LNG and NG Price Case .............. 71 

10.4 Sensitivity Analysis – Low LNG and NG Price Case .............. 73 

10.5 Sensitivity Analysis – High Coal Price Case ............................ 74 

10.6 Sensitivity Analysis – Low Coal Price Case ............................ 74 

10.7 Sensitivity Analysis – High Petroleum Price Case ................... 75 

10.8 Sensitivity Analysis – Low Petroleum Price Case ................... 75 

11 LIMITATIONS OF THE MODEL ................................................. 79 

12 VALIDATION OF THE MODEL .................................................. 80 

13 DISCUSSION AND CONCLUSIONS .......................................... 83 

REFERENCES ......................................................................................... 86 

 

  

 

 



vii 
 

LIST OF FIGURES 

Figure 2-1: A typical energy flows network used in a MESSAGE model 8 

Figure 2-2: Development of energy flow in the Syrian energy system. 

Source [3] .................................................................................................. 11 

Figure 2-3: Shares of secondary energy by fuel type (before electricity 

generation). Source [3] ............................................................................. 12 

Figure 3-1: Breakdown of total energy demand of the country ............... 15 

Figure 5-1: The proposed demand forecast for industrial sector with the 

introduction of NG .................................................................................... 24 

Figure 5-2: The proposed demand forecast for transport sector with the 

introduction of NG and electricity ............................................................ 28 

Figure 5-3: Demand forecast for household and commercial sectors with 

the introduction of NG .............................................................................. 31 

Figure 8-1: Energy flows networks for NG sector ................................... 50 

Figure 8-2: Energy flows networks for the supply side of the petroleum 

sector ......................................................................................................... 51 

Figure 8-3: Energy flows networks for the demand side of the petroleum 

sector ......................................................................................................... 52 

Figure 8-4: Energy flows networks for the energy chains associated with 

coal ............................................................................................................ 53 

Figure 8-5: Energy flows networks for the energy chains associated with 

nuclear ....................................................................................................... 54 

Figure 9-1: MESSAGE output on fuel imports – in percentages ............. 56 

Figure 9-2: Output of the model - proposed power plants ....................... 57 

Figure 9-3: Output of the model - future usages of electricity ................. 59 

Figure 9-4: Model output – NG sector (imports and indigenous) ............ 61 

Figure 9-5: Model output - Future fuel/energy source mix (in 

percentages) .............................................................................................. 63 

Figure 9-6: Model output - Energy share by fuel in relation to the 

transport sector .......................................................................................... 65 

Figure 9-7: Model output - Fuel-wise energy picture for the industrial 

sector (in percentages) .............................................................................. 67 

Figure 9-8: Model output - Fuel-wise energy picture for the household 

and commercial sector (in percentages) ................................................... 69 

Figure 10-1: Model output - Proposed power plants (low LNG and NG 

price case) ................................................................................................. 73 



viii 
 

Figure 10-2: Model output - fuel imports in percentages (low petroleum 

price case) ................................................................................................. 78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

LIST OF TABLES 

Table 3-1: Breakdown of total energy demand of the country................. 15 

Table 5-1: Demand forecast – Industrial sector ....................................... 22 

Table 5-2: Forecast for amounts of energy to be fulfilled by NG in the 

industrial sector ......................................................................................... 23 

Table 5-3: The demand forecast for diesel and gasoline in transport sector

 .................................................................................................................. 25 

Table 5-4: The amounts of energy which can be substituted by NG in 

relation to gasoline and diesel – Transport sector .................................... 26 

Table 5-5: Plan for introducing NG for transport sector .......................... 27 

Table 5-6: Calculations on internalizing the efficiency of electric vehicles 

into the model ........................................................................................... 28 

Table 5-7: The demand forecast for household and commercial sector .. 29 

Table 5-8: Plan for introducing NG as a substitution for LPG – 

Household and commercial sector ............................................................ 30 

Table 5-9: Calculations on electricity demand forecast to feed into the 

model ........................................................................................................ 32 

Table 5-10: NCV value of NG – Unit conversions .................................. 33 

Table 5-11: The equivalent energy values along with NG demand forecast

 .................................................................................................................. 34 

Table 6-1: The names and the descriptions of input variables ................. 35 

Table 6-2: Shares of products of the existing refinery – (energy-wise) ... 36 

Table 6-3: Information related to fixed cost and variable O&M cost of the 

existing refinery ........................................................................................ 37 

Table 6-4: Summary on calculation for variables related to existing 

refinery ...................................................................................................... 37 

Table 6-5: Input variables – existing refinery .......................................... 38 

Table 6-6: Shares of products of the SOREM – (energy-wise) ............... 38 

Table 6-7: Costs in relation to SOREM ................................................... 39 

Table 6-8: Calculation - The investment cost of the SOREM ................. 39 

Table 6-9: Information on fixed cost and variable O&M cost of SOREM

 .................................................................................................................. 39 

Table 6-10: Calculated values for fixed cost and variable O&M cost of 

SOREM ..................................................................................................... 40 

Table 6-11: Summary on input variables – SOREM project ................... 40 

Table 6-12: Existing thermal power plants .............................................. 41 

Table 6-13: Details on existing thermal power plants .............................. 42 



x 
 

Table 6-14: Candidate thermal power plants ............................................ 43 

Table 6-15: Details on candidate thermal power plants ........................... 43 

Table 6-16: Calculation details on urea plant ........................................... 44 

Table 6-17: Calculation – Urea price for direct imports .......................... 44 

Table 7-1: Calculation of crude oil cost ................................................... 46 

Table 7-2: Calculations – Coal price ........................................................ 47 

Table 7-3: Calculations - Prices of gasoline, kerosene and diesel ........... 47 

Table 7-4: Calculations - Prices of fuel oil and LPG ............................... 48 

Table 7-5: Calculations - Prices of Naphtha, LNG and Nuclear .............. 49 

Table 9-1: MESSAGE output on fuel imports ......................................... 55 

Table 9-2: Output of the model - future usages of electricity .................. 59 

Table 9-3: Model output – NG sector (imports and indigenous) ............. 60 

Table 9-4: Model output – Fulfilling the urea demand ............................ 61 

Table 9-5: Model output - Future fuel/energy source mix ....................... 62 

Table 9-6: Model output - Energy share by fuel in relation to the transport 

sector ......................................................................................................... 64 

Table 9-7: Model output - Fuel-wise energy picture for the industrial 

sector ......................................................................................................... 66 

Table 9-8: Model output - Fuel-wise energy picture for the household and 

commercial sector ..................................................................................... 68 

Table 10-1: Model output - urea manufacturing/importing (high LNG and 

NG price case) .......................................................................................... 71 

Table 10-2: Model output – Share of NG in industrial sector (high LNG 

and NG price case) .................................................................................... 72 

Table 10-3: Prices of fuel – High petroleum price case ........................... 75 

Table 10-4: Prices of fuel – Low petroleum price case ............................ 76 

Table 10-5: Model output - fuel imports (low petroleum price case) ...... 77 

Table 12-1: Comparison - Results of LTGEP and the MESSAGE model 

(2013 – 2032) ............................................................................................ 80 

 

 

 

 

 

 

 



xi 
 

LIST OF ABBREVIATIONS 

 

Abbreviation Description 

Bcm Billion cubic meters 

BTU British Thermal Unit 

CEB Ceylon Electricity Board 

CPC Ceylon Petroleum Corporation 

GWh Giga watt hour 

IAEA International Atomic Energy Agency 

kcal kilo calorie 

kWh kilo watt hour 

LECO Lanka Electricity Company (Pvt) Ltd. 

LKR Sri Lankan Rupee 

LNG Liquefied Natural Gas 

LOLP Loss of Load Probability 

LPG Liquefied Petroleum Gas 

LTGEP Long Term Generation Expansion Plan 

Mcf Million cubic feet 

MoPRE Ministry of Power and Renewable Energy 

MJ Mega joule 

MW Mega watt 

NCRE Non-Conventional Renewable Energy 

NCV Net Calorific Value 

NG Natural Gas 

O&M Operation and Maintenance 

PJ Peta Joule 

PUCSL Public Utilities Commission of Sri Lanka 

scf Standard cubic feet 

SEA Sustainable Energy Authority 

SLSEA Sri Lanka Sustainable Energy Authority 

t Tonne (1,000 kg) 

USD United States Dollar 

  


