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ABSTRACT 

 

Geothermal energy is the heat extracted from the subsurface of the earth. The heat 

loss of the earth is higher at plate boundaries compared in the tectonic plates. The 

global heat loss is about 44TW where volcanic eruptions in the range 2.4 – 4.0 TW.  

Sri Lanka has not located geologically favor conditions for geothermal energy 

development it has nine hot water springs in the eastern and southern region of the 

country. Out of nine 7 were located in the Vijayan complex. Geochemical analysis of 

geothermal water of 6 selected hot water springs and the resistivity depth cross 

sections for few magnetotelluric tested traverses were used for the assessment of 

geothermal potential in southern and eastern regions of Sri Lanka.  

Geothermal energy potential for 1 km
3 

reservoir near the six hot springs in southern 

and eastern of Sri Lanka can be calculated around 5.76 MW in Mahapelessa to 34.86 

MW in Marangala. Based on the geochemical analysis, average temperatures of the 

geothermal reservoirs are around 120-160°C for MP, KI, KP and NW and for 

Marangala, Maha Oya 390 and 230°C respectively. Also the water from Kapurella, 

Nelum wewa, Maha Oya has representing the characteristics of volcanic water and 

Marangala as steam heated water.  

Available potentials according to the magnetotelluric studies were well beyond the 

economical depth of exploration so located deep in the available magnetotelluric 

cross sections. However according to the chemical analysing the presence of 

intermediate reservoirs in between the traverse can be expected in shallower.  

Night time infrared photography can be used to explore the surface hot water 

accumulations hence can explore new hot springs. Other than the chemical 

concentrations, isotopes characterization is useful to detect the origin of the 

geothermal water. To identify the exact dimensions of the reservoirs three 

dimensional magnetotelluric testing should be done near the hot springs.  

 

 

 

 

 

 

 



iii 

 

ACKNOWLEDGEMENT 

 

I am very much grateful to Dr. Himan Punchihewa and Dr. Mahinsasa Narayana 

from University of Moratuwa for giving me their utmost support and guidance as 

supervisors on this research. Without the support of you I could not be able to 

complete this research properly.  

 

Also I would be very much grateful to Dr. Deepal Subasinghe from National Institute 

of Fundamental Studies, Who has done many researches in geothermal energy in Sri 

Lanka and giving me his fullest cooperation and the valuable knowledge resources. 

Also I would like to thank Mr. Thusitha Nimalsiri who works as a scientist in same 

organization and giving me his fullest support.  

 

Also I would like to thank the community living near the locations of hot water 

springs who has helped me for my research works. Finally, I would appreciate 

everybody, who helped me in numerous ways at different stages of the research, 

which was of utmost importance in bringing out this effort a success. 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENT 

 

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

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

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

TABLE OF CONTENT .................................................................................................. iv 

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

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

LIST OF ABBREVIATIONS ......................................................................................... x 

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

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

    1.2 Definition of Geothermal Energy..................................................................... 2 

    1.3 Problem Statement ............................................................................................ 2 

     1.3.1 Sri Lanka energy sector ............................................................................. 3 

     1.3.2 Electricity sector ........................................................................................ 3 

     1.3.3 Electricity demand ..................................................................................... 4 

    1.4 Aim and Objectives........................................................................................... 4 

    1.5 Methodology ..................................................................................................... 5 

    1.6 Expected Outcomes........................................................................................... 5 

    1.7 Chapter Introduction ......................................................................................... 6 

2. LITERATURE SURVEY ....................................................................................... 7 

    2.1 Formation of Geothermal Energy .................................................................... 7 

    2.2 Heat Transfer inside the Earth .......................................................................... 8 

     2.2.1 Energy storage in the crust ...................................................................... 10 

     2.2.2 Geothermal gradient ................................................................................ 11 

    2.3 Historical Development of Geothermal Energy in the World ...................... 11 

    2.4 World Geothermal Assessment ...................................................................... 13 

    2.5 Geothermal Energy Utilisation in the World. ............................................... 16 

    2.6 Geothermal Electricity Production................................................................. 20 

     2.6.1 Dry steam geothermal power plants ....................................................... 21 

     2.6.2 Flash steam geothermal power plants .................................................... 23 



v 

 

     2.6.3 Binary geothermal power plants ............................................................. 25 

     2.6.4 Combined cycle geothermal power plants ............................................. 27 

     2.6.5 Hybrid power plants ................................................................................ 28 

    2.7 Geothermal Applications ................................................................................ 28 

     2.7.1 Geothermal heat pumps........................................................................... 30 

     2.7.2 Space conditioning .................................................................................. 31 

     2.7.3 Agriculture and Green house heating ..................................................... 31 

     2.7.4 Industrial uses .......................................................................................... 32 

     2.7.5 Aquaculture .............................................................................................. 33 

     2.7.6 Bathing, swimming and balneology ....................................................... 33 

    2.8 Economics of Geothermal Energy ................................................................. 34 

     2.8.1 Determination of the cost for geothermal energy .................................. 34 

     2.8.2 Costing of geothermal electric systems.................................................. 35 

    2.9 Geothermal Energy in Sri Lanka.................................................................... 40 

     2.9.1 Sri Lanka country profile ........................................................................ 40 

     2.9.2 Hot water springs ..................................................................................... 45 

3. RESEARCH METHODOLOGY.......................................................................... 52 

    3.1 Identification of Potential Areas .................................................................... 52 

    3.2 Energy Harnessing .......................................................................................... 53 

    3.3 Selection of Suitable Geothermal Energy Applications ............................... 53 

4. CASE STUDY: SOUTHRN AND EASTERN.................................................... 54 

    4.1 Identification of Potential Areas .................................................................... 54 

     4.1.1 Geographical positioning of hot water springs ...................................... 55 

     4.1.2 Chemical analysis of water from the hot springs .................................. 56 

     4.1.3 Magnetotellurics survey of hot water springs ........................................ 65 

     4.1.4 Assessment of potential sites .................................................................. 74 

    4.2 Energy harnessing ........................................................................................... 78 

     4.2.1 Assessment of the temperatures of the reservoirs ................................. 78 

     4.2.2 Calculation of reservoir capacities ......................................................... 81 

     4.2.3 Energy potential ....................................................................................... 83 

     4.2.4 Levelized power cost ............................................................................... 85 



vi 

 

    4.3 Selection of Suitable Geothermal Energy Applications ............................... 87 

     4.3.1 Electrical applications ............................................................................. 87 

     4.3.2 Thermal applications ............................................................................... 87 

    4.4 Discussion ........................................................................................................ 89 

5. CONCLUSION AND RECOMMENDATION ................................................... 91 

    5.1 Conclusion ....................................................................................................... 91 

    5.2 Recommendation............................................................................................. 92 

BIBLIOGRAPHY .......................................................................................................... 93 

APPENDICES ................................................................................................................ 97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

LIST OF FIGURES 

 

Figure 2.1: Cross section of the earth.............................................................................. 7 

Figure 2.2: First attempt to generate electricity from geothermal at Larderello ........ 12 

Figure 2.3: Percentage of GE electric power plants by their installed capacity ......... 21 

Figure 2.4: Schematic diagram of dry steam geothermal plant (Condensing) ........... 22 

Figure 2.5: Schematic diagram of atmospheric exhaust system.................................. 23 

Figure 2.6: Schematic diagram of flash steam geothermal plants ............................... 23 

Figure 2.7: Schematic diagram of binary GE power plant .......................................... 25 

Figure 2.8: Cross sectional diagram of an enhanced geothermal system ................... 26 

Figure 2.9: Combined cycle power plant installed in Hawaii, USA ........................... 27 

Figure 2.10: GE applications as a percentage of capacity (MWt) in 2005 ................. 28 

Figure 2.11: GE applications as a percentage of utilisation (TJ/y) in 2005 ............... 29 

Figure 2.12: Lindal diagram .......................................................................................... 30 

Figure 2.13: Generation and make-up well drilling of a project ................................. 38 

Figure 2.14: Geology map of Sri Lanka ....................................................................... 42 

Figure 2.15: Bouguer gravity map marked with hot water springs ............................. 44 

Figure 2.16: Mahapelessa hot water springs................................................................. 45 

Figure 2.17: Kivulegama hot spring.............................................................................. 46 

Figure 2.18: Kapurella hot spring.................................................................................. 47 

Figure 2.19: Hot water artesian tube well in Wahawa ................................................. 48 

Figure 2.20: Maha oya hot water spring ....................................................................... 49 

Figure 2.21: Nelum wewa hot spring ............................................................................ 49 

Figure 2.22: Kanniya hot water springs ........................................................................ 51 

Figure 4.1: Global positioning of selected hot springs ................................................ 56 

Figure 4.2: Cl-SO4-HCO3 triangular diagram ............................................................. 59 

Figure 4.3: Cl-SO4-HCO3 triangular diagram of Mahapelessa ................................... 60 

Figure 4.4: Cl-SO4-HCO3 triangular diagram of Kivulegama .................................... 61 

Figure 4.5: Cl-SO4-HCO3 triangular diagram of Kapurella ........................................ 62 

Figure 4.6: Cl-SO4-HCO3 triangular diagram of Marangala ....................................... 63 

Figure 4.7: Cl-SO4-HCO3 triangular diagram of Maha Oya ....................................... 64 

Figure 4.8: Cl-SO4-HCO3 triangular diagram of Nelum wewa ................................... 65 

Figure 4.9: Geology and the selected MT traverse in MP ........................................... 68 

Figure 4.10: MP resistivity depth section after 2D inversion ...................................... 68 

Figure 4.11: Selected MT traverses for KP, MO, and MA.......................................... 69 

Figure 4.12: KP resistivity depth section for 5 km after 2D inversion ....................... 70 

Figure 4.13: KP resistivity depth section 2D inversion for 14 km .............................. 71 

Figure 4.14: MA resistivity depth section 2D inversion for 2 km .............................. 71 

Figure 4.15: MA resistivity depth section 2D inversion for 20 km ............................ 72 

Figure 4.16: MO resistivity depth section 2D inversion for 6 km .............................. 72 



viii 

 

Figure 4.17: Selected MT traverse for NW .................................................................. 73 

Figure 4.18: NW resistivity depth section after 2D inversion for 10 km ................... 74 

Figure 4.19: Summary of Cl-SO4-HCO3 analysis for 6 springs ................................ 75 

Figure 4.20: MT resistivity depth section for KP-MO-MA cross traverse................. 78 

Figure 4.21: Imaginary reservoirs under KP, MO and MA ......................................... 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

LIST OF TABLES 

 

Table 1.1: Primary energy consumption in 2011 and 2012 ........................................... 3 

Table 1.2: Approximate breakdown of the installed capacities of power plants.......... 3 

Table 1.3: Year-on-average annual growth rates of electricity demand ....................... 4 

Table 1.4: Forecasted electricity demand from 2014 to 2024 ....................................... 4 

Table 2.1: Number of active volcanoes and estimated geothermal potential ............. 14 

Table 2.2: Technically viable potential of geothermal resources in the world........... 16 

Table 2.3: Installed geothermal capacities worldwide from 1995 to 2003 ................. 17 

Table 2.4: Worldwide non-electric use of geothermal energy in 2000 ....................... 18 

Table 2.5: World summary data in 2005 ...................................................................... 19 

Table 2.6: GE power plants distribution ....................................................................... 20 

Table 2.7: Summary of the various worldwide direct use categories 1995-2005 ...... 29 

Table 2.8: Analysed development scenarios of geothermal projects .......................... 39 

Table 4.1: Positions of hot water springs ...................................................................... 55 

Table 4.2: Analysed chemicals in 6 springs ................................................................. 57 

Table 4.3: Chemical composition of geothermal water from 6 springs ...................... 58 

Table 4.4: Cl-SO4-HCO3 analysis of 6 hot water springs ............................................ 59 

Table 4.5: Temperature equations in °C for cation geothermometers ........................ 80 

Table 4.6: Temperatures of the reservoirs based on different equations .................... 80 

Table 4.7: Summary of the temperature assessment .................................................... 81 

Table 4.8: Calculated reservoir cross sections along the MT traverses ...................... 82 

Table 4.9: Sustainable power plant capacities for 1 km
3
 reservoir volume................ 85 

Table 4.10: Analysed development scenarios in Southern and Eastern ..................... 86 

Table 4.11: Levelized power cost in Southern and Eastern......................................... 86 

 

 

 

 

 

 

 

 

 

 



x 

 

LIST OF ABBREVIATIONS 

 

CEB  Ceylon Electricity Board 

EGEC  European Geothermal Energy Council 

EGS  Enhanced Geothermal System 

GE  Geothermal Energy  

GHP  Geothermal Heat Pump 

GSMB  Geological Survey and Mine Bureau 

HC  Highland Complex 

NIFS  National Institute of Fundamental Studies 

IGA  International Geothermal Agency 

INEEL  Idaho National Engineering and Environment Lab 

KI  Kivulegama 

KP  Kapurella  

MA  Marangala 

MO  Maha oya 

MP  Mahapelessa 

MT  Magnetotellurics 

NW  Nelum Wewa 

NWSDB National Water Supply and Drainage Board   

RE  Renewable Energy  

SLSEA Sri Lanka Sustainable Energy Authority 

USA  United States of America  

VC  Vijayan Complex 

WEC  World Energy Council 

 


