
f! Nf\i H: ~ T ~-~'i_'~f; A~'; 

ECONOMICS OF REACHING YEAR 2015 NON­
CONVENTIONAL RENEWABLE ELECTRICITY 

GENERATION TARGET 

A dissertation submitted to the 

Department ofElectrical Engineering, University ofMoratuwa 

in partial fulfillment of the requirements for the 

degree of Master of Science 

by 

ASITHA SANJA Y A INDATISSA 

Supervised by: Prof. H.Y.R. PERERA 

Department of Electrical Engineering 
University of Moratuwa, Sri Lanka 

September 2010 

University of Moratuwa 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
96443 

II 

( , ,., ' A '"' 
~· t; t :-~; ,) 



DECLARATION 

The vvork submitted in this dissertation is the result of my 0\\n investigation. except where 
otherwise stated. 

It has not already been accepted for any degree. and is also not being concurrently 
submitted for any other degree. 

t.r· -· , .. _;, .... ....- .) ..... 
A.S. Indatissa 
21-09-2010 

I endorse the dec 1aration by the candidate. 

~ 
Professor. I-1. Y. R. Perera 

Ill 



Contents page 

Declaration ....................................................................................................... iii 

Ackno,vledgement ......................................................................................... viii 

Abstract ............................................................................................................ ix 

List of Abbreviations ....................................................................................... x 

I Introduction ............................................................................................... I 

1.1 Present power system .............................................................................................. I 

1.2 Generation facilities ................................................................................................ 2 

1.3 Transmission & Distribution facdities .................................................................... 3 

I .4 Current status of Non conventional renewable power generation .......................... 3 

1.5 Savings on Foreign Exchange ................................................................................ .4 

I .6 Energy Security ....................................................................................................... 4 

1.7 Jobs and the Economy ............................................................................................ 4 

1.8 Rene\\able Energy Development Policy ................................................................ 5 

1.9 Role of Sustainable Energy Authority in NCRF Generation .................................. 6 

1.10 Present Status of NCRE Generation ....................................................................... 6 

I .I I The Problem Statement.. ......................................................................................... 7 

1.12 Manifestation ofthe Problem .................................................................................. 8 

1.13 Objectives of the Dissertation/Research ................................................................. 8 

1.14 Studies done on this topic ....................................................................................... 8 

2 A voided Cost Calculation Methodology ................................................. 9 

2.1 Principles behind Avoided Cost Calculation .......................................................... 9 

2.1.1 Assumptions in A voided Cost Calculation Methodology ............................ l 0 

2.1.2 Stacking of Povvcr Plants to Meet the Demand ............................................ II 

2.1.3 Marginal Thermal Power Plants ................................................................... 13 

2.1.4 i\ vcragc J\ voided Cost Calculation .............................................................. 14 

2.2 CEB's Avoided Cost Calculation Steps ................................................................ IS 

2.3 Comments on CEB Avoided Cost Calculation ..................................................... 17 

2.3.1 Summation of Fractions of Time in margins ................................................ 17 

2.3.2 Dispatch Schedules to Calculate Avoided Cos\.. .......................................... 23 

2.3 .3 Dependence of A voided Cost on Expected Renewable Generation ............. 24 

2.3.4 HV Transmission Loss estimate ................................................................... 26 

IV 



2.3.5 Fuel cost estimate .......................................................................................... 26 

2.3.6 Calculation of avoided cost of individual thermal pmver plants .................. 27 

2.4 Comparison of Avoided Cost Calculation for year 2008 ...................................... 29 

2.5 Avoided Cost Forecast .......................................................................................... 37 

2.5.1 Basis of Avoided Cost Forecast.. .................................................................. 38 

2.5.2 Dispatch Schedules for Avoided Cost Forecast.. .......................................... 38 

2.5.3 Renewable Energy foreeast.. ........................................................................ .40 

2.5 .4 A voided cost Tariff forecast ........................................................................ .41 

3 SEA ~s investment on NCRE tariff.. ....................................................... 44 

3.1 Ne\'- Cost based Tariff Structurc .......................................................................... .44 
, ') J._ 

3.2.1 

3.2.2 

3.2.3 

3.3 

3.3.1 

3.4 

Non Conventional Rene\vable Energy Sources .................................................... 4 7 

Mini I lydro Power Potential ....................................................................... ..48 

Wind Electric Potential ................................................................................. 49 

Biomass potential .......................................................................................... 50 

Possible Technological Options to Reach the Target ........................................... 51 

Required Energy contribution from each sector ........................................... 52 

Forecasting of SEA Investment on Non-conventional Renewable Sources to meet 

the Targeted Contribution ................................................................................................. 53 

3.4.1 Scenario Study of SEA's Financial Performances ........................................ 57 

3.4.2 Carbon credit for SEA NCRE Projects ......................................................... 59 

3.4.3 Scenario study with carbon credit income .................................................... 60 

3.4.4 Additional Funds need to Fulfill Tariff Commitments ................................. 62 

4 Conclusion ................................................................................................ 64 

4.1 Recommendations for Future ................................................................................ 65 

References: ...................................................................................................... 66 

APPENDIX- A: Summary of Published CEB Avoided Calculation for 2008 •....•.... 68 

APPENDIX- B: SEA's Cost Based Tariff Announcement on April 2009 .••............ 71 

List of Tables 

Table 1-1: Summary of Electricity generating sources of year 2009 ..................................... 2 

Table 1-2: Present Status ofNCRE --May 2010 ..................................................................... 6 

Table 2-1: Characteristics of thermal Power plants .............................................................. 12 

Table 2-2: Fraction of Time in Margin ................................................................................. 14 

v 



Table 2-3: Sample A voided Cost Calculation ...................................................................... 14 

Table 2-4: Plant Maximum to Minimum Ratios during a Typical Day (31 sr July 2008) ...... 19 

Table 2-5: Average A vai labi I ity factors of each plant.. ........................................................ 21 

Table 2-6: Projected Thermal Energy Generation ................................................................ 22 

Table 2-7: Comparison of Avoided Cost with and without Renewable Dispatch Schedules 

(June 2008) ............................................................................................................................ 24 

Table 2-8: Comparison ofCEB. Individual Avoided Cost with Estimated Values .............. 27 

Table 2-9: Comparison of A voided Cost Calculation Methodology for AES and CJT7 Plants 

............................................................................................................................................... 28 

Table 2-10: Fuel Prices for year 2008 Calculations (CER fuel purchasing rate from CPC on 

November 2007) ................................................................................................................... 30 

Table 2-11: A voided Cost of Thcnnal Unit from Each Thermal Plant l'or year 2008 .......... 31 

Table 2-12: Avoided Cost of Thermal Power Plants for year 2008 ..................................... 32 

Table 2-13: Summary of Avoided Cost Calculated l'or 2008 \vith METRO Energy Balance 
..,.., 

............................................................................................................................................... .) _) 

Table 2-14: Summary of Avoided Cost Calculated for 2008 with WASP Energy Balance 

(\\ith 2005 and 2008 LGEP) ................................................................................................. 34 

Table 2-15: Summary of A voided Cost Calculation Results for Y car 2008 ........................ 34 

Table 2-16: Comparison of Avoided Cost Calculation Results with Apparent and Effective 

Plant Factors for 2008 ........................................................................................................... 36 

Table 2-17: Comparison of Avoided Cost Tariff with Apparent and Effective Plant Factors 

ror 2008 ................................................................................................................................. 36 

Table 2-18: Corresponding Fuel Prices for three Scenarios ................................................. 38 

Table 2-19: Possible NCRE additions in each year to reach the Target .............................. .40 

Table 2-20: Summary or Avoided Cost Calculation for 2020 \\ith September 2010 Fuel 

Prices ..................................................................................................................................... 4l 

Table 2-21: Projected A voided Cost Tariff with Sep 2008. Mar 2009 and Sep 2010 fuel 

prices ..................................................................................................................................... 42 

Table 3-1: SEA. 3 - Tier SPP Tariff Option (April 2009) .................................................... 45 

!'able 3-2: SEA. Flat Tariff option (April 2009) .................................................................. .45 

!'able 3-3: SEA. 3 --Tier SPP TarifTuncler Constant Terms (0% escalation) ..................... .46 

Table 3-4: Possible addition of NCRE plants to reach envisaged generation by 2015 ........ 52 

Table 3-5: Required Additional Energy Contribution from each Sector. ............................. 52 

Table 3-6: Possible NCRE Combination comes under SEA's TarifT Structure ................... 53 

VI 



Table 3-7: Comparison of Average Source based TarifTand Forecasted Avoided Cost Tariff 

............................................................................................................................................... 5-l-

Table 3-8: Net Income Calculation Summary of SEA with Sep. 20 I 0 Fuel Prices and 2005 

LGEP ..................................................................................................................................... 56 

Table 3-9 :Summary of Net Revenue of SEA without Carbon Credit in Different 

Scenarios ............................................................................................................................... 58 

Table 3-10: Summary of Net Revenue of SEA with Carbon Credit in Different Scenarios61 

Table 3-11: Summary of SEA's NPV of Income for Different Scenarios .......................... 62 

List of Figures 

Figure 1-1: SPPTarirt'from 1996to2010 .............................................................................. 7 

Figure 2-1: Load Duration Curve ......................................................................................... I I 

Figure 2-2: Plant Dispatch Schedule ..................................................................................... l2 

Figure 2-3: Reduction of Generation from Marginal Power Plants ...................................... 13 

Figure 2-4: Daily Generation Curve on 31st July 2008 ........................................................ 18 

Figure 2-5: Reduction of Thermal Generation due to Renewable Energy at Average 

Capacity of70 MW ............................................................................................................... 25 

Figure 2-6: Projected SPP Tariffvvith 2005 LGEP .............................................................. -1-3 

Figure 3-1: Tariff projection as per SEA. 3- tier option under constant krms ................... -1-6 

Figure 3-2: SEA's NPV of net income variation vvith crude oil prices in different scenarios 

............................................................................................................................................... 63 

VII 



Acknowledgement 

Many thanks arc due to my supervisors. Professor. li.Y.R Perera and Dr. Thilak 

Siyambalapitiya for their great insights. perspectives and specially the patience they 

exercised with my shortcomings and the guidance they gave thereafter. My sincere thanks 

go to present Head of Electrical Engineering Department Dr. .I .P.Karunadasa and all faculty 

lecturers at Electrical Engineering Department along with the excellent panel of visiting 

lecturers. especially Dr. Lanka Udavvattha, Dr.Narendra de Silva. for their guidance and 

support throughout the study course. 

I would also like to thank CEB Engineers in System Control Centre. Private PO\\cr 

Purchase Branch and Generation Planning Branch. and Engineers in Sustainable Energy 

Authority. who helped me in collecting information. 

Further, I am greatly appreciative to my batch-mates vvho were great inspiration to me and 

who encouraged me and who worked as a team to get through this tough task of reading for 

l'vl. Sc. 

Last but not the least I would like to thank my loving L1mily. for their great encouragement 

received throughout to finish this task with a success note. 

Vlll 



Abstract 

As per 2008 National Energy Policy, it is envisaged to reach I 0% of electricity energ) 

generation by end of year 2015 from Non-Conventional Renevvable Electricity (NCRE) 

generation sources. As per generation data, NCRE projects have generated around 525 

GWh of electric energy during 2009. To reach this envisaged amount by end of year 2015, 

total annual NCRE contribution has to be increased to 1700 GWh as per year 2005 and 

2008 Long-Term Generation Expansion Plan (L TGEP) demand predictions. 

To encourage more private investments on NCRE resources for grid connected power 

generation, Sustainable Energy Authority (SEA) has introduced cost based and source 

specific tariff system. However. \\hen implementing this new tarifT structure. SEA has to 

subsidize this ne\\ tariff system since its tariff is higher than present CEB avoided cost 

tariff especially during initial years of operation. 

In this study. present CEB avoided cost calculation methodology has been reviewed to 

reflect more realistic avoided cost as per Small Power Purchase Agreement (SPPA) 

guidelines. With proposed modifications to the present methodology of avoided cost 

calculation, avoided cost of CEB has been forecasted for until year 2020 based on data 

available in L TGEPs. Also based on the identified potential NCRE sources. tariJT 

commitments of SEA has been calculated under constant terms for each year when reaching 

year 2015 NCRE generation endeavor. Here. analysis has been done under different 

scenarios to analyze the return on overall investment with varying fossil fuel prices. 

Net rc\enue of SF/\ \\ill largely depend on fuel prices. plants implementation and retiring 

schedules as well as combination of NCRE power plants in operation. As per the 

considered scenarios, to breakcven the NCRE tariff investment. average crude oil prices 

should at least reach I 00- 120 US $ per barrel. 
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