LONG TERM GENERATION EXPANSION PLEAN
2020-2039

- &)1,600T(HAILOT
ANNIVERSARY

1969 - 2019

Transmission and Generation Planning Branch
Transmission Division
Ceylon Electricity Board
Sri Lanka

May 2019



CEYLON ELECTRICITY BOARD

LONG TERM GENERATION EXPANSION PLAN

2020-2039
(DRAFT)

Transmission and Generation Planning Branch
Transmission Division
Ceylon Electricity Board
Sri Lanka
May 2019



Long Term Generation Expansion Planning Studies
2020- 2039

Compiled and prepared by

The Generation Planning Unit

Transmission and Generation Planning Branch
Ceylon Electricity Board, Sri Lanka

Long-term generation expansion planning studies are carried out every two years by the Transmission
& Generation Planning Branch of the Ceylon Electricity Board, Sri Lanka and this report is a biennial
publication based on the results of the latest expansion planning studies. The data used in this study
and the results of the study, which are published in this report, are intended purely for this purpose.

Price Rs. 4000.00

© Ceylon Electricity Board, Sri Lanka, 2019

Note: Extracts from this book should not be reproduced without the approval of General Manager — CEB



Foreword

The Report on ‘Long Term Generation Expansion Planning Studies 2020-2039°, presents the results
of the latest expansion planning studies conducted by the Transmission and Generation Planning
Branch of the Ceylon Electricity Board for the planning period 2020-2039, and replaces the Long

Term Generation Expansion Plan 2018-2037.

This report, gives a comprehensive view of the existing generating system, future electricity demand
and future power generation options in addition to the expansion study results.

The latest available data were used in the study. The Planning Team wishes to express their
gratitude to all those who have assisted in preparing the report. We would welcome suggestions,
comments and criticism for the improvement of this publication.

May 2019.

Transmission and Generation Planning Branch
5™ Floor, Head Office Bldg.

Ceylon Electricity Board

Sir Chittampalam A. Gardinar Mw.

Colombo 02

Prepared by:

Mr.M.B.S Samarasekara
Chief Engineer (Generation Planning and Design)

Letters:

Tr. and Generation Planning Branch
5™ Floor, Ceylon Electricity Board
P.O. Box 540

Colombo, Sri Lanka

e-mail : cegptgp.tr@ceb.lk
Tel : +94-11-2329812
Fax : +94-11-2434866

Reviewed by:

Dr. M.N.S.Perera
Additional General Manager (Transmission)

Mr. P.L.G. Kariyawasam

Electrical Engineers

Mr. R.B Wijekoon
Mrs. D.C Hapuarachchi
Mrs. M.D.V Fernando
Mr. K.H.A Kaushalya
Mr. K.A.M.N.Pathiratne

Former Additional General Manager (Transmission)

Mr. J Nanthakumar
Deputy General Manager (Transmission & Generation Planning)

Any clarifications sought or request for copies of the report should be sent to the Deputy General Manager
(Transmission and Generation Planning) at the address above.



CONTENT

Page

Contents i

Annexes v

List of Tables Vi

List of Figures viii

Acronyms X

Executive Summary E-1

1 Introduction 1-1

11 Background 1-1

1.2 The Economy 1-1

1.2.1  Electricity and Economy 1-2

1.2.2  Economic Projections 1-2

1.3 Energy Sector 1-3

1.3.1  Energy Supply 1-3

1.3.2  Energy Demand 1-4

1.3.3  Emissions From Energy Sector 1-5

14 Electricity Sector 1-6

141  Ease of Doing Business 1-6

1.4.2  Access to electricity 1-7

1.43  Electricity Consumption 1-8

1.4.4  Capacity and Demand 1-9

1.45  Generation 1-11

15 Implementation of Planning Cycle 1-14

1.6 Planning Process 1-14

1.7 Objectives 1-14

18 Structure of the Report 1-15

2. The Existing and Committed Generating System 2-1

2.1 Hydro and Other Renewable Power Generation 2-1

2.1.1  CEB Owned Hydro and Other Renewable Power Plants 2-1

2.1.2  Other Renewable Power Plants Owned by IPPs 2-5

2.1.3  Capability of Existing Hydropower Plants 2-5

2.2 Thermal Generation 2-7

2.2.1  CEB Thermal Plants 2-7

2.2.2  Independent Power Producers (IPPs) 2-10

3 Electricity Demand: Past and the Forecast 3-1

3.1 Past Demand 3-1

3.2 Policies, Guidelines and Future Major Development Projects for Electricity 3-3
Demand Forecast

3.2.1 Policies and Guidelines 3-3

3.2.2  Future Major Development Projects 3-3

3.3 Demand Forecasting Methodology 3-4

3.3.1  Medium Term Demand Forecast (2020-2023) 3-4

3.3.2  Long Term Demand Forecast (2024-2044) 3-5

3.4 Base Demand Forecast 3-10

35 Development of END USER Model (MAED) for Load Projection 3-11

3.6 Demand Forecast Scenarios 3-13

Page i



3.7
3.8

4.1

4.2
4.3

4.4
45

Comparison with Past Forecasts

Electricity Demand Reduction and Demand Side Management

Thermal Power Generation Options for Future Expansions

Thermal Options

41.1
4.1.2
4.1.3
Fuel

Available Studies for Thermal Plants
Thermal Power Candidates
Candidate Thermal Plant Details

Screening of Generation Options

43.1

Thermal Plant Specific Cost Comparison

Current Status of Non Committed Thermal Projects
India-Sri Lanka Electricity Grid Interconnection

5 Renewable Generation Options for Future Expansions
Introduction
Major Renewable Energy Development

5.1
5.2

5.3

5.4

521
5.2.2
5.2.3
5.24

Available Studies on Hydro Projects
Committed Hydro Power Projects
Candidate Hydro Power Projects
Details of the Candidate Hydro Power

Hydro Power Capacity Extensions

53.1
5.3.2
5.3.3

Mahaweli Complex
Samanala Complex
Laxapana Complex

Other Renewable Energy Development

5.4.1
54.2

543

5.4.4
945
5.4.6
5.4.7
5438
54.9

Projected future development
Wind Power Development
5.4.2.1 Development of Mannar Wind Farm Project

5.4.2.2 Development of Pooneryn Renewable Energy park

Solar Power Development

5.4.3.1 Development of Rooftop Solar PV Installations
5.4.3.2 Development of Small Scale Distributed Solar PV Project

development
5.4.3.3 Development of large Scale Solar PV Parks

Mini-hydro Development

Biomass Power Development

Municipal Solid Waste Based Power Generation
Other Forms of Renewable Energy Technologies

Renewable Energy Grid Integration Study 2020 - 2030

Development of Grid Scale Storage Technologies
5.4.9.1 Pumped Storage Hydro Power Development

5.4.9.2 Development of Grid Scale Battery Energy Storages

6  Generation Expansion Planning Methodology and Parameters
Generation Planning Code
National Energy Policy and Strategies

6.1
6.2

6.3
6.4
6.5

Policy on Composition of Electricity Generation of Sri Lanka

Preliminary Screening of Generation Options
Planning Software Tools

6.4.1

SDDP and NCP Models

3-15
3-16

4-10
4-10
4-12

5-1
5-1
5-2
5-2
5-3
5-4
5-5
5-6

5-8

5-8

5-9
5-10
5-14
5-14
5-15
5-15
5-16
5-17

5-17
5-17
5-18
5-18
5-19
5-19
5-20
5-20
5-22

6-1
6-1
6-1
6-2
6-3

6-3

Page ii



10

6.5
6.6
6.7
6.8

Generation Expansion Planning Study Development of the Reference Case

7.1
7.2

6.4.2
6.4.3

6.4.4
6.4.5

MAED Model
WASP Package

MESSAGE Software
OPTGEN Software

Hydro Power Development

Assessment of Environmental Implications and Financial Scheduling
Modeling of Other Renewable Energy

Study Parameters

6.8.1
6.8.2
6.8.3
6.8.4
6.8.5
6.8.6
6.8.7
6.8.8
6.8.9

Study Period

Economic Ground Rules

Plant Commissioning and retirements

Cost of Energy Not Served (ENS)

Reserve Margin

Loss of Load Probability (LOLP)

Discount Rate

Plant Capital Cost Distribution among Construction Years
Assumptions and Constraints Applied

Introduction
Reference Case Plan

721
7.2.2
7.2.3

System Capacity Distribution
System Energy Share
Environmental Emissions and Implications

Results of Generation Expansion Planning Study — Base Case Plan
Results of the Preliminary Screening of Generation Options
Government Policy on Composition of Electricity Generation
Base Case Plan

8.1
8.2
8.3

8.4
8.5
8.6
8.7

8.3.1
8.3.2
8.3.3
8.3.4
8.3.5

System Capacity Distribution

System Energy Share

Fuel, Operation and Maintenance Cost
Reserve Margin and LOLP

Spinning Reserve Requirement

Impact of Demand Variation on Base Case Plan
Impact of Discount Rate Variation on Base Case Plan
Impact of Fuel Price Sensitivity on Base Case Plan
Summary

Results of Generation Expansion Planning Study —Scenario Analysis
LTGEP 2018-2037 Base Case Equivalent Scenario

Energy Mix with Nuclear Power Development Scenario

HVDC Interconnection Scenario

Comparison of Energy Supply alternatives in 2039

9.1
9.2
9.3
94

941
94.2

Global Context
Sri Lankan Context

Environmental Implications

Greenhouse Gases

Country Context

10.2.1 Overview of Emissions in Sri Lanka

10.1
10.2

6-3
6-4
6-4
6-4
6-5
6-5
6-5
6-6
6-6
6-6
6-6
6-6
6-6
6-7
6-7
6-7
6-7

7-1
7-1
7-1
7-3
7-4
7-5

8-1
8-1
8-2
8-3
8-7
8-11
8-13
8-16
8-17
8-17
8-18
8-19
8-20

9-1
9-1
9-2
9-3
9-5
9-5
9-6

10-1
10-1
10-1
10-1

Page iii



10.3
104
105
10.6
10.7

10.8

10.9
10.10

10.2.2 Ambient Air Quality & Stack Emission Standards
Uncontrolled Emission Factors

Emission Control Technologies

Emission Factors Used

Environmental Implications — Base Case

Environmental Implications — Other Scenarios

10.7.1 Comparison of Emissions

10.7.2 Cost Impacts of CO, Emission Reduction
Climate Change

10.8.1 Background

10.8.2 Climate Finance

10.8.3 Sri Lankan Context

Environmental Impact Mitigation —Renewable Energy Development
Externalities

11 Recommendations of the Base Case Plan

111
11.2

Introduction

Recommendations for the Base Case Plan

11.2.1  Short Term Recommendations for 2020 and 2021
11.2.2 Long Term Recommendations

12 Implementation and Investment of Generation Projects

121

12.2
12.3
124

Committed and Candidate Power Plants in the Base Case

12.1.1 Committed Plants

12.1.2 Present Status of the Committed and Candidate Power Plants
Power Plants Identified in the Base Case Plan from 2020 to 2030
Implementation Schedule

Investment Plan for Base Case Plan 2020 — 2039 and Financial Options
12.4.1 Investment Plan for Base Case Plan 2020 — 2039

12.4.2 Financial Options

13 Contingency Analysis

131

13.2

13.3

Risk Events

13.1.1 Variation in Hydrology

13.1.2 Variation in Demand

13.1.3 Delays in Implementation of Power Plants
13.1.4 Long Period Outage of a Major Power Plant
Evaluation of Contingencies

11.2.1 Single Occurrence of Risk Events

11.2.2 Simultaneous Occurrence of Several Risk Events
Conclusion

14 Revision to Previous Plan

141
141
14.2
14.3
144
145
14.6
14.7

Government Policies

Demand Forecast

Fuel Prices Variation

Revised Capability of Existing Hydro Power Plants
Integration of Other Renewable Energy (ORE)
Introduction of Battery Storage as an ESS
Environmental Emissions

Overall Comparison

10-2
10-4
10-5
10-6
10-8
10-9
10-9
10-12
10-13
10-13
10-16
10-16
10-21
10-22

11-1
11-1
11-1
11-1
11-2

12-1
12-1
12-1
12-1
12-3
12-4
12-6
12-6
12-6

13-1
13-1
13-1
13-1
13-2
13-3
13-3
13-3
13-5
13-9

14-1
14-1
14-2
14-3
14-4
14-4
14-4
14-5
14-6

Page iv



References
Annexes

Annex 2.1
Annex 3.1
Annex 4.1
Annex 5.1
Annex 5.2
Annex 5.3
Annex 5.4
Annex 5.5
Annex 5.6
Annex 5.7
Annex 6.1
Annex 8.1
Annex 8.2
Annex 8.3
Annex 8.4
Annex 8.5
Annex 8.6
Annex 8.7
Annex 9.1
Annex 9.2
Annex 9.3
Annex 12.1

Annex 12.2

Annex 14.1

Reservoir System in Mahaweli, Kelani and Walawe River Basins
Scenarios of the Demand Forecast

Candidate Thermal Plant Data Sheets

Candidate Hydro Plant Data Sheets

Other Renewable Energy Tariff

Other Renewable Energy Projections for Low & High Demand Scenarios
Methodology of the Renewable Energy Integration Study 2020-2030
Modeled Wind Turbine Characteristics and Power Plant Output
Solar and Mini-Hydro Plant Production Profiles

Cost Details Other Renewable Energy

Methodology of the Screening of Curve

Screening of Generation Options

Capacity Balance for the Base Case 2020-2039

Energy Balance for the Base Case 2020-2039

Annual Energy Generation and Plant Factors

Fuel Requirements and Expenditure on Fuel

High Demand Case

Low Demand Case

Base Case equivalent to 2018-2037

Energy Mix with Nuclear Power Development

India-Sri Lanka HVDC Interconnection Scenario

Investment Plan for Major Hydro & Thermal Projects (Base Case), 2020-
2039

Investment Plan for Major Wind & Solar Developments (Base Case),
2020-2039

Actual Generation Expansions and the Plans from 1992-2018

A2-1
A3-1
A4-1
A5-1
AS5-3
A5-4
AS5-5
A5-6
AS5-7
A5-9
A6-1
A8-1
A8-3
A8-4
A8-5
A8-11
A8-12
A8-14
A9-1
A9-3
A9-5
Al2-1

Al2-4

Al4-1

Page v



E.l
E.2
E.3

1.1
1.2
1.3
1.4
1.5
1.6
2.1
2.2
2.3

2.4
2.5
2.6
2.7
3.1
3.2
3.3
3.4
3.5
3.6
3.7
4.1
4.2
4.3
4.4
4.5
4.6
5.1
52
5.3
54
55
5.6
5.7
5.8
59
6.1
6.2
6.3
7.1

LIST OF TABLES

Base Load Forecast :2020-2044
Base Case Plan (2020-2039)
Summary of Case Study analyses

Demographic and Economic Indicators of Sri Lanka

Forecast of GDP Growth Rate in Real Terms

Comparison of CO, Emissions from Fuel Combustion

CO, Emissions in the Recent Past

Installed Capacity and Peak Demand

Electricity Generation 1994 — 2018

Existing and Committed Hydro and Other Renewable Power Plants
Existing Other Renewable Energy (ORE) Capacities

Expected Monthly Hydro Power and Energy Variation of the Existing Hydro Plants for the
Selected Hydro Conditions
Plant Retirement Schedule

Details of Existing and Committed Thermal Plants
Characteristics of Existing and Committed CEB Owned Thermal Plants
Details of Existing and Committed IPP Plants

Electricity Demand in Sri Lanka, 2004 - 2018

Variables Used for Econometric Modeling

Base Load Forecast 2020-2044

Main & Sub Sector Breakdown for MAED

Annual Average Growth Rate 2020 - 2045

MAED Reference Scenario

Comparison of Past Demand Forecasts with Actuals (in GWh)
Capital Cost Details of Thermal Expansion Candidates
Characteristics of Candidate Thermal Plants

Oil Prices and Characteristics for Analysis

Coal Prices and Characteristics for Analysis

Associated Cost for LNG Development

Specific Cost of Candidate Thermal Plants in USCts/kWh (LKR/kWh)
Characteristics of Candidate Hydro Plants

Capital Cost Details of Hydro Expansion Candidates

Details of Victoria Expansion

Expansion Details of Samanalawewa Power Station

Energy and Demand Contribution from Other Renewable Sources

Projected Future Development of ORE (Assumed as Committed in Base Case Plan)

Wind resource regimes and expected annual capacity factors

Solar resource regimes and average capacity factors

Estimated capital cost of development for proposed PSPP sites locations
Committed Power Plants

Candidate Power Plants

Plant Retirement Schedule

Generation Expansion Planning Study — Reference Case (2020-2039)

Page vi

Page
E-7

E-14

1-2
1-3
1-5

1-9
1-11
2-2
2-5
2-6

2-7

2-9
2-10
3-1
3-5
3-10
3-11
3-12
3-12
3-15

4-10

5-10
5-14
5-15
5-22



7.2
7.3
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
9.1
9.2
9.3
9.4
10.1
10.2
10.3
10.4

10.5
10.6
10.7
10.8
10.9
10.10
111
11.2
121
13.1

13.2
13.3
13.4
13.5
13.6
13.7
13.8
13.9
13.10

Capacity Additions by Plant Type — Reference Case (2020-2039)

Reduction in Annual CO, Emissions in Base Case Plan (In CO, million tons)
Generation Expansion Planning Study - Base Case (2020-2039)

Generation Expansion Planning Study - Base Case Capacity Additions (2018 — 2037)
Capacity Additions by Plant Type — Base Case

Capacity Distribution for Selected Years in Base Case

Cost of Fuel, Operation and Maintenance of Base Case

Capacity Additions by Plant Type — High Demand Case

Capacity Additions by Plant Type — Low Demand Case

Fuel Price Escalation percentages (from 2020 prices)

Cost impact of fuel price escalation of Base case (million US$)

Comparison of the Sensitivities of the Base Case Plan

Capacity Additions by Plant Type — Base Case equivalent to LTGEP 2018-2037
Capacity Additions by Plant Type — Energy Mix with Nuclear Power Development
Capacity Additions by Plant Type — HVDC Interconnection Scenario

Present & Projected Power Generation Mix in Other Countries

CO, Emissions from fuel combustion

Ambient Air Quality Standards and Proposed Stack Emission Standards of Sri Lanka
Comparison of Ambient Air Quality Standards of Different Countries and Organisation

Comparison of Emission Standards for Coal Power Plants of Different Countries and
Organisations
Uncontrolled Emission Factors (by Plant Technology)

Abatement Factors of Typical Control Devices

Emission Factors of the Coal Power Plants

Emission Factors per Unit Generation

Air Emissions of Base Case

Summary of Major COP Decisions

Short Term Power Requirement

Potential Locations for Future Power Generation Projects

ORE Additions 2020-2030

Expected Annual Energy Output of Five Hydro Conditions and the Difference Compared with
Annual Average Hydro Energy

Implementation Delays of plants —Case 1

Implementation Delays of Committed Power Plants

Details of Risk Event Outage of a Major Power Plant

Estimation of Annual Energy Shortage Risk with Plant Implementation Delay Risk (Case 1)
Breakdown of the capacity additions identified for 2019-2021 period

Estimation of Annual Energy Shortage Risk with Plant Implementation Delay Risk (Case 2)
Impact of Single Occurrence of Risk Events for the Basecase of LTGEP 2020-2039
Estimation of Annual Energy Deficit and Energy Shortage Risk

Available Plant Capacities in Critical Period for Each Year

Page vii

7-3
7-5
8-4

8-7
8-10
8-13
8-17
8-18
8-19
8-19
8-20

9-2

9-3

9-5
10-2
10-3
10-3
10-4

10-5
10-6
10-7
10-7
10-8
10-14
11-1
11-4
12-4
13-1

13-2
13-3
13-3
13-3
13-4
13-4
13-5
13-6
13-6



1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14
1.15
2.1
2.2
3.1
3.2
3.3
3.4
3.5
3.6 (a)
3.6 (b)
3.7
3.8
3.9
3.10
3.11
4.1
4.2
4.3
5.1
5.2
5.3
54
7.1
7.2
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8

LIST OF FIGURES

Growth Rates of GDP and Electricity Sales

Share of Gross Primary Energy Supply by Source

Gross Energy Consumption by Sectors including Non-Commercial Sources
CO, Emissions from Fuel Combustion 2016

Level of Electrification

Sectorial Consumption of Electricity (2005 - 2018)

Sectorial- Consumption of Electricity (2018)

Sri Lanka Per Capita Electricity Consumption (2003-2017)

Asian Countries Per Capita Electricity Consumption (2004-2016)

Total Installed Capacity and Peak Demand

Other Renewable Energy Capacity Development

Generation Share in the Recent Past

Renewable Share in the Recent Past

World Electricity Generation (GWh)

World Electricity Generation by Source as Percentage

Location of Existing, Committed and Candidate Power Stations
Potential of Hydropower System from Past 35 Years Hydrological Data
Past System Loss

Past trend in the Load factor

Change in Daily Load Curve Over the Last Eight Years

Consumption Share Among Different Consumer Categories

Net Loss Forecast 2020-2044

Analysis of Night peak, Day peak and Off peak Trends 2011-2017

Load Profile Shape Forecast

System Load Factor Forecast 2020-2044

Generation Forecast Comparison

Peak Demand Forecast Comparison

Generation Forecast of Low, High, Long Term Time Trend and MAED with Base
Peak Demand Forecast of Low, High, Long Term Time Trend and MAED with Base
World Bank and IMF Crude Oil Price Forecast

World Bank and IMF Coal Price Forecast

World Bank and IMF Natural Gas Price Forecast

Total Renewable Energy Capacity Development

Past and Future Other Renewable Energy (ORE) Capacity Development
Energy Contribution of Renewable Energy Sources and Energy Share for Next 20 Years
Three Selected Sites for PSPP after Preliminary Screening

Cumulative Capacity by Plant Type in Reference Case

Energy Mix over next 20 years in Reference Case

Cumulative Capacity by Plant type in Base Case

Capacity Mix over next 20 years in Base Case

Capacity Wise Renewable Contribution over next 20 years

Firm Capacity Share over next 20 years in Base Case

Energy Mix over next 20 years in Base Case

Percentage Share of Energy Mix over next 20 years in Base Case
Renewable Contribution over next 20 years based on energy resources
Percentage Share of Renewables over next 20 years in Base Case

Page viii

Page

1-4
1-4
1-6
1-7
1-8
1-8
1-9
1-9
1-10
1-10
1-12
1-12
1-13
1-13

3-13
3-13
3-14
3-14

4-4

4-7
5-11
5-12
5-13
5-21

8-10
8-11
8-12
8-12
8-13



8.9
8.10
8.11
8.12
9.1

9.2
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
121
12.2

131
13.2
13.3
13.4
13.5
141
14.2

14.3
14.4

145
14.6

Fuel Requirement of Base Case

Expected Variation of Fuel Cost in Base Case

Expected Annual Coal and Natural Gas Requirement of the Base Case
Variation of Reserve Margin in Base Case

Capacity Share Comparison in 2039

Energy Share Comparison in 2039

Average Emission Factor

Comeparison of Stack Emission of Coal Power Plants

PM, SO,, NO, and CO, emissions of Base Case Scenario

SO,, NO, and CO, Emissions per kWh generated

SO, Emissions

NOy Emissions

CO, Emissions

Particulate Matter Emissions

Average Emission Factor Comparison

Comparison of System Cost with CO, Emissions

Comparison of Incremental Cost for CO, Reduction

CO, Emission Reduction in Base Case Compared to Reference Case
Implementation Plan 2020-2039

Investment Plan for Base Case 2020 — 2039

High and Low Energy Demand Variation Compared with the Base
Demand

Installed Capacity with Peak Demand (Contingency Event 1)

Available Capacity in Critical Period with Peak Demand (Contingency Event 1)
Available Capacity in Critical Period with Peak Demand (Contingency Event 2)
Available Capacity in Critical Period with Peak Demand (Contingency Event 3)
Comparison of 2019 and 2017 Energy Demand Forecasts
Comparison of 2019 and 2017 Peak Demand Forecasts

Fuel price variation of LTGEP 2017 and LTGEP 2014

Comparison of ORE Capacity Addition between LTGEP 2019 &
LTGEP 2017

CO2 and Particulate Emissions

SO, and NO, Emissions

Page ix

8-14
8-14
8-15
8-16

9-6

10-2
10-4
10-9
10-9
10-10
10-10
10-11
10-11
10-12
10-12
10-13
10-18
12-5
12-6

13-2

13-7
13-7
13-8
13-8
14-2
14-3
14-3

14-4

14-5
14-5



ADB
API
bcf
BOO
BOOT
CCYy
CEA
CEB
CECB
CIDA
CIF
CDM
CER
COP
DSM
DTF
EIA
ENS
EOI
ESP
FGD
FOB
FOR
GDP
GHG
GIS
GT
HHV
HVDC
IAEA
IDC
IEA
IMF
INDC
IPCC
IPP
JBIC
JICA
LKR
KPS
LCC
LCOE
LDC
LF
LNG

ACRONYMS

Asian Development Bank
Argus/McCloskey’s Coal price Index
Billion Cubic Feet

Build, Own and Operate

Build, Own, Operate and Transfer
Combined Cycle Power Plant

Central Environmental Authority
Ceylon Electricity Board

Central Engineering Consultancy Bureau
Canadian International Development Agency
Cost, Insurance and Freight

Clean Development Mechanism
Certified Emission Reduction
Conference of Parties

Demand Side Management

Distance to Frontier

Environmental Impact Assessment
Energy Not Served

Expression of Interest

Electrostatic Precipitator

Flue Gas Desulphurization

Free On Board

Forced Outage Rate

Gross Domestic Product

Green House Gases

Geographic Information System

Gas Turbine

Higher Heating Value

High Voltage Direct Current
International Atomic Energy Agency
Interest During Construction
International Energy Agency
International Monetary Fund

Intended Nationally Determined Contributions
Inter-Governmental Panel on Climate Change
Independent Power Producer

Japan Bank for International Cooperation
Japan International Cooperation Agency
Sri Lanka Rupees

Kelanatissa Power Station

Line Commutated Converter

Levelised Cost of Electricity

Load Duration Curve

Load Factor

Liquefied Natural Gas

Page x



LOLP - Loss of Load Probability

LTGEP - Long Term Generation Expansion Plan

mscfd - Million Standard Cubic Feet per Day

MAED - The Model for Analysis of Energy Demand
MMBTU - Million British Thermal Units

MTPA - Million Tons Per Annum

NDC - Nationally Determined Contributions

NEPS - National Energy Policy and Strategy

NG - Natural Gas

OECD - Organization for Economic Co-operation and Development
OECF - Overseas Economic Co-operation Fund

ORE - Other Renewable Energy

OTEC - Ocean Thermal Energy Conversion

0&M - Operation and Maintenance

PF - Plant Factor

PM - Particulate Matter

PPA - Power Purchase Agreement

PSPP - Pumped Storage Power Plant

PV - Present Value

RFP - Request For Proposals

SAM - System Advisor Model

SDDP - Stochastic Dual Dynamic Programming

ST - Steam Turbine

UNFCCC - United Nations Framework Convention on Climate Change
USAID - United States Agency for International Development
US$ - American Dollars

WASP - Wien Automatic System Planning Package

WB - World Bank

WHO - World Health Organization

VSC - Voltage Source Converter

Page xi



EXECUTIVE SUMMARY

Sri Lanka, a country which has reached almost 100% of its electrification level, generates a
significant percentage of its electricity demand, from clean resources compared to the rest of the
world. The Ceylon Electricity Board (CEB) is under a statutory duty to develop and maintain an
efficient, coordinated and economical system of Electricity Supply for the whole of Sri Lanka.
Therefore, CEB is required to generate or acquire sufficient amount of electricity to satisfy the
demand. CEB methodically plans its development activities in order to provide reliable, quality

electricity to the entire nation at affordable price.

This report presents the Generation Expansion Planning Studies carried out by the Transmission
and Generation Planning Branch of the Ceylon Electricity Board for the period 2020-2039. The
Report also includes information on the existing generation system, generation planning
methodology, system demand forecast and investment and implementation plans for the proposed
projects and recommends the adoption of the least cost plant sequence derived for the base case

and emphasizes the timely implementation of the plan to avoid energy shortfalls.

The Demand Forecasting methodology consists of a combination of medium term and long term
forecast while incorporating the planned new mega development projects identified by the
government. Five year sales forecast prepared by Distribution Divisions and time trend approach
have been considered to determine the medium term forecast. Econometric approach has been
adopted by analysing past electricity sales figures with significant independent variables in

different sectors to determine the long term forecast.

Demand Side Management is identified as an essential requirement, which will benefit the
electricity industry. Sri Lanka Sustainable Energy Authority (SEA) has been entrusted with this
task. The Operational Demand Side Management will be carried out by a Presidential Task Force
on Energy Demand Side Management (PTF on EDSM) and guided by a National Steering
Committee (NSC). However, in the present mode of implementation, utilities do not have a proper
control over the implementation of DSM as it will depend on consumer willingness. Also, DSM
forecast is highly speculative with strong dependency on public response. Therefore, demand
reduction is not considered as a base in the determination of the future expansion plan. However
the medium term time trend forecast model will capture the recent year trends including the

impact on present DSM activities.

As identified in LTGEP 2018-2037 the night peak, day peak and off peak shows an increasing
trend but in particular the growth of day peak is higher than the growth of night peak.
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Therefore, the shape of the daily load profile will gradually change. When incorporating the
trend of recent years it is estimated that the day peak would exceed the night peak by 2027 in
LTGEP 2020-2039. Twenty year annual average growth rates of Energy demand is forecast as
4.9% while the Peak demand annual growth rate is around 4.6%. The Load Forecast used is
given in Table E.1.

Sri Lanka, a country vulnerable to climate change impacts presented the Nationally
Determined Contributions (NDC) to strengthen the global efforts of both mitigation and
adaptation. In response to challenges posed by climate change, Sri Lanka has taken several
positive steps by introducing national policies, strategies and actions in order to address
climate change induced impacts. While fulfilling the increasing national electricity demand
and integrating more renewable sources in combination with conventional fossil source based
energy sources, a detailed electricity generation expansion plan has been developed. The
National Energy Policy and Strategy (NEPS) anticipate increasing share of Other Renewable
Energy (ORE) resources. Further it is expecting to reduce energy losses by improving energy
distribution infrastructure and energy saving through introduction of Demand Side
Management (DSM). According to the ratified NDCs in September 2016 by UNFCC, among
mitigation strategies, Sri Lanka expects 4% unconditional and 16% conditional reduction of
greenhouse gas emissions with compared to Reference scenario in 2030 based on LTGEP
2015-2034 for the electricity sector. During the preparation of LTGEP 2020-2039, this
commitment is complied to fulfil the Sri Lanka’s obligations on Climate Change mitigation from

Electricity Sector.

After the exploitation of available potential for large scale hydro projects, attention is focused on
increasing electricity generation from Other Renewable Energy sources and least cost thermal
power solutions. Generation expansion planning studies result in optimal selection of plant
addition from given thermal as well as renewable generation expansion candidates, which will,
together with existing and committed power plants meet the forecast electricity demand with a
given level of reliability, complying with National Energy Policy & Strategies (2008). In addition,
the Government took a cabinet approved policy decision on “Deciding the Energy Mix for
Electricity Generation in Sri Lanka” in 2018, which was considered in preparation of expansion
plan. It reflects maintaining electricity generation cost at minimum possible levels, in order for
Sri Lanka to compete with the global economy. Developing Other Renewable Energy sources to
the optimum feasible level and ensuring Energy Security through fuel diversity by maintaining
firm capacity shares of 30% Natural gas, 30% Coal power, 25% large hydro and 15% furnace oil

and firm ORE sources is considered through this policy decision. These Policies have been
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approved and is published as General Policy Guidelines in respect to Electricity Industry under
the section 5 of the Sri Lanka Electricity Act No 20 of 20009.

Possible electricity demand growth variations, the impact of discount rate and fuel price have been
considered in the sensitivity studies. Each plant sequence presented in this report is the least cost
plant sequence for the given scenario. Optimal expansion plan has been derived using planning
software OPTGEN, SDDP and WASP.

The candidate thermal power plant options considered in the study were 35MW Gas Turbines,
300MW diesel operated Combined Cycle Plants, 150 MW, 300MW & 600 MW Natural Gas fired
combined cycle plants, 300MW high efficient and 600MW Super critical coal-fired steam plants,
600MW Nuclear power plants and 15 MW Reciprocating Engines.

The renewable energy projects of 35MW Broadlands (2020), 122MW Uma Oya (2021) and
31MW Moragolla (2023) were considered as committed Power Projects. The commissioning
schedules of the hydro projects given by the respective Project were used in the preparation of the
Long Term Generation Expansion Plan. The proposed, 15MW Thalpitigala hydro power project
by year 2024 is considered as candidate plants considering the Cabinet approvals secured by the
Ministry of Irrigation and Water Resource Management. The proposed 24MW Seethawaka Ganga

hydro power project will be developed by Ceylon Electricity Board by year 2023.

The first large scale wind farm of 100 MW developed by Ceylon Electricity Board is considered
committed and is expected to be commissioned by 2020. The remaining capacity of wind power
in Mannar will be developed in phases. The main objective of the development of the wind farm
by Ceylon Electricity Board is to pass the economic benefit of the indigenous resource to all the

electricity users in the country.

The 3x35 MW Gas turbines at Kelanitissa is considered as a committed project. A 300 MW dual-
fuel combined cycle power plant was identified to be commissioned by 2019 in both LTGEP
2015-2034 and LTGEP 2018-2039. The project was planned to be constructed in
Kerawalapitiya on BOOT basis. After receiving the commission approval for LTGEP 2015-
2034 in September 2016, the tender process was initiated for a 300 MW Dual Fuel Combined
Cycle plant by CEB in November 2016. However, the Power Plant has not been awarded yet
and implementation of this power plant is already delayed. Hence, the earliest possible
commissioning year was considered as 2022. Due to the non-implementation of low cost power
plant as planned in the system, high cost supplementary power to be procured to overcome

shortages as stop gap measures.
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As per LTGEP 2018-2037, 320 MW furnace oil plants was identified to be commissioned by
2018. Presently, 170 MW out of this total capacity has been added to the system as extension
of existing power plants. Also, 4x24MW Reciprocating Engine Power Plants (at the Grid
Substations of Habarana, Moneragala, Horana and Pallekelle) is considered as a committed
project for long term operation. For the remaining short term capacity requirement, several

options are under consideration.

In the Base Case Plan, the contribution from Other Renewable Energy was considered and the
different ORE technologies were modelled appropriately. Integration of maximum possible ORE
within the operational constraints was considered complying with the Government Policies. A
separate Renewable integration study was carried out to identify the renewable resource allocation
by minimizing the costs. The operational flexibility reflecting the transmission system constraints
were considered in this study. A strong renewable energy development is envisioned which shall
increase the annual renewable capacity absorption level to 5.5 times higher than the previous two
decades. The cumulative capacity of ORE after 20 years is planned to consist of 1323 MW of
wind power, 2210 MW of Solar power 654 MW of Mini Hydro power and 144 MW of Bio mass
Power. The increased absorption levels of ORE shall maximize the utilization of indigenous
natural resources. However during unfavourable weather conditions associated energy from the

ORE shall reduce significantly.

Solar Photovoltaic development in Sri Lanka has been gaining momentum with the decreasing
technology costs and global trends in the improvement in solar PV technology. CEB have
identified that the vast geographical distribution can reduce the variability levels making use of
diversity in the intermittency. 60x1MW Solar PV projects at 20 selected Grid substations were
tendered and subsequently additional 90xIMW Solar PV projects were also tendered. Large scale
solar PV development has its own advantages in economies of scale and such projects are
identified to be developed in Pooneryn and Moneragala. Apart from the utility scale
developments, roof top solar plays a significant role and considered effective since energy sources
are located at the end user. In view of further enhancing the renewable energy portfolio in the
electricity generation in Sri Lanka, the Government of Sri Lanka (GOSL) has launched
accelerated solar development program in 2016 to promote roof top solar installations in the

country. The objective of the above program is to reach an installed capacity of 200MW by 2020.

Wind Power is also another clean ORE Source with considerable potential in Sri Lanka. However,
harnessing the exploitable wind power potential is subjected to various technical constraints such

power systems stability, power system operation, seasonality and variability. Large scale wind
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power development in Mannar, Pooneryn and Puttalam areas are identified with both public and

private engagement.

Furthermore, to facilitate novel concepts, CEB have called for Expression of Interest from
prospective private developers in Development of Geothermal Energy conversion, Compressed Air
based power generation, Ocean Thermal Energy Conversion (OTEC), Ocean Energy (Wave)
conversion, Biogas power generation and other storage applications such as grid scale battery storages

for energy shifting and hybrid systems consists of wind and solar PV.

Firm capacity sources in which electricity could be dispatched when required, is essential to
operate a power system. The delay in establishing necessary low cost firm power capacity has
adversely affected the country’s economy. Future coal power development has been identified as
an integral requirement for catering the power sector demand at lower cost. The Foul point at
Trincomalee identified in the NEDO, Japanese study is the most promising site considering the
available locations for future coal development. In addition, extension of Norochchole Complex is
considered as a possible site due to its faster implementation. All the future coal fired power plant
are proposed to be high efficient with strict emission controls, Indoor coal storages and enclosed
coal handling and management facilities. Such mitigation measures result in an additional capital
cost of approximately 700USD/kW compared with conventional coal power plant. Evaluating the
introduction of super critical technology for the proposed coal power plants would be carried out.
Supercritical technology based units have enhanced efficiency of power generation which shall
reduce coal consumption and overall emissions. Possibility of introducing super critical power
plants with higher capacities would be evaluated considering the transmission system limitations.
The environmental impact mitigation costs are reflected through adoption of superior eco-friendly
technologies. These proposed coal power plants shall strictly comply with the prevailing Sri

Lankan and International emission standards.

Incorporating LNG fired power plants to Sri Lankan power system has been considered in the
LTGEP 2015-2034. In preparation of LTGEP 2020-2039, the present trend of LNG fuel prices
was considered with the possibility of recovering the capital cost of LNG infrastructure. The
option of adopting a Floating Storage Regasification Unit (FSRU) as an immediate requirement
while the possibility of a land based LNG terminal as a long term solution is considered. However
LNG infrastructure must be established at least by 2021 in order to gain the maximum benefit of
avoiding high cost fuel oil. The combined cycle plants which are operating using oil in western
region shall be converted to Natural Gas immediately when the facility is made available. The
delays in procuring LNG infrastructure will cause the power plants to operate on oil which would

result in an enormous cost overrun and increased environmental emissions.
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The main load center of Sri Lanka is also located in the western region. In order to minimize the
transmission losses, development of power plants closer to the load center is identified. Therefore,
the development of Natural Gas operated Power plants in western region is identified as a priority
which will comply with the environmental requirements in the western region. Hambanthota is
identified as the second location to develop Natural Gas Power Plants with its available port

facilities.

Due consideration was given to the availability of natural gas in the Mannar Basin and utilization
of the natural gas as a fuel option for the power sector. Possibility of introducing indigenous
Natural Gas in Mannar Basin is considered although the determination of the quantity and
appropriate price to be validated. Discovery of the natural gas resources is still at early stages in
Mannar Basin. However high priority for the local natural gas utilization shall be considered when
the price is competitive with foreign markets.

Social damage cost should be evaluated independently in terms of location specific studies.
During the implementation stages, all necessary measures are evaluated and addressed through the
Environmental Impact Assessment of respective project. The damage from air pollutants can be
mitigated by complying with relevant guideline related to emissions and the damage from thermal
pollution could be mitigated by complying with appropriate procedures for thermal discharges.
Social and ecological aspects and mitigation actions will be identified during Environmental

Impact Assessment.

It was considered that 163MW Sojitz Kelanitissa Power Plant would be operated by CEB after
acquiring the plant at the end of the Power Purchase Agreement in 2023. All the other IPP Plants

will be retired as the contract agreements expire.

Base Case Plan is given in the Table E.2 and also in the Table 8.1 of the Long Term Generation
Expansion Plan. The Capacity Balance, Energy Balance and Dispatch Schedule are given in

Annex: 8.2, Annex: 8.3 and Annex: 8.4 respectively.

Scenarios were carried out on introducing Nuclear Power and HVDC interconnection to the
Power system and cost reflectiveness on the expansion plan is compared with the same criteria of
base case development of LTGEP 2018-2037.

E-6 Generation Expansion Plan - 2019



Table E.1 - Base Load Forecast: 2020-2044

Net . Peak

Vear Demand L oss* Net Generation Demand
(GWh) GrovE/:/zl)Rate (%) (GWh) Grovzg/t:)Rate (MW)
2020 16914 7.4% 8.78 | 18542 7.2% 3050
2021 18194 7.6% 8.62 | 19910 7.4% 3254
2022 19187 5.5% 8.46 | 20959 5.3% 3403
2023 20233 5.5% 830 | 22065 5.3% 3561
2024 21337 5.5% 815 | 23230 5.3% 3728
2025 22501 5.5% 8.00 | 24458 5.3% 3903
2026 23667 5.2% 7.90 | 25696 5.1% 4079
2027%* 24819 4.9% 7.80 | 26918 4.8% 4241
2028 26025 4.9% 7.70 | 28195 4.7% 4444
2029 27279 4.8% 760 | 29522 4.7% 4655
2030 28573 4.7% 750 | 30890 4.6% 4872
2031 29917 4.7% 7.45 | 32325 4.6% 5101
2032 31279 4.6% 7.40 | 33778 4.5% 5332
2033 32675 4.5% 735 | 35267 4.4% 5569
2034 34119 4.4% 730 | 36806 4.4% 5814
2035 35607 4.4% 725 | 38390 4.3% 6067
2036 37126 4.3% 7.25 | 40028 4.3% 6328
2037 38692 4.2% 7.25 | 41716 4.2% 6597
2038 40298 4.2% 7.25 | 43448 4.2% 6873
2039 41937 4.1% 7.25 | 45215 4.1% 7155
2040 43623 4.0% 725 | 47033 4.0% 7445
2041 45368 4.0% 7.25 | 48914 4.0% 7745
2042 47170 4.0% 7.25 | 50857 4.0% 8054
2043 49037 4.0% 7.25 | 52870 4.0% 8376
2044 50978 4.0% 7.25 | 54963 4.0% 8709
> Yeé‘:omﬁrage 6.0% 5.8% 5.1%
10 Year Auerage | 550 5.3% 4.8%
20 Yg?:)@;’herage 4.9% 4.8% 4.6%
25 Ygar:)@;’ﬁrage 4.7% 4.6% 4.5%

* Net losses include losses at the Transmission & Distribution levels and any non-technical losses, Generation (Including auxiliary
consumption) losses are excluded. This forecast will vary depend on the hydro thermal generation mix of the future.
** |t is expected that day peak would surpass the night peak from this year onwards
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Table E.2 Base Case Plan 2020-2039

YEAR RENEWABLE THERMAL THERMAL LOLP
ADDITIONS ADDITIONS RETIREMENTS %
320 MW Reciprocating Engine Power Plants*
(Identified in LTGEP 2018-2037 to be
Major Hydro 35 MW ( Broadlands HPP) |commissioned by 2018)
2020 Wind 100 MW (Mannar Wind Park) |Additional Capacity Requirement from 6 x 5 MW Northern Power
Mini Hydro 15 MW Wind 120 MW |Contingency Analysis = 345 MW Reciprocating Refer
Solar 100 MW Biomass 5MW |Engine Powe'r_PIa.nts ' o Contingency
(Above capacities include the extension of existing Analysis for
power plants) details
Major Hydro 122 MW (Uma Oya HPP) 3x35 MW Gas Turbine
Mini Hydro 20 MW Wind 120 MW |Additional Capacity Requirement from )
2021 |Solar 60 MW Biomass 5 MW |Contingency Analysis = 105 MW Reciprocating
Engine Power Plants
Mini Hydro 20 MW Wind 70 MW |1x300 MW Natural Gas fired Combined Cycle
Solar 60 MW Biomass 5MW |Power Plant — Western Region**
(Identified in LTGEP 2015-2034 and LTGEP 2018- {470 MW Reciprocating Engine Power
2022 2037 to be commissioned by 2019) Plants (Includes the expiry of 0238
1x300 MW Natural Gas fired Combined Cycle |extended power plant contracts) ’
Power Plant — Western Region**
(Identified in LTGEP 2018-2037 to be
commissioned by 2021)
1x300 MW New Coal Power Plant
(Change to Super critical will be evaluated) - .
It . 4x17 MW Kelaniti Gas Turb
Major Hydro 31 MW (Moragolla HPP) (Lakvijaya Extension Phase I) X elaniissa as turbines
24 MW (Seethawaka HPP) 115 MW Gas Turbine™
. : 4x9 MW S kanda Diesel Ext.**
2023 Mini Hydro 20 MW Wind 40 MW |1x300 MW Natural Gas fired Combined Cycle X apugaskanda Iesel EX 0.051
A 163 MW Sojitz Kelanitissa Combined
Solar 60 MW Biomass 5MW |Power Plant
Cycle Plant
163 MW Combined Cycle Power Plant (KPS-2)
Major Hydro 15 MW (Thalpitigala HPP) 15300 MW New Coal P ol
Mini Hydro 20 MW Biomass 5 MW X ew f.oa Fower ant 4x17 MW Sapugaskanda Diesel**
2024 (Change to Super critical will be evaluated) 0.045
Solar 60 MW = -
(Lakvijaya Extension Phase I1)
1x300 MW New Coal Power Plant
(Change to Super critical will be evaluated) 4x15.6 MW CEB Barge Power
Mini Hydro 20 MW Wind 40 MW |(Lakvijaya Extension Phase Il or Foul Point Plant** 0.029
2025 |Solar 80 MW Biomass 5MW [Phase I) 200 MW Reciprocating Engine Power ’
Plants *
1x300 MW Natural Gas fired Combined Cycle
Power Plant
Mini Hydro 10 MW Wind 35 MW |1x300 MW Natural Gas fired Combined Cycle . ox
2026 Solar 90 MW Biomass 5MW |Power Plant 4x9 MW Sapugaskanda Diesel Ext. 0.025
Mini Hydro 10 MW Wind 50 MW
2027 \Sopar 90 MW Biomass 5 MW ) 0.073
Major Hydro 200 MW  (Pumped Storage
Power Plant) 1x300 MW New Coa_l .POWE'I-’ Plant
2028 Mini Hvd 10 MW Wind 40 MW (Change to Super critical will be evaluated) - 0.009
ini Hydro 10 find 40 (Foul Point Phase 1)
Solar 100 MW Biomass 5 MW
Major Hydro 200 MW (Pumped Storage
Power Plant)
2029 - - 0.007
Mini Hydro 10 MW Wind 40 MW
Solar 100 MW Biomass 5 MW
Mini Hydro 10 MW Wind 20 MW
2030 | tar 100 MW Biomass 5 MW i i 0.031
Mini Hydro 10 MW Wind 60 MW
2031 \Sopar 100 MW Biomass 5 MW i ) 0.143
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YEAR RENEWABLE THERMAL THERMAL LOLP
ADDITIONS ADDITIONS RETIREMENTS %
Major Hydro - 200 MW l(:’l:(’)ljl\rlr:egl:rt]ct))rage 1x300 MW New Coal Power Plant
2032 Mini Hydro 10 MW Wind 50 MW Eg:jlngsiaotiﬁ;es; ilr;tlcal will be evaluated) - 0.024
Solar 110 MW Biomass 5 MW
1x300 MW Natural Gas fired Combined Cycle {165 MW Combined Cycle Plant
Power Plant — Western Region (KPS)
2033 Mini Hydro 10 MW Wind 35 MW 163 MW Combined Cycle Plant 0.040
Solar 110 MW Biomass 5 MW |1x300 MW New Coal Power Plant (KPS-2) '
(Change to Super critical will be evaluated) 3 x 8.93 MW Uthuru Janani Power
(Foul Point Phase I1) Plant
2034 Mini Hydro 10 MW Wind 70 MW [1x300 MW Natural Gas fired Combined Cycle ) 0.030
Solar 120 MW Biomass 5 MW |Power Plants '
2035 Mini Hydro 10 MW Wind 45 MW |1x300 MW Natural Gas fired Combined Cycle [300MW West Coast Combined Cycle 0.096
Solar 120 MW Biomass 5 MW |Power Plants -Western Region Power Plant '
2036 Mini Hydro 10 MW Wind 50 MW |1x300 MW Natural Gas fired Combined Cycle ) 0.088
Solar 110 MW Biomass 5 MW |Power Plants '
Mini Hydro 10 MW Wind 50 MW |1x300 MW New Coal Power Plant
2037 |Solar 110 MW Biomass 5 MW |(Change to Super critical will be evaluated) - 0.083
(Foul Point Phase I11)
2038 Mini Hydro 10 MW Wind 70 MW |1x300 MW Natural Gas fired Combined Cycle ) 0.080
Solar 110 MW Biomass 5 MW |Power Plant '
Mini Hydro 5 MW Wind 70 MW [1x300 MW New Coal Power Plant
2039 |Solar 110 MW Biomass 5 MW [(Change to Super critical will be evaluated) - 0.074
(Foul Point Phase I11)

Total PV Cost up to year 2039, USD 16,675 million (LKR 3,003.07 billion)°

GENERAL NOTES:

**

++

++

To meet the demand from year 2020 until major power plants are implemented and out of total 320 MW only 100
MW would continue beyond 2025 as backup power plants to provide the secure supply during the contingency
events. As of 2019, 170MW out of 320MW has been added to the system as extension of existing power plants.
Retirement of these plants would be evaluated based on the plant conditions.
The plant has duel fuel capability and would be operated with Natural Gas.
Refer Contingency Analysis for the impact from delays in implementation of power plants.
Sojitz Kelanitissa is scheduled to be retired in 2023 will be operated as a CEB Natural Gas fired power plant from
2023 to 2033 with the conversion. West Coast and Kelanithissa Combined Cycle plant are converted to Natural Gas
in 2021 with the development of LNG based infrastructure.
PV cost includes the cost of projected ORE development, USD 2274.04 million based on economic cost. Cost of
battery storage is not included in the PV cost.
Committed plants are shown in Italics. All plant capacities are given in gross values.
Thalpitigala and Gin Ganga multipurpose hydro power plants are proposed and developed by Ministry of Irrigation.
As a candidate power plant, Thalpitigala is scheduled to begin commercial operation by 2024 while feasibility
studies are still being carried out for Gin Ganga project.
Seethawaka HPP and PSPP units are forced in 2023, 2028, 2029 and 2032 respectively.
Battery storage is proposed to be added to the system in phase development. (Total 50 MW by 2025 and 100 MW by
2030). Exact capacities and entry years will be evaluated during the detailed design stage of battery storage
integration.
Refer Contingency Analysis for the impact from delays in implementation of power plants. The required
transmission system reinforcements for the implementation of power plants are as follows:
In 2022, in order to connect first 300 MW Natural Gas fired Combined Cycle Power Plant — Western
Region, completion of:
Kerawalapitiya 220kV Switching Station
Underground Transmission Network under Greater Colombo Transmission & Distribution
Loss Reduction Project
Rehabilitation of Colombo E and F Grid Substations
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New Polpitiya, Padukka Grid substations and New Polpitiya-Padukka-Pannipitya transmission
lines
In 2022, in order to connect second 300 MW Natural Gas fired Combined Cycle Power Plant - Western
Region, completion of:
Kerawalapitiya-Port 2™ 220kV transmission line
Kirindiwela 220kV/132kV grid substation and 220kV, Veyangoda-Kirindiwela, 400kV,
Kirindiwela-Padukka and 220kV Kotmale-New Polpitiya transmission lines
+++ The required transmission system reinforcements for the implementation of 2023 and 2024 Coal power plants are
as follows:
In 2023, in order to connect 300 MW New Coal Power Plant (Lakvijaya Extension Phase 1), completion
of:
220kV/132kV New Habarana Grid Substation and 220kV, New Habarana-Veyangoda
transmission line
Upgrading the New Habarana -New Anuradhapura 220kV transmission line
In 2024, in order to connect 300 MW New Coal Power Plant (Lakvijaya Extension Phase Il), completion
of:
Wariaypola South 220kV Switching Station
Transmission line from Lakvijaya New Coal Plant to proposed Wariyapola south switching
station

Capacity shortage is identified, in the short term context up to year 2022 and might be difficult to
operate the system resourcefully due to the foreseen delays in implementation of Natural Gas
combined cycle projects which were identified to be commissioned by 2019 and 2021. It is
recommended to install Reciprocating Engine power plants as a short term solution during this
critical period. Once low cost long term major thermal plants are commissioned during 2022 —
2025, majority of the reciprocating engine power plants shall be retired. Around 100MW
Reciprocating Engine power plants are kept in the system throughout the planning horizon to
operate as stand by power plants for contingency events.

During the past years Reserve Margin violation situations were experienced and the demand was
met with difficulty. Therefore, the increased reserve margin levels were maintained during the
worst hydro condition throughout planning horizon. The additional present value cost of having
the increased reserve margin levels is approximately USD 43 Million.

In order to enhance the harnessing of indigenous resources and to maintain renewable energy
portfolio, total of 3425MW ORE capacity shall be developed during the planning horizon. This
shall avoid the construction of several thermal power plants during the planning horizon which
shall in return reduce the CO emissions by 19%. The additional present value cost of USD 391
Million is absorbed by the electricity sector in order to mitigate climate change impacts in

accordance with the government policies.

Based on the Policy Decision on firm capacity, the share of Coal Power Plants and Natural Gas

Power Plants are considered. By 2025 the firm Capacity Share of Coal Power Plants are at 30%
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and Natural Gas Power Plants are at 35%. By 2030, this share shall be 30% from Coal and 34%

from Natural Gas.

It is important to note that actual energy dispatch would depend on the fuel prices prevailing in the
relevant years. Based on the forecasted fuel prices considered for planning purposes, it is apparent
that coal will be the major source of power during the study period with its share reaching 38% by
2025 and 39% by 2030. The Energy Contribution from natural Gas in 2025 and 2030 shall be in
22% and 24% respectively. However, the contribution from renewable energy power plants shall
also be considerable with a share of more than 38% by 2025 and 35% by 2030.

Based on high integration of ORE, and natural gas fired thermal power plants, the rate of increase
of CO2 emissions gradually decreases. The CO2, NOx and SOx is observed to decrease by 19%,
13% and 14% respectively by adopting the Base Case Plan instead of adopting the least cost
solution. The total CO2 emission from the electricity sector even in year 2039 would be around 24
Million tons and both the total CO> emission and the per capita CO2 emission would still remain

low.

The introduction of Pump Storage Power Plants will enhance the ORE absorption capability to the
system and reduce the curtailment of ORE power generation. The introduction of Battery Storage

Solutions are also facilitated in phased development.

In the long term, it is important to recognise that coal plant development program will have
favorable influence on the economy. Neighboring Countries like India, Indonesia, Vietnam
and Bangladesh have developed large scale coal power plants recently to facilitate their economic
development. Timely implementation of the coal plants identified in Sri Lanka is essential and
delaying these plants any further will increase the price of electricity and also affect the economic

development of the country.

The development of Natural Gas Power Plants is linked with the development of necessary
Natural Gas Infrastructure to Import LNG. However the LNG import contracts are governed with
‘Take or Pay’ restrictions and having proper mix of long term contracts, spot and short term
contracts for varied demand according to the weather pattern and seasonal aspects related to ORE
projects should also be considered.

The total present value of implementing the Base Case Plan 2020-2039 in the next 20 years is

approximately USD 16,675 million with discount rate of 10%.
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Immediate Actions to be taken:

(i)

(i)

(i)

(iv)

Reciprocating Engine Power plants on Short Term Requirement.

The anticipated capacity shortage for the period till 2022 to be met through the development
of Reciprocating engine power plants. LTGEP 2018-2037 identified 320MW reciprocating
engines to be implemented by 2018 and contingency analysis has identified an additional capacity
of 150MW for the year 2019 considering simultaneous occurrence of risk events such as
implementation delays, very dry hydro conditions, long outages of major power plant.
Development of these power plants expeditiously is essential to avoid the anticipated power

shortage. In addition, following capacities are required as short term solutions.

Year Capacity Requirement

2020 195MW

2021 105MW

100 MW of these power plants is planned to be used as standby power plants once the major

power plants are commissioned.

Commissioning of 35 MW Broadlands, 122MW Uma Oya, and 31 MW Moragolla by
year 2020, 2021 and 2023 respectively.

These Hydro Power Plants would serve as low cost peaking plants in the future. These
plants will be the economically viable low cost major hydro power plants available to the

system and it is required to expedite their completion.
Commissioning of 100MW Wind farm at Mannar by year 2020.

The Mannar wind farm is expected to generate approximately 337GWh annually and the

implementation to be expedited.
Commissioning of Other Renewable Energy Projects

Approximate capacity addition of 12200MW of Wind and 2000MW of Solar is considered
during the planning horizon. Immediate action is required to develop them in locations
identified in Monaragala, Pooneryn, Hambantota, Mannar, Kalpitiya, Puttalam,
Welikanda and identify suitable locations in Northern & Eastern regions as per the

capacity scheduled identified in Base Case Plan.
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(v)

(vi)

3 x 35MW of Gas Turbines by year 2021

In a total power failure situation, immediate restoration of Colombo power could be
achieved using gas turbine power plants. Further, these plants will have the capability of
operating in the sync-con mode to provide reactive power to improve voltage levels. Power
plant would operate to provide peak power as well as reduce the dependency on the hydro
power availability for peak power generation. It is important to note that this Power plant

will have very low plant factor.

Natural Gas fired Combined Cycle Power Plants and associated LNG import

infrastructure.

2x300MW Dual Fuel Combined Cycle Power Plants must be commissioned in western
region by 2022. The associated LNG importing infrastructure to be developed on a fast
track process with sufficient capacity to cater for both the new power plants and the
conversion of other oil fired combined cycle power plants in the western region.
Furthermore, an additional 3x300MW Natural Gas Combined Cycle Power Plants are
expected to be commissioned by 2026 in either Kerawalapitiya or Hambantota. Associated
transmission facilities also to be expedited in parallel to the power plant implementation

schedule.

(vii) High Efficient Coal Power Plant Development

(viii)

2x300MW High Efficient Coal Power Plants are planned to be developed as an Extension
to Lakvijaya coal complex in years 2023 and 2024. Furthermore, 2x300 MW High
Efficient Coal Power Plants are expected to be commissioned in 2025 and 2028 at Foul

Point in Trincomalee.
Pumped Storage Power Plant Development

Implementation of 3x200MW Pumped Storage Power Plant has been identified in 2028,
2029 and 2032 respectively. This is considered as the energy storage technology and
facilitate variable renewable energy (Wind & Solar) absorption by reducing the
curtailments of energy generation. In addition, this will operate as a peaking power plant

by minimizing high cost thermal generation.

In order to evaluate the impact of risk events, which could lead to inadequacy of supply a separate

contingency analysis was prepared for the next five years. The risks considered for evaluation

were the variation in hydrology, variation in demand, delays in implementation of power plants

and outage of major power plant.
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The Summary of Case Studies during the preparation of the Long Term Generation Expansion
Plan 2020-2039 are given in Table E.3.

Table E.3 - Summary of Case Study Analyses

No. Study Option Total Cost Remarks
(mn US$)
1 Base Case 16,675 As per the Government Policies Published

in General Policy Guidelines in respect to
the Electricity Industry.

2. Reference Case 16,284 Only existing ORE plants as at 1% January
2019 were included.

Sensitivity Cases

3. High Demand Case 17,944 The forecast developed considering 1%
higher economic growth of the country
beyond 2022 and economic sector change
based on higher growth in Industrial and
Service sector in future. 20 year average
growth rate is 5.7%

4, Low Demand Case 14,763 The forecast developed considering 1%
reduction from the annual growth rate of
Base Load Forecast. 20 year average growth
rate is 3.9%

5. Fuel Price Escalation Case 17,500 Fuel price escalation based on International
Energy Agency forecast, WEO-2018

Scenarios
6. Base Case equivalent to LTGEP 16,643 Natural Gas Power Plant development is
2018-2037 considered only in Western Region.
7. HVDC interconnection Case 16,684 Energy mix including a HVDC link with
India.
8. Energy Mix with Nuclear Power 17,174 Energy mix including Nuclear Power Plant
Development Case Development is considered after 2032.

Introduced Nuclear power plants instead of
Coal power development and two 600MW
Nuclear Power Plants were selected in 2035
and 2037.
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CHAPTER 1
INTRODUCTION

1.1 Background

The Electricity sector in Sri Lanka is governed by the Sri Lanka Electricity Act, No. 20 of 2009
amended by Act No. 31 of 2013 [1]. Ceylon Electricity Board (CEB), established by CEB Act No. 17
of 1969 (as amended), is under legal obligation to develop and maintain an efficient, coordinated and
economical system of Electricity supply in accordance with Licenses issued. CEB is responsible for
most of the generation and distribution licenses while being sole licensee for transmission. CEB has
been issued a generation license, a transmission license and four distribution licenses. Lanka Electricity
Company (LECO), a subsidiary of CEB is the other distribution licensee and there are several
Independent Power Producers, whose production is also purchased by CEB. The Public Utilities
Commission of Sri Lanka (PUCSL) is the regulator of the sector and was established by the PUCSL
Act No. 35 of 2002 and empowered by the Electricity Act. The Sri Lankan power system has a total
installed capacity of approximately 4048MW by end of year 2018 with a total dispatchable capacity of
3464 MW. The maximum demand recorded in 2018 was 2616 MW and total net generation was
15305GWh.

Generation expansion planning is a part of the process of achieving an efficient and economical
electricity supply system to the country. In order to meet the increasing demand for electrical energy,
while considering the retirements of existing the thermal plants, new generating stations need to be
installed as and when necessary. The planning studies presented in this report are based on the Annual
Report 2017 of Central Bank of Sri Lanka [2] and electricity sector data up to 2018. The information
presented has been updated to December 2018 unless otherwise stated.

The generating system has to be planned taking into consideration the electricity demand growth,
generation technologies, environmental and climate change considerations, fuel diversification mix,
prevailing government policies and financial requirements. Evaluation of each type of candidate
generating plant technologies, from both renewable and thermal is screened, to select the optimum plant
mix schedule in the best interest of the country.

1.2 The Economy

In the last six years (2013-2018), the real GDP growth in the Sri Lanka economy has varied from 5% to
3.2 % in 2018. Details of some demographic and economic indicators are given in Table 1.1.
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Table 1.1- Demographic and Economic Indicators of Sri Lanka

Units 2013 2014 2015 2016 2017 2018
Mid-Year Millions 20.58 20.77 20.97 21.20 21.44 21.67
Population
Population 0
Growth pate % 0.8 0.9 0.9 1.1 1.1 1.1
GDP Real 0
orowth Rate % 3.4 5 5 45 3.4 3.2
GDP /Capita
(Market US$ 3609 3819 3842 3886 4104 4102
prices)
Exchange LKR/US$  129.11 130.56 135.94 145.60 152.46 162.54
Rate (Avg.)
GDP
Constant Mill LKR 7,846,202 8,235,429 8,647,833 9,034,290 9,344,839 9,644,728
2010 Prices

Source: Annual Report 2018, Central Bank of Sri Lanka

1.2.1 Electricity and Economy

Electricity demand growth rate in the past has most of the times revealed a direct correlation with the
growth rate of the country’s economy. Figure 1.1 shows growth rates of electricity demand and GDP
from 1997 to 2018.
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Figure 1.1 - Growth Rates of GDP and Electricity Sales

1.2.2 Economic Projections
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The Central Bank of Sri Lanka has forecasted the latest GDP growth rates in real terms for four
consecutive years, which is published in Annual Report 2018 of Central Bank of Sri Lanka [2] and
Annual Report 2017 of Central Bank of Sri Lanka [3] as depicted in Table 1.2.
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Table 1.2 - Forecast of GDP Growth Rate in Real Terms

Year 2018 2019 2020 2021 2022 2023
2017 Forecast 5.0 55 60 6.0 6.0
2018 Forecast 4.0 4.5 5.0 5.0 5.0

Source: Annual Reports 2017 & 2018, Central Bank of Sri Lanka

1.3 Energy Sector

1.3.1 Energy Supply

Biomass or fuel wood, petroleum and hydro are the major primary energy supply sources, which cater the
Sri Lankan energy demand. Petroleum turns out to be the major source of commercial energy, which
covers more than 40 percent of the energy demand. Biomass or fuel wood, which is mainly a non-
commercial fuel, at present also provides approximately 40 percent of the country’s total energy
requirement.

Although electricity and petroleum products are the major forms of commercial energy, an increasing
amount of biomass is also commercially grown and traded. Hydropower which covers 6% of the total
primary energy supply is the main indigenous source of primary commercial energy in Sri Lanka.
Estimated potential of hydro resource is about 2000MW, of which significant resource has already been
harnessed. Further exploitation of hydro resources is becoming increasingly difficult owing to social
and/or environmental impacts associated with large-scale development. Apart from these, there is a
considerable potential for wind and solar power development. The first commercial wind power plants
were established in 2010 and the total capacity of wind power plants by end of 2018 is 128MW. 100MW
wind farm at Mannar Island is at the implementation stage. The steps have been initiated to harness the
economical wind and solar potential in Sri Lanka in an optimal manner. The first commercial solar power
plants were commissioned in year 2016 and the total capacity of commercial solar power plants by end of
2018 was 51MW and nearly 170MW of solar roof tops were also connected by end of 2018. Scattered
developments of small scale solar power plants have been already initiated and feasibility studies were
initiated to develop solar power plants in park concept. By end of 2018, 37 small scale solar PV parks of
1MW has been awarded to private investors for development and another 90 small scale solar PV parks of
1MW has been under evaluation to award during 2019.

As at present, the total fossil fuel requirement of the country is imported either as crude oil or as refined
products and used for transport, power generation, industry and other applications. Apart from this,
initiatives have been launched in towards oil exploration with the prime intention of harnessing potential
petroleum resources in the Mannar Basin. Exploration license has been awarded to explore for oil and
natural gas in the Mannar Basin off the north-west coast and drilling of the test wells has been carried out.
At present, natural gas has been discovered in Mannar basin (off shore from Kalpitiya Pennisula) with a
potential of 70 mscfd. Discoverable gas amount of this reserve is estimated approximately 300 bcf. This
may even extend beyond the potential of 2TCF with daily extraction rates of 100 mscfd but further
exploration should be carried out in order to verify these figures.

In 2017 the primary energy supply consisted of Biomass (4607 ktoe), Petroleum (5462 ktoe), Coal (1358
ktoe), Hydro (738 ktoe) and other renewable sources (387 ktoe). The share of these in the gross primary
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energy supply from 2012 to 2017 is shown in Figure 1.2. Hydro electricity is adjusted to reflect the energy
input required in a thermal plant to produce the equivalent amount of electricity.
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Figure 1.2 - Share of Gross Primary Energy Supply by Source

1.3.2 Energy Demand
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Figure 1.3 - Gross Energy Consumption by Sectors including Non-Commercial Sources

Sectorial energy consumption trend from 2012 to 2017 is shown in Figure 1.3. According to the above
chart, household and commercial sector appears to be the largest sector in terms of energy consumption
when all the traditional sources of energy are taken into account. Further, it shows a decreasing trend
while industry and Transport sector shows an increasing trend.
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The consumption for 2017 is made up of biomass (4564 ktoe), petroleum (4364 ktoe), coal (44.2 ktoe) and
electricity (1150 ktoe). Due to poor conversion efficiency of biomass, the composition of the net (or
useful) energy consumption in the domestic sector could be different from the above. On the other
hand, being the cheapest and most easily accessible source of energy, fuel wood still dominates the
domestic sector consumption. Even though it is traded in urban and suburban areas fuel wood is still
classified as a non-commercial form of energy.

1.3.3 Emissions from Energy Sector

The Total CO, Emission levels of Sri Lanka are 20.9 Million tons, which is approximately only 0.06 % of
the total CO, emissions generated in the World. The absolute emission levels as well as the per capita
emission levels are much below compared to many other countries in the world as tabulated in Table 1.3.

Table 1.3 - Comparison of CO; Emissions from Fuel Combustion

kg CO»/2010 Total CO
Country igsg%;/é%g U?S$ 01i GDP Tonsg;‘p(i?t(:z per E_m_issioné
Adjusted to PPP (Million tons)

Sri Lanka 0.26 0.09 0.99 20.9
Pakistan 0.67 0.17 0.79 153.4
India 0.84 0.269 1.57 2076.8
Indonesia 0.44 0.17 1.74 454.9
Malaysia 0.63 0.28 6.93 216.2
Thailand 0.60 0.23 3.55 244.6
China 0.93 0.46 6.57 9101.5
Japan 0.19 0.24 9.04 11471
France 0.10 0.12 4.38 292.9
Denmark 0.10 0.13 5.84 335
Germany 0.19 0.21 8.88 731.6
Switzerland 0.06 0.08 4.53 37.9
United Kingdom 0.14 0.15 5.65 371.1
USA 0.2.9 0.29 14.95 4833.1
Canada 0.30 0.35 14.91 540.8
Australia 0.26 0.36 16.0 3924
Qatar 0.46 0.27 30.77 79.1
Brazil 0.19 0.15 2.01 416.7

World 0.42 0.30 4.35 32314.2

Source: IEA CO; Emissions from Fuel Combustion (2018 Edition) [04] -2016 Data

Even though electricity sector is the major contributor for emissions in the world, the transport sector
contributes for majority of the emissions in Sri Lanka. The contribution to emissions from electricity
sector of recent four years is tabulated in Table 1.4 and sector wise comparison of COemissions in 2016
is shown in Figure 1.4.
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Table 1.4 - CO, Emissions in the Recent Past
Year Sri Lanka CO; Emissions  Electricity Sector CO, Emissions

(Million tons) (Million tons)
2013 13.74 4.04
2014 16.74 6.79
2015 19.5 6.8
2016 20.9 8.7

Source: IEA CO;Emissions from Fuel Combustion (2018 Edition) [04] -2016 Data

(a) World (a) Sri Lanka
M Electricity and heat production | Other energy ind. own use
m Manufacturing industries and construction B Transport

[ Other sectors

Figure 1.4 - CO; Emissions from Fuel Combustion 2016

Source: IEA CO; Emissions from Fuel Combustion (2018 Edition) [04] -2016 Data

1.4 Electricity Sector

1.4.1 Ease of Doing Business

The “Ease of Doing Business” index ranks countries based on capability of starting businesses with an
overall Distance to Frontier (DTF) score. The score is determined by several factors which includes the
subsection of “Getting Electricity”. The Getting Electricity index is based on the procedures, time and cost
required for a business to obtain a permanent electricity connection for a newly constructed warehouse,
while assessing efficiency of connection process, Reliability of supply and transparency of tariff index
measures, reliability of power supply and the price of electricity.

The Doing the business 2019 [05] report published by World Bank Group, classified Sri Lanka at an
overall Distance to Frontier (DTF) score of 61.22 creating a Ease of Doing Business rank of 100" out of
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190 countries, with the subsection of Getting Electricity DTF score of 74.37 which ranked 84" out of all
190 countries.

1.4.2 Access to Electricity

By the end of December, 2018, approximately 99% of the total population had access to electricity from
the national electricity grid. Figure 1.5 shows the percentage level of electrification district wise as at end
of June 2016.
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Figure 1.5 - Level of Electrification
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1.4.3 Electricity Consumption
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Figure 1.6 - Sectorial Consumption of Electricity (2005 - 2018)

The amount of energy consumed by each sector (i.e. each tariff category) from 2005 to 2018 is shown in
Figure 1.6 while Figure 1.7 depicts sectorial electricity consumption share in 2018. These Figures reveal
that the industrial and commercial (general