TABLE OF CONTENTS

Acknowledgement
Thai Abstract
English Abstract
List of Table
List of Figure
Abbreviation
Chapter 1: Introduction
1.1 Rationale and Historical Background
1.2 The Status of Existing Small and Micro-Hydropower
Plant in Lao PDR
1.3 Literature Review
1.4 Criteria for Selection Project of The Study
1.5 Obijective of Study
1.6 Scope of Study

Chapter 2: Theoretical Principle Concern

2.1 Introduction

2.2 Hydropower Plant Classification

2.3 Hydropower Plant System
2.3.1 Definition of Hydropower Plant Facilities
2.3.2 The Principal Groups of Hydropower Plant

Facilities

2.3.3 Work Parts of Hydropower Plant

2.4 Consideration of the Interconnection to the Grid System
2.4.1 Synchronous Procedure

2.5 Hydropower Basis

Page

vii
Xiv
XVi

XViil

10
12
12

13
13
13
14
16
17

17

26
28



Page

2.5.1 Measuring Water Flow Method 28

2.5.2 Determination Effective Head 29

2.5.3 Determination Power Capacity and Annual 31

Energy

2.5.4 Determination Plant Factor 32

2.5.5 Assessment Power and Energy Requirements 33

2.6 Economic Evaluation of the Project 34

2.6.1 Key Comparative Indicators with Time Value 34

2.6.2 Determination Unit Energy Cost 39

2.6.3 Sensitivity Analysis 39

Chapter 3: Research Design 41

3.1 Introduction 41

3.2 Work Flow of the Study 41

3.3 Scope of Study 42

3.3.1 Case Study 1 ( Improvement for Nam Mong 42
Micro-Hydropower Plant)

3.3.2 Case Study 2 (Development for New Nam Dong 43

Micro-Hydropower Plant )
3.3.3 Case Study 3 (Rehabilitation for Nam Pha 44
Micro-Hydropower Plant)

3.4 Commissioning a Feasibility Study 45
3.4.1 Data Collection 45
3.4.2 Study the Power Capacity and Energy Generation 45

3.5 Economics Study 46
3.5.1 Estimation Costs of the Project 46
3.5.2 Capital Growth Factor 47

3.6 Economic Analysis 47
3.6.1 Economic Assumption 47

3.6.2 Economic Evaluation 48



Chapter 4:

Chapter 5:

Xi

Feasibility Study for the Improvement Nam Mong
Micro-Hydropower Plant
4.1 Introduction
4.1.1 Project Descriptions
4.1.2 The Energy Generation Status
4.2 The Scope of Study
4.2.1 Technical Study
4.2.2 Estimation Costs of an Improvement for an
Installation a Synchronous System
4.2.3 Economic Study
4.3 Results and Discussion
4.4 Evaluation of the Project
4.4.1 Economic Evaluation
4.4.2 The Recovery Energy Generation Potential of
the Project
4.5 Conclusion

Feasibility Study for the Development New Nam Dong
Micro-hydropower Plant
5.1 Introduction
5.2 General Information of the Project
5.3 Scope of Study
5.3.1 Characteristic of Water Supply
5.3.2 Study Water Flow Rate Capacity
5.3.3 System Design for New Nam Dong MHP
5.3.4 Concept Design for New Nam Dong MHP
5.4 The Work Flow of Development Nam Dong MHP
5.4.1 Descriptions of Civil Work
5.4.2 Descriptions of Piping Work
5.4.3 Descriptions of Mechanical Work

Page
49

49
49
51
53
53
54

56
59
60
60
63

66

67

67
67
68
68
69
70
71
71
72
72
72



Chapter 6:

xii

5.4.4 Descriptions of Electrical Work
5.5 Estimation Energy Output
5.5.1 Reality of Electricity Energy Output
5.5.2 Technical Features
5.6 Estimation Cost of the Project
5.6.1 Cost Category
5.6.2 Overall Costs Estimation
5.7 Economic Analysis
5.7.1 Economic Criteria
5.7.2 Economic Cash Flow
5.8 Results and Discussion
5.8.1 Economic Evaluation
5.9 Conclusion

Feasibility Study for the Rehabilitation Existing Nam Pha
Micro-Hydropower Plant
6.1 Introduction
6.2 General Information of the Project
6.2.1 Significant Problem
6.2.2 Technical Information
6.2.3 Concept of Modified Plant Structures
6.3 Estimation Costs of the Project
6.3.1 Cost Category
6.3.2 Estimation Costs
6.4 Economic Analysis
6.4.1 Economic Criteria
6.4.2 Economic Cash Flow
6.5 Results and Discussion

6.6 Conclusion

Page
74
76
77
78
78
79
80
81
81
84
85
86
90

91

91
91
92
92
93
99
99
100
101
101
103
104
105



Xiii

Chapter 7: Conclusion and Recommendation

7.1 Case Study 1 (Feasibility Study for the Improvement
Nam Mong MHP)
7.1.1 Recommendation

7.2 Case Study 2 (Feasibility Study for the Development
New Nam Dong MHP)
7.2.1 Recommendation

7.3 Case Study 3 (Feasibility Study for the Rehabilitation
Existing Nam Pha MHP)
7.3.1 Recommendation

7.4 Benefit of Study

Reference

Appendice

S
Appendix A
Appendix B
Appendix C
Appendix D

Appendix E

Appendix F

Curriculum Vitae

The Information of Study for Nam Mong
Micro-Hydropower Plant

The Information of Study for New Nam Dong
Micro-Hydropower Plant

The Information of Study for Nam Pha
Micro-Hydropower Plant

Costs Estimation Work Sheet

Cost Formular Quick Cost Estimate Under the
Master Plant Study on Small-Hydropower in
Northern Laos

Conference Paper

Page
106
106

107
110

111
115

116

116
117

120

136

158

172

177

181
187



Table
11
1.2
1.3

2.1
2.2
2.3

2.4
2.5
2.6
2.7
3.1
4.1
4.2
4.3

4.4
4.5
4.6
4.7
4.8
4.9
4.10

Xiv

LIST OF TABLE

The Existing Small and Micro-Hydropower Plant in Lao PDR.
Summary Small and Micro-hydropower Plant Status

General Information of the Existing Small and Micro-hydropower
Plants in Luang Prabang Province

The Hydropower Plant Classification

The Water Turbine with Typical Range of Head

The Water Turbine typical Range of Net Head, Discharge and Power

Capacity

Typical Efficiency of Water Turbine and Water Wheel

The Classification of Plant Factor of Hydropower Plant
Estimation the Range of Electricity Energy Consumption

An Example Calculation Present Value

Economic Key Indicators of Lao PDR

Annual Energy Situation of Nam Mong MHP

Plant Factor of Nam Mong MHP

Costs estimation of Equipment and Installation of the Improvement
Nam Mong MHP

Costs of Annual Inspection

Technical and Economic Criteria of Nam Mong MHP.

Net Cash Flow of Nam Mong MHP Project

The Economic Results of Nam Mong MH Project.

Results of Economic Analysis by Increment Costs of the Project
Summary of Annual Energy Generation Capacity

Results of Economic Analysis with the Maximum of Energy

Recovery Potential of Nam Mong MHP Project

Page
4

14
21
22

23
33
34
36
47
51
52
55

56
57
58
59
62
64
65



5.1

5.2
5.3
54
5.5
5.6

5.7

5.8

5.9

5.10

5.11

6.1

6.2

6.3
6.4

6.5
6.6

7.1

XV

An average Monthly Outflow Rate of Small Existing Nam Dong
Hydropower Plant

Monthly Energy Output Potential of New Nam Dong MHP Project.
Summary Main Technical Data of New Nam Dong MHP Project

Costs of Equipment for Development New Nam Dong MHP Project

The Electricity Tariff at Level Voltage 22 kV

The Estimation costs of annual inspection and Spare parts for
Development New Nam Dong MHP Project

Summary of Economic Criteria of Development New Nam Dong
MHP Project

The Economic Cash Flow of Development New Nam Dong MHP
Project

The Economic Analysis Results

Results of Economic evaluation in variation discount rate

Results of Economic Evaluation Incase of Increment Project Costs
The Summary of Technical Data of Nam Pha MHP project
Summary of Estimation Costs for Rehabilitation Nam Pha MHP
project

Summary the Operation and Maintenance Costs

Summary of the Economic Criteria for Rehabilitation Nam Pha
MHP project

The Economic Cash Flow for Rehabilitation Nam Pha MHP project

The Economic analysis Results of rehabilitation Nam Pha MHP
Project

The Matrix for Scoping

Page
70

77
78
80
81
82

83
84
85
86
88
98

100

102
102

103
104

112



Figure
11

2.1
2.2
2.3
2.4

2.5
2.6

2.7

2.8
3.1
4.1
4.2
4.3
4.4
4.5
4.6

4.7

4.8

4.9
4.10

XVi

LIST OF FIGURE

Location of the Existing Micro-Hydropower Plant in Luang Prabang
Province.

The Basis Diagram of the Hydropower Conversion Scheme

The General Plan of Small/Micro-Scales Hydroelectric System

The Basic Diagram of the Operation Process for Hydropower System
Intake Weir of Nam Mong MHP in Luang Prabang Province of

Lao PDR

Type of Hydraulic Turbine

The Diagram of Control Power Generated System for
Small/Micro-Hydropower Plant

The Basic Process of Synchronizing Electrical Power Machine to
the Power Grid

Relation Between the Maximum Discharge and Minimum Discharge
The Research Flow Chart

The Overview of Nam Mong MHP

The Electricity Supply Schematic of Nam Mong MHP

The Electrification status of Nam Mong MHP

Plant Factor of Nam Mong MHP

The Generation Plan Schematic of Nam Mong MHP

The Concept of Interconnection for Nam Mong MHP Gird to EDL
Grid

The Generation Plan Schematic after Installation the Synchronous
System

B/C ratio and IRR in various Plant Factors

The Unit Energy Cost in Various Plant Factors

The Benefit-Cost Ratio in Variation Discount Rate

Page

14
15
15
18

21
25

27

29
42
50
50
51
52
53
54

54

60

60
61



411
412
4.13
5.1
5.2
5.3
5.4
9.5
5.6
5.7
5.8
5.9
5.10

5.11
5.12
5.13
5.14
5.15
6.1
6.2
6.3
6.4
6.5
6.6
7.1

7.2
7.3
7.4

XVii

Evaluation the B/C Ratio and IRR by Increment the Project Costs
Cause-Effect Analyses

The Energy Recovery Potential of Nam Mong MHP

Overview of the Existing Nam Dong Hydropower Plant

The Water VVolume of the Existing Nam Dong HPP

Monthly Outflow Rate Average of the Existing Nam Dong HPP
Single Diagram for Development New Nam Dong MHP

The Profile of New Nam Dong MHP

Turbine Selection Diagrams

The Characteristic and Specification of Turbine

A single Line Diagram Aspect for Grid Connection

Power Transmission Line Scheme for New Nam Dong MHP

The Monthly Duration Curve of Electricity Energy Output of New
Nam Dong Micro-hydropower Plant

The Benefit-Cost Ratio in Variation Discount Rate

Relation NPV in Variation Discount Rate

Unit Energy Cost in a Variation Discount Rate

The B/C ration and IRR by Increment Costs of the Project

The Unit Energy Cost by increment Cost of the Project

The Overview of Nam Pha MHP

The Existing General Plan of Nam Pha MHP

The Conceptual Design Plant‘s Structures of Nam Pha MHP

The Characteristic and Specification of Turbine

The Structures of Propeller Turbine and Generator Type S

The Schematic of Single Line Diagram of Distribution Line

The Organization Chart of Electricity” after Improvement by
Connecting the Grid of Nam Mong to the Grid of EDL

The Flow Chart for development New Micro-Hydropower Plant
The Organization Chart of the development New Nam Dong MHP
The Operation and Maintenance Management Chart

Page
62
63
65
68
69
69
70
71
73
73
75
76
78

86
87
87
89
89
91
92
93
95
96
98
108

113
114
115



xviii

ABBREVIATION

Symbol
Alt. Alternative
Avg. Average
B/C Benefit-Cost ratio
C Cost
Cap. Capital
Cont. Continued
D/S Downstream
DR Discount rate
EDL Electricite’ Du Laos
EGAT Electricity Generating Authority of Thailand
e.g. exempli gratia (for example)
El Elevation
etc. “et cetera”
EGAT Electricity Generating Authority of Thailand
FIG Figure
FSWL Full Supply Water Level
H Height
h, hrs Hours
Hz Hertz
i.e. id est. (that is)
IRR Internal Rate of Return
kw kilowatts
m.a.s.| Mean Average Sea Level

Lao PDR Lao People’s Democratic Republic
MHP Micro-Hydropower Plant
MOL Minimum Operating Level

MW Megawatt



NPV
No.
O&M
PEA

TWL
US$
WL

yr

Xix

meter(s)

Net Present Value

Number

Operation and Maintenance
Provincial Electricity Authority
Discharge

Tail Water Level

U.S DOLLAR

Water Level

Year



