viii

TABLE OF CONTENTS

Acknowledgement

Abstract

List of tables

List of figures

Chapter 1

Chapter 2

Chapter 3

Introduction

1.1 Chapter Overview

1.2 Electricity Supply Industry of Thailand
1.3 Overview of Power System Operation

1.4 Modern Utility and Smarter Network Operation

1.5 Energy Supply Industry Requirement and Research Justification

1.6 Research Theme
1.7 List of Publication

1.8 Thesis Organization

Distribution Management System

2.1 Chapter Overview

2.2 Basic of real-time control system

2.3 The Challenge for Utilities in Modern Environment
2.4 DMS and its evolution |

2.5 Design, construction, and operation of DMS .

Knowledge Management and Engineering
3.1 Knowledge

3.2 Organization Learning

3.3 Community of Practice

3.4 Knowledge Management and Methodology

Page

1ii
iv
xi

xiii

13
16
19
21
22

23
24
24

35
40
54

57
57
59
61
61


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


Chapter 4

Chapter 5

Chapter 6

Chapter 7

References

ix

3.5 Knowledge Engineering Methodologies

3.6 KADS
3.7 UML Notation Used in CommonkKADS

DMS Design Methodology
4.1 Standard DMS Design
4.2 Propose Methodology

DMS Design Case Study

5.1 Case 1 Base Case

5.2 Case 2 Propose DMS Design Knowledge Model

5.3 Case 3 Propose DMS Design Communication Model
5.4 Case 4 Propose DMS Knowledge Management System

Results and Discussions

6.1 Case 1 Base Case

6.2 Case 2 Propose DMS Design Knowledge Model

6.3 Case 3 Propose DMS Design Communication Model
6.4 Case 4 Propose DMS Knowledge Management System

6.5 Discussion

Conclusion and Future Works
7.1 Conclusion

7.2 Future Works

Appendices

Appendix A Propose and Revise Inference Template

Appendix B DMS Information from Suppliers

Page

65
76
89

94
95
99

106
106
108
110
112

114
114
132
156
167
174

176
176
178

181

188

189
198


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


Page

Appendix C Reliability and Response Time Calculation 203

Curriculum vitae 205


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


xi

LIST OF TABLES

Table Page
1.1 MEA Service Standard 6

1.2 Summary of MEA distribution system configuration 12
1.3 Trend of solar power in Japan 13
2.1 SCADA/DMS Implementation 42
2.2 DMS Function in Electricity Utilities 43
3.1 Distinction between Data, Information, and Knowledge 58
3.2 Type of Knowledge 58
3.3 An Example of KRT of Activities 70
3.4 Comparing KE Methodologies with the Coverage of Framework 75
3.5 Comparing KE Methodologies with Provided Tools 75
3.6 Agent Model 78
3.7 OM-1 Problems and Opportunities Worksheet 79
3.8 OM-2 Variant Aspects Worksheet 79
3.9 OM-3 Process Breakdown Worksheet 79
3.10 OM-4 Knowledge Assets Worksheet ' 80
3.11 OM-35 Feasibility Decision Document Worksheet 80
3.12 Task Model Worksheet 81
3.13 Overview of Task Type 83
3.14 Transaction Description Worksheet 85
3.15 Information Exchange Specification Worksheet 86
4.1 Problems and Opportunities Worksheet for DMS Design 99
4.2 Variant Aspects Worksheet for DMS Design 100

4.3 Process Breakdown Worksheet for DMS Design 101


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


xit

6.1 DMS Sizing Table
6.2 OM-1 Problems and Opportunities Worksheet

6.3 OM-2 Variant Aspects Worksheet

6.4 OM-3 Process Breakdown Worksheet

6.5 OM-4 Knowledge Assets Worksheet

6.6 OM-5 Feasibility Decision Document Worksheet
6.7 Task Model Worksheet

6.8 Requirement

6.9 Skeleton Design

6.10 Transaction no. 1 ‘Hard Requirement’
6.11 Transaction no. 2 ‘Hard Requirement’
6.12 Transaction no. 3 ‘Hard Requirement’
6.13 Transaction no. 4 ‘Hard Requirement’
6.14 Transaction no. 5 ‘Hard Requirement’
6.15 Transaction no. 6 ‘Hard Requirement’
6.16 Transaction no. 7 ‘Hard Requirement’
6.17 Design Extension Explanation

6.18 Design Choice Explanation

6.19 Configuration Design Explanatiorn
6.20 Risk Assessment |

6.21 Model State Planning

7.1 Model State Planning

122
133
134
135
136
137
137
149
149
159
160
161
161
162
163
164
165
166
166
172
173

179


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


xiii

LIST OF FIGURES

Figure
1.1 Electricity Provision of Thailand

1.2 Current ESI Structure of Thailand

1.3 Future ESI Structure of Thailand

1.4 The evolution of asset management

1.5 MEA Distribution System (Service Area)

1.6 MEA District Area

1.7 MEA Distribution System (Schematic Diagram)
1.8 The Idea of Smart Grid

1.9 Basic Function in Future Thailand Competitive Market

1.10 Research Problem and Strategy

2.1 Control Hierarchy Level

2.2 Typical Operation Strategy

2.3 Typical SCADA System

2.4 SCADA Application

2.5 Typical Voltage Disturbances

2.6 Voltage Profile during Heavy and Light Load

2.7 Voltage Profile with Capacitor

2.8 Typical SCADA/DMS

2.9 Scope of SCADA/DMS

2.10 Operator Console and Wall Display

2.11 Geospatial Netwoek Diagram

2.12 Distribution Load Flow Calculation

2.13 Fault Location, Isolation, and Service Restoration
2.14 Work Order Management (Planned Outage)

‘ 2.15 Qutage Management System

Page

10
11
11
14
18
20

26
27
32
34
38
39
39
41
46
47
48
48
50
51
52


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


xiv

2.16 Message Bus and Wrapper 53
2.17 Data Management ' 53
2.18 Temporary Cut and Jump _ 55
2.19 Life Cycle Assessment 56
3.1 Knowledge Dimension 59
3.2 SECI Model 64
3.3 Knowledge Management Implementation 66
3.4 MOKA ICARE Forms 67
3.5 MOKA Formal Model 68
3.6 SPEDE Swim Lane Diagram 69
3.7 AKEM Life Cycle Model 72
3.8 The CommonKADS Model Suite 77
3.9 Overview of Communication Model 84
3.10 Communication Plan | 85
3.11 Knowledge Based System 88
3.12 Activity Diagram 89
3.13 Notation for State and State Transition 91
3.14 The Notation for Distribution Feeder Class 91
3.15 The Notation of Aggregation ' 92
3.16 DMS Technical Assistance Use Case 93
4.1 CommonKADS Model Suites 99
4.2 CommonKADS ‘Propose and Revise’ Template 103
4.3 DMS Design Knowledge Model 103
4.4 Communication Plan 104
4.5 Knowledge System for DMS Design 105
5.1 Base Case : 107
5.2 Propose DMS Design Knowledge Model 109

- 5.3 Propose DMS Design Communication Model 111


CMU
Rectangle

CMU
Rectangle


XV

5.4 Propose DMS Knowledge Management System

6.1 T1-DMS Design Task Model

6.2 101-Review Benefits

6.3 102-Evaluate Database

6.4 D211-GIS Domain Knowledge

6.5 103-Recommended Upgrade Power System

6.6 104-Specify DMS Application

6.7 105-Integrate the System

6.8 106-Specify Distribution Equipments

6.9 Implementation Plan

6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28

107-Prepare Overall Specification
DMS Configuration

Propose and Revise Template
IT1-Requirements
IP1-Specity

[12-Skeleton Design
IP2-Operationalize

113-Soft Requirement
IT14-Hard Requirement
[P3-Propose

[I-5 Extension

D5.1 Application Software
D5.1.1 SCADA

D5.1.2 Operation Load Flow
D5.1.3 Fault Calculation
D5.1.4 Loss Minimization
D5.1.5 VAR Control

D5.1.6 VOLT Control

D5.1.7 Fault Location Isolation and Service Restoration

113

126
126
127
127
128
128
129
129
130
130
132
139
140
140
141
141
142
142
143
143
144
144
145
145
146
146
147
147


CMU
Rectangle

CMU
Rectangle


Xvi

6.29 Knowledge Modeling Process
6.30 An Example of DMS Design
6.31 Message Bus and Wrapper
6.32 DMS Control Center

6.33 DMS Composition
6.34 Domain Schema for Reliability Calculation

6.35 Domain Schema for Response Time Calculation
6.36 Communication Plan

6.37 DMS Design Knowledge Management System
6.38 Project Management (States and Activities)

6.39 Quality Features

148
151
153
154
154
155
156
157
171
172
173


CMU
Rectangle

CMU
Rectangle

CMU
Rectangle

CMU
Rectangle


