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ABSTRAK 

 

 

 

Implimentasi terhadap Grid pintar menawarkan jalan penyelesian untuk membuatkan 

utility handal dalam mengatasi masalah permintaan pengeluaran tenaga yang tinggi dan 

memberikan pelbagai kebaikan kepada masyarakat, sekuriti dan kualiti penjana kuasa 

system. Walaupunbagaiman pun, gambaran mengenai Grid Pintar kurang jelas. Thesis ini 

akan menyiasat pengetahuan am tentang grid pintar dalam konteks generasi, 

penghantaraan and pengedaran dengan menggunakan SCADA for Power Lab oleh Lucas 

Nulle. Sistem latihan Lucas Nulle memberi peluang untuk mendemostrasikan dan 

menaplikasikan gambaran Grid Pintar dengan lebih jelas dalam kontks grafik dan 

praktikal. Eksperimen ini dilakukan dengan persediaan yang diperlukan untuk 

mengabungkan sumber tenaga dan pengguna untuk menyiasat hubungan asas tentang grid 

pintar. Untuk menjalani eksperimen ini, lukisan grid mudah telah dibina menggunakan 

perisian SCADA For Power Lab interaksi dengan LN Trainer. Hasil eksperimen 

menunjukkan bahawa perisian SCADA For Power Lab bekerja dengan baik dalam 

mengawal dan memantau Grid Pintar dalam generasi, penghantaraan and pengedaran 

system jana kuasa. 
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ABSTRACT 

 

 

Smart grid implementation offers a solution to make the utility better handle demand and 

deliver various potential benefits to society security and quality of the power system. 

However, the majority of these activities emphasized only the distribution grid and the 

big picture of the transmission grid in content of smart grid are unclear. This paper will 

yield a general practical knowledge on smart grid of generation, transmission and 

distribution using the Lucas Nulle training system to contribute knowledge. Lucas-Nulle 

(LN) training system gives opportunities to demonstrate and convey the technological 

content of smart grid in a graphic and practice-oriented. To achieve this study, a simple 

grid design consist busbar circuit have been built using SCADA for Power Lab interfacing 

LN Trainer. Both the parameter such as current, voltage, power and reactive power are 

monitored remotely via SCADA simulation that allows the coordination between power 

demand and generation with different transmission lines and star/delta configuration 

linked with LN Trainer to give better understanding. The experimental results show that 

the SCADA for Power Lab works properly in the monitoring and controlling the Smart 

Grid of generation, transmission and distribution. 

  

 

  



 

viii 

 

 

DEDICATION 

 

 

To my beloved parents, mama and abah 

All my friends, 

Naufal, Nadhirah, Zalifa, Farra, Adibah, Amirah, Afiqah 

  



 

ix 

ACKNOWLEDGEMENTS 

 

 

Foremost, I would like to express my sincere gratitude to my advisor Pn Nurul Ashikin 

Binti Mohd Rais for the continuous support of my study and research, for her patience, 

motivation, enthusiasm, and immense knowledge. The door to Pn Ashikin office was 

always open whenever I ran into a trouble spot or had a question about my research or 

writing. She consistently allowed this paper to be my own work but steered me in the 

right the direction whenever she thought I needed it. Her guidance helped me in all the 

time of research and writing of this thesis. I also would like to thank to my Engineer 

Assistant at laboratory, Encik Nasarudin Bin Seman for his guidance and encouragement 

at many stages during my period. Nobody has been more important to me in the pursuit 

of this project than the members of my family. I would like to thank my parents; whose 

love and guidance are with me in whatever I pursue. They are the ultimate role models. 

This accomplishment would not have been possible without them. I also place on record, 

my sense of gratitude to one and all, who directly or indirectly, have lent their hand in 

this venture. Thank you. 

 

  



 

x 

TABLE OF CONTENTS 

PAGE 
TABLE OF CONTENTS x 

LIST OF TABLES  xiv 

LIST OF FIGURES xv 

LIST OF APPENDICES xviii 

LIST OF ABBREVIATIONS xix 

LIST OF PUBLICATIONS xx 

 INTRODUCTION 1 

1.1 Introduction 1 

1.2 Problem Statement 2 

1.3 Objective 3 

1.4 Scope of Project 4 

 LITERATURE REVIEW 5 

2.1 Introduction 5 

2.2 An Overview of Smart Grid 5 

            2.2.1   Differences between National Grid and Smart Grid 7 

            2.2.2   Benefits of Smart Grid 8 

            2.2.3   Concept of Smart Grid 9 



 

xi 

2.3 Part of the Power System 10 

            2.3.1   Generation 10 

            2.3.2   Transmission 12 

         2.3.2.1 The properties of transmission line 13 

         2.3.2.2 Voltage Regulation of Line 14 

         2.3.2.3 Power losses of the line 14 

           2.3.3   Distribution 14 

2.4 SCADA 16 

           2.4.1   SCADA Hardware and Software 17 

           2.4.2   How SCADA Works 18 

           2.4.3   Data Acquisition 19 

           2.4.4   Network Data Communication 20 

           2.4.5   Data Presentation 21 

          2.4.6   Control  21 

 METHODOLOGY 23 

3.1 Introduction 23 

            3.1.1   Hardware Description 23 

3.2 Hardware Development 27 

            3.2.1   Line Model 27 

            3.2.2   Resistive Load 29 



 

xii 

            3.2.3   Busbar Unit 29 

            3.2.4   Time Overcurrent Relay 30 

3.3 Power Supply 32 

            3.3.1   Adjustable 3-Phase Power Supply 32 

            3.3.2   Power Switch Module 33 

3.4 Measuring Instrument 33 

3.5 Software Development 34 

            3.5.1  SCADA Design 34 

            3.5.2  Linkage Via Ethernet 36 

3.5       Linkage Via RS485 37 

           3.5.4   Communication of SCADA for Power Lab 38 

3.6 Summary 39 

3.7 Gantt Chart 40 

 RESULT & DISCUSSION 41 

4.1 Introduction 41 

4.2 Experiment Setup 41 

4.3 Simulation Result 45 

            4.3.1  Single Busbar Operation 45 

         4.3.1.1 150km Transmission Line  with Star Load Configuration 46 

         4.3.1.2 150km Transmission Line with Delta Load Configuration 47 



 

xiii 

          4.3.1.3 300km Transmission Lines with Star Load Configuration 49 

          4.3.1.4 300km Transmission lines with delta load configuration 50 

         4.3.2    Double Busbar Operation 52 

         4.3.2.1 150km Transmission lines with star load configuration 52 

         4.3.2.2 150km Transmission Lines with Delta Load Configuration 54 

        4.3.2.3 300km Transmission Line with Star Load Configuration 55 

        4.3.2.4 300km Transmission Line with Delta Load Configuration 57 

          4.3.3  Bus Coupler Operation 58 

        4.3.3.1 150km Transmission Lines with Star Load Configuration 58 

        4.3.3.2 150km Transmission Line with Delta Load Configuration 60 

       4.3.3.3 300km Transmission Line with Star Load Configuration 61 

       4.3.3.4 300km Transmission Lines with Delta Load Configuration 63 

4.4 Comparison Table/Discussion 65 

4.5 Conclusion 68 

 CONCLUSION 70 

5.1 Introduction 70 

5.2 Conclusion 70 

5.3 Attainment of Project Objectives 71 

5.4 Future of Works 72 

REFERENCES 75 



 

xiv 

LIST OF TABLES 

TABLE  TITLE PAGE 
 

Table 2.1 Comparison between National Grid and Smart Grid 7 

Table 3.1: Addresses of SCADA software's device manager component list 39 

Table 4.1: Value displayed from Figure 4.6 46 

Table 4.2: Value displayed from figure 4.7 48 

Table 4.3: Value displayed from Figure 4.8 49 

Table 4.4: Value displayed frim Figure 4.9 51 

Table 4.5: Value displayed from Figure 4.10 53 

Table 4.6: Value displayed from Figure 4.11 54 

Table 4.7: Value displayed from Figure 4.12 56 

Table 4.8: Value displayed from Figure 4.13 57 

Table 4.9: Value displayed from Figure 4.14 59 

Table 4.10: Value displayed from Figure 4.15 60 

Table 4.11: Value displayed from Figure 4.16 62 

Table 4.12: Value displayed from Figure 4.17 63 

Table 4.13: Overall data and parameter output value for single busbar operation 65 

Table 4.14: Overall data and parameter output value for double busbar operation 65 

Table 4.15: Overall data for busbar coupler operation 68 

  



 

xv 

LIST OF FIGURES 

 

FIGURE  TITLE PAGE 
 

Figure 2.1: Architecture of integrated communication in power system 6 

Figure 2.2: Example of Element in Smart Grid 9 

Figure 2.3: Bulk Generation 11 

Figure 2.4: Transmission Network 12 

Figure 2.5: Equivalent circuit of transmission 13 

Figure 2.6:Distribution Network 16 

Figure 2.7: SCADA Viewer Software 18 

Figure 2.8: Typical SCADA System 19 

Figure 3.1: Picture of circuit installation on LN trainer 24 

Figure 3.2: The flow overall for this project 25 

Figure 3.3: Circuit of Smart Grid LN Trainer link with SCADA 26 

Figure 3.4:Transmission line 300km 28 

Figure 3.5:Transmission line 150km 28 

Figure 3.6: Resistive Load 29 

Figure 3.7: Double busbar/incoming/outgoing feeder 30 

Figure 3.8: Time Overcurrent Relay 31 

Figure 3.9: Communication principle 31 



 

xvi 

Figure 3.10: Power supply 32 

Figure 3.11: Power switch module 33 

Figure 3.12: Power Quality Meter 34 

Figure 3.13: Design simulation of SCADA for Power Lab 35 

Figure 3.14: Flowchart of SCADA Software 36 

Figure 3.15: USB Ethernet Adapter LM9056, LM9057, LM9988 37 

Figure 3.16: Adapter LM9025, LM9182, LM9182, LM9184 37 

Figure 3.17: Click “Properties” on RS485 38 

Figure 3.18: Select “interface” and click on installed RS485 interface. Choose “scan” to 

show the connected devices 38 

Figure 4.1: Circuit configuration installation on LN Trainer 42 

Figure 4.2: Star load installation on LN Trainer 43 

Figure 4.3: Delta load installation on LN Trainer 43 

Figure 4.4: 300km transmission line length installation on LN Trainer 44 

Figure 4.5: 150km transmission line length installation on LN Trainer 44 

Figure 4.6: Show simulation for 150km transmission lines with star load configuration

  46 

Figure 4.7: Shows the simulation result of 150km transmission lines with delta load 

configuration  47 

Figure 4.8: Shows result 300km transmission lines with star load configuration 49 

Figure 4.9: shows 300km transmission lines with delta load configuration 50 

Figure 4.10: Show simulation of 150km transmission lines with star load configuration

  52 



 

xvii 

Figure 4.11: Shows the simulation for 150km transmission lines with star load 

configuration  54 

Figure 4.12: Shows simulation 300km transmission lines with star load configuration 55 

Figure 4.13: Shows simulation for 300km transmission lines with delta load 

configuration  57 

Figure 4.14: Shows the simulation for 150km transmission lines with star load 

configuration in busbar coupler operation 58 

Figure 4.15: Shows the simulation for 150km transmission lines with delta load 

configuration in bus coupler operation 60 

Figure 4.16: Shows the simulation of 300km transmission lines with star load 

configuration  61 

Figure 4.17: Shows the simulation for 300km transmission lines with delta load 

configuration in busbar change without interruption 63 

Figure 5.1: Example of course ESG:Extension on Lucas Nulle 73 

 

  



 

xviii 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

 

Appendix 1  Example Appendix 77 

 

  



 

xix 

LIST OF ABBREVIATIONS 

DRM - Demand Response Management  

DSM - Diagnostic and Statistical Manual  

EMS - Energy Management System 

GHF - Greenhouse Gases 

HMI - Human Machine Interface 

ICT - Information and Communication Technology 

ISR - Internal Storage Retrieve 

MTU - Master Terminal Unit 

PQRAS - Power quality, Reliability, Availability and Security 

RTU - Remote Terminal Unit 

SCADA - Supervisory Control and Data Acquisition 

TTD - Time Tagged Data 

   

   

   

   

   

   

 

 



 

xx 

LIST OF PUBLICATIONS 

 



 

1 

  

 

INTRODUCTION 

1.1 Introduction 

Azzuhri, S.R Mahadi, 2004) justified that, since the middle 20th century, 

electricity is the basic need in our daily lives. Life have been great and ease as electricity 

empower our most appliances for example, office equipment, device that were used to 

make life easier, safer and more interesting The electrical networks are compose by 

system of generation, transmission and generation of electricity, these network allow the 

loads to meet the generation points from the initial design of local dc network and finally 

to modern together in interconnected network with many voltage levels and multiple 

complex electrical components (J.Denardin, J.Escrig, D,Altbir 2008). 

 

However, (X.Fang, S.Misra, G.Xue 2012) concerned that  the populations are 

increasing and too many demand of power supply especially from urban area. This has 

resulted conventional power grid faced several problems with efficient distribution. The 

Smart Grid create a largely distributed automated energy delivery network by used two-

way communication of electricity and information; viewed as the next generation power 

grid. 

 

(Azzuhri, S.R Mahadi, 2004) justified that, since the middle 20th century, 

electricity is the basic need in our daily lives. Life have been great and ease as electricity 

empower our most appliances for example, office equipment, device that were used to 

make life easier, safer and more interesting The electrical networks are compose by 
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system of generation, transmission and generation of electricity, these network allow the 

loads to meet the generation points from the initial design of local dc network and finally 

to modern together in interconnected network with many voltage levels and multiple 

complex electrical components (J.Denardin, J.Escrig, D,Altbir 2008). 

 

However, (X.Fang, S.Misra, G.Xue 2012) concerned that  the populations are 

increasing and too many demand of power supply especially from urban area. This has 

resulted conventional power grid faced several problems with efficient distribution. The 

Smart Grid create a largely distributed automated energy delivery network by used two-

way communication of electricity and information; viewed as the next generation power 

grid.  

A further definition of Smart grid is given by (V.Kumar , P.Rai,  2014) who 

describes a modern electric power grid infrastructure as Smart Grid is advance in sensing 

and metering technologies, smoothly coordinated automated control, and also has a 

modern communication network and advance energy management techniques into 

electricity power grid. For the demand of a new era, new technologies will better prepare 

the power supply in future. Furthermore, the increasing contribution from renewable 

energy are more compatible with conventional power station network if there is more 

flexible network management. For this paper, SCADA software for Power Lab will be 

using to give the exact idea to investigate the range of coordination between power 

demand and generation. 

1.2 Problem Statement 

The conventional grid system is not able to withstand the efficient distribution. 

Be that as it may, Smart grid can. They can enable the utility better handle demand by 
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empowering digital technology to quantify the power consumption at power grid’s end 

points when more power should be allocated to a certain household away from peak load 

periods. 

The purpose of this study will investigate the fundamental relationship found in 

smart grid that will require combination of energy source and consumer. For that to 

happen, LN trainer will be use in this project alongside SCADA software simulation. 

 

 Lucas-Nulle (LN) training system gives opportunities to demonstrate and 

convey the technological content of smart grid in a graphic and practice-oriented. This 

method is particularly useful in studying it can be adjusted to fit all the wide-ranging 

training requirement relevant to this research. It also a comprehensive, well-rounded 

program that allow a deeper insight in spanning power generation and distribution 

procedures all the way to energy usage and utilization. 

 

The software works of this paper is done under SCADA software for Power Lab. 

SCADA is a software program used for the monitoring and control of power engineering 

system. SCADA system are being used in industries to control easily and practically. It 

practically enables to display all measured value and operate states between inside system 

in real time on actual instruments and the software. 

1.3 Objective 

The purpose of this study will investigate the fundamental relationship found in 

smart grid that will require combination of energy source and consumer. For that to 

happen, scope for this experiment are circuit is fed by external three-phase 415V 

incoming supply, difference load configuration parameter which is star and delta 
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configuration, difference in operate line model which is 150km and 300km. The LN 

trainer will be use in this project alongside SCADA for Power Lab software simulation. 

The objective of this project: 

I. To investigate on Smart Grid of generation, transmission and distribution using 

LN Trainer with the interface of SCADA software. 

II. To study about how the SCADA monitoring system, display all measured 

value and operates states between real-time on existing LN trainer and the 

software itself. 

III. To investigate on three-phase transmission lines. 

 

1.4 Scope of Project 

This project is restricted to: 

I. Circuit is fed by external three-phase 415V incoming supply. 

II. Difference load configuration parameter use which is star and delta 

configuration. 

III. Difference in operate line model which is 150km and 300km 

 


