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Chapter 01 

 

INTRODUCTION 

 
Electricity generation using wind energy has become a widely booming industry 

across the globe with an annual growth rate of 20%. A huge growth is observed in 

Asian region with the highest annual installing capacity. According to the Global 

Wind Energy Council, the global total of installed wind capacity at the end of year 

2012 was 282.5 GW where 35% of them located within Asia. For the last few years, 

Asia was the world’s largest regional market for wind energy. The increase of 

globally installed wind capacity is shown in Figure 1.1. 

 

Figure 1.1 : Increase of Global Cumulative installed Wind Capacity in MW 

Source  : Global Wind Energy Council 

 

Wind power has several advantages over conventional thermal power sources. 

Excessive heating of earth due to burning of fossil fuels have forced people to 

generate electricity through non pollutant energy sources like wind. It’s the cleanest 

form of renewable energy that doesn’t contaminate the environment at all. Further, 

the wind is free and wind turbines can be used to electrify remote areas that are not 

connected to the national grid. 
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Wind Power was introduced to Sri Lanka in 1999 by installing a 3MW Wind Power 

Plant (WPP) at Hambantota as a pilot project by Ceylon Electricity Board (CEB). 

This plant was intended to study the capability of harnessing wind energy into 

electricity and to get experience in integrating wind generators in to the system and 

get familiarize with the operation of wind turbines. According to the study “Sri 

Lanka Wind Farm Analysis and Site Selection Assistance” carried out by National 

Renewable Energy Laboratory (NREL) of USA in 2003, the country has a wind 

potential of 20,740 MW but only 200 MW of this is feasible to be developed due to 

system absorption limitations. However, CEB has not yet decided a limit on wind 

power absorption to national grid and will hold until carrying out a detailed study. 

 

1.1 Power Quality Issues associated with Wind Plants 

Wind turbines have an uneven power generation following natural variations of the 

wind. Operations of wind turbines have a significant impact on the Power Quality 

(PQ). Different power quality issues may arise depending on the type of the 

equipment used for the plant and the configuration of the connected Grid Sub 

Station. Major concerns associated with wind plants are;  

i. Voltage changes and Fluctuations 

ii. Voltage and Current harmonics 

iii. Flicker 

iv. Reactive power 

v. Frequency variations 

vi. Grid reconnection time 

 

1.2 Motivation 

The Government of Sri Lanka has declared development of renewable energy with 

high priority to reduce petroleum consumption for electricity generation and to 

ensure energy security by diversifying the energy mix. The National Energy Policy 

published in 2008 states, “The Government will endeavor to reach a minimum level 

of 10% of electrical energy supplied to the grid to be from Non-conventional 

Renewable Energy (NCRE) by a process of facilitation including access to green 
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funding such as CDM. The target year to reach this level of NCRE penetration is 

2015.” In order to achieve above target, Independent Power Producers (IPPs) are 

encouraged to invest in renewable energy sector like Small Hydro, Wind, Solar and 

Biomass including Dendro Power, Biogas and Waste. Several NCRE incentives like 

special standardized tariffs and a grace period free of resource cost (royalty) are 

offered to the developers.  

 

As a result, a cumulative installed capacity of 95 MW of wind plants are integrated 

to the system at the moment, and Energy permits have been issued for another 

capacity of 30 MW by the Sustainable Energy Authority. Most of these plants are 

located in Puttalam area. In addition to that, a 200 MW wind park is proposed at 

Mannar region by 2017 and to be extended to 350 MW by 2021. 

 

In Sri Lanka, wind generators are normally connected to 33 kV distribution feeders. 

These distribution feeders with a low fault level are not electrically stiff as 

transmission lines hence unable to operate firmly with the power quality 

disturbances mentioned in 1.1. Sometimes, consumers are directly connected to the 

same distribution feeder. In such situations, those consumers are directly exposed to 

power quality issues generated by the wind plants without an intervening of any 

Grid or Primary Substation, Gantry or Transmission Line.  

 

As an Electrical Engineer working in the Distribution sector of Ceylon Electricity 

Board; I have come across several complaints regarding disturbances caused by 

wind plants from both utility side and consumer side. Therefore, in my opinion; we 

haven’t paid adequate attention on power quality issues generated by these wind 

plants. This research is mainly focused on analyzing power quality issues caused by 

wind plants located in Puttalam area. 

 

1.3 Objectives of the Project  

The main objectives of this research are, 
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i. To study about major power quality issues associated with four wind plants 

in Puttalam. 

ii. To propose appropriate mitigation methods to rectify power quality issues. 

 

1.4 Scope of the Project  

The scope of the project includes the following.  

 Measurement of Electrical Parameters of the Wind Plants from the Utility 

Side. 

 Detailed Data Analysis.  

 Study on Mitigation  

 Computer Modeling and Simulation using MATLAB/SIMULINK 

environment to investigate harmonic mitigation.   

 

With the analysis, I wish to propose suitable remedial measures to improve the 

quality of wind power in wind plants under study and to identify the most suitable 

wind technology for the National Grid as a recommendation for the upcoming wind 

plants on the view of power quality. 

 

1.5 Overview of the Dissertation 

This dissertation discuss on power quality issues related to wind power plants and 

different techniques available to mitigate them. The dissertation consists of nine 

chapters. Chapter 02 presents fundamentals of harnessing wind energy and describe 

available types of wind power plants with their advantages and disadvantages in 

brief. Basically, there are four types of wind plants and three of them are available in 

Sri Lanka. Further, a short description on world wind picture and its position in Sri 

Lanka are included under Chapter 02. 

 

Chapter 03 contains the literature survey I have done on power quality of wind 

power plants and provides the basic definitions on power quality, different power 

quality issues, allowable limits, their causes and adverse effects.  
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Chapter 04 includes the research methodology followed, details on the measuring 

equipments used for data logging and main technical parameters of the four wind 

plants used for measurements. 

 

Chapter 05 consists of the detailed Data Analysis. Power quality during steady state 

and voltage events are analyzed separately. Further details related to this chapter are 

provided as appendices. 

 

Chapter 06 and Chapter 07 contain a comprehensive evaluation of the power quality 

of four wind plants taken for the study during voltage events and steady state 

operation respectively. Techniques available to improve the power quality are also 

discussed in detail under these two chapters and improvements are suggested where 

necessary. 

 

Chapter 08 describes the computer modeling and simulation of a Shunt Hybrid 

Harmonic filter developed in MATLAB/SIMULINK environment along with the 

results of the simulation.  

 

The dissertation concludes with Chapter 09, indicating the conclusions of the study, 

recommendations and provision for future research. 




