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Chapter 02 

 

FUNDAMENTALS OF WIND ENERGY CONVERSION 

 

2.1 Historical Development 

The history claims that harnessing power from the wind using man made machines 

date back beyond the time of the ancient Egyptians. The first wind turbine used to 

generate electricity was built by Charles F. Brush in Cleveland, Ohio in 1888. It was 

a direct current (DC) machine and had a rated power of 12 kW. [57] Afterwards, 

direct current electricity production continued to grow in the form of small scale and 

stand-alone. The first large scale alternating current (AC) wind turbine was 

produced in 1930’s in USA and the grid connected wind turbines were introduced.  

 

A strong interest in renewable energy sources was grown in mid 1970s when 

concerns on the environmental effects of fossil energy sources coincided with the 

Organization of Petroleum Exporting Countries’ (OPEC) oil embargoes. From that 

time onwards, Wind turbine technology is developing continuously and now 

accounts for a global cumulative installed capacity of 282.5 GW at the end of year 

2012 with an annual growth rate of 20%. Modern wind turbine and generators are 

highly sophisticated machines with advancing improvements in aerodynamics, 

structural design, materials technology and electrical and electronic controls. 

 

2.2 Basics in Wind Power Generation 

 

Wind turbines use the kinetic energy of air to generate electricity by converting it 

into rotating mechanical power. The most common type of wind turbine is the 

horizontal-axis turbine with two or three blades mounted on top of a tower. The 

power of the wind in an area, A, perpendicular to the wind direction is given by 

equation (1). 

  P = ½. ρ.A.V
3
          ------------------------------------------------------(1) 
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Where; 

P = Power in watts (W) 

ρ = density of air in kilograms per cubic meter (kg/m
3
) 

A = swept area perpendicular to the wind direction in square meters (m
2
) 

V = speed of the wind 

 

But, it is impossible to harness whole amount of energy present in the wind. The 

actual power harnessing depends on several factors such as the type of machine and 

rotor used, the sophistication of blade design, friction losses, and losses in other 

equipment connected to the wind turbine. The fraction of power that can be captured 

by a wind turbine is given by a factor, Cp, called the power coefficient. Cp is a 

specific value to a wind turbine and is a measurement of efficiency of the turbine. 

The theoretical maximum coefficient of power for any wind turbine is 59.3% and 

referred as the Betz limit. In reality, this figure is usually around 45% (maximum) 

for a large electricity producing turbine. [5] 

Therefore, the Power that can be harnessed by a wind turbine is given by; 

 

  PTur = ½. Cp.ρ.A.V
3
        -------------------------------------------------(2) 

 

A typical wind turbine employs a rotor assembly with 2-3 blades and a low speed 

shaft to extract power from the wind, a gear system to step up the shaft speed of the 

rotor shaft to the higher speeds needed to drive the generator, and a generator to 

convert mechanical energy of the rotating shaft to electrical energy and a set of 

control and protection equipment. Power electronic converters may be used to 

regulate the power output of the turbine. Main components of a wind plant are 

shown in Figure 2.1.  
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Figure 2.1  : Major components of a Wind Plant 

Source   : Wind Energy Development Programmatic EIS Information 

Center 

 

2.3 Classification of Wind Turbines  

Basically there are two types of wind turbines as fixed speed and variable speed. 

Modern wind turbines mainly employ four types of distinct technologies. They are, 

i. Type A – Fixed Speed Wind Turbine 

ii. Type B – Partial Variable Speed Wind Turbine with Variable Rotor 

Resistance 

iii. Type C – Variable Speed Wind Turbine with partial-scale Power Converter 

iv. Type D – Variable Speed Wind Turbine with full-scale Power Converter 

 

2.3.1 Type A – Fixed speed Wind Turbine 

Fixed-speed wind turbines are the most basic type of wind turbines in operation. 

They usually employ squirrel-cage induction generators (SCIGs) and operate with 

very little variation in rotor speed (approximately 1 - 2%). [5] The Induction 

Generator is directly connected to the Grid and the speed is almost fixed to the grid 

frequency, and not controllable. Basic components of a Type A wind plant is shown 

in Figure 2.2. 
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Figure 2.2: Basic components of a WPP employing Type A Wind Turbine 

 

Advantages and Disadvantages of employing fixed-speed wind turbines with 

induction generators are given in Table 2.1. 

 

Table 2.1: Advantages and Disadvantages of fixed-speed wind turbines 

Advantages 

Robust and Reliable. 

Economical and well proven technology. 

High mechanical compatibility with rapid wind variations. 

Do not generate harmonics other than the harmonics generated 

by a power factor correction capacitor bank if any. 

High Environmental Durability. 

Disadvantages 

Designed to obtain maximum efficiency at one specific Wind 

Speed. 

Uncontrollable Reactive Power Consumption. 

Poor wind energy conversion efficiency. 

Power Fluctuations that cause large Voltage Fluctuations. 

Do not contribute regulation of grid voltage or frequency. 

Limited Power Quality Control. 

High Mechanical Stress. 

Risk of self excitation during off-grid conditions 
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2.3.2 Variable-speed Wind Turbines 

Variable-speed wind turbines; as the name implies, are designed to operate at a wide 

range of rotor speeds. It is possible to continuously alter the rotational speed of wind 

turbine according to the wind speed. Speed and power controls allow these turbines 

to extract more energy from wind than fixed-speed turbines. As the wind turbine 

operates at variable rotational speed, the plant is connected to the grid through a 

power electronic converter system placed between the generator (synchronous or 

asynchronous) and the grid. [5] Advantages and disadvantages of employing 

variable-speed wind turbines are given in Table 2.2. 

 

Table 2.2: Advantages and Disadvantages of variable-speed wind turbines 

 

 

 

 

 

  

Advantages 

Improved System Efficiency & increased power capture form 

wind. 

Improved Power Quality. 

Reduced Mechanical Stress and Noise. 

Power electronic control provides the ability to meet high 

technical demands imposed by the connected grid substation. 

Controllable Active and Reactive Power. 

Quick response under transient conditions of the Power 

System. 

Disadvantages 

Harmonic Distortion due to presence of power electronic 

converters. 

Losses in power electronic elements. 

Higher cost. 
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2.3.2.1 Type B – Partial variable speed wind turbine with variable rotor 

resistance 

 

 

 

 

 

 

Figure 2.3: Basic components of a WPP employing Type B Wind Turbine 

 

This method uses a wound rotor induction generator (WRIG), a capacitor bank for 

reactive power compensation and a soft-starter. The rotor resistance of the WRIG is 

variable hence the slip which controls the power output of the plant. The typical 

speed range is 0-10% above the synchronous speed. A major disadvantage of this 

type is, it has a High Reactive Power Consumption. [5], [14] 

 

2.3.2.2 Type C – Variable speed wind turbine with partial-scale power 

converter 

 

  

 

 

 

 

 

Figure 2.4: Basic components of a WPP employing Type C Wind Turbine 
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This configuration, which is commonly referred as Doubly-fed Induction Generator 

(DFIG) concept; employs a DFIG and a partial scale power converter. The stator 

circuit of the generator is directly connected to the grid while the rotor winding is 

connected to a three-phase variable frequency power converter which is normally 

rated at approximately 30% of nominal generator power. Therefore, the losses in the 

power electronic converter are less when compared with Type D mentioned below 

2.3.2.3.  

 

The DFIG system delivers power to the grid through the stator while the rotor either 

injects or absorbs power, depending on the rotational speed of the generator. If the 

generator operates above synchronous speed, rotor delivers power to the grid 

through the converter, and if the generator operates below synchronous speed, the 

rotor absorbs power from the grid. The partial-scale converter compensates reactive 

power and provides a smoother grid connection. The speed range is typically ±30% 

of Synchronous Speed. [32], [34] 

 

DFIGs are one of the most common types of generator used to produce electricity in 

wind turbines because of following advantages over other types of generators. 

i. DFIG allow the amplitude and frequency of the output voltages to be 

maintained at a constant value irrespective of the speed of the wind blowing 

on the wind turbine rotor. Because of this, doubly-fed induction generators 

can be directly connected and remain synchronized at all times with the ac 

power network.  

ii. Ability to control the power factor (e.g., to maintain the power factor at 

unity), while keeping the power electronics devices in the wind turbine at a 

moderate size. 

 

The main disadvantages of this configuration are the use of slip rings and high fault 

currents. 
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2.3.2.3 Type D – Variable speed wind turbine with full-scale power converter 

This configuration has the liberty of employing either Synchronous Generators or 

Induction Generators with full variable speed wind turbines. The normal practice is 

using a Synchronous Generator / Permanent Magnet Generator (PMG) with a full 

power converter. 

 

 

 

 

 

 

 

 

Figure 2.5: Basic components of a WPP employing Type D Wind Turbine 

 

The only power flow path from wind turbine to the grid is the back-to-back 

AC/DC/AC converter. The converter enables independent real and reactive power 

control and provides a smoother grid connection. Type D configuration has gained 

popularity over other types in recent years because of its high efficiency, less 

complexity in electrical engineering perspective, wider range speed control and the 

ability to operate without a gear box in some cases. [5] 

 

The excitation to the generators can be supplied electrically or by using permanent 

magnets. The use of Permanent Magnet Synchronous Generators does not require 

external excitation current, which reduces losses, eliminates mechanical 

complexities of gear boxes, compact size, improves efficiency and reliability. 

 

From above four types of wind plants, three types; Type A, Type C and Type D are 

available in Sri Lanka. 
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2.4 Position of Wind Plants in Sri Lanka 

Being an island, Sri Lanka possesses substantial wind energy resources. The wind 

pattern of the country is mainly supported by two Asian Monsoons; the South West 

(SW) and North East (NE).Wind Power was introduced to Sri Lanka in 1999 by 

installing a 3 MW Wind Plant (5 x 600 kW generators) at Hambantota as a pilot 

project by Ceylon Electricity Board. This plant was intended to get some hands on 

experience in integrating wind generators in to the system and harnessing the energy 

of the wind for local engineers. Thereafter, CEB carried out wind resource 

assessments in several areas of the country by installing wind masts during 2000 – 

2002 period.  

 

In year 2003, the National Renewable Energy Laboratory (NREL) of USA carried 

out an island wide full wind study for Sri Lanka using satellite mapping. The 

following areas were identified and evaluated for developing wind power plants in 

utility-scale. 

i. Southeast Coast – From Hambantota to Buthawa 

ii. West Coast – Kalpitiya Peninsula 

iii. Northwest Coast – Mannar Island 

iv. North Coast – Jaffna District 

v. Central highlands in the interior of the country – Ambewela area 

 

According to the study, nearly 5000 km
2
 of the land of the country are windy areas 

with good-to-excellent wind resource potential. It’s around 8% of the total land area 

(65,600 km
2
) of Sri Lanka. This huge wind resource can support around 20,740 MW 

of installed capacity. The windy lagoon areas are estimated to cover 700 km
2
 of land 

with a potential installed capacity of 3500 MW. Kalpitiya Peninsula is the most 

potentially feasible site investigated for utility-scale wind power project 

development with excellent wind resources. However, wind capacity expansion is 

limited to 200 MW due to the absorption limitations of transmission infrastructure.  
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The present network cannot accommodate wind capacity more than 7% of the peak 

load and installing more than 20 MW of wind capacity in any given region will 

adversely impact local grid stability and power quality. 

 

After these studies, in order to promote electricity generation based on non 

conventional renewable energy (NCRE), the Government of Sri Lanka introduced 

an Energy Policy in 2008 to achieve a minimum level of 10% of power generation 

through NCRE by year 2015.  Based on this policy private sector investors were 

allowed to develop wind power plants with government incentives. As a result, a 

cumulative installed capacity of 95 MW of wind plants are integrated to the system 

at the moment. Most of these plants are located in Puttalam area.   

 

Energy permits have been issued for another capacity of 30 MW by the Sustainable 

Energy Authority. 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. Details of the 

commissioned wind plants in Sri Lanka by June 2014 are given in Table 2.3. 

 

Table 2.3: Details of the commissioned wind plants in Sri Lanka by June 2014. 

Sr. 

No 
Name of the WPP Location 

Capacity 

(MW) 

Type of Wind 

Turbine 

01 Mampuri WPP Kalpitiya 10.00 A 

02 Vidathamunai WPP Puttalam 10.00 D 

03 Seguwantivu WPP Puttalam 10.00 D 

04 Nirmalapura WPP Kalpitiya 10.00 D 

05 Pavandanavi WPP Kalpitiya 10.00 C 

06 Uppudaluwa WPP Puttalam 10.00 D 

07 Madurankuliya WPP Puttalam 10.00 D 

08 Naladanavi WPP Kalpitiya 5.00 C 

09 Mampuri II WPP Kalpitiya 10.00 C 

10 Mampuri III WPP Kalpitiya 10.00 C 
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But, integrating wind power does not significantly help mitigate capacity constraints 

in dry seasons where hydro generation falls because the maximum winds also occur 

during the wettest periods driven by two Asian Monsoons; the South-West monsoon 

from May till early October and North-East monsoon from December to February. 

 

 




