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Abstract 

 

Wind energy continues to be one of the fastest growing technology sectors. This trend isExpected to continue globally as we 

attempt to fulfill a growing electrical energy demand in an environmentally responsible manner. As the number of wind power 

plants (WPPs) continues to grow and the level of penetration reaches high levels in some areas, there is an increased interest on 

the part of power system planners in methodologies and techniques that can be used to adequately represent WPPs in the 

interconnected power systems. WPPs can be very large in terms of installed capacity. The number of turbines within a single 

WPP can be as high as 200 turbines or more, and the collector system within the WPP can have several hundred miles of 

overhead and underground lines. It is not practical to model in detail all individual turbines and the collector system for 

simulations typically conducted by power system planners. To simplify, it is a common practice to represent the entire WPP with 

a small group of equivalent turbine generators or a single turbine generator. In this report, we will describe the data preparation 

to validate equivalent models for a large WPP. FPL Energy‟s 204‐MW New Mexico Wind Energy Center (NMEC), which is 

interconnected to the Public Service Company of New Mexico (PNM) transmission system, was used as a case study. The data 

requirement for both steady state (power flow) and dynamic models are described in detail. Other reports related to this project 

will be listed in the references. One report describes methods to derive equivalent models for a WPP with different types and 

sizes of wind turbine, another report describes the method of wind turbine model validation. The objective of this report is to 

describe the data required to perform steady state and dynamic analysis of a WPP. Steady state analysis includes power flow and 

voltage stability. Dynamic analysis includes the transient, switching, or other dynamic events.     

Keywords: Data collection, data acquisition, dynamic model, equivalency, equivalent circuit, power system, renewable 

energy, variable-speed wind turbine generation, wind farm, wind power plant, wind turbine, wind integration, systems 

integration, wind turbine model validation 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Wind energy is the fastest growing source of clean energy worldwide. A major issue with the technology is fluctuation in the 

source of wind. There is a near constant source of wind power on the highways due to rapidly moving vehicles. The motivation 

for this project is to contribute to the global trend towards clean energy in a feasible way. Wind energy is the fastest growing 

source of clean energy worldwide. A major issue with the technology is fluctuation in the source of wind. There is a near 

constant source of wind power on the highways due to rapidly moving vehicles. The motivation for this project is to contribute to 

the global trend towards clean energy in a feasible way. Most wind turbines in use today are conventional wind mills with three 

airfoil shaped blades arraigned around a horizontal axis. These turbines must be turned to face into the wind and in general 

require significant air velocities to operate. Another style of turbine is one where the blades are positioned vertically or 

transverse to the axis of rotation. These turbines will always rotate in the same direction regardless of the fluid flow. Due to the 

independence from the direction of the fluid flow, these turbines have found applications in tidal and surface current flows. To 

see how effective this sort of turbine would be in air, a helical turbine based on the designs and patents of Dr. Alexander M. 

Gorlov was chosen. His turbine was developed to improve upon the design of Georges J. M. Darrius by increasing the efficiency 

and removing pulsating stresses on the blades, caused by the blades hitting their aerodynamic stall in the course of rotation, 

which often resulted in fatigue failure in the blades or the joints that secured them to the shaft. The turbine takes the Darrius type 

turbine, which has a plurality of blades arranged transverse to the axis of rotation, and adds a helical twist to their path, insuring 

that regardless of the position of the turbine, a portion of the blade is always positioned in the position that gives maximum lift. 

This feature reduces the pulsations that are common in a Darrius type turbine. In his investigations, Gorlov claims that his 

turbine is significantly more efficient than Darrius‟ and has achieved overall efficiencies between 30% and 35%. For this 

investigation, a helical turbine was tested inside and outside a wind tunnel using an electric generator (inside tests only) and a 

torque meter paired with a tachometer to measure the output power of the turbine and calculate its efficiency.  

II. UTILIZATION OF WIND ENERGY 

The utilization of wind energy can be dated back to 5000 B.C. when sail boats were propelled across the river Nile. It was 

recorded that from 200 B.C. onwards wind was used as an energy source to pump water, grind grain, and drive vehicles and 
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ships in ancient China and Middle East. The first documented windmill was in a book Pneumatics written by Hero of Alexandria 

around the first century B.C. or the first century A.D. [52]. Effectively, these wind mills are used to convert kinetic energy into 

mechanical energy. 

The use of wind energy to generate electricity first appeared in the late 19th century [35] but did not gain ground owing to the 

then dominance of steam turbines in electricity genera tion. The interest in wind energy was renewed in the mid-1970s following 

the oil crises andincreased concerns over resource conservation. Initially, wind energy started to gain popularity in electricity 

generation to charge batteries [17] in remote power systems, residential scale power systems, isolated or island power systems, 

and utility networks. These wind turbines themselves are generally small (rated less than 100kW) but could be made up to a large 

wind farm (rated 5MW or so). It was until the early 1990s when wind projects really took off the ground, primarily driven by the 

governmental and industrial initiatives. It was also in 1990s there seemed a shift of focus from onshore to offshore development 

in major wind development countries, especially in Europe. 

Offshore wind turbines were first proposed in Germany in 1930s and first installed in Sweden in 1991 and in Denmark in 1992. 

By July 2010, there were 2.4 GW of offshore wind turbines installed in Europe. Compared to onshore wind energy, offshore 

wind energy has some appealing attributes such as higher wind speeds, availability of larger sites for development, lower wind 

sheer and lower intrinsic turbulence intensity. But the drawbacks are associated with harsh working conditions, high installation 

and maintenance costs. For offshore operation, major components should be minimized with additional anti-corrosion measures 

and de-humidification capacity [24]. In order to avoid unscheduled maintenance, they should also be equipped with fault-ride-

through capacity to improve their reliability. 

 Wind Generation for Developing Countries: A.

Unlike the trend toward large-scale grid connected wind turbines seen in the West, the more immediate demand for rural energy 

supply in developing countries is for smaller machines in the 5 - 100 kW range. These can be connected to small, localised 

micro-grid systems and used in conjunction with diesel generating sets and/or solar photovoltaic systems (see hybrid systems 

section later in this fact sheet). Currently, the use of wind power for electricity production in developing countries is limited, the 

main area of growth being for very small battery charging wind turbines (50 - 150 Watts). In Inner Mongolia there are over 

30,000 such machines used by herders for providing power for lighting, televisions, radios, etc. (Spera 1994). Other applications 

for small wind machines include water pumping, telecommunications power supply and irrigation 

 Technical: B.

The power in the wind The wind systems that exist over the earth‟s surface are a result of variations in air pressure. These are in 

turn due to the variations in solar heating. Warm air rises and cooler air rushes in to take its place. Wind is merely the movement 

of air from one place to another. There are global wind patterns related to large scale solar heating of different regions of the 

earth‟s surface and seasonal variations in solar incidence. There are also localized wind patterns due the effects of temperature 

differences between land and seas, or mountains and valleys. Wind speed generally increases with height above ground. This is 

because the roughness of ground features such as vegetation and houses cause the wind to be slowed. Wind speed data can be 

obtained from wind maps or from the meteorology office. Unfortunately the general availability and reliability of wind speed 

data is extremely poor in many regions of the world. However, significant areas of the world have mean annual wind speeds of 

above 4-5 m/s (meters per second) which makes small-scale wind powered electricity generation an attractive option. It is 

important to obtain accurate wind speed data for the site in mind before any decision can be made as to its suitability. Methods 

for assessing the mean wind speed are found in the relevant texts (see the „References and resources‟ section at the end of this 

fact sheet). The power in the wind is proportional to: • the area of windmill being swept by the wind • the cube of the wind speed 

• the air density - which varies with altitude The formula used for calculating the power in the wind is shown below: Power = 

density of air x swept area x velocity cubed 2 P = ½.ρ.A.V3 where, P is power in watts (W) ρ is the air density in kilograms per 

cubic meter (kg/m3 ) A is the swept rotor area in square meters (m2 ) Wind for electricity generation Practical Action 3 V is the 

wind speed in meters per second (m/s) The fact that the power is proportional to the cube of the wind speed is very significant.  

 Carbon Emissions: C.

Evidence indicates that wind energy will reduce the amount of fuel burnt to generate electricity where it displaces fossil fuel 

plant, as is the case on the current GB system. The scale of the reduction in carbon emissions depends on a complex range of 

factors including the type of generation that is replaced by the wind energy, the structure of the market and reserve requirements. 

Some inefficiency from part-loaded plant and additional operating reserves will further attenuate the carbon emissions reduction, 

but on a well-engineered system this ought to be negligible.  

For the GB grid, the marginal avoided emissions for wind energy are roughly equivalent to the average emissions of coal and 

gas plant but slightly less than the amount of emissions that would be avoided by reducing demand by the same amount. 

 Principles of Wind Energy Conversion: D.

There are two primary physical principles by which energy can be extracted from the wind; these are through the creation of 

either lift or drag force (or through a combination of the two). The difference between drag and lift is illustrated by the difference 

between using a spinnaker sail, which fills like a parachute and pulls a sailing boat with the wind, and a Bermuda rig, the familiar 
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triangular sail which deflects with wind and allows a sailing boat to travel across the wind or slightly into the wind. Drag forces 

provide the most obvious means of propulsion, these being the forces felt by a person (or object) exposed to the wind. Lift forces 

are the most efficient means of propulsion but being more subtle than drag forces are not so well understood. The basic features 

that characterize lift and drag are: • drag is in the direction of air flow • lift is perpendicular to the direction of air flow • 

generation of lift always causes a certain amount of drag to be developed • with a good aero foil, the lift produced can be more 

than thirty times greater than the drag • lift devices are generally more efficient than drag devices 

 Types and Characteristics of Rotors: E.

 There are two main families of wind machines: vertical axis machines and horizontal axis Wind for electricity generation 

Practical Action 4 machines. These can in turn use either lift or drag forces to harness the wind. The horizontal axis lift device is 

the type most commonly used. In fact other than a few experimental machines virtually all windmills come under this category. 

There are several technical parameters that are used to characterize windmill rotors. The tip speed ratio is defined as the ratio of 

the speed of the extremities of a windmill rotor to the speed of the free wind. Drag devices always have tip-speed ratios less than 

one and hence turn slowly, whereas lift devices can have high tip-speed ratios (up to 13:1) and hence turn quickly relative to the 

wind. The proportion of the power in the wind that the rotor can extract is termed the coefficient of performance (or power 

coefficient or efficiency; symbol Cp) and its variation as a function of tip-speed ratio is commonly used to characterize different 

types of rotor.  

III. DESCRIPTION OF WIND TURBINE GENERATOR TECHNOLOGIES 

Despite the seemingly large variety of utility‐scale WTGs in the market, each can be classified in one of four basic types, based 

on the generator topology and grid interface. The distinctive topological characteristics of each type are shown in Figure 1 and 

are listed below: 

1) Type 1 – Fixed‐speed, induction generator 

2) Type 2 – Variable slip, induction generators with variable rotor resistance 

3) Type 3 – Variable speed, doubly‐fed asynchronous generators with rotor‐side converter 

4) Type 4 – Variable speed generators with full converter interface 

 
Fig. 1: Four different types of wind turbine generator 

 Type 1 – Fixed-Speed, Induction Generator A.

The Type 1 WTG is an induction generator with minimal control. The torque speed characteristic is very steep (about 1% slip at 

rated torque). There is no power semiconductor switches used in this WTG in a normal running condition. The WTG absorbs 

reactive power both in generating or motoring mode. The reactive power required by the WTG is compensated by mechanically 

switched capacitor bank (MSC). With a slow varying wind ‐ 6 ‐speed, the MSC is able to follow the reactive power variation and 

the terminal voltage is very closely regulated. Under fast transients, the terminal voltage may be lagging in response and a wider 

voltage and output variation can be expected. Similarly, with sudden changes in frequency, the output power may respond 

instantaneously without any output current restrictions, thus, a frequency response similar to a synchronous generator can be 

expected. 
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 Type 2 – Variable Slip, Induction Generator with Variable Rotor Resistance: B.

The Type 2 WTG is a wound rotor induction generator with the capability to adjust the effective external rotor resistance. The 

effective value of the external rotor resistance is adjustable via a simple three‐phase diode rectifier, DC chopper, and a parallel 

resistance. Thus effectively, the WTG can be controlled to deliver a constant rated power for wind speeds higher than rated by 

adjusting the total rotor resistance. Below rated wind speeds (low to medium wind speeds), the operation of Type 2 WTGs is 

very similar to the operation of Type 1 WTGs. In the high wind speed region, the WTG generates constant output power, output 

currents, and output power factor. Although the external rotor resistance is capable of maintaining constant output power at 

higher slips, the heat loss within the rotor resistance can be very high at higher slips. The pitch controller of the WTG is usually 

adjusted to keep the slip to be as close as possible to the rated slip when the WTG operates in high wind speed. The WTG of this 

type tends to react faster to sudden (transient) changes than WTG Type 1 because of its ability to maintain the output real and 

reactive power with the adjustable external rotor resistance and pitch controller. Thus, a sudden wind gust does not produce large 

power and reactive power surges, nor voltage drops like with Type 1 WTGs.  

 Type 3 – Variable Speed, Doubly-Fed Asynchronous Generators with Rotor-Side Converter: C.

The Type 3 WTG is also known as doubly‐fed induction generator (DFIG). Type 3 and Type 4 

WTGs include a power converter to control the WTG. In a Type 3 WTG the rotor winding is connected to the power converter 

and the stator winding is connected to the grid. Under normal conditions or small transients, the power converter controls the 

output power of the generator, reactive power or bus voltage. It can control the real and reactive power independently and 

instantaneously. The power converter controls the stator output via electromagnetic coupling between stator and rotor separated 

by the air gap. Under severe disturbance (i.e., fault transients), the stator winding is exposed to abnormal and unbalanced voltage 

due to the faults that occur in the transmission lines. As a result, the power converter may lose its ability to control the output of 

real and reactive power, and it may have to apply the crowbar mechanism to protect the DC bus from an over voltage condition. 

The crowbar in effect is shorting the rotor winding, thus, making the rotor winding appear like a squirrel‐cage induction 

generator.  

 Type 4 – Variable Speed Generators with Full Converter Interface: D.

For the Type 4 WTG, the power converter acts as a buffer between the grid and the electric generator, thus, any transients 

occurring in the grid are not translated to the electric generator. Under normal or fault transients, the power converter can be 

fully controlled. However, one should realize that the power converter has a current limit to protect the output current of the 

power semiconductors (e.g. IGBT and diodes), and when the grid voltage is low during a fault transient disturbance, the 

maximum output power that can be delivered to the grid is also limited. Thus, the pitch controller will limit the rotor speed from 

over‐speeding avoiding a runaway situation. 

IV. GLOBAL APPLICATIONS 

The design can be used in any city around the world. It should be environmentally friendly.  Labels in various languages and 

manuals will be provided for eachspecific city. Figure 1 shows    Ad  dramatic increase in the employment of wind energy 

globally. Wind power increased by nearly 20% in 2012 reaching a new peak of 282 GW. Various sources such as the Global 

Windn energy Council show China as the leading country in the employment of Wind energy. The design can be used in any city 

around the world. It should be environmentally friendly. Labels in various languages and manuals will be provided for each 

specificity. Figure 1 shows a dramatic increase in the e power increased by nearly 20% in2012 reaching a new peak of 282 GW. 

Various sources such as the Global Wind Energy Council show china as a leading country in employment of Wind energy. 

Wind Speed Km/h Wind Speed m/s Calculated mechanical power in watt Electrical =0.4×Mech.power watt 

0 0 0 0 

5 1.385 0.089 0.035 

10 2.770 0.715 0.286 

15 4.155 2.410 0.966 

20 5.540 5.720 2.290 

25 6.925 11.180 4.470 

30 8.310 19.320 7.730 

35 9.695 30.690 12.270 

40 11.080 45.080 18.320 

45 12.465 65.230 26.090 

50 13.850 89.470 35.790 

55 15.230 119.09 47.630 
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Fig. 2: Calculation for electrical power output at various wind velocities 

 Battery: A.

We have used a motorcycle lead acid battery. This battery is of 6 volts. Power of this battery is used for glowing tube light when 

the power supply is off. Otherwise, the power supply keeps on charging the battery. 

 Neon Lamp: B.

230 volts neon lamps are connected between 220 volts AC input and transformer. This lamp is working as an indicator. It 

indicates whether the power is on or off. 

 Fluorescent Tube Light: C.

A fluorescent 20 watts tube is used as a source of light. The given circuit operates it automatically. 

 Battery Charger: D.

 

This unit charges the batteries until they reach a specific voltage and then it trickle charges the batteries until it is disconnected. 

 

A simple charger equivalent to a AC-DC wall adapter. It applies 300mA to the battery at all times, which will damage the 

battery if left connected too long 

A battery charger is a device used to put energy into a secondary cell or (rechargeable)battery by forcing an electric current 

through it. 

The charge current depends upon the technology and capacity of the battery being charged. For example, the current that 

should be applied to recharge a 12 Vcar battery will be very different from the current for a mobile phone battery. 
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 Applications: E.

Since a battery charger is intended to be connected to a battery, it may not have voltage regulation or filtering of the DC voltage 

output. Battery chargers equipped with both voltage regulation and filtering may be identified as battery eliminators. 

 Battery Charger for Vehicles: 1)

There are two main types of charges for vehicles: 

 To recharge a fuel vehicle's starter battery, where a modular charger is used.  

 To recharge an electric vehicle (EV) battery pack. 

 Battery Electric Vehicle: 2)

These vehicles include a batterypack, so generally use series charger. 

A 10 Ampere-hour battery could take 15 hours to reach a fully charged state from a fully discharged condition with a 1 

Ampere charger as it would require roughly 1.5 times the battery's capacity. 

Public EV charging heads (aka: stations) provide 6kW (host power of 208 to 240 VAC off a 40 amp circuit). 6kW will 

recharge an EV roughly 6 times faster than 1kW overnight charging. 

Rapid charging results in even faster recharge times and is only limited by available AC power and the type of charging 

system [21]. 

On board EV chargers (change AC power to DC power to recharge the EV's pack) can be: 

 Isolated: they make no physical connection between the A/C electrical mains and the batteries being charged. These 

typically employ some form of Inductive charging. Some isolated chargers may be used in parallel. This allows for an 

increased charge current and reduced charging times.  

 Non-isolated: the battery charger has a direct electrical connection the A/C outlet's wiring. Non-isolated chargers cannot 

be using in parallel. 

Power Factor Correction (PFC) chargers can more closely approach the maximum current the plug can deliver, shortening 

charging time. 

V. CONCLUSIONS 

Wind energy has attracted much attention from research and industrial communities. One of growth areas is thought to be in the 

offshore wind turbine market. The ongoing effort to develop advanced wind turbine generator technologies has already led to 

increased production, reliability, maintainability and cost-effectiveness. At this stage, the doubly-fed induction generator 

technology (equipped with fault-ride-through capacity) will continue to be prevalent in medium and large wind turbines while 

permanent magnet generators may be competitive in small wind turbines. Other types of wind turbine generators have started to 

penetrate into the wind markets to a differing degree. The analysis suggests a trend moving from fixed-speed, geared and 

brushed generators towards variable-speed, gearless and brushless generator technologies while still reducing system weight, 

cost and failure rates. This paper has provided an overview of different wind turbine generators including DC, synchronous and 

asynchronous wind turbine generators with a comparison of their relative merits and disadvantages. More in-depth analysis 

should be carried out in the design, control and operation of the wind turbines primarily using numerical, analytical and 

experimental methods if wind turbine generators are to be further improved. Despite continued research and development effort, 

however, there are still numerous technological, environmental and economic challenges in the wind power systems. In 

summary, there may not exist the best wind turbine generator technology to tick all the boxes. The choice of complex wind 

turbine systems is largely dictated by the capital and operational costs because the wind market is fundamentally cost-sensitive. 

In essence, the decision is always down to a comparison of the material costs between rare-earth permanent magnets, 

superconductors, copper, steel or other active materials, which may vary remarkably from time to time. 
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