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ABSTRACT

An interactie qualifying project presented on the energy demands of Turkish Republic and wind energy
as an alternative for fossil fuel. In addition to that, future wind power plant sites, energy production

estimation, economical and environmental outconae analyzednd interpreted.
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INTRODUCTION

This interactive qualifying project mairfiycuses on using wind energy as a partial, alternative electrical
energy resource in order to decrease the demand for fossil fuel. Project begins with describing the latest
technology in wind power production as well as major components of a wind turliiregldition to that,

some information on wind turbine production and management companies are introduced in order to
show the importance of wind energy throughout the world.

Project also focuses on the building of such large scale wind turbines, potsintthenergy production

areas around Turkey. Analysis of wind energy capacity, wind speed and average annual electrical energy
production estimations are all based on REPA; Turkish wind energy potential atlas.

Feasibility and economical outcomes of winteegy are analyzed with the help of Ministry of Energy and

bl GdzNF f wS&a2dz2NOSa 5 &hdit Add MuskighiEReigy Maketiorgiii&adichyfdports.
Detailed onstruction, transportation and grid stabilization engineeriogst analysisare beyond he

scope of this project and were kept as simple as possible.

Wdza 4G tA1S GKS 20KSNJ O2dzyiNAS& | NRdzyR GKS 62NIRX

population growth and industrial demands. Considering the fact that fossil fuel supp@REE will last
in the next century, energy industry must concentrate on alternative and reliable methods of supplying
the demand. In addition to that, global warming is increasing proportionally with the fossil fuel usage for

various demands related to engy.
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CHAPTER dBRIEF DESCRIPTION OF WIND TURBINES
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HOW WIND TURBINES OPERATE

The main energy source for the wind turbines is air. Air is a fluid; it has its particles in the gas form
instead of liquid form. When air moves quickly, its particles move fast, in the form of wind. Meaning of
motion is derived from thekinetic energy which can be easily captured and very easy to use. For
instance, it is like the water can be captured by the turbines of a hydroelectric dam. In our case, the fluid
is captured by a wind turbine. Speaking of wind power, it all starts from the sun. Thesaanithim of

solar energy: 1% to 2% of the solar energy is converted in wind. It's just air in motion which is caused by
GKS NRUGIFGAZ2Y 2F GKS SIENIKXZ GKS A DMBEtEdgeratNdinitheS a 2 F
atmosphere.The wind is rare important in coastal and mountainous regions due to the amplified effect

of atmospheric pressure difference on wind velocityhen the sun heats up a certain area of land, the

air around that land absorbs some of that heat coming from the sun. At @aicetemperature, the

hotter air begins to rise very quickly since the given volume of the hot air is lighter than the equal volume
of the cooler air. Fastamoving (hotter) air particles exert more pressure than sloweving particles,

so it takes fewerf them to maintain the normal air pressure at a given elevation. At the time that
lighter hot air suddenly rises, cooler air flows quickly in to fill the gap and the hot air leaves behind. That
movement of air rushing to fill up the gap creates the wihide job of the wind turbine is to convert the

fluid flow and create energy. In more specific way, Wind Turbines converts the kinetic the kinetic energy
from the wind to the mechanical energy, using generators and the created mechanical energy, wind

turbines create electricity

HORIZONTAL

Blades catch the
wind and spin

Generator converts
mechanical energy
into electricity

Cable
carries electricity
to transmission line

Computer system
controls direction
of the blades

MACHINE

FIGURB-BASIC DESCRIPTIONAOFIND TURBINE
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MAJOR COMPONENTS OF WIND TURBINES

Typical windturbines consistsof a nacelle, rotor blades (propeller blades), hub, low speed shaft,
gearbox, high speed shaft with mechanical brake, electric generator, yaw mechanism, electronic
controller, hydraulics system, cooling unit, tower, anemometer and wind v@hetower of the wind
turbine carries the nacelle and the rotor. Towers may be lattice or tubular towers. Tubular towers are
saferbut more expensiveTheyare more commonly used since production capabilities are higher and

more efficient.

ow-speed

shaft

Gear box

Generator

Anemomeler

Hirection | Controller

Wind Vang

Yaw motor

Blades m.___

FIGURER-DETAILED COMPONENNSIDE THE TURBINE
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ELECTRICITY PRODUCTION

Rotating turbines attached to electrical generators produce most commercially available electricity.
Turbines are driven by a fluigvind) which acts as a renewable, natuiatermediate erergy carrier.
Wind flowing through the blades creating the aerodynamic effect resultsforce turning the rotorThe

wind turbine converts kinetic energy of th&ind to mechanical energy. After thathe generator
converts mechanical energy to electli@nergyby connecting the low speed shaft to the generator
which has a angular velocity controlled by a speed brake and a gedtmdike other electricity
generators wind turbine generators ardifferent; this distinction comes from the supplier whichthe

wind turbine rotor and other than that, torque.

14



TYPES OF WIND TURBINES

Classification of wind generators, or wind energy collectors (WECSs), can be based onto the
turbine rotation axes and the geological positioning of the structure. Whilstdhmer has two classes,
horizontalaxis and verticahxis turbines; the latter has three classes:-gifbre, onshore and near
shore® Horizontalcaxis wind turbines (HAWT) are much more common than Vedidalwind turbines
(VAWT) due to better energytacting properties that shall be discussed later.

Classification of wind generators on the geological positioning depends on distinct definitions of space
and location. To clarify, cEhore wind generators must be positioned at least 10 kilometers aenoff
the shore. Neasshore turbines are positioned within 5 kilometers off the shore-9Bare turbines are

positioned on the land.

HORIZONTAL AXIS WINIRBINES (HAWT)

HAWTSs have the rotor shaft and generator on top of the tower and they must be pointed into the wind
to harvest electricity. Pointing process has been computerized thanks to wind sensors and servo motors
to keep the wind hitting the blades at maximum angted speed possible. However, the rotation caused

0 (KS GAYyR AlGaStT AayQid Sy2dz3K F2NJ LINPRAZOGAZ2Y |
accentuating the rotation of the blades for generating electricity.

HAWTSs are upwind turbines that convéne energy of the high winds. Being positioned upwind is crucial
due to the turbulence created by the tower of the turbine. Downwind mechanisms have been made,
however; fatigue problems had arisen due to turbulence which affected reliability. Modern HAWTSs
operate on three stiff blades with tip speeds as much as six hundred percent of that of the wind- Three
blade turbine structure has been adopted for commercial uses so widely that it has almost become
synonymous with the turbine design since it featuraghhefficiency and high reliability for energy

production purposes.

15
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FIGURB-HAWT BLADE DESIGN

The blades are positioned to the side of the tower, aiding stability due to the proximity with the center
of gravity. Also, this typef turbines self start, cutting the need (and the cost) of an auxiliary starting
mechanism. Moreover, taller turbine towers, which are generally between 20 to 40m in height, give
access to more energized, stronger winds. In some sites, 10m of altituéeedide could mean %20

more wind power and %30+ more energy production. Just because of the same reason though, HAWTs
are more prone to damages in storms and higher transportation/installation costs. Consequumtly,
shore HAWT installations often raisertroversies and fiery oppositions as they block or damage the
land sight. Tower heights are subject to discussion in national security meetings in almost every country

that utilize them since they do obstruct radar signals if they are placed near aidiefdiitary bases.

VERTICAL AXIS WIND TURBINES (VAWT)

As the name suggests, in Vertidalis Wind Turbines, the rotor is horizontal to the ground, revolving

I NRBdzy R GKS 616 FTEA&AD ¢KS |RGIFydGlF3IsS 2F (Kthver £ | & 2 dz
and the gearbox, with other mechanical devices such as the generator, can be placed near the ground.
Another property of this layout is blades do not have to be pointed into the wind. However, vertically
mounted "blades™ create excessive drag whitdation in the wind. Moreover, rotation and torque

I NBYy QG Fa avyzz20K FyR fAYSFENI Fa Ay (GKS 112¢as 6KA
hinter reliability.

HAWTs commonly have the thrédaded commercial turbine desigawhereas VAWTSs diffegreatly in

shape, size and function. Mainly they differ in function by how they capture the windypétand Drag

16



type? Dragtypes are mostly simplified to threeup anemometers, which can also be seen in WPI
campus on the wall of Higgins Labs. Whetedmines the differences is Tip Speed Ratio (TSR). In drag
type VAWTS, TSR can never exceed 1, and commonly will be less than 1, since the tip of the "cups™ cannot
exceed the speed of the wind. However, if TSR is greater than 1, it means there isfsomghd

turbines, hence liftype VAWTS. Liftype turbines combine better efficiency and more power, therefore;

are preferred over dratype VAWTS.

Most common Dragype VAWT is “the Savonius'. Having ath&ped rotor, this turbine uses buckets,
sails,drums and paddles to catch the wind and, if made well, can exceed a TSR of 1. However, these
devices cannot be utilized for generating electricity as it cannot operate above 100RPMs. [1000 RPMs
and more is required for efficient electricity generationtjey are mostly used in rural areas to grind

grain and pump water.

Lift-Type VAWTSs are generally known to be Darrieus Type, which is an eggbeater shaped shaft and blade
design. The output of a litype VAWT is sinusoidal, having massive differences dthrngotation due

to the fact that each blade cuts the wind twice per rotation. Furthermore, long vertical blades each have
various natural frequency of variation; thus those values must be avoided during rotation to keep the

turbine and tower intact from dmages.

Upper Bearing

% Upper Hub
Central Column

Lower Hub
Lower Bearing
Support Stand

—I— =——— Pawarer Train
Clearance Equipment Station
" T
) -
— Ground Cable Raotor
Level Foundation Foundation

FIGURB-VAWT(LIFTYPE)

VAWTSs are almost impossible to mount on top of high towers, therefore; they deal with the lower, more

turbulent winds. Hence their energy productions are much less than those of HAWTS.
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OFFSHOR WIND TURBINE LOCATIONS

Off-Shorezones are located more than 10 kilometers away from the shore and mostly preferred by the
community since they are far less obtrusive thanshiore zones. One reason for this preference is off
shore wind turbines are much lower than the land ones as wadsrless surface roughness compared to
land, making high speed, high energy winds possible at the sea surface.

Off-Shore wind power plants have an expense problem. First of all, available zones for wind turbine
“farms’” are far less than land options. Satoinstallation of corrosion protected towers to the sea floor

is a highly expensive process, let alone the maintenance and power transmission costs. To send the
electricity generated to the stations on land, underwater transmission cables must be ukith, also
add up on the cost list. Also, transmission of electric current must be alternated to high voltage direct
current over long distances; therefore additional hardware is a must feshaffe farms.

So what makes offhore wind turbines profitalel? The answer iaverage costOffshore farms often
consist of hundreds of turbines, maybe more, which sums to colossal energy production volumes, thus
reducing the average cost per watts. In addition to sheer volume of these farmsha# turbines

usually are the largest turbines around, having much bigger blades and higher output values.

ON SHORE WIND TURBINE LOCATIONS

Onshore zones are mostly on top of hills or elevated lands that are almost 3 kilometers from the nearest
shoreline. Theory behind tls application is to obtain the maximum wind speed from the accelerating
effect of hills and steep land on the coastal winds. Determining the exact location of greatest wind speed
is crucial for maximizing output and the process is known as “miting . Detailed wind maps of the

area are constructed with the help of anemometers since 20m of positioning difference could double or
half the output numbers.

Like every engineering problem,-ghore turbine installation has a drawback that has to be consitlere
effect on local habitat. Hilltops and coastal areas are perfect to harvest the wind generated by the
heating/cooling difference of land and sea, yet tall turbine towers often degrade the appearance. More
in so, local winds are used for navigation by naligg birds so perfect location for a wind farm quite
possibly be the perfect location for the birds also. Politically supported debates and oppositions usually

arise for installation of wind farms on land in many countries.
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NEAR SHORE WIND TURBINEATIONS

Nearshore locations are described as a hybridization of distance parameters. They are mostly
considered to be within 3 kilometers of inland and 10 kilometers of offshore. -Bleare farms also
hybridize the thermodynamic and aerodynamic propestdf offshore winds and onshore winds. Shores

are ideal places for turbine installation due to strong convection winds. Moreover, winds on sea surface
carry much more energy at the same speed than the winds over mountains and elevated landscapes

since tre density of wind is higher on sea surface.
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WIND TURBINE SPECIFICATIONS

For commercial energy solutions, HAWTs with upwind rotor direction are usually chosen for their
superior efficiency and output over VAWTs. Commercial HAWTSs vary in output in reg#nds rotor
diameters. Energy output values with corresponding rotor diameters from eminent manufacturers of

the industry are illustrated ifablel.

Manufacturer Rotor Diameter Energy Outpul

Enercon Gmbh.-B3 334 m 330 kW

Enercon Gmbh.-E4 44.0m 900 kw

Enercon Gmbh.-E8 48.0 m 800 kW

Enercon Gmbh.-&3 52.9m 800 kW
Enercon Gmbh.-E1 71m 2,300 kwW
Enercon Gmbh.-B2 82m 2,000 kW
Mitsubishi Heavyndustries MWT1000 57m 1,000 kW
Mitsubishi Heavy Industries MWIDO0A 61.4m 1,000 kW
Mitsubishi Heavy Industries M\WW9R2/2.4 92m 2,400 kW
Mitsubishi Heavy Industries M\WWI5/2.4 95 m 2,400 kW
Siemens Power Generation SW.B-62 62.0m 1,300 kW
Siemens Power Generation S\&/8-82 82.4m 2,300 kW
Siemens Power Generation S\®.B-93 93.0m 2,300 kW
Siemens Power Generation S\86-107 107.0 m 3,600 kW
REpower Systems AG. MD77 76.5m 1,500 kW
REpower Systems AG. MM70 70.0 m 2,000 kW
REpoweiSystems AG. MM82 82.0m 2,000 kW
REpower Systems AG. MM92 92.5m 2,000 kW
REpower Systems AG. 5M 126.0 m 5,000 kW

TABLEL-ONSHORE/OFFSHORE WINJRBINE SPECIFIONS

Two turbines in this list, Siemens Power Generation SWmntxn YR w9LR SN {eaiGSya
be utilized only in offshore plants due to their massive proportions.

For onshore medium wind speed applications, rotor diameters between 40 to 60 metech@sen with

tower heights ranging from 50 to 76 meters. These medium sized turbines usually produ86@aY

per unit and mostly used throughout the world for their convenient installation and manageable sizes.

These turbines will be the onedll be conentrated onmuch frequently in this project.
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PARTS OF WIND TURBINES

ROTOR

FIGURB-PICTURE OF A TYPIBAND TURBINE ROTOR

Rotors are usually twisted or flat objects connected to a center shaft that converts the push of the wind

into a circular motion in a wind turbind/ost rotorshave three blades. Small scaled wind turbines may

have two blades. Blades are designed like iaplane wing creating an imbalance between the lift and

GKS RN} 3 FT2NOS G2 OFLWidNB gAyRQa SySNHeée® ClyYz2dza S
the blades.

y 2n

T+”“§x2+f)=r’]+”“§x)+f)=fié‘siédb‘:(‘) (2)

Where,

' = fluid velocity,

g=acceleration due to gravity,

" = density othe fluid at all points on the streamline,

h = height of the point on the streamline,

P = pressure at the point on the streamline,

g = dynamigressure.
Blades of the wind turbines are made of aluminum, titanium, steel, carbon fiber, fiberglass and wood.
Most of the modern wind turbine blades are made of fiberglass solidified by polyester. Steel blades are
durable to bending and to yield but ktihey have the problem of stress and corrosion. Aluminum blades
are lighter than the steel blades and durable to corrosion and stress. It is more expensive than the steel
FYR KINRSNJ (2 LINRPRdzZOS® CA 0 SNE btéeh5? Gsi520NGnf, dok theS & (i NB
epoxy plastic fortified by carbon fiber, the tensile strength is 550N/and this is even better than the
steel. The main problem on epoxy plastic is its elasticity which is 15KN#inkhSy G KS adSSt Qa
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was 210kN/nr That ighe reason why very largdiameter blades are madef epoxy plastic fortified by

carbon fiber which has elasticity of 44kN/Amstead of fiberglassdowever, this material is expensive.

Rotor Size and Maximum Power Output
Rotor Diameter (m) Power Output (kW)

10 25

17 100

27 225

33 300

40 500

44 600

48 750

54 1000

64 1500

72 2000

80 2500
Source: Danish Wind Industry Association, American Wind Energy
Association

TABLE-ROTOR SIZE AND RAPEXWER OUTPUT
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GEARBOX

FIGURB-TYPICAL GEARBOX OFIND TURBINE

Revolutions of a wind turbine vary between-26RPM during averagated wind speedsThis power

from the blades is transferred to the generator by the gearbox passing through the p@ireatrd high

speed shaft. High speed shaft is vital ratio is needed to increase this speed before transferring to the
ISYSNI G2NX¥» nanwta YR nnn wta 63000 THSSweSsihe gediiox NB |j dz/
converts slow and high power torque fromettblades to high speed low torque to the generatdfind

GdzNb Ay S6a& 3ISHNDB2E Kl a | FAESR 3ISL Therdldrelithre? ypedof 2 1 KS

commongearboxesplanetary, helical and worm.
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FIGURB-HELICAL GEARBOX

MOTOR STAY

287127
HEUICAL GEAR

FIGURB-WORM GEARBOX
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Usually, planetary gearboxes are used in the wind turbines. They are very flexible in design and they
increase the operational efficiency. Thypé of gearbox provides extremely low speeds. Also deliver high
reduction ratios andransmit higher torque valuesThey are very compact and lightweight. They need

little space for installation. They are very reliable due to the distribution of stressigmiéferent loads.

Like any other engine parts, gearboxes are made from Stainless Steel, Aluminum and Copper. The usage

of Stainless Steel is around-98%; usage of Aluminum is aroun@%, the usage of Copper 2.

GENERATOR

& DWTHA | #53E

FIGURBEO-EXAMPLE DRAWING OEBBNERATOR

Basically, a generator is a simple device. It uses the properties of electromagnetic induction to generate
electric voltage. Voltage is an electrical pressure which forces to move electricity ticetecrent. A
generator consist magnets and a conductor. The conductor is a coiled wire. Inside the generator, the
shaft connects to an assembly of magnets where one of the magnets is stable the other one is rotating
relative to the other. When the rotospins the shaft, the shaft spins the assembly of magnets and the
magnets produce electric current. There are two types of generators used in wind turbines. They are
Alternate current or direct current generators. The current that acquired in the generaight be
inefficient but there are few power electronics mechanisms that can regtitegelectricity for the grid.

Direct current generators are not preferably used in large wind turbine sites. The reason for that is the
maintenance cost and alternateirrent generators are cheaper. Direct current generators are commonly
used in small sized sites and to store energy to the batteries.

Generator is the main device that is used to convert mechanical energy into electrical energy. The law of
electromagnetic induction is the basic principle to create stable alternating current at the desired
frequency. Rotating part of the generator (rotas)connected to the low speed gearbox which regulates

the angular velocity of the turbine rotor. The stationary part, (stator) provides magnetic field which
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induces electric current to the grid. As a result of this simple law discovered by Michael Faheday
mechanical energy is converted to electrical energy and supplied to the grid. There are two common

types of alternating current generators used in large scale the wind turbines. Large scale turbines
produce 3phase electricity. (50 or 60Hz frequerRYS LISY RAYy 3 2y (KS 0O02dzy i NEQa 31
Synchronous generators are made up of an electromagnet or permanent magnets in the rotor and
induce 2 pole magnetic field, synchronizing with the rotation of the magnetic field. A brief visualization,

courtesy of Danish Wind Industry Association is given below.

W Ty

© DWTHA 1778 © DWTHA 1728 © DWTMA 1998
FIGURE1-SYNCHRONOUS GENERRAFRINCIPLE

Unfortunately, synchronous generators have a major design issue which makes them less desirable for
wind power generation. Permanemhagnets which are powerful enough and have long magnetization

life inside such magnetic fields are very expensive. On the other hand, having an electromagnet rotor
means having a AC/DC converter whighdditional cost, wiring, maintenance, protection@ase of an
emergency) etc. Another disadvantage of such generators is that it cannot be started with full power,
especially in case of a large scale power production and needs a control system to prevent any damage
to rotor or stator.

Asynchronous generat or induction generator is the most commonly used wind turbine generator part
since it is less costly compared to synchronous generators. Instead of usingngtipor brushes,
asynchronous motor uses a cage rotbigurel2) that gives it a big advantage for this application as it
increases the lifetime of these motors, decreasing the maintenance costs. The generator slip in
asynchronous generator is another advagga prodwcing the maximum power when synchronous
rotational speed differdoy 1%. There are many patented technologies for providing stable and efficient

power outputs for wind turbines, using the induction motor.
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FIGURB2-CAGE TOR OF AN ASYNCHRORS GENERATOR

CONTROLLER

Controller for a large scale wind turbine is one of the most important parts which physically is very small
but has a role for every single part of tiwénd turbine Yaw mechanism, weather and temperature
status wind speed and direction, generator on/off, gearbox, break pressure, active/reactive power
control, emergency shut down or even optimizing the electricity produced (in terms of frequency of
alternating current) are some of the roles of a controller omviad turbine. In addition to all these
features, controller of a wind turbine needs to have a good EM shield, high end DSP chip for filtering all
the incoming/outgoing data and interpreting and feeding the results back to the control circuit, and a
powerful hardware program which also communicates with the grid operators by sendingimsabr

logged data stored in its memory.

FIGURE3-TYPICAL CONTROLIAERPC TRANSFORMERIEA ON A WIND TUREIN
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COOLING SYSTEM

Like every other machinery, wind turbines also need to be cooled while operating. Transformers,
gearbox, power regulator (if exists), controller, brakes are some examples of devices that create heat
while operating. There are two kinds of cooling used lanuaiacturers.

Liquid Cooling: They are in small scale, very compact and electricity efficient. A more complicated and
higher cost design can be considered as a disadvantage. They have to have a radiator in the nacelle
which produces more weight at the tagd the tower and that radiator need to be cooled too.

Air Cooling: Basically, large fans are in use for air cooling which cools relatively better but high electric

consumption.

BRAKES

Wind is an unstableresourceand it sometimescan be very hazardous to wind turbin&eaks are very
critical and important devices that prevent wind turbines getting damaged in high wind spé&édse
are three parts.
1. Aerodynamic efficiency:
To ¢hange the blade angle and turn the blades.
To operae in constant RPM
To pevent the lift force and increase the drag force
Minimize the effective area
To rotate the blades to the wind
To change the rotor geometry
To Break

Mechanics and hydraulics

Air breaking
9 Electricpower
Electromechanical brakes wiloon be new standard in wind turbines. They are superior compared to

the hydraulic brake system$hey are more economical, safe and have low maintenance.costs
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WIND TURBINE BRANDS AND PRODUCTION CAPABILITIES

Green energy production companies are on tise all around the world. There are plenty of companies
producing wind generators that only assemble the parts and ship it to the end user or producer. As the
need for the clean energy increases, even the money hungry corporations and big names suwérals Ge
Electric, Siemens, Mitsubishi, Emerson and many more have their own wind power generation divisions.
Those companies have the production capabilities and the research, improvement facilities and fund
their engineers to produce better wind turbinesdipatent their innovations.

The most important factor that these big corporations care so much about wind turbine production and
green energy is obviously because of possible financial outcomes of this business. As the world
population grows humans demandanore energy In addition to thatincreasing living standardsises

this demand to a higher level. It also is known for a fact that fossil fuel supply of the world will not be
able to support this demand forever and the wars for the last piece of this bals already begun.
Therefore, whether these corporations start or control this business or not, there is going to be some
company which will provide wind turbines. The profitability of this business is worth spending the money
and is the main reason fdlnese corporations to have Wind turbine production divisions. Many countries
including Turkey, which has very suitable locations for wind power, see the demand for energy and how
profitable it will be to have its own energy production opportunities, rattiean importing energy. At

this point, it is pretty simple to see that Wind is a free energy source that will last forever, with a varying
magnitude in time.

Another reason is the protection of the environment and global warming. The earth has to beea pla
where civilization and nature can both survivumans and natureneed fresh water, oxygen,
FOY2aLIKSNB:E 20KSNJ fAQGAy3 GKAYIAZ yR (GKS NRIKID
forest destructions is not letting the earth keep this drate at its ideal level and that affects everyone.
Therefore it is mandatory for everyone to care about the earth and find ways to produce green energy.
As the sensitivity of environmental protection increases, humans demand more green energy and
appreciae the work of these big corporations by having emotional connections towards them. This
means the increase of publicity for a corporation and the name of the brand which can have a larger
slope of production increase than many other factors affecting salegrefore these companies use
green energy also as a way of advertising which is obviously observed in their website designs for wind

energy.
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GENERAL ELECTRIC

General Electribas a great website only designed for Wind Power production. 1.5, 2.5 and 3.6MW wind
turbine products are currently available for order. General Electric produces only macro scale wind
turbines as seen at the power production characteristics of the availplbducts.More than 39,000

megawatts of wind energy are installed by General Electric throughout the world, and forecasts for wind
power continue to be favorable with more than 83,000 cumulative megawatts predicted worldwide by
2007.GE offersinstalldt2 Y2 2 LISNI GA2Yy YR Yl Ay ({Sy lcgpaditiesa® NIIA OS a
engineering,procure construction and operate wind projectdloreover they partner withworldwide

customers through joint developments, providing the full range of development services or partial,
customized assistance which were done with projects in California, France, Sweden and the United

Kingdom.

SIEMENS

hyS 2F DSNXIye&Qa Y2an§ Sieménszfoclisesyits maita Nhd2 dchahsh an
environmental care. The largest turbine size available is 3600kW and most of the generators are as large
as 2300kW but their applications are vary on or off shore. Siemens started this business in 1980s with a
22kW wind turbine and now has hundred times larger turbines compared to their past. Total wind power

harvesting of Siemens wind turbines is predicted around 6296MW as of today.

THE ABB GROUP

Automation and Power Technologies is also a very successfudratign, producing both wind farms
and wind turbines. The turbines aseparatedirom high to low speed and induction versagchronous

generators. Theynchronougjenerators can produce up to 5000kVA and induction wind generators are
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