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* Easter to transport
(tankers)

* Basis of petro-
chemical industry

acid rain

not easy

* Depletion of oxygen due to
oil spillage and gas leakage
* Pollutants released caused

* Exploration of new fuel is

(Pipelines)

and coal

¢ Easier to transport
* Cleaner than ofl

¢ Cheaper than oil

!‘.i\rml- ‘..wl- =

] Fire Wood |

i Advantages Disadvantages Advantages Disadvantages
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o Non-polluting o Noise pollution ]
' o Low cost production of electricity |* Wind mills costly to setup
| once setup * Disturbs radio and T.V'. reception
| * Safe and clean ¢ Harmful to birds
vl :_."t oy . .
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INDIAN ENERGY Scenagig
Figure 1. Installed Power Generation Capacity in MW as on 31.3.2014 in India i
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DESIGN

water-cooled, to avoid using limited desert wateri3l

* Thermal storage to store the heat in molten salt containers to
continue producing electricity while the sun is not shining

il Steam is heated to 500 °C to d rive turbines

generators which produce electricity

i § Control systems to Supervise and control all the plant activity

includ

ing the heliostat array positions, alarms, other data
e acquisition and comm unication.

Generally, installations u

The solar power tower, also known as 'central tower' power
plants or ‘heliostat' power plants or power towers, is a type
of solar furnace using a tower to receive the focused sunlight,

It uses an array of flat, movable mirrors (called heliostats) to
focus the sun's Tays upon a collector tower (the target).

Concentrated solar thermal is S€en as one viable solution for
renewable, pollution-free energy.

molten sa_ﬂts (40% potassium nitrate, 60% sodium nitrate) as
the working fluids are now in operation.
» These working fluids have hj

gh heat capaci , which can be
g used to store the energy befor —=aLtapacity,

€ using i

Downloaded from Ktunotes.1

Some concentrating solar power towers are air-cooled instead of

Flat glass is used instead of the more expensive curved glassi3l

that are coupled to

se from 150 hectares (1,500,000 m?) to 320
hectares (3,200,000 m?),
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L » That is, the axis of rotation is parallel to the the need of vaw control =
| AL ground. e
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Single blade rotor:With 8 balancing counter weight itis
me%tfnomics!.ﬁut it produces unbalanced forces
plications

- f i Ti f
i ! b3 SR T T - + Tt can be used for low powWer ap,
k] T % ’_ﬁ_r ;‘ !
- = — —— o< are attached 10 the hub The

Types of rotors used in horizontal axis_

£ Two blade rotor:Two blad 1 )
= T toblem with this design is that at hi h wind speed the
ilion blade is higher than lower »

s on the upper posilion Ty |
ey iy ce o severe vibrations o

= ngi Bate Less Drog Fome. Matenal jaeand 7
ition. Due to this the rotor expericnee, ¢

TYPES OF ROTOR ®er oot Duag bome. bmpmsers Visiat! Hs"s pmb]:.‘rn can be overcome by teciering cplﬂmf hinge (a
= iy pivot within a hub). This allow a secesaw maotion take place B

TreerBade  Yiatis Asd Uniorm Arretynamic out of the plane of rotation

~ At o
e i e Three blade rotor:No need of providing tecthering control
e \ because the third blade has same cfieet as that of hinge The
. 1 symmeiry of the rotor averages oul the Inads un the hub
el atm sinabe Mased un bkl e Maded sed s Haded v,

Bormvel st i Wlated pues Biadkod Beee Maded nnd b Maded parbuey

' Teether: pivot within the hub 3 blade arrangement e

______ . e /\ﬂlade Spacit 3 s
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A tensanens vasg mepas T
/’é"‘ —

A Blada Position.
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» Bt 207, ths 1 b Gl o S ¥

Multi blade rotor: It is fabricated from curved
_shecl metal blades. The width of the blade
increases outwards from the centre

The blades are fixed at their inner ends on a
circular rim.

They are also welded near their outer cdge to
another rim to provide a stable support

The number of blades used ranges from 1210 ____
18 They are low speed rotors and most suited for

water lifting applications which require high
starting torque .

—Y "7 Ungin of
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VERTICAL AXIS WIND
TURBINE:DARRIEUS TYPE

SAVONIOUS ROTOR

e |

(‘ Li ‘T

DARRIEUS ROT(

* This rotor has two or three cyrye, [

flexible metal strip. It operate With the [
coming from any direction, .
Both the ends of blades are attacheq 103 ya
shaft.it has an advantage that it ¢qp, i
close to the ground eliminating the Cog
lower structure. Lifl is the driving fOrCE opes
maximum torque when the blades ‘"”‘tx\;:__l"
the wind. This roror is desi gned by 5 :
engineer G.H Darrieus in 1925

d bl'ﬂ;ju.

Freng

SAVONIOUS ROTOR

It consist of identical hollow Semi-y linders g
a vertical axis.The inner side of two half eyy;
each other to have an S-Shaped cross seclion gy
shown. Irrespective of wind direction the rofge
dur to pressure difference between 2 siges

It is having high starting torque

Used for water pumping

Power Gene

rated by Wind Turbine

SITE SELECTION CRETE}

1) No tall obstruction for some distance (38
the upwind direction

2) Site should be close to power grid
3) Altitude of Propsed site survey
4) Anemometer data collection

5) Favourable land cost

6) Local ecology

£3
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ATERGY FOR SITING

l,th;smrica] wind data
; maps of terrain and wind are

dﬂsites are visited

 psare instrumented for one year
g;cptimal site
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Wind Energy Conver:

systems convert wind energy into electncal energy,
then fed into the gnd.
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* WECS convert wind energy to some form of
electrical energy. In medium and large scale WECS —
are designed to operate in parallel with a public or
local ac grid. This is known as grid connected system

* Asmall system isolated from the grid .feeding only to
the local load is known as autonomous, remote, - —
decentralized stand alone or isolated power system

WORKING PRINCIPLE

The turbine shaft speed is stepped up with the hel of gears,with a
fixed gear ratio.lo suit the electrical generator and fine tuning of
speed is incoperated by pith contral

This block act as the dnive for generator

Use of varable ratio has been considered in the past and was
found to add more problems than benefit

Hence dc synchronous or induction generators are used

The interface condition the generated power 10 gnd quality power
It consist of power electronic converter transformer and filter

:Il-le control unit monitor and control the interaction amoung various
ocks

It denves the referance voltage and frewauency sienal from orid and

VARIOUS TYPES OF GENERATORS

* DC GENERATOR: Not favoured due 1o high cost.weight

nnddmaintanance problemsof commutator.So PM DC motor —
use
* SYNCHRONOUS GENERATOR:Produce high quality ey

output, But dc\:ialion from synchronous value reflect in
frequency deviation.Synchronisation of wind ~driven :
generator =

* INDUCTION GENERATOR:It is having rugged and

brushless construction,No need of separate dc power and jt _
is having the 1olerance of slight vartation of shafl speed +-
10% as slin

i anner
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BASED ON GENERATOR DRIVE 2 SCHEMES ARE

\ DEVELOPED FOR THE OPERATION OF WECS ajone fixed speed drive
1)FIXED SPEED 1E .
zimmous SPE;DRII)TZEI:\?IS S(E;\!LEME v e
FIXED SPEED DRIVE SCHEME:2 TYPE :J:J:J:fv‘:rc‘:?f::iee:c R BREY B
.~
Because of low annual energy yield, the use of fixed

In this scheme a constant speed is maintained at the speed drive limited 1o small machines =

| ==, shaft of a generator by pitch control

F Two fixed speed drive VARIABLE SPEED DRIVE
E— « [f increases the energy capture and reduces the
electrical losses and reduce gear noise - Rotor speed is allowed to vary optimally with wind
E= - Specd setting is changed by changing the gear ratio speed to capture maximum power
= Two operaling speeds arc selected to optimize the = Asg aresult it can capture more power pr yeir as ==
B annual energy production with expected annual wind compared to fixed speed drive
speed distribution at the site 3 il /A
i ; s < mainly divided in to 3 type
B « The induction generator is designed Lo operate al 2 ) ; £ .
speeds Jhaving 2 stator winding with different number 1)Variable speed driver using power electronics o=
| 1 of poles 2) using single winding with pole Fh:ytging 2)Seherbius variable speed drive
arrangement by connecting the \'.,‘mding coils in series 3)Variable speed direct drive -
or parallel. The pole changing with 1 pele or 2 pole 2:1
B ratio
[)VARIABLE SPEED USING POWER [-:Ll;:g'r_nomcs
| 1 » Using power electronic devices for power conditioning .
+ The variable voltage and variable frequency available from
F putput available from a generator is first rectified to DC and —_
\hen converted to fixed frequency and fixed voltage a¢ REHE
F an inverier. Harmonics are filtered to fo get grid quality output PP
Wind furting i
v
- b
1 i l Parisl-venls pownr conveniel T
m-;‘cm R\ﬂ'ﬂ;snm . ey
— warabios Valuns .

L. s amale A
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2 major benefits

1) Opportunity for remote contfcl which make
et it attractive for offshore applications
; superior grid connection tO

2) Fine tuning for !
} make it better suitable for meeting the

demand of weak signals

2)Scherbius variable speed driy,

- It make use of wound rotor 1I_VI
« The stator is connected to grid and rotor is
connected to variable frequency SOUTCe via g|ig,

rings

+ Thespeedisc
frequency of t
the rotor 3

« It offers low cost and eliminates the power
quality disadvantages

+ Sliding contact at the slip ring lead to in¢reasey
maintanance and range of speed control

ontralled by controlling the
he external voltage injected in 1

Varisble Speed Drives (VSDs), also known as adjustable speed
2 drives, are large industnal electric motors whose speed can be
i adjusted by means of an external controller. They are usedin
process control and help saving energy in plants that use many

powerful elecine motors.
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3)Variable i
ec 1 .
peed direct drive Operatngetrsgy
The gencrat Beirategics for wriabie speed wind turbies .
rator is directly e -
“'ilhou‘ oo opemzcc::‘:ﬂl;d to thﬁ turbmc shaﬂ ::-:-:f? '_"‘-lhm—u i e Lol TR LS
roing s eed s ‘t..a"__"""'ﬂ TRURE N e G T et it h .
not mak p also e i o o it 200 A 5 e N
-k or po“.er Clecu-onic dc\?ices dQC DL Mat 8t g ¢ eement I 4 UL Bt
Dilower nacelle weight R 5
) " ?:w\;“"‘” PIE T ey ey n A 6 v G
2)reduced noise and vibration -

3)lower power loss

4)less frequent servicing needed at nacelle

CAPACITY FACTOR

* The capacity factor is the average power
generated, divided by the rated peak power.
Let's take a five-megawatt wind turbine. If it
produces power at an average of two

megawatts, then its capacity factor is 40%
(255 =0.40, i.e. 40%)

(Capacity factor)

s T
. fex aeesang e feld peom
1 e ot el e e
("l"'-':;’fﬂf:; ‘:I‘l:rlipmﬂ"‘ {amroe «Cyorot : “T_(;-:. :‘r:;-:;ﬂ hpringts
raggey acmally gord by thee 707 ! o
: . e xnl o
e dm; 31, oF e moc hune woald e opreaeetl fated
e e 15
tzophe ettt PV '
Er
(‘l, i

Th

P TR T ey

— R Wik b b 4 g i e

| L 0

Te calculate the aversge power generated, just divide the total stactricity
generated, by the number of haurs,

You can find the capacity factors for Danish ofishore wind here, the capaciy

factors for UK offst .0l are here, and Dere are The capacity factors for
T re wind.

You could do an eguivalent calculavon fora car. Let's say your car’s top speed

I5 100 miles per hour, and you drove 240 miles in a cay. There are 14 hours ina
day, 30 your average ipesd for the whale dayis 140-241 e 10 miles per hour And ——
10 your car's capacity factor for the day is 10% [10-100) That'sdiflerent totre

sverage speec for the journey: the calculation includes the entee ime period =
the whole day — not just the length of the journey, and not just the nme when the
wehicle was moving, [t's just the same lor the canacity fuctor of & power daton,
whether it's a windfarm or any other tind of generator it includes the entire
duration cf time in question, not just the time 1t was in full working oider, and not
just the period it was actively generating -
Mow, given that you drove 140 mi‘es in a day, yeu probably spent very hittle ime
driving at 10 miles per hour. And you prebatly spent very little ume driving at the
car's top speed esther. The 240 miles you travelied were made at s wele range of
speeds. It's just the tame for turbine output: & turkine might 1 nd very littie time
a1 its average outpul, and some of its time at ity peak output, and some time at
other values; and, lor atyplcal onshere turbine, about 20% of the Ume 3t tero

outpul, of which about 15% would be because wird speeds are toa low or the ¥
turkine is offline fo

Filude ot the avee sl velon®

Fig. 4 10 Fansie ot e

—
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