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Theee frctors determine the output from a wind coergy converter, 1) the wind gpeed 2) the
Cross wection ofwind swept by retor: and 3) the overall conversion eificieney o the rotor,

Fhe power 1 the wind is propertional to ihe cube of the wind speed. as grentn

1
i'

#* = mechanical power at the moving aw {vaits),
T an u;muv(kg/'n ).
i anea swept by the rotor blades (o), and
" welocity of the air (m/see),

Here Cp is apetlicieney tactor calted “the power coeflicient’. Nete that *;
P neportional to 4 and 1o the cube of wiud speed V. Thus "~.vhcrr:.:\s dovbline 4 omay

froamee iwree e power a Goubling of wind speed produces eight times the power novwpnad

fiw poowver cocflic It:lli (.—}) also variesavtl wind s )C'Cd br mdividual R

Cticicay unit for wind energy conversion:

£ fa; L sotation rate depends on the wate of the blde tl!) speed to the w i s, su

whines rotate rapully and frege machines slowly
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Wind flow is considered incompressible and hence the air stream flow diverges as it passcs -
through turbine. Alo the mass flow rate of wind is assumed constant at far upstream and at
ﬁr downstrea m through the rotor.

I 3= Velocity of wind at blades at the rotor
V.= Velocity of wind at upstream

Va= Velocity of wind at downstream

A = Area ofblades (rotor area)

M = Mass flow rate ofwind

p = air density (kg/nr)

£ 371 2 " - V‘ll +Vd % P
Average of wind velocity at the rotor I, = R et

The power output P of the wind turbine is the rate of work done. usine ihe mass flow rate of
?

equation,

and M = ,oA Vi
pP= power in the upstream of wind - power in the downstream of the wind

= 1m2 ~Lmv?
“luwz-vh )
Substituting the value of M in above equ.(2)
P=spdV, (V2=V} - (3)
Substituting the value of ¥V}, = L e equation (3)
Hence, P——pA(“TLd)(f V) ]
LAY, + V2 - V)
=TPAGR = VVE+VVE =V e ()

For maximum turbine output P, differentiting the above equ. (4) with respect to ¥, and
equate to zero to obtain,

qar ;
o= VR 20y, ~ V2 =

T Y o Yy 1 f g ", : . T 1 r b4
Fhe above quadratic equation has two solutions, re. V,; = EVN and V=),

. ; l , : :
For I““W‘ I generation V, d < Vuhonce V= <V, can be substituted in equ. (4)

Foev e
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We know thay, o i po wer in wmd stream 18 Pyotal = ?V“vu

Therefore] Pray = 0.393 Prowa i
E\Iaximum'!hcnlc::ml cliciency Ny, (also called power cocfficient Cp) is the ratic of
maximum ouput power o total power availabie n the wind
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Power coefticient = Cp ==24= = (593  (the tactor 0.393 is also known as the bitz linut;
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Advantages and disadvantages of wind encrgy systent:
The advantages o f wind energy systems are:

1. Wind energy is a renewable source of energy and can be lA[‘pLd free of fuel cost.

2. The wind energy based electricity produces electricity in an cnwronmcntall_/ friendly
way.

3. Ttcansupply electric power to remote accessible areas like hilly areas,

4. Public opinion is in favour of wind technology rather than fossil fuels and nuclear
power generation. People do accept a wind tubine closer to their homes comparing to
the fossil fuel based systems.

5. Wind power generation is cost e ffective,

6. 1t is economically competitive with other modes of power generation

7 Wind energy development is dynamic 'mfl an exciting addition to the landscape which
mcreases public awareness of energy generation and conservation.

8. Itis reliable and has been used for centuries.

Disadvantages: :

I. Wind energy has low energy density awi uormally available at only sclected
geographical locations away from citics and foad centers. '

2. Wind speed being variable, wind energy is irregular, unsieady and unprediciable.

3. Wind tubine design is complex and needs more rescarch and development work d ue
to widely varying atmospheric conditions where these are made to operate.

4. Large units are less capital cost per kWh, but require capital intensive technology. fn
contrast, small units are more reliable but have higher capltdlcobtper kWh

5. Wind energy systems require storage batterics which contribute to environmeuntal
pollution ‘

6. Wind farms are established in locations of favorable wind. These locations are in open

7

arcas away from load Centers. Consequently, the connection to state grid is necessary.
Wind erergy systems are capital intensive and need governiment support.

Types ol converters: The wind power converters are divided into two types

1. Horizonal axe turbines 2. Vertical axis wind turbines:

1. Horizental axis turbines: These turbines can be further divided into three types:

A. Duich-type vind mills: Dutch type wind mills: Man has used Dutch type wind mills for a
long timic. These wind mills operated on the thrust exerted by wind. The blades generally fou
were mehined s an angle to the plane of rotation. The wind, being deflected by the blades
exerted a foree in the direction of rotation.

B. Multi-bkude type wind mills: The multi blade wotor is fibricated from curved sheet met |
biades. The widith of hides increases oulwards from the center. Blades are fixed at their inner
ends ona cucular rim, They are also welkled near their outer edge to another rim to provide a
stable suppont Phe nnmber o fblades used ranges from 2 o 18 as shown in fig.

e, 11

Moderp snalt U e vind mills drive a ree proating pamp which s placed directly over it

well

Phe coterios t0nsite seleetion sancerns water acailability and not windiness. Theref .



The large numbers of hlades give a high

s mill must be able to operate at slow winds. :
=il s e low winds.

torque, required for driving a centrifugal punmp, even at

|
|
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C. Propeller type wind mills: The propeller type rotor comprises two or three aerodynamic
blades from strong but light weight material such as fiber glss reinforced plastic. The
diameter of rotor ranges from 2m to 25m. The bhde sbpe is designed by using the
aerodynamic theory as for aircraft.

N2

- Vertical axis wind turbines: These types of turbines are two types:

A. The savonius rotor: The savonius rotor comprises two identical hollow seni-cylinders
fixed to a vertical axis. The inner sides of two half-cylinders face each oiher to have an S-
strped cross section as shown in [ig. Inrespective of wind direction, the rotor rofates due to
pressure difference between the two sides. This rotor possesses high solidity” so as to produce

a high starting torque and hence this roter is suitable for water pumping.

&fa/‘.’onius 10101 Darleurfoior

The Empsdgous rolor i inexpensive aod simple and the material required for 11 s gencrally
watlable inoany raral wea, emabling onsite constiuction of such wind mills. However its
sty s limited o puap the water becanse of pis wlatively fow efficiency.

1Solidity - i the ttio o1 the blade acen o the o cptaren ) ‘

,Swepr‘mu', Fligs 1 e aica covored 1o Mhe it vmte ot



5. The darrieus rotor: This rotor has two or three thin curved blades of flexible metal strips. It
looks like an cgg beater and operates with the wind coming from any direction. Both the ends
of the blades are attached 0 a vertical shaft as shown in fig. Lift is the driving force, creating
maximum torque when the blade moves across the wind.
The Darrieus roter, with its high efficiency and high speed, is perfectly suited for electrical
power generation. The cosl of construction & low because the generator and the gear
assembly can be located at ground level, drastically reducing the cost of the tower. However,
then it is unable to take advantage of the high wind speeds available at higher aititudes.

Di " erences between HAWT and VAWT:

S.N. Performance parameter TTTHAWT Pl VAWT
1 Powergenera one.. dency 50-60% . Above 70%
2 | Electromagne: cinterference Yes ) N S
3 . | Steering mechanism of the Wind | Yes ' No
4 Gear box : Above 10KW: Yea' No
5 Blade rota: on space Quite large Quite small
6 Noise i 5-60dB 0-10dB
7 Star--ng wind speed High (2.5-5 m/sec) tow (1.5-3 m/seq)
8 Failure rate High Low
9 Maintenance complicated Convenient
10 | Rota ngspeed high Low
11 E ecton birds More Less
| 12 | Cable connec ons Di’ cult Easy

Acrodynamics of wind rotors: Aerodynamics deals with the movement of solid bodies
through the air. In wind turbines, aerodynamics provides a methed to explain the Telative
motion between airfoil and air. Airfoil is the cross-section of the wind turbine blade. When
the wind passes over the surface of the rotor blade, it automatically passes over the longer or
upper side of tﬁe blade, creating a low pressurc arca abo've the airfoil as shown in fig.
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the pressure difference between the top and botiom surfaces results in a force called the
acrodynamic 1ift that causes the airfoil to rise. As the blades canonly move ina p]anc with
the hub as their center, the lifi force causes rotation about the hub. The turbine thus extracts
cnergy from the wind stream by converting the winds linear kinetic energy into rottional
woton. In addition to 1ifl foree, a drag force pempendicular to the lift firce alko acts on the
blade which impedes rotor rotation. The prime objective in wind turbme hlade design is the
desired lift- to-drag ratio of the blade.

Power VS speed characteristics of wind turbines: The wind turbine 1o surves shown in
e illustate how the mechanical power that ean be exdracted from PTe i i depends on the
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: | reaches its maximum. =
the extracted wind power at the shafl reaches its maxim 5

Torque Vs Speed chametensties of wind turbines;
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i : : naximum value at a
iz. shows the propeller tuwbine for any wind speed, the torque reaches a maxim

specitie wtational speed, and this maximum shaft torq ve varis approim‘m‘td()]"ascﬁ;? 2‘:}“;"}:;
of the rotational speed. In the case of electricity production, the load ‘Orqj‘c (:p :‘: - r'he
cleetrieal bading, and by properly choosing the load, the torque ean be mwade to vary as t
square of the rotational speed.

Torque
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o Wind turbine control systems: Wind turbines require certam control systems. Horizoniai
axis wind turbines have to be oriented to face the wind. In high winds, it i desirable 1o

reduce the drive train loads and protect the generator and the power electronic contro]
equipment from overloading.

The following are the some of the contro] strategies {or the twibine contro] systems;

v L Pich angle control: This system changes the pitch angle of the blades. according to ihe
vartatuon of the wind speed. On pitch-contro lled niachine. as the wind speed exceeds its rated
speed, the blades are gradually twned about the longitudinal axis and out of the wind
increase the pitch angle This reduces the aerodynamic cfficicncy of the rotor, and the rotor
output power decreases. When the wind speed exceeds the safe limit of the systemy, the pitch
angle is so changed that the power oulput reduces (o zero and the machine shifis to the “sialp
mode Adler the icavy wind passes, the pitch angle is reset to the normal poé'i-‘.ion and the
Wb is restaricd e pilch angle control arrangement s shown in fig. The input variable o
the pitch controtler 1s the error signal arising from the diffe ence between the output clectrieni
power and the relorence power, The pitch controlle operates the blade actuator to alter the
peh anpk, Dy i wberation below the rated speed the cantro) system activities to pitch the
blade at an angle that maximizes the otor efficicncy.

The generator must pe able to absorh
the meehanical pewer oulput and deliver to the load, Henee, the generator outpul powey
needs 1o he siniltoneo sy adjusted,

i{_'l

Yaw contigl i conrol onents the turbine contumnos iy

dlonge the direction ol wind How
B soadl anbmes 1. toachieved with g il vane

Lo Loy tiachmes this can be achievey

WEINE e torlah vt | systems actvated eahor by fam tail (0 <oadl Whme Mot |
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srpendicular to the main turbine). Yawing produces a loud noise, and it is desirable to
estrict the Yaw control in Jarge machines to reduce the noise.
Power electronic control: (Note: this method explained in double output system of Induction
generator) 3
Counversion to clectrical power: By pature, wind is not a steady state source of ener

: er imes. Mecessarily, it has to
theretore, it cannot run to meet the needs of the consumers at all t:me; Macess iy t has to
Wind clectric generators

oV
gYs

N P + 1

be integrated with other source to provide a constani backup.
opemte in one ofthe ollowing three modes.
" . . D T Lk 3 1o
1) Stardalone mode i) -backup mode like wind-diesel i1t) Grid-connected mode.
1) Standalone mode: This type of wind generator represents decentralized power generation
where an individual consumer or a group of consumers install their own W ind :-m The
generating capacity of the wind twbine is matched with the energy rcqmrement.‘ The two
most proniising applications of the wind energy conversion systems are:

a) Power supply for domestic use and battery charging: * :
A wind turbine coupled with generator of a capacity of 2.5kw to Skw is useful for domestic
power supply. It operates independently with battery and its charging equipment is as sjhown
in fig. such installations are useful for remote mountainous regions where the extension of
grid or supply ofoil is difficult. In this type of wind turbines clectric power can be produced
at controlled frequency. As the wind changes speed the pitch of the blades so adjusted to
control the frequency of turbine rotation. The power can be gtven to the domestic loads with

tad i~ o LU AT
a battery connected to an inverter.

b) Windmill water pump for rrigation and drinking purposes: A wind mill water pump
I blades sccured to a shalt. The wind miil is mounted on
is converted- into reciprocating

Lo

comprises a wheel with pressed stee
the top of the steel tower. The rotary motion o f the wind mill
motion to pump the water,

¢) Backup mode like wind-diesel: Wind energy being an intermittent, requires a backup of
diesel generator to maintain a 24-hour power supply. Tn areas inaccessible to grid power, the
emergency bads of hospitals, defense imstallations and communication services are met with
a wind-diesel hybrid system, while the general loads of domestic and commercial
establishments are fed by wind turbine systems.

d) Grid connected mode: This type of wind generator represents power generation where the
‘\.vf?nd generating system is synchronized directly to grid. The generating frequency of the
wind turbine is matched with the grid frequency. This type of system is gencrally applicable
‘power generating wind turbines,

-
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Induction generators and synchronous gencrators:
Mnduction generators:

The induction AC generator s strictly an induction machine, since the same device can be a
Motorora generator. This generality of design allows induction generators to be cheaper than
A VETY R | g £V ey o = =3 F e A% & als SIE N r Pt g . "

SYichtorous pencrators. The usual aifangement 1s that the stator windings (coils) are

(JOIH;(;'C!!\:(_I o the AC grid, so producing a rotating magnetic field around the shaft of the
mac hune . 1

l}}'\e kev component of the asynchronous generator 18 the squirrel cage rotor It 8 the roior
tc(l:::\ ::dkuf l;!;lc,,;.‘:{y,::c.,hm?‘0Equ gc‘l_lcm‘lor <lil"lm"cnl from lhc.s_\_/nchm nous generator The rotor
alut g o 1"“‘; "";:c :)"I{Z?Lj: ())]1(1 ';l‘h-nnlm‘uun Iw:n'-'g w!‘uch are uonggctec_i c‘IccrricaH"\ by
U XY pole .);:am which is i.iIE';.‘,:::’IL"&‘”'::W%:““ ‘nxlmiu I'L} L‘ l”l!,)ﬁ\ﬂl,d},uf:, \\h}u‘i‘x mn uflswcasu once

d’ Y roneuied 1 the thiee phases o f the electrical
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One reason for choosing this type of generator is that 1t 1S tfler/ CTZ:”)% )ertiese;isic;o be
comparatively inexpensive. The generator also has some mechanicat prop 4 be

useful for wind turbines, like the generator slip and a certain overload capability.

When the supply &5 connected, the machine will start turning like 7 mo :’“}T '” a‘speef{ “ih’f‘f”
Just slightly below the synchvonous speed of the rotating magretic fickl from the stator a =
there 15 2 magnetic field which moves relative to the rotor. This 1;}(1 uccs a very strong current
in the rotor bars which o ffer very little resistance to the current, since thcj)/ are short circuited
by the end rings. The rotor then develops its own magnetic poles, which in turn become

dragged along by the electromagnetic loree from the rotating magnetic field in the stator.

g
i

Since the magnetic field rotates at exactly the same speed as the rotor, there will be no
induction phenomena in the rotor and it will not interact with the stator.
[fspeed is increased above 1500 mm then the rotor moves faster than the rotating ma Jnetic
field from the stator, which means that onee again the stator induces a strong current in the
rotor. The more the speed of the rotor, the more power will be transferred as an
clectromagnetic force to the stator, and in turn converted to electricity which is fed into the

electrical grid.

w~Synchronous gencrators:

An alternator or synchronous generator is an electromechanical device that converts
mechanical energy to clectrical cnergy in the formof alternating current.

Most alternators use a rotating magnetic field with a stationary armature but occasionally, a
rotating armature is used with a stationary magnetic field; or a linear alternator is used.

Alternators generate electricity using the same principle as DC generators. typically, a
rotating magnet, called the rotor twns within a stationary set of conductors wound in coils on
an iron core, called the siator. The field cuts across the conductors, geverating an induced
EMF (electromotive force), as the mechanical input causes the rotor to turn

The rotating magunetic field induces an AC voltage in the stator windings Often there are
three sets of stator windings, physically offset so that the rotating magnetic field produces a
three phase current, displaced by one-third ofa period with respect to each other.

Usually they runat synchronous speed and require DC field excitation.

Differences between Synchranous and Induction generators:

Synchronous generators Induction generators
T ['Synchronous gencrator penerates the Induction generator ¢enerates the |
power only at synchronous speed power only at asynchronous speed.
2 Induction generator needs AC supply for | Synchronous gencrator requires DC supply
its excitation for excitation purpose
3 They require brushes and hence brush | They don’t require brushes and thus ng
maintenance brush maintenance
4 Cost s 'high Costs less
) No  cenplicated  circuit for  filed | Asynchronous generators require relatively
exciialion complicated electroni  comtrollers  for
excitation

v Grid connected and self excited induction generator operation:

e~ Sl ot b ) e ol Pt sl pt < T v i
SURIC B U wan s O CRCHINE g ki iy autwtaiot, Based o the <« Perhn O UCIOD

e bive conenon Lesied Pt ] s T T B R S G
CUCTROT GUE Sassied e twe oy caleonries

PoConstant volee, Constant flegueney venerators

Varubic voltige. variable- frequeiney woneratons



Constant- voltage, Constant- frequency generators: The gencrators derives its excitation
com the utility bus as shown in fig.(a). The geuerated power i fed (0 the supply system
when the rotor is driven above synclronous speed. Machines with a cage type rotor feed only
threugh the stator and generally operate at negative slip. But wound rotor machines can feed
power through the stator as well as the rotor to the bus over a wide speed range.

l N ™y,
‘_-.“\‘ |‘ i o /' e . = %
| 2 i
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Tt 3
To prime movar ()
fig.{a)

CZ) Variable-voltage, variable-frequency generators: Here a sct of capacitor banks arc

Py . . . # . - 4 4 -
Connected across the induction machine, helps build up the terminal voltage as shown in fig.
But the building up of the voltage also depends on factors such as speed, capacitor value, and
lvad. The squirrel cage induction machinc is generally used as 2 sclf excited induction
generator.

.~ Constant voltage and constant frequency generation with power clectronic control:

As induction machine in the generating mode operates fundamentally in the same manner as

in the motoring mode except for the reversal o fpower flow. The stator winding remaining (o

connect to the utility grid, if the rotor is driven by a prime wover avove the synchronous

speed in the direction of the air gap field, the mechanical power of the prime mover is
converted inio electrical power.

The type of power generation in constant voltage and constant frequency can be diviied o

single output system and double output system. The power conversion will be done by using

the power electronic control which will be easily operated and connected to the grid.

' Single output systems:

The wind power system in this type uses the squirrel cage induction generator, which
provides the power output only through the stator winding. As sho wn-in fig. a grid-connected
squirrel cage induction generater coupled to a turbine througha gear box. The gear steps up
the rotor speed to a value matching a 50 Hz frequency with the utility grid. Because of 15
coupling to the grid, the speed varies over a very small range above synchronous speed,

usually around | %.
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in s piteh regulated system the elee trical cutput power regnlted f\}f a contro) system, which
akcrs the blade pitch angle to extract the maximum Chergy at wind speeds below the rated
wind speed; the power oulput is governed towards a limiting value at wind speeds above the

rted speed.

Csually, the tubine accelerates the induction machine ¢ synchronous speed using wind
power; the machme 1s then coniweled 0 the woid, To dimae the Ludden wrush cucrents, soft-

. . STl i ) ) " .Y e, i
st encuits ubilizing plase ol Hed anti- parallel thyptor. aie frequently ctrployed to
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“he most common approach of the reactive power compensation is connecting the capacitor
banks to the utility system where the wind turbines are connected.
We know, P =V cosé?
T

17 "(‘CU
Hence, if the vaive of cos@ decreases current 7" will increase, and subsianiaily R losses
will increases. Fmally it will reduce the terminal veltage of the induction generators.
Therefore to ofiSet the value of reactive power the capacitor banks are used in wind operated
induction gencrators, :

plant:

All wind machines share certain operating characteristics, such as cut-in, ated ard cui-oui
wind speeds.

Cut-in Speed |

Cut-in speed is the minimum wind speed at which the blades will turn and generate usable
power. This wind speed is typically between 10 and 16 kmph. -

Rated Speed

The rated speed is the ‘minimum wind speed at which the wind turbine will generate its
designated rated power. For example, a "10 kilowatt" wind turbine may not generate 10
of
40 to 55 kmph At wind speeds between cut-in and rated, the power cutput from a wnd
turbine increases as the wind increases. The output of most machines levels off above the
rated speed. Most manufacturers provide graphs, called "power curves,” showing how their
wind turbine output varies with wind speed.

Cut-out Speed .

At very high wind speeds, typically between 72 and 128 kmph, most wind turbmes cease
power generation and shut down. The wind speed at which shut down occurs 15 called the
cut-out speed. Having a cut-out speed is a safety feature which protects the wind turbinge from
damage. Shut down may occur in one of severat ways. In some machines an aute matic brake
1s activated by a wind speed sensor. :

Betz Limit (power coefficient)

It is the flow of air over the blades and through the rotor area that makes a wind turbine
function. The wind turbine extracts energy by slowing the wind down. The iheorciical
maximum amount of energy in the wind that can be collected by a wind twbines rotor is
approximately 59.3%. Inpractice, the collection efficiency of a rotor is not as high as 59 3%.
A more typical efticietey is 35% to 45%. A complete wind energy system, including rotor,
transmission, generator, storage and other devices, which all have less than periect
cffiziencics, will deliver between 10% and 30% of the original energy available in the wind.
Wikl Power

kilowatts until wind speeds reach 40 kmph. Rated speed for most machines is 1 the rang

w

The wind power s generated due lo the movement of wind. The energy assoclated with such
movemenl is the kinetic energy and is given by the fo llo wing expression:

1 .

P = - (.',\A._UVB

: A

[hus whereas doubling 4 may produce twice the power, a doubling of wind speed produces
pight times the power potential The power coctficient Cp also varies with wind spead for
md evdaad achines.

Capacity factor, The capacity factor ofa wind turbine is the actual encrgy output of a wind
turbine during a given time perod, usually one year, compared to its theoretical maxunun
- capacelty o is (CF) 1
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Applications of wind po» . sailing ete., however, the most pr AN yge
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wind speeds are available and loads are 2

Pumping applications: Wind mills are extensivel ; s

wer Supplc
ver can be used to drive
cultural process heat
31 CIe

milk processing, ventilaton ete,,

: wind pow

Drect heat applications: Mechanicai moticn derived froin wind pd
"1 ag
heat pumps or to produce hcat Examples o fr,nbs le wind powered agre
applications include green house applications, crop drying,

Elctric power generation applications: Wind power can be used n ceuntral 17ed ufixhtv

A , £ rhe wind power systems
appirations o drive synchrorous a.c electrical generators. Most of the wind po 8y ]
are hltegj‘atec{ wi llodmrt pe of power generating units{solar, hydro, bionmuass, biogas, Diese
) 9

generator) called hybrid systers; which will increase the reliability o f the system

~

Examination Questions: (NOV 2012)

1. Derive the cxpicssion [or power extracted from wind. What 1 the naximum

theoretical power that can be extracted fom wind and under wiar condition?(10

marks)
What are the differences betwveen single cutput and double output induction gcncra tor
(DOIG) systcini? Dxplne with schematic block dimgram, the Runctionalities and
operations of various components of DOIG as applied to grid connected wind energy
generating systeim (1) marks)

o

Examination Questions: (NOV 2013);

1. Draw and label anairfoii of the blade ofa WECS (2 Marks)

2. Explain the design specialty of an air foil to produce a higher lift force? (2 Marks)

3. Explain the acrod ynamics operation in a.wind turbine? Taking a Darrieus rotor Justify
the resuitant rotational faree developed on the blade is unidirectional. Use suitable
veetlor jmma mg (o »nnl am (10 [n\rk‘s)

Exanidnation QGuestions: (Bnc!d.&pcc al 2013):
1. What s betz limn? {2 Marks)
.... erive the efficiency limit for wind energy conversion(2 M: 1rks)
3. Wriie down the diflerences between HAWT and VAWT (5 Marks)
4. Draw the neat dingram o[ HAW and explain its components (5 Marks)

Other Important questions:
U Exphin about Peltier cooling
<. Write short notes on solar radiation and spcctmlcovnpocit}op fsolar radiation
3 What are the ad: antavcs aad disadvanta ages of wind power
4 B \pl.\m about the types ol wnd rotors and explain each of the rotors
3 t xplain the torque Vs speed and Power vs speed characieristics of wind ¢
o Lixpirin abow stgic and douhie ¢ uiput systenis
7 Write short note on' reac e power compensation ¢ fwind turbmes, wind power

characteristics. wind povees applications

o it -
o What are the s ATIous Ciheds of wind tarbines controls?
What are the Giilerenes o v sy loonows and wid LR S0NCIA tuTs
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Module T11

‘ Biomass Power: Biomass refers to solid carbonaceous material derived from piants and
rs
animals. These include residues of agriculture and fOrestry, animal waste and discarded

material from fod processing plants. ' ‘ ) .
The material of plants and animals, imcluding their wastes and residues, is called

biomass. 1t is organic, caibon-based, material that reacts with oxygen in combustion and
ximtum] metabolic processes to release heat Such heal especially if at temperatures of above
400°C, may be used to generate work and electricity. The initial material may be transformed
by chemical and biological processes to produce bio t”uc‘s ie. biomass processed into a more
convenient formy, particularly liquid fuels for transporit. Examples of biofuels include methane
s, liquid ethanol methyl esters, oils and solid charcoal. The term Bioenergy is sometimes
uscd to cover biomass and bio fuels to gether,
Advantages of Bioenergy:
l. The initial investment is comparatively low, comparcd
sophisticated or expensive equipment is not needed.
Processing biomass for fuel from sewage and wastes reduces the environmental

to other methods, since

2,
hazards.

3. The techniques for raising such plants are simple a m similar to conventional
agriculture. Hence they can be readily used in the rural areas ofdeveloping countries

4 Small units can be located ncar to the aces i:’ﬂti!uil i of waste; hence "C"U!I‘.U;E}[}(}H

waste i those areas can be minimized.

5. The by-products of such system can be easily recyclhble and used as fertilizers for
plants.

» The methods of power productions are chauvc’ly iow polluting.

7 Bio-gas can be distributed through pipes for domestic use and it can be stered m o
container which can transfer to consumers.

8. Inrural areas hygienic and sanitation condi itions are improved.

Iisadvantages and limitations:
1. The land area requued i relatively large and hence this method is ruled owt for azeas

where land cost is high.
2. Collection and transportation of biomass become expensive due to hlgh moisture

contents.
Since the gas cannot liquefied ordinarily therc is storage problems, 1i cannot be

boitled like LPG into cylinder.
4, Pehtivcly low concentration bfbiomass per unut area of land,

o i\\.‘.l\]llu\ lbgﬂ}ﬂl Iu(’hﬁf@h 1ICS

(']

n

&

Cperating principle: ) ,

The initial energy of the hiomass-oxygen system 1s uamm'ed from solar radiation in
pwtosynthesis. When released in combustion the biofuel energy 15 dissipated, but the
clements of the material should be available for recycling in natur <1! ccological or agriculturl
processes,
ormass be ing organic matter oin terrestrial and MAarine vegoation renews naturally m a

short span of Umc,, thus classified as a renewable sowce ofenergy. It is a derivative ofsolar

ﬂ"\ rars Iy = - -
Fnergy ae phnte araw by the nrocess of " photosyntheas .h'u' nhcf\r}wno C0a from the

atmosphere 10 fmm hc,mw(dc xtrose, glucose, ete.,) ex prcssed by the relation

| sunlight
ACOn IO ' . s
0 120 - P Cet0Os 600
photosynrthesis

] .(ll’ [ ‘,,,-, Ty i
v s et gold COy o the r"l““‘*;’nuc* as i absc b e soe amount of carbon g

HILARLY atan l|\ s ‘ < v y
¢ plivis as it releases - len consumed ag ficl § s perior fuel as the enerey
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1stion ‘ : . : iliz1 X reg
Combustion and fermentation n process adopted for utilizing biomass erergy 1,
sl P TR T i § ai css ad : : ; .
Combustion: Direct combustion is the main j ating, industrial processes and fo,

iy, e : ace he
is burnt to produce heat utilized for (,ool;“mg,- 51-“‘f “ efficient with heat transfer losses of
electricity generation. This utilization method is very in

. ; Wi aF can be prevented by usin
30-90% ofthe original energy contained in the biomass. | he losses ce p Y g
efficient cook-stove for burning solid fuelk. e TR f thi erl

; ) 4 18 material to
The direct combustion of biomass is the simplest method of utilization o

i : I f bioconversion. In
produce heat. This method is known as the thermo-chemical method o !
' ides the largest component of total

alhiiatin = AV
o~

st developing untries, biomass combuston provi ok :
;ﬁiil;?\g:colpllgz C’I(“)};lisuis due to the extensive use of firewood for cooking and occasional
heavy industrial use of biomass for sugarcane milling, tea drying, oil-palm processing and
paper making. |
The various applications include:

a) Domestic cooking and heating B) Crop drying C) Process heat and

electricity

) Domestic cooking and heating: Biomass is burnt to provide heat for cooking, comfort heat
(space heat), crop drying, factory processes and raising steam for electricity production and
transport. Traditional use of biomass combustion includes (a) cooking with firewood, with
the latter supplying about 10-20% of global energy use (a proportion extremely difficult to
assess) and (b) commercial and ‘industrial use for heat and power, e.g. for sugarcane milling,
ea or copra drying, oil palm processing and paper making. Efficiency and minimum
pollution s aided by having dry fueland controlled, high temperature combusticr

Efficiently burnt dry wood, in which the initially produced un burnt gases and tars burn in a
secondary reaction, emits only CO, and H,O with fully combusted ash. '

Cooking efficiency and facilities can be improved by

I. Usingdry fuel

2. Introducing alternative foods and cooking methods, e.g. steam cookers.

3. Decreasing heat losses using enclosed burners or stoves, and well-fitting pots with
lids.

4. Facilitating the secondary combustion of un burnt flue gases.

5 Introducing stove controls that are robust and casy to use.

Explination, training and management

<

b) Crop drying: The drying of crops (e.g fruit, copra, cocoa, coffee, tea), for storage and
subsequent sale, is commonly accomplished by burning wood and the crop residues, or by
using the waste heat fiom electricity generation The material to be dried may be placed
directly m the flue exhaust gases, but there is a danger of fire and conmminat’ion o‘f food
products. More commonly air is heated in a gas/awr heat exchanger before passing through the
crop. Combustion of residucs for crop drying 1s a rational use of biofuel, since the fuel 1S
close to where it is needed.

C) Process heat and clectricity: Steam process heat iy commouly obtained for factories by
burene wecd o other hiomass residues in hotlers perhiaps operating with fluid ized beds. It is

physically encible 1o use the steam first (0 generate clectricity betore the heat degrades to a
lower e ful tlemperature. The clficiency ol clecineny eeneration from the biomass may be

ondy abou 20 25% due to low temperature cosnboi- o 3o 75-80% of the CRETEY rCMains as

<
<
L4

4



pfocess heat and a useful final temperature is maintained. Frequently the optimum operation
of such processes teals electricity as a by-product of process heal generation, with excess
electricity being sold to the local electricity supply agency, as in modern sugarcane mills.
Perhaps the easiest way to use encrgy crops and biomass resklucs is co- firing in coal-burning
power stations. The combustion method is adapted for the known mixtiure of coal and
biomass. Such substitution (abatement) of coal may be onc of the most effective ways for
biomass to reduce greenhouse gas cmissions. |

Fermentation: Fermentation is the breakdown of complex molecules in organic compound
urder the influence of yeast, bacteria, enzymes etc., Fermentation is a well established and
widely used technology for the conversion of grains and sugar crops into Ethanol Ethanol is
a volatile hquid fuel thai may be used in place of refined petroleuim. it is mamifactured by the
action of micro-organisms and is therefore a fermentation process. Ethanol bas emerged as
the major alcohol fuel and is blended with petrol. Lo

Ethanol production and use:

Ethanol, C,HsOH, is produced naturally by certain micro-organisms from sugars
under acidic conditions, 1.e. pH 4 to 5. This alcoholic fermentation process 1s used worldwide
to produce aloholic drinks. The most common micro-organism, the yeast Saccharomyces
cerevisiae, is poisoned by CoHsOH  concentration greater than 10%, and so stronger
concentrations up to 95% are produced by distilling and fractionating (below Figure). When
distilled, the remaining constant boiling point mixture is 95% ethanol and 5% water.
Anhydrous etharol is produced commercially with azeotropic removal of water by co- -
distillation with solvents such as benzene. Only about 8.5% of the energy potential of the
sugars is lost during fermentation, but significant amounts ofprocess heat are required for the
concentration and separation processes. This process heat may be provided from the
combustion or gasification ofotherwise waste biomass and from waste heat recovery.

G
jStarches: sebtation
grain (e bartey) fn o S b
| roots (eg, cassava)
P General
——3 combustion
Cellulose | Hydralysis |
wood (dr?ﬁcu];) - f M oroe - ;
‘ B Mﬁﬁﬁ{;\m Petroleum
. anhydrousalcohoel additive or
substitute

Ethanol production

i Fhe sugarg may be obtained bv he following routes, listed in order of lncreasing
ditticuity. y



rose i removed from the cane juice,
roduction process. These Mok,
lasses have little commercial vajye
mmercial possibilities, especially ip
In this case the major reactioy

i ercial suc
| Directly from sugarcanc: UsuailnyOItn;: e
and the remaining molasses used for g e
themselves have about 55% sugar content. SRL
then ethanol production from mo lasses has de e
the cane residve (bagasse) 15 available to provide p _
uorose to ethanol:

is the conversion of suci
\ ' o " E ' - a)
< - N I g0 HOH+4C0O,
?\y‘ﬂ | CpaHy Oy H,0— % CyHs v
o ‘ '
the increase in mass of yeast.

12 ’ . .
B—1In practice the yiekd is limited by other seactions fmdqb
Commercial yields are about 80% of those predicted DY 2 i
reactions for other sugars, e.g glucose, CeH,20s, are very sumtiar.

ove equation. The fermentation

i i int jor supplies of
2. From sugar bheet: Sugar beet is a mid- latitude root crop for obtaining major pplies ¢
process heat from the crop residues Is, 1n

sugar. The sugar can be fermented, but obtaining the :
. s : roduction is more expensive.

practice, not as straightforward as with cane sugar, SO ethanolp
a, can be hydiolyzed io sugars.

3. From starch crops. Starch crops, e.g. grain and cassav
f two large

Starch is the main encrgy storage carbohydrate of plants, and is composed o
molecular weight componcnts, amylose and amylopectin. These relatively large n}olf:cu!cs
are essentially linear, but have branched chains of glucose molecules linked by distinctive
carbon bonds. These links can be broken by enzymes from malts associated with specific
crops, e.g. barley or corn, or by enzymes from certain moulds (fungi). Such methods are
common in whisky distilleries, corn syrup manufacture and ethanol production from cassava

roots.

Anacrobic digester:
Anaerobic digestion is a collection of processes by which microorganisms break down

biodegradable material in the absence of oxygen The process is used for industrial or
domestic purposes to manage waste and/or to produce fuels. Much of the fermentation used
industrially to produce food and drink products, as well as home fermentation, uses anaerobic
digestion

The digestion process begins with bacterial hydrolysis of the input materials. Insoluble
organic polymers, suchas carbohydrates, are brokendown to soluble derivatives that become
available for other bacteria. Acidogenic bacteria then convert the sugars and amino acids into
carbon dioxide, hydrogen, ammonia, and organic acids. These bacteria convert these resulting
organic acids into acetic acid, along with additional ammonia, hydrogen, and carbon dioxide.
Finally, methanogens convert these products to methane and carbon dioxide. It is used as part
of the process to treat biodegradable waste and sewage sludge. As part ofan integrated waste
management system, anaerobic digestion reduces the emission of landfill gas into the
atmosphere.

Anaerobic digestion is widely used as a source of renewable energy. The process produces a
bxﬁogas, consisting of methane, carbon dioxide and traces of other ‘contaminant’ gases. This
biogas can be used direcily as fucl, in combined heat and power gas engines or uperaded to
natural gas-quality biomethane. The nutrient-rich digestate aiso produced can Bev used as
fertilizer

With the re-use of waste as « resvurce and new technological approaches which have lowered
capmal costs, anacrobic digestion has in recent years received increased atiention among
governments ina number ol countries to support the renewable enerovy s oai =
cacalating prices of petroleum prodiicts. o b

Anmacsahio digesier (commonly oferred to as an ADY i s divies that promotes the
decomposition of manure o “digestion” of the organics i manure to simple organics and

gascous biogas products Blogas s formed by the activiiy f tnaerobic bacteria. Microbial




sowth and bilogas preduction are very slow at ambicnt temperatures. These bacteria occur

/maturally in organic environments where oxygen is limited. Biogas is comprised of about
60% methane, 40% carbon dioxide, and 0.2 10 0.4% © t hydrogen sulfide. Manure is reguiarly

put into the digester after which the microbes break down the manure into biogas and a
digested solid. The digested manure is then deposited into a storage structure. The biogas can
be wed in an engine generator or burned i a hot waier heater. AD sysieins are simple
biological systems and must be kept at an operaling inpeiaitee of 100 degices T in order to

function properly. o

" There are two major types of biogas designs promoted inindia

i. Floating Drum
2. Fixed Dome

The floating drum is an old design with a mild-steel. Ferre-cement or fiberglass drum, which
floats along a central guide frame and acts as a storage iescrvo ir for the biogas produced. The
fixed dome design is of'Chinese origin and has dome structure made ofcement and bricks. It
is a low-cost alternative to the floating drum, but requires high masonry skills and is prone to
cracks and gas leakages. Family biogas plants come in different size depending on lhe
availability of dung and the quantity of biogas required for cooking. The average size of the
family is 5-6 persons, and thus biogas plant of capacity 2-4 m is adequate. The biomass
requirement is estimated to be 1200 liters for a famuly.

Pytersad e AREmdniseeve

Outlat toak

fudet Ve :
rettjemient ‘of dipested
tank TR
Digeater
bult in
grousd
MR
sirsidstion
Fig.1: Floating drum 2. Fixed Drum

Indian gobar gas system: This design will come under the category of Floating drum. Gebar
means cow. dung, mainly used for this system The fig.! shows the principles of the method.
Material is placed in the inlet settlement tank o scparate out non-digestible straw and
inclusions. The flow moves slowly through the buried brick tank in about 14-30 days to the
outlet, from which nutricnt-rich fertilizer is obtained. Gas pressure of 10cm water column is
maintained by the heavy metal gas holder, which i the most expensive item of the design.
The holder is lifted regularly (approximately six-monthly intervals) so that any thick scum at
the top of the [luid can be removed. Daily inspection of pipes, eic. and regular maintenance
are essential. Lack of mainlenance is the predommant rcason for the failure of biogas

digesters generally,

Chinese digester: This design will come under the catcgory ol fixed drum. The main feature
of the design is the permanent concerete top which enahles pressurized gas to be obtained. The
flow moves slowly tuowch the buried brick taul 1 about 11 0 days to the eutlet, from
which nuiricnt eleh fertilizcr s obtained. As the ;. evolves its volume replaces digester
fuid and the pressure inorenses Frequent ( daily) inspection ! pipes, etc. and regula
maintenance are exsential 1o mvoid clogging by non dis subic aterial,

ST e - = :
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#owth and bilogas production are very slow at ambient temperatures. These bacteria occur

/maturally in organic environments where oxygen is limited. Biogas is comprised of about
" 60% methane, 40% carbon dioxide, and 0.2 to 0.4% ol hydrogen sulfide. Manure is regularly

put Into the digester after which the microbes break down the manure into biogas and a
digested solid. The digested manure is then deposited into a storage structure. The biogas can
be used in an engine generator or burned in o hot waier heater. AD sysieins are simple
biological systems and mwst be kept at an overdling icuipciatiiune of 100 degices T in order to

function properly. 7

" There are Lwo major types ofbiogas designs promoted inindia

. Floating Drum
. Fixed Dome

o -

The floating drum is an old design with a mild-steel. Fepe-cement or fiberglass drum, which
floats along a central guide frame and acts as a storage reservoir for the bicgas produced. The
fixed dome design is o f'Chinese origin and has dome structure made of cement and bricks. It
is a low-cost alternative to the floating drum, but requires high masonry skills and is prone to
cracks and gas leakages. Family biogas plants come in different size depending on the
availability of dung and the quantity of biogas required for cooking. The average size of the
family is 5-6 persons, and thus biogas plant of capacity 2-4 mt is adequate. The biomass

requirement is estimated to be 1200 liters fora family.
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2. Fixed Drum

Indian gobar gas system: This design will come under the categery of Floating drum. Gebar
means cow dung, mainly used for this system The fig.! shows the principles of the method.
Material is placed in the inlet settlement tank to scparate out non-digestible straw and
inclusions. The flow moves slowly through the buried brick tank in about 14-30 days to the
outlet, from which nutrient-rich fertilizer is obtained. Gas pressure of 10cm water column is
maintained by the heavy metal gas holder, which is the most expensive item of the design.
The holder is lifted regularly (approximately six-monthly intervals) so that any thick scum at
the top of the fluid can be removed. Daily inspection o f pipes, ewc. and regular maintenance
are essential. Lack of maintenance is the predomnant rcason for the failure of biogas

digesters generally

Chinese digester: Ths design will come under the category ol fixed drum. The main feature
of the design is the permanent concrete top which enables pressurized gas to be obtained. The
Y ks i \ 7 . - .

flow moves slowly Gaeouch e buried brick tank . about 11 30 days to the vutlet, fom

which nutrient eleh fertilizcn i obtained. As the 1 evolves itz volume replaces digester
flmd and the prressure incieases, Frequent (daily) Inspection ol pipes, cte and regular
mamntenance are cssential o avord clogging by non div stiric taales il

Material prepayed iy o Ralya Pr;:-js‘a"(i;m D(:pt of £F 3107 Gonupur 39



Applications of Anaerobic dlgGSU‘OZ’l..
anerobie disesti chnologies

Using anaerobic digestion technolog

in a number of key ways:

= Replacement of fossii fuels tomrint of waste treatment plants

. Re‘ducing or eliminating t.he energbi (Zi"t?‘"

s Reducing methane emission from 1;11 1.101; S

s Displacing industrially produced chemi

» Reducing vehicle movements L

*»  Reducing electrical grid transportat}‘on losses

* Reducing usage of LP Gas for cooking
o i in the absence
Biogis typically refers to a gas produced by 'Fhe breakdown oij organic n;f%;rtf}:e::nore, bicms
of oxygen. It is a renewable energy source, like solar anfi wind cnergy. i
- can be produced from regionally available aw materials such as recycle ¢ é
SOVIGILTnCH endly. . g
BLi:)g:s ul_swpt?élgugedni;’ anaerobic digestion with anaerob..ic bacteria or fermenratlonqof
biodegradable materials such as manure, sewage, municipal waste, green _waste, pL.n'%
material and crops. Biogas comprises primarily of methane and carbon dioxide and may
have small amounts ofhydrogen sulphide and moisture.

can help to reduce U

The gases methane, hydrogen, and carbon monoxide (CO) can be combusted or oxidized with
oxygen. This energy release allows biogas to be used as a fuel Biogas can be used as fuel
for any heating purpose, such as cooking. It can also be used in a gas engine to co nvert the
energy in the gas into electricity and heat.

Bogas can be compressed, the same way 1

mtural gas is compressed to CNG, and used tr;
powcer motor vehicles.

‘Wood gassifier: A wood 8as generator is a gasification unit w
charcoal into wood gas, consisting of atmospheric nitrogen, carbon monoxide, hydrouen,
traces of methane, and other gases, which - after cooling and filtering - can then be use to

power an internal combustion engine or for other purposes. Historica!ly wood gas generaiors

were olien mounted on vehicles, but present studies and developments concentrate Mostly on
stationary plants.

Advanthees: .

hich converts timber o

Wood vas generators have a number o f advantag

£S Over use of petro leum fuels:
I They can be used to run anternal combustion engines (or 8as turbines,
elficiency) using wood, a renewable fesource, and in the

mtural gas, for example, during a fue] shortage.
2. They have a closed carbon c
sustainable in nature.

for maxinmi
absence of petreleum oy

yele, contribute less 1o global warming, and are

)

Phev can be refatively easily labricated in a erisis Using

. ' 18 materials on hand
4 iheyare far cleaner burning than a wpod fire or a gasoline-powered ot
L .

When nsed ina stationary design

osise msmall combined heat

Diadyvang ges:

The disadvantages of wood gas generators
£ e specific Size
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3. The primary combustible fuel-gas produced during gasification is carbon monoxide: it
is an intentional fuel-product, and is subsequently burned to safe carbon dioxide in the
engine (or other appiication) along with the other fuel-gases; however, continuous
exposure to carbon-nwonoxide can be fatal to humans cven in small to mcderate
concentrations

One of the gassifici model widely which
used s known as a connter- flow gassificr.
It was the patural evolution fom charcoal
kilns. In this type of gassifier, the air
enters at the bottom. The producer gas is
drawn oftf at the top. The gassifier
achieves the highest efficiency as the hot
gas passes through the fuel bed and
leaves the gassifier at low temperatuwre.
The producer gas is produced in the
reduction zone that leaves the gassifier
together with the pyrolysis products and
steam {rom the drying zone. The resulting
gas 15 rich in hydrocarbons and is suitable

PURISSRORGE) ICONCOOY.  -  & ...

only for direct heating purposes in I T T T L
) i3 & S, i g Paed ¥ )
industrial furnaces. If it is to be used for - Sas

electricity generation by 1.C. engines, it
has to be cleaned thorcughly. Figure
shows the schematic diagram of an up-
draught-type gassifier or counter-flow
gassifier,

Pyrolysis: Biomass is heated either in the absence of air or by the partial combustion o
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of the biomass in a restricted air or oxygen supply to produce a hydro carbon
are extremely varied, consisting ol gases, vapors, liquids and oils. The output depends on
temperature, type of input material and treatment process. In some processes the presence o {
water is necessary and therefore the material need not be dry. If output of combustible gas is
the main product, the process is called gasification.

he pro

Pyrolysis is a type of thermolysis, and is most commonly observed in organic materials
exposed to high temperatures. it is one of the processes involved in charring wood, starting at
200-300 °C. In general, pyrolysis of organic substances produces gas and lquid products and
leaves a solid residue richer in carbon content, char. Extreme pyrolysis, which leaves mostly
carbon as the residue, is called carbonization. ‘

The process is used heavily in the chemical industry, for example, to produce charcoal
activated carbon, methanol, and other chemicals from wood, to convert ethylene dichloride
into vinyl chloride to make PVC, to produce coke from coal, to turn waste into safely
disposable substances, and for transforming medium-weight hydrocarbons from oil into
lighter ones like gasoline.

Pyrolysis also plays an important role in several cooking procedures, such as baking, frymg,
and grilling.

Pyrolysis differs from other high emperature processes like combustion and hydrolysis in
that it usually docs not involve reactions with oxygen, water, or any other reagents. In

prachice, it is not possible 1o achieve o completely oxygen-free atmosphere. Because some

OXYRCN IS present in anv pviolvas system, a small amount of o xxlation oceurs.

I'he term has also been applicd 1o the decomposition of organie materiai in the presence o1

superheated water o <o (o pyrolysis), for exanple. e steam cracking ofoil



Pyrolysis uses and occurtrences.

Firc :
reaction that occurs in the burning ot. many
also of some kinds of plastic. Ina

d paper, and d:
o bustion of the wood ltsel_f; but rather

Pyrolysis is usually the first chemical
solid organic fuels, like wood, cloth, an
wood fire, the visible flames are not due to com
of the gases released by its Pyrolysis.

Cooking

: : E . 1 S, - i
Pyrolysis occurs whenever food is exposed to high enougn tempera tW?S in a dry
. < - . . . - 2 1
environment, such as roasting, baking, toasting, or grilling. It is the chemical process
responsible for the formation of the golden-brown crust in foods prepared by those

methods.

Charcoal

Pyrolysis has been used since ancient times for turning wood into charcoal on an
mdustrial scale. Besides wood, the process can also use sawdust and other wood

. waste products.

Charcoal is obtained by heating wood until its complete pyrolysis (carbonization}
occurs, leaving only carbonand inorgani ash. In many parts of the world, charcoal is
stdl produced semi-industrially, by burning a pile of wood that has been mostly

covered with mud or bricks.
Plastic waste disposal

Pyrolysis can also be used to produce liquid fuel similar to diesel from plastic waste.
Pilot Jeremy Roswell plans to make the furst flight from Sydney to London using

diesel fuel from recycled plastic waste.

Yood stoves:
A wood-burning stove i3 a heating appliance capable of' burning wood fuel and wood-derived

biomass fuel, such as wood pellets. Generally the appliance consists of a solid metal (usually
cast fron or steel) closed fire chamber, a fire brick base and an adjustable air control The
fuels considered arc firewood/tiny sticks/sawdusiv/other iine and pulverisable agro-residues
like coir waste, bagasse, leafy residues and even dried urban waste in a well-defined manner.
The aim of the design is to provide a combustion behavior close to what is obtainable in gas
stoves, with a facilitv to have some control on power, rcduce emissions, maximize the
efficiency of heal transicr mto the vessel, minimum tending and low cost.

Figure shows a wood burning stove, designed 10 make
better nse of wood as o cooking fuel Nornal design of
wood stoves will release more smoke. But, some designs
allow wood burnme without much smoke. In the stove
shown in Fig, is sunpier and cheaper, but has less control
reaches the fuel fiom bolow,

and less flexibiiny vu
through a grate. Since the (e i contained and the heat

channcled towar's the pot the cfficiency s high Thie |




(ove is well suited for use with charcoal as a fuel’ since
charcoalburns cleanly without smoke.

Sq;ne a]dvgnced stoves are connected by ventilating stove pipes o a suitable chimney, which

e 1 b A . . . 5 " 1 . G 4
will fill with hot combustion gases once the fuel 1s 1gnited. The chimney or flue gases must
bf hotter than the outside temperature to ensure combustion gases are drawn out of the fire
chamber and up the chimney.

Bio diesel:
A vz%riety of grains and'seeds contain relatively high concentrations of vegetable-oils that are
of high caloric value. It can be used as liquid fuels. However, the high viscosity of these raw
vegetable oils (20 times that of diesel), would lead to serious lubrication oil contamination
On the other hand, chemical modification of vegetable oils to methyl or ethyl esters yields
€§Cellent diesel engine fuel without the viscosity problems. Biodiesel is the generic name
given to these vegetable oil esters. This is a process in which organically derived oils are
combined with alcohol (ethanol or methanol) in the presence of a catalyst to form ethyl or
methyl ester. The biomass-derived ethyl or methyl esters can be blended with conventional
diesel fuel It is used as a neat fuel (100% biodiesel). Biodiesel can be made from S0 ybear,
sunflower, cottonseed, corn, groundnut (peanut), sunflower, rapesced, waste vegetable oils
and animal fats, etc. Therefore, biodiesel is made from renewable biological sowrces such as
vegetable oils and animal fats and as an alternative diesel fuel.
Intensification of localair pollution and magnification of global warming problems caused by
CO2, through continued and increasing use of petroleum can be reduced by the use of
biodiesel fuels.
The advantages of vegetable oils as diesel fuel

(1 liquid- nature portability;

(11) heat content (80% of diesel fuel);

(1)  readyavailability and

(iv)  Renewability.
The disadvantages are

(D) Higher viscosity; and

(i)  Lower volatility.
Bio diesel Combustion engine:
Biodiesel can be blended in any proportion with mineral diesel to create a biediesel blend or
can be used in its pure form. Just like petroleum diesel, biodicsel operates in compression
ignition (diesel) engine, and essentially require very little or no engine modifications_because
biodiesel has propertics similar to mineral diesel. It can be stored just like mineral diesel and
hence does not require separate infrastructure. The use of biodiesel w conventional diesel
engines results in substantial reduction in emission of unburned hydrocarbons, carbon
monoxide and particulate. _
The main limitdation of Biodiesel has higher brake-specific fuel consumption compared to
dicscl, which mecans morc biodiesel fuel consumption is required for the saine torque.
Biodiesel Applications: _ iy
Biodiesel can be extensively used for vehicles, heating processes, waler pump ug, agricuitural
appliances ctc.,

Hybrid Systems

Need for Hybrid Systems:

As convention fssii fuel energy sowcees diminish and the world's CHV!I’UmHCQI&} conciigl

: 3 re 5 g + G e a0 - ¢ 7

about acid depositasii aind global warming mcreases, rencwablc cncrgy sOWCes (solar, wind,
" : i —_ . e A R T e o T 1t 5
'n('l'dl, biomass and peotiier i cle) are attracting otc a el as a€rnative L.iL(.,IDYFbOurceb
\ ¥ b L ~ e ] , % s AR e e .‘. { ‘o.
These are all poltulies koo o one cansay eco friendly. Fhese wre wvallable at free ot co it



¢ available all over the year at ﬁ'ef: of cost Wherey
In India wind and solar energy sources ar pecific location. To meet g,

i lable at s
tidal and wave are costal area. Geothermal 1s avsg’ storing of energy 1s necessary.
P inuity ofpower supply, g ]
the sake o f continuity o . : tem combine two

P a:d tfor Ihhybrid power system is used to describe H?Y powel Syf P o Whé);

g vers)ion dévices or two or more fuels Gr thc saing . ;
MOTe €nergy Convers S, gaks
limitations inherent in either.

integrated, overcome
Range and type of Hybrid systems: ' e
Usually one of the energy sources is a conventional one (\x"hx:h ne_c]:essarl y h0 Z) Womg “
on renewable energy resource) powered by a diese!l engine, while the other(s) v
renewable viz. solar pho tovoltaic. wind or hydro.

The design and structure of a hybrid energy system obviously take into account the
types of renewable energy sources available locally, and the consumption the system
Supports. For example, the hybrid energy system presented here 1s a small-scale system a{ld
the consumption of power takes plce during nights, so the wind energy component will
make a more significant contribution in the hybrid system than solr energy. Although the
energy produced by wind during night can be used directly without storage, a battery is
needed to store solar and wind cnergy produced during the da y.

In addition to the technical considerations, cost benefit i a factor that has to be

incorporated into the process of optimizing a hybrid energy system. In geneml the use of
wind energy is cheaper than that of solar energy. In areas where there is g limited wind
source, a wind system has to be over-dimensioned in order 1o produce the required power,
and these results in higher plant costs.
It has been demonstrated (hat hybrid energy systems (reneswah ke coupled with conventional
energy source) can significantly reduce the total life cycle cost o fy standalone power supp lies
in many o ff. prid situations, while at the same time provrling a reliahle supply nfclcctricity
using a combination ol encrgy sources. Numerous hybrid systerns can be integrated argl these
are as follows:

~1. Diescl-PV,
2. Wind-PV,
“3. Microhydel-PV,
4. Biomass-Diesel systems

Case study of Diesel-PV:

DCiAC Hybrid L
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annually. Using diesel gencrator as 3 S
more attractive. An cconamic fo

tandby source will make utilization of hybrid systems
comsisiing of piwiovoltaic {FV) |

asibility study and a complete design of a hybrid system

_ vanels, a diesel gencrator as o backup power source aid a
battery system can give the power to remote loads.

The type of the hybrid system and its configuration depend mrmly on the availability of the
renewable sawee i the location selected for inst: lling this hybrd system, The average daily

sowlqr}"mﬁmion mntensity and total annual sunshine hours will decide the mngeﬁé)?solar"iﬁﬁe},"
The energy generated by the PV panels and stored in the battery bank has priority to supply
the load. When the battery is d ischarged to its minimum allowable level, the diesel generator
as a backup source 1s switched on In hybrid system diesel energy is only work as a backup

source. When the demand ou its peak then the available sources are insufficient for that then
the diesel back is required. '

Considering remote areas which are far away from the grid, this solution is the most feasible
one compared with electrifying these remote areas from the grid.
Case study of Wina-TV:

Hybrid system based on photovoltaic is considered an effective cption 1o electrify remote and
isolated areas far from grid. This is true for areas that receive high averages of solar radiation
annually. Combining with wind turbine where wind energy is adeguate will make utilization
of hybrid systemns more aitractive. An economic feasibility study and a complele design ofa .
hybrid system consisting o f photovoitaic (PV) panels and wind power generating system and

a battery system can give the power to remote loads.

The type of the hybrid system and its configuration depend mainly on the availability of the
renewable source in the location selected for installing this hybrid system. The average daily
solar radiation intensity and total annual sunshine hours will decide the range of solar panel
The wind availability at the selected site is also main constraint for this type of hybrid
system. ‘

Controller Baltery Inverier Consumer
g i

Wind turbine

Wind/PV Hybrid System

During day tie, DC Power penerated by the Solar PV amay s stored in the fsattery Bank

through a liybrid Controller, which maximizes charging current and prevents excessive
disclmrgchwerchur_uc Wind turbme generator starts generating power when wind spee d exceeds
‘«fllfm specd of the Miad Wind Tabine (above 2.7 i/s). Output frow the Wind Battery Charger is
also stored 1 the Banery ook through Hybrid Controller. During winuy periods excess energy
gcncmm d by the Woind Baner Charger w dissipated through a prow: » heater (Dump Load).
bhe wind nirbioe i selfre..ilined fype with protection for over speed oy stored w the
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PV/Hydro Hybrid System

Hydra power

In remote and hilly areas, it is difficult to satisfy power demand all year long by hydro
sources alone. In some remote areas, where this is the case, a judicious combination of other
renewable sources to form a hybrid system can help solve rural electrification problems. One
of these combinations is the use 0 f PV together with hydro power system.

Hybrid system based on photovoltaic is considered an offective optien to electrify remote and
1solated areas far from grid. This is true for areas that receive high averages Ofsolzu: radjatl'
anmamily. Combining with locally availabie hydro power wiii make utilization of K blo‘(Ijl
Systems more attractive. An economic feasibility study and a complete design of a h)}:b r_1d
system consisting of photovoltaic (PV) panels and hydro power system generatin o
and a battery system can give the power to remote loads. & System

The type of the h)fbnd system and its configuration depend mainly on the availability of the
renewable source in the location selected for installing this hybrid system The average d i
;F’LQX‘ radiation intensity and total annual sunshine hours will decide the range ofsolabr ii{
The water availability at the selected sile is also main constraint for thi: type of %‘%‘%d
system. In this type of hybril system care should be taken for the power generation onl}; ;1
power system, because with hydro power the cost of power generation is less, M

thn the water in the hydro power system is not enough to generate the power then during day
il‘mc,_DC Powgr gcncrqlcd by the Solar PV array is stored in the Batterry Bank through a ber{;zi
Conk (fl!cr, which maximizes charging current and prevents excessive discharﬁefovercharze If
water is available to generate the power then the generator starts generating ;)0\3::.1' Oufh;;u-*ofx;;)':;
the hydro power is converted 1 to DC and stored in the Battery Bank rhrm{:’h Hybr‘id C;)II{;(;HC;I.’
Encrgy. stored in the battery i drawn by electrical loads through the mvezteza which converis DC'
power mto AC power :

e R

Considering remote arcas which are far away from the grid, this solution is the most feasible

0Ne compna Cd ‘\"'ih clee ritvang tl Se remn rea fr X r‘
Dar SR OCIng 1hese remn tc areas ¢
. i C tc areas from the 24 id.



Case study of Biomass-Diese)

Biomass -
combustion > Steam
chamber baotler tutbine >
GE .
E S EN
1 S
Hot water L
Hybrid
for heating #| ©
steam - | controiler A
D
]
Diesel IC >
engine GEN -

These types of systerus are more useful where the agricultural w

'+ ’ astes are available. By
combing biomass operated ste

: : am turbine with diesel engine can be used as hybrid system

In this type of biomass system the waste residues from industries and agricultural fields will
be combusted in combustion chamber as shown in fig. The heat generated in the combustion
chambet is passed to the boiler and water from the steam turbine will be passed through water
heating system and passed to the boiler. Boiler converts the hot water in to steam and this
steam runs the steam turbine and rotates the generator and supplied to the hybrid controller.

When the biomass products are not enough to fced the biomass combustion chamber then the
chesel penerator as a backup source is switched on. In this type of systems the care should be
taken to depend on biomass based power generation only, because the power generation in
this system 1 quite cheap when compared to the diesel engine. In most o [ the cases these type
of hybrid systems are very useful where the industrics are having blomass products as their
resklues.

Electric and hybrid clectric vehicles:

Electric Car: . .
An electric car has its wheels powered only by an electric motor; Lence it has a large (well
really high power) electric motor. Blectric cnrs ~ fvarious types have been intreduced.

A Pure clectric car carries a big battery, externally charged, that is the ounly source of power
for the car. This type of alternate car to the usual gasoline powered car has two clssic
problems aside from cost; it has timited range and long fueling time.

Hybrid clectuie vehicles:

A hybrd clectrie vehicle (HEV) 13 a type of hybrid vehicle and clectric vehicle which
combings @ conventional internal combustion engine (1€ F) propulsion system with an electric
propulsion system The presence of the ¢lect ic power lrain is intended 1o achieve either
betier tuel cconomy thana conventional velhicle or better performance. There are a variety of
HEV types. and the degree 10 which they function as Electric Vehicles varies as well The
pyiet somman form of HEV s the hyhii! clhectiie ean although hybrad clectric trucks
(et e ol waetors) and buses also oxin
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Exap na!wn Questions :}( NGV 2012)

.3no:t Answer Questions:
What are the maji advantages of Bio mass energy? (2 marks)
What are the factors aftecting the performance of a bio gas m% ster7 (2 marks)

W

What are different types of hybrid generating systems in existence” (2 saurks)

Long Answer questions:
ca 5,\»‘” of nlid hig- iuclq What e ihe ue ner lumpnun(m of gas pdeU"e’i

i L/\"Jaln the p piGeess \’)f;‘ sif’
and what is its heatiug value? What ae ts main applications? (10 marks)
2. Whatis the nzed for hybrd generating system? (4 marks)
3. Explain the working principle of hybrid clectric vehicle with schematic block diagram. (6 marks)
4. Wrteshort note on: Pyrolysis (5 marks)

.uumm.l ion Questions :(NOV 2013)

1. What is Pyrolysis und whai iype of biomass conversion techiiclogy it comes uny 1er? {2 marks)

2. What s the need ef o hybrid system and give exampies of varicus types uf hvhn\j combinations (2
marks )

o What is gasificerion? What s the chemical reaction takes place durng gasiication 7 Deseribe how the

down draft typs zassitier operates with its complete labeled diagmm? (3 muar
Examination Q..v.sfmn.» € Back/Special 2013) -
I, Write short notws on a) wood stove b bie diesel ¢) Pyrelysis (10 marks)

2. "Write combusticn sngine application -
3. Differentiote between floating drum and fised dome iype bio gas plant with suitabie « diagram?

[

Orher tmpertant questions:

Lo Expluin any case study of hvbnd systen

20 Explam the operannge principle of bionuss encrey

3.0 Eaplaio ihe sdvimiages o divadvantagzes of Binnmss enerey

Lo Eaplain thie provess ol Coambes oy and s n,'ﬂ‘!ir:ﬂ%un&

2 ; ; B , : :

5. - What is Fermentation™ Sud capliin the precess st ethanol nrodusion
& Bxplad the adebme o i (e ety

i 'W’ih‘ SO dete o wood gassifier Liooas and wor: <toves
TS Expiun about bfo diesel anq ite apphcation.



