
Solar Energy

The rate at which solar energy arrives at the top of the atmos-phere is called the sotar" fiwmstarct
ls This is the amount of energy received in unit time on a unit area perpendicular to the sun's
direction at the mean distance of the earth from the sun. Because of the sun"s distance and
activity vary throughout the year, the rate of arrival of solar radiation varies accordingly. The so
called solar constant is thus an average from which the actual values .

The NationalAeronautics and Space Administration's (NASA) standard value for the solar
constant,l.S#i) kil*w*tts y:*r s{;Xqi#r# rc:*tre or 1353 watt per square meter.

ES*mtn xvre$ [.]i"l"ft"*s* $*[ur ft*eJiatiein. The solar radiatlon that penetrates the earth's atmosphere
and reaches the surface differs in both amount and character from the radiation at the top of the
atmos-phere. ln the first place, part of the radiation is reflected back into the space, especially
by clouds. Further more, the radiation entering the atmosphere is partly absorbed by molecules
in the air.. ln addition, part of the solar radiation is scattered (i.e., its direction has been
changed) by droplets in clouds by atmos- pheric molecules, and by dust particles.

il)i{lu** r*dia;tiq}n is that solar radiation received from the sun after its direction has been
changed by reflection and scattering by the atmosphere

Solar radiation that has not been absorbed or scattered and reaches the ground directly from
the sun is called "dir"*#* r##iatf*r'r-'#r B**nr rmatrimti*l"l-
"[']'t* it't${r[;]t[*r's is defined as the total solar radiation energy received on a horizontal
surface of unit area (e.g., 1 sq. m) on the ground in unit time .

Two basic types of instruments are employed for solar radiation

A 3*yrh*li*nr*'t*r is an instrument which measures beam radiation. ln contrast to a
pyranometer, the sensor disc is attached at the base of the tube. Thus diffuse radiation is
essentially blocked from the sensor surface, Most pyrheliometers used for routine
measurements operate on the thermopile effect. ln practice, direct solar radiation is measured
by attaching the instrument to an electrically driven'equatorial mount tor tracking the sun. The
diffuse component is avoided by installing a collimator tube over the sensor with a circular cone
angle'.
ffi) f,$5rrmet*r*:*t*n"*. A pyranometer measures total or global radiation over a hemispherical field
of view. ln most pyranometers, the diation allowed to fall on a black surface to which the
hot junctions of thermopile are junctions of the thermopile are
located in such a way that radiation. As a result an e.m.:f. proportional to
the solar radiation is genera be read, recorded or integrated over a
period of time with regular
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Battery

A battery is defined up a combination of individual cell. In a charged cell electrical
energy is stored as chemical energy which can be recovered as electrical energy then
the cell is discharged.

Types of battery
1. primary battery which is not rechargeable eg, dry cell. Chemical reaction are non
reversible

2. secondary battery - Rechargeable battery. eg. lead acid battery

Cell consists of electrodes anode and cathode immersed in a suitable electrolyte.
When load is connected to the electrodes, charge separation occurs at electrode
electrolyte interface freeing charge carriers. Electrons flow through external load
and ions through electrolyte constituting current.

Magnitude of the terminal voltage and polarity is a function of electrode material
electrolyte cell temperature and other practice
Advantages of batteries for bulk energy storage

1 .mitigation of oil shortage and irnporl problems
2. Lower cost of electrical energy, Battery
3. Saving in power transmission
4. shorter time for construction
5. reliability in power emergency
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Flat-plate solar collectors

Flat-plate solar collectors malu be divided into two rnain classification based on the type of heat transfer

flLrid used.

Liquid heatirig collectors are usecl for heating water and non-freezing aqueous solutions and

occasior,ally for non-aqueous heat trans-fer fluids.

Air or gas heating collectors are ernployed as solar air heaters.

The principal difference between the two types is tlre design of the passages for the heat for the transfer
flLrid.
'l'he rna.jority of the flat-plate collector liave five main components as fbllows:
(i) A transparent cover which may be one or rnore sheets of glass or radiation transmitting plastic filrn
or sheet.

(ii) Tubes, fins, passages or channels are integral with the collector absorber plate or connected to it,
wliich carry the water, air or other fluid.
(iii) The absorber plate, normally metallic or with a black,surface, although a wide variety of other

rnaterials can be used witlr air heaters.

(iv) Insulation, which shor-rld be provided at the back and sides to rninimise the heat losses. Stanclarcl

insulating rlaterials such as fiberglass or styro-foam are used lbr this purpose.

(v) 'fhe casing or container which enclose the other componerrts and protects thern from the weather.

(A) A Typical Liquid Collector
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It sLrffers fi'om cdrtain drawbacl<s, one is the possibility of freezing in the collector

tLrbes irr cold climates dr.rring cold nights.Ethylene glycol is added to prevent freezing, bLrt this

generally adds to the complexity of the heating system.

Irurtlrerrnore, the antifreeze solution is less effective than water for heat rernoved frorn tlie absorber.

Arrother problerr arises fiom corrosion of the rnetal tubes by thd water.The oxygen in air increases the

rate of corrosion of n-rost rnetals. n be minimized by using copper tubing. Aluminium is a

less expensive alternative, al

water is desirable.

Finally, leal<s in a water (or

lnI\
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freeze) circu system requ ire irnrnediate attention.



Physical Principles of the Gonversion of Solar Radiation into Heat

The fundamental process now in general use for heat conversion is tlie green house effect. Most
of the energy we receive from the sun comes in the fonn of light, a shortwave radiation, not all of
which is visible to the human eye. When this radiation strikes a solid or liquid, it is absorbed and

transfornted into heat energy; the rnaterial becomes wanr and stores the heat, conducts it to
surrounding materials (air water, other solids or liquids) or reradiates it to other materials of lower
temperature T .The reradiation is a long wave radiation. Hence the green house effect brings about
an accumulation of energy of the ground.

Glass easily trarrsmits short-wave radiation,, but it is a very opaque transmitter of long-wave
radiation. OIrce the surt's energy has passed through the glass wirrdows and has been absorbed by
sotne tnaterial ittside, the heat will not be reradiated'back outside. Glass therefore act as a heat 1rap.

a blacl<-painted plate absorbs the _i eg sunlight. When the temperature of the blacl< plate
increases, it emits an in the fonn of infra-red light.
Since glass is opaque to
tenrperature iltside cavity i

rtflected back to the black surface. As a result
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Methods for obtaining energy from Biomass

Solar energy stored in plants is called Biomass. The biomass energy can be converted into various energy
forms. Biomass transportation of high cost because of its low density and low energy content per unit
weight but Biomass produced would be converted on-site into electricity, synthetic natural gas energy
and more economical to transport.

TIie processes by which the prodr-rcts of energy farms can be converted into various energy forms are

Combustion
direct combustion of biornass with a moisture content around l5Yo o,r less as it requires dryirrg period to

combustion for most of the crops. Tlie combustion produces steam both for process use and for electricity.
electricity can also be produced by installing power plants near the industry.
Anaerobic digestion
Anaerobic digestion of orgar ic waste may constitute an effective device for pollution control in addition
to energy generation. The n-rain advantage is that it utilizes Biomass with water content as high as 99%o,

Another advantage is that smaller units can be kept at individual farms and also the residue has fertilizer
value. The mairr limitatiorr of this process is that alarge quantity of wastewater is to be disposed after
d igestion.

Pyrolysis
It is a reversible chemical change caused by the action of she It is an Irreversible chemical charrge caused
by the action of heat in absence of oxygen. lt made yield either solid liquid or gaseous fuel. I-leating irr

absence of oxygen splits the chemical bonds and leaves the energy stored in Biomass. Pyrolysis olcow
manure wood saw dust liberates hydrogen, nitrogen, carbon monoxide, carbon dioxide etc. Hydrogen
and carbon monoxide can be converted into methanol, gasoline, diesel Ammonia can be used for
fertilizers drugs, building or bonding material and synthetic textiles. The main advantages of pyrolysis
include compactness ,simple equipment, low pressure operation, negligible waste product and high
conversion efficiency of the order of 83%.
hydrolysis and ethanol fermentation
hydrolysis is the technology which converts cellular to alcohol to fermentation. ethyl alcohol can be

produced from a variety of sugar by fermentation with yeast. molasses is diluted with water sugar content
of about 20%o, acidified and mixed with yeast culture. Ammonia is used to reduce acidity. Atcohol
fermentation of large variety of sLrbstrate has been obtained .

Gasifiers
Gasification is a very prornising conversion T, tecl-rnology can be r,rscd for Cer.reration ol'

gas and electric production from Biomass w .o^\\{'
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Tides

The periodic rise and fall of the water level of the sea wlrich are carried by the action of sun and moor.r on the water
of earth is called tides. Tides are produced rrainly by the gravitational attraction of the moon and the sun on the
water of solid Earth atrd oceatr. about 7\Yo of the Tides producing force is due to the moorr alr d, 30% is due to the
SUIl.

The surface water is pulled away fi'otn the Earth on the side face in the moon and at the same time the solicl Eafth
is pulled away from the water on the opposite side. Thus high tide occurs in these two areas with low Tides at
i ntermediate poi r-rts.

Two tidal cycles occurs durirrg a lunar day of 24 hours and 50minutes the time between high tide aud low trde at
any given location is a little over 6 hours. A high tide will be experienced at a point which is directly under the
tt-toon at the saure titne a diattretrically opposite point on earth surface also experience as a high ticle clue to clynamic
balancing.

the difference between high and low water level is called the range of the tide
At the time near full or new Moon and Earlh approximately in a line, the gravitational forces of sun and uroorr

euhance each other; the tidal range is then exceptionally large. The high Tides are higher and low Tides are lower
than the average. These high Tides are called spring tides.
Orr the other lrand near the first and third qLrafters of the moon, and the sun and moon are at right angles with
respect to earth Neap tide occurs the tidal range is then exceptionally small, The high Tides are Iower and low
Tides are higher than the average and the range is not a constant.
The Tides are a periodical phenomenon but no two tide in any cycle are alike
The rnean tidal range varies from place to place.

componelrts of'tidal power plants

There are three ntain corrponents of a tidal power plar-rt

I . power hoLtse

2.T-he dam or barrage to fbrm pool or basin

3. Sluice ways fi"ont the basin into the sea and Vice versa

the turbine, electric generators aud other optional equipment are the main equipment's of a power house
'l'he dam is a barrier between the sea and the bean

Sluice ways are used either to fill the basin during the high tide or empty the basin during the low tide as per
operational requiremerrts. These are gate controlled devices.
Advantages of tidal power gerreration

LThe biggest advantage of tidal power plant is it is independent of rain and its unceftainty
2. it is fi'ee from pollution
3. it does not derlalrd lal'ge Iand area

4. peak power clemand can be effectively uet whetr it works in cornbinatior-r with thermal a hydroelectric systern
Lirnilatiorrs

l. the fundarrental drawbacl( of tidal variability
ve to work on a wide range of head variation, this2. since the tidal range is highly vari

affects the efficiency of the plaut.

3. there is a chance ofcorrosion si

4. Coustructior.r in sea is found to
5. it reqLrircs high iustallation cost
6, it rray cause difficulties in fishing



Advantag*s of waye *nergy
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wavss ftr*w krck florrr {he *hcre, btrt thcy always r,slurc,
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Disadvantages of wave energy

I All eqr.ripmeut must be operated in marine environment, hence problerns of maintenance, high
cost, low life tirne.

2. Energy must be transported a greater distance to shore

3. Energy convefters rrust be capable of with standing storms etc
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Wave energy conversion devices

thc nrechanical energy in waves is the

wave energy conversion by floats

of the wave
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otlrer is a nearly vertical rnotibn
are ampli{ied and conveFt'ed by

generators ar, d produce electricity
tt

rod [ulcrum .ln both cases the moverneltts
rotary motions that drives the electrical

Dctphin

'['he system consist of a dolphirr, a float.a connectirrg rod and 2 electrical -tenerqtors

'l'his device uses the float which has ttvo motion the first motion about its own {irlcrurn u,ith tlre
connecting rod. Revolving moments ard between the f'loat and the conuecting rod. 'l'he
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