Applications of Solar Energy
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5.1. Introduction

The actual and proposed applications of solar energy may be
considered in three general categories :

(u) Nrect Ih()r malApp»watzon make direct use ofheat rebultmg

‘o‘f'i' hdencos and otlier buildings6 provide hot water service for such

buildings, and to supply heat for agricultural industrial, and other .
processes that require only moderate temperatures.

(b) Solar Klectric Applications® are those in which solar energy
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is converted directly or indirectly into electrical energy. Four general
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conversion methods are being investigated :

(i) Solar thermal methods involve production of high tempera-
tures, such as are required to boil water or other working fluid for

operating turbines which drive electric generators. These are con-
sidered under solar thermal electric conversion.
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(i1) Photovoltaic Methiods make use of devices (Solar Cells) to
convert solar energy directly into electrical energy without machinery.
This is discussed under solar photovoléaic conversion.
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(z22) The conversion of solar energy into electrical energy without
the use of machinery, by utilizing the thermo electric effect, is also
copsidered in chapter Thermo electric conversion,

(w)@f ind Energy ist the'form of solar energy x‘)that can be converted
into mechanical (rotdtlonal energy and hence irfto electrical energy’oy
means of a generator. This indirect use of solar énergy to generats
electricity is described under the chapter of Wind energy. ‘

Ocean thermal energy conversion depends on the difference
temperature between solar heated surface water and cold deep ocean
water to operate a vapour expanblon turbine and electric generator

This indirect use of solar energy is considered in chapter Ocean Therma
l!m ergy Conuversion.

*For detailed chscussmn on solar thermal and electnc applications se
author’s book on “Solar Fnergy Utilization”.
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X Other Forms of Solar Energy. Water power, other thatr}l1 mjun
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%\" power, also represents the utilization of solar energy. Heat from the
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rgy from Biomass and Bio-gas,
Is or other energy related l}f?‘é_‘;‘ﬁt’..f’
Y or indirectly from plants ‘which us
& materials includée agricultural, fore
ell as terrestrial and aquatic plants g'f‘Own
For a detail discussion see chapter on Biomas

. : : sed
causes the evaporation of surface waters, the vapour rises 18 condens

in the upper atmosphere, and falls as rain. The resulting water that
collects at higher elevations has substantial (potential) energy than can
be converted into electrical energy by means of a turbine generator at
a lower level. The discussion on Hydro-electric power™, is b?yond the
scope of this book, only some brief discussion is there on .Mtf:r() hydel
energy, which is a non-conventional method of generating electric-energy.
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i [t may be noted, too, that since fossil fuels-coal, oil, and natural
g: gas-originate from living matter, their energy is really solar energy that |
B hasbeen converted and stored for millions of years. In fact, only nuclear
i» -energy, geothermal energy, and to a large extent, tidal energy, do not
# originate in the sun. Based on the above classification, direct solar
% _energy applications are discussed below in the following order :

{1} Solar water heating.
{2} Space heating.
{3) Space cooling.

.4) Solar energy : Thermal electric conversion. X

3} Solar energy : Photovoltaic electric conversion.
() Solar distillation.

/) Solar pumping.

¥) Agriculture and industrial process heat.
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(9) Solar furnace,
{ 10) Solar cooking.

%ﬁ‘ (11) Solar production of hydrogen, and A
(12) Solar green houses.

.

5.4, Solar Water Heating (or Hot Water Supply System).
i (- The Dasic elements- otar-water heater are

() Flat plate collector.
(1) Storage tank.
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- avoid reverse flow, the top heater of the absorber is kept as Statc-.r.d above
. 0.3 m below the cold leg fitting on the storage tank. To provide hea
“ during long, cloudy periods, an electrical immersion heater can be usec
as a backup for the solar system. A non-freezing fluid may be used i
the collector circuit. The thermosiphon system is one of the leas
expensive solar hot-water systems and should be used wheneve
e possibl/eJ :
Thermosiphon solar water heaters are passive systems and d
not require a mechanical pump to circulate the water. Such heaters ca
be used extensively in rural areas, where electricity is expensive
available) and there is little danger of freezing.

((i.Natural circulation solar water heater (non-pre
* surized)/The pressurized system is able tc supply hot water at locatior
-~ of the storage tank. This creates considerable stress on the wat
© channels in the collector which must be designed accordingly. T
* non-pressurized systems supply hot water by gravity flow only to use
lower than tank. If pressurized hot water is required (for showers,
~ appliances) the difference in height will have to be large enough to me
* the requirements. If the height of difference can not be accommodate
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the only solution is to install a separate pump and pressure tank.
stresses within non-pressurized system are lower which allows cheay
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temperature of the water at the bortom of the tank
Water in the upper header.

A check valve is needed to prevent revers
resultant night time thermal loases from the collector.

all)xlllﬂl} 1](\“‘(". 1s S]](_\\\']] as .}‘l.(‘\\-‘(lp(‘ 1() 1"\(-’, \X"nter 1@8\]1! g
going to the load.

e circulation and
. In this example,
the tank and

| e drained
Y\\ hen there is a danger of freezing, ihe water may b o
‘ rse flow of the warint
1d nights. The

from the collector , alternatively, a slow reve
water may be permitted through the collector on i in cost, by
freezing danger can.be overcome, although at some 1n?rease 1gpscri’k)ed
' using an antifreeze solution ag the heaf,—transportmedlum’ - f by way
earlier. The heat is then transferred to water in the storage tank by

{ a heat exchanger coil. (See Fig. 5.2.5).
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Fig. 5.2.5. Solar water heating system with antifreeze. /
Z.3. ggace-Heating (or Solar heating of Building) : -
© [ Many different concepts have been proposed (and tested) for
= usingsolar energy in space heating of buildings. There are two primary
- categories into which virtually all solar heating systems may be
* divided) The first is passive systems, in which solar radiation is collected
- by sorme element of the structure itself, or admitted directly into
building through large, south facing windows. JThe second is the active
gysterns which generally consists cf (@) separate solar collectors, which
anay heat either water or air, (b) storage devices which can accumulate
i the collected energy for use at nights and during inclement days, and

c‘);abzfxck up system to provide heat for protected periods of bad we ather>
;;gat is .transferred from the collectors or from the storage means by
onventional equipment, such as fan cojl units, when hot or cold water

ri .
Es_px.‘owded 44 a, ducts, and aiy outlets, when the heat transfer medium
salr ; and radiant means whe

_:';c;omplishe T n heating is the only task which must be

- Passive heating
her mechanicaladlgfé{czs.t i OPerate without pumps, blowers, or
"‘ ) the air is circulated past a solar heated
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"°re there 'S ample winter sunshine and an unabstructec t of
CXposure
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Active systems, on the other hand, can s re more
to almost any location nn(llf‘»'l“‘ of building ; however A& Svantage
EXpensive than passive svstm;]s to construct and operate. An a can be
of active solar systems is that the building air temperatl.lre but in
“ontrolled in the Same way as with the Conventiona'l o 9P e
MOost passive Systems subsf.antial temperatire VAo
the course of the day.

[n prinej
cooling) need
heating Sy

the SYstem design.

ple, it should be possible to provide all the heatln'g (ir;;i
s of a building by solar energy. However, to do thls’l =
stem would have to be designed for minimum .suns ng

conditions and hence would be over-designed for the majority of the
situations’._( In most cases, solar-energy systems provide rough.ly o8 t.o
75 per cent of the annual] heating requirements. The remalnc.ie.r 1S
supplied by an auxiliary-heating systems using gas, oil, or electricity.
Solar I—Ie.ating Systems

(A) Passive Heating Systems.
Ices using various passive systems h
construction mainly in U.S, Building wit
equator (South in the northern hemisghe

hemisphere) and arranged to admit solar radiation into the -'buildingv
when the sun is low in the winter sky, have been termed ‘Solar houses;)
The gains to be realized from properly oriented windows are significant;
but in cold climates losses during the periods of low radiation, nights
and cloudy weather, must he controlled so net gains can be realized.
If a building is designed properly :
(1) It will function as a solay collect
sun is shining and storing it for later use.

(11) The building will function as a solar store
the heat for cool times when the sun is not shining, and store the coo] for

warm or hot periods when the sun is shining. Buildings which are made
of heavy materials such as stone or concrete do this most effectively.

An increasing number of
ave been built and are under
h large windows facing the
re or north in the southern

reside;

or, collecting heat when the

house. It must store

(¢2¢) Building will function. as a good heat trap. It must make good
use of the heat (or cool) and let it escape cnly very slowly, T

; . ' . his i_s done
srimarily by reducing the heat !oss of the building through the yge of
ﬁsulatiozl, reduction of infiltration and storgm windows, | 3
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Fig. 5.3.3. Convactive loop passive Solar heating.

that of the main structure. Abed of rock, which may be located beneath
2 sun space, provides thermal storage. In normal operation, air passing
upward through the collector is heated and enters the building through
floor vents. The cool, denser air leaving the building returns to the
bottozp of the collector and is reheated. If more solar heat is available
than is required for space heating, the floor vents may be partly (or
wholly) closed. The heated air then flows through and deposits heat in
;hetjzlrsaége Eef}. Heat stored in this way may be used later, as needed

er tc 1 : oy g : :

y r to the cooler air leaving the building.

solar-hfalit),egi:s‘gzeil::: E.Hleating Systems. Most of the hundreds of
tem, in which separate ILl11 t throughout the world use the active sys-
transferdbd sty collectors are u§ed together the solar radiation,
Toth, Tihe witatii air, and.store It 1n tanks of water or rock piles or

" and alr are circulated by pumps or fans and conven-

tional means are used istri
bl to distribute the heat to the interior of the
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Fig. 5.8.4. Schematic of a basic hot water active systern.

1S a basic kot water heating. systern3 with water tank. szcl)ragte and
auxiliary energy source. Heat is transferred to the water in the storage
k, commonly located in the basement of the building. The so}ar
tank, . tank passes through an auxiliary heater, which
i roter fom Fhel g {lp tl ter temperature falls below g
omes on automatically w len the wate '
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“\ the storage unit, while air is the fluid used to transport energy from
llector to the storage and to the building. By adjusting the dampers,
te Reated air from the collector can be divided between rock storage
ad the distribution system, as might be required by the_conditions. For

’.'"';amp}e, when the sun shines after several cloudy days it would be

115,

‘sirable to utilize the available heat dir
ther than placing it in storage. Two
. 'Pass the storage tank, as explained above, An auxiliary source of
‘h[,q:i“élll:d;“ I;;,-f>y?decll. [}L.lxiliar}_/ lnleating can be used to augment the
ergy supply to the building frowm the collectoy or storage if the supply
oheat from iy
1)
Tlie Position of { Lo
> collectoy 4y, the
Ating. In t]is case
e ‘1 also be pl
J H"‘_ that t},,
IS L T
g Might he ontrolling leakage.

s wadequate,

blower iy figure is shown at the upstrean, of
storage, and iy, forces tlie ajp through these for
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N this respect. The higher the expected cost of an alternative energy

A p Thus 1n

supply, the larger the economically acceptable collec'tor area. t Ba
deciding on this area, the local climatic and economic factors ) 1t
considered. Furthey x’nore the collector area should be proportional to
the area of the building tz; be heated (or heated and cooled). A Ver%’
rough rule for moderately cool climates is a collector area about 5
bercent of the flooy AREE : :

Heat Storage. A means for storing heat is necessary in active
solar energy Systems to supply heating requirements during the
eVening and on cloudy days. The larger the heat-storage volume, the
greater is the heat-storage capacity for a given material and the 1opger
the sunless periogd for which heat could be available. But increasing the
volume means increasing the cost and space requirements. As a com-

Promise, heat storage tanks are generally designed to have a heat
capacity equivalent to three days normal demand. The common heat
storag? materials are water and small pieces of rock. When water (or
an antifreeze solution) is used as the heat transport fluid in the collector,
a large, well-insulated tank of water provides the heat stoi"age. The
Water may be pumped directly from the collector through the storage
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e following data provide an approximate guide to the rely,.
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ater and rock storag o
» 0.06 to 0.075 nl"l per m‘l 2/ ,
5 » 0.17 to 0.02 m3 per m”. . .

1121(1’(‘: ml(mbvrs are average values forﬁlf‘fﬁl‘?nf' Clmwfti‘-‘- Cq
tions : both smaller and larger volumes have been used in Spy
P o et T
yo ”mii‘:‘;n};;ne with a floor area of 150 sq. m (1600 s¢. ft) has ;|
collector arsaoT 855q. m (915 sq. ft); the storage volume of water,
be in the rafgsof 4.2 o 6.3 cum (150 to 225 cu ft), whereas for ro
would be 14 to 21 cum (500 to 750 cu ft). The larger volume in each

would be desirable in a colder climate. '

A considerable increase in heat-storage capacity, W
corresponding decrease in volume, could be achieved by using a su
salt-Lydrate, instead of water or air, as the storage medium. A
hydrateﬁié'a salt in which the solid crystals include a n,upaber of
molecules. Special interest has been focused on the relatively ine
sive salt-hydrate sodium sulphate decahydrate (NaySOy, 10H,0)

A

monly known as G'Ig_gvbexj.’s. salt. &
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When heaf s added to the salt, the temperature incres
32°C, called the transition point. At this point, the temperaturere
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constant while the salt changes to an aqueous solution plus

Na,SOy (¢.e. without the water molectles) ; during this stage )
stored, although the temperature does not rise. When all the X,
10 H,0 has been changed to NaySOy, the temperature can in
again as more heat is added. If heat is withdrawn from the syste:
temperature falls to 32°C, where it remains while the stored h

released and the N 2,80, 10 H,0 is completely regenerated ; thu
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Heat supplied
NO330, 10 H,0 S Nay,SO, (solid) + HyO (sol
Heat withdrawn at 32°C

- In this way, the system offers the potential for stormg ke
82°C in about one-third the volume of a water tanl (or one-felf
volume of rock) for the same heat capacity. |

y sa.lt‘llbfvdrate heat storage has been tested in solar heating 50
with air as "the transport medium. The salt was confall®

n.umlb«er of stacked 5-gallon (19 litre) cans around which the au
circulated. The systems operated well for a time but gradually e
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Two approaches have bee
coolers. The first is a continuous ¢
operation, is similar fo conventional v
syvstem. The solar collector storage supp

. lies the energy to the generator,

Whgre solar energy is available, otherwise it is supplied with the
auxiliary energy source.)The second approach 1is to use intermittent
;.3:07[@’ which are interﬁ(ﬁttent in operation and operate during the
1_Derzods when so_lar energy is available. Intermittent coolers have not
een used. for air conditioning nor have l?een studied sufficiently for
their application in solar air conditioning.
marketﬁgﬁet?’:h?ypes of absorption air conditioners available in the
monia-x:vater ;N I1_1IJ.m-brom1de water (LiBr—H,0). system and the am-
conditioniig & t3_HZO) SYS_tem. Of the two common absorption air
ol g systems, the LiBr—H50 is simpler since a rectifyi
mn assures that no water vapour, mixed with N ymg
evaporator where it could freeze. In éh LiB e g e
vapour is arefrigerant. In addition'the - r——H.Q‘O system water
generator temperature of the orde;~ of 1gggé-ammoma N
ture is higher than a flat-plate collect to 150;’0, such a tempera-
ector can provide, without special

. techniques. But this
. tem could b i :
ooBactasi: At B e possible wit ;
rs. The LiBr—H,0 system requires lowe?;eoril::;?atmg e
Or tempera-

ture of the order of 85°
to 95°C whi :
collector, Al . which are ach
aqua-ammorsl‘i)at(l'il\}3 I-%IBI;I-_(I;I)zO system posses hlieg‘ltla:;'l%bg; filalt pl?lte
systems is t §—H30) system. The dis R
s that the water can not exit n lic;i?ccll \f"c?:ntlaE:lOf It—:Jxl‘BIl’_HZO
OwW triple pomt

temperature, (¢, 0°C i
» U0, practicall System can not operate much below

4°C) since the refr v, this
g Aeretrigerant is w | :
In alr conditioning appﬁcatiosser vapour. This is not a major disadvantage

‘W‘. : WAl
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beorbent easily in ”‘_p gpj‘;:.::ﬁe refrigefant'
separated from t!'mrn et b sxnbll affinity orations: |
3. An absorbent '\;‘:,nhilih" for long-term OF ‘;n ‘hat the o
g ’"”h_ 'iﬁitspfliun'f has a'lnrgn latent heat so t
tion rafi :;:‘;Z';’::ﬂ at the minimum.
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ir is the pos
: . ) pair 18
'h Iy disadvantage of the T,lnr; r”2 F
o rith | ‘ 1 ) ator.
blem with ervetallization in the gener
pro :

s . system
: ; nditioning e
bsorption air cond f two par
. ~-HyO System. The a . sists o
h \--(V;A:cllmi:::nfio:ll\' in Fig. (5.4.1). The system con
’s = O s - ” % D
tae.

(1) the solar collector and storage, and

‘liarv heating.
h 1t1 auxiliary h
(i2) the absorption air conditioner and the

COCLING EV
WAT & '
AUXILIARY HEATER ; 'S, 3 | . TO
SOLAR LAX ] " { COOLED
COLLECTION \ | o SPACE
ARRAYS Ky \\‘
\\\
N
HE -g COOLING
G —————
j_ E WATER
A IN
<5—~<——-J |
PUMP PUMP: PUMP
~ SOLAR COLLECTOR *—ABSORBTION AIR TI
AND B rasLEC - . CONDITIONER—
G—GENERATOR A—-ABSORBER
C—CONDENSER HE—HEAT EXCHANGER
E--EVAPORATOR
Fig. 6.4.1. Schamatjc of Solar Operated Absorption
The essentia

Air Conditioner,
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¢ water for the conhng Spag.

here it comes iy COnty. .
Aot
'ty

densed and goes through a pre
where it operates and cools m;’ o S
1 absorbe
capour poes to the ¢ :
refrigerant vapour g K in vefrigerant and which floy,.
) ] 1wl 18 weak m : 4 : S e
the solution wh : bhed in the solution, wii. @ °m
generator. The vapour 18 ahsorbe o I aanl ‘" el
returned to the generator. A heat nxchmlﬁ,i-t B usec Ior seny;
‘ \ ler C.O.P.)

recovery and greatly improves o0 . : :
: of use of a cohventional ey,

: ‘view
From the point of viev _ : Y &
| , atbing cooling 1y 0
index of performance for rating ling p) OCessa,

performance), the r;\tin. of the e,

cooling to the energy required. [for so]gr C;)r:)eratmn there ’dr:
i additional factors, the temperature required in the solay collagy
f“' drive the process and the ratio of cooling meluce.d' %0 solay ﬂ;
| ineident on the collector. As solar processes are mewt.ab]y ‘T?lnsi:
their operation, the energy ratios and temperatures will vary Wi't}ll

and COP based on long term integrated performance Provid.
appropriate index of performance. Pumping to iore abgm*bent sol
may be by mechanical means or by vapour-lift pumping in the Zene
for low pressure systems like LiBr—H20 system require wate, Q;
of absorber and condenser. Systems of this type shown i the {
have been the basis of most of the experience to date with so

13

‘)l;’s l

there is a single
is the COP (Coeflicient of

conditioning.
The coolers used in most experiments todate are LiB,.

machines water-cooled absorber and condenser. The pressure ;

condenser and generator is fixed largely by temperature drops

heat transfer surfaces in the generator and condenser. The press

the evaporator and absorber is fixed by the temperature of the &

fluid to the absorber and by the temperature drop across the
transfer surfaces in the evaporator and the absorber. Thus, to ke
generator temperatures within the limits imposed by the cl
teristics of flat-plate collector, the critical design factors and opera
parameters include effectiveness of the heat exchangers and «
temperature. Common practice in solar experiments has been t
Wat.er cooled absorbers and ‘condensers,which in turn requ
cooling tower.,

(rati Ma}ny of t‘he machines used to date have nearly constan
t;;aetg‘)e;i:gteo:?)lmg produced t'O energy supplied to ti.e generaf
T miirpperature varies over the operating range as 1;
the range of 0.6 t;naungvalue' ghe COI? of LiBr-Hy0 coolers 180
temperature to the ge, l.le effect of variation in the solar enerd’
- isusedasacqo] generatoristo vary the capacity of the cgolel‘-
‘ acoolant, and the generator temperatures may be in th¢
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A modified method for absorption coo lllE;l fOiloWing principle.
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31 evacnated A uld be t uired i
A ~ul’l’ound¢3d by an @ ipes co d as red A
g pe © . : Tirou h t)he P d use f i
A A PP uid flowing throug tic salt an i
:t»n“.“, b} ;’hhve 500°C in a molten eutec , " be ’
' it K s '
c‘"]l;wr““”(;haln for electric power generatlon couectors o ut
] > 5 . y ’
7 et sarlier, distributed solar energy city (a9
e qoted eal y mall cap@

A% ihermal power plants of moderately 8
«1 for

w7 Among the potential applications 0
P \\' l‘Tl i : ,‘
’ or st udy are :

energy systems, and

f such small plants

2) pnmping water for irrigated farms. :
'\'l:ni.:ﬂ pnergy (or Cogeneration) systems. The total enelgSt’ :
_pbased on the sequential use (or cascading) or solar ener‘gy a

ept 18 ¢ temperature levels. First, a working fluid at a h1ghc?r
' ture can be used to drive a turbine and generate electricity mn ¢
P | manner. Then the heat discharged in the condenser cooling
- usu;; s lower temperature can be utilized for space heating and
watliexrlg, Alternatively, in a cogeneration system, the turbine discharge #
:o; be used to provide process steam for industry. For the discharged
Sle;r to be useful, the temperature should be higher than in a conven-
sional steam electric power plant. As a result, the efficiency for 3
cJectricity generation is decreased, but this can be more than offset by &
+he econoniic value of the discharged heat.

Irrigation water pumping. Irrigation pumps of relatively low -
power can be driven directly by a vapour turbine using solar energy as.
described earlier. For deep wells, pumps of higher power are required,
and these are preferably operated by electric motors. In a deep-well.
irrigation project, solar energy is used to heat a hydrocarbon oil to about ¥
290°Chby passage through an array of parabolic trough type concentrat- &
ing collectors. The heat fluid passes by way of a thermal storage tank,§
o a heat exchanger where toluene is boiled to
“perating a turbine generator combination. Pumpe
coolant i the turbine condenser, and the temper
“nventional power plant. The electri
18 of the order of 150 kW drives elect

o0 nc .
«0 \'i i ﬂ ere n

¥ i

=,
ey

253

3%

provide vapour for:f
d water is used as a

SN
ature 1s more like a

G

¢ power which can be generated |

PUmps. ric motors to operate a deep-wellﬁ%
>.6. Solay [ i
X ddectric Power Generation : Solar Ph to-Voltaics
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Qolar el BY

Applications of X
\\ r cell 15 called

3 : _ rte .
EADhOtovoltalc effect are called solar cells. A single conve nation ©

bi
P8-S0 &, and comV :
: ar cell or, hotovoltaic ¢€ by output 18 called a

lectric power

More generally, a p
Sozaf‘modu,zgiilgned to increase the e
- solar array. that generas
Photovoltaic cells are made of semiconductors d, free electri-
electx‘icitw when they absorb light. As photons are i a plied to
el charges are 8‘ellérated that can be collected on contacts pot heat
: the surfaces of the semiconducgprs. Because solar .Ce“s . natures,
_‘:';engiIleS, and therefore do not need to operate at lngh tfemper rating
i they are adopted to the weak energy flux of solar radiation, E fthe
troom temperature. These devices have theoretical efficlencies ff this
porder of 25 per cent. Actual operating efficiencies are less than ha
‘.Value, and decrease fairly rapidly with increasing temperature. N
The best known application of photovoltaic cells for electrlce;l
§ Dower generation has been in space craft, for which the S{hcon 5°1a.r cel
% = the most highly developed type. The silicon cell consists of a single
g =vstal of silicon into which a doping material is diffused to form a semi-
$conductor. Since the early days of solar cell developme.nt, many um-
§rovements have been made in crystal growing and doping, electrical -
fcontact and cell assembly and production methods. Large number of
*cellshave been manufactured with areas 2 x 2 cm, efficiencies approach-
S0z 10 per cent, and operating at 28°C. The efficiency is the power
#dsveloped per unit area of array divided by the solar energy flux in the
Biree space (1.353 kW/m?). |
| ’ For terrestrial applications, silicon solar cells have shown
Eoperating efficiencies of about 12 to 15 per cent. Though silicon is one

ate

N
R

4

spin

ﬂ mred for solar cells. The greater barrier to solar cell application lies
costs of the cells themselves. Reducing the cost of silicon cells is
difficult because of the cost of making single crystal. One very promising

| ‘EAI silicon to reduce fabrication costs. Cells made from the ribbon
Z%ﬁ}ggso far shown efficiencies of around 8 per cent, Several other kinds
."":,);'otocells are In the laboratory stage of development. Cadmium
lfide and CdS/CuyS cells are other possibilities. So far, efficiencies
iavebeen in the range of 3 to 8 per cent, and these cells have begn less
urable than silicon cells owing to degradation with exposure to oxygen,
yatersvapour and sunlight, especially at elevated tempexétures‘. The
gtive part of the CdS cell is a thin polycrystalline layer of CdS, about
thick, on which a layer of CuyS compound perhaps 0.1 um thiclk
o These cells can be made by dqposmionon long sheets of
ubstrates, a process that mightbe adaptab;l@%e;tp’éﬂsive ;hlaés.production.




180 Non-Conventional Sources of Brergy /
"”—./T:i’t—her srnall o large

Photovoltaic cells could ‘be appllcab}e rixall <cale, an
power plants, since they function well on a § s
adaptable to local energy generation on bulld‘lng roo :
energy storage and power conditioning eqmpmenf? i
make generation in large stations the most ec
cells have also been used to operate irrigation pumps, 1 ey
sienals, highway emergency call systems, 1*a1‘l road crossing o tility
mltomatic hleterologi'cal stations, ete., in Jocation where access t0O
power lines is difficult.

A PV (photo-voltaic) system consists of :

(1) Solar cell array
(i1) Load leveller
(z11) Storage system

RIS
FIcas B e schat it

B AT S 238

Javigational

(1v) Tracking system (where necessary). o

In actual usage, the solar cells are interconnected in certain -
series/parallel combinations to form modules. These modules are her-
metically sealed for protection against corrosion, moisture, pollution
and weathering. A combination of suitable modules constitutes an
array. One square metre of fixed array kept facing south yields nearly
0.5 kWH of electrical energy on a normal sunny day if the orientation
of the array is adjusted to face the sun’s rays at any time, the output
can increase by 30 per cent. Solar PV system can produce an output
only if sunlight is present. If it is resquired to be used during non-
sunshine hours, a suitable system of storage batteries will be required.

Solar Cell Principles. The photo-voltaic effect can be observed
in nature in a variety of materials, but the materials that have shown
the best performance in sunlight are the semi-conductors as stated
above. When photous from the sun are absorbed in a semiconductor,
they create free electrons with higher energies than the electrons which
provide the bonding in the base crystal. Once these electrons are
created, there must be an electric field to induce these higher energy
electrons to flow out of the semi-conductor to do useful work. The electric
field in most solar cells is provided by a junction of materials which have
different electrical properties.

To obtain a useful power output from photon interaction in a
semi-conductor three processes are required.

Bl The photons have to be absorbed in the active part of the
material and result in electrons being excited to a higher
energy potential.

2. The electron-hole charge carrier created by the absorption

must be physically separated and moved to the St o g
cell. g e
frr o
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ower Generation
with the utility grid 1s
d electrical power to be

A Basic Photovoltaic System for P

A basic photovoltaic system integrated

shownin Fig. 5.6.5. It permits solarly generate
delivered to a local load. [t consists of :

5 (i) Solar Array, large or small, which converts t
useful” :

Y electrical power.

he insolation to

< FROM UTILITY
3 FEEDER

e
< BLOCKING

A
mmARCELL] @&  PIOPE [ I NVERTER

AT ARIAY [ - é ) /CO%VERTER
/’/‘:. L
? [OCAL |
LOAD

BATTERY STORAGE

4

Fig. 5.6.5. Basic photovoltaic system integrated with power grid.

(zz) A Blocking Diode.éf_hich lets the array-generated power flow
only toward the battery or id. Without a Mmgdiode the battery
would discharge ack through the solar larray during times of no
insolation Yrecall from Fig. 5.6.3 that the cell eqiiivalent circuit has a

forward biased diode in it).
" (zi1) Battery Storage,@l which the solarly generated electric energy

may be stored.
(v) [nvert ter, (usually solid state which converts the
hattery bus voltage to AC of frequency and phase to match that needed
to integrate with the utility grid)Thus it is typically a DC, AC inverter.
It may also contain a suitable output step up transformer, perhaps some
filtering and power factor correction circuits and perhaps some power
condiiioningﬁ. eéircuitry o initiate battery charging and to prcvent
over charginig.J)Power conditioning may be shown as a s g ]
functional block. This block may also bg used inva':lg\f:easlsmi?viii'jgs:?m
as afrectifier to charge the battery from the utility feeder when'n i
and en no insolation was. present. L whepate =l
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(wid) b attery

charging,

(vied) Street lighting.

The major
Pumping foy drink;
Photovoltaje wate

B ex
: : ic systems lies in water:
application of ;')hntovo]f,mc systems { areas ‘he "4
ng water supply and irrigation in rur? et
' pumping system essentially consists of :
(@) a pPhotovoltaie (PV) array,

(&) Storage bat tery,

(¢) power control equipment,
(<) motor pump sets, and

(¢) water storage tank,

; i - Energy
Ad\'antzlgf-iand Disadvantages of Photovoltaic Solax
'th_ R ——

‘onversion T T —

» - o} ight to
Advantages : ‘(z/) Direct rocm temperature conversion of ligh
electrivity through a simple solid state device.

*"(i1) Absernce of moving parts.

v (221) Ability to function unattended for long periods as evidence
SPace programme.

(tv) Modular nature in which desired currents, voltages and
pPower levels can be achieved by mere integration.
~(v) Maintenance cost is low as
Y (v1) They do not create pollutior
~vii) They have a long effective life.
—~wiii) They are highly reliable.

 (ix) They consume no fuel tc

they are easy to operate.

operate as the sun’s energy is free.

(x) They have rapid response in output to input radiation
changes ; no long-time constant is involved, as on thermal systems,
before steady state is reached.

(xt) They have wide power handling capabilities from rnici'owatt,s
watts or even megawatts whe

n modules are combined into large
area arrays. Solar cells can be

used in combination with power
to feed power into utility grid.
~" (xii) They are e

asy to fabricarte, being one of the simplest of
conductor devices,

semi

, (x.iii) They have high power tc weight ratio, this characteristic is
E more Important for space applin:&.tions than terrestrial, may
-_f:iavourable for some terrestria] applications. The roof loading on a ho
@p:- covered with solar cells, for example, would be s;j

I' a convention

be
use
gnificantly lower
al liquid solar water




e to on gite INBLAAET Ll . . _S_—
distribution by wires co
S could B

d thu m of power
se wer ; thus?t e ' b}
po of solar cells at the site where the e

‘x

‘th or without sun tracking, mal:
£, makin,

1sed W
pnstﬁihilitivs-x,

can be 1
lication

(xv) They
possible a wigle range of app
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{that, 1N many applicat
{ insolation at night. Efforts are b
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disadvantages are their high cost, and the g
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storage 18 required because of of
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5 5.7 Ag-riculhn‘e and 1 inl Process Hea_}:;

ndustr

ergy e . .
Introduction.CBy supplying heat, as hot water, hot air
purposes, solar energy has i1

ctream, for agricultural axfdfi’n_dustrial
_ jal amounts of fossil (non-renewahl.
rather well establishe.

htto  iential for replacing substant
fuels) Solar water heating and air heating are
ations and modern technique,

i and well known by now. With all sophistic

i solar thermal energy system:s’_a}_x’jgh_bg_l};igr and still speak of only loy
| efficiencies. In general in low grade thermal applications, where hez
Z; energy Cal & such be utilised. Solar energy devices could be used wit]
] combustion generate

: advantages. Rising oil prices, combined with
fast depleting fossil fuels, have forced the developi

e India to adopt atleast gradually, the low temperatur
lar energy )A number of orgahisatidns are now offerin
sfor domestic, comwmercial and iudustrial us
d medium temperature raunge. Apart fro
eheating boiler feed water as required, th
led for more involved application
cess, tanks efc.

pollution an
' countries lik
applications of so

» variety of solar system

essentially in the low an
e. . providing hot water or pr
solar systems are also being instal

] energy below 300°
oil, with high 'ﬂam

tions result v
for direct ther
y quak

it is desirable to-provide therma
is mandatory since high quality fuel, such as coalor

temperature when used for Jow temperature applica

low iaffiqiency. Therefore the choice of solar energy
applications upto 300°C in industries is quite obvious. The higl

i fuel (coal, oil etc.) can be diverted for more important high temperaft
tasks. With this concept, the development of economically viable 50

devices become more meaningful.

n
s, like maintenance of a certain temperature In pro
Solar energy for thermal applications in industries has prove
E | = be economically viable at present for temperatures less than 100
i ’ With intensive deVélbbfnéwnt ‘n the area of fixed and tracking cd
B f:entrators, tempe.ratures 0° upto 300°C will be feasible. The technolog
s expected to be matured in near future. In the present energy contex
| O from solar. Th
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ustl‘if‘l Appllcntlons and Potentig]g |
ons of solar energy may be considered iy the
Al T L p—— . v vllleg
. o the tempel ature range withji .
nccl)fdmg to I ge within whjcl,
a 1 ‘
g
] ke tures pelow 1007¢
(yert s temper™ 100 to 175°C
" l{ww u«diat.e tm\memtures 2 R Y
y uterm® > i !
3 mgp temperatures above 175r.9
3, Hi ralire oplications h€se are based on the use of
i (GRREE= 3 " either air or water as the heat transport

les are the same as for space and water
be utilized directly or the heat may he
o made for storage of excess heat in
g the potential applications of low
the following :

or in rocks OF gravel..aérlnon
] agriculture are
ture heat the
tempera

'’ Heating and cooling of commercl
g_’ . . . .
estock shelters, dawry facilities and poultry

al green houses.

Space heating of liv

houses-
' Curing of bricks, plaster board etc. Drying grain, soybeans,

peanut pods, fruits, tobacco, onions and kilgjLumber). Solar energy can

also be used to convert salty water (gx:,otheninlpl;..ltti_\,?&’.&tﬁr)...in.t,Q potable

water by distillation. Such solar stills have been operated for farm and

S ———:
S '

communicy use, 1n Several countries.

gnterrnediate Temperature Applicaty Food processing, tex:
mdry, 1ir

tile, lau and other industries often require oth hot water and low

-

] s A .

. préssure steam. For such applications, water can first be heated in

flat-plate collectors followed by an array of parabolic trough concentrating
collectors. In this way, water under moderate pressure, can be heated
to temperatures above 100°C) Some of the processes w’hich fall in tl

category of intermediate temperature applications are the following ?e

¢ : : :
e -\/,, ;?ﬁnirx]es, fF;abnlc drying, Textile dyeing, Food processing and
shing, lraft pulping (in paper indu ;
& stries), Laminatin
: g and

drying glass fibre. Dryi :
h - . - Drying and baking i AP
(in steel industries) ete, gin automobile industries, pickling

Y150 15 used crtenelval L (Steam at temperatures above

electric power, The same gené"ﬁl"ﬁ]é%,hpartlcularly in the generation of

ture steam with the aj ods for prodiici 2 & Bl
i e '1111 :;:feot; .solar energy are aplflic aliyllceuilf hlllgh tempera-
 temperature applicati ction of Thermal Electric C allcases; they
s on of golar en el onversion., A higl
w‘atex. ergy is in pumping i 1gh

' of wrrigation




rial applications over residen-

indust
CThe several advantagses okl '
s are : % on continuous basis throughout

o8t :

tial or commercial one

; 3 1M
(1) Industrial loads are g :
‘ \4 1 ants
ave maintenance crew, or in small p
1 ]

oth operation of solar systems.
d by solar is significantly
diversion of coal for

the yvear. -
(i) Industrial plants

; 0 81O
skilled people, who can attend to Al
- re
(1#1) Total quantum of 911?183{1 ’1:1 orts and
more causing higher reduction in oil1 P

SN
high temperature tasks. i
““However there are some limitations e 8

N~ ) Intermittent availability of solar energy. e

v,.--'(:';')d_nstantaneous area. In all the cases roof area .rnaylnc;,stl
adequate to accommodate required collector area. Addltlona1 costly
land may have to be used. In some cases, roof haveeast west s opputl:lg,
instead of north glazing type, rending placement of collectors to be costly

and unaesthetic. \
-~ (i) Industrial effluents can be harmful to the transparent coveérs

and reflecting surfaces. :
(tv) Through pay back period has come down to 3—5 years (hot

water and air only), high initial capital investment is a major impedi-

ments.

5.8.S istillation
Fresh water is a necessity for the sustenance of life and also the
man’s prosperity) It is generally observed that in some arid, semi

key to
arid and coastal areagwhich are thinly populated and scattered, one or
usy in bringing fresh water from a

two family members are always b
energy is plentiful and can be used

long distance(In these areas solar
for converting saline water into distilled water. The pure water can be

obtained by distillation in the simplest solar still, enerally known as

TRANSPARENT FILLER

CONDENSED WATER DROPS COVER /
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——————— o olarstill)Itis!

the “basin t¥
have bee

solar stills

countries. Yyt consists of a h'lm

shallow depth, overl which 18 A basin cO

completely the space ‘Jhove the ba: | rbe

which is usually glass, may be of P I

trough, Solar radiation pAsses thrOIfl'g e. Impure w ; d

converted into heat In the black sur a((:j .15 condensed to pur 1e x
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Fig. 5.9.1. Schematic of a solar pump. . )
fthe system are an array of flat-plate collectors and an Ranklpe engine
with an organic fluid as the working substance During operation a’heat
cransfer fluid (pressurized water) flows through the.collector arrays.
‘Dependingupon the collector configuration, solar flux and the operating
=snditions of the engine, the fluid will be heated in the collector to a
higher temperature, the solar energy which is thus converted to the
thermal energy)(The fluid (water) flows into a heat exchanger (boiler),
due to temperature gradient, and comes back to the collector. This water
.yields its heat to an intermediate fluid in the boiler. This fluid
evaporates and expands inéhe engine before reaching the condenser,
where it condenses at low pressure)The condenseris cooled by the water
fobe pumped ) The fluid is then reinjected in the boiler to close the cycle.
be ¢xpansion engine or Rankine engine is coupled to the pump and it
could af course be coupled to an electric generation.
& @le collector area to a large extend is determined by the overall
efﬁClenC} of the'system’ Mo - T - e —

Ty

y . Vo = Ne X Me
- THETe ), s the efficiency of the engine

"l: 15 the efficiency of the collectors.
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eyele o 2d thiopene (Op 34). R-118 is prefera low cost: :
“yele Prﬁpi“”".\' non-toxic in nature and (]n(.‘- - ump syste in New
A Si'”h]iﬁvd outline of a turbine ‘]rlvnntri)cular S ‘s heate 4
Solar ‘hergy is shown in Fig. (5.9.2). In .ﬂ pﬂf_'ﬂ HT"’43) 1are!iil £ o
A'I““\'it‘ﬂ. the hent tranasport fluid (Exxon (,nl():':ll Operature *
2160(‘ el Parabolje trough collectors with a to ;ise when thes ¢ .
m. Part of the heated liquid is stored for 'R-113) le?ve nd 15 atm ..
shining. The turbine working fluid (Freon t:)’p;;eur‘e of 160°C 2 le
and enters the turbine as vapor at a tempera bine, the vapor :d in the
(1.5 MP,) Pressure, After expansion in the tur 1 back to ligu1
93°C and 0.7 atm (0.07 MP,) ; it is converted b
condenser ang returns to the boiler.
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ower of 19 k 38

The irrigation pump operates at a}-a“tgcolop gal/min (32 to(i3e

horse Power) and delivers water at 500 to energy efficiency k)

litres/sec) from a wel] roughly 30 m dee:p- The ted into useful V"’OTI -

Percentage of solar energy collected that is corweesult of the relatively

Is 13 to 14 ber cent, this low value is la_rgely. g rthe turbine. Rankine

OW temperature of the working fluid entering temperature of the

efficiency will be within acceptable limits, if the collector system.
order of 200 to 400°C is obtained, using proper focusing :
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5.10. Sol Furnac

e et high
Introduction. A solar furnance .1s<.ag}_ln5trumettc:; egn. Solar
~Ztemperatures by concentrating solar radiations onto a sp

furnaces h

e S igations. French
ave long been used for scientific investigations. F
scientist Lavoj

sier used it in 1774, with a m-/tall as man, for -
carrying chemical studjes at high temperatures. In 1921, German
scientist Strauble devised a solar furnace composed

of a paraboloidal

: nace. In which he
dal concentrator, 2 m in aperture and 86 c¢cm in focal

length, was fixed facing downward and the solarradj

upward by heliostats (turnahl

n France in 1959, A
ce with a power of about 35 kW, was constructed for the
U.S. Army at Natick, Massachuqetts, in 1958 ; thus was moved to the
white Sands Missile Range, New Mexigs, in 1976 where 1t is used to
study thermal-radiation effects. Solay furnaces have g] 1
Japan and the U.S.S.R. , 780 been built =
The world’s largest solay furnace with
£ 1000 ]
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Jenudation « sts. ’ &
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1I8SC 1Uo04 ~ ’

I ki e S .
ing purpos
r ' - nergy for cook
~bove problem is the hardneesing of solar energy

: esent fuel

Thus solar cookers have a very relevant rl)laci;;:::spﬁave been
consumption pattern. Various designs of solar ¢ Socclosed 3 e
seveloped in our country. The first solar cooker was de ot R
vear 1945 by Mr. M.K. Ghosh of Jamshedpur' a frgedom 15 coi:per
;iex'eloped a box type solar cooker with a reflecting mirror an da' ik
~0il inside, on which the food materials used to Pe place lncllg e
Mr. Ghosh also designed a parabolic reflector which was use 3 :
cometime as a boiler of Neera (palm juice). Later in 1953 NPL of Ind1a

developed a parabolic solar cooker. The main reasons for non-accep-
tance of these devices was the cheap availability of cooking fuel durmng
these days. The problem of harnessing and utilisation of solar energy
.rised after the fuel crisis of the 1970s, which also affected the rural

areas.
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Basically there are three desjgns of solar cooker :

() Flat plate box type solar cooker with or without reflector,
(27) Multi reflector Type solar oven and,

(212) Parabolic disc concentrator type solaf cookeﬁ
Q“lat plate box type design

| is the simplest of all th 1
Maximuym no load temperature w Bl

ith a single reflector
160°CJIn multi reflector oven four | or reaches upto

square or triangyl
r eﬂéctprs z.tre/ mounted on the oven body, They ?111 a: f?lr rectangular
/radlatlons into the cooking zone in whj etlect the solar

/ 1c q .
Temperature obtained is of the order of 200(‘:’(81{*11‘?1!% uten.sﬂs are placed.
T're can reach to 250°C, if th :

order of 450°C can be obSined i lar cookey!

centrated onto a focal poin
shown in Fig (5.11.1).
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ractically all t\»/ l‘n : e amier i and 2500.(1 b baking
and boj); - N pes of food ]'wn].mrnt.lmm like cooking, roasting .
" : .1 M& can be done within 25 to 75 minutes under clear s y
conditions Mt js réported by a villager using the solar oven that the Bati,
2 local Preparation, prepared (baked) in t.};ia oven was more tasty than

t] < ¢ s 3 .
nat I}}_«\(](—‘ W \‘h (\On\-(\nf“n“\l fn(\l ((]”“g— ("nl{e).

(Th" main raw materials required are plane aluminium sheets,
wooden plank, aluminium and M.S. angle iron, looking glass sheEftS,
castor wheels ete. Al] are available indigenously. The cost of production
of this solar oven is about Rs. 600, The main advantage of this solar
oven is that its efficiency is high because its performance is not af’fec'fed
by wind and there are no chances of dust falling in the cooking pot which
.is & problem in the arid zone of India)Moreover, the food remains warm 4
if kept inside the oven for hours togéther even after sunset.

From the research work and experiment and testing of the

various types of the cookers, it has come to the conclusion that a b.ox
type cooker with a single reflector is the cheapest and most effective

solar cooker for rural areas. (/? :

5.12. Solar Gree es

Introduction{A green house is a growth chamber which offers
the possibilities of yearround plant production. These are effective solar
collectors.)These can also be geared to the needs of the rural, urban and
suburban populations{ A green house attached to a residence creates a
pleasant improvement in the physical and mental environment of its
occupants Jdesigned in a truly passive solar collection manner with a
well-applied heat store, this type of solar collector (or power house) may
also provide much of the required winter heatcgcalar green houses are
relatively easy to build with simple technology and low cost materials.

During the winter, in the northern hemisphere, the earth i3
slightly near to the sun and atmospheric interference is generally less
than during the summer ; 1t is therefore, often feasible to obtain
adequate solar energy to sustain plant growth throughout the day and
night. Unfortunately, the average green house is so designed that it
loses most of the heat it gains to avoid overheating during the day,
leaving no spare heat for night time use/A solar green house optimises
the received sunlight and heat while reducing heat losses to a practica]
minimum with the object of providing stéfed heat for use over night

time and on cloudy days.

( Green houses provide crop cultivation under controlled environ.-

‘me 9 \ green house is a structure covered with transparent materia]

o th ~- ut.lllZe solar radiant energy to grow plants and may haye he ating,
@- and ventilating equipments for temperature control.
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Houses

os of GL2°= tions of green houses include the following :
= . vJassiiica A=
Some b1 oad ¢ 7 o e ] .
) .0. which may be oined onto almost an
Q) Attached green hotuse, which ) J , y
suitab uilding structure.

(i) Porch type green houses which may be designed as the

entrance to a house, fggtor_y or office. ’ .
(i) Free standing green houses, which may be sxtli:ate/don any
~onvenient patch or piece of waste gx:ound. |
(iv) Pit type green houses, which are usually employed o_n»dlffer-
ing level or sloping land scapes, and for the purpose of & heat retention.
) Cold frame type of green houses which are simply hot-beds

or plant facing frames equipped with a sloping roof.
Each of the foregoing types of green house tan be designed In a
passive solar manner, making it an efficient solar collector and heat

storage

The free standing and pit type.éf green houses are not directly
attached to any other building for green house ; on the other hand, they
are separate structures sitting all by themselves. These two types have
insulated walls on the north east and west sides\The walls are suitably
designed to permit maximum reflection of the incoming radiation onto
the Plant can@r Enough storage facilities are provided to meet the
lz;egulremepts The pit type, however differs from the free standing type
5 E;nfi ;ijiztl;lgrgz%%g. ﬁﬁ?a}i the advantage of being in contgct with s
nothave aseparate stxl'i.:cZLf : edd'eep gamth gt ereen ho.use w}.uch stuss
as e e re and is a.pgrt of.a ouse. This type is known

4 yne-As a matter of fact, it 13311111;{3 cheaper to build a green
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' Hence attention: -
i '+ is to be used for heating purposes.
S the incoming heat from the sun. So.

£
is to be given to catch enough oz g
¢ uzh side is usually made of glass, sometunes‘ doubly glazed and
Eietr = “horthwall is painted white. Use of movableg

- : vl " nort
interior surface of the north et i g )
insulation to prevent unwanted haat 16ss, provision for storage facilities.

to account for the demand during sundown hours are some of the
important features. Windows are provided in east and west walls for
ventilation.

Summer green houses!are constructed in those countries where
the outside ambient temperature is very high compared to the plant
growth temperature. Typically summer climate is characterised by high
ambient temperature, clear sky and high humidity. So one has to design 7
the green house such that inside temperature may not reach very high. f
Usually this type of green house has two sets of windows placed in the
south as well as north wall. These 'windows can be used to cool the green -
house by free convection. Another way is to duct the windows, in the
south wall through which air is blown after it has evaporatively cooled
by passing through evaporative pads.)Also south wall is covered by
removable insulation, whereas the required radiation can be admitted

th.rough east and west walls. The interior of north wallis usu ally coated
with reflecting paint.

Some of the common shapes of :
i green hous
Fig. (5.12.2) and (5.12.3). es are shown in

=

(@) Gable Green house

/L o

(6) Cireulay Green house

(¢) Gothic Arely ‘Green house,

. 9] S 3 cominon
Elg. 5.1,(...2. D OINE 5h&pga of
Sreen houseg

/—-—-"""""‘""" s )



Fig. 5.12.3. Schematic Diagram of Pipe Framed Green House.
. Many innovative ideas have been incorpoted into the
_house designs. Both passive and active methods separately or 1
bination are made use of for meeting the energy needs of green h
L. One such is soil bed heating from the solar energy. Network o
& are laid in the soil beds and through these hot water can be circ

. _ for soil heating.
Parameters for Plant Grth.Qn general, varilous
meters affect the plant growth, their discussions will help i the
- analysis of the green house construction.
() Light. It is essentially required in plant growth. At inte
~ of about 16500 lux, a good plant growth h&s been observed. Ho
plants grow quite well at intensities of 27500 lux (only a quarte
sunlight). Plants are found to use only radiant energy in the visi
near visible portion of the spectrum.

(i) Temperature. In plant grow, temperature is a do
environmental factor. There is a different optimum temperat
each stage of plant development. This optimum value is relatedt
4 environmental factors. In controlled environments, however pla
- grown at temperature between 10 and 25°C.

E (iii)) Soil temperature. For most plants, the so:! temper

20 to 25°C has been reported to be optimum. This temperatur
mines the ability of a plant to absorb water from the coil since {
tgmperatures are widely reported as deterimental in voung pk
high soil temperatures are recommended for rooting plants or 2
ing seeds.

(1v) Ai? movement. It influences transpiration, evapo’
water from soil, availability of carbon dioxide etc. This causes alt
of leaf "-’lze;‘ﬂ}t'ernode length and other aspects of plant g-l‘owth' r
growth facilities, at speed of 0.8 to 2 cm/s, optimumn growth ha
reported. ’ |

(v) Humidity. It affects plant growth significantly whil
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well as high values may cause the plant to be more Susifill
resu

diseases 4ue to pathagenic organisms, high humidity




he low humidities cause Increase In evaporation rate and so
ver is yeqmred. In many plant growth facilities humidities

more Wa : \ : : .
and 65 percent at 21°C to 25°C is maintained.

between 55
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principles
()ﬂentatiou@f an ai;tzxcl}ed green house is built on to a south
facing wall in the nor hex:x: %mlmlsphere at l’atitudes greater than that
of.the tropic of cancer (23° 28 N——-—the.sun s most northerly overheat
pos.ition).- it will receive mosf; of the available sunlight than heat which
would fall on 8 free standing unobstructed green house.) The most
valuable direct beam radiation component would always emanate from
{he south and only half of the much less valuable sky dome’s diffuse
~adiation component would be lost. The residence would gain a thermal
barrier and protection from northerly winds( If the south facing wall
were then painfed white, it would reflect sunlight to a growing area at
the rear of tae green house, enabling certain cropsto be produced earlier
than with a free standing green houses ; if the south facing wall were
painted black, it would instantaneously absorb more radiation and
reflect les:?acting as a heat store which could then slowly give up its
<tored heat to the green house). Growers involve in the cultivation of
fruit or root crop, might well paint the south-facing wall white to
maximise the light availability ; with greens or foliage plants, this may
not be considered to be as important as the provision for heat storage.

Qhe shape of a truly passive solar green house is almost self
determining, but will vary according to location and weather condition;}
A useful theoretical rule of thumb which eliminates the calculation of
the numerous variables is simply to add only 20° to the location latitude
to determine the desired roof slope. For example, at 30°N, the roof angle
to the ground should be 50°. If there is a predominate of clear sunny
days during the winter, then no adjustment 1s theoretically necessary,
but there is a predominance of cloudy winter days, the angle should be
a little less steep to take advantage of the sky dome’s diffuse radiation
component. Beacause very steep roof angles lead to high and difficult
struc.tures, for practical purposes, it is better to add only 10° to the
‘location or where there are severe structural constraints, merely to

ensure that the roof slope is not less than the given location latitude.
To evaluate site obstructions, the sunlight availability protractors are

usec'l (t!u'ase are the standard curves from which ovaluation of the
availability of sunshine is made). ' ' |

Like any other solar collector, the solar green house should,.bg;’:é"

‘;l;linted in a southerly direction, but deviation from true south may be
é’:i’:i e ;gan’erally tolerated and for plant growth may even be desirabl
! cﬂmafs}"ms for solar green houses are generally steeper than th

i
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Applications of Solar Iinergy 15

roof slopes of dwelling houses, deviation from tl.le true south can be as
much as 20° ; deviation upto 45° will result in not more than 20%

decrease in the daily radiation total.
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rall
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lier
s KNEE .WALL
and (INSULATED)
> its
n of l k :
By ANGLE OF THE REAR WALL GLASS ROOF ANGLE
: o =50 -
may =LAT1TUDE+Zg
=(30+20=50°)
age.
self ‘Eig. 5.12.4. Solar—Green house—Optimised slope for orientation 30 N.
ions : There is a good argument for oyientation in a south-easterly
on of ~ direction which would allow the greernrhouse to benefit more from the
itude early morning sun, especially immediately after a long cold winter night
angle and where the location experiencé clear morning.)So many weather
unny factors and the varying nature 4f crops can infldence the siting of a
Ssary ‘green house that itis essential for the user to study closely local weather
uld be ‘patterns and meteorogical data to provide maximum protection from
iation revailing winds ; he should ascertain weather scattered or diffuse
fficult adiation makes up a large part of the total available radiation, whether
to the it is better to employ insulated opaque northerly corner walling to
rely to - " improve day lighting and whether the southerly corner can then he
titude.  glazed to maximise the collection of winter solar radiation.

End walls. The south-east or south-west end walls should
almost always be glazed. Glazed east-west end walls can allow light
from the south glazing to pass straight through and thus there is an

Site. The designing begins with choosing of a suitable site for its
It is necessary to understand how the sun travels through the

e .
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sky af that place. When combined with local whether data, the sun p_a.th
study will give when and where the sun can be looked for heat gain.

This will also help in deciding the requirment of heat storage, insulation
and shading facilities. . ~

Glazing. Two or more layer of glazing are required in cold

climate. If however movable insulation is used at night, one layer of

glazing can be used. Glass has been the most widely used material,
though fibre glass, poly

ethylene, acrylics or polycarbonates are also
used.

Yentilation. Adequate ventilation is a most for the successful
operation of a green house. Ins

: ide air changes per hour and more may
be required under some conditio

R 1c of green hoy. ; ;
B Tie. (5.12.1). % e EONEDDment intaraatian to Ls .



