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The sun is a huge source of solar energy. Workerutilization of such a huge, non-
polluting and everlasting energy source has beemedaout at CAZRI, Jodhpur for

various domestic, industrial and agricultural aggtions in order to supplement the
energy demand. This includes the development ot aflsolar thermal devices, such
as, solar dryer, non-tracking, animal feed solarkeo; solar PV dryer cum winnower,
PCM based hybrid PVT solar dryer and solar candiecg, etc. The details of some of
these devices are given in this article.

Introduction

The sun is an abundant source of solar energydgeeralue on horizontal surface 6 k\W/per
day), which is freely available. This huge sourEermergy is non-polluting and inexhaustible in
nature. It has the potential of supplementing theventional energy sources to a great extent.
There is acute shortage of conventional energycesumwhich affects the overall development.
Work on the utilization of such a huge, non-potigtiand everlasting energy source has been
carried out at CAZRI, Jodhpur for various domesticlustrial and agricultural applications in
order to supplement the energy demand. This insltide development of a lot of solar thermal
devices, such as, solar dryer, non-tracking, anifeatl solar cooker, solar PV dryer cum
winnower, PCM based hybrid PVT solar dryer and rsoémdle device etc. The details of some
of these devices are given as following:

1. Solar Cooker for Animal Feed

In the arid western Rajasthan, animal husbandryricoiies a major portion of the income of
rural people. Livestock provides a range of beadbtrural people e.g. provides nutritious milk
for domestic use, helps in income generation thmos@e of milk in local markets, provides
manures to maintain soil fertility etc. Thus, iaps a major role in generating employment and
reducing poverty in rural areas. Apart from itelstocks are commonly used for draft power in
farm operations. However, these benefits can biéeahid digestive and nutritive feeds are given
to these livestock animals. Boiling the animal fdeslps in improvement of digestive and
nutritional quality of the feed which in turn impes both the milk quality and quantity.
Therefore, rural people in arid western Rajasthanegally boil the animal feed daily before
giving it to livestocks. Firewood, cow dung cakelagricultural wastes are commonly used for
boiling purpose. This traditional practice does easure the quality feed because it requires
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slow cooking. Solar cooking is the most suitabléiapto prepare the animal feed. Moreover,
drudgery involved in conventional boiling process @lso be avoided in solar cooking and it
also saves fuel wood. Therefore, a low cost higlaciy suitable solar cooker has been designed
for boiling of animal feed using solar energy. Emmal feed solar cooker was fabricated using
locally available materials e.g. clay, pearl miletsk and animal dung (Fig. 1). About 10 kg of
animal feed can be boiled in a single animal feddrscooker per day. The performance of the
animal feed solar cooker can be improved by progdin additional reflector during extreme
cold days. Crushed barleylaQ Ghat), guar korma, and gram churi with water can be
successfully boiled using the animal feed solarkeodetween 9 AM and 3 PM. Animal feed
viz. cotton seed ankhal have also been successfully boiled by farmersgusie animal feed
solar cooker. The solar cooker saves time of faomen and 1059 kg of fuel wood is saved per
year which is equivalent to 3611 MJ of energysleasy to fabricate at village level at a cost of
about Rs. 9000 per piece with the help of a cagvesho will get job for the fabrication of glass
frame which is also very simple. Conservation miood helps in preserving the ecosystem and
animal dung cake could be used as fertiliser, windhenhance agricultural productivity. The
technology developed for the animal feed prepamatiot only reduces the greenhouse gas
emission but also helps in fuel conservation andigery reduction. Moreover, the use of the
solar cooker for animal feed would result in thdugtion of the release of 1442.64 kg of £O
savings/year. Meanwhile, money can also be savha;hwvill help to strengthen the financial

status of the marginal rural farmers, if used ayular basis.

= ——— S
Fig. 1: Animal Feed Solar Cooker
2. Non Tracking Solar Cooker

With fast growing population and rapid growth ofdustries, consumption of energy is
increasing enormously. If the rate of energy corgion continues to be the same as its present
rate, total energy resources of the world will bdaisted in next 50 to 100 years. Therefore,
there is need to harness alternate energy sourgesotar energy, wind energy, biofuels etc for
future energy security. Solar cooking has been gow be one of the simplest, viable and
attractive options for solar energy utilization aaldo found environmental friendly and cost
effective. Even the solar cooker is very useful tmmmon people in developing world
specifically because of its low drudgery. A majartpn of total available energy resource in
rural areas of developing world is utilized for &by and is mainly supplied by non-renewable
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energy sources e.g. fuel wood, agricultural waste; dung, kerosene etc. For example, 50% of
total energy consumption in India is used for cagkpurpose. Therefore, there is huge potential
to replace these non-renewable sources of energyofiking purpose by solar based cooking
devices. To eliminate tracking completely and megfuirement of about 10 people, a non-
tracking solar cooker (Fig. 2) has been designetl fahricated. This cooker can be used for
boiling rice, lentil, vegetables, roasting groungnpotato, cooking local food and feed for
animals. Length to width ratio of the cooker hasrbdesigned as 3:1 so that maximum amount
of radiation falls on the glass window any timeidgrthe day. It helped in eliminating the need
for azimuthal tracking of the cooker, which is vegsential for a simple hot box solar cooker.
By using the non-tracking solar cooker one can sshwaut 30-40% of fuel requirement. The
efficiency of the non-tracking solar cooker has rbdeund to be 29.5 %. The thermal
performance of the developed non-tracking solarkeoowas tested as per different test
procedures as standardized by American SocietygoicAltural Engineers (ASAE) and Bureau
of Indian Standards (BIS). The first figure of niegecond figure of merit and the standard
cooking power (P50) were found 0.120, 0.401 and@BV, respectively, which indicate that the
developed cooker falls under category “A”, as p@andard. The cooker saves 2587.5 MJ of
energy per year. The cost of the cooker is Rs. @00(.0 US$ = Rs.67.16). The payback period
of the solar cooker was calculated very low (1.58 8s compared to firewood, electricity,
charcoal, LPG and kerosene based cooking.

Fig. 2 Non Tracking Solar Cooker

3. Solar Candle Machine

The conventional methods of preparing candles fwax are unhygienic, need attendance
during wax melting process and also suffer from ynatner drawbacks. The solar method is
guite safe, convenient and obviates any type a¢ ocarattendance during intermediate melting
process of raw materials. Operation and maintenahtiee solar candle device (Fig. 3) is easy.
The working of the device for production of candlesimple. It needs no extra space and can be
operated in the house itself or in the field. @me attention is sufficient for daily productiof o
candles/wax lamps by solar candle device. The fuaraBx is loaded once a day in the solar
machine and then machine is left intact. The mglprnocess takes place in the solar machine
during the day and melted material is collectednfiio for candles or wax lamps production in
the evening. The time period of 2 to 3 hours in theening is sufficient for the candle
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production. The candle production from a small wiisolar machine is 10-16 kg daguring
summer season and 6-9 kg daluring winter season. The dimensions of the waxenaire as
given below:

Absorbing area - 0.5

Loading capacity - 18kg wax

Total dimensions - 16675x 20 cm

The cost of the wax melter including mould was ceiteeabout Rs. 12000/-

! |

Fig. 3: Solar Wax Melting Device

4. Solar Dryer

Non-availability of adequate irrigation water anar$h climatic condition, generally prevailing
in arid region, forces the farmer not to grow fsusind vegetables on large scale. As a result the
community in the region largely depend on tree/bbsised non-conventional and locally
available fruits and vegetables, viz., “Kumtiaichcia senegal), “Sangri” (Prosopis cineraria),
“Gunda” (Cordia myxa), “Pilu” (Salvadora oleoides), “ker fruits” (Capparis decidua), etc. These
products are either consumed as fresh with littlmary processing and/or after drying. In last
one decade or so a drastic change has occurredresgiect to increased consumption of
conventional vegetables in the area. This has mggpdue to the import of these conventional
vegetables from other states to the state of Regastparticularly western part. Due to this
change and local market demand the farmers ofetjiem have started cultivation of vegetables
with their limited irrigation water resources. Howee, the communities in the region still have a
choice to consume dry fruits and vegetables. Tipplgwof these items from neighbouring states
as well as local production causes seasonal ghiieimarket.

Fruit and vegetables, if dried, can be stored fdorayer duration after drying and it
enables farmers to accrue higher benefits by gellie dried material in off- season. Arid zones
have low humidity and high irradiance and this nsaltee region most appropriate to use solar
energy for drying fruit and vegetables. Solar drffég. 4) is a convenient device to dehydrate
fruit, vegetables and industrial chemicals fasted afficiently with elimination of problems
associated with open courtyard drying like dusttaomnation, insect infestation and spoilage
due to rains. Among solar dryers like forced, rafurlted and domestic type. CAZRI designed
solar dryers, a low cost tilted type solar dryepsting about Rs. 9000 per?mhas been

| Popular Kheti ISSN: 2321-0001 130




Popular

Poonia et al., 2018, Pop. Kheti, 6(3): 127-134 Article

extensively tested for drying onion, okra, carrgdylic, tomato, chillies, ber, date, spinach,
coriander, salt coated amla etc. The powdered ptedtom some of these solar dried materials
have been tested for instant use. Local entreprerf@ave adopted such inclined solar dryers of
variable capacities (10-100 kg). The efficiencytioé dryer was found to be 17.57 %. The
economic evaluation of the solar dryer revealed lingh value of IRR (84.4 per cent) and low
value of payback period (1.42 years) make the dupérvery cost efficient. One can save about
290 to 300kWh/mh equivalent energy by the use of such dryers amdeis can accrue higher
benefits from solar dried products. The use of dhger would result on the reduction of the
release of 1127 kg of CO2 savings/year. Solar dveggktables will be more acceptable in the
world market and farmers will get more income. Tdrgers are finding increasingly more
acceptability due to export potential of dried prot like garlic, onion, instant chatni etc. Based
on this design a solar dryer of 400 kg capacitylheeen installed in village Kankani and of 1000
kg capacity at village Keru v

Fig. 4: Inclined Solar Dryér

5. PV Winnower-Cum- Solar Dryer

Winnowing and drying are two important post-hanaggplications, which require attention. The
villagers find difficulty in cleaning the threshadaterial if there is lull in natural winds,
generally used for this purpose. Generally in raragas, small farm holders thresh the material
and then carry out the winnowing by pouring dowe threshed material, which is kept on the
locally available tray at a height with stretchehtls. When the tray is shaken, the material falls
down and if there is natural wind, it blows awag tlghter particles and grain falls down. In the
absence of natural winds, the farmers are handechppd as electrical supply is intermittent,
they have to wait for the wind. The PV winnower cuhyer (Fig. 5) have been used for
winnowing threshed materials in the absence otieraad unreliable natural winds and also for
dehydrating fruit and vegetables more effectiveaiy afficiently. About 35 to 50 kg grain could
be separated within 1 to 1.5 hours from threshetkmads of pearl millet, mustard grain and
cluster bean. The same fan of winnower is useddryer to use the system for dehydrating fruit
and vegetables under forced circulation of airafslar PV dryer 40-50 kg fruit and vegetables
viz. water melon flakes, kachara (local cucumber) sjigrated carrot, mint, spinach, onion,
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mushroom, ber, coriander leaves, chilies etc. cteldlehydrated in less than half of the time
required in open sun drying while retaining itsazoland aroma. Thus it become more useful for
domestic lighting and for agricultural purposestsas winnowing and cleaning (Fig. 6) of
grains and dehydrating fruit and vegetables engldanmer to get more benefits from the same
system.

Fig. 6: Thrashing by PV Winnower

6. Phase Change Material Based PVT Hybrid Solar Dryer

A phase change material (PCM) based photovoltaarial (PV/T) hybrid solar dryer (basal
area 1.06 1) which has combined production of electric eneagyl thermal energy from the
photovoltaic panel and flat plate collector. Thgedr(Fig. 7) consists of a collector unit, drying
chamber, DC fan, PV panel and PCM chamber for takrstorage. The PCMs used were
polyethylene glycol (PEG) 600 (melting temperatli®e23’C) during winter and polyethylene
glycol (PEG) 1000 (melting temperature 33:@) during summer season revealed sufficient
amount of heat storage in PCM materials during tia which further helps in drying of
agricultural produces during night time. Differagpes of arid produces were dehydrated viz.
ber, lasoda/gonda, tomato, spinach, carrot, kersandri in this dryer. The drying drying data of
ber was fitted to four mathematical models viz. gnson and Pabis, Newton, Logarithmic and
Page models to predict the behaviour of ber dryiige logarithmic model was found to be the
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most suitable for describing the thin layer dryibghavior of ber. The effective moisture
diffusivity was 3.3410" m%s and the efficiency of this dryer was found 16.7%e developed

hybrid PV/T drying system produces better qualitgducts in shorter time by the efficient use
of solar energy. The economic evaluation of theridyphotovoltaic thermal (PV/T) solar dryer
revealed that high value of IRR (54.5 per cent) kvd value of payback period (2.26 Years)
make the dryer unit is very cost efficient. The o$ehis hybrid PV/T dryer will prove to be a

boon for remote location/rural area with less t@d&aconventional energy sources. It will go a
long way in reducing post-harvest losses as wall@semission.

Fig. 7. PCM based PVT hybrid solar dryer
7. Solar Desalination Device
Solar desalination device (Fig. 8) is very muchfulse rural arid areas which are deprived of
potable water and only saline water is availablge @evice is very cost effective can provide 8
to 10 litres of distilled water per day on cleansy days. The solar still can be successfully used
for desalination of saline water in rural areas fimeeting requirement of potable water. The
distillate output of solar still can be mixed withe available saline water in appropriate
proportion to make it drinkable. In fact as muctR@ditres/day of potable water (150 ppm TDS)
can be made available in a day from raw water @oing; 300 ppm TDS by improved solar still.
The use of solar desalination device would helpdnservation of conventional fuels, such as
firewood, cow dung cake and agricultural wasteurakareas of India. Conservation of firewood
helps in preserving the ecosystems and cow dung caildld be used as fertilizer, which could
help increase the agricultural production. The eaan evaluation of the vermiculite-cement
type solar desalination device revealed that higlues of IRR (151 per cent) and low value of
payback period (0.65 Years) make the unit very effstient. The economic attributes of the
system revealed its economic viability. Moreovéme use of this device would result in the
reduction of the release of G@ the environment. The solar desalination unit @iercome the
problem of corrosion associated with metallic sadél. In addition, there is a wide scale
adoption of distilled water in dispensaries, lalonas, batteries etc.
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Fig. 8: Solar Desalination Devices M ade of Ver miculite-Cement Plastered Material
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~ Conclusion

~The scope of solar thermal energy in agriculturabdpction and processing sectors is
~tremendous. It can supplement conventional eneogycss to a great extent to make the arid
~zone more self-dependent on energy. The use ofvedsie energy will not only curtail the
~consumption of fast depleting conventional fueld biso reduce greenhouse gas emissions.
~There is a great need of promoting the solar theemargy by disseminating these eco-friendly
~technologies for the sustainable development ofedpoclt requires active participation of

- users/industrialist and researchers. The avaitghiff clean and green energy source in rural
~areas would enable farmers to accrue higher mgnémefits through processing and agro-
~ based industries to improve the livelihood of farsrend enhancing their standard of living.
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