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Abstract
Solar devices are suitable for areas having higher solar radiation with more than 
300 days of sunny days. The solar energy has several applications in agriculture, 
rural development and cottage industries. Solar pumping can be useful in irriga-
tion and solar PV (photovoltaic) sprayer and duster in plant protection in addition 
to power generation. Solar dryers can dry fruits and vegetables efficiently and 
effectively, and animal feed solar cooker can boil animal feed for milch animals 
which will result in increased milk production. Solar PV winnower can separate 
grains from straw. In addition, solar devices can melt wax for making candles. 
Solar still can make distilled water. These activities will increase farm income 
and reduce losses. Overall, the scope of different solar energy sources is enor-
mous especially in villages for the benefit of farmers.
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11.1  Introduction

The progress of any region is reflected in its quantum of energy consumption. With 
a view to keeping pace with development, we have to grow our energy resources by 
at least 6%. There is already shortage of electricity, reflected in power cuts notwith-
standing enhancement of electricity production of several folds in the country. The 
problem is more severe in context with villages in the country where some 70% of 
population live and have agriculture as the main occupation. Although few villages 
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are yet to be electrified, the availability of regular supply in far off places has been 
a problem and the farmers are unable to derive benefits of electricity. The fast 
depleting kerosene is used for running agricultural machinery including pumps. In 
addition, people burn firewood and dung cakes for cooking which damages the eco-
system. The burning of cow dung deprives farmers of the use of potential source of 
organic manure. Further, owing to reduced energy resources, farmers are unable to 
process the agricultural products to enable them to accrue more benefits. In rural 
economy, energy is basically needed for cooking food, heating of water and lighting 
of houses at the domestic front, while in agricultural sector, energy is required for 
field operations, pumping water, spraying of insecticides, post-harvest activities and 
running of agro and cottage industries. The situation is still worse in arid zone where 
biomass is scarce and no hydroelectricity is available. In addition, farmers are 
unable to earn money due to lack of energy resources to run appropriate devices in 
cottage industries. The arid and semi-arid region of the country receive much higher 
radiation as compared to rest of the country with 6.0 kWhm−2 day−1 mean annual 
daily solar radiation received at Jodhpur having 8.9 average sunshine hours a day. 
Further, it was estimated that solar energy of 1% of land area, wind power of 5% of 
land area and biogas (80% collection efficiency) can provide 1504 kWh year−1 
energy per capita in arid region, while the average per capita total energy consump-
tion of India is 1122 kWh year−1. In this context, renewable sources of energy like 
solar energy, wind power and biogas need to be harnessed for the sustainable devel-
opment in general and catering the farmer requirements in particular.

11.2  Solar PV-Operated Water-Lifting/Pumping System

Water is required for irrigation. The demand for irrigation is increasing day by day. 
Even in rainfed area, life-saving irrigation is a must. Pressurized irrigation systems, 
e.g. drippers, sprinklers, etc., are of great importance in ‘crop per drop’ mission; 
however, ensured power supply is essential to operate these systems. PV pumping 
solar systems may be quite helpful in running pressurized irrigation system. 
Specifically, solar pumps may be useful as water-lifting devices in irrigation canals 
and also to evenly distribute water in command areas and thus will reduce the wast-
age of water. At present, about 16 million electric pumps and 7 million diesel pumps 
are in operations in India for irrigation purpose; however, they are highly energy 
intensive and therefore if replaced with solar pumps may greatly contribute to coun-
try’s energy security. Till December 2018, 1.96 lakhs pumps were installed in India, 
mostly of 2 or 3 HP pumping system, which has been recently appended with 5 HP 
pumping system. These solar pumps have the capacity to withdraw water from 75 m 
depth and therefore may be beneficial in region where groundwater is not deeper 
than it. Moreover, solar pumps are directly operated by solar irradiance, and there-
fore diurnal and seasonal variations of it play a key role in implementation of solar 
PV pumps in a place. Solar photovoltaic (PV) pumps are quite useful for irrigating 
the crops using solar energy. Solar PV pumps can be best used with pressurized 
irrigation system, e.g. drippers, sprinkler, etc. Small-sized solar PV pumps of 1 HP 
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capacity are suitable to irrigate crops from surface water reservoir in greenhouses, 
poly houses and shade net houses for high-value vegetable production. It has been 
observed in field that 1 HP capacity solar pumps with 3–4 m suction head generates 
a pressure of about 2–2.5 kg cm−2 which can operate 9 mini-sprinklers, 50 micro- 
sprinklers and drippers. Pressure-discharge relationship of 1 HP solar pump showed 
a discharge of 45–50 litres per minute when connected to 9 mini-sprinklers 
(Fig. 11.1). Solar PV pumping systems have been viewed as viable option for future 
energy-secured agriculture. Apart from solar PV, pumping system has low life cycle 
cost, reduces CO2 emission by 1350 kg CO2 year−1 m−2 panel area and increases 
crop yield and can also generate electricity when not in use (Santra et al. 2017). 
Solar PV pumping system may be used in far remote locations, where electric grids 
are not available. Considering low LCC and above said benefits, solar PV pumping 
system will obviously be considered as the first choice by farmers to irrigate crops.

11.3  Solar PV-Operated Equipment for Plant Protection

Three solar PV-operated equipment are very useful for uniform spraying, and dust-
ing of plant protection chemicals is very important for effective control of pest and 
diseases. Solar PV sprayer is used for spraying of agricultural chemicals in agricul-
tural field. To provide energy to DC pump (60 W) of the PV sprayer, 120 Wp capac-
ity (60 Wp × 2 Nos) solar PV modules are connected so that the produced energy 
may be directly used by DC motor. To provide continuous supply of power to the 
system and other uses, a provision of battery bank (two batteries 12 V, 7 Ah each) is 
made. Performance of the solar PV sprayer showed an application rate of 84 litre h−1 
and coverage of 0.21 ha h−1. The application rate varied as per the availability of 
solar irradiation, e.g. during 10:00 am to 11:00 am in a clear winter day at Jodhpur, 
the application rate was 82.2 litre h−1, whereas during 12:00–1:00 pm, it was 90.2 
litre h−1. The capacity of the tank used in the sprayer was 30 litre, and with one fill-
ing, the sprayer can cover an area of about 25 m × 25 m (Fig. 11.2). The approxi-
mate cost of the solar PV sprayer is INR 25,000/-.

Fig. 11.1 Solar PV pumping system: (a) 1 HP AC pump and (b) 1 HP DC pump. (Source: CAZRI 
Annual Report 2013–14, pp. 89–90)
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Solar PV duster is used for application of dust formulation pesticides, e.g. sul-
phur dust, malathion powder, etc. It essentially comprises a PV module (7.5 Wp), a 
metal carrier, storage battery (12 V, 7 Ah) and especially designed compatible dust-
ing unit. The PV module is carried over the head with the help of a light metal car-
rier made of aluminium sheet, which provides shade to the worker and simultaneously 
charges the battery to run the duster (Pande 1998). The battery is stacked in a 
bracket, which is fixed in situ to the panel carrier. The field capacity of the device is 
about 0.075 ha h−1. The unit has also the additional facility for lighting purpose dur-
ing night time (Fig. 11.3). Approximate cost of this device is about INR 9000/− 
(Poonia et al. 2018a, b).

11.4  Solar Dryer for Drying Agricultural Produces

Non-availability of adequate irrigation water and harsh climatic condition, gener-
ally prevailing in Thar desert of India, force the farmer not to grow fruits and veg-
etables on large scale. As a result, the community in the region largely depends on 
tree-/bush-based non-conventional and locally available fruits and vegetables, viz. 
“Kumtia” (Acacia senegal), “Sangri” (Prosopis cineraria), “Gunda” (Cordia myxa), 
“Pilu” (Salvadora oleoides), “ker fruits” (Capparis decidua), etc. These products 
are either consumed as fresh with little primary processing and/or after drying. The 
vegetable “punchkuta” is prepared using these above tree-/bush-based dried vegeta-
bles and is one of the well-known preparations generally served in star hotels and on 
certain specific occasions in the region. In last one decade or so, a drastic change has 

Fig. 11.2 Solar PV sprayer. (Source: CAZRI Annual Report 2016–17, pp. 98–100)
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occurred with respect to increased consumption of conventional vegetables in the 
area. This has happened due to the import of these conventional vegetables from 
other states to the state of Rajasthan, particularly western part. Due to this change 
and local market demand, the farmers of the region have started cultivation of veg-
etables with their limited irrigation water resources. However, the community in the 
region still has a choice to consume dry fruits and vegetables. The supply of these 
items from neighbouring states as well as local production causes seasonal glut in 
the market. Fruits and vegetables, if dried, can be stored for a longer duration after 
drying, and it enables farmers to accrue higher benefits by selling the dried material 
in off-season. Arid zones have low humidity and high irradiance, and this makes the 
region most appropriate to use solar energy for drying fruits and vegetables. Solar 
dryer is a convenient device to dehydrate fruit, vegetables and industrial chemicals 
faster and efficiently with elimination of problems associated with open courtyard 
drying like dust contamination, insect infestation and spoilage due to rains (Nahar 
2009). Among solar dryers like forced, natural, tilted and domestic type, CAZRI- 
designed solar dryers, a low-cost tilted type solar dryer, costing about INR 9000 per 
m2, have been extensively tested for drying onion, okra, carrot, garlic, tomato, chil-
lies, ber, date, spinach, coriander, salt-coated amla, etc. (Fig.  11.4) (Thanvi and 
Pande, 1990). The powdered products from some of these solar-dried materials have 
been tested for instant use. Local entrepreneurs have adopted such inclined solar 
dryers of variable capacities (10–100  kg). One can save about 290–300kWh/m2 
equivalent energy annually by the use of such dryers, and farmers can accrue higher 
benefits from solar-dried products (Poonia et al. 2017a, b and 2018a, b). The use of 
the dryer would result in the reduction of the release of 1127 kg of CO2 savings/
year. Solar-dried vegetables will be more acceptable in the world market and farm-
ers will get more income.

Fig. 11.3 Solar PV duster. (Source: Pande 1998)
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11.5  PV Winnower-Cum-Solar Dryer for Winnowing 
and Drying of Food Produces

Winnowing and drying are two important post-harvest applications, which require 
attention. The villagers face difficulty in cleaning the threshed material if there is 
lull in natural winds, generally used for this purpose. Generally, in rural areas, small 
farm holders thresh the material and then carry out the winnowing by pouring down 
the threshed material, which is kept on the locally available tray at a height with 
stretched hands. When the tray is shaken, the material falls down, and if there is 
natural wind, it blows away the lighter particles and grain falls down. In the absence 
of natural winds, the farmers are handicapped, and as electrical supply is intermit-
tent, they have to wait for the wind. The PV winnower-cum-dryer has been used for 
winnowing threshed materials in the absence of erratic and unreliable natural winds 
and also for dehydrating fruits and vegetables more effectively and efficiently 
(Fig. 11.5) (Pande et al. 2008). About 35–50 kg grain could be separated within 
1–1.5  h from threshed materials of pearl millet, mustard grain and cluster bean 
(Fig. 11.6) (Pande 2003). The same fan of winnower is used in a dryer to use the 
system for dehydrating fruits and vegetables under forced circulation of air. A solar 
PV dryer dries 40–50 kg of fruits and vegetables, viz. water melon flakes, kachara 
(local cucumber) slices, grated carrot, mint, spinach, onion, mushroom, ber, corian-
der leaves, chilies, etc., and these could be dehydrated in less than half of the time 
required in open sun drying while retaining its colour and aroma (Pande 2006). 
Thus, it becomes more useful for domestic lighting and for agricultural purposes 
such as winnowing and cleaning of grains and dehydrating fruits and vegetables 
enabling farmer to get more benefits from the same system.

Fig. 11.4 Solar dryer. 
(Source: Thanvi and Pande 
1990)
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11.6  Animal Feed Solar Cooker for Milch Animals

In the arid region of Rajasthan, animal husbandry contributes a major portion of the 
income of rural people. Livestock provides a range of benefits to rural people, e.g. 
provides nutritious milk for domestic use, helps in income generation through sale 
of milk in  local markets, provides manures to maintain soil fertility, etc. Thus, it 
plays a major role in generating employment and reducing poverty in rural areas. 
Apart from it, livestocks are commonly used for draft power in farm operations. 

Fig. 11.5 PV winnower-cum-solar dryer. (Source: Pande 2006)

Fig. 11.6 Winnowing of cluster bean (Guar). (Source: Pande 2003)
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However, these benefits can be availed if digestive and nutritive feeds are given to 
these livestock animals. Boiling the animal feed helps in improvement of digestive 
and nutritional quality of the feed which in turn improves both the milk quality and 
quantity. Therefore, rural people in arid western Rajasthan generally boil the animal 
feed daily before giving it to livestocks. Firewood, cow dung cake and agricultural 
wastes are commonly used for boiling purpose. This traditional practice does not 
ensure the quality feed because it requires slow cooking. Solar cooking is the most 
suitable option to prepare the animal feed. Moreover, drudgery involved in conven-
tional boiling process can also be avoided in solar cooking, and it also saves fuel 
wood. Therefore, a low-cost high-capacity solar cooker has been designed for boil-
ing of animal feed using solar energy (Nahar 1994). The animal feed solar cooker 
was fabricated using locally available materials, e.g. clay, pearl millet husk and 
animal dung (Fig. 11.7). About 10 kg of animal feed can be boiled in a single animal 
feed solar cooker per day. The performance of the animal feed solar cooker can be 
improved by providing an additional reflector during extreme cold days. Crushed 
barley (Jau Ghat), guar korma and gram churi with water can be successfully boiled 
using the animal feed solar cooker between 9:00 AM and 3:00 PM. Animal feeds, 
viz. cotton seed and khal, have also been successfully boiled by farmers using the 
animal feed solar cooker. The solar cooker saves time of farm women and 1059 kg 
of fuel wood is saved per year which is equivalent to 3611 MJ of energy (Nahar 
et al. 1996). It is easy to fabricate at village level at a cost of about Rs. 9000 per 
piece for carpenter who will get job for the fabrication of glass frame which is also 
very simple. Conservation of firewood helps in preserving the ecosystem, and ani-
mal dung cake could be used as fertilizer, which will enhance agricultural produc-
tivity. This will reduce CO2 emission and reduce drudgery. Moreover, solar cooker 
will reduce 1442.64 kg of CO2/year and increase farming income if used on regular 
basis.

Fig. 11.7 Solar cooker for 
animal feed with reflector. 
(Source: Nahar 1994)
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11.6.1  Thermal Performance and Testing of Solar Cooker 
for Animal Feed

The thermal performance of animal feed solar cooker has been carried out accord-
ing to the Bureau of Indian Standards (BIS) and American Society of Agricultural 
Engineers Standard (ASAE). Its first figure of merit (F1), second figure of merit (F2) 
and standardized cooking power (Ps) were found as 0.089  m2  °C /W, 0.288 and 
27.40 W, which indicate that the developed cooker falls under category “B”, as per 
standard (F1 > 0.12, class A cooker, and F1 < 0.12, class B cooker) (Poonia et al. 
2017a, b). The thermal efficiency of the animal feed solar cooker was 26.4%. The 
maximum stagnation temperature recorded was 112  °C.  It can boil about 10  kg 
animal feed per day and has the potential of saving about 1000 kg fuel wood annu-
ally. The cost of animal feed cooker is Rs. 9500/− without reflector and Rs. 12,500/− 
with reflector. The present animal feed solar cooker has shown the best performance 
and highest efficiency for the maximum load. This cooker would save about 1000 kg 
of fuel wood annually and provide boiled feed to milch animals. It has been found 
very suitable as it leads to drudgery reduction involved in traditional cooking using 
firewood.

11.7  Solar Wax Melter for Making Candles

The solar candle device is based on the principle of flat plate solar collector and 
greenhouse effect. The solar radiation falls on the transparent glass sheet and enters 
the collector and gets converted into long-wave thermal radiations, which is not 
transparent to glass surface, and thus these get trapped inside and increase the inside 
temperature to a great extent. However, the tilt of the wax melter has to be set 
according to the seasonal variation of tilt angle, which is given as,

 
Declinationangle = +( ) 23 45 360 284 365. /n  

where n = number of days of the year, January 1, being the first day of the year.

 Tilt angle latitude declinationangle.= ±  

The tilt remains equal to latitude (26.18 degree for Jodhpur) on March 21 and 
September 23. The average tilt angle for 12 months is given in Table 11.1.

The conventional methods of preparing candles from wax are unhygienic, need 
attendance during wax melting process and also suffer from many other drawbacks. 
The solar method is quite safe and convenient and obviates any type of care or atten-
dance during intermediate melting process of raw materials. Operation and mainte-
nance of the solar candle device is easy. The working of the device for production 
of candle is simple. It needs no extra space and can be operated in the house itself 
or in the field. One-time attention is sufficient for daily production of candles/wax 
lamps by solar candle device. The paraffin wax is loaded once a day in the solar 
machine and then the machine is left intact. The melting process takes place in the 
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solar machine during the day and the melted material is collected from it for candles 
or wax lamps production in the evening. The time period of 2–3 h in the evening is 
sufficient for the candle production. The candle production from a small unit of 
solar machine is 10–16 kg day−1 during summer season and 6–9 kg day−1 during 
winter season (Fig. 11.8) (Chaurasia et al. 1983; Chaurasia 1991).

The dimensions of the wax melter are as given below:

Absorbing area – 0.5 m2.
Loading capacity – 18 kg wax.
Total dimensions – 106 × 75 × 20 cm.
The cost of the wax melter including mould comes to about INR 12000/−.

Table 11.1 Average tilt 
angle for different months of 
the year

S. No
Day of 
month

Tilt 
angle

1 January 15 48.45
2 February15 39.80
3 March 16 28.60
4 April 15 16.77
5 May 15 7.39
6 June 14 2.87
7 July 14 4.66
8 August 13 10.85
9 September 

12
21.96

10 October 12 33.90
11 November 11 44.09
12 December 11 48.15

Fig. 11.8 Solar wax 
melting device (Source: 
Chaurasia, 1991)
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11.8  Solar Desalination Device

Water is a basic necessity of man along with food and air; the importance of supply-
ing hygienic potable/fresh water (less than 500 ppm of salt) can hardly be over-
stressed. Large number of people in many countries are lacking fresh drinking water 
(WHO 2013). As far as drinking water is concerned, it is scarcely available in west-
ern arid region of India and people depend on rain water collected from rooftop, 
which is too little to meet their drinking water demand. The impact of waterborne 
infectious diseases afflicting mankind can be drastically reduced if fresh hygienic 
water is provided for drinking. Generally, in summer season, villagers travel many 
miles in search of fresh water. It is observed that at least one or two family members 
are always busy in bringing fresh water from distant sources. The worst conditions 
are generated if the resources of water are not available and villagers are forced to 
take highly saline underground water containing nitrate and fluorides or contami-
nated with pathogenic microbes’ pond water (Arjunan et  al. 2009). Fortunately, 
India is blessed with abundant solar radiation. In arid part of Rajasthan, India, solar 
irradiations are available in abundance and almost 300 clear sky days are observed. 
Amount of solar irradiation received in the region is about 7600–8000 MJm−2 
per annum, whereas in semi-arid region it is about 7200–7600 MJm−2 per annum 
and in hilly areas it is about 6000 MJm−2 per annum (Pande et al. 2009).

Solar desalination devices made of cement-concrete, cement hollow block, 
vermiculite- cement, brick and stone masonry and plastered with cement have been 
designed, developed and constructed. These are basin-type solar stills made of dif-
ferent types of building/construction materials. The condensing cover of 3.5 mm 
thickness is made of plane glass which has been placed over the basin of solar still. 
The inclination of condensing cover for solar still is 20° from the horizontal. The 
absorber area of each device is 4.2 m2. The bottom surface of the still was painted 
with epoxy enamel black to have high absorptivity of solar radiation and resistance 
to salt and heat. The longer dimension of the device is in the east west direction so 
as to collect more solar radiation. The output from the solar desalination unit is col-
lected into two distillate channels provided at lower side and is taken out through a 
pipe into a cylinder (Fig. 11.9). These devices provide distillate output of about 2 
lpd m−2 with 28–30% efficiency. The solar desalination device can provide 20 litres 
of potable water (180 ppm TDS) by mixing solar water with desalinated water (5 
TDS). The solar desalination unit will overcome the problem of corrosion associ-
ated with metallic solar still. In addition, there is a wide-scale adoption of distilled 
water in dispensaries, laboratories, batteries, etc. It will provide potable water in 
area with saline groundwater (Singh et al. 2019).

11.9  Passive Cool Chamber for Safe Storage of Perishables

In India, the deterioration of the quality of fruits and vegetables starts immediately 
after harvest due to lack of farm storage. India is the second largest producer of 
fruits and vegetables in the world after Brazil and China. Total production of fruits 
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and vegetables in India is about 256.10 million tonnes of which 86.60 million tonnes 
and 169.50 million tonnes are fruits and vegetables, respectively. Storage of fresh 
horticultural produce after harvest is one of the most pressing problems of tropical 
countries like India. Due to high moisture content, fruits and vegetables have very 
short life and are liable to spoil. Moreover, transpiration, respiration and ripening 
processes are continued in fruits and vegetables even after harvest. Thus, the dete-
rioration rate increases due to ripening, senescence and unfavourable environmental 
factors. Hence, preserving fruits and vegetables in their fresh form is required to 
restrict chemical, biochemical and physiological changes to a minimum level and 
may be achieved through controlling temperature and humidity (Basediya et  al. 
2013). Due to highly perishable nature, about 20–30% of total fruit production and 
30–35% of total vegetable production in India are wasted during various steps of the 
post-harvest chain (Arya et al. 2009; Kitinoja et al. 2010; Basediya et al. 2013), and 
the monetary losses are about Rs 2 lakh crore per annum in India (ASSOCHAM 
2017).

In arid region of Rajasthan, the weather conditions, even in normal years, for 
most part of the year, remain too dry and inhospitable for human and livestock. 
Prevailing low humidity and high temperature regulates physiological activities of 
fresh vegetables that affects their physio-chemical characteristics during the storage 
period. The high ambient temperature accelerates the process of dehydration in fruit 
and vegetable, which leads to reduction in its water content, decrease in shelf life 
and consequent spoilage in due course of time. Due to low humidity (13–33%) pre-
vailing in the arid region particularly in summer, the cooling effect based on evapo-
rative cooling principle becomes prominent and effective as it causes high 
evaporation and therefore results in more depression in temperature. Considering 
this, a low-cost, eco-friendly and energy-saving new storage system called “zero 
energy passive cool chamber (ZEPCC)” has been designed and developed at ICAR- 
CAZRI, Jodhpur (Chaurasia et al. 2005). This system is based on evaporative cool-
ing option for preservation and enhancing shelf life of fruits and vegetables without 

Fig. 11.9 Solar desalination devices made of vermiculite-cement material. (Source: CAZRI 
Annual Report 2013–14, pp. 87)
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using any active source of energy. The passive cool chamber is based on the prin-
ciple of evaporation. Evaporation is the process of changing liquid phase into gas-
eous phase at a temperature below its boiling point.

11.9.1  Design and Construction of Improved Zero Energy Passive 
Cool Chamber

The design of passive cool chamber has been improved by increasing the evaporat-
ing area, and it is installed in the solar energy yard of CAZRI, Jodhpur. It consists 
of a double-walled system having inner and outer chambers made of baked bricks 
as shown in schematic diagram (Fig. 11.10). In both the chambers bricks are stacked 
in vertical walls and have been joined together with cement-sand in the ratio of 1:10. 
The inner chamber is surrounded by outer chamber and coarse sand is filled between 
the two. The dimensions of both chambers are 1200 mm × 1200 mm (outer cham-
ber) and 800  mm  ×  800  mm (inner chamber). The heights of the chambers are 
730 mm (outer chamber) and 420 mm (inner chambers). The water is also filled 
between inner and outer chamber. The baked bricks of cool chambers are porous 
enough and water filled between the cool chamber’s seeps through it. The water 
seeping through walls of outer chamber evaporates and consequently reduces the 
temperature of the cool chamber. The holes have been bored in both chambers by 
using drilling machine. In the outer chamber, 40 holes (dia 1.5 cm, depth 40 cm) 
have been bored and the distances between these holes are 12 cm. In the inner cham-
ber, 28 holes have been bored (dia 1.5 cm, depth 20 cm) with a distance of 11.5 cm 

Fig. 11.10 Improved zero energy passive cool chamber for preservation of vegetables. (Source: 
Chaurasia et al. 2005)
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between the holes. These holes have increased the evaporating area of the cool 
chamber for fast cooling. Provisions have also been made for water evaporation 
from the bottom side of the cool chamber by providing suitable channels which 
further enhances temperature reduction and maintains high humidity in the cham-
ber. The water filled up in the annular side walls helps to maintain high humidity 
inside the inner chamber and reduces temperature. To cut off solar insolation, a 
slanting shed (3250 mm × 3000 mm) has been fabricated. The improved passive 
cool chamber was found to achieve maximum depression in temperature in 1 h 
compared to 2–3 h by old chamber. About 13–35 litres of water is required daily in 
the cool chamber to keep the walls wet depending upon the season and the climatic 
conditions of the day (10–25 litres of water in winter and 18–38 litres in summer). 
Kitchen or wastewater may also be used. About 2–3 litres of water is sprinkled on 
the cotton cloth provided on the top side of the lid of the cool chamber to conserve 
moisture that maintains high humidity inside the cooling area.

11.9.2  Performance of Zero Energy Passive Cool Chamber

The improved cool chamber is able to reduce the inside temperature by about 
12–14 °C during summer and 6–8 °C during winter and maintains humidity more 
than 90%, to preserve vegetables for short-term period. It can safely preserve veg-
etables for 7 days during winter and 4–5 days during summer. The design of passive 
cool chamber has been improved by holes bored in outer and inner chamber. These 
holes have increased the evaporating area of the cool chamber for fast cooling. 
Provisions have also been made for water evaporation and air circulation facility 
from its bottom giving better results for preservation of vegetables. It successfully 
prolongs shelf life of vegetables and reduces weight loss and shrinkage and retains 
freshness of vegetables compared to vegetables preserved inside the room for a 
short-term period. It can safely preserve vegetables for 7 days during winter and 
4–5 days during summer. The improved zero energy passive cool chamber has wide 
utility for on-farm storage (in remote areas), vegetable markets (away from cities), 
retailers (vegetables vendors) and in rural areas of arid region. The cool chambers 
can be easily fabricated by an unskilled person with locally available materials in 
remote areas/villages/rural homes as per requirement ranging from domestic use 
(20 kg) to commercial level (1000 kg) (Singh et al. 2017). The above device is very 
useful to the farmers as well as entrepreneurs for supplementing their income. They 
can install these devices for enhancing shelf-life of vegetables and preserve them 
during transit storage for further use or onward sale. The cool chamber is recom-
mended for preservation of vegetables for on-farm storage/vegetables markets for a 
period of 2–3 days. The vegetables stored in cool chamber, on commercial basis, for 
this duration remain as good as fresh and fetch good market value. For domestic 
purpose, the cool chamber, besides prolonging shelf life of vegetables, can also be 
used for preservation of left-over food materials including milk and its by-products. 
It can go a long way to prevent spoilage of vegetables due to lack of proper storage 
facilities besides saving electricity which otherwise is required for this purpose.
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11.10  Agri-voltaic System to Enhance Land Productivity 
and Income

Food and energy are two basic requirements for human civilization. Therefore, 
competition for land may arise in the future for agricultural use and PV-based elec-
tricity generation. There is possibility that solar PV-based electricity production will 
be preferred over agriculture because of higher efficiency of photovoltaic process 
(~15%) than photosynthetic process (~3%) specifically in those areas where solar 
irradiation is available in abundance; however, land productivity potential is low. 
However, food is the basic need for survival of human being. Therefore, it is thought 
of producing both simultaneously from a single land unit through agri-voltaic sys-
tem. Agri-voltaic system produces food and generates PV-based electric energy 
from a single land unit. Both the processes of photosynthesis for food production 
and photovoltaic for electricity generation require solar irradiation and land 
resources as basic requirement. Therefore, in agri-voltaic system, crops are culti-
vated in between PV arrays and below PV installations for simultaneous generation 
of food and energy (Santra et al. 2017, 2018).

11.10.1  Crop Production in Agri-voltaic System

Solar PV modules when installed in field, a space between two rows of PV array, 
need to be kept blank so as to avoid shades of one PV array on another. The inter-
space area is generally kept as 6 m between two PV arrays when two rows of PV 
modules are adjusted in an array and ground clearance of PV module is kept as 
0.5 m. Similar to this design criteria, the interspace area is of 3 m and 9 m width 
strip when the PV array is consisted of one row and three rows of PV module, 
respectively. Therefore, the interspace area between PV arrays is used for cultiva-
tion of crops. However, crops should be selected in such a way that it should not 
affect the PV generation by creating shade on PV module. Moreover, low water 
requirement and certain degree of shade tolerance of crops may be additional 
requirements while selecting the crops for agri-voltaic system. About 49% area of 
agri-voltaic system is available as interspace area for cultivation of crops. Apart 
from interspace area, the area below PV module can also be utilized to grow suitable 
crops.

In arid western Rajasthan and Gujarat, suitable crops for interspace area may be 
mung bean (Vigna radiata), moth bean (Vigna aconitifolia) and cluster bean 
(Cyamopsis tetragonoloba) during kharif season, whereas cumin (Cuminum cymi-
num), isabgol (Plantago ovata) and chick pea (Cicer arietinum) during rabi season. 
Apart from these arable crops, medicinal plants, e.g. gwarpatha (Aloe vera), 
sonamukhi (Cassia angustifolia) and shankhpuspi (Convolvulus pluricaulis), may be 
grown in interspace area. Examples of growing isabgol and aloe vera at interspace 
area of agri-voltaic system are shown in Figs. 11.11 and 11.12 (Santra et al. 2018).
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Fig. 11.11 Isabgol crop at interspace area of agri-voltaic system. (Source: CAZRI Annual Report 
2017–18, pp. 101–104)

Fig. 11.12 Aloe vera crop at interspace area of agri-voltaic system. (Source: CAZRI Annual 
Report 2017–18, pp. 101–104)
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Areas below PV modules may be used to grow vegetables and spices, e.g. onion, 
garlic, turmeric, cucurbitaceous crops, leafy vegetables, etc. Examples of growing 
onion and spinach below PV module are shown in Fig. 11.13.

11.10.2  Electricity Generation from Agri-voltaic System

The agri-voltaic system is capable of generating electricity from its PV component 
as a major output. The electricity generated from the system may be directly sup-
plied to local grid through net metering system. Otherwise, cluster of farmers can 
use the generated electricity for pumping irrigation water or to operate different 
post-harvest processing machines and equipment. The amount of PV generation 
depends on the available solar irradiation. At western Rajasthan and Gujarat, where 
available solar irradiation is about 5.5–6.0 kWh m−2 day−1, the average PV genera-
tion from agri-voltaic system is about 4–5 kWh kWp

−1 day−1. At other parts of the 
country, where solar irradiation is about 5–5.5 kWh m−2 day−1 and the number of 
cloudy days is about 100–150, average PV generation is about 3–3.5 kWh 
kWp

−1 day−1. An example of PV generation from a 50 kWp agri-voltaic system dur-
ing winter months at Jodhpur is presented in Fig. 11.14.

Fig. 11.13 Cultivation of spinach below PV module in agri-voltaic system. (Source: CAZRI 
Annual Report 2017–18, pp. 101–104)
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11.10.3  Rainwater Harvesting System in Agri-Voltaic System

For optimum PV generation, regular cleaning of deposited dust from PV module 
surface is essential and requires about 20–40 litre month−1 kW−1 of water. The rain-
water harvesting system from top surface of PV modules in agri-photovoltaic sys-
tem has the capability to provide water for cleaning purpose and to recycle it. Apart 
from cleaning, harvested rainwater may provide irrigation of about 40 mm during 
rabi season. Potential capacity of harvested rainwater from agri-voltaic system cov-
ering 1 ha area is about 3.75–4 lakh litre at Jodhpur.

11.11  Summary

The scope of solar thermal energy in agricultural production and processing sectors 
is tremendous. It can supplement conventional energy sources to a great extent to 
make the arid zone more self-dependent on energy. The use of renewable energy 
will not only curtail the consumption of fast depleting conventional fuels but also 
reduce greenhouse gas emissions. There is a great need of promoting the solar ther-
mal energy by disseminating these eco-friendly technologies for the sustainable 
development of society. It requires active participation of users/industrialist and 
researchers. The availability of clean and green energy source in rural areas would 
enable farmers to accrue higher monetary benefits through processing and agro- 
based industries to improve the livelihood of farmers and enhancing their standard 
of living. The agri-voltaic system has huge potential in farmers’ field of the country 
specifically in those areas where solar irradiation is available in plenty. Installation 
of such system will produce food as well as generate renewable-based electricity 

Fig. 11.14 Solar PV generation from 50 kWp agri-voltaic system at Jodhpur winter months. 
(Source: CAZRI Annual Report 2017–18, pp. 101–104)
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from a single land unit, whereas scarce rain water will be conserved and used effi-
ciently. The agri-voltaic system has capacity to increase farmers’ income in a fragile 
ecosystem. There is scope of improving the land equivalent ratio up to 1.42 by 
installation of agri-photovoltaic system. The solar PV and thermal devices will be 
very useful in increasing crop production, processed product and milk production in 
addition to supplementing conventional energy sources. These devices will ensure 
increased farmer’s income by carrying out integrated activities. Last but not the 
least these will reduce CO2 emission to a great extent.
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