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PREFACE
Energy plays a very significant role in our day-to-day activities. Energy is consumed
in the form of heat and electricity for cooking, cooling, heating, transportation, industries, etc.
The country, which has higher energy consumption per capita, is at a higher stage of social
and economic development. Effect of environment, economic, social and technical factors
has led to the rapid development of various system of renewable energy-based power
generation. Therefore, a need exists to educate masses on the advantage of renewable energy
technologies and their potential as clean source of energy in our path to development. This
Compendium “Renewable Energy for Sustainable Agriculture and Environmental
Protection” prepared by the organisers of the training programme which has been organised
from March 8-10, 2021 is a collective information on the various aspects of renewable energy
which are in the developing stage of adoption in India. The speakers have given their full
devotion to make the compendium a useful text book for the students of Agriculture and
allied faculties. We hope this book will be a helpful tool for teachers also. We are deeply
indebted to Honourable Vice-Chancellor Prof. R. P. Singh whose inspiration and motivation
has come out in the shape of a useful knowledge source. We are also thankful to the project
in charge of National Agricultural Higher Education Project for sponsoring this training and
financing for this compendium. Last but not the least we are thankful to Surana Industries for
timely printing of the compendium

Er. J. K. Gaur
Dr. Amita Sharma
Mr. Ramandeep Singh
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Biodiesel: The Sustainable Fuel for Future
Dr. Y. B. Mathur
Lecturer (Selection Grade)
Department of Mechanical Engineering,
Govt. Polytechnic College, Bikaner

1. Introduction
Energy is the most important component of human life and being an essential input
for every activity. With the ever-growing population, improvement in the living standard of
humanity, the industrialization of developing countries, the global energy demand is
expected to increase rather significantly in the near future. Energy plays an important role in
the growth and development of any economy, particularly for a developing country like
India, where per capita energy consumption is quite low albeit increasing. India’s per capita
consumption of energy was a mere 1208 kWh/year in 2019. With enhanced economic
activity (GDP and per capita income), the demand for commercial energy has been
increasing over a period of time in India. The domestic supply of crude oil will satisfy only
about 22% of the demand and the rest will have to be met from imported crude. With the
increase in the energy demands, the use of petroleum products increases tremendously in the
last few decades. The petroleum resources are finite and they are depleting at rapid rate.
India’s environment is constantly under the increasing pressure imposed by the rapid
urbanization coupled with the rapid growth in the population. Increasing population, leading
to an increase in the number of vehicles, and growth in the industrial and power sectors are
exerting tremendous pressure on the atmosphere. Major polluting industries and automobiles
emit tonnes of pollutants every day, thereby leading to the deterioration in air quality and
exposing citizens to great health risks.
To resolve both energy and environmental concerns, renewable energies with lower
environmental pollution impact need to be considered. There is urgent need to explore
environment friendly, cost effective, renewable energy sources. Nowadays several new and
renewable energies have been emphasized and biomass energy is one of the important
renewable energy sources among them. Biomass energy includes liquid biofuels derived from
biomass which are promising as alternative fuels with low environmental impact, and have
potential to partially replace petroleum-based fuels. Some of the well-known liquid biofuels
1

are ethanol for gasoline engines and vegetable oil and biodiesel for compression ignition
engines.
Because of the increase in crude oil prices, limited resources of fossil fuels and the
environmental concern, there has been renewed focus on vegetable oils and biodiesel fuel.
Vegetable oils and biodiesel have the potential to reduce the level of pollution and global
warming. Several countries including India have already begun substituting the conventional
diesel partially by biodiesel. Worldwide biodiesel production is mainly from edible oils such
as palm, soya bean, sunflower and canola oils. Since, India is not self-sufficient in edible oil
production, hence, non-edible oil seeds available in the country are being tapped for biodiesel
production. With abundance of forest and plant based non-edible oils being available in our
country such as karanja oil, jatropha oil, mahua oil, sal oil, neem oil, rubber oil, thumba oil,
jojoba oil, castor oil, cotton seed oil etc., attempts have been made to use esters of these nonedible oils as partial substitute for diesel fuel.
Vegetable oils offer almost the same power output with slightly lower thermal
efficiency when used in diesel engines. Research in the direction of vegetable oils as
compression ignition engine fuel has yielded encouraging results. The major problem
associated with use of vegetable oil includes high fuel viscosity, which 10-20 times higher
than that of diesel. Thus, although short term tests using neat vegetable oils showed
promising results, problems appear after the engine is operated for longer periods. These
included; injector choking with trumpet formation, higher carbon deposits and piston oil ring
sticking, thickening and gelling of the engine lubricating oil. To solve these problems
associated with high viscosity, neat vegetable oils are blended in small blend ratio with
diesel, micro-emulsification with methanol or ethanol, and transesterified to convert it into
biodiesel. This fuel modification is mainly aimed at reducing the viscosity to eliminate
flow/atomization related problems.
Biodiesel can be used in diesel engines, which are used for the vast majority of
commercial freight, automobiles, construction, maintenance, infrastructure, agriculture and
rural sectors, giving them a unique importance. Additionally, because biodiesel can be
refined under normal atmospheric temperature and pressure, it can be produced economically
across a variety of places and scales; from urban to rural, small to commercial. Development
of biodiesel as an alternative and renewable source of energy for the mechanized agricultural
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and transportation sector has become critical in the national effort towards maximum selfreliance for the corner stone of the energy security strategy.

2. Energy Scenario
The world is focusing on the impending energy crisis and each country needs to
concentrate on energy security as well as growing pollution and environmental concerns.
World primary energy consumption including oil, natural gas, coal, nuclear and hydro power
increasing by 1.9% every year. The global growth rate of primary energy was dropped to
1.3% in 2019-20 due to COVID19 pandemic.
Table [1] presents the global and Indian proved reserves of primary energy sources
with their reserve to production (R/P) ratio. Coal is the major exhaustible primary energy
source of the country, having expectancy life of around 105.93 years. The R/P ratio of natural
gas, though declined over the previous years, it is still higher then crude oil.
Table 1: Global and Indian Proved Reserves of Primary Energy Sources 2020.

India
Energy Source

Coal
(Billion Tonnes)
Oil
(Billion Tonnes)

World

Proved

Share of

R/P Ratio

Proved

R/P Ratio

Reserves

Total

105.93

9.90%

140

1069.63

132

0.60

0.30%

15.5

244.60

49.9

1.30

0.70%

49.4

198.80

49.8

Reserves

Natural Gas
(Trillion

Cubic

Meters)

3. Diesel Engines in Agriculture, Rural and Transport Sector
The agriculture sector in India is getting significant priority and thus several
initiatives have been taken for the growth of this sector. In agriculture sector, diesel engines
are widely used in tractors, thrashers, pump sets (pumping water from wells and canals for
irrigation) and other farm machineries. In consideration of some typical characteristics such
as high-power generation, low specific fuel consumption, reliability and durability of diesel
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engines (as compared to spark ignition), diesel engines would continue to dominate our
agricultural sector, rural and transport sector.

4. Biodiesel as Potential Fuel for Diesel Engines
Biodiesel and vegetable oils are renewable liquid fuels coming from biological raw
material and have been proved to be good substitutes for diesel fuel. As such vegetable oils,
ethanol and biodiesel are gaining worldwide acceptance as a solution for problems of
environmental degradation, energy security, rural employment, agricultural economy and
reduction in imports of petroleum fuel. Biodiesel has no Sulphur and very little aromatic
hydrocarbons, and has about 10% built-in oxygen that helps it to burn freely. A higher cetane
number improves the combustion. These characteristics of biodiesel reduce the emission of
carbon monoxide, hydrocarbons and particulate matter (PM) in the exhaust gas compared
with diesel fuel. However, NOX emission of biodiesel increases because of combustion and
some fuel characteristics. It offers almost the same performance and engine durability as
petroleum diesel fuel. Biodiesel can be used in diesel engines with few or no modifications.
Diesel fuel blends with biodiesel have superior lubricity with reduced wear and tear on the
diesel engine.

Biodiesel can be used at a 100 percent level or mixed with diesel in any

proportion. Biodiesel blend is designated as BXX where XX indicates the volumetric
percentage of biodiesel contained in the blend. The most common mixtures are B10
containing 10 percent biodiesel and B20 containing 20 percent biodiesel. Biodiesel is slightly
heavier than conventional diesel fuel (specific gravity 0.89 compared to 0.84 for diesel fuel).
This allows use of splash blending by adding biodiesel on top of diesel fuel for making
biodiesel blends. Results obtained from experiments on diesel engine using diesel-biodiesel
blends showed improvement in brake thermal efficiency and reduced exhaust smoke
emissions then neat vegetable oils. One limitation to the use of biodiesel is its tendency to
crystallize at low temperatures below 0°C causing problems in fuel pumping and engine
operation. Transportation and storage of biodiesel does not require any special precautions
and can be transported by tankers just as the diesel.

5. Possibility and Suitability of Thumba Oil for Biodiesel Production
India has large number of plant / tree species yielding non-edible oils like jatropha
curcas (ratanjot), pongamia pinnata/glabra (karanja), hevea braziliensis (rubber), madhuca
indica/longifolia (mahua), calophyllum inophyllum (undi), salvadora persica/oleoides (pilu),
4

sal, neem, kusum, khakan, dhupa, citrullus colocynthis (thumba) etc. Non-edible oils
extracted from plant seeds are considered an important source of energy for the future. Oil
seeds are available from more than 300 other species in India, which can yield suitable grade
vegetable oil on economical scale. There are several factors to be kept in mind while
selecting the oil for biodiesel production, such as availability, quality of feedstock, energy
content, cost etc. All non-edible vegetable oils have high energy content, most require some
processing to assure safe use in internal combustion engines. Some of these oils have already
been evaluated as substitutes for diesel fuels.
Citrullus Colocynthis (Thumba) is known as Indrayan in Hindi and Bitter Apple in
English, is a native of Turkey and also found in many parts of Asia and Africa. In India it
mainly grows in all parts of Rajasthan and Gujarat.

Figure 1: Thumba Seeds, Fruits and Pulp
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Figure [1] shows the Seeds, fruits and pulp. The plant is in the form of a creeper and
grows well in sandy soil. It grows along with main crop of bajra and hence does not require
any special care. The oil of this plant is locally called as thumba oil. Citrullus Colocynthis
that grows as creeper in sandy soil within a six month crop cycle has enormous potential for
biodiesel production. The plant is mainly used as cattle feed by farmers. It is also used as
laxative and anti-inflammatory drug. Raw thumba oil is presently consumed in large
quantities by the local soap industries. Table [2] shows characteristics of thumba plant. Rural
areas of India use significant amount of imported petroleum products for irrigation,
cultivation and transportation, which can be partially replaced with these substitutes. This
study presents the thumba (citrullus colocynthis) seed oils as a sustainable source of
renewable energy for biodiesel production.
Table 2: Characteristics of Thumba Plant

S. No.

Thumba Plant

Characteristics

(Citrullus Colocynthis)
1.

Plant type

Creeper

2.

Crop cycle

6 months

3.

Plantation period

Monsoon Season

4.

Soil type

Dry desert soil

5.

Manure

No special treatment requirement

6.

Irrigation

Seeds are sown with bajra and no
special treatment/ care requirement
7.

Saplings

Separate land is not required

8.

Insecticides & Pesticides

Not required

9.

Maturity Harvesting

6 months

10.

Usage

Same as jatropha oil, but edible for
animals and have medicinal value
11.

Biodiesel Property

Almost similar to jatropha biodiesel
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The important chemical and physical properties of thumba oil and its biodiesel were
determined and compared with diesel. The fuel related properties of thumba oil and its
biodiesel like kinematic viscosity, density, calorific value, flash point, fire point, pour point
etc. were determined and found close to diesel fuel and lie in desirable range for use in diesel
engines. Therefore, the present fuel is considered to be suitable for blending and can be used
in diesel engines. Some of the measured properties of pure thumba oil and thumba biodiesel
are presented in Table [3]. All the chemicals and reagents used in the study were purchased
from local market and thumba oil was procured from Udaipur and Jodhpur regions of
Rajasthan.
Table:3 Important Fuel Properties of Thumba Oil and Thumba Biodiesel

Properties

Diesel

Thumba Oil

Thumba Biodiesel

Specific Gravity at 20°C

0.835

0.905

0.889

Viscosity, cSt at 40°C

2.75

31.52

5.30

Calorific Value, MJ/Kg

42.85

39.78

39.37

Flash Point, °C

66

201

186

Pour Point, °C

-12

-5

-8

-

>1

0.48

50

45

53

Free Fatty Acid, %
Cetane Number

6. Biodiesel Production by Transestrification
Mainly transesterification method is used to produce thumba methyl ester. The
transesterification reaction is simple; however, improved technologies would result in higher
yield and better quality. Research efforts for perfecting an efficient chemical/ catalyst
conversion process are ongoing and need to be pursued further. Methyl as well ethyl esters
can be used in the diesel engine. Since free fatty acid content of thumba oil was less than 1%,
base catalyzed reaction was selected for biodiesel production. Triglyceride is readily
transesterified batch wise in the presence of alkaline catalyst (NaOH/KOH) at an atmospheric
pressure and at 60-70C with an excess of methanol. The mixture at the end of reaction is
allowed to settle. The lower glycerin layer is drawn off while; the upper methyl ester layer is
7

washed to remove-entrained glycerin. The excess methanol is recovered in the condenser,
sent to a rectifying column for purification. Transesterification also called alcoholysis, is the
displacement of alcohol from an ester by another alcohol in a process similar to hydrolysis.
This process has been widely used to reduce the viscosity of triglycerides. The
transesterification works well when the starting oil is of high quality. However, quite often
low quality oils are used as raw materials for biodiesel preparation. The transesterification
reaction is represented by the general equation:

7. Conclusion
Thumba oil and thumba biodiesel behaved almost similarly to diesel in terms of combustion,
performance and emission characteristics when tested as fuel in diesel engine. The research
studies establish the initial viability of thumba oil and thumba biodiesel as a suitable
alternative fuel for diesel engines. Thumba biodiesel and blends of thumba biodiesel can be
used as potential substitute fuels in existing conventional diesel engines without any major
changes. High calorific value, high cetane number, low sulfur and low aromatic content are
major advantages of thumba biodiesel and thumba biodiesel diesel blends. Moreover, thumba
oil as raw material is cheaper than other vegetable oils. On the basis of short term engine
tests, it can be concluded that the existing diesel engines can run smoothly and satisfactorily
with low concentration thumba biodiesel diesel blends. Therefore, the thumba biodiesel can
be considered as a potential alternative fuel for compression ignition engines. Use of the
thumba biodiesel as a diesel engine fuel can improve the agricultural economy and reduce
uncertainty of fuel availability besides its environmental benefits.
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Use of solar power systems in Agriculture
Dr. Y. N. Singh
Associate Professor, Physics & Director, Academic Affairs
University College of Engineering & Technology, Bikaner

Solar energy is radiant light and heat from the Sun. It is an important source
of renewable energy. Its technologies are broadly characterized as either passive
solar or active solar depending on how they capture and distribute solar energy or convert it
into solar

power.

Active

solar

techniques

include

the

use

of photovoltaic

systems, concentrated solar power and solar water heating to harness the energy. Passive
solar techniques include orienting a building to the Sun, selecting materials with
favorable thermal mass or light-dispersing properties and designing spaces that naturally
circulate air.
The amount of energy from the sun that reaches Earth each day is enormous. All the
energy stored in Earth's reserves of coal, oil, and natural gas is equal to the energy from only
20 days of sunshine [1}. The average solar radiation intensity that hits the edge of the Earth's
atmosphere is known as the solar constant. Although this value is called a constant it varies
by about 7% between January 4th (perihelion), when the Earth is closest to the sun, and July
4th (aphelion), when the Earth is furthest away. Therefore, a yearly average is used and is
determined to be 1367W/m2 [2]. Not all of the solar energy that reaches the Earth's atmosphere
is absorbed by the Earth. It is due to the fact that some of the energy incident on the outer
atmosphere of the planet is immediately reflected back into space. Due to reflection by the
atmosphere, clouds, and Earth's surface we can approximate that 70% of solar energy
incident on the edge of the Earth's atmosphere is actually absorbed by the Earth. It is
approximately 1,000 W/m2 for a surface perpendicular to the Sun's rays at sea level on a clear
day. The spectrum of solar light at the Earth's surface is mostly spread across the visible and
near-infrared ranges with a small part in the near- ultraviolet [3].
The quantity of 1000 W/m2 is defined as a unit of radiation, called "one sun", and is
commonly used as a standard to test and rate photovoltaic cells and solar panels. This means
that a solar panel rated at 250 watts will output this rated power when exposed to a solar
power density of 1000W/m2.
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The solar energy can be used either by concentrating or/and absorbing solar radiations
to generate heat or converting the radiation directly in to electricity (photovoltaic mode).
Solar energy can be the key to lowering production costs of any agricultural or horticultural
operation. Dozens of high-tech options are available today for using photovoltaic systems in
agriculture and horticulture. Here some of the solar applications are being discussed having
their practical applicability in horticulture sector.

1. Use of solar energy for soil solarization
Soil borne pests can be controlled in vegetable and fruit crops by pre-plant application
of pesticides, including the fumigants. The use of these materials, however, is often
undesirable due to their toxicity to animals and people, their residual toxicity in plants and
soils, Soil solarization is a non-pesticide method of controlling soil borne pests by placing
plastic sheets on moist soil during periods of high ambient temperature. The plastic sheets
allow the sun's radiant energy to be trapped in the soil, heating the upper levels. Solarization
during the hot summer months can increase soil temperature to levels that kill many diseasecausing organisms (pathogens), nematodes, and weed seed and seedlings. It leaves no toxic
residues and can be easily used on a small or large scale. Solarization is a simple, safe, and
effective method that has been used with vegetable, and flower crops and in orchards,
vineyards, greenhouses, gardens.
Solarization is most effective when the plastic sheet is laid as close as possible to a
smooth soil surface. The open edges of the plastic sheet should be anchored to the soil by
burying the edges in a shallow trench around the treated area. The soil under the plastic
sheets must be saturated to at least 70 percent of field capacity in the upper layers and moist
to depths of 24 inches (60 cm) for soil solarization to be effective. Soil may be irrigated either
before or after the plastic sheets are laid. The plastic sheets should be left in place for 4 to 6
weeks to allow the soil to heat to the greatest depth possible. Transparent or clear plastic is
most effective for solarization. Plastic sheet of 1.5 to 2 mils (0.038-0.050 mm) thick should
be used [4].

2. Use of solar energy for pumping of irrigation water
A solar-powered pump is a pump running on electricity generated by photovoltaic
panels or the radiated thermal energy available from collected sunlight as opposed to grid
electricity or diesel run water pumps[5]. The operation of solar powered pumps is more
10

economical mainly due to the lower operation and maintenance costs and has less
environmental impact than pumps powered by an internal combustion engine . Solar pumps
are useful where grid electricity is unavailable.
A photovoltaic solar powered pump system has three parts: Solar panels, the
controller and the pump. The solar panels make up most (up to 80%) of the systems cost. The
size of the PV-system is directly dependent on the size of the pump, the amount of water that
is required (m³/d) and the solar irradiance available. The purpose of the controller is twofold.
Firstly, it matches the output power that the pump receives with the input power available
from the solar panels. Secondly, a controller usually provides a low voltage protection,
whereby the system is switched off, if the voltage is too low or too high for the operating
voltage range of the pump. If an alternating current solar pump is used, an inverter is
necessary that changes the direct current from the solar panels into alternating current for the
pump. The supported power range of inverters extends from 0.15 to 55 kW and can be used
for larger irrigation systems. Photovoltaic pumping system may use floating motor, surface
motor, reciprocating positive displacement pump or submerged borehole motor pump. Their
output varies as per total head of the system and incident solar radiation.
A small-sized solar photovoltaic pump of 1 HP capacity is best suitabl e
to irrigate crops from surface water reservoir in to greenhouses, poly houses, shed net
houses for high value crops. A study carried out at CAZRI Jodhpur revealed that 1 HP
capacity solar pumps with 3-4m suction head generated a pressure of about 2 to
2.5 kg/cm2 which operated 9 mini -sprinklers, 50 micro -sprinklers and
drippers. Pressure- discharge relationship of 1 HP solar pump showed a
discharge of 45 to 50 lit/ min when connected to 9 mini-sprinklers. The
photovoltaic panels of a solar pumping system reduce the CO2emission in
atmosphere @ 1,360 kg CO2 yr -1 m-2 panel area

[6 ]

.

3. Solar energy utilization in controlling the micro climate
Greenhouses convert solar light to heat, enabling year-round production and the
growth (in enclosed environments) of specialty crops and other plants not naturally suited to
the local climate. On small scales, Poly tunnels & low tunnels are effective to control micro
climate for the crops. These structures not only increase the temperature but also increase the
CO2 level inside the eclosures and help in maintaining the humidity. By converting solar
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radiation into electricity using solar panels, irrigation, fogging and misting may also be done
inside the protected structures.

4. Solar photovoltaic sprayers and dusters for crop protection
Approximately, 35% of the crop production is damaged, if pest and diseases
are not controlled at right t i m e . One of the solar PV applications may be in spraying of
insecticides, pesticides, fungicides and dust on the crops. A solar sprayer consists of a solar
panel of 20 W capacity, a 12V DC battery, charged by solar energy received by the solar
panel, a DC motor, operated by the battery, a pump, to spray the pesticide and a tank to hold
the pesticide (in the form of solution / liquid). The entire unit is portable and is operated by
one labour. Considering the walking speed of the operator about 2.8 km/h and the swath
width of the sprayer about 0.6 m, a theoretical field capacity of about 0.17 hectare per hour is
obtained [7]

Figure 1: Solar photovoltaic sprayer

Solar PV duster is a novel device suitable for aerial application of pesticides and
insecticides in the powder form. Dusters (sprayer) have become an indispensible for high
productivity and have contributed to the worldwide crop production revolution. Dusters cover
a wide variety of agricultural/horticultural jobs including control of diseases and insects and
application of plant nutrients. It essentially comprises a PV panel carrier, a storage battery
and a specially designed compatible dusting unit (may be impeller type centrifugal blower,
gear reduction mechanism, dispensers with D.C motor). The PV panel, carried over the head
with the help of a carrier, provides shade to the worker and simultaneously charges the
battery to run the duster.
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Figure 2: Solar PV duster developed at CAZRI Jodhpur

5. Solar energy utilization for drying of horticulture produce
Sun drying is the most commonly used method to dry the agricultural materials like
grains, fruits and vegetables. In sun drying, the crop is spread in a thin layer on the ground
and exposed directly to solar radiation and other ambient conditions. The rate of drying
depends on various parameters such as solar radiation, ambient temperature, wind velocity,
relative humidity, initial moisture content, type of crops, crop absorptivity and mass of
product per unit exposed area

[6]

. This form of drying has many drawbacks such as

degradation by windblown, debris, rain, insect infestation, human and animal interference
that will result in contamination of the product. Drying rate will reduce due to intermittent
sunshine, interruption and wetting by rain. Solar driers using natural convection or forced
circulation are found useful to overcome these problems. Solar dryers can dry crops faster
and more evenly than leaving them in the field after harvest, with the added advantage of
avoiding damage by birds, pests, and weather. A typical solar dryer consists of an enclosure
or shed, screened drying trays or racks, and a solar collector. In a simple design, south-facing
windows let sun into the shed. Other designs use a dark-colored box with a glass cover to
capture the heat. Natural convection or a fan moves hot air through the crops to dry them.
Solar dryers may be classified as natural convection type and forced circulation type.
Natural circulation type dryers may be further classified as direct or indirect type or in a
combination of both direct and indirect types. Forced circulation type dryers may be bin type,
tunnel type or hybrid type.

6. Solar Power Electric Fence
One of the risks in Indian farming is damage to crops by stray/ wild animals and
also theft of the produce especially in orchards. Proper fencing is one of the solutions to
13

overcome such type of risks. The fencing of barbed wire with multiple strands of plain wires
or woven wire and metal/cement/ wooden posts is common. A channel linked fencing costs
about Rs 950 per running meter for a height of 1.5 m using angle posts of 50 x50 x 6 mm at 3
m spacing and plain wire channel of 75 x 75 x3.15 mm. A cheaper solution may be solar
powered electric fencing which requires less set-up and material than conventional fences
(barbed or woven wire). The solar power fence gives a sharp, short but a non-lethal shock to
the intruder and creates psychological fear, against any tampering. The alarm incorporated in
the system gets activated and alert the inmates of the protected area. Electricity is generated
by 75 watts solar panel which charges a 12-volt, 40 AH battery and ensures that the battery
remains charged at all times. An energizer is used which transforms the low voltage current
from battery to high voltage (up to 10,000 volts) current and sends it to the electric fence.
This way the fence is electrified and animals touching the fence receive the high voltage
shock and run away from the fence. The electric shock is completely safe and non-lethal for
human and animals. As current is pulsating (not live) and passing at every 1 to 1.2 second
and only for a milli-second of time, the animal gets enough time to get away from the fence.
The pulsating current does not grab the animal which generally happens in continuous current
which causes contraction of muscles/cramps. In solar fencing, even if an animal is trapped in
the fence, after 10 consecutive shocks the system will trip and hooter will sound so that
farmer can intervene and no death causes. The solar fencing costs about Rs 450 per running
meter that is about half of the woven wire fencing.

Figure 3: Solar fencing system

7. P V winnower cum drier
Solar PV winnower cum dryer is a convenient device for winnowing threshed
agricultural produce, especially during the period of lull in natural winds and also for
dehydrating fruits and vegetables with forced circulation of air. The system comprises a PV
14

module, a compatible winnower, a pre-air heating tunnel, a specially designed solar drying
cabinet with proper interconnections to use the fan of the winnower for enhanced air
circulation while dehydrating the produce. Used as a winnower 35-50 kg of cleaned
grains/seeds can be obtained in one hour from this device.
In addition, different fruits and vegetables can be dehydrated in less than half the time
as compared to open sun drying. The enhancement in the fan speed with more irradiance
regulates the temperature while the pre-air heating in the extended tunnel reduces the thermal
gradient inside the drying cabinet. Thus, excellent quality of the dried material is achieved
with the retention of aroma and color. The system can be provided with additional features
for illumination with incorporation of a battery and charge regulator, thus making it an
extremely useful device for processing different agricultural/horticultural produce and
utilizing the generated PV electricity for one or another purpose throughout the year.

Figure 4: Solar PV winnower cum dryer developed at CAZRI, Jodhpur
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Rooftop Solar System Installation- Concept and Approaches
Narayan Singh Rao
Founder, Prakritik Power Pvt Ltd

Background
The whole world is becoming increasingly aware of sustainable ways of living. With
increased pollution levels and depleting resources, the renewable energy sources are being
adopted more frequently now than they were ever before.
The latest tender by Solar Energy Corporation of India fetched a record low tariff of
Rs 2.0 in Nov 2020. Falling prices of the modules and fierce global competition is driving the
tariffs to such an affordable level. State run NTPC plans aims to set up 130 GW of solar
projects by 2032 with an investment of one lakh crores. This will significantly increase the
share of solar power.

Savings on the Bills and Saving the Environment
Government in the past several years has promoted rooftop solar project by means of
subsidies, and tax incentive to corporates, industries, institutions, and the domestic users. The
cost of setting up even a small scale rooftop plant is around forty thousand rupees now. After
receiving the government subsidy, the effective cost falls below Rs 30 thousands for
residential solar power plants of less than 10KW size. For domestic category user, the central
government is offering a 40% subsidy on plants of size less than or equal to 3 KW and 20%
for more than 3KW and up to 10 KW.
The DISCOMs across the country are allowing net metering for domestic customers,
though many states have disallowed net metering for non-domestic consumers. Hence, it is in
the interest of the end user to adopt solar energy as early possible, wherever net metering is
allowed. Otherwise they will miss a chance to reduce their bills significantly compared to
those who are already enjoying huge savings on their power bills. For example, Bikaner
Technical University had installed a 195KW solar power project under SECI’s Phase I
scheme for government buildings under RESCO Mode, i.e. which did not require BTU to
make any upfront capital investment. Today, they are generating solar energy at a rate of Rs
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3.19 per unit compared to a rate of over Rs 9.0 that other institutional users need to pay. This
way BTU is realizing a saving of over 15 lakhs per year.

Components of a Solar System
The two essential components of a Solar Power plant are a) Solar Photovoltaic
Modules and b) Inverter. The module converts the incident light energy into electricity. They
generate DC (Direct Current) Power. Since most of our electrical appliance run on AC
(Alternate Current), we need to convert the generated DC into AC. The inverter converts the
DC power generated by the modules into AC Power.
In addition, accessories and fixtures are required to mount the solar panels on the
surface. You need a mounting structure, DC cables, AC Cables, DC Distribution Box, AC
Distribution Box, Lightening Arrestor and other necessary hardware to set up a solar power
plant.

Types of Solar Systems
Broadly, there are three types of solar power systems a) On-Grid b) Off Grid and c) Hybrid.

a) On Grid System
An On-Grid system functions when the grid is available and works in synch with the
grid. This type of system offers the most cost effective means of harnessing the solar energy.
An On-Grid rooftop system shall require a bi-directional meter to account for the units
imported from the Grid and those exported to the Grid. Based on these two readings, the
DISCOMs generate a bill by subtracting the exported units in a month from the total
imported units in a month.

Figure 1: Schematic Diagram of a Typical ON Grid Solar System
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An ON-Grid system does not require batteries to store the power. The grid acts an infinite
storage system for them. This is the reason On-Grid Systems are cheaper.

b) Off-Grid Solar Systems
An off-grid solar system (off-the-grid, standalone) is the obvious alternative to one
that is grid-tied. For homeowners that do not have reliable access to the grid, off-grid solar
systems are more suitable. To ensure access to electricity at all times, off-grid solar systems
require battery storage and a backup generator (if you live off-the-grid). On top of this, a
battery bank typically needs to be replaced after 5 years. Batteries are complicated, expensive
and decrease overall system efficiency. They need care and maintenance, thus adding more
cost.

Figure 2: A Schematic Diagram of a Typical Off Grid Solar System

c) Hybrid Solar Systems
Hybrid solar systems combine the best from grid-tied and off-grid solar systems.
These systems can either be described as off-grid solar with utility backup power, or grid-tied
solar with extra battery storage. The batteries can be charge through multiple sources, i.e
Solar, Grid or Generator. And this type of system can also have an option to export the
energy to the grid.
Solar panels happen to output the most electrical power at noon – not long before the
price of electricity peaks. Your home and electrical vehicle can be programmed to consume
power during off-peak hours (or from your solar panels). Consequently, you can temporarily
store whatever excess electricity your solar panels in batteries when the cost of power is low,
and put it on the utility grid when you are paid the most for every kWh.
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Figure 3: A Schematic Diagram of a Typical Hybrid Solar System

Sizing of solar PV System (On Grid Solar System)
To estimate the capacity of a Rooftop Solar System, one need to analyze the following things:
a) Sanctioned Load
b) Average annual consumption
c) Shadow free area available on the rooftop
d) Average Annual Generation on the site
Let us consider the following points for estimating the capacity of a rooftop solar system:
a) Typically, most DISCOMs allow the capacity of solar to be up to 80% of the sanctioned
load.
b) In Rajasthan, we can consider 1,500 units shall be generated by one KW of solar plant.
c) One KW of solar system shall require 100 Square feet of Shadow Free Space.
Now let us assume I have a sanctioned load of 12 KW, and 800 SQFT of shadow free
area is available on my roof for panel installation. Also, I consume 19,500 units in a year.
This means that I shall require a system of 13.0 KW (19,500÷1,500) of solar system that can
meet my annual consumption requirements. 80% of my sanctioned load is 9.6 KW
(0.80×12KW). This means that I am only allowed to install upto 9.6 KW of solar. This shall
require 960 Sq Ft of area (9.6 ×100). Unfortunately, my 800 SQFT of available area can only
accommodate 8.0 KW of panels (800÷100). Hence, the solar capacity that I can install is
8.0KW and not 13.0 KW that I require to meet my consumption requirements or not 9.6KW
that is allowed by the DISCOM.
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Process of setting up Solar Plant
Here, are the steps required in building a Solar Power Plant:
•

Site Identification – Identifying a Suitable Site for Building the Solar Plant.

•

Preliminary Financial Analysis – Preliminary Financial Feasibility with inputs like
the Land Costs (For Ground Mount), Solar Insolation, Interconnection possibility with the
Grid.

•

Land Leasing or Buying (if rooftop is not there) – After Step 2 has passed, then
begins the acquisition of the Land through Lease or Ownership.

•

Basic Engineering Design/Technology Selection – An engineering layout is
prepared along with the selection of the technology and vendors of solar equipment.

•

Permissions – Various approvals and permission need to be taken from the authorities.

•

Power Purchase Agreement – A Power Purchase Agreement (PPA) needs to be
signed with the consumer who will purchase the electricity. It can be the end customer or
the state utility company.

•

Selection of EPC – A system integrator or a solar EPC contractor is to be selected.

•

Financing of the Solar Project – needs to be done. Note: Solar Power Plants require
higher initial investment very lower O&M costs.

•

Testing and Connection to Grid – After the solar plant is built, testing of the plant
has to be done before it is connected to the grid.

•

Ongoing Operations & Maintenance – A solar plant has a typical life of between
25-30 years and requires minimal maintenance and monitoring. Solar Inverters have to be
replaced after 10-15 years. In case a solar module fails, it needs to be replaced, as it
degrades the performance of other Solar Panels.
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Cooking under the Sun: A renewable energy concept for ensuring
clean environment
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Introduction
Many methods have been developed to utilize the available sunshine in sun-rich
regions of the world for different end-uses. With fast growing population and rapid growth of
industries, the consumption of energy is increasing enormously. At the present rate of energy
consumption the world energy resources will be exhausted in 50 to 100 years. Therefore,
there is need to harness solar energy and other alternative energy sources. Solar cooker is an
environmental friendly and cost effective device for harnessing solar energy. Solar cooking
has proved to be one of the simplest, the most viable and attractive options for solar energy
utilization. As the system is very useful for the common people in the developing world and
it coincides with the availability of the sun and drudgery of the people involved in cooking in
these regions its importance is even more. Also a major portion of total available energy
resource is utilized for cooking in these regions. This cooking energy is supplied by noncommercial fuels like fuel wood, agricultural waste, cow dung and kerosene in rural areas.
Fifty percent of the total energy consumption in India is used for cooking purpose. Most of
the cooking energy requirement is met by non-conventional fuels such as firewood, (75%)
agricultural waste and cow dung (25%) cakes in rural areas. During the survey of rural arid
areas, it was found that huge amount of firewood, cow dung cake and agriculture waste are
burnt for boiling of animal feed. In rural areas firewood crisis is far graver than that caused
by rise in oil prices. Small and marginal villagers have to forage 8 to 10 hours a day in search
of firewood as compared to 1-2 hours; a decade ago. One third of India’s fertilizer
consumption can be met if cow dung is not burnt for cooking and instead is used as manure.
The cutting of firewood causes deforestation, which leads to desertification. Fortunately India
is blessed with abundant solar energy. During winter from November to February most of the
Indian stations receive 4.0 to 6.3 kWhm-2 day-1 solar irradiance, while in summer season this
value ranges from 5.0 to 7.4 kWhm-2 day-1. The arid and semi-arid parts of the country
receive much more radiation as compared to rest of the country with 6.0 7.4 kWhm-2 day1

mean annual daily solar radiation having 8.9 average sunshine hours a day at Jodhpur.
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1. Principle of cooking
The different methods of cooking of food are boiling, frying, roasting, and baking. For
boiling of rice, lentils etc. the temperature of food being cooked is about 100o C while for
other methods, high temperatures are required. Heat is supplied at the bottom of the vessel for
frying and boiling

purposes in conventional cooking. Roasting and baking is generally

performed on open fire or in ovens, wherein food is surrounded by hot surfaces and heat is
transferred to the food by radiation and convection. The first step in cooking is to raise the
temperature of the food to about 100o C that is the cooking temperature for most of the food
in which water is present during cooking. If pressure cooker is used this temperature becomes
120o C. After food has attained cooking temperature, lesser heat is required to continue the
cooking process. At this stage heat is supplied only to meet various heat losses taking place
during cooking. The heat losses consist of evaporation loss from the food and convection and
radiation losses from the surface of the cooking vessel. The relative proportion of these losses
may very significantly depend upon the type of place (indoor or outdoor) of cooking.
Estimating an hourly convection loss (outdoors), at boiling water temperature of about 6.8
MJ m-2 of utensil and a surface area of 0.1 m2 kg-1 of container contents, the energy inputs for
1 h of food boiling, if one fourth of the water present is vaporised, would be distributed
roughly as follows (Lof 1961):
Heating food for boiling temperature

20 %

Convection losses from the vessel

45 %

Vaporization of water

35 %

The heat losses can be reduced by insulating the sides of the cooking vessel and
keeping the vessel covered with lid. Even though cooking temperature of most of the food is
normally 100o C, the temperature of the heat source should be precisely higher to achieve
satisfactory heat transfer rates. In the conventional cooking with direct fire, the heat transfer
rate is very high, because of very high temperature of the heat source. Where electric or gas
cooking is used, the normal burner supplies energy at the rate of approximately 1 kW and is
capable of bringing 2 litre of water to boil in about 10 minutes. Therefore a solar unit should
have to have an energy delivery rate of roughly 1 kW, to be compared with existing systems.
The alternative would be accepting longer cooking periods and possibly cooking smaller
amounts of food at one time. A solar cooker area of about 2 m2 would be necessary (at 50 %
collection efficiency) to give comparable normal cooking rates.
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The first solar furnace was fabricated by naturalist Georges Louis Leclerc Buffon
(1707-1788). But Horace-de-Saussure (1740-1799) was first in the world to use the sun for
cooking. Augustin Mouchot, a French physicist, described a solar cooker in his book “La
Chaleur Solaire” published in Paris, in 1869. He has also reported in the same book earlier
work on solar cooking by English astronomer, Sir John Herschel, in South Africa, between
1834 and 1838. Adams, an army officer, made India’s first solar cooker in 1878 and he
cooked food in it at Bombay, India (Adams, 1878). Since then different types of solar cookers
have been developed all over the world. The solar cookers can be classified into three broad
categories (i) Reflector/focusing type (ii) Heat transfer type and (iii) hot box type. These are
described below:

1.1. Reflector/focusing type
The reflector type solar cooker was developed in early 1950's and was manufactured
on a large scale in India. Attempts were also made in1960's and 70’s to develop a reflector
type solar cooker. However a reflector type solar cooker did not become popular due to its
inherent defects e.g. it required tracking towards sun every ten minutes, cooking could be
done only in the middle of the day and only in direct sunlight, its performance was greatly
affected by dust and wind, there was a danger of the cook being burned as it was necessary to
stand very close to the cooker when cooking and the design was complicated.

1.2. Heat transfer type
In the heat transfer type solar cooker, the collector is kept outside and the cooking
chamber is kept inside the kitchen of the house. But this type of solar cooker also did not
become popular because of its high cost and only limited cooking can be performed.

1.3. Hot box type
The third type of cooker is known as hot box in which most of the defects of above
two types of cookers have been rectified. Though the performance of the solar oven is very
good but it also requires tracking towards sun every 30 minutes, it is too bulky and is costly.
Therefore, the hot box solar cooker with a single reflector is being promoted at subsidized
cost by the Ministry of New and Renewable Energy, Government of India and the state nodal
agencies in India since 1981-82 and 637,000 solar cookers were sold up to the September 30,
2008 (MNRE, 2008) as against potential of 200 million solar cookers. It is also not becoming
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popular in large scale due to its defects: it also requires tracking towards the sun every 60
minutes. Different hot box solar cookers are described below:

1.4 Solar Oven
The solar oven consists of a reflector assembly cooking chamber and an angle iron
stand. The cooking chamber is double walled cylindrical vessel. Cylinders are made from
22-gauge

aluminium sheet.

Space between them (100 mm) is filled by glass wool

insulation. Two clear window glasses are fixed over it. The inner cylinder is painted black by
black board paint. One door is provided for loading and unloading of cooker for cooking. It is
fixed over an angle iron stand, which is having castor wheel for azimuthal tracking and a
slotted kamani for elevation tracking. Reflectors are trapezoidal in shape and also made from
22-gauge aluminium sheet, are fixed over it.

It consists of four rectangular and four

triangular mirrors. One rubber gasket has been fixed to the boundary of the door to prevent
the leakage of hot air and to increase the pressure inside the chamber enabling a reduction of
cooking time. To facilitate azimuthal tracking, a stand of mild steel angle having four castor
wheels has been made. A slotted kamani has been fixed for following the altitude position of
the sun. The cooking utensils are kept on a cradle like platform so that vessels always remain
in a horizontal position, irrespective of the oven’s inclination (Fig. 1). Performance of cooker
was carried out by measuring stagnation plate temperature, time taken for known quantity of
water for reaching boiling point and cooking trials. Cooking of vegetable, rice, roasting of
potato, baking of bati is possible from 8.00 AM to 5.00 PM in winter while 7.00 AM to 6.00
PM in summer.

Figure 1: Solar Oven
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1.5 Hot Box Solar Cooker
This is a double walled chamber outer tray is made from 20 gauge mild steel and
inner tray is from 22 gauge aluminium sheet glass wool insulation. The inner tray is painted
by black board paint. Two clear window glasses (3 mm thick) fixed in a wooden frame are
hinged over it which can be lifted for loading and unloading of cooker for cooking. One
mirror booster with slotted kamani on top, which acts as a lid as well, has been provided.
Four castor wheels are fixed at the bottom for easy movement. The four cooking utensils are
provided in the cooking chamber for cooking four dishes simultaneously. The operation of
the cooker is very simple. The products to be cooked are placed in the cooking utensils with
right amount of water so that after cooking whole water is absorbed. The lid is closed and
utensils are kept inside the cooking chamber. The booster mirror is adjusted in such a way
that all reflected solar radiation by it falls on plain glass. The tracking of cooker towards sun
should be done every hour. All types of boiling, bakery and roasting operation can be
performed and it takes about 2 to 3 hrs in cooking one kg of food in four utensils (Fig. 2).
Soft food takes less time hard food takes more time.

Figure 2: Hot box solar cooker

1.6 Improved Hot Box Solar Cooker with Tilted Absorber
The performance of hot box solar cooker is very good during summer but it is very
poor during winter in northern parts of India and difficult to cook two meals per day during
winter because its glass window and absorbing surface are horizontal, which receive very
much less radiation as compared to optimally inclined surface. Optimally inclined surface
receives 43.8 % and 22.8 % more radiation as compared to horizontal surface during winter
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(October to March) and per year respectively. Considering this, a novel solar cooker with
tilted absorber (TA) has been designed,

fabricated and tested. It has been found that the

performance of solar cooker (TA) is better than hot box solar cooker and comparable with
solar oven, and simultaneously no tracking is required as compared to 30 minute tracking for
solar oven and 60 minute tracking for the hot box solar cooker. The overall efficiency of the
solar cooker (TA) has been found to be 24.6%. Cooking trials have also been carried out at
different times with different materials and the time taken to cook various dishes is between
75 and 120 minute for the solar oven, 90-180 minute for the hot box and 90-150 minute for
the solar cooker (TA). If the cookers are partially loaded, then cooking time is less (Fig. 3).
Cooking time is less around noontime and, while it is more in the morning and the evening.

Figure 3: improved hot box solar cooker with tilted absorber

1.7 Hot Box Solar Cooker with Transparent

Insulation Material (TIM)

The performance of hot box solar cooker is very poor during winter in northern parts
of India and difficult to cook two meals per day during winter because more heat loss due to
low ambient temperatures. It has been found that the efficiency of the solar devices can be
increased considerably for temperature applications between 80oC to 140o C i.e. for solar
cooking, process heat and for refrigeration applications by using transparent insulation
material (TIM) in between two glazing or between absorber and glazing. The use of TIM
reduces convective heat losses from glass window. Considering this, a hot box solar cooker
with 40mm thick TIM encapsulated between two glazing has been designed, developed
and tested. The efficiency of the cooker with TIM is 30.4% as compared to 15.7 % without
TIM. Cooking trials have also been carried out at different times with different materials. One
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kg of dry food can be cooked in 2 hour and 2.5 hour in hot box solar cooker with and without
TIM respectively.

Figure 4: hot box solar cooker with transparent insulation material (TIM)

1.8 Double Reflector Hot Box Solar Cooker with a Transparent Insulation
Material (TIM)
The popularity of hot box solar cooker promoted by MNES, New Delhi and state
nodal agencies is declining due to its defects: it requires tracking towards the sun every 60
minutes, therefore, its operation becomes cumbersome and the performance of the hot box
solar cooker is very poor during winter when solar radiation and ambient temperatures are
very low. Considering this,

double reflector hot box solar cooker with a Transparent

Insulation Material (TIM) has been designed, fabricated, tested and the performance has been
compared with a single reflector hot box solar cooker without TIM. Both defects of the hot
box solar cooker have been removed by providing one more reflector and convective heat
losses have been suppressed by using Transparent Insulation Material. The efficiencies were
30.5 % and 24.5 % for cookers with and without a TIM respectively during winter season at
Jodhpur. The performance studies on the double reflector hot box solar cooker with TIM
suggests that the cooker can be used throughout the year (Fig. 5).

Figure 5: Double reflector hot box solar cooker with a transparent insulation material (TIM)
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1.9 Non-tracking solar cooker
The performance of the hot box solar cooker is good but it requires tracking towards
sun every 60 minutes, therefore, its operation also becomes cumbersome. To eliminate
tracking completely, a novel non-tracking solar cooker has been designed, developed and
tested. A double glazed non-tracking solar cooker with reflector was designed and fabricated
at the workshop of Central Arid Zone Research Institute, Jodhpur, India. The cooker is based
on hot box principle with dimensions of 1090× 490× 290 mm (Fig.6). The cooker has been
designed in such a way that the width to length ratio of the cooker has been designed as 3:1
so that maximum amount of radiation falls on the glass window at any time in a day. It
helped in eliminating the need for azimuthal tracking of the cooker, which is very essential
for a simple hot box solar cooker towards the sun every hour because the width to length ratio
of reflector is 1. This cooker is always kept fixed, facing the equator. The device consists of a
double walled hot box. The outer box is made of galvanized steel sheet (22 SWG) and inner
of aluminum (22 SWG). The space between the outer box and inner box was filled with glass
wool insulation. The inner tray is painted black by black board paint. Two clear window glass
planes of 4mm thickness have been fixed over it with an openable wooden frame. A 4mm
thick plain mirror reflector is fixed over it. The tilt of the reflector can be varied from 0o to
120o depending upon the season and its tilt is fixed once in a fortnight. The reflector was
folded on the cooker while the device is not in use. The aperture area of the solar cooker is
0.25 m2. Four cooking utensils of aluminum/stainless steel boxes with lid can be kept inside it
for cooking four dishes simultaneously. The cooker is fixed on an angle iron stand.

Figure 6: Installation of the non-tracking solar cooker

The experimental results shows that first figure of merit (F1), second figure of merit
(F2) and standardized cooking power (Ps) satisfied the Bureau of Indian Standards (BIS) and
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American Society of Agricultural Engineers Standard (ASAE) International standards for
thermal performance testing of the non-tracking solar cooker. F1, F2 and standardized cooking
power were found acceptable and satisfying the standards (ASAE and BIS) limits. The
thermal efficiency of the non-tracking solar cooker was 25.4% for the water load of 3.0 kg.
The payback period varies between 1.58 to 6.00 year depending upon the fuel it replaces and
is in increasing order with respect to the following fuels: firewood, electricity, charcoal, LPG
and kerosene. The estimated life is about 15 years. The shorter payback periods suggests that
the use of non-tracking solar cooker is economical. The present non-tracking solar cooker has
shown the best performance and highest efficiency for the maximum load. Solar cooking
promotes the use of renewable solar energy and represents the simplest application of solar
thermal energy and has a potential to reduce conventional fuels and CO2 pollution which will
help combat desertification.

1.10 Community solar cooker
A Community solar cooker capable of cooking for about 80 persons has been
designed, fabricated and tested at CAZRI, Jodhpur. The cooker is suitable for hostels,
temples, canteens, restaurants, etc. The cooker is based on the hot box principle having a
single reflector. The cooker has been designed in such a way that the width to length ratio for
the reflector and the glass window is about 4, so maximum radiation falls on the glass
window. This has helped in eliminating the azimuthal tracking, which is required in the
simple hot box solar cooker, towards the sun every hour because the width to length ratio of
the reflector is 1. This cooker is always kept fixed, facing the equator. This device consists of
a double walled hot box. The outer tray is made of mild steel and the inner of aluminium. The
space between them is filled with glass wool insulation. The inner tray is painted by
blackboard paint. Two clear window glass panes of 4 mm thickness have been fixed over it
with a wooden frame. Three doors have been provided in the rear side for loading and
unloading the cooker. The doors have been made leak proof by rubber gaskets. A 4-mm thick
plain mirror reflector is fixed over it and arrangements have been made so that it can be tilted
to 120 from the glass window. Therefore, it is effective in summer as well as in winter when
the altitude of the sun is very low. The absorber area of the cooker is 3.12 m2. Specially
designed cooking utensils are rectangular in shape, having dimension 560 x 540 x 75 mm3
(Fig. 7). These are made from aluminium sheet. Twelve such utensils can be kept inside the
cooker. The cooker was tested extensively. The stagnation air temperature inside the cooking
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chamber has been measured and compared with the hot box solar cooker. The maximum
stagnation temperature inside cooking chamber during summer is 146oC and 136oC in winter.
The efficiency of the cooker is 28.4%. The cooker can be used for boiling, roasting and
baking. Rice, lentils, kidney beans, cauliflower, backing of bati (local preparation made of
wheat flour) etc. have been cooked successfully. It takes about 2 h for soft food and 3 h for
hard food. The cooker is capable of cooking 16 kg of food at a time. The performance of the
community solar cooker is comparable with the hot box, though it is kept fixed while the hot
box is tracked towards the sun every hour. It has been made possible because the width to
length ratio is 4 for the community solar cooker, while it is 1 for the hot box solar cooker.
The cooker can be used twice a day for about 254 days and once a day for about 67 days in a
year at Jodhpur. The energy for cooking per person is about 900 kg of fuel equivalent per
meal. The community solar cooker is capable of cooking for about 80 persons, and it will
save 50 % of cooking fuel per meal. Therefore, it will save 36 MJ of energy per meal and
20,700 MJ of fuel equivalent per year.

Figure 7: Community solar cookers

1.11 Animal feed solar cooker
For boiling of animal feed, huge amount of firewood, animal dung cake and
agricultural wastes are burnt using traditional fuel wood stove. Therefore, a low cost high
capacity suitable solar cooker has been designed for boiling of animal feed using solar
energy. The animal feed solar cooker was fabricated using locally available materials e.g.
clay, pearl millet husk and animal dung. The commercial material for its fabrication are
plain glass, mild steel angle and sheet, wood and aluminium sheet cooking utensils. The
cocker can be made even by an unskilled worker. Technician's help has been taken for fixing
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glasses on a suitable angle iron and wooden frame. The body of the cooker has been
fabricated by an unskilled labour. The cooker is capable of boiling 10 kg of animal feed,
sufficient for five cattle per day. The thermal performance of the animal feed solar cooker
was tested with standards of American Society of Agricultural Engineers and Bureau of
Indian Standards. It indicates that the developed cooker falls under category “A”, as per
standard. The efficiency of solar cooker for animal feed has been found to be 26.4%. 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 AM and
by 3 PM. Animal feed viz. cotton seed and khal have also been successfully boiled by the
farmers using the animal feed solar cooker. Forty units of animal feed solar cooker have been
fabricated by ICAR-CAZRI and installed in the villages surrounding Jodhpur. The solar
cooker saves time of farm women and 1059 kg of fuel wood is saved per year equivalent to
3611 MJ of energy. It is easy to fabricate at village level at a cost of about Rs. 9000 per piece
with the help of a carpenter will get job for the fabrication of glass frame which is also very
simple. Conservation of firewood help in preserving the ecosystem and animal dung cake
could be used as fertilizer, which enhances agricultural productivity. The technology
developed for the animal feed preparation not only reduces the greenhouse gas emission but
also helps in fuel conservation and drudgery reduction. Moreover, the use of the solar cooker
for animal feed would result on the reduction of the release of 1442.64 kg of CO2
savings/year to the environment and getting Certified Emission Reduction (CER) under
Clean Development Mechanism (CDM) mechanism of United National Frame Work
Convention on Climate Change (UNFCCC).

Figure 8: Animal feed solar cooker
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Agri-voltaic system: PV based generation and
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1. Introduction
The Govt. of India has set an ambitious target of achieving 100,000 MW of solar
photovoltaic (PV) based power generation capacity in the country and doubling the farmer’s
income by the year 2022. Considering the plentiful availability of solar insolation both in
terms of duration and intensity in India (5.3-7.0 kWh m-2day-1) and particularly in arid parts
of India i.e. in Rajasthan, solar irradiations are available in abundance for almost 300 days
clear sky. The average irradiance on horizontal surface in arid Rajasthan is 5.6 kWh m-2 day1

, which can be harnessed to fulfill a part of energy needs of rural communities. Agri-voltaic

system, which is an integration of PV generation and crop production, has the potential to
achieve the above said two targets by 2022. Agri-voltaic system produces food and also
generates renewable energy from a single land unit. The concept of integrating both food
production and energy generation on a single land unit has been evolved in recent times due
to ever increasing demands for the land resources. Production of food occurs by conversion
of solar energy to food through photosynthetic process whereas PV based energy generation
occurs through conversion of solar energy to electric energy through photovoltaic process.
Both these processes require land as a basic natural resource. Therefore, competition for land
may arise in future for agricultural use and PV based electricity generation. There is
possibility that solar PV based electricity production will be preferred over agriculture
because of its higher efficiency of converting solar energy. Agri-voltaic system provides
opportunity to generate electricity from farmers’ field and thus can increase farmers’ income.

2. Design of Agri-voltaic system
2.1 PV Module Installation
Installation of solar power plants of 1 MW capacity requires about 2 ha area. Design
parameters for erecting solar panels in AVS are slightly different from that in a conventional
solar power plant. At ICAR-CAZRI, Jodhpur, India a AV systems of 105 kW capacity has
been established with three experimental designs in three separate blocks. The size of the
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experimental farm was 68 m  68 m and the size of the each block is 28 m  28 m. This AVS
was established with five designs in three separate blocks- i) one row PV array with full
density (ORPVAFD),

ii) one row PV array with half density (ORPVAHD), iii) two row PV

array with full density of lower row and half density of upper row (TRPVAFD-HD), iv) three
row PV array with full density of bottom and middle row and half density of top row
(ThRPVAFD-FD-HD) v) three row PV array with full density of bottom row and half density of
middle and top row (ThRPVAFD-HD-HD). The full density (FD) and half density (HD) of PV
plates in rows were kept to regulate amount of intercepted solar radiation on ground surface,
which is required for crop production in interspaces between PV arrays. To avoid shade
effect on PV panel on leeward side an inter-row spacing of 3.2, 6.4 and 9.6 m was maintained
in ORPVA, TRPVA and ThRPVA, respectively in the North-South direction (Fig.1). In all
these three blocks, two different designs were followed: few arrays with gap in between PV
modules and few arrays covered fully with PV module which allows receiving different
amount of intercepted solar irradiation on ground surface, which is required for crop
cultivation in between PV arrays and also below PV panel areas. The shading from the PV
module varied according to the time of year and height of the crops planted between the
module rows. Solar PV modules were installed on fixed MS iron angle structure facing
perpendicular to south and inclination of 26° at both the sites (Fig. 2).

Figure 1: Schematic design of PV module installations for AVS
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2.2 Crop production in agri-voltaic system
In the present AV system, the PV modules created shade on ground surface on
leeward side as per the movement of sun. To avoid the shade of one PV array on the next
array, a separation distance between two arrays is maintained. This interspaces area between
two PV arrays was utilized to grow suitable crops. Moreover, area below the PV module was
also used to grow crops since PV modules are fixed over mounting structure at a certain
height from ground surface. However, growing crops in between the arrays of PV modules
requires selection of suitable crops which have certain degree of shade tolerance and shorter
in height to avoid shade on PV panels. The shaded portion at interspaces area varies from
morning to evening as per zenith angle and azimuth angle of Sun’s position. Available
amount of solar irradiation both under direct (open sun) and diffused conditions governs plant
growth because the amount of photosynthetically active radiation (PAR) is different under
both these conditions. Height of crops is a key parameter for selection of crops for AVS
because high crops may create shade on PV modules and thus reduce the PV generation.
Therefore, crops with low height (preferably shorter than 50 cm) which can tolerate certain
degree of shade and require less amount of water are most suitable for AVS in arid
ecosystem. Following crops are chosen to grow in agri-voltaic system. Under rainfed
situation, moong bean (Vigna radiata), moth bean (Vigna aconitifolia), and cluster bean
(Cyamopsis tetragonoloba) have been selected as arable crop, whereas under irrigated
situation during Rabi season isabgol (Plantago ovata), cumin (Cuminum cyminum) and
chickpea (Cicer arietinum) have been selected. Apart from these arable crops, medicinal
plant, e.g. Aloe vera and Solanum melongena (brinjal) have been selected as perennial
Spinacia oleracea (spinach) and snapmelon (Cucumis melo L. Momordica group) as
vegetables crop as annual components. For cultivation in areas below PV modules, aromatic
grasses viz. Cymbopogan citrates (lemon grass) and Cymbopogan martini (palmarosa) have
been selected. These crops are expected to modify the microclimates below PV modules and
thus help in optimum PV generation in arid ecosystem. Moreover, the coverage of crops on
soil surface in between PV arrays will also check the erosion of soil by wind action and thus
will reduce the dust load on PV module. A field view of different kharif and rabi crops grown
in the AVS is shown in Fig. 2-4.
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Figure 2: Installed Agri-voltaic system at ICAR-CAZRI, Jodhpur, India

Figure 3: Field view of different Kharif and Rabi crops grown in AV system during 2019-20
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Figure 4: Field view of different vegetables and aromatic grasses in AV system during 2019-20

2.3 PV based electricity generation from Agri-voltaic system
Solar PV generation and solar irradiation has been regularly monitored through
SCADA (Supervisory Control and Data Acquisition) facility and automatic weather station.
The installed AVS has been connected to local electricity grid through net metering system.
Therefore, the generated electricity is directly sold to state electricity board at a fixed tariff
which varies across different states of India. The average tariff rate of INR 5 per kWh may be
considered to calculate the income from PV-generated electricity. The schematic diagram of
the PV based electricity generation from the installed AVS and its supply to grid is depicted
in Fig. 5. At Jodhpur, India effective solar irradiation to generate electricity is available for an
average of 4–5 h in a day. Therefore, 1 kW PV system is expected to generate 4–5 kWh unit
of electricity per day. Thus, 100 kW AVS in Jodhpur will generate at least 400 kWh unit of
electricity in a clear sunny day. During the year 2019, month wise, highest PV generation was
observed during April 2019 and average PV generation has been observed as 331 kWh
month-1. The annual power output generated by AV system was 1,20,779 kWh and the total
revenue generated was Rs. 6,03,895 during the year 2019. Similarly month wise, highest PV
generation was observed during April 2020 (Fig. 6). Average PV generation has been
observed as 353 kWh month-1. The annual power output generated by AV system was
1,29,266 kWh and the total revenue generated was Rs. 6,46,330 during the year 2020.
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Figure 5: Schematic diagram of PV based electricity generation in AVS and its supply to local grid.

400

Monthly Energy Produced (kwh-1)
Monthly Irradiance (whm-2day-1)

8000
7000

350

6000

300

5000

250
4000
200

3000

150

100

2000

50

1000

0

Monthly solar irradiance (kWhm-2)

Monthly average energy generation (kWh)

450

0

Month

Figure 6: Solar PV generation and solar radiation in different months during the year 2020

2.4 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 rainwater
harvesting system from top surface of PV modules in agri-photovoltaic system 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 covering 1 ha area is about 3.75-4
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lakh litre at Jodhpur. It is possible to collect and store rain water from the top surface of PV
modules in AVS. Therefore, in this AVS rainwater harvesting system was also designed and
developed by rectangular MS sheet as water collection channels (Fig. 7), underground water
conveying PVC pipes of 4diameter and an underground water storage tank of 1 lakh litre
capacity. Surface area of a solar PV module of 260 W capacity is 1.64 m × 0.992 m. Thus,
total surface area of 105 kW capacity agri-voltaic system is about 651 m. The total quantity
of water received as rain cannot be harvested from PV module surface because of splash loss,
evaporation loss, etc. Therefore, a factor of 0.8 may be considered to estimate the total
harvested water from rainfall amount. Again, 10% conveyance loss of the collected water to
rainwater storage reservoir needs to be considered. Therefore, about 72% of annual rainfall is
expected to be collected in water reservoir. Thus, about 180,000 litre of water can be
harvested from 105 kW agri-voltaic system. Field observations revealed that solar PV top
area harvested 93.3 m3 of water against a rainfall of about 221.2 mm during the period from
June 1- 31 July 2019 with an efficiency of 65.8%. Hence in arid region with severe challenge
of water scarcity for agriculture, the agri-voltaic system is a feasible and sustainable option
for meeting both food and energy demand in future.

Figure 7: Rain water harvesting system from top surface of PV module
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2.5 Environmental parameters monitoring
The performance of PV systems is highly affected by internal and external factors
such as the structural features, aging, radiation, shading, temperature, wind, dust load on PV
plates. Any type of climatic change causes changes in the solar radiations and in the ambient
temperature, hence causing changes in the solar PV output performance. The J-type
thermocouple with 32 channel data logger was used to measure ambient temperature and PV
module temperature at 10 minute interval. Different types of probes were set in the shade of
panel at full and half density treatment, bottom of panel as well as soil temperature at
different depth of the panel. During daytime, micro-climatic parameters viz. net radiation
(NR) and photosynthetically active radiation (PAR) were measured in shaded areas under
solar PV modules and at open sun condition in the AVS. Both NR and PAR were measured at
one-hour interval from morning to evening during clear days. The NR was measured by net
radiometer at crop canopy during peak summer and winter season, whereas PAR was
measured by line quantum sensor at crop canopy. Deposition of dust has also a negative role
on solar PV generation since it reduces the transparency of the top glass surface of solar PV
module. Cleaning of PV modules is, therefore, a regular management practice to get optimum
PV generation. Dust deposition of solar PV module was measured during cleaning operation
in each block.
The ambient temperature varied from 2.7°C to 48.6°C. Air temperatures increase
sharply from March onward and stand highest during June till pre-monsoon showers set in
the area. The temperature of shade of PV panel areas vary between 3.0°C to 49.6°C with peak
values as high as 50°C in June 2020. During summer days, average temperature of PV
module reached up to 60-65°C whereas during winter season it reached up to 40-45°C with
peak values 71°C during June 2020. It has been observed that PV module temperature was
always about 15-20°C higher than ambient temperature during day time and thus reduces the
solar PV generation. It is to be noted here that solar PV module performs optimally at 25°C
and each degree increase in temperature from this optimum value decreases the voltage
output and hence negatively affect the PV generation. Diurnal variation in temperature of PV
module, shade of PV panel areas and ambient temperature during a typical summer day and
winter day is shown in Fig. 8.
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Figure 8: Variation in temperature of solar PV module and the ambient condition during summer and
winter season in the Agri-voltaic system

2.6 Dust deposition on solar PV module
Deposition of dust has also a negative role on solar PV generation since it reduces the
transparency of the top glass surface of solar PV module. Cleaning of PV modules is
therefore a regular management practice to get optimum PV generation. Cleaning with water
soaked wiper once in a week during summer months and once in a fortnight during winter
months has been followed. Dust load on the PV module was observed slightly higher in block
2 with double-row PV array than block-3 with triple-row PV array and single-row PV array.
Average dust load on PV module was quantified as 1.98 g m-2, 2.35 g m-2 and 2.17 g m-2
respectively in single-row, double-row and triple-row PV array in the agri-voltaic system.

3. Potential areas for establishing agri-voltaic system in India
The agri-voltaic system has very good potential in those portions of the country where
solar irradiation is available in plenty. Arid western Rajasthan and Gujarat receives higher
amount of solar irradiation (5.3-6.0 kWh m-2 day-1) as compared to rest portion of the country
(<5.5 kWh m-2 day-1) except Ladakh (Fig. 9). Apart from western India, southern tip of India
covering Tamilnadu and Kerala also receives considerable amount of solar irradiation and
thus there is scope of installation of agri-voltaic system in the region.
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Figure 9: Availability of solar irradiation in India

Among twelve districts of western Rajasthan, availability of solar irradiation is high
in Jaisalmer, Barmer and Jodhpur (>5.7 kWh m-2 day-1) whereas comparatively low in
Ganganagar, Hanumangarh, Churu and Jhunjhunu (5.3-5.5 kWh m-2 day-1). In arid Gujarat,
the Kachch district has vast potential to harness solar energy. In contrast to it, low availability
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of water in these arid districts is a limiting factor to achieve potential crop yield. Therefore,
water harvesting system from top surface of PV modules in the agri-voltaic will help in
conserving rain water and to use it in crop production system and also in cleaning the PV
modules.

4. Possible way to install agri-voltaic system in farmer’s field?
Initial investment for establishment of agri-voltaic system is about Rs 250 lakhs for 1
ha. High cost of investment is a major hindrance for its adoption in farmers’ field. Therefore,
policy supports and guidelines are necessary for establishment of agri-voltaic system in
farmers’ field. Very recently Ministry of New and Renewable Energy (MNRE), Govt. of
India has taken a plan under ‘Kisan Urja Surksha Utthan Mahaabhiyan (KUSUM)’ yojana.
Under component-A of KUSUM scheme, a total of 10 GW of decentralized ground mounted
grid connected solar power plants are planned with an individual plant size ranging from 500
kW to 2 MW. Considering the potential of the technology such plant can increase the income
of farmers by simultaneously generating electricity and growing cash crops.

5. Conclusion:
Agri-voltaic system has been shown as a potential option to grow crops and generate
renewable energy from a single land unit. The system is best suitable for those areas where
solar irradiation is available in plenty and land productivity potential is comparatively low.
Additional advantage of agri-voltaic system is its ability to harvest rainwater from the top of
PV modules. The harvested rainwater can be used for cleaning of deposited dust on PV
modules and to provide supplemental irrigation to crops. The agri-voltaic system can be
connected to grid through net metering system to supply the PV generated electricity and earn
an income of Rs 7.5 lakhs acre-1 year-1. Otherwise, the off-grid agri-voltaic system can be
used to operate solar PV pumping system in farmers’ field. Apart from income by selling the
PV generated electricity, farmers can also earn income from crop production. Overall, the
land equivalent ration can be improved by installation of agri-voltaic system in farmers’ field.
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Solar Desalination: An approach for water purification
Dr. A. K. Singh and Dr. Surendra Poonia
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Introduction
Water is a basic necessity of man along with food and air; the importance of
supplying hygienic potable/fresh water (less than 500 ppm of salt) can hardly be over
stressed. The man has been dependent on rivers, lakes and underground water reservoirs for
fresh water requirements in domestic life, agriculture and industry. However, use of water
from such sources is not always possible or desirable on account of the presence of large
amount of salts and harmful organisms. The impact of many diseases afflicting mankind can
be drastically reduced if fresh hygienic water is provided for drinking. But there are still
countries in the world today where large amounts of the population are lacking fresh drinking
water. As far as drinking water is concerned, it is scarcely available in western 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 contaminated with
pathogenic microbes pond water. 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. The conventional desalination
technologies like multi stage ﬂash, multiple effect, vapor compression, iron exchange, reverse
osmosis, electro dialysis are expensive for the production of small amount of fresh water, also
use of conventional energy sources has a negative impact on the environment. Solar
distillation provides partially support humanity’s needs for fresh water with free energy,
simple technology and clean environment. Therefore, solar distillation seems to be a good
substitute for conventional methods. The distillate output of solar still is to be mixed with the
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available saline water in appropriate proportion to make it drinkable. In fact as much as 20
litres/day of potable water (150 ppm TDS) can be made available in a day from raw water
containing 300 ppm TDS by installing a solar still of capacity 10 litres/day. Solar distillation
has been in practice for a long time. Solar distillation is carried out in solar still. The basintype solar still is in the most advanced stage of development.

Metallic type solar desalination devices
Low glass roof type solar stills were developed in seventies for desalination of
brackish water. These solar stills were further improved with proper slope in distillation
channel, supporting truss for ridge, windows for cleaning on two sides, better sealing and
incorporation of a system to mitigate problems of algae and scale formations. Thermal
efficiency of such stills was found to range from 20 to 34% from winter to summer with
productivity ranging from 1.0 to 3.3 litres m-2 day-1. On the other hand in step basin tilted
type solar stills having capacity to produce 3 to 3.5 litres m-2 day-1 distilled water throughout
the year indicating that the distillate output of this novel still is not much affected by the
seasons (Fig. 1). The design of double sloped solar still was optimised by considering
different designs and the effects of climatic and operational parameters on the performance of
solar still and to solve the operational problems by pre-treating the brackish water to prevent
scaling and algae growth. However, it was found that the productivity of the double-sloped
solar stills was only 1-2 litres m-2 day-1 during winter months compared to 3-3.5 litres m-2 day1

in summer. The productivity of single sloped solar still was increased during winter by 27%

with the use of additional reflector in single sloped solar still.

Figure 1: Step basin tilted type solar stills
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Further four similar metallic solar desalination devices (absorber area 1.13 m2)
developed was continued with water having salt concentration 0.0, 2.5, 5.0, and 7.5 g/L and
found to provide average distillate output as 1.030, 0.974, 0.973 and 0.966 litres m-2 day-1,
respectively. Electrical conductivity of raw saline water having salt 2.5, 5.0 and 7.5 gL-1 was
15.09, 17.11, 17.38 m mhos that was reduced to 1.84, 3.85, 4.82 m mhos in commercial RO
plant while it was 0.14, 0.44, 0.64 m mhos in solar desalination devices respectively.

Figure 2: Metallic type solar stills

Basin type desalination device
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 and made of different 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 20o 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 collected into two distillate channels provided at lower side and is taken
out through a pipe into a cylinder (Fig.3).
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Figure 3: Solar desalination devices made of vermiculite-cement plastered material

Fig.4 and Fig. 5 shows the instantaneous distillate yield of the cement concrete hollow
block, stone masonry, cement-concrete, brick masonary and vermiculite-cementbasin type
solar still in the summer (May 2017) and winter (December 2017) month. The distillate yield
was measured witha measuring jar at sixty minute intervals from 8.00 AM to 6.00 PM
including day and night condensation. It was observed that inside temperature increasedas the
solar intensity increased and hence rate of heat utilization for heating thewater was more at
noon time and accordingly higher evaporation was observed after noon hours and then rate of
condensation increased than noon time assolar intensity decreased.It wasobserved that
maximum distillation rate obtained between 4 PM to 5 PM which was highest as 200 ml in all
the basin type solar stills. In the summer month of May 2017, the total cumulative amount of
daily productivity obtained by the hollow block walled was 8065 ml day-1 including day and
night condensation, while the productivity of the stone masonry type solar still was 8117 ml
day-1. With the different building material, productitity increased to 8230 ml day-1 in cementconcrete walled and 8340 ml day-1 in the case of still with brick and stone masonry walls.
Finally, with walls with vermiculite-cement blocks, productivity increased to 8540 ml day-1
which was 475 ml day-1 more than the still with cement concrete hollow block, and provided
the highest distillate output because of better insulation and reduced heat loss that is why it
gave better performance over other units. Variation of total distillate output/day with respect
to different type of basin still is shown in Fig. 6. As expected, performance of the stills
increases when the insulating material of thebase changes from different building materials
with salt encrustation.
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Figure 4: Variation of distillate yield for different basin type of solar still during May 2017

In the winter month of Decemer 2017, the total cumulative amount of daily
productivityobtained by the hollow blockwalled was 7029 ml day-1 including day and night
condensation, while the productivity of the stone masonry type solar still was 7173 ml day -1.
With the different building material, productitity increased to 7285 ml day-1 in cementconcrete walled and 7395 ml day-1 in the case of still with brick and stone masonry walls.
Finally, with walls with vermiculite-cement blocks, productivity increased to 7595 ml
day-1 which was 566 ml day-1 more than the still with cement concrete hollow block, and
provided the highest distillate output because of better insulation and reduced heat loss that is
why it gave better performance over other units. Variation of total distillate output/day with
respect to different types of basin still is shown in Fig. 5.

Figure 5: Variation of distillate yield for different basin type of solar still during December 2017
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The performance evaluation of the devices made of hollow block, stone masonry,
cement-concrete, brick masonary and vermiculite-cement basin type solar stills for which the
disttllate efficiencies were 24.61%, 28.21%, 28.55%, 29.54% and 30.25% and system
efficiencies were found 28.3%, 32.7%, 32.8%, 33.6% and 34.5%, respectively. A comparison
between conventional RO plant and desalination units made of building materials was also
done using highly saline and the performance of such units was found to be better than that of
conventional RO plant. Electrical concductivity (EC)of raw saline water having salt varying
from 15.1 mmhos to 17.38 mmhos that was reduced to 1.84 mmhos to 4.82 mmhos in
commercial RO plant while it varied from 0.14 mmhos to 0.64 mmhos in solar desalination
devives respectively.
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Figure 6: Total distillate output including night for various basin type solar still

Parabolic concentrating solar thermal desalination device
Solar desalination units made of building materials overcome the problems of
corrosion but salt scaling and algae problems still exist. All metallic solar stills whether multi
step basin or single basin are prone to corrosion, salt scaling and algae problem and have less
life. To overcome these problems a concentrator-based distillation device was developed at
ICAR-Central Arid Zone Research Institute, Jodhpur, India.
A parabolic concentrating solar thermal desalination device was designed and
fabricated during the year 2019. The experimental device comprises a solar parabolic
concentrator (SK -14 type) unit with a dish diameter 2.60 m and a performance of up to 700
Watts. The net power of the concentrator is approximately 600 watts in good sunshine hours
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and the average stagnation temperature at the bottom of the vessel of absorber surface is
around 350°C, which is sufficient for boiling of water and steam generation. The number of
reflector sheets varies from 24 to 36 in different designs manufactured by different
manufacturers. Polished, anodized hardened aluminium sheets are used as reflectors. The
system has been designed and fabricated in such a way that it could enable the combined
production of distilled as well as hot water. The parabolic concentrating solar desalination
device consists of a parabolic dish concentrator, evaporating vessel, condensing unit with
glass tube, stand and distillate jar. The parabolic dish concentrator uses a parabolic mirror
that focuses incoming solar radiation on a receiver mounted above the dish at its focal point.
The diameter aimeter of parabolic concentrator made of steel is 2.60 m and the height of disc
at centre is 28 cm. The inner surface of the dish is covered by an aluminum foil to make it
work as a reflector. The receiver is fixed in an advanced place to the focal point to confirm
receiving all dish reflected rays. The receiver is fabricated from steel of 25 cm diameter and
20 cm depth. The receiver shadow on the collector’s face can decrease the amount of solar
radiation reflected, so the receiver’s insulation thickness is limited. The container has two
openings, one in the bottom of water interring the container from the brackish water
container, and the other from the top for hot water exit to the distiller. The parabolic dish tilt
angle was chosen as 30° from the horizontal facing the south, depending on conclusions of
reference. However, the focusing system works effectively on direct solar irradiation, which
required taking into consideration another loss. The main part of diffused radiation that is
about 20% of the solar beam cannot be focused. For this reason, flat collectors are used for
low-temperature applications (diffuse radiation is not lost). The setting procedure employed
in this study limited the lost diffuse radiation.The focal length of the disc is 72 cm and it is
covered with highly reflective silver colored foil of high surface quality and good spectral
reflectance and projected area of disc is 1.50 m (Fig. 7). A silver colored foil of high
reflectivity is used because of light weight, ease of covering the dish and low cost compared
to aluminium foil or glass. The absorber, mounted at the focal point, was made of steel alloy
which has a receiving surface of 1.50 m and a geometric concentration of 100. The
concentration ratio of this parabolic concentrator is calculated as 38. This pot is completely
insulated except the part lit by the solar rays reflected by the parabolic surface. The saline
water is kept inside the pot. Glass tube condenser fixed in a wooden box was used in this
work. The brackish water is supplied to the glass tube condenser from the concentrating unit
where it is condensed. Distilled water was gathered in a jar and measured every operating
hour.
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Figure 7: Parabolic concentrating solar thermal desalination device

Fig.8 and Fig. 9 shows the instantaneous distillate yield of the parabolic solar
concentrator-based distillation unit in the summer (May 2019) and winter (December 2019)
month. The distillate yield was measured with a measuring jar at sixty-minute intervals from
9:00 AM to 17:00 PM. It was observed that steam generation was started after half an hour in
each experiment, resulting in production rate of zero at 8:00 am. As the water temperature in
the absorber increases, the thermal capacity of the water decreases, causing an increase in the
evaporation rate, hence reaching the maximum hourly production rates of at 13.00 hr and
decreases thereafter as shown in Fig. 8 and 9. This evolution is closely linked to solar
lightening, which is responsible for this production and therefore has a similar rate. This
deviation can be explained by the fact that in the morning, only a small part of absorbing
surface is covered with water because of the strong tilt in addition to the geometry
imperfection and the sun’s manual follow-up. In the summer month of May 2019, the total
cumulative amount of daily productivity was 6.5 lit.day-1,while the productivity in the winter
month of December 2019 was 5.50 lit. day-1. The wall temperature of the absorber is
increased due to higher values of solar insolation (more than 750 W/m2) which is the major
effective parameter on the productivity. Therefore, steam generation rate and consequently
the production rate increase. As the parabolic dish provides concentrated heat flux for the salt
water in the absorber, this parameter appears as a driving force for evaporation rate and
productivity. In this case, it is expected that the developed point-focus solar still produces
acceptable amount of fresh water in high solar intensity weather conditions even in cold and
windy hours.
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Figure 8: Variation of distillate yield for parabolic concentrating solar thermal desalination
device during May 2019

The daily efficiency obtained for all of the five experiments days in summer (May
2019) and winter (December 2019) month is shown in Fig. 10. The maximum average daily
efficiency of the parabolic concentrating solar thermal desalination device was 34.2% in
month of May and 32.3% in month of December 2019.
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Figure 9: Variation of distillate yield for parabolic concentrating solar thermal desalination device
during December 2019

It can be observed that the daily efficiency of the December month is less than that of
the May month in all experimental days. The efficiency presents an increase in the beginning;
then it has a decrease thereafter. The deviations of efficiency can be explained by the fact that
in the beginning, only one part of the absorbing surface is covered with salt water, the manual
sun pointing and the existence of imperfections in the concentrator surface. In the other case,
the maximum efficiency corresponds to the maximum solar lightning obtained towards 13:00.
At this hour, the boiler is nearly in a horizontal position, which maximizes the offered heat
transfer surface [37].
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Figure 10: Daily efficiency of the parabolic concentrating solar thermal desalination device obtained
for five experiment days in May and Dec 2019.

A comparison between conventional RO plant and parabolic concentrating solar
thermal desalination devicewas also done using highly saline and the performance of such
units was found to be better than that of conventional RO plant. Electrical concductivity (EC)
of raw saline water having salt varying from 4.15 mmhos to 10.50 mmhos that was reduced
to 0.94 mmhos to 2.56 mmhos in commercial RO plant while it varied from 0.10mmhos to
0.48mmhos in solar desalination devices respectively.

Conclusion
Solar desalination device is very much useful in rural arid areas which are deprived of
potable water and only saline water is available. The device is very cost effective can provide
8 to 10 litres of distilled water per day on clear sunny days. The solar still can be successfully
used for desalination of saline water in rural areas for meeting requirement of potable water.
The distillate output of solar still can be mixed with the available saline water in appropriate
proportion to make it drinkable. In fact as much as 20 litres/day of potable water (150 ppm
TDS) can be made available in a day from raw water containing 300 ppm TDS by improved
solar still. The use of solar desalination device would help in conservation of conventional
fuels, such as firewood, cow dung cake and agricultural waste in rural areas of India.
Conservation of firewood helps in preserving the ecosystems and cow dung cake could be
used as fertilizer, which could help increase the agricultural production. Moreover, the use of
this device would result in the reduction of the release of CO2 to the environment. The solar
desalination unit will overcome the problem of corrosion associated with metallic solar still.
In addition, there is a wide scale adoption of distilled water in dispensaries, laboratories,
batteries etc.
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Solar dryer for drying fruits and vegetables of arid zone
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Introduction
Drying or dehydration of material means removal of moisture from the interior of
the material to the surface and then to remove this moisture from the surface of the drying
material. Drying is practiced to enhance the storage life, to minimize losses during storage
and to reduce transportation costs of agricultural products. In India, 70% people depend on
agricultural practices and of this most farmers are subsistence farmers and affording hi-tech
facilities and equipment is a major problem. In many rural areas of India, the farmers grow
fruit and vegetables. These perishable commodities have to be sold in the market immediately
after harvesting. When the production is high, the farmers have to sell the material at very
low price, there by incurring great loss. This loss can be minimized by dehydrating fruits and
vegetables. The dried products can be stored for longer time in less volume. In off seasons the
farmer can sell the dried products at higher price. The traditional methods for drying the
agricultural produce is to dehydrate the material under direct sunshine. This method of drying
is a slow process and usual problems like dust contamination, insect infestation and spoilage
due to unexpected rain. These problems can be solved by using either oil-fired or gas fired or
electrically operated dryers. However, in many rural locations in India, the electricity is either
not available or too expensive for drying purpose. Thus in such areas the drying systems
based on the electrical heating are inappropriate. Alternatively, fossil powered dryer can be
used but it poses such financial barriers due to large initial and running cost that these are
beyond the reach of small and marginal farmers. In the present energy crisis, it is desirable to
apply a little solar technology for dehydration of fruits and vegetables, so that gas, oil and
electricity can be saved. Fortunately India is blessed with abundant solar energy. During
winter from November to February most of the Indian stations receive 4.0 to 6.3 kWhm-2 day1

solar irradiance, while in summer season, this value ranges from 5.0 to 7.4 kWhm-2 day-1.

The arid and semi-arid parts of the country receive much more radiation as compared to the
rest of the country with 6.0-7.4 kWhm-2 day-1 mean annual daily solar radiation having 8.9
average sunshine hours a day at Jodhpur, India, which can be used for dehydrating fruits and
vegetables through solar dryer.
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Solar Energy: A Promising Source for Drying Operation
Solar energy is one of the most promising renewable energy sources in the world
compared to non-renewable sources for the purpose of drying of agriculture and industrial
products. The concept of a dryer powered by solar energy is becoming increasingly feasible
because of the gradual reduction in price of solar collectors coupled with the increasing
concern about atmospheric pollution caused by conventional fossil fuels used for drying
crops.
Solar drying in the context of this technical brief refers to methods of using sun`s
energy for drying, but excludes upon air sun drying. The justification for solar driers is that
they are more effective than sun drying, but have lower operating costs than mechanized
driers. A number of designs have been proven technically, but while none yet is in
widespread use, there is still optimism about their potential. Solar dryers are now being
increasingly used since they are a better and more energy efficiency option. Solar dryer is an
improved form of sun drying in which drying is accomplished in a closed structure under
relatively controlled conditions utilizing the thermal energy of sun. Solar drying is to
overcome the problems of traditional techniques and to give solutions to replace traditional
techniques. If requirement of severe drying conditions is not there, then solar drying is used
for most of the agricultural commodities. Solar dryers are optimistic options for overcoming
the problems of crop preservation with the comparison of open air drying. Important factors
to be considered in selection for a type of solar dryer for a particular product are:
(i)

The amount of product to be dried

(ii)

The recommended temperature for intended use

(iii)

Amount of moisture to be removed for an expected storage life.

(iv)

In addition to these; intensity of solar radiation, air temperature, relative humidity and
moisture content of the product are the main factors that affect the drying process.

Solar dryer can be classified as:
(1) Passive
Passive solar dryer can further be classified as direct and indirect type. In direct type
passive solar dryers the solar radiation is transmitted through the transparent cover and
absorbed by blackened interior surface where, produce is kept for drying. Due to
accumulation of energy the temperature inside the dryer increases as a result there is a
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continuous flow of air on the drying material. Such dryers are most suited for limited quantity
of fruits and vegetables at domestic level. Indirect dryers are suitable for colour sensitive
produce, as the produce is not exposed directly to the sun.
(2) Active
The active type dryers are suited for large scale application where blowers are provided
for forced circulation of heated air.

Classification of solar dryers
1. Natural Convection or Direct Type Solar Dryers
Non-availability of adequate irrigation water and harsh climatic condition, generally
prevailing in arid region, forces the farmer not to grow fruits and vegetables on large scale.
As a result, the community in the region largely depend 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
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processing and/or after drying. The vegetable “punchkuta” is prepared using these above
tree/bush based dried vegetables 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 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 vegetables with their limited
irrigation water resources. However, the community in the region still have a choice to
consume dry fruits and vegetables. The supply of these items from neighboring states as well
as local production causes seasonal glut in the market. Fruit 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 fruit 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. Among solar
dryers like forced, natural, tilted and domestic type. CAZRI designed solar dryers, a low cost
tilted type solar dryer, costing about Rs. 9000 per m2, has been extensively tested for drying
onion, okra, carrot, garlic, tomato, chillies, ber, date, spinach, coriander, salt coated amla etc.
(Fig. 1).

Principle of inclined solar dryer
The solar dryer is based on the principle of flat plate solar collector and greenhouse
effect. The solar radiation fall on the transparent glass sheet and enter the collector and get
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 dryer has to be set according to the seasonal variation of tilt angle, which is
given as,
Declination angle =

------------------- (1)

Where n = number of day of the year, January 1, being the first day of the year.
Tilt angle = latitude  declination angle.
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The tilt remains equal to latitude (26.18 for Jodhpur) on March 21 and September 23. The
average tilt angle for twelve months are given in Table 1
Table 1: Average tilt angle for different months of the year

S. No.

Day of month

Tilt angle

1.

January 15

48.45

2.

February 15

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

33.9

11.

November 11

44.09

12.

December 11

48.15

Performance of the natural convection solar dryer is very good during the summer but
it is very poor during winter in northern parts of India and takes longer time for dehydration
of fruits and vegetables because its absorbing surface is horizontal and so receive much less
radiation compared to optimally inclined surface. Solar radiation received at Jodhpur on
horizontal surfaces and optimally inclined surface is shown in Table 2. From Table 2, it is
clear that solar radiation received on an inclined surface is 69.36 % more than a horizontal
surface during the month of December and an inclined surface receives 43.8% and 22.76%
more radiation than a horizontal surface during the winter season (October – March) and
round the year, respectively. Therefore, optimally tilted solar dryer has been used for this
study. The tilt of solar dryer is adjusted once in a fortnight as per elevation of the sun.
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Table 2: Mean daily solar radiation (kWhm-2 day-1) on horizontal and optimally inclined
surfaces at Jodhpur

S.

Month

No.

Solar radiation (kWhm-2 day-1)
Horizontal surface

Inclined surface

Increase

over

horizontal surface (%)
1.

January

4.61

7.25

57.23

2.

February

5.44

7.68

41.07

3.

March

6.39

7.27

13.74

4.

April

7.08

7.23

2.04

5.

May

7.39

7.39

0.00

6.

June

6.92

6.92

0.00

7.

July

5.86

5.86

0.00

8

August

5.42

5.46

0.87

9.

September

5.97

6.41

7.39

10.

October

5.69

7.24

27.07

11.

November

4.81

7.42

54.33

12.

December

4.33

7.34

69.36

Mean

5.83

6.96

22.76

Figure 1: Inclined solar dryer installed at CAZRI solar yard

An optimally tilted type solar dryer can be used for dehydration of fruits and
vegetables. The initial moisture content of tomato was reduced from 95% (wet basis) to about
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5%, in spinach 93% to 5%, in carrot 71% to 12%, in ber 80% to 20% and in lasoda/gonda it
was reduced from 85% to 10% within 2 days in solar dryer for tomato, spinach, carrot and
gonda and 10 days for ber. The efficiency of the inclined solar dryer was 17.57%,
respectively. The farmers can dehydrate vegetables when these are available in plenty and at
low cost. Dehydrated vegetables can be sold in the off season when prices of vegetables are
high and farmers can generate more income. The economic evaluation of the inclined solar
dryer unit revealed that high value of IRR (84.4%) and low value of payback period (1.42
Years) make the unit is very cost efficient. One can save about 290 to 300kWh/m2 equivalent
energy by the use of such dryers and farmers can accrue higher benefits from solar dried
products. The use of the dryer would result on the reduction of the release of 1127 kg of CO2
savings/year. Solar dried vegetables will be more acceptable in the world market and farmers
will get more income. The dryers are finding increasingly more acceptability due to export
potential of dried products like garlic, onion, instant chatni etc. Based on this design a solar
dryer of 400 kg capacity has been installed in village Kankani and of 1000kg capacity at
village Keru village of Jodhpur district.

2. 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 find 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 intermittent, they have to wait for the wind. The PV winnower cum dryer
have been used for winnowing threshed materials in the absence of erratic and unreliable
natural winds and also for dehydrating fruit and vegetables more effectively and efficiently
(Fig. 2). About 35 to 50 kg grain could be separated within 1 to 1.5 hours from threshed
materials of pearl millet, mustard grain and cluster bean (Fig. 3). The same fan of winnower
is used in a dryer to use the system for dehydrating fruit and vegetables under forced
circulation of air. As a solar PV dryer 40-50 kg fruit and vegetables viz. water melon flakes,
kachara (local cucumber) slices, grated carrot, mint, spinach, onion, mushroom, ber,
coriander leaves, chilies etc. could be dehydrated in less than half of the time required in open
sun drying while retaining its colour and aroma. Thus it become more useful for domestic
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lighting and for agricultural purposes such as winnowing and cleaning of grains and
dehydrating fruit and vegetables enabling farmer to get more benefits from the same system.

Figure 2: PV winnower cum solar dryer

Figure 3: Winnowing of cluster bean (Guar)

3. Photovoltaic-thermal (PV/T) hybrid solar dryer
This solar dryer is unique as it is uses both thermal and solar photovoltaic
simultaneously. The same unit is being used as solar collector as well as solar dryer. The
solar photovoltaic fan regulate the temperature uniformly when solar radiation and ambient
temperature are high, then the speed of fan is increased. The hybrid system has been designed
and fabricated in such a way that it enabled the combined production of electrical energy and
thermal energy from the photovoltaic panel and flat plate collector, respectively. The dryer
consists of a collector unit, drying chamber, DC fan, PV panel and PCM chamber for thermal
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storage. The PCMs used were polyethylene glycol (PEG) 600 (melting temperature 17-23C)
during winter and polyethylene glycol (PEG) 1000 (melting temperature 33-40C) during
summer season revealed sufficient amount of heat storage in PCM materials during day time
which further helps in drying of agricultural produces during night time. The PV module was
provided at left side of solar collector to operate a DC fan for forced mode of operation.
Dryer having a size 1250 mm  850 mm was made by galvanised steel sheet (22 gauge),
which consist of four drying trays. The clear window glass (4mm thick) is provided at the top
of box. The area of collector designed for the dryer is 1.06 m2 with a DC fan of 10 watt,
which was used for exhausting moisture with the help of a solar panel of 20 Wp. The
dimension of two drying trays made of stainless steel angle frame and stainless steel wire
mesh was (0.84  0.60 m) and that of two half trays (0.40 0.60 m). The drying material can
be kept on four trays and placed on angle iron frame in the dryer through an open able door
provided on the rear side of the dryer. Six plastic pipes are fixed in the back wall of the dryer
just below the trays to introduce fresh air at the base. Actual installation of the photovoltaic
thermal (PV/T) hybrid solar dryer is shown in Fig. 4.

Figure 4: PVT hybrid solar dryer installed at CAZRI solar yard

Different type of arid produces were dehydrated viz. ber, lasoda/gonda, tomato,
spinach, carrot, ker and sangri in this dryer. The drying drying data of ber was fitted to four
mathematical models viz. Henderson and Pabis, Newton, Logarithmic and Page models to
predict the behaviour of ber drying. The logarithmic model was found to be the most suitable
for describing the thin layer drying behavior of ber. The effective moisture diffusivity was
3.3410-7 m2/s and the efficiency of this dryer was found 16.7%. The developed hybrid PV/T
drying system produces better quality products in shorter time by the efficient use of solar
energy. The economic evaluation of the hybrid photovoltaic thermal (PV/T) solar dryer
revealed that high value of IRR (54.5 per cent) and low value of payback period (2.26 Years)
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make the dryer unit is very cost efficient. The use of this hybrid PV/T dryer will prove to be a
boon for remote location/rural area with less reliable conventional energy sources. It will go a
long way in reducing post-harvest losses as well as CO2 emission. The dried product of ber
(Zizyphus mauritiana), Lasoda/Gonda, Anwala, Carrot, Mint leaves, Ker and Sangri (Unripe
Pods of Prosopis cineraria) in solar dryer is presented in Fig. 5.

Ker fruit

Shredded Gonda/Lasoda fruit

Ber fruit

Sangri fruit

Figure 5: Solar dried fruits and vegetable
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4. Solar tunnel dryer
In solar tunnel dryer agriculture and industrial products can be dried on large scale
and small scale. It is a poly house framed structure covered with the UV-stabilized and poly
carbonate sheets. Solar tunnel dryer is cheaper in operating cost and maintains moderate
environmental conditions. Loading and un-loading of the products can be done in two ways:
•

One man can enter to load and un-load the dryer through door

•

Two handles are provided on the upper part of the dome shaped structure for loading and
un-loading of the agriculture commodities.
Main principle of the solar tunnel dryer is to pass the short-wave of solar radiation

through the poly carbonate sheet and UV-stabilized polythene sheet. The transmitted solar
radiations are absorbed by the inside material and the short-wave radiation turns into a longwave radiation inside the dryer because of this reason temperature rises inside the dryer. This
effect is called as a greenhouse effect and this is the basic principle used in all solar thermal
collectors. Solar tunnel dryer can be useful in most of the climatic conditions.

Advantages of solar tunnel dryer
•

Both the air inlet and outlet of the solar dryer are insect-tight. Insects, such as wasps or
fruit flies have no access and cannot contaminate the foods or chew up parts of them.

•

Less dust can collect on the goods to be dried in a dusty climate.

•

A brief episode of rain does not affect the drying results adversely

•

Achievement of temperature is more inside the solar tunnel dryer compare to ambient
temperature

•

No running operating costs, environmentally friendly, energy self-sufficient.

Figure 6: Schematic diagram of solar tunnel dryer
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5. Greenhouse dryers
Greenhouse dryers could be classified either as direct solar dryers or sometimes as
mixed-mode dryers. The greenhouse dryer is low cost, easy to fabricate, and simple in design.
This can be used in any part of the world. Based on the mode of air circulation, the
greenhouse dryers are classified into two types: (i) greenhouse dryer under passive mode
(natural convection) and (ii) greenhouse dryer under active mode (forced convection). The
typical design of greenhouse dryer is presented on Fig.6. The original greenhouse
configuration was modified to allow for a black galvanized iron sheet absorber at the floor,
air inlets along the whole length of both sides of the dryer, and air outlets along the upper part
of the dryer. Both exits are equipped with fine plastic netting to protect the product against
insects and dust.

Figure 7: Natural circulation greenhouse dryer

Another type of forced convection greenhouse dryer with transparent polycarbonate cover
is visible in Fig. 7. The dryer is approximately 5m wide and 10m long, and it is suitable for
drying of different commodities such as fruits, vegetables, and spices. The dryer has trays
stacked inside a wooden shed. Trays of size 2m  2m are fixed in the wooden chamber to
spread grapes. The air temperature inside the greenhouse dryer is approximately about 20C
higher than the ambient temperature depending on specific climatic conditions. Heated air
passes through the trays placed in the wooden chamber. A blower is placed on the backside
of the stack chamber to ensure a regular airflow through the trays. The size of the dryer shed
is fixed at 23m which ensure easy loading. The frame is made from metal, and the dryer was
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covered by clear polyethylene material. The dryer consists of a plastic greenhouse cover
containing a drying tunnel made with transparent plastic walls. The air circulation is ensured
by an electric fan that moves the hot air from the greenhouse into the tunnel.

Figure 8: Solar greenhouse dryer

The main advantages of this dryer are continuous production, lower labor cost since
the product handling was partly mechanized, a conventional heater which can be easily
installed to keep a constant thermal efficiency, and the installation which can be used as a
greenhouse for small production when it is not used as a dryer. Same authors investigated the
evaporation rate in two types of forced convection greenhouse dryers, the single- and the
double-chamber system.
Summary
There are no one simple criteria for selecting an appropriate solar dryer for a specific
region in the world or a specific product to be dried. The classification of solar drying
systems illustrates that the solar dryer designs can be grouped systematically according to
drying air circulation to natural and forced convection dryers; according to operational modes
to direct, indirect, and mixed-mode dryers; and by their heating sources. The most typical
solar dryers for agriculture produce based on their construction designs were summarized and
evaluated. The final selection of solar drying systems is generally based on the available
insolation rate, kind of product that will be dried, production throughput, operational costs, as
well as the experience of the fabricator. The use of solar dryers at remote locations/rural areas
can go a long way in reducing post-harvest losses as well as carbon emission by
supplementing/replacing conventional energy sources. 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.
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Abstract
Power system is widely distributed and complex in nature. For the overall stability
analysis of complete power system, the various aspects have to be examined properly. This
article analysis the recent Indian grid disturbance occurred in July 2012. This article also
investigates the effect of random measurement noise in grid connected microgrid. The
primary control of grid-connected microgrid with four distribution generations (DG) units, is
performed with and without measurement noise. The different power system stabilizer (PSS)
structures are utilized in primary control action. The comparison of time-domain response
having without any PSS, with conventional PSS (Delta PSS and Pa PSS), MB-PSS and
robust Fuzzy Logic based PSS, is done. Using a typical test microgrid model, the
performance of robust controller as a power system stability agent is accessed via time
domain simulation of the test microgrid model on MATLAB/Simulink platform.

Index Terms-Microgrid, Fuzzy logic Control, power System Stabilizer, Multi Band Power System
Stabilizer, and Noise.

Introduction
The modern power system is very complex, widely distributed inter-connected nonlinear system. The interconnection of micro-grids, with the main or principle control grid is
quite difficult task because of technical as well as economic reasons. Because of versatility,
aggressive speculation costs and adaptable operation, non-renewable energy source era
advancements have been the most widely recognized decision for supply of power in these
remote grids. With the exhibited specialized and sparing practicality of greener era
advancements in light of wind, sun oriented, hydrogen and hydro control, coordinating these
advances has turned into a need in microgrids [1]. The details of Indian regional grids and
corresponding evolution are shown in figure 1 and 2 respectively.
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Figure 1: Indian regional grids

Figure 2: Evolution of Indian regional grids

A microgrid can be depicted as a cluster of loads, Distributed Generation (DG) units
and energy management system (ESSs) worked in coordination to reliably supply power,
associated with the host power system at the distribution level at a solitary single point of
connection, the Point of Common Coupling (PCC).In a microgrid system, the power will be
accessible from nearby sustainable power sources and primary power organizes. Proper
control plans are required to permit smooth trade of energy. This enables the microgrid to
carry on as a load or a generator [2].
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The microgrid system can be associated with the grid by alternating current (AC) and
direct current (DC) connections. Some of sustainable power sources generate DC output, for
example, photovoltaic cells and some operate at AC mode yet with variable frequency, for
example, wind farms. The control scheme is personally worried about the energy and power
balance in a microgrid. The three fundamental parameters that ought to be controlled to
match acceptable standards are frequency, voltage and power quality [3-5].

Modelling of Microgrid
2.1 System Structure
Figure 3 demonstrates a single line diagram of the AC microgrid test power system,
which is associated with a20kV, 50Hz and the short-circuit capacity at the PCC is expected as
1000 MVA. The distribution transformer of 1200 MVA capacity is connected to main grid
system by a static switch. Bus B-G is appointed as the swing Bus. The system likewise
incorporates four Distributed Energy Resources (DERs) and the total installed capacity is
24.5MW. The areas and capacities of the DERs interconnected to the system are as per the
following:
•

A 6 MVA micro hydro-generator connected to Bus B-D.

•

A 6 MVA Diesel engine generator connected to Bus B-D.

•

A 4.5 MW micro wind-turbine generator connected to Bus B-W.

•

A 8MW PV Farm connected with to B-PV.

This system was modeled by corresponding mathematical equations on Matlab/Simulink
environment.

Figure 3: Single Line Diagram of Microgrid System[6,7]
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Controlling of Microgrid
The controlling of microgrid is done with the following stabilizers.

3.1 Conventional PSS (CP-PSS)
The nonexclusive structure of conventional PSS is as appeared in figure 4. Tuning of
parameters of PSS includes the four time constants of the two lead-lag compensator block,
addition the gain and the washout block [8].

Figure 4: Conventional PSS (CPSS)

3.1 Multi-Band PSS (MB-PSS4B)
The MB-PSS is spoken to by the IEEE St. 421.5 PSS 4B sort model. It represents to
a structure in view of various working frequency bands. Three separate bands, individually
devoted to the low, intermediate and high frequency modes of oscillations, are utilized as a
part of this delta- omega (speed input) PSS. The low band is ordinarily connected with the
power system global mode, the intermediate with inter-area modes, and the high with the
local modes. Each of the three groups is made out of a differential channel, a gain, and a
limiter [9, 14].

Noise in Systems
Noise is random in nature and undesirable type of energy that enters the power
systems and interferes with the electrical signal. Noise can be delegated inward internal and
external noise. White noise or a Gaussian noise which exists in all frequencies. The common
source of noise which influences systems is normally white noise. The likelihood thickness
capacity of white noise ordinary distribution known as Gaussian dispersion. Its energy
phantom thickness is level and involves all frequency in systems; a random signal is viewed
as 'white noise' and it is seen to have a level range over the scope of frequencies [10]. In any
case, the data transmissions are affected by this noise. In matlab/simulink,the noise is
produced by the random signal [11]-[13].
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Results and Discussions
To analysis the damping execution of proposed fuzzy controller, a three phase fault
having a span of (12/60) sec is being connected in the grid connect of 12 km transmission
line at t=4 sec. The performance of the FL-PSS is evaluated by applying a three-phase line to
ground fault, on the transmission line in grid connected microgrid power system model.With
the consideration of random measurement noise in generator rotor speed deviation signal, the
scenario changes and the system performances degraded further. To mitigate the effect of
measurement noise, the various PSS are retuned. The active power contributions of PV and
wind farms are mentioned in figure 5 and 6 respectively.

Figure 5: PV Farm – Active Power contribution in MW with noise

Figure 6: Wind Farm - Active Power contribution in MW with noise

Conclusion
This article analyzes the Indian grid disturbances along-with the investigation of the
power system stability enhancement by primary control of grid connected microgrid with
four distribution generations (DG) units. Various power system stabilizer (PSS) structures are
utilized in primary control action of microgrid. The time-domain response with cases, i.e.
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without PSS, with conventional PSS (Delta PSS and Pa PSS), MB-PSS and Fuzzy Logic
based PSS are compared. After comparing the time domain responses, it is found that Fuzzy
logic based stabilizer gives the best performance both without noise and with noise scenarios
of microgrid. Further, the well-tuned MB-PSS gives better performance than the conventional
lead-lag type PSS. The fuzzy logic control based stabilizer is able to mitigate the random
measurement noise, in the given microgrid system.
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Field burning or Stubble burning is intentionally setting fire to the straw stubble and
crop residues that remains in the field after the harvest of the crops and taking away the
grains (wheat, paddy etc).The practice was widespread until the 1990s, when governments
increasingly restricted this practice. The amount of surplus crop residue available in India is
estimated between 84 million tonnes and 141 million tonnes a year (Niti Ayog -Report). The
major residues are rice husk, coffee husk, coir pith, jute sticks, groundnut shells, mustard
stalks and cotton stalks. Sawdust, a milling residue is also available in huge quantity. The
calorific value of groundnut shells is 4000 Kcal/kg, rice husk: 3500 Kcal/kg and jute
waste:4500 kcal/kg.
Stubble burning in Punjab and Haryana and North-West India has been cited as a
major cause of air pollution in Delhi. Air quality or ambient/outdoor air pollution is
represented by the annual mean concentration of particulate matter PM10 (particles smaller
than 10 microns) and PM2.5 (particles smaller than 2.5 microns). As per 2012 National
Ambient Air Quality Standards (NAAQS) for Particulate Matter (PM), the annual standard is
12 μg/m3 for PM2.5. As per World Health Organization air quality guideline values for fine
particulate matter (PM2.5) is 10 μg/m3 as annual mean and 25 μg/m3 as 24-hour mean. For
coarse particulate matter (PM10) the values are 20 μg/m3 as annual mean and 50 μg/m3 as 24hour mean.
The practice of burning crop residues after harvest and unwanted vegetation over the
fallow lands has become a burning issue in India. The open burning of biomass releases a
range of air pollutants that contribute to the deterioration of air quality and harmful effects on
human health. The key pollutant from a human health perspective is particulate matter
(coarse particles of 2.5 to 10 microns, and fine particles of 2.5 microns or less), the impacts
of which are mostly local and modulated by its concentration and weather conditions. Other
local air pollutants that result from biomass burning include carbon monoxide, volatile
organic compounds, nitrogen oxides, ammonia, Sulphur dioxide, carcinogens such as
polycyclic aromatic hydrocarbons and multiple other toxic compounds. Biomass burning also
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releases several climate pollutants, including the greenhouse gases (GHGs) carbon dioxide
(CO2), nitrous oxide (N2O), and methane (CH4) and fine particles known as black carbon.
There are multiple alternatives to burning like its use as mulch, animal feed, or as feedstock
for energy, construction materials, paper products and bio-plastics.

Biomass Briquetting
Biomass Briquetting is the process of converting low bulk density biomass into high
density and energy concentrated fuel briquettes. Biomass Briquetting plants are of various
sizes which converts biomass into solid fuels. Briquettes are ready substitute of Coal/wood in
industrial boiler and brick kiln for thermal application. Biomass briquettes are Nonconventional Source of energy, Renewable in nature, Eco friendly, nonpolluting and
economical. Process of converting biomass to solid fuel is also non-polluting. No addition of
any binder / chemicals is required so it is 100 % natural.
Every year millions of tons of agricultural waste are generated. These are either nonused or burnt inefficiently in their loose form causing air pollution. Handling and
transportation of these materials is difficult due to their low bulk density. These wastes can
provide a renewable source of energy by converting into high-density fuel briquettes without
addition of any binder. Briquettes have high bulk density (800 kg/m3) compared to 60 to 180
kg/m3 of loose biomass. These can be transported in long distances. Loading/unloading and
transportation costs are much less and storage requirement is drastically reduced. Compared
to fire wood or loose biomass, briquettes give much higher boiler efficiency because of low
moisture and higher density.
Briquettes produced from briquetting of biomass are fairly good substitute for coal,
lignite, firewood and offer numerous advantages:
➢
➢
➢
➢
➢

Briquettes are cheaper than coal.
Oil, coal or lignite, once used, cannot be replaced.
High sulphur content of oil and coal, when burnt, pollutes the environment.
There is no sulphur in Briquettes.
Biomass briquettes have a higher practical thermal value and much lower ash content
(2-10% as compared to 20-40% in coal).
➢ There is no fly ash when burning briquettes.
➢ Briquettes have consistent quality, have high burning efficiency, and are ideally sized
for complete combustion.
➢ Combustion is more uniform compared to coal and boiler response to changes in
steam requirements is faster due to higher quantity of volatile matter in briquettes.
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➢ Briquettes are usually produced near the consumption centres and supplies do not
depend on erratic transport from long distances
A briquetting machine is used to turn the waste biomass or powder of biomass
product to a regular shape block, which can help to improve the conditions to make them
easy for transportation, storage, and more useful for further usage. Briquetting always
accomplished with the

binder, it needs the binding effect to get enough strength for the

finished briquette.
Biomass briquettes help in the following way:
➢ Ease of charging the furnace. Furnaces using other solid fuels can use briquettes also.
➢ Increased calorific value and improved combustion characteristics.
➢ Reduced entrained particulate emissions, and
➢ Uniform size and shape.

Types of briquetting machines:
Mainly piston type, screw compaction type and roller type machines are used. In
piston type there are two options: mechanical piston press and hydraulic piston press.

Piston type briquetting machine
The piston type uses the rotary power of the mechanical device or the thrust of the
hydraulic cylinder to reciprocate the piston (or the plunger), and the piston (or plunger) drives
the ram to reciprocate in the forming sleeve to generate a pressing force to form the material
to briquette. A big pressure is generated as the movement of the flywheel punches the
briquette time after time in a short time; it raises the temperature of the raw material. As the
raw material moves, it fractionates with the inside, another kind of heat – friction heat
generates. With the action of these two kinds of heat, material raises its own temperature to a
high level and melts the lignin. Particle materials then bind together and become strong
enough.

Figure 1: Piston type briquetting machine
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Mechanical piston press
Mechanical piston presses are typically used for large-scale production, ranging from
200 to 2,500 kg/hr. The mechanical press is designed as an eccentric press. A continuously
rotating eccentric, connected to a plunger, presses the raw material through a conic die. The
mechanical press is driven by electric motors instead of a hydraulic motor. The operating life
of a mechanical press is considerably longer than hydraulic presses. Generally, a mechanical
press gives a better return on investment than a hydraulic press.

Hydraulic piston press
The energy to the piston is transmitted from an electric motor via a high-pressure
hydraulic system. The output of a hydraulic press is lower, since the movement of the
cylinder is slower compared to mechanical processes. The briquettes have a bulk density
lower than 1000 kg/m³ because pressure is limited. However, these machines can tolerate
higher moisture contents than the usually accepted 15% for mechanical piston presses.
Hydraulic type takes a long pressure keeping time on the briquette, this prevents the shorttime material deformation rebound and will cause a special heating for those materials like
saw dust for melting its internal lignin, make the briquette with higher strength.

Screw compaction or extrusion
The screw type briquette machine uses the auger to press the raw material; it can be
equipped with or without the heating system to output briquettes. The heating system is a
special design for machine using raw materials contains lignin. Lignin always can be found
on biomass. So the heating system is usually used for biomass briquetting. For other materials
like coal, charcoal, etc. binders are always needed when briquetting with the screw type
briquette machine. In screw compaction (or screw extrusion), the material is taken in from the
feed port, moves through a barrel with the help of a rotating screw, and is finally extruded
against a die, which builds a large pressure gradient along with screw. The die can be tapered,
which further compacts the biomass. Along with high pressure, frictional effects increase the
temperature of the biomass. The die is also usually heated externally for making the biomass
pseudo-plastic for smooth extrusion
As the biomass enters through the feed section, and is compacted a little. In the
compression zone, formed by a tapering barrel, friction at the barrel wall and between the
particles of the biomass, along with a high rotational speed (~ 600 rpm), causes the
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temperature to increase to 200–250 °C. The high temperature and pressure softens the
biomass turning it plastic, the particles get pressed against each increasing the intermolecular
forces. In this respect, lignin plays an important role by acting as a natural binder.

Figure 2: Screw compaction briquetting machine

At elevated temperatures (>140 °C) and pressure, lignin melts and forms solid bridges
between particles. Finally, in the tapered die, temperature further increases to 280 °C. Steam
gets removed and further compaction takes place. Pressure is transmitted uniformly through
the biomass create a uniformly dense briquette.

Roller type briquetting machine
Roller press works with two close rotating rollers at the same speed but with opposite
direction. The two rollers, with the same width and diameter, have holes on the surface.
When they move, the same two holes on the different roller will coincide at the intersection
of the midline and the briquette will be pressed there.

Figure 3: Screw compaction briquetting machine
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Biomass briquetting process- flow chart

Figure 4: Briquetting process

Economic analysis of briquetting machine of capacity 600 kg/hr
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Raw material availability = Rs 3500/ton
Sale price= Rs 5.50/kg
Electricity consumption= 35 units/hr
Cost of the plant= 20 lakhs
Salary to manager= One = 18000/- pm
Salary to one skilled person =Rs 12000/- pm
Wages to labours = Rs 8000/-pm (4 persons)
No of shifts – One of 8 hours
Annual maintenance charges after warranty period of 1 year = Rs 20000/Briquettes size= mm dia. and length 100 to 500 mm
Land requirement= 3000 sq m.
Covered area – Operating shed =200sq m., storage 175 sq m.
Working capital = 5. 0 lakhs
Plant depreciation = 10% annually
Payback period = 3.5 years

Future is of solid biomass fuel:
Due to fast increasing energy demand and skyrocketing price of traditional fuel like
coal and natural gas, more and more people tend to be concerned about solid biomass fuel
production. Solid biomass fuel is a kind of renewable, clean and environmental friendly
energy source for many countries, especially agricultural countries.
77

Animal Energy and Environment
Prof. (Dr.) Tribhuwan Sharma,
Director, Human Resource Development,
Rajasthan University of Veterinary and Animal Sciences, Bikaner

Introduction:
The interaction of livestock with ecosystems is complex and depends on location and
management practices. The rising demand for livestock products is changing the relationship
between livestock and natural resources. The

separation

of industrialized livestock production

from the land used to produce feed also results in a large concentration of waste products,
which can put pressure on the nutrient absorptive capacity of the surrounding environment. In
contrast, grazing and mixed farming systems tend to be rather closed systems, in which waste
products of one production activity (manure, crop residues) are used as resources or inputs to
the other.With emerging needs of growing population, our primary objective is focussed on
sustainable production system.
Assessment of environmental sustainability must consider many factors, including use
of limited resources and various emissions and losses to the environment. Fossil energy use
and GHG emissions are important on a global scale, but issues such as waste use and nutrient
losses from production systems are more important at a local level or within specific regions.
The environmental impact of livestock production has become an important and controversial
global issue, primarily due to reported impacts on global warming. The livestock sector is
also a source of gaseous emissions that pollute the atmosphere and contribute to the
greenhouse effect. Continued growth in livestock production will exacerbate pressures on the
environment and natural resources, calling for approaches that allow for increased production
while lowering the environmental burden.
The Intergovernmental Panel on Climate Change (IPCC) concludes that
anthropogenic GHGs, including carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O)
and halocarbons have been responsible for most of the observed temperature increase since
the middle of the twentieth century. Livestock contribute to climate change by emitting
GHGs, either directly (e.g. from enteric fermentation) or indirectly (e.g. from feed-production
activities, deforestation to create new pasture, etc.). The FAO (2020) estimates recent global
emissions from agriculture to be 5.4 Gt CO2e with 3.9 Gt CO2e from livestock and their
manure. This implies that about 11% of the global emission is related to agriculture with
7.9% from livestock and their manure.
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Strategies for adoption
There are a number of ways to increase the adaptation capacity of traditional
producers in extensive systems.These include production adjustments through diversification,
intensification, integration of pasture management, livestock and crop production, changing
land use and irrigation, altering

the timing of operations, conservation of nature and

ecosystems; and introduction of mixed livestock farming systems. It also includes breeding
strategies such as strengthening local breeds, which are adapted to local climate stress and
feed sources; improving local breeds through cross-breeding with heat- and disease-tolerant
breeds.
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Adapted from FAO

Market responses through promoting institutional and policy changes need Science
and technology research to provide greater understanding of the causes of climate change
and its impact on livestock, to facilitate development of new breeds and genetic types, to
improve animal health, and to improve water and soil management. It also demands Livestock
management systems to allow efficient and affordable adaptation practices to be developed
for rural poor who are generally unable to purchase expensive adaptation technologies.

Animal power
Availability of adequate farm power is very crucial for increasing production and
productivity and handling the crop produce to reduce losses. The power productivity
relationship shows that those states having higher farm power availability per hectare have
higher productivity. The average farm power availability in India has iincreased from about
1.175 kW/ha to about 1.841 kW/ha in the last decade. Type of power sources available on
Indian farms are: Human Power, Animal power, mechanical power, electrical power and
power from renewable energy sources like solar, wind, biomass etc. Animal power is easily
available in villages and used for all types of work. The initial investment is low and also
supplies manure to the field and fuels to the farmers. They live on farm produce so no extra
cost on their survival. From a good pair of animals weighing between 900-1000 kg we can
get about 0.75-0.78 KW power. But in most of the States the pair weight of draught animals
ranges between 600-800 kg/pair and power availability from them is only about 0.50-0.55
KW/pair. The power developed by an average pair of bullocks is about 1 hp for usual farm
work. The average command area of a pair of draught animals is considered to be 2 ha.
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Waste to Wealth: A big opportunity
Rural India generates enormous quantities of bio-waste including animal waste, crop
residue, etc. According to the 20th Livestock Census of India, 2019; India has 303.31 million
bovine, 74.26 million sheep, 148.88 million goats and 9.06 million pigs which yield 1700
million metric tonnes dung. It is properly used it can meet out 50% India's present LPG
consumption per year and the bio slurry can fulfill 44% of India's NPK requirement.

Biogas
Biogas is a by-product of the decomposition of organic matter by anaerobic bacteria.
The biogas is a mixture of methane (CH4): 55-65% and Carbon dioxide (CO2): 30-40%. It
also contains traces of H2, H2S and N2. It is a clean and renewable energy that may be
substituted to natural gas to cook, to produce vapour, hot water or to generate electricity. The
methane gas produced by the bacteria inside biogas system may be used for cooking, lighting,
and other energy needs. Waste that has been fully digested exits the biogas system in the
form of organic fertiliser. The environmental benefits of biogas technology are often
highlighted, as a valid and sustainable alternative to fossil fuels. Together with the reduction
of greenhouse gas (GHG) emissions, biogas can enhance energy security, thanks to its high
energetic potential. As a renewable energy source, it allows exploiting agricultural and zoo
technical byproducts and municipal wastes, with a lower impact on air quality when
compared to combustion-based strategies for these biomasses. Furthermore, while ashes from
combustion find scarce agronomic applications, the by-product of anaerobic digestion, looks
as a reliable material for agricultural uses. Another important advantage of biogas technology
is its easy scalability, allowing exploiting the energetic potential of decentralized biomass
sources. Finally, biogas can be upgraded to biomethane, suitably used as a vehicle fuel, or
injected into national natural gas grids. However, anaerobic digestion is associated to the
production of several greenhouse gases, namely carbon dioxide, methane and nitrous oxide.
As a consequence, dedicated measures should be taken in order to reduce these emissions.
Main measures to improve the global warming reduction potential of biogas plants are: to use
a flare avoiding methane discharge, to cover tanks, to enhance the efficiency of combined
heat and power (CHP) units, to improve the electric power utilization strategy, to exploit as
much thermal energy as possible, to avoid leakages.
Biogas serves as a suitable alternate fuel for satisfying the energy needs of human
society. It can be used for production of power, for cooking and lighting. In gas stove biogas
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burns with blue flame and without any soot and odor. Lighting can be provided by means of a
gas mantle, or by generating electricity. Biogas mantle lamps consume 0.13 cum gas per hour
having illumination capacity equivalent to 40 W electric bulbs at 220 volts. This application
is predominant in rural and un-electrified areas.

Figure 1: Biogas mantle lamp

The cow dung slurry after digestion inside the digester comes out with following
characteristics and has following advantages:
•

When fully digested, effluent is odourless and does not attract insects or flies in the
open condition.

•

The effluent repels termites whereas raw dung attracts them.

•

Effluent used as fertiliser reduces weed growth with about 50%. When FYM is used
the undigested weed seeds cause an increased weed growth.

•

It has a greater fertilising value than FYM or fresh dung. The form in which nitrogen
available can be easily assimilated by the crops.

Biogas as an Engine Fuel
Biogas can be used as a fuel in stationary and mobile engines. It can be used to
operate four stroke diesel and spark ignition engines. Electricity generation using biogas is a
commercially available and proven technology. When biogas is used to fuel such engines, it
may be necessary to reduce the hydrogen sulphide content if it is more than 2 percent
otherwise the presence will lead to corrosion of engine parts. For electricity production, small
internal combustion engines with generator can be used to produce electricity.
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What is renewable energy?
Renewable energy is energy from sources that are naturally replenishing but flowlimited; renewable resources are virtually inexhaustible in duration but limited in the amount
of energy that is available per unit of time. The major types of renewable energy sources are
•

Wind

•

Wood and wood waste

•

Solar

•

Municipal solid waste

•

Hydropower

•

Landfill gas and biogas

•

Biomass

•

Ethanol

•

Geothermal

•

Biodiesel

•

Tidal energy

The sources of electricity production such as coal, oil, and natural gas have
contributed to one-third of global greenhouse gas emissions. It is essential to raise the
standard of living by providing cleaner and more reliable electricity1. According to the World
Resource Institute Report 20172,3, India is responsible for nearly 6.65% of total global carbon
emissions, ranked fourth next to China (26.83%), the USA (14.36%), and the EU (9.66%).
Climate change might also change the ecological balance in the world.

Figure 1: World Total Primary Energy Supply 2017 and 2020
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Figure 2: Total Electricity Generation and Renewable Consumption by Sector 202

Renewable energy sources play a vital role in securing sustainable energy with lower
emissions4. It is already accepted that renewable energy technologies might significantly
cover the electricity demand and reduce emissions. India is aiming to attain 175 GW of
renewable energy (Investors have promised to achieve more than 270 GW) which would
consist of 100 GW from solar energy, 10 GW from bio-power, 60 GW from wind power, and
5 GW from small hydropower plants by the year 20225. Recent estimates show that in 2047,
the solar potential will be more than 750 GW, and wind potential will be 410 GW6,7.

Projection of global primary energy consumption
In 2016, India’s overall energy consumption was 724 million tons of oil equivalent
(Mtoe) [as the fourth largest energy consumer in the world after China, the USA, and Europe]
and is expected to rise to 1921 Mtoe by 2040 with an average growth rate of 4.2% per annum.
The increase in India’s energy consumption will push the country’s share of global energy

Figure 3: Global Renewable Energy Capacity Investment
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Figure 4: Total U.S. energy consumption by major sources

demand to 11% by 2040 from 5% in 2016. According to the annual report of the
MNRE (2017–2018), the estimated potential of wind power was 302.251 GW, of small
hydropower 19.749 GW, biomass power 17.536 GW,

$ 90 bn= Rs. 6,55,500 Cr

Global trends in
Renewable Energy Investment
During 2010-19

Figure 5: Global Trends in renewable energy investment

Bagasse cogeneration 5 GW, waste to energy (WTE) 2.554 GW, and solar 748.990
GW totaling to 1096.080 GW9. The sector is the fourth most attractive renewable energy
market in the world. As of October 2018, India ranked fifth in installed renewable energy
capacity10. It is expected that 20.3% of the energy requirements would be fulfilled by
renewable energy by 2022 and 24.2% by 20278. It is India’s goal to reach 40% renewable
sources by 2030. According to the India Brand Equity Foundation report, it is anticipated that
by the year 2040, around 49% of total electricity will be produced using renewable energy.
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Sustainable Agriculture
The primary objective for deploying renewable energy in India is to advance
economic development, improve energy security, improve access to energy, and mitigate
climate change. Sustainable development is possible by the use of sustainable energy and by
ensuring access to affordable, reliable, sustainable, and modern energy for citizens. It is
anticipated that the renewable energy sector can create a large number of domestic jobs over
the following years.11. Agriculture requires intensive energy as direct and indirect inputs due
to agricultural activities like agronomic operations, water pumping for irrigation, post-harvest
operations like transportation, storage, refrigeration, drying, etc. of agricultural products,
livestock and allied activities, etc. to produce food for mankind (Oyedepo, 2013). These
crucial agricultural operations are, however, of serious concern to stakeholders because a
balance in energy consumption needs to be struck technically and economically to maintain a
sustainable environment.
It has been envisaged that collective and integrated efforts need to be explored in
solving what has been regarded as a set of complex and interrelated multidisciplinary
problems identified as threats to human civilization and existence. The majority of these
challenges are associated with energy, water, and food production, particularly in developing
countries. These aforementioned areas with challenges make up the foundation on which
global security, prosperity, and equity stand. Based on these challenges, energy, water, and
food security have been identified as some of the key elements for achieving the United
Nation’s aspirational sustainable development goals (SDGs). The 2030 Agenda for
Sustainable Development suggests that all countries both developed and developing strive to
attain the seventeen sustainable development goals (SDGs). Some items on the SDGs like the
implementation of renewable energy technologies to electrify regions disconnected from
power grids are targeted to eradicate extreme poverty and hunger while ensuring
environmental sustainability. Hence, the role of integrated renewable energy in improving the
productivity and environmental sustainability of the agricultural sector cannot be
overemphasized. ( Babatunde, O.M.; Denwigwe I.H.; Adedoja O.S.; Babatunde D.E.; Saheed
L. and Gbadamosi S.L. (2019): Harnessing Renewable Energy for Sustainable Agricultural
Applications. International Journal of Energy Economics and Policy, 2019, 9(5), 308-315.).
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It is expected that the demand for clean water, energy, and food will significantly rise
over the next decades. This is due to the pressure that is exerted by population growth,
urbanization, diet change, technological advancement, and change in social status, culture,
mobility, economic development, and climate change. Furthermore, the production and
supply of food account for 30% of the globally consumed energy. This challenge is expected
to increase because, by 2050, the food expected to feed the population is predicted to increase
by 60%. Furthermore, by 2035, the global energy demand is expected to increase by

Figure 6: A schematic representations of interactions of water, energy, food and climate change
(adapted from [Zhang, X., Vesselinov, V.V. (2017), integrated modeling approach for optimal
management of water, energy and food security nexus. Advances in Water Resources, 101, 1-10.])

Approximately 50%. According to a report by FAO, “the total global water
withdrawals for irrigation are projected to increase by 10 percent by 2050”. The interrelationship that exists among energy, water, and food security may experience a major
challenge in the future. The concept of the water-energy-food nexus was introduced at the
Bonn Nexus Conference, 2011 by the German Government. The concept was developed in
reaction to climate change and social changes such as population growth, globalization,
economic growth, and urbanization (Hoff, H. (2011), Understanding the Nexus. Background
Paper for the Bonn 2011 Conference: The Water, Energy, aandood Security Nexus.
Stockholm: Stockholm Environment Institute. p1-52. )
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Climate Change
Climate change is one of the greatest threats to mankind in the 21st century. The rise
in global temperature is the main cause of the changes in the earth’s natural systems. The
increase in global temperature is responsible for the sudden change in the regular cycle of the
ecosystem to cause natural disasters such as droughts, flooding, and early frosts.
Consequently, the extreme climate is aggressively threatening the future sustainability of the
agricultural sector and food supply. It is reported by the UN that if the global temperature
rises by 3°C, the effect could be negatively drastic on water and food supply, biodiversity,
pests, disease proliferation, and outbreak, during planting and harvesting times.
Consequently, this may negatively impact crop yield and livestock thereby failing to meet
food demand.
As a result, building flexibility to the effects of climate change and limiting agrobased emissions of greenhouse gases is important. It has been reported that the agricultural
sector accounts for almost 24% of the total greenhouse gas emissions globally. Based on this,
the agricultural sector can play a significant role in addressing climate change by
implementing smart and green agriculture techniques to guarantee farm-level resilience
against climatic fluctuations.
The use of renewable-powered technologies in the agricultural sector tends to mitigate
climate change. Renewable energy is power generated by the use of natural resources that are
perpetually replenished. Their utilization does not contribute to natural resource depletion and
emissions and is potentially able to provide solutions (which are effective and sustainable) to
the various problems of conservation in agriculture contributing to sustainable agriculture12.
Thus, the sustainability of agriculture is based on the concept of increasing the
productivity of crops and ensuring a stable economy while ensuring a massive reduction in
the use of natural resources and the negative effects of climate change. The sustainability of
agriculture needs to be realized as a shared societal responsibility that should be guided by
widely accepted regulations and principles. The principles and practices involved in
sustainable agriculture are discussed in the Table below.
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Sustainability in agriculture
Principles of sustainable agriculture
[McPherson,

B.D.

(2011),

Agriculture:

Design

Enhancing

Sustainability.

Sustainable practices of agriculture

Urban [Tilman, D., Cassman, K.G., Matson, P.A.,

Principles

for Naylor, R., Polasky, S., Chikowo, R., Li, L.

ProQuest (2002),

Dissertations and Theses. p1-98.]

Agriculture

sustainability

and

intensive production practices. Nature, 418,
671-677.]

o Ensures the continuous protection of the o Rotational grazing reduces the costs of
natural

environment

through

the

conservation of natural resources.

animal feeds while providing the highquality animal feed.

o Efficient management and utilization of o Soil conservation to prevent the loss of soil
renewable energy resources.
o Environmental

ethics

via erosion.
ensures

the o IT for efficient management of crops.

protection of all water, soil, biotic and air
species.

o Water

conservation

practices

for

the

protection of wetlands.
o Possess techniques that are non-toxic and
harmless.

o Pest management tools for the reduction of
risks related to the environment and health.

o Provides profits for agricultural users and
investments. This is because sustainable
agricultural

practices

are

based

on

efficiency and effectiveness which leads to

o Ensures an improvement in the quality of
life of members of a community and
through

the nourishment of crops such as fertilizer
and manure. This ensures a cheap and costeffective use of nutrients.

profitability.

society

o Management practices for nutrients used for

the

o Agroforestry practices for conservation of
the natural environment.

creation

of o Renewable energy
opportunities in terms of employment,
social services, education, and healthcare.
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Photovoltaic Water pumping system
Er. Bharat Soni
State Head- Rajasthan Jain Irrigation System Ltd.

Present Agriculture Scenario
India has approximately 17% of the total population of the globe. Estimated that its
population would be in range of 1500 million in 2025 & 1800 million in 2050. To feed such a
vast population we need to increase our food production.

Shortage of
Arable Land

Constraints

Figure 1: Constraints Faced by Indian Agriculture

Agriculture Production can be Increase by adopting following ways:
o By Introduction of high yielding hybrid varieties
o By Increasing the additional area under cropping
o By Increasing area under Irrigation
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Figure 2: Water Loss during different type of Irrigation

Present water scenario
• Fresh Water available in India is only approximate 4%
• Available per capita fresh water is continuously coming down due to increase in
population.
• Due to increase in demand from all sector demand is going to increase with lapse of time
but the availability is constant or rather decreasing.
• The demand will cross the availability before 2050.

Fresh Water
3%

Saline
Water in Ocean
97%
Figure 3: Share of fresh water in India
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Table 1: Future Water Demand from India in Different sectors
Particulars

Water Demand in km3 or BCM

Year

2010

2025

2050

Water Demand from all Sectors

710

843

1180

Irrigation

557

611

807

Drinking Water

43

62

111

Industry

37

67

81

Energy

19

33

70

Others

54

70

111

Availability Of Utilizable Water

1123

1123

1123

Excess/ shortfall

413

280

-57

Source: Ministry of Water Resources, GoI, New Delhi

Need for solar pumping system
India is a vast country. With increase of population, every year there is increase in
energy demand. People required energy for lighting, agriculture pumping, washing, cooking,
bathing, cleaning etc. By the year 2016, India had electrical installed capacity of about 250
GW which contributed about 4.8% of global share. India is number one in electric production
in the world. The non-renewable power plants contribute about 87.55% and renewable power
plants contribute about 12.45%. India had a very good solar radiation between 4 to 7 kwh/
Sq. mtr. Per day and highest global solar radiation on horizontal surface, thus India has the
most favourable condition for Solar Energy production and consumption.

Figure 4: Solar pump working
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Types of solar pumping system
•

Electrical Technique
1. AC Solar Pump
2. DC Solar Pump

•

Depending on Working Principle
3. Surface Pump
4. Submersible Pump

Components of solar pumping system
PV Modules

Figure 5: Pictorial View of PV Modules

Module Mounting Structure

Figure 6: Fixed Stand

Figure 7: Manual Tracker
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Figure 8: Auto Tracker

Solar Motor & Pump
Pump – Surface/ Submersible
Motor – AC/ DC

Figure 9: Pictorial View of Different tapes of pump

Solar pumping – features/ uniqueness
•

No transmission losses and theft

•

Infrastructure cost – negligible

•

Establishment cost – nil

•

Free from complex land acquisition issue/ compensation

•

Boon for unelectrified areas

•

Uninterrupted power supply – high yiled

•

Social justice95

➢ Day irrigation (extreme cold / snake biting)
➢ Uniformity among electrified and unelectrified area farmers
•

Zero dependency – external sources

•

Green energy, environment friendly, forever lasting source

Transmission losses

Figure 10: Transmission losses of solar pumping and conventional energy

Infrastructure cost

Figure 11: Infrastructure of electricity produced by conventional source
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Establishment cost

Figure 12: Establishment cost of conventional energy sources

Complex issue- land acquisition

Delays
Compensation Cost
!!!!
Figure 13: Complex issue resolve mechanism of conventional system
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Selection of pump
Table 2: Parameters of different irrigation system of Rajasthan

Water Table Depth
(Approximately)

Water Source

Irrigation Method

Drip

Pump Head (Guideline)

Mini
Sprinkler Fogger Type Minimum Maximum
Sprinkler

Reservoir

-

20 Mt. 20 Mt.

20 Mt.

50 Mt. 20

Open Well

25 Mt. (80 Ft.)

20 Mt. 50 Mt.

50 Mt.

75 Mt. Meter

35 Mt. (110 Ft.)

50 Mt. 50 Mt.

50 Mt.

75 Mt.

35 Mt. (110 Ft.)

50 Mt. 50 Mt.

50 Mt.

75 Mt. 50

45 Mt. (150 Ft.)

50 Mt. 75 Mt.

75 Mt.

75 Mt. Meter

55 Mt. (180 Ft.)

75 Mt. 75 Mt.

75 Mt.

75 Mt.

65 Mt. (210 Ft.)

75 Mt. 75 Mt.

75 Mt.

75 Mt. 75

75 Mt. (240 Ft.)

75 Mt. 75 Mt.

75 Mt.

75 Mt. Meter

Tube well /
Bore Well

16 Meter 38 Meter

40 Meter 66 Meter

68 Meter 110 Meter

Source: Rajasthan Govt, Subsidy Scheme

Relevance of solar pump (other govt. Sectors)
•

Phed (distribution/hand pump/drainage)

•

Water resource dept. (canal command irrigation)

•

Irrigation (lift irrigation schemes)

•

Industrial corporations

•

Housing board
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Other applications of solar pumping system
Hand Pump

Canal Command Irrigation

Figure 14: Pictorial view of solar hand pump

Figure 15: View of solar system used in canal
command Irrigation

Lift Irrigation Schemes

Figure 16: Pictorial view of solar Lift Irrigation system
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