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Practical - 1 

Title: Familiarization with renewable energy gadgets  

 

1. Introduction: 

 Renewable energy refers to energy resources that occur naturally and repeatedly in 

the environmental and can be harnessed for human benefit. These energy resources are 

inexhaustible within the time horizon of humanity. Examples of renewable energy systems 

include solar, wind, and geothermal energy (getting energy from the heat in the earth). We 

also get renewable energy from trees and plants, rivers, and even garbage. During recent 

years, due to the increase in fossil fuel prices and the environmental problems caused by the 

use of conventional fuels, we are reverting back to renewable energy sources such as solar, 

wind and hydraulic energies. Renewable energies are inexhaustible, clean and they can be 

used in a decentralized way (they can be used in the same place as they are produced). 

2. Advantages of renewable energy  
a) These sources of energy are renewable and there is no danger of depletion. These recur 

in nature and are in-exhaustible.  

b) The power plants based on renewable sources of energy don‟t have any fuel cost and 

hence negligible running cost.  

c) Renewable is more sites specific and is used for local processing and application. 

There is no need for transmission and distribution of power.  

d) Renewable have low energy density and more or less there is no pollution or 

ecological balance problem.  

e) Most of the devices and plants used with the renewable are simple in design and 

construction which are made from local materials, local skills and by local people. 

The use of renewable energy can help to save foreign exchange and generate local 

employment.  

f) The rural areas and remote villages can be better served with locally available 

renewable sources of energy. There will be huge savings from transporting fuels or 

transmitting electricity from long distances.  

 

3. Disadvantages of renewable energy  
a) Low energy density of renewable sources of energy needs large sizes of plant resulting 

in increased cost of delivered energy.  

b) Intermittency and lack of dependability are the main disadvantages of renewable 

energy sources.  

c) Low energy density also results in lower operating temperatures and hence low 

efficiencies.  

d) Although renewable are essentially free, there is definite cost effectiveness associated 

with its conversion and utilization.  

e) Much of the construction materials used for renewable energy devices are themselves 

very energy intensive.  

f) The low efficiency of these plants can result in large heat rejections and hence thermal 

pollution.  

g) The renewable energy plants use larger land masses. 
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4. Different renewable energy sources  
 

Renewable Energy 

Source  

Technology / Application  

Solar  Photovoltaic (PV) cells to produce electricity and Solar 

thermal system for heating water/air.  

Wind  Wind turbine to pump water, produce electricity or for any 

other mechanical use.  

Water  Hydro-electric, wave and tidal systems to produce Electricity.  

Biomass  Direct combustion of gas produced from biomass, or biogas, 

to generate electricity and/or heat - e.g. wood stoves or larger 

commercial operations.  

Geothermal  Using the temperature of the earth to produce electricity 

and/or heat.  

Ocean energy (wave 

and Tidal energy)  

Ocean to operate a heat engine to produce a work output and 

generated electricity.  
 

5. Different renewable energy gadgets 

(i) Solar Water Heater (SWH): It is used for increasing the water temperature  

      

               Evacuated type SWH                                    Flat plate collector type SWH 

(ii) Solar Cooker: Solar cooker is used for cooking food.  

 

         
                  

            Box type solar cooker                                 Spherical reflector type solar cooker 
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(iii) Solar Lantern and Street Light: It is used for lighting purpose.  

 

                 

        Solar Lantern                                      Street Light 

 

(iv) Wind turbine: It is used for water pumping, produce electricity or for any other 

mechanical use. 

                     
        Electricity generation wind mill                           water pumping wind mill  

 

6. Do as directed 

1. What is renewable energy? Write the name of different renewable energy sources. 
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2. Explain classification of methods for solar energy utilization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Write the name of different renewable energy gadgets and its uses. 
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Practical - 2 

Title: Study of different types of biogas plants  

 

1. Introduction: 

 Biogas can be produced by fermenting organic material in absence of air with the 

help of bacteria (microorganism) to break down material to intermediates such as alcohols 

and fatty acids and finally to methane, carbon dioxide and water. This process is called 

anaerobic fermentation. 

 Biogas, a mixture containing 55-65 % CH4, 30 – 40 % Co2, and rest being the 

impurities (H2, H2S and N2) can be produced from the decomposition of animal, plant and 

human waste. It is a clean but slow burning gas and has a calorific value between 5000 -

5500 kcal/kg (20935 -23028 kJ/kg) or 38131 KJ/m
3
. It can be used as cheaper and better fuel 

for cooking, lighting and running engines. Moreover, good quality manure produced from 

the spent slurry retains its manure value and can be returned to the soil as fertilizer. Any 

cellulosic organic material of animal or plant origin which is bio-degradable is potential raw 

material for biogas production.  

 

2. Principal of biogas production: 

 Biogas production is a microbial process. Microbes are living creatures which are 

very small in size. Different types of microorganisms such as bacteria, yeasts and fungi are 

responsible to transform organic waste into valuable sources of fuel a biogas and enriched 

fertilizer s spent slurry through simple process of anaerobic fermentation. The most 

important organisms responsible for biogas production are tiny bacteria.  

  Bacteria can be divided in to following groups based on their oxygen requirement 

(a) Aerobic bacteria: which grow in presence of oxygen  

(b) Anaerobic bacteria: which grow in absence of oxygen 

(c) Facultative bacteria: which grow in presence or absence of oxygen 

When organic matter undergoes fermentation (process of chemical change in organic 

matter brought about by living organisms) through anaerobic digestions, gas is produced. 

This gas is known as biogas. Biogas is generated through fermentation or biodigestion of 

various organic wastes by a variety of anaerobic and facultative bacteria. 

3. Anaerobic digestion (or digestion) 

Digestion is biological process that occurs in the absence of oxygen and in the 

presence of anaerobic organisms at temperatures (35-70ºc) and atmospheric pressure. The 

container in which, this process takes place is known as digester. 

 

The treatment of any slurry or sludge containing a large amount of organic matter 

utilizing bacteria and other organisms under anaerobic condition is commonly referred as 

anaerobic digestion or digestion. Anaerobic digestion consists of the following three stages. 
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The three stages are (i) the enzymatic hydrolysis, (ii) acid formation and (iii) methane 

formation.  

(i)Enzymatic hydrolysis: In this stage, a group of facultative micro-organisms acts upon the 

organic matter and convert insoluble, complex, high molecular compounds of biomass into 

simple, soluble, low molecular compounds. The organic substances such as polysaccharide, 

protein and lipid are converted into mono-saccharide, peptide, amino acids, and fatty acids. 

Then they are further converted into acetate, propionate and butyrate.  

(ii)Acid formation: The micro organisms of facultative and anaerobic group collectively 

called as acid formers, hydrolyse and ferment the productions of first phase i.e., water 

soluble substances into volatile acid. The major component of the volatile acid is the acetic 

acid. In addition to acetate or hydrogen and carbon dioxide, some other acids like butyric 

acid and propionic acid are also produced.  

(iii)Methane formation: Finally, acetate or hydrogen plus carbon dioxide are converted 

into gas mixture of methane (CH4) and CO2 by the bacteria which are strictly anaerobes. 

These bacteria are called methane fermentators. For efficient digestion, these acid formers 

and methane fermentators must remain in a state of dynamic equilibrium. The remaining 

indigestible matter is referred as “slurry”. 

Types of Biogas plant based on gas holder:  

1. Fixed dome type biogas plant 

2. Floating drum type biogas plant  

 

4.  Fixed dome type biogas plant: 

Generally, there are four basic components of the biogas plants. 

1. Inlet section 

2. Digester 

3. Gas holder 

4. Outlet section  

In the fixed dome type plant, the gas holder and digester are combined. The fixed dome 

is best suited for batch process especially when daily feeding is adopted in small quantities. 

The fixed dome digester is usually built below ground level and is suitable for cooler region. 

Local material can be used in this construction. The pressure inside the digester varies as the 

gas is collected.  

Advantages 

(i) Capital investment is low (ii) It has no corrosion trouble (iii) Heat insulation is better as 

construction is beneath the ground. Temperature will be constant (iv) Cattle and human 

excreta and by fibrous stalks can be fed (v) Less maintenance 

Disadvantages 

(i) No provision for stirring the slurry and hence scum problem is there. (ii) Gas production 

per unit volume of digester is less (iii) It has variable gas pressure (iv) Construction of dome 

portion is a skilled job and requires thorough training of masons (v) Location of defects in 

the dome and repairing are difficult 
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4.1 Working principal of fixed dome type biogas plant: 
Dung slurry is allowed to ferment in the digester. When gas is formed, it rises 

upwards and gets collected in the dome. The pressure of the gas pushes the slurry down and 

causes its diffusion into the inlet and outlet chambers where slurry levels go up as shown in 

Fig.2.1. The displaced level of the slurry provides the necessary pressure pushing the gas up 

to the burner in the kitchen. The gas is liberated at a variable pressure ranging from 0 to 90 

cm water column. When, gas is consumed, the slurry level in the inlet and outlet chamber 

comes down to the initial level. The volume of gas stored in the plant at any given time is 

equal to total volume of slurry displaced in the inlet and outlet chambers. 

 

Fig. 2.1: Working principal of fixed-dome type biogas plant 

The height of the gas portion above the inlet and outlet opening is so fixed that the 

volume of this portion is equal to the total maximum volume of gas to be stored (30 - 40 % 

of plant capacity) in the plant and volume of slurry to be discharged everyday. The most 

common biogas plants under fixed dome type are Janta biogas plant and Deenbandhu biogas 

plant.  

5. Janata Type Biogas Plant: 

This was first developed by the Planning, Research and Action Division, Lucknow in 

1978. It is an improved version of the Chinese fixed dome type biogas plant. The cross 

sectional view of the plant is shown in Fig 2.2 with its different component. 

Constructional features of Janta biogas plant: 

The foundation of Janata biogas plant is laid at the base of the underground pit on a 

levelled ground which bears the load of slurry as well as digester wall. Digester is 

cylindrical in shape, constructed with bricks and cement. It holds the dung slurry for a 

retention time so that the biogas is produced from the slurry in the digester. The diameter 

and height ratio of the digester is kept 1.75:1. The gas is stored in gas portion, which is an 

integral part of plant between dome and digester where the usable gas is stored.  

Dome is constructed over the gas portion, with volume of 60 percent of the plant 

capacity. It must be constructed very carefully integrating it with digester and gas portion so 

that no leakage of gas can take place. The gas outlet pipe is fixed at the top of dome for 

laying the line. 
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Fig. 2.2: Cross- sectional view of Janta type biogas plant 

Inlet and outlet portions are constructed for putting the fresh slurry inside the plant 

and to take the digested slurry out. The inlet and outlet are of larger sizes, provided on each 

side of the digester, facing each other. The openings to the digester for feeding the waste 

material and effluent outlet from it are also of large sizes. The discharge of slurry out of the 

plant is due to pressure of the gas in the plant. Over the inlet portion, an inlet mixing tank is 

also constructed to mix the dung and water. 

6. Deenbandhu type biogas plant: 

This is also a fixed dome plant developed by action for food production (AFPRO), 

New Delhi, which is a low cost biogas plant. The principle of working of this plant is same 

as that of Janata Model, except configuration of inlet entrance and digester. The sectional 

view of deenbadhu biogas plant is shown in Fig. 2.3. 

  
Fig. 2.3: Cross- sectional view of deenbadhu type biogas plant 
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Constructional features of Deenbandhu biogas plant: 

The foundation of the plant is constructed in the segment of Spherical Shape as 

shown in Fig. 2.3. On the outer periphery of this foundation, the dome shaped digester is 

constructed with same base diameter. In this way the digester, gas portion and dome look as 

a single unit. The surface area of the biogas plant is reduced with same digester volume, 

reducing the earth work and cost of construction without sacrificing the efficiency. The 

higher compressive strength of the brick masonry and concrete makes it a safe structure as 

the plant is always under compression. A spherical structure loaded from the convex side 

will be under compression and therefore the internal load will not have any residual effect 

on the structure.  

At the top of the foundation a window opening is kept (outlet portion) for the 

outward movement of the digested slurry. The asbestos cement pipe of 15 cm diameter is 

used for inlet instead of separate opening. The pipe is embedded in the digester wall at a 

fixed position, just opposite to outlet opening, to avoid short circuiting of fresh material for 

digested slurry.  

The volume of the outlet is increased to produce requisite gas pressure through the 

weight of the displaced slurry. At the top of the dome a gas outlet is fixed as in the case of 

Janata type Biogas plant. 

7. Floating drum type biogas plant: 

           The floating drum type biogas which is used in India is known as KVIC 

(Khadi and Village Industries Corporation) plant. There are two models of floating drum 

type biogas plant: (i) vertical and (ii) horizontal. The vertical model is suitable for non-rocky 

areas with low water Tables about 3 meters or more. The sectional view of the vertical 

model is show in Fig. 2.4. The horizontal model is recommended for rocky areas with high 

water tables about 1.5 meters or less. The sectional views of the horizontal plant are shown 

in Fig. 2.5. Generally the capacity of these type of plants is ranging from 1 to 85 cubic 

meters. 

     Generally floating drum biogas plant mainly consists of following sections 

(1) Digester or pit, 

(2)  Gas holder or gas collector 

(3) Intel and outlet assembly 

(4) Gas distribution pipeline and accessories, and  

(5) Compost pit 

7.1 Digester: 

It is a sort of well of masonry work, dug and built below the ground level. The depth 

of This well varies from 3 meters to 6 meters, and diameter from 1.2 to 6 meters, depending 

upon the  gas  generating  capacity  and  the  quantity  of raw  material  fed  each  day. The 

digester is designed  to  hold  the  raw  material  for  enough  retention  time  for  its  

complete  digestion. Following main components of the digester are described briefly. 
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Fig. 2.4: Cross sectional view of KVIC type biogas plants (Vertical Type) 

 

Fig. 2.5: Cross sectional view of   horizontal type KVIC biogas plants  

 

7.1.1 Side Wall:   

 A circular well is made by constructing the masonry side walls. It is essential to 

backfill between   the  wall   and  the sides  after  every  30 cm  height   has  been  added  to 

the  walls. Backfilling should be done thoroughly with a piece of wood and water added to 

help compact the Soil. Failure to properly ram the backfill will cause cracking in the walls. 

7.1.2 Partition Wall: 
 A partition wall is provided to divide the circular well into two equal halves in 

floating gas holder plants of 3m
3
 and above capacities. It controls the flow of the slurry.  A 

half brick wall is enough. It is provided up to the level of top surface of the central guide 



11 
 

frame or ledge. The partition wall is lower than the level of the digester rim and hence it is 

submerged in slurry when the digester is full. 

7.1.3 Central guide: 

 Central guide is provided in the digester wall in a vertical position to allow free up 

and down movement of the gas holder. A gap of 50 mm is normal between the gas holder 

and the walls. Rust proofing paint should be applied to the guide frame. 

7.1.4 Ledge: 

 The ledge is made to produce about 10 cm inside the gas holder circumference. 

However this structure is not designed to take any load. It deflects gas forming on the sides 

of the plant into the gas holder.  Failure to provide this can mean a 10 % gas loss and much 

more in the case of a horizontal type plant. The ledge should be levelled on its top surface. 

7.2 Gas holder: 

The gas holder is a drum constructed of mild steel sheets. This is cylindrical in shape with 

concave. The top is supported radically with angular iron. The holder fits into the digester 

like a stopper. It sinks into the slurry due to its own weight and rests upon the ring 

constructed for this purpose. When gas is generated the holder rises and floats freely on the 

surface of slurry. A central guide pipe is provided to prevent the holder from tilting. The 

holder also acts as a seal for the gas. The gas pressure varies between 7 and 9 cm of water 

column. Under shallow water table conditions, the adopted diameter of digester is more and 

depth is reduced. The cost of drum is about 40% of total cost of plant. It requires periodical 

maintenance.  

7.3 Intel and Outlet assembly: 

 It consists of (i) inlet and outlet pipes (ii) inlet mixing tank (iii) mixer, and (iv) outlet 

chamber. 

7.3.1 Inlet and outlet pipes: 

 These should be fixed slanting and inserted at an appropriate height in the walls. 

There should not be any bends in the pipes as this cause blockage. The lower end of the inlet 

is placed in about the center of the compartment. This position is not vital, but what is 

important is that the fresh slurry moves all the old slurry from the bottom and dead patches 

of unmoving slurry are not allowed to form. The mouth of the inlet pipe is about 30-35 cm 

above the floor of the digester. This prevents any blockage of the inlet pipe and also 

provides some volume incase stones, sand, etc. get inside the plant and collect over a period 

of time. The lower end of the outlet pipe is constructed in a similar way. The only difference 

is that the mouth of the pipe is set about 25-30 cm above the floor as it is less likely that 

stones, sand, etc. will come down this pipe. 

7.3.2 Inlet mixing tank:  

 This tank is provided to hold and prepare the required amount of slurry daily.  The 

slope should be away from the plant side for removal of sand and gravel. It would also 

facilitate washing of the inlet tank without allowing extra water to enter into the digester. A 

removable screen should be fitted to the inlet opening to prevent lumps of dung, stones, etc. 
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going into the plant. The inlet tank should not be built on backfilled ground as this may sink 

over time and break the inlet pipe.  

7.3.3 Mixer: 

 This is usually recommended for plants of 6m³ and higher sizes. The mixer is 

designed to hold all or half of the daily input filled up to the level of the top of the iron 

blades. The blades are attached with iron handle which is rotate clockwise and anti-

clockwise to mix dung with water. 

7.3.4 Outlet chamber: 

 The outlet chamber is at surface level to allow the digested slurry coming out from 

the outlet pipe. The chamber is kept few centimetres below the level of the inlet chamber. 

The difference in the top level of the inlet and outlet pipes should be at least 45 cm to allow 

digested slurry to come out automatically when fresh slurry is added. 

7.4 Gas distribution pipeline and accessories: 

 The gas distribution pipelines include the gas vent pipe. gate valve, hose pipe, 

moisture trap, bends, joints, stopcock, pressure tube, clips, etc. since the gas must be dried 

before used in burner for use, it is better to pass the gas through a vessel filled with soda 

lime . This will help in better utilization of available calorific value. Without much pressure 

drop and difficulty, the gas can be sent to 15 to 30 m distances from the source point. 

7.5 Compost pit: 

 These can be dug in the ground or lined with masonry . The volume of the pit should 

be sufficient to receive the amount of slurry put in per day multiplied by the number of days 

required for emptying the pits . 

8. Types of floating drum biogas plant: 

    Different types of commonly used floating drum biogas plants are as follows: 

(i) KVIC type biogas plant 

(ii) Pragati design biogas plant 

(iii) Ganesh design biogas plant 

(iv) Ferro-cement digester biogas plant 

(v) Fibre glass reinforced plastic gas holder type biogas plant 

  9. KVIC type biogas plant: 

  The floating drum type biogas plant was first developed in India in 1954 and the 

Khadi and Village Industries Commission (KVIC), Bombay, adopted it for promotion in 

1962. Therefore, it is also known as KVIC type gobar gas plant. The KVIC type biogas plant 

is used in India earlier than all other types of biogas plants. The design is available in sizes 

of 1 cum to 85 cum gas per day. In KVIC plant the gas is stored in mild steel drum of 

storage capacity of 30-40 percent of plant size at a pressure of about 10 cm of water column, 

which is sufficient to carry it up to a length of 20 meters to 100 meters, depending on the 

size of the plant. The details of the plant are show in figs. 2.4 and 2.5. 
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10. Starting of the plant: 

I. Fill the plant with a correct mixture of dung slurry through the inlet chamber. 

II. Add about 50liter prepared fermented slurry obtained from the other running plant. 

This initial doze of prepared slurry will provide the required bacteria to enhance the 

initial fermentation process. The gas production will be started early during the 

starting period.  

III. The gas pipe or the safety valve, if any, should be opened during filling so as to avoid 

build up any pressure in the dome. 

IV. Digester should not be filled to more than 75-80% of its volume, under any 

circumstances thus allowing some volume for the storage of gas. 

V. Required quantity of slurry should be added daily.  

 

11. Do as Directed 

1. What is biogas? Write its composition.  

 

 

 

 

 

 

 

 

 

2. Explain the anaerobic digestion. 
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3. Write the difference between the fixed dome and floating drum type of biogas plant. 

fixed dome type of biogas plant Floating drum type of biogas plant 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  Enlist the factors which affect the gas production rate. 
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Practical - 3 

Title: Study of different types of gasifier 

1. Introduction: 

 Biomass gasification is a thermo-chemical conversation process used to convert solid 

biomass (wood, agricultural residues etc.) in an air deficient environment into a combustible 

gas mixture normally called “Producer Gas” ( or low calorific value gas having calorific 

value about 900-1200 kcal/m
3 

or 4000-5000 KJ/m3). Partial combustion produces carbon 

monoxide (CO), Hydrogen (H2) and less amount of methane (CH4) which are combustible 

gases. The conversion process of biomass into gaseous fuel is made possible in a device 

called gasifier.  

A typical composition of the gas obtained from wood gasification using air on 

volumetric basis is as follows:  

Carbon Monoxide : 18-22% 

Hydrogen : 13-19% 

Methane : 1-5% 

Heavier hydrocarbons : 0.2-0.4% 

Carbon Dioxide  : 9-12% 

Nitrogen : 45-55% 

Water Vapour  : 4% 

 Air gasification produces a low calorific value gas suitable for boiler, engine and 

turbine operation but not for pipeline transportation due to its low energy density. Oxygen 

gasification produces a medium calorific value gas suitable for limited pipeline distribution 

called as synthesis gas for conversation, for example, methanol and gasoline.  

2. Chemical reactions in gasification 

Gasification is quite complex thermo-chemical process. Splitting of gasifier into strictly 

separate zone is not realistic, but nevertheless conceptually essential. Four distinct processes 

take place in a gasifier; drying of the fuel, pyrolysis, combustion and reduction. 

Drying zone 

Biomass fuels consist of moisture ranging from 5 to 35% at the temperature above 120 °C, 

the moisture is removed and converted to steam, in the drying, fuels do not experience any 

kind of decomposition. Depending on the kind of rector, the fuel composition and size of 

fuel drying may require several minutes to accomplish or may occur almost instantaneously. 

Pyrolysis zone 

At about 400°C, the complex structure of biomass begins to breakdown with the release of 

gases, vapours and liquid. Many of these released components are combustible and 

contribute significantly to the heating value of the product gas from the gasifier. The ratio of 

products is influenced by the chemical composition of biomass fuels and their operating 

condition. Reaction times range from milliseconds to minutes. Reaction yields range from 
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mostly liquids to exclusively low molecular weight gases e.g. volatile gases, oil, 

char and tar. 

 

Oxidation/combustion zone 

As the temperature approaches 700°C, the char begins to react with oxygen, introduced air 

in the oxidation zone contains inert gases such as nitrogen and argon besides oxygen and 

water vapours. The oxidations take place at the temperature of 700 to 1300°C. 

Heterogeneous reactions take place between oxygen in the air and solid char fuel, producing 

carbon dioxide and water vapour 

      C + O2   CO2 + 393800  KJ/Kg mol 

Hydrogen in the fuel reacts with oxygen in the air blast, producing steam 

        H2 + (1/2) O2   H2O +242000  KJ/Kg mol 

 

Reduction Zone 

In reduction zone, a number of high temperature chemical reactions take place in the 

absence of air. Most of the reactions are endothermic and the heat released during 

exothermic reaction in oxidation is also utilized in reaction zone. Hence temperature of gas 

goes down in this zone. The temperature in the zone ranges from 800-1000°C. 

        C + CO2   2CO - 172600  KJ/Kg mol 

      

        C + H2O  H2 +  CO  - 131000  KJ/Kg mol 

 

         CO + H2O   CO2 + H2 + 42000  KJ/Kg mol 

 

          C + 2H2    CH4 + 75000  KJ/Kg mol 

Hence final gas produces in the gasifier is composed of mainly CO and H2. 

 

3. Types of gasifier: 

 The gasifier usually characterized by the method of contacting biomass and reactant 

air or oxygen. There are two types of reactors used in gasification, namely fluidized bed and 

fixed bed. 

3.1 Fixed bed: The fixed bed gasifier classified according to the direction of gas flow, it 

is classified into following three types. 

(a) Updraft Gasifier (Counter Current) 

(b) Downdraft Gasifier (Co- current) 

(c) Cross draft Gasifier  

(a) Updraft Gasifier (Counter Current): 

In this design the biomass moves down wards as the gasification process goes on. 

The air is taken from the bottom of the gasifier and the producer gas leaves the gasifier from 
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the top portion. This means the producer gas moves counter to the direction of flow of 

biomass. Wide variety of biomass feedstock is suitable for this design, even with relatively 

higher moisture contents. Since hot gases passes through biomass, the moisture is driven off. 

One of the major disadvantages of this design is that the paralysis products are not routed 

through combustion zone and hence the gas cleaning becomes very expensive. The height to 

diameter ratio is usually kept at 3:1. 

 

Fig. 3.1: Schematic diagram of Updraft Gasifier 

(b) Downdraft Gasifier  

It is a vertical cylindrical vessel of varying cross section. The biomass is fed at the 

top at regular intervals of time and is converted through a series of processes into producer 

gas and ash as it moves down. The producer gas is collected from the bottom of the reactor, 

moving in the same direction to biomass feeding and air. Since the producer gas moves 

through the hearth zone, the chances of proper combustion of tar and char are expected. This 

design requires biomass with minimum moisture content (+15%) and uniformity in size for 

proper pyrolysis. The producer gas carries away high temperatures, lowering the overall 

efficiency. Since the gas flows through oxidation zone chances of carrying higher amounts 

of ash, particulate matter in the gas necessitating efficient gas cleaning mechanism. The 

gasifiers are suitable for fuels like wood and agricultural wastes. They are cheap and easy to 

make. They may be used to power generation up to above 150 kW. In a downdraft gasifier, 

the air is blown through a single duct or a number of equally spaced nozzles around the 

furnace. The air is blown towards the bottom of the gasifier. As a reaction gases also pass 

through the higher temperature zones at the bottom, the downdraft gasifier produces cleaner 

gas with relatively less amount of tars, compared to the updraft or cross-draft gasifiers. 
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Usually larger amounts of tar and volatile matters are thermally cracked, while passing 

through the higher temperature zones of the bottom.  

 

Fig. 3.2: Schematic diagram of downdraft gasifier 

(c) Cross draft gasifier:     

 In this gasifier, air is introduced on one side of the gasifier and the gas out let is on 

the opposite site. Normally on air inlet nozzle is extended at the center of the combustion 

zone. The main advantages of the cross draft gasifier are the rapid response to changes in 

load and simple in construction. 

3.2  Fluidized bed gasifier:  

 In the fluidized bed gasifier air is blown upward through sand bed at sufficient 

velocity to keep it in a state of suspension and thus behaving like a fluid. The bed is heated 

by an external source. When it reaches sufficiently high temperature, feed, in the form of 

small particles, is introduced by a mechanical means. The major advantage of the fluidized 

bed gasifier is that the temperature can be controlled easily by varying the rate of air and 

fuel inputs. By maintaining the operating temperature (i.e. 800 to 900 °C) below the fusion 

temperature of ash, slag and clinker formation can avoided. Limitation of this type gasifier is 

that it requires several hours to heat up before they can begin to produce gas. 
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Fig. 3.3: Schematic diagram of cross draft gasifier 

 

Fig. 3.4: Schematic diagram of fluidised bed gasifier 



20 
 

4. Do as Directed 

1. What is producer? Write its composition.  

 

 

 

 

 

 

 

 

2. Define the pyrolysis process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Enlist the thermochemicl reactions in gasification. 
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Practical - 4 

Title: To study the production process of bio-fuels  
 

1. Introduction:  

Biofuel is considered to be the most pure and the easiest available fuels on the planet. Also 

known as agrofuel, they are classified into gas, liquid and solid form derived from biomass. 

Most of the people would be very happy to know that most of the forms of biofuels can be 

easily manufactured even at in one's kitchen garden. One of the key features of biofuels is 

that they are better than other forms of fuels like petrol or diesel that is manufactured by 

most of the big oil manufacturing companies. Most of the diesel engines would work more 

efficiently and even last longer with the use of these home made biofuels. These fuels are 

also very clean and environment friendly. These biofuels can be a lot more economic if used 

in the kitchen for cooking purpose. These fuels also encourage the recycling process as most 

of them are manufactured from waste products. 

There are various forms of biofuels and most of them are made through a detailed process 

having various stages. Most of the animal fats, vegetables and oils contain glycerin and are 

thus called triglycerides. In the process of manufacturing the biofuels, all the fats and oils 

are turned into esters, separating the glycerin. At the end of the process, all the glycerin 

sinks down at the bottom and all the biofuel rests at the top. The process through which the 

glycerin is separated from the biodiesel is known as transesterification. This process also 

uses lye as a catalyst in the whole process. Some of the chemicals which are used in the 

manufacturing of biofuels are ethanol or methanol which brings into use methyl esters. 

Methanol is derived from fossil fuels while ethanol is derived from plants. One of the 

advantages of using ethanol is that they can be distilled even at the home without any 

problem. 

 

2. Process of manufacturing biofuel 

The process of manufacturing biofuel can be classified in the following stages. These stages 

are: 

Filtering: In this process, waste vegetable oil is filtered to remove all the food particles. 

This process generally involves warming up the liquid a little. After warming up the liquid, 

it can be filtered with the use of coffee filter. 

Removing of water: All the water contained in the residual gangue has to be removed 

which will make the reaction faster. The water can be easily removed by making the liquid 

boil at 100 degree C for sometime. 

Titration: This process is carried out to determine the amount of lye that would be required. 

This process is the most crucial and the most important stage of biofuel manufacturing. 

Preparation of sodium methoxide: In this process, methanol is mixed with sodium 

hydroxide to produce sodium methoxide. In most of the cases, the quantity of methanol used 

is generally 20 percent of waste vegetable oil. 

Heating and mixing: The residue is heated in between 120 to 130 degree F after which it is 

mixed well. It should be remembered that process should be done carefully avoiding 

splashing of the liquid. 
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Settling and separation: After mixing the liquid, it has to be allowed to cool down. After 

the cooling process, the biofuel will be found floating at the top while the heavier glycerin 

would be found at the bottom. The glycerin can be easily separated by allowing it to drain 

out from the bottom. The person is left over with pure biofuel which can be used for various 

purposes. 

 

3. Ethanol from agricultural produce (Sugar cane and corn) 

Non-petroleum fuels liquid fuels find use when petroleum fuels are scarce or costly. 

The scientists have been in search of new fuels to replace conventional fuels that are used in 

IC engines. Among all the fuels, alcohols, which can be produced from sugarcane waste and 

many other agricultural products, are considered the most promising fuels for the future. 

There are two types of alcohols: methanol (CH3OH) and ethanol (C2H5OH). Ethanol has 

attracted a lot of attention as a transport fuel because it is relatively cheap non- petroleum-

based fuel. Also, the emissions from the combustion of ethanol are much less than for fossile 

fuels. Ethanol, being a pure compound, has a fixed set of physical as well as chemical 

properties. This is in contrast to petrol and diesel, which are mixtures of hydrocarbons. It is a 

more attractive fuel for India because the productive capacity from sugarcane crops is high, 

of the order of 1345 l/ha. At present, Brazil is the only country that produces fuel alcohol on 

a large scale from agricultural products (mainly sugarcane). Brazil was the first and biggest 

producer of cheapest bio-ethanol in the world. Second cheapest bio-ethanol is made from 

corn in the USA. Properties of ethanol and methanol are similar, with difference of only 5 -

10%. Ethanol is superior to methanol as it has wider ignition limit (3.5 -17) than methanol 

(2.15 -12.8). Ethanol calorific value (26,880 kJ/kg) is considerably higher than methanol 

(19,740 kJ/kg). Ethanol is a much more superior fuel for diesel engines as its cetane number 

is compared to the cetane number of 3 for methanol. Ethanol is used in racing cars due to its 

very high heat of vaporization. 

 

4. Manufacture of ethanol 

Three different feed stocks are available for ethanol production such as, sugar feed stock i.e., 

sugarcane and sugar beet; starch feed stock i.e., cereal grains and potato and cellulose feed 

stock i.e., forest products and agricultural residues. 

 

4.1 Ethanol from starchy feed stock (grains) 

Ethanol production from cereal grains such as barley, wheat and corn is a much easier 

process than from cellulose material. The process includes several steps, as listed below: 

a) Milling of grains 

b) Hydrolysis of starch to sugar units 

c) Fermentation by yeas 

d) Distillation 

e) Removal of water from ethanol 

After grinding the raw material, it is mixed with water and enzymes to break down the 

starch to sugar units. The free sugar can be used by yeast or bacteria and converted to 

ethanol and carbon dioxide. As the concentration of ethanol increases to about 15%, 

fermentation is reduced, since high alcohol concentration kills the yeast or bacteria. It is then 

necessary to separate the ethanol from the other material in the fermentation tanks by 

distillation. Distillation increases the ethanol concentration up to about 95%. In order to 
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remove the rest of the water from the ethanol solution, it must be dried by different drying 

agents to a concentration of 99.5% ethanol or absolute ethanol. Extractive distillation with 

benzene also yields anhydrous ethanol. It is possible to produce 1 litre of absolute ethanol 

from about 3 kg of wheat.  

 
 
4.2 Ethanol production from sugar cane: 

Ethanol production from sugarcane is one of the easiest and most efficient processes since 

sugarcane contains about 15% sucrose. The glycosidic bond in the disaccharide can be 

broken down into two sugar units, which are free and readily available for fermentation. The 

cane is cut and the juice is extracted by maceration. After clarification, the juice is 

concentrated by boiling. The concentrated juice is fermented with yeast to produce raw 

ethanol. A series of distillation steps including a final extractive distillation with benzene are 

used to obtain anhydrous ethanol. The normal yield of ethanol is about 8.73 litres of alcohol 

per tonne of cane.  
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5. Do as Directed 

1. What is biofuel? Why it is important now a day? 

 

 

 

 

 

 

 

 

 

 

2. Enlist the different material use for production of biofuel. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Draw a flow chart for production of ethanol from starchy material. 
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Practical - 5 

Title: To study the production process of biodiesel  

1. Introduction:  

 Biodiesel is fatty acid ethyl or methyl ester made from fresh or used vegetable oils 

(both edible and non-edible) and animal fats through trans-esterification. The demand of 

edible oil is higher than its domestic production; therefore it cannot be diverted for 

production of bio-diesel. There are many tree species which bear seeds rich in oil like 

jatropha curcas and Pongamia Pinnata (Karanja). However, Jatropha curcas is found most 

suitable. 

2. Equipment: 

 Separating funnel, electric heating mantle, round bottom flask, steel bowl, 

thermometer (110 
0
C), glass rod 

3. Reagents:  

 Vegetable oil, sodium or potassium hydroxide, methanol or ethanol 

4. Background and Theory: 

 Use of biodiesel results in substantial reduction of un-burnt hydrocarbons, carbon 

monoxide and particulate matters. It has almost no aromatics and has about 10 % O2, which 

helps it to burn fully. Its higher cetane number improves the combustion. In conventional 

diesel, reduction in sulphur content is compensated by adding additive for lubricity of fuel 

injection pump. The viscosity of biodiesel is higher (1.9 to 6.0 cSt ) and is reported to result 

into gum formation on injector, cylinder liner etc. However, blends of up 20 % (B20) should 

not give any problem and used in compression ignition engine without any modification and 

reduction in torque output. CI engine with some modification can be used on 100 % bio-

diesel. Flash point of bio-diesel is high (<100 
0
C). Its blending with diesel fuel can be 

utilized to increase the flash point of diesel particularly in India where flash point is 35 
0
C 

well below the world average of 55 
0
C. Use of bio-diesel in engines has shown reduction in 

particulate matter (25 – 50 %). However, a marginal increase in NOx (1-6 %) is also 

reported; but it can be taken care of either by optimization of engine parts or by using De-

NOx catalyst. The other properties of biodiesel are given in the following Table 5.1. 

Table 5.1 properties of biodiesel with their values. 

Sr. No Properties values 

1. Specific gravity 0.87 to0.89 

2. Kinematic viscosity@ 40
 0
C 3.7 to5.8 

3. Cetane number 46 to 70 

4. Higher heating value, Btu/lb 16,928 - 17,996 

5. Lower heating value, Btu/lb 15,700 -16,735 

6. Sulphur, wt % 0.00 - 0.0024 

7. Cloud point, 
0
C -11 to 16 

8. Pour point, 
0
C -15 to13 

9. Iodine number  60 - 135 
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4.1. Vegetable oil as diesel fuel: 

 Certain difficulties are experienced in IC engines while using straight vegetable oil 

(SVO) or chemically unmodified vegetable oils due to high viscosities, low volatilities and 

polyunsaturated character. The problem can be mitigated by developing vegetable oil 

derivatives that approximate the properties and performance and make them compatible with 

the hydrocarbon-based diesel fuel. The selection of appropriate technology for production of 

biodiesel calls for careful selection from following methods. 

1. Pyrolysis 

2. Micro-emulsification 

3. Dilution, and 

4. Transesterification.  

4.1.1. Pyrolysis: 

 Pyrolysis is a chemical change caused by the application of thermal energy in the 

absence of air. The liquid fraction of the thermally decomposed vegetable oil are likely to 

approach diesel fuels. The pyrolyzate has lower viscosity, flash point and pour point than 

diesel fuel and equivalent calorific value. The cetane number of the pyrolyzate is lower. The 

pyrolysed vegetable oil contains acceptable amounts of sulphur, water and sediment and 

gives acceptable copper corrosion values but unacceptable ash, carbon residue and pour 

point. 

4.1.2. Micro-emulsification: 

  Micro-emulsions are defined as transparent, thermodynamically stable colloidal 

dispersions and solve the problem of vegetable oil viscosity. The droplet diameters in micro-

emulsions range from 100 to 1000 A. A micro-emulsion can be made of vegetable oils with 

an ester and dispersant (co-solvent), or of vegetable oils, an alcohol and a surfactant and a 

cetane improver, with or without diesel fuel. Water (from aqueous ethanol) may also be 

present in order to use lower- proof ethanol, thus increasing water tolerance of the micro-

emulsions. 

4.1.3. Dilution: 

 Dilution of vegetable oils can be accomplished with such materials as diesel fuels, 

solvent or ethanol. 

4.1.4. Transesterification: 

 Transesterification, also called alcoholysis, is the displacement of alcohol from an 

ester by another alcohol in a process similar to hydrolysis. This process is used to reduce the 

viscosity of triglycerides. Methanol is the cheapest alcohol available and the process termed 

as methonolysis. Ethanol and higher alcohols like isopropanol; butanol etc. can also be used 

for the esterification. Using higher molecular weight alcohols improves the cold flow 

properties of biodiesel but reduces the efficiency of transesterification process.  

 The transesterification work well when the oil is of high quality. In cases, where 

FFA (free fatty acid) content is above 1% difficulties arise due to the formation of soap, 

which promotes emulsification during the water washing stage. If the FFA content is above 

2 %, the process becomes unworkable. 
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4.2. General process steps of Jatropha oil to Biodiesel: 

4.2.1. Purification of Oil: 

 The oil can be purified by the following means: 

4.2.1.1. Sedimentation:  

 This is the easiest way to get clear oil, but it takes about a week until the sediment is 

reduced to 20 – 25 % of the raw oil volume. 

4.2.1.2. Boiling with water:  

 The purification process can be accelerated by boiling the oil with about 20 % of 

water. The boiling should continue until the water has completely evaporated (no bubbles of 

water vapour anymore). After a few hours the oil then becomes clear. 

4.2.1.3. Filtration: 

 Filtration of raw oil is a very slow process and has no advantage in respect of 

sedimentation. It is not recommended. 

4.2.2. Processing of oil through transesterification: 

 The process of converting the vegetable oil into biodiesel, which is fatty acid alkyl 

ester, is termed as transesterification. There are 3 basic routes to biodiesel production from 

biolipid (biological oils and fats). (i) Base catalyzed transesterification of the biolipid carried 

out under atmospheric pressure and at temperature of 60-70 
o
C (ii) Direct acid catalyzed 

transesterification of the biolipid, and (iii) Conversion of the biolipid to its fatty acids and 

then to biodiesel. 

 The processing steps for the most commonly used method viz. base catalyzed 

transesterification of the biolipid would be as follows: 

(i) Exact quantity of KOH (determined by titration) is thoroughly mixed in methanol till 

it dissolves completely to result in potassium methoxide. 

(ii) Jatropha oil is heated, if required (during winter), and mixed in the potassium 

methoxide while with agitator running. 

(iii) It is then allowed to settle and glycerine is removed from bottom. 

(iv) Biodiesel fraction is then washed and dried. 

(v) It is then checked for quality.   

Factors affecting the transesterification process are (i) oil temperature. (ii) reaction 

temperature (iii) ratio of alcohol to oil (iv) catalyst type and concentration. (v) intensity of 

mixing (vi) purity of reactants  

5. Procedure: 

 There are four distant stages in the preparation of plant oil bio-diesel. These are        

(a)  heating of oil, (b) adding alkaline alcohol to oil, stirring and heating the mixture,         

(c) setting and separation of glycerol, and  (d) washing of bio-diesel with water and removal 

of water. 

 Accurately weigh the 250g of vegetable oil in the round bottom flask. Heat the oil to 

a little below 60 
o
C. On the other hand, measure the 50 ml of methanol in the steel bowl. 

Prepare the alkaline methanol by dissolving 2.5 g of sodium hydroxide pellets in this 

methanol. Add this alkaline methanol to the heated oil and the mixture is stirred manually 

for 5 minutes funnel with the help of glass or stainless steel rod. Now, transfer the mixture to 
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the mixture separating funnel and the mixture is kept for glycerol settlement for about four 

hour. After this settlement, glycerol left at the bottom is removed from the separating funnel 

and decanted from the biodiesel. Then, the biodiesel is washed two or three times with water 

to remove impurities like sodium etc. It also removes excess methanol. Use of warm water 

for washing gives better results and reduces the number of washing required. After each 

washing, water is allowed to settle for about 5 minutes and then it is removed from the 

bottom. At the end of last washing, water is allowed to settle for 15 minutes and is then 

removed leaving behind the biodiesel. The washed diesel is heated so that it becomes almost 

completely free of moisture. 

6.  Do as Directed  

1. Define the transesterification.  

 

 

 

 

 

 

 

 

2. Describe the advantages of biodiesel. 

 

 

 

 

 

 

 

 

 

 

3. Define the general process for biodiesel production form Jatropha oil. 
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3.  Draw process flow chart of biodiesel production from jatropha seed.  
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Practical - 6 

Title: Study of briquetting machine.    

1. Introduction: 

 Biomass plays a major part in fulfilling the energy needs of the developing countries. 

According to the world‟s energy topics, it is widely accepted that fossil fuel shortage, fuel 

increasing price, global warming including other environmental problems are critical issues. 

Therefore, biomass energy has been attracting attention as an energy source since zero net 

carbon dioxide accumulation in the atmosphere from biomass production and utilization can 

be achieved. The carbon dioxide released during combustion process is compensated by the 

carbon dioxide consumption in photosynthesis. Among several kinds of biomass, agro 

residues have become one of most promising choices. They are available as a free or almost 

free, indigenous and abundant energy source. But it is generally difficult to handle them 

because of its bulky nature, low combustion characteristics and copious liberation of smoke. 

The direct burning of these agro residues in domestic and industrial applications is 

inefficient and associated with wide scale air pollution. In order to achieve more efficient 

usage of agro residues, it is essential to densify them to compact pieces of definite shape and 

high thermal value. Briquetting is one of the several compaction technologies in the 

category of densification. The process of briquetting consists of applying pressure to a mass 

of particles with or without a binder and converting it into a compact product of high bulk 

density, low moisture content, uniform size and shape and good burning characteristics. 

Briquettes can be produced with the density of 1.2 to 1.4 g/cm
3
 from loose agro residues 

with a bulk density of 0.1 to 0.2 g/cm
3
. 

2. Briquetting Technologies 

Briquetting technologies used in the briquetting of the agro residues are divided into three 

categories.  They  are  (i)  high  pressure  or  high  compaction  technology,  (ii)  Medium 

pressure technology and (iii) low pressure technology. In high pressure briquetting 

machines, the pressure reaches the value of 100 MPa. This type is suitable for the residues 

of high lignin content. At this high pressure the temperature rises to about 200 - 250
o
 C, 

which is sufficient to fuse the lignin content of the residue, which acts as a binder and so, no 

need of any additional binding material. In medium pressure type of machines, the pressure 

developed will be in the range of 5 MPa and 100MPa which results in lower heat generation. 

This type of machines requires additional heating to melt the lignin content of the agro 

residues which eliminates the use of an additional binder material. The third type of machine 

called the low pressure machines works at a pressure less than 5 MPa and room temperature. 

This type of machines requires addition of binding materials. This type of machines is 

applicable for the carbonized materials due to the lack of the lignin material. 

The high pressure compaction technology for briquetting of agro residues can be 

differentiated in to two types (i) hydraulic piston press type and (ii) screw press type. 

Among these  two  technologies  hydraulic  piston  press  type  was  predominantly  used  to  

produce briquettes in India, particularly in Tamilnadu all the briquette producing firms‟ uses 
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hydraulic piston press technology for briquetting. Mostly cylindrical shaped briquettes with 

30 mm to 90 mm diameter were produced. All the commercial firms involved in briquette 

making produces 60 mm and 90 mm diameter briquettes.   

 
Fig. 6.1: Typical production processes of wood briquettes 

3. Types of Briquetting Machine: 

(i) Piston-ram press type: In this type of machine (Fig. 6.2), the material is fed into a 

cylinder, which is then compressed by a piston into a slightly tapering, die, Commercial 

machine with 0.5 to 1.5 t/h capacities are available. They produce briquettes in the range 

of 5 -9 cm diameter. The power requirement of such machine varies from 25 kW to 65 

kW. 

 
Fig. 6.2: Piston-ram press type 
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(ii) Screw-press type machine: Fig. 6.3 shows the schematic diagram of screw-press type 

machine. In this type of machine, the material is fed continuously into a screw, which 

forces the material into a cylindrical die, which is often heated to 250-300
o
C to raise the 

temperature to the point, where lignin becomes soft and starts flowing. Pressure builds up 

smoothly. If die is not heated, then temperature may not rise sufficiently to cause lignin 

flow and to bind the material. Briquettes are often of higher quality than piston-press unit. 

The wear and tear of screw is very high and requires frequent reconditioning. 

 

  
Fig. 6.3: Screw-press type machine 

 

(iii) Pellet press type: Fig. 6.4 shows schematic diagram of pellet-press type machine. This 

machine operates by extruding small diameter (10-30 mm) pellets through a die, which 

has many holes. The extruding mechanism is often an eccentric roller, which moves 

inside a large cylinder-conical die. Such machines were originally developed for 

producing animal feed and have high through puts. The power requirement of this type of 

machine also varies according to the capacity of the machine. 

 
Fig. 6.4: Pellet-press type machine 

 

(iv) Screw Briquetting Machine: This briquetting Process consists of extrusion of the 

material by a screw extruder which acts as a continuous feeder. The volume of the 

material is decreased as it is transferred from the hopper to the die exit. This is achieved 

by increasing the root diameter of the threaded shaft gradually starting with a small 

diameter at the feeding position and increase gradually to a maximum value at the die 

position. Fig. 6.5 shows a schematic diagram of screw briquetting machines' Due to the 

limited manufacturing facilities at the location of the plant the screw manufacturing was 

the biggest challenge faced during the process, Making the extruder screw was really a 

big challenge when dealing with such a task in an environment of limited manufacturing 

facilities. 
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Fig. 6.5: Screw press type briquetting machine 

 

The easiest, method was found is to taper the shaft diameter from one side into a 

conical shape and then grooving the thread base on the shaft tapered surface, then 

welding a heavy steel plate to form the thread. The thread height was made constant and 

of a value smaller by only a little clearance than the inner diameter of the barrel, this was 

conducted using a normal lathe turning operation. 

The feed stock consists of the slurry mixture of the carbonized powdered cotton 

stalks and the binder. The briquettes were relatively moist when produced and required to 

be placed under the sun for drying before packing them for distribution. 

 

4. Component of Briquetting Machine  
(i) Briquetting Stand: It supports the drive, bearings with the briquetting barrel 

assembly. 

(ii)  Drive Mechanism: The machine is driven by variable speed drive electrical motor or 

some gear reduction to get the proper screw speed. Power requirements range from 

0.05 kWh/kg to 0.36 kWh/kg. 

(iii) Thrust bearings: It supports the briquetting screw at the driven end or both the ends. 

It compensates the rear ward thrust which is the result of the forward movement of 

the screw. 

(iv) Feed hopper: The feed materials are supplied to the screw through the feed hopper. 

Agitators are installed at the bottom to reduce bridging of the feed or sometimes 

vibration of the machine tends to ease the flow of the feed materials. The feed hopper 

is often offset to the side of the barrel in the screw's rotational direction. 

(v) Barrel: It is usually manufactured in number of small parts, which are bolted together 

or assembled together. It is done so due to its huge size and to provide easy repair 

works for the barrel. Normally, the surface is hardened to bear the high shear and 

thus rendering it abrasion resistance. The internal diameter denotes the basic size of 

the barrel. Further, greater the length of the barrel, greater is the surface for heating 

or cooling, which ultimately leads to greater control. Normally, the pressure varies 

from 15 - 70 atm. The dry extrusions and plugged conditions can lead to a pressure 

greater than 70 atm. 

     (vi) Die: It provides shape and size of product. 

 

5.  Do as Directed 

1. What is briquetting technology? 
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2. What are the advantages of briquetting technology?   

 

 

 

 

 

 

 

 

 

 

 

3. Define the screw working of screw briquetting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  Write name of the different operation performed for preparation of briquette.   
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Practical - 7 

Title: Study of solar cooker 

1. Basic principle of solar cooking: 

Solar cookers utilize the simple principles of reflection, concentration, glazing, 

absorption and the greenhouse effect to produce heat. It converts sunlight into heat energy 

and cooks the food. Various types of solar cookers exist i.e. box type solar cooker, 

concentrating collector solar cooker etc. which is harnessing one more of these principles. 

Basically a solar cooker is an insulated container with a multiple or single glass (or other 

transparent material) cover. This kind of cooker depends on the ʻʻgreenhouse effect” in 

which the transparent glazing permits passage of shorter wavelength solar radiation, but is 

opaque to most of the longer wavelength radiation coming from relatively low temperature 

heated objects. Mirror may be used to reflect additional solar radiation into the cooking 

chamber. A double- walled insulated box can also serve to hold the heat inside the cooker. 

2. Components of Box type Solar Cooker:   

 Following components of the box type solar cooker are required as per the Indian 

standard specifications. Fig.7.1 shows the schematic of a typical box type solar cooker with 

nomenclature of its components. 

2.1. Cover plate:  

 The cover plate is double glazed. Spacing between inner and outer glazing is 10±2 

mm. The solar transmittance of cover plate consisting inner and outer glazing together 

should be minimum 65 percent at near normal incidence. The glazing should be free from 

bubbles and rough surface. Provision o the side is made to keep the cover plate at inclined 

position for loading and unloading of the cooking post. 

2.2. Cooking Tray: 

 The tray is made of aluminium/copper having thickness as 0.5 mm. Inner surface of 

the cooking tray have mat black finish. It shall withstand temperature of 175
0
C for one hour 

without deterioration of the finished surface. 

2.3. Cooker Box: 

Typical materials with minimum thickness for solar cooker box and top cover are            

given in table 7.1. The cooker box is smooth, even and free from sharp edges.   

Table 7.1: Materials for solar cooker box and top cover. 

Sr.No. Material Minimum Thickness, mm 

01. Galvanized steel (GS) sheet 0.45 

02. Aluminium (AI) 0.50 

03. Fiber reinforced plastic (FRP) 1.00 

 

2.4. Gaskets and Sealants: 

The material of gaskets and sealants may be of neoprene/ethylene propylene diene 

monomer (EPDM)/silicon rubber of minimum 2 mm thickness to seal the closed lid and 

tray. 



36 
 

 
Fig. 7.1: Schematic diagram of box type solar cooker 

2.5. Insulation: 

 Insulation (glasswool or rockwool ) is provided at sides and bottom including edges. 

Thermal resistance (R) of insulation material should be minimum 0.85 m
2
 
o
C/W. The value 

of R of insulation should be minimum 0.58 m
2
 
o
C/W for non-metallic body cookers. 

2.6. Mirror: 

 Mirror, free from bubbles and waviness having minimum 65 percent reflectance is 

used. The reflecting area of mirror should not be less than the glazing area. Provision on the 

sides is made to keep the mirror in any inclined position. 

2.7. Cooking Pots with Lid. 

 Cooking pots with lid is made up of aluminium alloy/stainless steel. Cooking pots 

are coated with mat black surface on outside. The bottom of the pots is not coated. 

2.8. Caster Wheels: 

 Solar cooker is provided with 4 caster wheels each having ball bearing or two 

cylindrical plastic or non-corrosive supports (buffers) for front and two plastic or non-

corrosive wheels for rear. The screws, hinges, lever rods, locks, handle etc, are suitably 

fitted in the cooker. 

3. Concentrating collector solar cooker 
In the concentrating solar cookers (Fig. 7.2), the cooking pot is placed at the focus of a 

concentrating mirror. Concentrating type solar cooker is working on one or two axis 

tracking with a concentration ratio up to 50 and temperature up to 300
o
C, which is suitable 

for cooking. Concentrating cookers utilize multifaceted mirrors, Fresnel lenses or parabolic 

concentrators to attain higher temperatures. The concentrating type of solar cookers is 

further subdivided into parabolic dish/trough, cylindrical, spherical, and Fresnel. This type 

of cookers usually employs mirrors/reflectors to concentrate the total solar energy incident 

on the collector surface, so the collector surface is usually very wide and the temperature 

achieved is very high. Parabolic dish cooker has the highest efficiency in terms of the 
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utilization of the reflector area because in fully steerable dish system there are no losses due 

to aperture projection effects. Also radiation losses are small because of the small area of the 

absorber at the focus. Additional advantages include higher cooking temperatures, as 

virtually any type of food can be cooked and short heat-up times. 

 
Fig. 7.2: Schematic diagram of concentrating collector solar cooker 

4. Energy required for cooking 

The energy required for cooking a specified food varies with the properties of 

ingredients such as water, vegetables etc.  The method cooking such as the temperature 

required for cooking, minimum temperature to be maintained during cooking, duration of 

temperature maintenance etc.  are to be considered at the time of cooking.  

Thermal energy required for reaching the cooking temperature can be calculated from the 

following formula. 

             Q = m x cp x dt,  kJ 

Where, 

Q = Thermal energy requirement for cooking, kJ 

m = mass of material taken for cooking, kg 

cp = specific energy for the selected material, kJ kg
-1

 °C
-1

 

dt  = difference between initial and final temperature, °C 

 

The specific heat energy of various materials are given below. 

Name of Material specific energy 

Water 4.18 

Milk 3.93 

Rice 1.11 

Potato 3.43 

Onion 3.77 

Chicken  3.35 

Coconut 2.85 

Vegetable oil 1.67 

Copper  0.39 

Aluminium  0.90 
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5.  Do as Directed 

1. Write the principal of box type solar cooker. 

 

 

 

 

 

 

 

 

 

2. What is need to provide insulation in box type cooker? 

 

 

 

 

 

 

 

 

 

3. Which type of colour is applied on absorber plate and why? 

 

 

 

 

 

 

  

4. Calculation of energy requirement for cooking 1 kg of rice and Performance 

Evaluation of solar cooker if solar radiation intensity is 700 w/m
2
 and size of Cooker is 

0.75 X 0.75 X 0.20 m.  Consider cooking of rice in Aluminium vessel weighing about 0.5 

kg.  Water used for cooking rice is 2 kg.  The required heat energy is the sum of 

thermal energy required for heating rice, water and also the vessel material.  The 

initial ambient temperature is 30°C and the required cooking temperature is 100°C. 
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Practical - 8 

Title: Study of solar dryer  

1. Introduction: 

Drying is a mass transfer  process consisting of the removal of water or 

another solvent by evaporation from a solid, semi-solid or liquid. This process is often used 

as a final production step before selling or packaging products. Solar dryers are devices that 

use solar energy to dry substances, especially food. 

2. Types of solar driers  

Solar-energy drying systems are classified primarily according to their heating modes and 

the manner in which the solar heat is utilized. In broad terms; they can be classified into two 

major groups, namely:   

i. Active solar-energy drying systems (most types of which are often termed hybrid 

solar dryers); and   

ii. Passive solar-energy drying systems (conventionally termed natural-circulation solar 

drying systems).  

Three distinct sub-classes of either the active or passive solar drying systems can be 

identified which are  

i. Direct (integral) type solar dryers; 

ii. Indirect (distributed) type solar dryers. 

iii. Mixed mode (Hybrid) type 

Direct solar dryers have the material to be dried placed in an enclosure, with a transparent 

cover on it. Heat is generated by absorption of solar radiation on the product itself as well as 

on the internal surfaces of the drying chamber.  

In indirect solar dryers, solar radiation is not directly incident on the material to be dried. Air 

is heated in a solar collector and then ducted to the drying chamber to dry the product. 

Although indirect dryers are less compact when compared to direct solar dryers, they are 

generally more efficient. Hybrid solar systems allow for faster rate of drying by using other 

sources of heat energy to supplement solar heat.  

The three modes of drying are: (i) open sun, (ii) direct and (iii) indirect in the presence of 

solar energy. The working principle of these modes mainly depends upon the method of 

solar-energy collection and its conversion to useful thermal energy.  

2.1 Open sun drying (OSD) : 

Fig.8.1 shows the working principle of open sun drying by using solar energy. The 

short wave length solar energy falls on the uneven product surface. A part of this energy is 

reflected back and the remaining part is absorbed by the surface. The absorbed radiation is 

converted into thermal energy and the temperature of product starts increasing. This results 

https://en.wikipedia.org/wiki/Mass_transfer
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Evaporation
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Semi-solid
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Solar_energy
https://en.wikipedia.org/wiki/Food
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in long wavelength radiation loss from the surface of product to ambient air through moist 

air. In addition to long wave length radiation loss there is convective heat loss too due to the 

blowing wind through moist air over the material surface. Evaporation of moisture takes 

place in the form of evaporative losses and so the material is dried. Further apart of absorbed 

thermal energy is conducted into the interior of the product.  

 

Fig. 8.1: Working principle of open sun drying 

This causes a rise in temperature and formation of water vapour inside the material and then 

diffuses towards the surface of the and finally losses thermal energy in the end then diffuses 

towards the surface of the and finally losses the thermal energy in the form of evaporation. 

In the initial stages, the moisture removal is rapid since the excess moisture on the surface of 

the product presents a wet surface to the drying air. Subsequently, drying depends upon the 

rate at which the moisture within the product moves to the surface by a diffusion process 

depending upon the type of the product. 

In open sun drying, there is a considerable loss due to various reasons such as 

rodents, birds, insects and micro-organisms. The unexpected rain or storm further worsens 

the situation. Further, over drying, insufficient drying, contamination by foreign material 

like dust dirt, insects, and micro-organism as well discoloring by UV radiation are 

characteristic for open sun drying. In general, open sun drying does not fulfil the 

international quality standards and therefore it cannot be sold in the international market.  

With the awareness of inadequacies involved in open sun drying, a more scientific 

method of solar-energy utilization for drying has emerged termed as controlled drying or 

solar drying. The main features of typical designs of the direct and of indirect types solar -

energy dryers are illustrated in Table 8.1.  
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Table 8.1: Typical solar energy dryer designs 

 

2.2 Direct type solar drying (DSD):  

Direct solar drying is also called natural convection cabinet dryer. Direct solar dryers 

use only the natural movement of heated air. A part of incidence solar radiation on the glass 

cover is reflected back to atmosphere and remaining is transmitted inside cabin dryer. 

Further, a part of transmitted radiation is reflected back from the surface of the product. The 

remaining part is absorbed by the surface of the material. Due to the absorption of solar 

radiation, product temperature increase and the material starts emitting long wave length 

radiation which is not allowed to escape to atmosphere due to presence of glass cover unlike 

open sun drying. Thus the temperature above the product inside chamber becomes higher. 

The glass cover server one more purpose of reducing direct convective losses to the ambient 

which further become beneficial for rise in product and chamber temperature respectively.  

 

Fig. 8.2: Direct solar drying (Natural convection type cabinet drier) 
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However, convective and evaporative losses occur inside the chamber from the 

heated material. The moisture is taken away by the air entering into the chamber from below 

and escaping through another opening provide at the top as shown in Fig. 8.2.  

A direct solar dryer is one in which the material is directly exposed to the sun„s rays. 

This dryer comprises of a drying chamber that is covered by a transparent cover made of 

glass or plastic. The drying chamber is usually a shallow, insulated box with air-holes in it to 

allow air to enter and exit the box. The product samples are placed on a perforated tray that 

allows the air to flow through it and the material. Fig. 8.2 shows a schematic of a simple 

direct dryer. Solar radiation passes through the transparent cover and is converted to low-

grade heat when it strikes an opaque wall. This low-grade heat is then trapped inside the box 

by what is known as the “greenhouse effect”. Simply stated, the short wavelength solar 

radiation can penetrate the transparent cover. Once converted to low-grade heat, the energy 

radiates.  

2.3 Indirect type solar drying (ISD):  

This type is not directly exposed to solar radiation to minimize discolorations and 

cracking. Fig. 8.3 describes principle of indirect solar drying which is generally known as 

conventional dryer. In this case, a separate unit termed as solar air heater is used for solar 

energy collection for heating of entering air into this unit. The air heater is connected to a 

separate drying chamber where the product is kept. The heated air is allowed to flow 

through wet material. Here, the heat from moisture evaporation is provided by convective 

heat transfer between the hot air and the wet material. The drying is basically by the 

difference in moisture concentration between the drying air and the air in the vicinity of 

product surface. A better control over drying is achieved in indirect type of solar drying 

systems and the product obtained is good quality.  

 

Fig. 8.3: Indirect solar drier (Forced convection solar drier) 
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3. Do as Directed  

1. What is need of drying agricultural or food product? 

 

 

 

 

2. What is the drawback of open sun drying? 

 

 

 

 

 

 

3. How direct type solar dryer work? 

 

 

 

 

 

 

 

4. How can we maintain air flow arte in indirect type solar dryer?  
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Practical - 9 

Title: Study of solar pond   

1. Introduction: 

The solar pond is a simple device for collecting and storing solar heat. The solar 

pond combines solar energy collection and sensible heat storage. Solar ponds are also called 

solar salt ponds. Natural ponds convert solar radiation into heat, but the heat is quickly lost 

through convection in the pond and evaporation from its surface. A solar pond, on the other 

hand, is designed to reduce convective and evaporative heat losses so that useful amounts of 

heat can be collected and stored. A greater salt concentration at the bottom than at top causes 

bottom water to have greater density and remains at the bottom and is also hotter. The solar 

energy is absorbed in deep layers and is usually trapped. The solar ponds are useful in two 

ways:  

(i) The conversion of solar energy to useful work as a result of the temperature difference 

between bottom and top layers of the pond.  

(ii) The use of pond as a thermal storage medium.  

 
1.1 The main applications solar ponds are  

(a) heating and cooling of buildings  

(b) power generation  

(c) agricultural crop drying  

(d) desalination  

(e) industrial process heat  

(f) production of renewable liquid fuels  

 

1.2 The main limitations of solar ponds are  
(a) Need for large land area  

(b) Require sunny climate  

(c) Availability of brackish water  

 

2. Types of solar pond: 

Solar ponds may be classified as (i) convecting and (ii) non-convecting  
 

2.1 Convective solar ponds  

Convective solar pond reduces heat loss by being covered a transparent membrane or 

glazing as shown in fig. 9.1. Glazing materials for the solar pond are polyvinyl chloride 

(PVC) film and clear acrylic panels.  

 
Fig. 9.1: Schematic diagram of convective solar pond 
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One type of solar pond use a plastic tube filled with water as shown in fig. 9.2.  

 

 
Fig. 9.2: Schematic diagram of shallow solar pond 

 

Each pond module includes a long, narrow plastic bag measuring 5× 60 cm 

containing water 5 -10 cm deep. The bag has a transparent top to allow transmission of 

sunlight and to prevent evaporation losses. The bottom of the bag is black to absorb sunlight. 

A layer of insulation beneath the plastic bag minimizes heat losses to the ground. One or two 

layers may be arched over the bag of water to suppress convective and radiative losses. In 

this type of solar pond, the hot water is removed late in the afternoon and stored in insulated 

reservoirs. 
 

2.2 Non-convective solar ponds  

Non-convective solar ponds prevent heat losses by inhibiting the convective forces 

caused by thermal buoyancy. In convective solar ponds, solar radation is transmitted through 

the water to the bottom, where it is absorbed; in turn, the water adjacent to the bottom is 

heated. Natural buoyancy forces cause the heated water to rise, and the heat is ultimately 

released to the atmosphere. In a non-convective solar ponds, the warm water is prevented 

from rising to the surface. Non-convective ponds may be stabilized by viscosity, a gel or a 

salt. The salt gradient pond is the most common type of non-convective solar pond.  

 

2.2.1 Salt gradient ponds  

A solar pond is mass of shallow water about 1 – 1.5 m deep with a large collection 

area, which acts as a heat trap. It contains dissolved salts to generate a stable density 

gradient. Salts have been dissolved in high concentrations near the bottom, with decreasing 

concentration towards the surface. The salts most commonly used for salt gradient ponds are 

sodium chloride and magnesium chloride. Part of the incident solar radiation entering the 

pond surface is absorbed throughout the depth and the remainder which penetrates the pond 

is absorbed at the black bottom. Convective losses can be eliminated by initially creating a 

sufficient strong salt concentration gradient With convection suppressed, the heat is lost 

from the lower layers only by conduction. Because of its relatively low thermal 

conductivity, the water acts as an insulator and permits high temperatures (over 90°C) to 

develop in the bottom layers. The solar gradient pond consists of three layers as shown in 

fig.9.3.  
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Fig. 9.3: Schematic diagram of salt gradient solar pond 

In the top layer, vertical convection takes place due to effects of wind evaporation. 

There is no membrane or glazing covering this pond. The next layer, which may be as much 

as about one meter thick, contains an increasing concentration of salt with increasing depth. 

This layer is non-convective. The bottom layer is a convective layer of essentially salt 

concentration, which provides thermal storage. Non-convective pond of this type have been 

known to heat water to the boiling point.  

 

3. Do as Directed 

1. Write the function of solar pond. 

 

 

 

 

 

2. How does convective solar pond works? 
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3. Define the working of non-convective solar pond. 
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Practical - 10 

Title: Study of solar distillation/still   

1. Introduction: 

As early as the fourth century, Aristotle had described a method to evaporate impure water 

and then condense it for potable use. However, historically, the earliest documented work on 

solar distillation was by Arab alchemists in the 16th century. The first water-distillation 

plant constructed was a system built at Las Salinas, Chile, in 1872. People live in remote 

areas or islands, where every day fresh water supply is expensive, and they face the problem 

of water shortage. The solar still presents some specific advantages for its use in these 

remote areas or islands, due to its easy construction using locally available materials, 

minimum operational and maintenance requirements, and eco-friendly characteristics. It is 

fortunate that, in times of high water demand, solar radiation is also intense. It is therefore 

beneficial, to exploit solar energy directly by installing solar stills. Two major advantages 

that favour the use of solar stills are: free energy, and eco-friendliness. 

The solar still is the best tool in the field of desalination. The solar still is a device 

which converts waste water into fresh distillate water, by the use of the energy that is freely 

and abundantly available in our planet. The emerging problem in many areas in the world is 

the shortage of drinking water. Supply of adequate potable water is a problem faced by 

many developing countries. The need for fresh water is becoming an increasingly important 

issue in many areas of the world. In arid areas, potable water is very scarce, and the 

establishment of a human habitat in these areas, depends strongly on how such water can be 

made available. Thus the importance of supplying potable water can hardly be overstressed 

Fresh water is rapidly becoming the scarcest human resource on the planet. In fact, the 

United Nations predicts that by 2025, 63% of the world‟s population, some five billion 

people, will be living in areas with scarce water. As per a geographical survey, only 3% of 

earth‟s water supply is 2% fresh. Polar ice caps will melt; the sea level will rise and inundate 

much of the present land surfaces in the world. The rest of the world‟s supply of freshwater 

(less than 1%), found in water bodies like rivers, streams, lakes, and ponds also contain a lot 

of impurities. 

Ninety percent of urban sewage in developing countries is discharged into rivers and 

other water bodies. There is an enormous generation of waste, with only a part of it being 

treated. The untreated sewage and effluents are discharged into the rivers, turning them into 

sewers or sources of poisoned water (Velmurugan & Srithar 2011). 

2. Working principal: 

The solar still is one of the methods which can use unpalatable water for fresh water 

production. The basic principle behind solar distillation is simple and replicates the natural 

process of water purification. The solar still purification process is similar to Earth‟s 

hydrological process and green house effect. The basic working principles of solar still 

distillation are evaporation, condensation and difference in basin material temperature. Fig. 

10.1 shows the working principles of solar still. The unpalatable water in the basin is heated 

by the absorption of solar thermal radiation. Due to this, air convection current is formed by 
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the effect of temperature and salinity difference in the basin. The rise in the temperature 

increases the evaporation rate and the air current along with the moisture enhances 

condensation on the transparent roof surface. The droplets (condensate) run off through the 

transparent inclined surface into a collection channel, which is made of glass (to prevent 

corrosion and rust) and connected to the measuring jar.  

 

 
Fig. 10.1: working of solar still. 

 

3. Operation of Solar still:  

A solar still is an air tight basin that contains saline or contaminated water (i.e. feed water). 

It is enclosed by a transparent top cover, usually of glass or plastic, which allows incident 

solar radiation to pass through. The inner surface of the basin is usually blackened to 

increase the efficiency of the system by absorbing more of the incident solar radiation. The 

feed water heats up, then starts to evaporate and subsequently condenses on the inside of the 

top cover, which is at a lower temperature as it is in contact with the ambient air. The 

condensed water (i.e. the distillate) trickles down the cover and is collected in an interior 

trough and then stored in a separate basin. This system is also known as passive solar still, as 

it operates solely on sun`s radiation. The amount of solar radiation that is absorbed is a 

function of the absorptivity and depth of the water. The remaining energy eventually reaches 

the blackened basin liner, where it is mostly absorbed and converted into thermal energy. At 

this stage, the water heats up, resulting in an increase of the temperature difference between 

the cover and the water itself. Heat transfer takes then place as radiation, convection and 

evaporation from the water surface to the inner part of the cover. The evaporated water 

condenses and releases latent heat. This last one is then lost through convection and 

radiation together with the remaining convective and radiative heat. If the still produced 3 

litres of water, 9 litres of make-up water should be added, of which 6 litres leaves the still as 

excess to flush the basin. 
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4. Do as Directed 

1. Write the use of solar still. 

 

 

 

 

 

 

 

 

 

 

2. Describe the working of solar still. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Draw a neat sketch of solar still. 
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Practical - 11 

Title: Study of solar fencing system   

1. Introduction: 

Solar Fencing (Fig. 11.1) is the modern day‟s alternative to the conventional type of 

perimeter protection. These are active fences and punish the unwelcome intruder the 

moment they touches the fence or try to tamper the fence. The conventional types of fences 

are only passive fences and cannot resist the intruder if they try to forcibly intrude into the 

protected area. The Solar Fence gives a sharp, short but a safe shock and creates 

psychological fear. Against any tampering the alarm incorporated in the system gets 

activated and alerts the inmates of the protected area, which facilitates them to counter the 

unwelcome intruders. The solar fence is scientific fence and works on Solar Energy with 

backup facility to run uninterruptedly during the nights as well as cloudy days. 

 

 
Fig. 11.1: Schematic diagram of a solar fence system 

 

2. Working principle  
The Solar module generates the DC energy and charges the Battery. The output of 

the battery is connected to Energizer or Controller or Charger or Fencer. The energizer will 

produce a short, high voltage pulse at regular rate of one pulse per second. The live wire of 

the energizer is connected to the fence wire and the earth terminal to the Earth system. 

Animal / Intruder touching the live wire creates a path for the current through its body to the 

ground and back to the energizer via the earth system and completes the circuit. Thus the 

intruder will receive a shock, the greater the shock the intruder receives the more lasting the 

memory will be avoided in future. 

The Energizer has to be set up with its earth terminal coupled to an adequate earthing 

or grounding system. The live terminal is coupled to the live insulated wires of the fence. 

Energizer will send an electric current along an insulated steel wire. An animal or intruder 

touching the live wire creates a path for the electrical current through its body to the ground 

and back to the Energizer via the earth or ground system, thus completing the circuit. The 

greater the shock the animal receives the more lasting the memory will be and the more the 

fence will be avoided in the future. The shock felt is a combination of fence voltage and 

pulses time or energy. The higher the joule rating of the energizer the greater the shock and 

the greater the fence performance. 
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3. The basic parts of a power fence:  

3.1 Energizer: 

The heart of the power fence is the Energizer. The energizer is selected depending on 

the animals to be controls, length of the fence and number of strands. Main function of the 

energizer is to produce short and sharp pulses of about 8000 volts at regular intervals. The 

power input is from the DC energy from battery. The energizer should be protected from 

children, should be enclosed, free from mechanical damage and away from inflammable.  

3.2 Earthing system: 

The earth or ground system of the Energizer is like the antenna or aerial of a radio. A 

large radio requires a large antenna to effectively collect sound waves and a high powered 

Energizer requires a large number of electrons from the soil. The earth or ground system 

must be perfect to enable the pulse to complete its circuit and give the animal an effective 

shock. Soil is not a good conductor so the electrons spread out and travel over a wide area, 

inclining towards moist mineral soils. If possible, select an area for the energizer earth site 

which is damp all the year.  

3.3 Fence wire systems: 
They are of two types: (i) All live wire system and (ii) Earth or ground wire return system.  

(i) All Live Wire System The all live wire system should be used where there is 

relatively even rainfall and where there is some green vegetation most of the year, 

or in areas with highly conductive soils. The all live wire system should be used as 

much as possible.  

(ii) Earth or ground wire return system The earth or ground wires return system 

should be used where there is low rainfall stony and dry soil condition most of the 

year. The system overcomes the problem of dry, non-conductive, or frozen soils not 

allowing sufficient current to flow through the animal's feet back to the energizer. 

The fence should have both live and ground wires. By touching the live and ground 

wires on the fence, the animal gets the full shock. 

4. Do as Directed 

1. Write the function of energizer. 

 

 

 

 

 

 

2. Write down the name of different component of solar fencing system.      
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Practical - 12 

Title: Study of working principal of solar light   

1. Introduction: 

In today‟s application, most of the common High Intensity Discharge (HID) lamps, often 

High Pressure Sodium (HPS) lamps are being replaced by more low powered Light Emitting 

Diode (LED) lamps. A basic solar powered LED street light system components are:           

(i) Solar Panel (ii) Lighting Fixture – LED lamp (iii) Rechargeable Battery (iv) Controller 

(v) Pole. The Solar Panel will provide electricity to charge the battery during day time. The 

battery‟s charging is controlled by a charge controller. The operation of the LED bulb is 

controlled by a control circuit either by using sensors such as Light Dependent Resistor 

(LDR). All these components will be fixed on a pole as shown in Figure 12.1. The solar 

panel is mounted at the top of the pole to minimize the possibility of any shading on the 

panels.  

 

             
Figure 12.1: Structural schematic of Solar Powered LED Street Light System 

 

2. Component: 

Different component of solar powered street lights are PV panel, battery, pole, charge 

controller.  

2.1 Solar panel:  

A Solar Panel is basically a module that converts light energy (photons) from the sun to 

generate electricity in DC form. There are two types of solar panels, mainly crystalline and 

thin-film types.  

There are two types of crystalline solar panels:  

(i) Poly-crystalline Solar Panel  

(ii) Mono-crystalline Solar Panel  
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As for Thin-film types, there are :  

(i) Amorphous Silicon (a-Si)  

(ii) Cadmium Teluride (Cd-Te)  

(iii) Copper Indium Gallium Selenide (CIGS)  

(iv) Dye-Sensitized Solar Cell (DSC)  

 

Crystalline based solar panels are commonly used due to its maturity in terms of its 

technology and price. Even though poly-crystalline solar panels are cheaper compared to 

Mono-crystalline solar panels, Mono-crystalline panels are preferred in Street lights 

applications because its smaller compared to poly-crystalline due to its higher efficiency, 

making the design for the pole to be easier and cheaper too.  

The I-V curve for a Solar panel is shown in Figure. Here it can be seen as the 

sunlight is shining on the panel, current and voltage is produced at the p-n junction of the 

solar cells. Since power is the product of its current and voltage, the maximum power is 

achieved at the knee of the curve as shown in Figure 12.2 (a). Sunlight intensity affects the 

I-V curve where, as the sunlight intensity increases, the current and voltage increases, 

making the power output higher. As the sunlight intensity decreases, the current and voltage 

decreases, producing less power. This is shown in Figure 12.2 (b).  

                              
 Fig.12.2.: (a) I-V Curve of a Solar Panel     (b) How Intensity of Sunlight affects the I-V curve  

 

2.2 Battery : 

Batteries are used to store the electricity generated by the solar panel. During the day, 

electricity generated by the solar panels are supplied to the battery and/or the load. When the 

load demand is higher than the energy received from the solar panels, these batteries will 

provide stable energy to the load. There are a few types of rechargeable batteries, which are: 

(i) Lead-Acid (LA) Battery (ii) Nickel-Cadmium (Ni-Cad) Battery and (iii) Lithium-Ion (LI) 

or Lithium-Polymer (LP) Battery  

2.3 LED lamp: 

A LED lamp is a light-emitting diode (LED) product that is assembled into a lamp (or light 

bulb) for use in lighting fixtures. LED lamps have a lifespan and electrical efficiency that is 

several times better than incandescent lamps, and significantly better than most fluorescent 

lamps, with some chips able to emit more than 100 lumens per watt. Like incandescent 

lamps and unlike most fluorescent lamps (e.g. tubes and CFL), LED lights come to full 

brightness without need for a warm-up time; the life of fluorescent lighting is also reduced 
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by frequent switching on and off. Initial cost of LED is usually higher. LED chips need 

controlled direct current (DC) electrical power; an appropriate power supply is needed. 

LEDs are adversely affected by high temperature, so LED lamps typically include heat 

dissipation elements such as heat sinks and cooling fins.  

2.4 Charge controller  

Charge controllers are used to control the charging of the batteries. Since the output from the 

solar panels are variable and needs adjustments, charge controllers fetches the variable 

voltage/current from solar panels, condition it to suit the safety of the batteries. The main 

functions of charge controllers are to prevent over-charging of batteries from solar panels, 

over-discharging of batteries to the load and to control the functionalities of the load.  

Charge controllers are basically DC-DC converters, where PWM technique 

(preferred scheme) is used to regulate the switches of the controller.  

          There are three general types of charge controller, mainly:  

(i) Simple ON/OFF Controller  

(ii) Pulse Width Modulated (PWM) Controller  

(iii) Maximum Power Point Tracking (MPPT) Controller  

    

(a) Typical Charge Controller                  (b) MPPT Type Charge Controller  

                 Figure 12.3: Examples of Charge Controllers 

 

3. Working principal:  

This system is designed for outdoor application in un-electrified remote rural areas 

and village street lighting. Solar street light are composed mainly by solar module, 

intelligent controller, maintenance-free batteries, light source, such as light poles and 

structural components. The working principle of solar street light is solar radiation are 

converted into electrical energy during the day time to charge the maintenance-free batteries. 

These charged batteries provides light source automatically in the night time. The system is 

provided with battery storage backup sufficient to operate the light for 10-11 hours daily. 

The system is provided with automatic ON/OFF time Switch for dusk to down operation and 

overcharge or deep discharge prevention cut-off with LED indicators. 
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4. Do as Directed  

1. What is utility of solar street light? 

 

 

 

 

 

 

 

 

2. Enlist the different type of PV panel. 

 

 

 

 

 

 

 

 

3. Write the function of charge controller. 

 

 

 

 

 

 

 

 

 

4. Define the working of solar street light?  
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Practical - 13 

Title: Study and working of solar photovoltaic pumping system 

1. Introduction: 

Typically, diesel-powered pumps are used in areas where connecting to the 

electricity grid is difficult. Solar photovoltaic (PV) systems can be an attractive 

complementary energy source deployed alongside diesel pumps in areas with plenty of 

sunshine and where the cost to run power lines is high. Photovoltaic systems have the 

benefit of being scalable, with capacity ranging from a few watts for applications such as 

automated farm gates or timers, to hundreds of kilowatts for the homestead and farm sheds. 

Rather than having one large centralised system, a number of distributed PV systems can 

be deployed at pump sites. Solar pumping systems are best suited for transfer operations 

(to pump water out of bore, for instance, or transfer it from dam to storage tank) in which 

pumps run continuously for most of the day. Applications that require water to be pumped 

at night are not as well suited to solar-powered pumps, as storage solutions such as 

batteries and storage tanks can add significantly to the cost of the system. Depending on 

the application, stocked water can be fed by gravity when there is insufficient sunlight to 

power the solar pumps, thus reducing diesel consumption further. 

 

2. Working Principal: 

There are two basic types of solar-powered water pumping systems, battery-

coupled and direct-coupled. 

2.1 Battery-coupled: 

  Battery-coupled water pumping systems consist of photovoltaic (PV) panels, 

charge control regulator, batteries, pump controller, pressure switch and tank and DC water 

pump (Figure 13.1). The electric current produced by PV panels during daylight hours 

charges the batteries, and the batteries in turn supply power to the pump anytime water is 

needed. The use of batteries spreads the pumping over a longer period of time by providing 

a steady operating voltage to the DC motor of the pump. Thus, during the night and low 

light periods, the system can still deliver a constant source of water for livestock. The use 

of batteries has its drawbacks. First, batteries can reduce the efficiency of the overall 

system because the operating voltage is dictated by the batteries and not the PV panels. 

Depending on their temperature and how well the batteries are charged, the voltage 

supplied by the batteries can be one to four volts lower than the voltage produced by the 

panels during maximum sunlight conditions. This reduced efficiency can be minimized 

with the use of an appropriate pump controller that boosts the battery voltage supplied to 

the pump.  

2.1 Direct - coupled: 

In direct-coupled pumping systems, electricity from the PV modules is sent directly 

to the pump, which in turn pumps water through a pipe to where it is needed (Figure 13.2). 
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This system is designed to pump water only during the day. The amount of water pumped 

is totally dependent on the amount of sunlight hitting the PV panels and the type of pump. 

Because the intensity of the sun and the angle at which it strikes the PV panel changes 

throughout the day, the amount of water pumped by this system also changes throughout 

the day. For instance, during optimum sunlight periods (late morning to late afternoon on 

bright sunny days) the pump operates at or near 100 percent efficiency with maximum 

water flow. However, during early morning and late afternoon, pump efficiency may drop 

by as much as 25 percent or more under these low-light conditions. During cloudy days, 

pump efficiency will drop off even more. To compensate for these variable flow rates, a 

good match between the pump and PV module(s) is necessary to achieve efficient 

operation of the system. Direct-coupled pumping systems are sized to store extra water on 

sunny days so it is available on cloudy days and at night. Water can be stored in a larger-

than-needed watering tank or in a separate storage tank and then gravity-fed to smaller 

watering tanks. Water-storage capacity is important in this pumping system. Two to five 

days‟ storage may be required, depending on climate and pattern of water usage. Storing 

water in tanks has its drawbacks.  

  

Fig. 13.1: Schematic diagram of battery coupled solar water pumping system 

 
Fig. 13.2: Schematic diagram of direct coupled solar water pumping system 

 

3. Components 

3.1 Solar panels: 

 Solar panels generates electricity, some kind of energy i.e either electricity, water 

heating (thermal) refers to a photo-voltaic (PV) module (Fig. 13.3). A PV module is a 
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packaged, connected assembly (various combinations of series and parallel connections) 

of solar cells. Each module is rated by its DC output power under standard test conditions 

(STC), and typically ranges from 100 to 320 watts. The efficiency of a module determines 

how efficient that particular solar cells can extract energy from sun. There are a few solar 

panels available that are exceeding 19% efficiency.  

 

 

Fig. 13.3: Solar photovoltaic array 

3.2 Controller/ solar inverter: 

A charge controller may be used to power DC equipment with solar panels. The 

charge controller provides a regulated DC output and stores excess energy in a battery as 

well as monitoring the battery voltage to prevent under/overcharging. More expensive 

units will also perform maximum power point tracking. An inverter can be connected to 

the output of a charge controller to drive AC loads.  

3.3 Pump:  

A pump is a device that moves fluids (liquids or gases), or sometimes slurries, by 

mechanical action. Pumps can be classified into three major groups according to the 

method they use to move the fluid: direct lift, displacement, and gravity pumps. Pumps 

operate by some mechanism (typically reciprocating or rotary), and consume energy to 

perform mechanical work by moving the fluid. Pumps operate via many energy sources, 

including manual operation, electricity, engines, or wind power, come in many sizes, from 

microscopic for use in medical applications to large industrial pumps.  

3.4 Battery:  

An electric battery is a device consisting of one or more electrochemical cells that 

convert stored chemical energy into electrical energy. Each cell contains a positive 

terminal, or cathode, and a negative terminal, or anode. Electrolytes allow ions to move 

between the electrodes and terminals, which allows current to flow out of the battery to 

perform work. Secondary (rechargeable batteries) can be discharged and recharged 

multiple times; the original composition of the electrodes can be restored by reverse 

current. Examples include the lead-acid batteries used in vehicles and lithium ion batteries 

used for portable electronics.  

3.5 Pipes: A hollow cylinder or tube used to conduct water. 
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4 Do as Directed  

1. Enlist the different type of solar water pumping system. 

 

 

 

 

2. Write the application of solar water pumping system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Write the different component of solar water pumping system. 

 

 

 

 

 

 

 

 

 

4. Which type of pump is used in solar water pumping system. 
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Practical - 14 

Title: Study of hybrid solar and wind power system  

1. Introduction 

There is a growing awareness that renewable energy such as photovoltaic system and 

Wind power have an important role to play in order to save the situation. Hybrid power 

system consist of a combination of renewable energy source such as wind generators, 

solar etc of charge batteries and provide power to meet the energy demand, considering 

the local geography and other details of the place of installation. These types of systems 

are not connected to the main utility grid. They are also used in stand-alone applications 

and operate independently and reliably. The best application for these types of systems 

is in remote places, such as rural villages, in telecommunications etc.  

 

2. Solar Wind Hybrid Energy System 

Solar-Wind hybrid Power system is the combined power generating system by wind 

mill and solar energy panel. It also includes a battery which is used to store the energy 

generated from both the sources. Using this system power generation by windmill when 

wind source is available and generation from PV module when light radiation is 

available can be achieved. Both units can be generated power when both sources are 

available. By providing the battery uninterrupted power supply is possible when both 

sources are idle. 

 

 

 
Fig. 14.1: hybrid wind solar energy system 
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Fig.14.1 shows the functional diagram of hybrid wind solar energy system. The power 

generated from wind mill is of AC voltage which is converted through AC-DC rectifier. 

A special type of converter is used to step up or step down through MOSFET (The 

metal-oxide-semiconductor field-effect transistor) switching called “SEPIC” (The 

single-ended primary-inductor converter) converter for wind mill. For solar system cuk 

converter is used for the regulation. The micro controller incorporated in this scheme, 

which regularly refers the operation of sources and switches the corresponding 

converters and fed into change the battery or to the load through inverters. The output of 

the inverter is connected with the load and after that the voltage is stepped up by a 

transformer. The driver circuit is used to give the gate signal for the MOSFET of 

converters. 

3. Implementation of Hybrid Energy System 

Intermittent energy resources and energy resources unbalance are the most important 

reason to install a hybrid energy supply system. The Solar PV wind hybrid system suits 

to conditions where sunlight and wind has seasonal shifts. As the wind does not blow 

throughout the day and the sun does not shine for the entire day, using a single source 

will not be a suitable choice. A hybrid arrangement of combining the power harnessed 

from both the wind and the sun and stored in a battery can be a much more reliable and 

realistic power source. The load can still be powered using the stored energy in the 

batteries even when there is no sun or wind. Hybrid systems are usually built for design 

of systems with lowest possible cost and also with maximum reliability. The high cost of 

solar PV cells makes it less competent for larger capacity designs. This is where the 

wind turbine comes into the picture, the main feature being its cheap cost as compared to 

the PV cells. Battery system is needed to store solar and wind energy produced during 

the day time. During night time, the presence of wind is an added advantage, which 

increases the reliability of the system. In the monsoon seasons, the effect of sun is less at 

the site and thus it is apt to use a hybrid wind solar system. The system components are 

as follows. 

3.1 Photovoltaic solar power 

Solar panels are the medium to convert solar energy into the electrical energy. Solar 

panels can convert the energy directly or heat the water with the induced energy. PV 

(Photo-voltaic) cells are made up from semiconductor structures as in the computer 

technologies. Sun rays are absorbed with this material and electrons are emitted from the 

atoms .This release activates a current. Photovoltaic is known as the process between 

radiation absorbed and the electricity induced. Solar power is converted into the electric 

power by a common principle called photo electric effect. The solar cell array or panel 

consists of an appropriate number of solar cell modules connected in series or parallel 

based on the required current and voltage. 

3.2 Wind Power 

The wind energy is a renewable source of energy. Wind turbines are used to convert the 

wind power into electric power. Electric generator inside the turbine converts the 

mechanical power into the electric power. Wind turbine systems are available ranging 

from 50W to 2.8 MW. The energy production by wind turbines depends on the wind 
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velocity acting on the turbine. Wind power is able to feed both energy production and 

demand in the rural areas. It is used to run a windmill which in turn drives a wind 

generator or wind turbine to produce electricity. 

3.3 Batteries 

The batteries in the system provide to store the electricity that is generated from the wind 

or the solar power. Any required capacity can be obtained by series or parallel 

connections of the batteries. The battery that provides the most advantageous operation 

in the solar and wind power systems are maintenance free dry type and utilizes the 

special electrolytes. These batteries provide a perfect performance for long discharges. 

3.4 Inverter 

Energy stored in the battery is drawn by electrical loads through the inverter, which 

converts DC power into AC power. The inverter has in-built protection for short-circuit, 

low battery voltage and over load. 

 

4. Do as Directed  

1. What is solar wind hybrid system and what is need of it? 

 

 

 

 

 

 

 

 

 

 

2. Which type of current produce from windmill and PV cell? 

 

 

 

 

3. Write the function of inverter and controller. 

 

 


