
 

LECTURE-1 Energy  

About 70% of India's energy generation capacity is from fossil fuels, with coal 

accounting for 40% of India's total energy consumption followed by crude oil and natural 

gas at 24% and 6% respectively. India is largely dependent on fossil fuel imports to 

meet its energy demands — by 2030 

Due to rapid economic expansion, India has one of the world's fastest growing energy 

markets and is expected to be the second-largest contributor to the increase in global 

energy demand by 2035, accounting for 18% of the rise in global energy consumption. 

Given India's growing energy demands and limited domestic fossil fuel reserves, the 

country has ambitious plans to expand its renewable and nuclear power industries. 

India has the world's fifth largest wind power market and plans to add about 20GW of 

solar power capacity by 2022.  

Basically energy can be classified into two types: 

Potential Energy 

Kinetic Energy 

Potential Energy 

Potential energy is stored energy and the energy of position (gravitational). It exists in 

various forms. 

 

Kinetic Energy 

Kinetic energy is energy in motion- the motion of waves, electrons, atoms, molecules 

and substances. It exists in various forms. 



Various Forms of Energy 

 
Chemical Energy 

Chemical energy is the energy stored in the bonds of atoms and molecules. Biomass, 

petroleum, natural gas, propane and coal are examples of stored chemical energy. 

 

Nuclear Energy 

Nuclear energy is the energy stored in the nucleus of an atom - the energy that holds 

the nucleus together. The nucleus of a uranium atom is an example of nuclear energy. 

 

Stored Mechanical Energy 

Stored mechanical energy is energy stored in objects by the application of a force. 

Compressed springs and stretched rubber bands are examples of stored mechanical 

energy. 

 

Gravitational Energy 

Gravitational energy is the energy of place or position. Water in a reservoir behind a 

hydropower dam is an example of gravitational energy. When the water is released to 

spin turbines, it becomes rotational energy. 

 

Radiant Energy 

Radiant energy is electromagnetic energy that travels in transverse waves. Radiant 

energy includes visible light, x-rays, gamma rays and radio waves. Solar energy is an 

example of radiant energy. 

 

Thermal Energy 

Thermal energy (or heat) is the internal energy in substances- the vibration and 

movement of atoms and molecules within substances. Geothermal energy is an 

example of thermal energy. 

 

Electrical Energy 

Electrical energy is the movement of electrons. Lightning and electricity are examples of 

electrical energy. 

 

Motion 

The movement of objects or substances from one place to another is motion. Wind and 

hydropower are examples of motion. 



Sound 

Sound is the movement of energy through substances in longitudinal 

(compression/rarefaction) waves. 

 

Light Energy 

Light energy is a type of wave motion. That is, light is a form of energy caused by light 

waves. It enables us to see, as objects are only visible when they reflect light into our 

eyes 

 

Nuclear Energy 

Nuclear energy is a controversial energy source. It is not a renewable energy source, 

but because it is a technology not based on fossil fuels many people think nuclear 

power plants could play an important role in reducing carbon emissions and battling 

climate change. However, many others feel the risk of accidents and the issues of 

storing nuclear waste for thousands of years are too significant to warrant the 

development of this energy source. 

 

 

 

Energy Sources 

For all practical purposes, energy, supplies can be divided into two classes: 
 

1)Renewable energy  

It is the energy obtained from regenerative or virtually inexhaustible sources of energy 

occurring in the natural environment like solar energy, wind energy etc. That type of 

energy is passing through the environment irrespective of there being a man made 

device to intercept and harness the power. This is also referred as non-conventional 

sources of energy.”  

2)Nonrenewable energy 

It is the energy obtained from static stores of energy which remain bound unless 

released by human interaction. Examples are fossil fuels of coal, oil and natural gas 

and nuclear fuels. That type of energy is initially in an isolated energy potential and 

external action is required to initiate the supply of energy for practical purposes. This 

type of energy is also sometimes called finite energy or conventional sources of 

energy. 



The comparision Between renewable and nonrenewable energy systems are given in table1 

 

Table .1 Comparision of renewable and nonrenewable energy systems 
 

Features of 

comparision 

Renewable energy supplies Nonrenewable energy supplies 

Examples Wind, solar, biomass, tidal etc. Coal, oil, gas etc. 

Source Natural local environment Concentrated stock 

Normal state A current of energy Static store of energy 

Life time of 

supply 

Infinite Finite 

Cost at source Free Increasingly expensive 

Location for use Site and society specific General and international use 

Scale Small scale, economic, large scale 

may present difficulties 

Increased scale often improves 

supply costs, large scale 

frequently favored 

Skills Interdisciplinary and varied wide 

range of skills 

Strong links with electrical and 

mechanical engineering. 

Narrow range of skill 

Context Rural, decentralized industry Urban, centralized industry 

Dependence Self-sufficient system encouraged Systems dependent on outside 

inputs 

Pollution and 

environmental 

damage 

Usually little environmental harm, 

especially at moderate scale. Hazards 

Wind, solar, biomass, tidal etc. from 

excessive wood burning, soil erosion 

from excessive biofuel use, large 

hydro reservoirs disruptive 

Environmental pollution 

common, and especially of air 

and water Deforestation and 

ecological sterilization from 

excessive air pollution 

Safety Local hazards possible in operation, 

usually safe when out of action 

May be shielded and enclosed 

to lessen great potential danger 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Energy resource Advantages Disadvantages 

 

Nuclear Very concentrated form of energy 

Power plants do not produce smog 

Produces radioactive waste 

Radioactive elements are 

nonrenewable 
 

Solar Almost limitless source of energy 

Does not produce air pollution 

Expensive to use for large- 

scale energy production 

Only practical in sunny areas 
 

Water Renewable 

Does not produce air pollution 

Dams disrupt a river’s 

ecosystem available only in 

areas that have rivers 
 

Wind Renewable 

Relatively inexpensive to generate 

Does not produce air pollution 

Only practical in windy areas 

Geothermal Almost limitless source of energy 
Power 

substances that can cause acid 

precipitation 

Risk of oil spills 

releases coal Burning 

Nonrenewable 

Burning produces smog 

Provide a large amount of thermal 

energy per unit of mass 

Easy to get and easy to transport 

Can be used to generate electrical 

energy and make products, such as 

plastic 

Fossil fuels 



plant require little land 
Only practical areas near hot 

spots 

Waste water can damage soil 
 

 

Produces smoke 

area of large Requires 

farmland 

Renewable Biomass 



 



 

Lecture  2 

Energy resource and their utilization 

Energy resource 

Energy resources are the main sources of energyfrom which the energy can be extracted and utilized for 

mankind. 

 Energy is a key input in economics growth. 

 The growth of any nation depends on the availability of energy resources. 

Classification of energy resources can be classified on the basis of viz. 

 usability of energy resources 

 traditional usage of energy resources 

 long term availability of energy resources 

 commercial application of resources and  

 origin of resources 

A) Primary and secondary resources 

Primary resources Secondary resources 

It is available in the nature in the raw form are 
called primary resources 

It is obtained from primary energy resources by 
processing. Processing helps in transformation of 
primary resources into the secondary or usable  
energy form so that it can be utilized by 
consumers 

Example: fossil fuels( coal,oil and gas ) 
Uranium and hydropower are primary energy 
resources 

Example: electricity , hot water, petrol,diesel,LNG 
and CNG  etc 

These energy resources  cannot be used in raw 
form 

 

  

  

  

 

B) Conventional and non-conventional energy 

Conventional energy  Non-conventional energy 

Conventional energy resources are energy 
resources which have been traditionally used from 
many years 

Non Traditional 

This energy is also widely used at present. These are not in routine use at present 

These have been use for many years 
These resources can be easily converted into the 

These resources require some costly method to be 
converted into mechanical energy 



 

mechanical energy. 

These are likely to be depleted that is these have 
limited availability. 

These are non depletable or may be available in 
ample quantity. 

Example: coal , petrol, nuclear  fuels , CNG and LPG 
are conventional energy resources 

Example : solar, tidal, geothermal and biogas are 
non -conventional energy resources 

  

  

 

C) Renewable and non -renewable energy resources 

Renewable energy  Non -renewable energy resources 

These are inexhaustible resources These are exhaustible resources 

These are non- traditional in use These are traditional in use 

New methods are being developed to use these 
resources 

Widely used as energy resources 

Hydel, solar, wind ,tidal and geothermal resources 
are renewable energy resources 

Fossil fuels, nuclear fuels and natural gases are 
non- renewable resources 

  

  

 

D) Commercial and non -commercial energy resources 

Commercial energy Non -Commercial energy 

The secondary usable energy resources  The  energy which can be derived directly from 
nature so as to use without passing through any 
commercial outlet is known as the non 
conventional energy 

Example: electricity, CNG, LPG, petrol and diesel 
are essential for commercial activities 

Example: wood  animal dung cake and crop 
residues  

 

 The energy resources based on their origin can be defined as: 

 

Types of energy resources 

The energy resources can be thermal, hydel, nuclear, solar, wind, tidal, geothermal and ocean resources. 

Thermal energy: 

Nuclear energy Fossil fuel energy Hydro energy 

Solar energy Biomass energy Wind energy 

Tidal energy Geothermal energy Ocean energy 

Thermal energy Tidal energy  



 

Thermal energy is the energy which is stored as the heat energy in the fossil fuels. Fossil fuels are the 

fuels obtainable from the earth that have been accumulated over thousands and thousands of years by 

the decaying of plants. These fuels produce heat energy when they are burnt. Heat energy is mainly 

used for transportation and electricity power generation in thermal power plants. 

Fossil fuel 

Solid fuels Liquid fuels Gaseous fuels 

Wood Diesel Coal gas 

Coal Petrol LPG 

coke kerosene LNG 

Charcoal  biogas 

 

1. Hydel energy 

Hydel energy is the potential energy of water created due to the storage of water at a higher level. A 

dam is built across the river to store water at a higher level. When this stored water in dam at the higher 

level flows under pressure to the lower level, it can run the turbine to generate electrical power. 

2. Nuclear energy  

 The nuclear energy is released when atoms of certain unstable material split in the process of fission. A 

small mass of nuclear fuel such as uranium can release an enormous amount of heat energy when it 

undergoes fission process. 

3. Solar energy 

 The sun is a continuous fusion reactor in which hydrogen combine to form helium and liberates large 

amounts of heat in the process. The sun rays contain a large amount of energy in the form of 

electromagnetic radiation due to the continuous nuclear fusion reaction taking place in the sun. The 

energy is released at the rate of 3.7 x1020 MW. This heat energy contained in the sun rays can be utilized 

to generate electrical power. The sun rays are focused on solar collector to heat butane water to 

generate butane gas in the butane boiler. The butane gas under high pressure from the boiler is taken to 

butane turbine to perform mechanical works. A generator is coupled to the turbine to generate 

electrical power. The potential of power generation by solar energy can be in the order of 1.75 x 

1011MW. The mechanical devices which help to collect the solar radiations so as to convert them into 

heat energy are called solar collectors. 

Photovoltaic conversion is a direct electricity generation method in which sunlight is converted into 

electricity using solar cells. The most common solar cells are manufactured from a highly refined silicon 

material. A single solar cell can produce electric power of 1 W at voltage of 0.5V. Several solar cells can 

be connected in series or parallel to produce power of required voltage and current. Solar cells are an 

intermittent energy source and generally used with batteries to store generated electricity , thereby 

providing a more economical power generation system. 



 

 

 

4. Wind energy 

Wind is induced in atmosphere by uneven heating of earth surface by the sun. The wind energy is 

associated with the movement of large masses of air from cold to hot regions. The motion results from 

uneven heating of atmosphere by sun, thereby creating, temperature, density and pressure differences. 

The wind energy can be used to run windmill. 

5. Tidal flow energy 

Tidal generation uses the energy of moving water to spin a generator and may produce power from 

water moving in two directions: inward on the flood tide and outward on the ebb tide. This is 

commercially used at La Rance in France ( 240MW capacity). The Tidal power technology projects fall 

into two broad categories:barrage projects and in stream generators. 

6. Wave energy 

Wave energy technologies generate electricity from the undulating motion of the ocean’s waves. The 

power in the moving wave may drive a turbine or other device directly or it may pressurize air or 

hydraulic fluid to power a generator. Waves contain more energy than other renewable energy sources 

like solar radiation. An experimental plant based on oscillating water columns, has been installed off 

Trivandrum 

7. Geothermal energy 

Geothermal energy flows from the core of the Earth, where temperatures are as high as 4000 0C. In the 

earth temperature rises by 1 0C for every 30m. the average flux at the surface of the Earth is 0.06W/m2 

but there are a number of places around the world where energy may usefully be extracted at the rate 

of 500 W/m2. In these areas the energy may be extracted directly as hot water for space heating or as 

steam, and run through conventional steam turbines to produce electricity. Where heat is available in 

hot dry rocks (HDR), it is much more difficult to extract and its successful and efficient extraction is the 

subject of current research. 

8. Ocean Thermal Energy Conversion ( OTEC) 

OTEC systems rely on technology that uses the oceans thermal gradient- the difference in temperature 

of water layers – to drive a generator. These systems require that the temperature between the warm 

surface water and the cold deep water differs by at least 20 0C. 

9. Biomass energy 



 

Biomass, in a variety of forms, is a potential source of renewable energy for use as solid,liquid or 

gaseous fuel. It can be a substitute for petroleum products in some applications. The emphasis is on 

identifying rapidly growing species with a high photosynthetic efficiency.  

Liquid fuels such as alcohol, ether, and oil can be produced from plants and plant derived substances, 

known collectively as biomass. These liquid fuels, sometimes referred to as biofuels, are derived from 

the chemicalenergy released by plants in photosynthesis. 

 

How Biomass conversion takes place? 

Biogas is produced from biomass slurry having 90 to 95 % water content by the bacterial action of 

microorganism called anaerobe. The carbon part of biomass is oxidized and the remaining is reduced to 

produce mainly methane gas (65 to 70%) and carbon dioxide (25 to 30%). These bacteria are found to 

live and grow without atmospheric oxygen as they produce themselves the needed oxygen by 

decomposing the biomass. The digestion process of wet biomass by these bacteria is favoured by the 

factors such as wetness, warmness, and darkness conditions. 

The biomass conversion process of converse in from biomass to biogas takes place in the following three 

stages: 

1. Hydrolysisof organic matter 

The biomass (complex compounds of carbohydrate, protein and fats) is broken due to the action of 

water (hydrolysis)into simpler soluble compound. Similarly, large molecules (polymers) are reduced to 

basic molecules (monomers). The process is completed in a day at a temperature of about 25 0C. 

2. Anaerobic and facultative microorganisms 

These bacteria start growing to produce acetic acid and propionic acids. The process is completed in a 

day at the temperature of 25 0C. The output of the process is the production of carbon dioxide (CO2). 

3. Digestion 

Anaerobic bacteria slowly digest the biomass slurry to produce biogas. The process is completed in 14 

days at the temperature of about of 25 0C 

 

 

 

 

 



Lecture 3 

 
 

Biomass  

 
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 

             Plants grow through photosynthesis process this take place primarily in there green leaves. 

Biomass is mainly in the form of wood and it is source of energy. Biomass is used in domestic and 

industrial activities by way of direct combustion. Hence, we can use solar energy in the form of 

biomass for cooking and heating purpose. The dominant use of biomass account for about 15% of the 

energy used in the world. Biogas is the gasses fuel which is obtained from biomass by mean of 

anaerobic fermentation. The raw materials  for biogas include waste from agricultural waste from 

forest, rural animal waste, urban waste and aqua waste. 

Photosynthesis :  

Photosynthesis is the process by which plant use there chlorophyll value  in green leaves to convert 

solar energy into carbohydrate in the presence of carbon dioxide from the atmosphere and water. The 

carbohydrates are used by plant for there growth. The plants absorb red and blue light but they do not 

absorb green light. This is the reason by leaves of plant a chlorophyll look green.  The overall 

reaction involve in photosynthesis is as follow :  

                              6CO2 + 6H2O + light energy = C6 H12O6+ 6O2 

In respiration process energy release which is used by plant for growth and other activities. 

                            Carbohydrate + O2 = CO2 + energy +water 

Biomass production efficiency:  

  It is the efficiency of converting incident solar energy into chemical energy i.e. carbohydrate in 

plant. Plants are used visible light with wave length between 0.4 to 0.7 micrometer which is called 

photo synthetically active radiation (PAR).  

To understand biomass production efficiency  



Consider that 

1) Intercepted PAR in is 50% of the total radiation 

2) 80% of intercepted PAR is used by photo synthetically active compound and rest is lost.  

3) 28% of use energy is converted into carbohydrate  

4) 40% of carbohydrate energy is used in respiration  

The biomass production efficiency is given by 

Efficiency= 100x0.5x0.86x0.28x0.40 = 4.18 

Condition for photosynthesis depend on the following factors 

1. Temperature should be between = 20-300c to have the photosynthesis as maximum rate 

2. Concentration of carbon dioxide in atmosphere as it increases the photosynthesis 

3. Concentration of oxygen as it reduce the rate of photosynthesis 

4. Water as it used efficiency  increases with photosynthesis 

5. Intensity and proper wave distribution of solar  radiation as PAR increases the photosynthesis        

 

. 

Biomass Briquetting 
   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 density 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/cm3 from loose agro residues with a bulk density of 0.1 to 0.2 g/cm3 

Raw materials for briquetting 
 

Almost all agro residues can be briquetted. Agro residues such as saw dust, rice husk, 

tapioca waste, groundnut shell, cotton stalks, pigeon pea stalks, soybean stalks, coir pith, 

mustard stalks, sugar cane biogases, wood chips, tamarind pod, castor husk, coffee husk, dried 

tapioca stick, coconut shell powder are the commonly used raw materials for briquetting in 

India. All these residues can be briquetted individually and in combination with or without 



using binders. The factors that mainly influence on the selection of raw materials are moisture 

content, ash content, flow characteristics, flow characteristics, particle size and availability in 

the locality. Moisture content in the range of 10-15% is preferred because high moisture content 

will pose problems in grinding and more energy is required for drying. The ash content of 

biomass affects its slagging behavior together with the operating conditions and mineral 

composition of ash. Biomass feedstock having up to 4% of ash content is preferred for 

briquetting. The granular homogeneous materials which can flow easily in conveyers, bunkers 

and storage silos are suitable for briquetting. 

 

Briquetting Process 
 

The series of steps involved in the briquetting process are 

1. Collection of raw materials 

2. Preparation of raw materials 

3. Compaction 

4. Cooling and Storage. 

 
Collection of raw materials 

 

In general, any material that will burn, but is not in a convenient shape, size or form to 

be readily usable as fuel is a good candidate for briquetting. 

 



Preparation of raw materials 
 

The preparation of raw materials includes drying, size reduction, mixing of raw 

materials in correct proportion, mixing of raw materials with binder etc. 

 

Drying 
 

The raw materials are available in higher moisture contents than what required for 

briquetting. Drying can be done in open air (sun), in solar driers, with a heater or with hot air. 
 
 

 
Size reduction 

 

The raw material is first 

reduced in size by shredding, 

chopping, crushing, breaking, 

rolling, hammering, milling, 

grinding, cutting etc. until it 

reaches a suitably small and 

uniform size (1 to 10 mm). For 

some materials which are available 

in the size range of 1 to 10mm 

need not be size reduced. Since the 

size reduction process consumes a 

good deal of energy, this should be as short as possible. 

Shredding machine 



Raw material mixing 
 

It is desirable to make briquettes of more than one raw material. Mixing will be done in 

proper proportion in such a way that the product should have good compaction and high 

calorific value. 

 

Compaction 
 

Compaction process takes place inside the briquetting machine. The process depends on 

the briquetting technology adopted. 

 

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 - 250o 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 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. 



Briquetting machine 

 

A scheme of a hydraulic piston press briquetting technology 

 
 

Feedstock 
 

 

 
 

 



Cooling and Storage of 

briquettes 
 

Briquettes extruding out of the 

machines are hot with temperatures 

exceeding 100oC. They have to be 

cooled and stored in dry place. 

 

 

 

 

 

 

 

 
Uses for Briquettes 

 

The most frequent applications for this type of fuel are of both a domestic and industrial 

nature; from fireplaces or stoves to boilers generating hot water and steam. Tea industries, wine 

distilleries, textile industries, and farms are the major sectors using briquettes. Briquettes are 

also used in gasification process for electricity production. 

 

Advantages of agro residual briquettes: 

 The process increase the net calorific value of material per unit volume 

 End product is easy to transport and store 

 The fuel produced is uniform in size and quality 

 Helps solve the problem of residue disposal 

 Helps to reduce deforestation by providing a substitute for fuel wood. 

 The process reduce/eliminates the possibility of spontaneous combustion waste 

 The process reduces biodegradation of residues 



Necessary requirements to start a briquette production unit 

1. Land requirement: 
 

Land area of minimum 1 acre is required for starting a briquette production unit to 

store the raw materials for briquetting and produced briquettes. 

 

2. Raw materials: 
 

Continuous availability of raw materials is a major factor for profitable briquette 

production. 

 

3. Drying facility to dry raw materials: 
 

The raw materials which are commonly available are with higher moisture content. So, 

any of the drying technologies such as solar driers/ heater/ hot air generator system is required 

to bring down the moisture content to an desirable level for briquetting. 

 

4. Shredding machine: 
 

A shredding machine with minimum of 5 hp motor is required to powder the agro 

residues for briquetting. 

 

5. Briquetting machine: 
 

A high pressure hydraulic piston press type briquetting machine powered by minimum 

of 50 hp motor is required to produce binderless briquettes from agro residues. 



                                                                                Lecture-4 
 

Gasifier Technology 

Gasification 

The process to convert biomass solid raw material into fuel gas or chemical feedstock gas 

(syngas) is called gasification or thermochemical gasification. 

Gasification agent 

In order to convert solid biomass into inflammable gas, a substance to promote the chemical 

reaction is necessary. This substance is called the gasification agent, and mainly air (N2, O2), 

oxygen (O2), H2O, or CO2 are applied as an appropriate mixture. Air (only O2 reacts) and O2 

heat by oxidation, and increased O2 decreases the effective amount of inflammable gas. 

Fundamental phenomenon of biomass gasification 

Fundamental gasification processes are as follows: 
 

(a) Evaporation of surface moisture 

Surface moisture evaporates from the raw material at the water boiling point (depends on 

pressure). Inner moisture remains when the raw material is large. 

(b) Evaporation of inherent moisture 

Following surface moisture evaporation, inherent moisture evaporates at 110-120°C. 
 

(c) Volatilization 

Thermal decomposition of biomass begins at 200-300°C, and CO, CO2, H2 and H2O are 

vaporized as gas. Thermal decomposition is a heat generating reaction which is a characteristic 

phenomenon of biomass CnHmOp). 

(d) Volatilization and gasification reaction 

The temperature is raised further during volatilization, and the volatile matter of the lightweight 

hydrocarbons (CxHy: where x and y are integers of at least 1; a low value of x indicates lightness 

and a high value of x indicates heaviness) is transformed into heavy CxHy with a high boiling 

point. Subsequently, the CxHy reacts with the gasifying agent for conversion to lightweight 

molecule clean gas, although tar and soot can form when diffusion of the gasifying agent is slow 

and the CxHy condenses. 



(e) Char gasification 

Following volatilization of the volatile content in the raw material biomass, the fixed carbon and 

ash become char, and the char is heated to the surrounding temperature. The subsequent reaction 

with the gasifying agent transforms the carbon into CO and CO2. However, in cases where the 

gasifying agent contains excess steam and the surrounding temperature is over 750°C, a wet 

gas reaction occurs (C+H2O ( CO+H2) producing gas composed mainly of CO, CO2 and H2. 

(f) Char residue 

The reaction rate of the wet gas reaction is slow, and char residue can easily form. The formation 

of tar, soot and char tends to reduce efficiency, as well causing equipment trouble. 

Characteristics of gasification product gas 

Gasification generally adopts the direct gasification method with partial combustion of raw 

material to raise the temperature. Raw materials are mainly wood chips and corn stalks. Most 

gasification furnaces use normal pressure and a direct gasification process. To keep the reaction 

temperature at 800°C and above for direct gasification, air, oxygen and steam (as appropriate) 

are required for the gasification agent. For this purpose, approximately 1/3 of the oxygen 

required for complete combustion (known as the oxygen ratio) is supplied, with partial 

combustion (partial oxidation) causing gasification. The calorific value of product gas depends 

on the percentage of inflammable gas (CO, H2, CxHy) contained. Generally, gas can be divided 

into low calorie gas (4-12 MJ/m3), medium calorie gas (12-28 MJ/m3) and high calorie gas 

(above 28 MJ/m3). For the most part, direct gasification of biomass yields low calorie gas. Fig. 

4.2.1 presents composition of the product gas from rice straw when steam and oxygen is 

employed as gasifying agent. The ratio between the calorific content of the biomass and that of 

the product gas (at room temperature) is called cold gas efficiency. 

Gasification equipment and a practical example 

Here is shown a fixed bed gasifier, based on the combustion or gasification of solid fuel, and 

featuring a comparatively simple structure and low equipment cost. Fig. 4.2.2 shows a concept 

diagram of the gasifier. Wood chips of about 2.5-5 cm are generally used as the raw material. 

They are supplied from the upper feed port, and layered in the furnace. The gasifying agent (air, 

oxygen, steam or a mixture thereof) is supplied from the bottom in a rising flow (some systems 

use a descending flow). The gasification reaction proceeds from the bottom towards the top. 

From the bottom upward, individual layers are formed due to the changes accompanying 

gasification of the raw material, in the order of ash, char, volatilized and decomposed material, 

and product. The product gas is obtained at the top. 



 

 
 

 

 

 

 

 

Principles of solid fuel gasification 

All internal combustion engines actually run on vapor, not liquid. The liquid fuels used 

by gasoline engines are vaporized before they enter the combustion chamber above the pistons. 

In diesel engines, the fuel is sprayed into the combustion chamber as fine droplets which burn as 

they vaporize. 

The purpose of a Gasifier, then, is to transform solid fuels into gaseous ones and to keep 

the gas free of harmful constituents. A gas generator unit is simultaneously an energy converter 

and a filter. In these twin tasks lie its advantages and its difficulties. In a sense, gasification is a 

form of incomplete combustion-heat from the burning solid fuel creates gases which are unable 

to burn completely because of the insufficient amounts of oxygen from the available supply of 

air. The same chemical laws, which govern combustion processes, also apply to gasification. 

There are many solid biomass fuels suitable for gasification - from wood and paper to peat, 

lignite, and coal, including coke derived from coal. All of these solid fuels are composed 

primarily of carbon with varying amounts of hydrogen, oxygen, and impurities, such as sulfur, 

ash, and moisture. Thus, the aim of gasification is the almost complete transformation of these 



constituents into gaseous form so that only the ashes and inert materials remain. In creating wood 

gas for fueling internal combustion engines, it is important that the gas not only be properly 

produced, but also preserved and not consumed until it is introduced into the engine where it 

may be appropriately burned. 

Gasification is a physicochemical process in which chemical transformations occur along 

with the conversion of energy. The chemical reactions and thermochemical conversions which 

occur inside a wood gas generator are too long and too complicated to be covered here; however, 

such knowledge is not necessary for constructing and operating a wood Gasifier. By weight, gas 

(wood gas) produced in a Gasifier unit contains approximately 20% hydrogen (H2), 20% carbon 

monoxide (CO), and small amounts of methane, all of which are combustible, plus 50 to 60% 

nitrogen (N2). The nitrogen is not combustible; however, it does occupy volume and dilutes the 

wood gas as it enters and burns in an engine. As the wood gas burns, the products of combustion 

are carbon dioxide (CO2) and water vapor (H20). 

One of the by-products of wood gasification is carbon monoxide, a poisonous gas. The toxic 

hazards associated with breathing this gas should be avoided during refueling operations or 

prolonged idling, particularly in inadequately ventilated areas. Except for the obvious fire hazard 

resulting from the combustion processes inside the unit, carbon monoxide poisoning is the major 

potential hazard during normal operation of these simplified Gasifier units. 

The Stratified Downdraft Gasifier 

 
Until the early 1980s, wood gasifiers all over the world (including the World War II designs) 

operated on the principle that both the fuel hopper and the combustion unit be absolutely airtight; 

the hopper was sealed with a top or lid which had to be opened every time wood was added. 

Smoke and gas vented into the atmosphere while wood was being loaded; the operator had to be 

careful not to breathe the unpleasant smoke and toxic fumes. Over the last few years, a new 

Gasifier design has been developed through cooperative efforts among researchers at the Solar 

Energy Research Institute in Colorado, the University of California in Davis, the Open 

University in London, the Buck Rogers Company in Kansas, and the Biomass Energy 

Foundation, Inc., in Florida. This simplified design employs a balanced, negative-pressure 

concept in which the old type of sealed fuel hopper is no longer necessary. A closure is only used 



to preserve the fuel when the engine is stopped. This new technology has several popular names, 

including "stratified, downdraft gasification" and "open top gasification." 

Several years of laboratory and field-testing have indicated that such simple, inexpensive 

gasifiers can be built from existing hardware and will perform very well as emergency units. A 

schematic diagram of the stratified, downdraft Gasifier is shown in Fig. S-1.During operation of 

this Gasifier, air passes uniformly downward through four zones, hence the name stratified: The 

uppermost zone contains unreacted fuel through which air and oxygen enter. This region serves 

the same function as the fuel hopper in the older, World War II designs. In the second zone, the 

wood fuel reacts with oxygen during pyrolysis. Most of the volatile components of the fuel are 

burned in this zone and provide heat for continued pyrolysis reactions. At the bottom of this 

zone, all of the available oxygen from the air should be completely reacted. The open top design 

ensures uniform access of air to the pyrolysis region. The third zone is made up of charcoal from 

the second zone. Hot combustion gases from the pyrolysis region react with the charcoal to 

convert the carbon dioxide and water vapor into carbon monoxide and hydrogen. The inert char 

and ash, which constitute the fourth zone, are normally too cool to cause further reactions; 

however, because the fourth zone is available to absorb heat or oxygen as conditions change, it 

serves both as a buffer and as a charcoal storage region. Below this zone is the grate. The 

presence of char and ash serves to protect the grate from excessive temperatures. 

The stratified, downdraft design has a number of advantages over the World War II 

gasifier designs. The open top permits fuel to be fed more easily and allows easy access. The 

cylindrical shape is easy to fabricate and permits continuous flow of fuel. No special fuel shape 

or pretreatment is necessary; any blocky fuel can be used. The foremost question about the 

operation of the stratified, downdraft gasifier concerns char and ash removal. As the charcoal 

reacts with the combustion gases, it eventually reaches a very low density and breaks up into a 

dust containing all of the ash as well as a percentage of the original carbon. This dust may be 

partially carried away by the gas and might eventually begin to plug the gasifier. 

Hence, it must be removed by shaking or agitation. When the stratified gasifier unit is 

used to power vehicles, it is automatically shaken by the vehicle's motion. An important issue in 

the design of the stratified, downdraft gasifier is the prevention of fuel bridging and channeling. 

High-grade biomass fuels, such as wood blocks or chips, will flow down through the gasifier 



because of gravity and downdraft air flow. However, other fuels (such as shredded chips, 

sawdust, and bark) can form a bridge, which will obstruct continuous flow and cause very high 

temperatures. Bridging can be prevented by stirring, shaking, or by agitating the grate or by 

having it agitated by the vehicle's movement. For prolonged idling, a hand-operated shaker has 

been included in the design in this report. 

A prototype unit of the stratified, downdraft gasifier design (see Figs. S-2 and S-3) has 

been fabricated according to the instructions in this report; however, it has not been widely tested 

at this time. The reader is urged to use his ingenuity and initiative in the construction of his own 

wood gas generator. As long as the principle of air tightness in the combustion regions, in the 

connecting piping, and in the filter units is followed, the form, shape, and method of assembly is 

not important. The wood gasifier design presented in this report has as its origin the proven 

technology used in World War II during actual shortages of gasoline and diesel fuel. It should be 

acknowledged that there are alternate technologies (such as methane production or use of alcohol 

fuels) for keeping internal combustion engines in operation during a prolonged petroleum crisis. 

The wood gasifier unit described in this report represents only one solution to the problem. 

 



Imbert' Gasifier 

 
The constricted hearth, downdraft Gasifier is sometimes called the 'Imbert' Gasifier after 

its inventor, Jacques Imbert; although, it has been commercially manufactured under various 

names. Such units were mass-produced during World War II by many European automotive 

companies, including General Motors, Ford, and Mercedes-Benz. These units cost about $1500 

(1985 evaluation) each. However, after World War II began in 1939, it took six to eight months 

before factory-made gasifiers were generally available. Thousands of Europeans were saved 

from certain starvation by home-built, simple Gasifier units made from washing machine tubs, 

old water heaters, and metal gas or oxygen cylinders. Surprisingly, the operation of these units 

was nearly as efficient as the factory-made units; however, the homemade units lasted for only 

about 20000 miles with many repairs, while the factory-made units operated, with few repairs,  

up to 100,000 miles. In Fig. 1-2 the upper cylindrical portion of the Gasifier unit is simply a 

storage bin or hopper for wood chips or other biomass fuel. During operation, this chamber is 

filled every few hours as needed. The spring-loaded, airtight cover must be opened to refill the 

fuel hopper; it must remain closed and sealed during Gasifier operation. The spring permits the 

cover to function as a safety valve because it will pop open in case of any excessive internal gas 

pressure. About one-third of the way up from the bottom of the Gasifier unit, there is a set of 

radially directed air nozzles; these allow air to be injected into the wood as it moves downward 

to be gasified. In a gas generator for vehicle use, the down stroke of the engine's pistons creates 

the suction force which moves the air into and through the Gasifier unit; during startup of the 

Gasifier a blower is used to create the proper airflow. The gas is introduced into the engine and 

consumed a few seconds after it is made. This gasification method is called "producer gas 

generation," because no storage system is used; only that amount of gas demanded by the engine 

is produced. When the, engine is shut off, the production of gas stops. During normal operation, 

the incoming air burns and pyrolyzes some of the wood, most of the tars and oils, and some of 

the charcoal that fills the constricted area below the nozzles. 

Most of the fuel mass is converted to gas within this combustion zone. The Imbert 

Gasifier is, in many ways, self-adjusting. If there is insufficient charcoal at the air nozzles, more 

wood is burned and pyrolyzed to make more charcoal. If too much charcoal forms, then the 

charcoal level rises above the nozzles, and the incoming air burns the charcoal. Thus, the 



combustion zone is maintained very close to the nozzles. Below this combustion zone, the 

resulting hot combustion gases - carbon dioxide (CO2) and water vapor (H2O) - pass into the hot 

charcoal where they are chemically reduced to combustible fuel gases: carbon monoxide (CO) 

and hydrogen (H2). The hearth constriction causes all gases to pass through the reaction zone, 

thus giving maximum mixing and minimum heat loss. The highest temperatures are reached in 

this region. Fine char and ash dust can eventually clog the charcoal bed and will reduce the gas 

flow unless the dust is removed. The charcoal is supported by a movable grate which can be 

shaken at intervals. Ash buildup below the grate can be removed during cleaning operations. 

Usually, wood contains less than 1% ash (by weight). However, as the charcoal is consumed, it 

eventually collapses to form a powdery charcoal/ash mixture which may represent 2 to 10% (by 

weight) of the total fuel mass. 

The cooling unit required for the lmbert Gasifier consists of a water filled precipitating tank and 

an automotive radiator type gas cooler. The precipitating tank removes all unacceptable tars and 

most of the fine ash from the gas flow, while the radiator further cools the gas. A second filter 

unit, containing a fine mesh filtration material, is used to remove the last traces of any ash or dust 

that may have survived passage through the cooling unit. Once out of the filter unit, the wood  

gas is mixed with air in the vehicle's carburetor and is then introduced directly into the engine's 

intake manifold. The World War II, Imbert Gasifier requires wood with a low moisture content 

(less than 20% by weight) and a uniform, blocky fuel in order to allow easy gravity feed through 

the constricted hearth. Twigs, sticks, and bark shreds cannot be used. The constriction at the 

hearth and the protruding air nozzles present obstructions to the passage of the fuel and may 

created ridging and channeling followed by poor quality gas output, as unpyrolyzed fuel falls 

into the reaction zone. 



 
 

 

 

 

SUGARCANE LEAF-BAGASSE GASIFIERS 

 
Certain critical engineering design norms of the gasification system were first developed on a 

laboratory-scale model and were then validated on a bench-scale model 6, 7 . These norms were 

then used to design a full-fledged commercial scale system with a thermal output of 1080 MJ h-1 

. This system (presently installed in the NARI campus) is seen in Fig. 1. It comprises of a 

reactor, a gas conditioning system, a biomass feeding system and the instrumentation and 

controls. A schematic diagram of this system is shown in Fig. 2. The salient features of these 

components are given below. 

Reactor : This was a downdraft, throatless and open-top reactor with an internal diameter of 75 

cm and an active bed height of 1.25 m. It was designed for a heavy-duty cycle of 7500 hour per 

year operation. High temperature resisting firebricks conforming to IS 8 grade were used for the 

hot face followed by a cold face insulation. 



Gas conditioning system : A completely dry dust collection system eliminated 

altogether the problem of wastewater. This consisted of a high temperature char/ash 

coarse settler and a high efficiency cyclone separator. A specifically designed high 

temperature resisting induced-draft  fan ensured that the entire system is under negative 

pressure so that in the event of leaks, outside air got sucked into the system, but the 

combustible gas did not leak out. Thus, this design is very environment-friendly. The 

char-ash from the coarse settler and the cyclone was collected in barrels and emptied in 

an ash pit once every forty-five minutes. This char-ash which typically has a gross 

calorific value of 18.9 MJ kg-1 can be briquetted to form an excellent fuel, or can be 

used as a soil conditioner 8, 9 . 

Biomass feeding system : This consisted of a scraper drag-out conveyor and a hopper 

to convey the biomass fuel from the storage pile to the reactor. The conveyor was 

completely enclosed. 

Instrumentation and Control System : A Programmable Logic Controller (PLC)-based 

control system seen in Fig. 3 was designed to take automatic corrective actions under 

certain critical conditions. Thus, the biomass feeding and ash removal rates were fully 

controlled by this system. Besides, it also helped the operator in trouble-shooting by 

monitoring temperatures at various critical points in the gasification system. Automatic 

burner sequence controllers were provided for ignition of the producer gas. 

The gasification system was extremely simple to operate. A cold start took 

about ten- fifteen minutes whereas a hot start was affected in less than five minutes. 

Only two operators per shift of eight hours were required to operate the system, 

including the fuel and ash handling operations. 

 

 

 

 

 

 



 

 

Biomass gasification methods 

Thermochemical conversion method – Principle –Gasifiers – Operation- 

types-Applications 

The thermo-chemical decomposition of hydrocarbons from biomass in a reducing 

(oxygen deficient) atmosphere is called gasification. The resulting gas product contains 

combustible gases – hydrogen (H2) and carbon monoxide (CO) as the main constituents. 

Byproducts are liquids and tars, charcoal and mineral matter (ash or slag). Reducing 

atmosphere of the gasification stage means that only 20% to 40% of stochiometric 

amount of oxygen (O2) related to a complete combustion enters the reaction. This is 

enough to cover the heat energy necessary for a complete gasification. It creates sensible 

heat necessary to complete gasification from its own internal resources. 

Biomass gasification is basically the conversion of solid biomass such as wood, 

agricultural residues etc., into a combustible gas mixture normally called “producer gas” 

(or Low Btu gas). The solid biomass is partially burnt in the presence of air or oxygen to 

produce a low or medium calorific value gas. Partial combustion process occurs when air 

supply is less than adequate for combustion of biomass to be completed. Given that 

biomass contains carbon, hydrogen and oxygen molecules, complete combustion would 

produce carbon dioxide and water vapour. Partial combustion produces carbon monoxide 

as well as hydrogen which are both combustible gases 

Solid biomass fuels are usually inconvenient, have low efficiency of utilisation and can 

only be used for certain limited applications. Combustion is the normal conversion 

process used in cooking, heating space and water, or generation of steam usually with 

low efficiencies, generation of power, for example, requires high/medium pressure steam 

boiler along with steam engine or turbine with accessories. For small power needs (a few 

kilowatts to few hundred kilowatts), this conversion technology is not only capital 

intensive and complex, but also very inefficient. 

Conversion of the same biomass to a combustible gas mixture called producer gas 

removes most of these problems associated with the use of solid biomass fuels. While 

conversion to gas results in loss of energy of upto 25 percent, use of gas can be highly 



efficient and hence overall efficiency could be very high. Also it can be employed at any 

scale and hence is ideally suited for decentralised application whether for shaftpower, 

electricity or thermal energy. 

Biomass Gasifier-an attractive technology option 

Renewed emphasis on increased use of bio-resources does not obviously imply 

going back to traditional, inefficient and inconvenient techniques and devices. These 

resources obviously need to be utilised in keeping with modern-day conveniences and 

efficiencies that people are so used to by now. This indeed is the most basic and vital 

difference between the past and expected future scenario in which biomass is seen as 

playing an important role. 

Numbers of thermal applications of gasifier systems have shown adequate and 

immediate promise. These applications involve diverse situations: situation where 

biomass might already be in use with traditional technologies; situations where biomass 

may not be currently in use but is available as a by-product; and situations where biomass 

may need to be procured for a switch over from fossil fuel. However even in situations 

where thermal energy is currently being provided by bio-resources, careful study of the 

application and effective development of application packages becomes necessary 

The gas from the gasifier burns completely; it is clean, odourless and colourless. 

The fuel gas can be directly mixed with cold air to generate hot air at desired temperature 

for purpose of drying. Furthermore the producer gas can also be used to replace diesel 

(upto 70-75 percent) in standard diesel engine for shaft power generation comparable to 

conventional electricity at substantially lower cost than for diesel based generation. The 

gasifier is also environment friendly equipment without any harmful emission. 

 

 

Different steps invoive in Gassification process 

Stage I. Gasification process starts as auto-thermal heating of the reaction mixture. The 

necessary heat for this process is covered by the initial oxidation exothermic reactions by  

combustion of a part of the fuel. 

Stage II. In the second - pyrolysis stage, being passed through a bed of fuel at high 

temperature pyrolyzes combustion gases. Heavier biomass molecules distillate into 

medium weight organic molecules and C02. In this stage, tar and char are also produced. 

 
Stage III. Initial products of combustion carbon dioxide (CO2) and (H2O) are 



reconverted by reduction reaction to carbon monoxide (CO), hydrogen (H2) and methane 

(CH4). These are the main combustible components of producer gas. These reactions, not 

necessarily related to reduction, occur at high temperature. Gasification reactions, most 

important for the final quality (heating value) of syngas, take place in the reduction zone 

of the gasifier. Heat consumption prevails in this stage and the gas temperature will 

therefore decrease. Tar is mainly gasified, while char, depending upon the technology 

used, can be significantly "burned", reducing the concentration of particulates in the 

product. 



 
 

Gasification Stage Reaction formula Reaction heat 
 

 

Stage 1: C+1/2O2→ CO Exothermal 

Oxidation and 

Other exothermic 

Reaction 

 

 

 

 

Stage II : 

Pyrolysis 

Stage III : 

Gasification 

(Reduction) 

CO + 1/2O2→ CO2 

C + O2 → CO2 

C6H10O5 → xCO2 + yH2O 

H2 + 1/2O2 → H2O 

CO + H2O → CO2 + H2 

CO + 3H2 → CH4 + H2O 

C6H10O5 → CxHz + CO 

C6H10O5 → CnHmOy 

C + H2O → CO + H2 

C + CO2 → 2CO 

CO2 + H2 → CO + H2O 

C + 2H2 → CH4 

 

 

 

 

 

 

 

 

 
Endothermic 

 

 
Endothermic 

 

 

 
Exothermic 

 

 

Table 1: Biomass gasification chemical reactions 

(Source : J.B. Jones & C.A. Hawkins. Engineering Thermodynamics, 1986,P. 456) 

 
 

The net product of air gasification can be found by summing of the partial 

reactions, as follows: 

Carbohydrate matter 

(C6H10O5) + O2 → CXHY + CLHMON +CO +H2 +Heat 

Reactions labeled in Table 2 as exothermic means that chemical energy is 

converted to sensible heat and reactions labeled as endothermic means that heat is 

consumed in favor of chemical energy. 

Design of gasifier depends upon type of fuel used and whether gasifier is portable 

or stationary. Gasifiers are classified according to how the air blast introduced in the fuel 

column. History of gasification reveals several designs of gasifiers. The fixed bed 

gasifier has been the traditional process used for gasification, operated at temperatures 

around 1000 C. The most commonly built gasifiers are classified as: 



▪ Updraft gasifiers (fig 1) 

▪ Downdraft gasifiers (fig 2) 

▪ Crossdraft gasifiers (fig 3) 
 

 

 

 
 

 

 

 

Fig.1. Updraft Gasifier 



 

 
 

 

 

 

 

Fig.2 Downdraft Gasifier 



 

 
 

 

Fig.3. Crossdraft gasifier 

 
 

Fluidized bed Gasification 

Fluidized bed gasification has been used extensively for coal gasification for many years, 

its advantage over fixed bed gasifiers being the uniform temperature distribution 

achieved in the gasification zone. The uniformity of temperature is achieved using a bed 

of fine grained material into which air is introduced, fluidizing the bed material and 

ensuring intimate mixing of the hot bed material, the hot combustion gas and the biomass 

feed. 



Two main types of FB gasifier are in use; 

1.Circulating fluidized bed, 2.Bubbling bed. 

A third type of FB is currently being developed, termed a fast, internally circulating gasifier, which 

combines the design features of the other two types. The reactor is still at pilot stage of 

development. 

 
Circulating Fluidized bed Gasification 

Circulating FB gasifier are able to cope with high capacity throughputs and are used in the paper 

industry for the gasification of bark and other forestry residues. The bed material is circulated 

between the reaction vessel and a cyclone separator, where the ash is removed and the bed material 

and char returned to the reaction vessel. Gasifiers can be operated at elevated pressures, the 

advantage being for those end use applications where the gas is required to be compressed 

afterwards, as in a gas turbine. 

 
Bubbling bed gasification 

Bubbling bed FB gasifiers consist of a vessel with a grate at the bottom through which air is 

introduced. Above the grate is the moving bed of fine-grained material into which the prepared 

biomass feed is introduced. Regulation of the bed temperature to 700-900oC is maintained by 

controlling the air/biomass ratio. The biomass is pyrolysed in the hot bed to form a char with 

gaseous compounds, the high molecular weight compounds being cracked by contact with the hot 

bed material, giving a product gas with a low tar content, typically < 1-3 g/Nm3. 
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Principles of Pyrolysis 

 
Pyrolysis 

 
Pyrolysis is the one of the most common methods in thermal conversion technology of 

biomass. In pyrolysis, biomass is heated to moderate temperatures, 400-600oC, In the absence of 

stoichiometric oxygen to produce oil that can be used as a feed stock in existing petroleum 

refineries. This is a high throughput process that has a potential for requiring relatively low 

capital investment. In gasification, biomass is heated to high temperatures, >700oC, to produce a 

synthesis gas(H2 and CO), which can be converted in a catalytic step to liquid 

transportationfuels(mixed alcohols, Fishcher-Tropsch fuels, methanol –to-gasoline etc.). 

This technology builds upon decades of experience with gasification of coal. Both 

approaches have the potential advantages of being relatively insensitive to feedstock type, both 

suffer from production of unwanted byproducts. In pyrolysis, oxygen-containing compounds 

(aldehydes, ketones, phenolics and organic acids) make the oil too unstable and acidic for 

introduction into existing pipelines, tankers and refineries. 

Biomass pyrolysis techniques 

 
Depending on the operating conditions, the pyrolysis process can be divided into three sub 

classes. 

 

i) Conventional slow pyrolysis, 

ii)  Fast pyrolysis 

iii)  Flash pyrolysis 

 

The range of important operating parameters for pyrolysis processes is given in the 

following table. At present, the preferred technology is fast or flash pyrolysis at high 

temperature with very short residence time. 

 

 

 



 

Main operating parameters for pyrolysis process 
 
 

Operating parameters Slow pyrolysis Fast pyrolysis Flash pyrolysis 

Pyrolysis temperature (oC) 300-700 600-1000 800-1000 

Heating Rate(oC/Sec) 0.1-1 10-200 >1000 

Particle size (mm) 5-50 <1 <0.2 

Solid residence time (Sec) 300-550 0.5-10 <0.5 

Pyrolysis processes 

 
Slow pyrolysis 

 
Slow pyrolysis is a conventional pyrolysis process whereby the heating rate is kept slow 

(approximately 0.1-1 oC/s). This slow heating rate leads to higher char yield than the liquid and 

gaseous products. Slow pyrolysis has been utilized for thousands of years primarily for the 

production of charcoal. In slow wood pyrolysis, biomass is heated to ~500 oC. the vapour 

residence time in the reactor, gas-phase products have ample opportunities to continue to react 

with other products to form char.In this process mainly charcoal is produced. 

Fast pyrolysis 
Fast pyrolysis uses much faster heating rates (about 0-200oC) and is considered as a better 

process than slow pyrolysis for producing liquid or gases. In fast pyrolysis the liquid product 

yield is higher since the fast heating rates allow the conversion of thermally unstable biomass 

compounds to a liquid product before they form undesired coke.  

Fast pyrolysis processes produce following product depending upon different feed stock 

i) 60-75 wt% of liquid bio oil 

ii)  15-20%wt of solid char  

iii) 10-20 %wt of non- condensable gases 

. Fast pyrolysis occurs on the timescale of a few seconds or less. Therefore, chemical reaction 

kinetics, heat and mass transfer processes and phase transition phenomena play important role in 

product distributions. Among pilot scale reactors, fluidized bed reactors are best suited for the 

process as they offer high heating rates, rapid devolatilization and are easy to operate. Other 

reactors such as entrained flow reactors, circulating fluidized bed reactors, rotating cone reactors 

etc. are also used for this purpose. 

 



pyrolysis 

 
Flash pyrolysis is an improved version of fast pyrolysis, whereby the heating rates are very  high, 

>1000oC/s, with reaction times of few to several seconds. Present reactors for flash pyrolysis 

include fluidized bed reactors, vacuum pyrolysis reactor, rotating cone reactor, entrained flow 

reactor, ablative, vortex or blade, twin screw reactors. Entrained flow or fluidized bed reactors 

are considered the best reactors for this purpose. Due to the rapid heating rates and short reaction 



times, for better yields, this process requires smaller particle size compared to the other 

processes. 

Types of biomass pyrolysis reactors 

 
Small-scale pyrolysis devices for fundamental research 

 
1. Resistively heated micro-furnace or tube pyrolyzer 

 
Micro furnaces provide a constantly heated isothermal pyrolysis zone into which samples are 

introduced by a liquid syringe, solid plunger syringe, or in a little cup. Lack of control of the 

temperature/time characteristics of the sample has made the continuous-mode pyrolyzer less 

attractive for precise analytical work. However, the combination of a pulsed molecular beam 

source with the continuous mode pyrolysis oven overcomes these control problems. 

2. Resistively heated element pyrolyser 

 
Filament pyrolyzers can acquire a controlled pyrolysis temperature extremely quickly. An initial 

pulse of heating at high voltage produces a current through the metal filament causing it to heat 

rapidly until the programmed pyrolysis temperature is achieved. The pyrolysis temperature is 

maintained by reducing the voltage. The filament pyrolizer such as a Pt-coil pyrolizer appears to 

be the mostly used among various commercial models of the pyrolysis reactors. Samples that are 

soluble in a volatile solvent are pyrolysed using a ribbon probe. Those that are not heated using a 

coil probe. While samples are added directly on to the ribbon probe, quartz tubes are used to hold 

the samples before being inserted into the coil probe with regards to the later, the exact pyrolysis 

reaction time is difficult to determine since the sample never come in to direct contact with the 

filament. 

3. Curie-point filament pyrolyzer 

 
Curie point pyrolyzer utilizes ferro-magnetic metals to provide rapid and reproducible heating 

conditions. The sample is positions on to the end of pyrolysis wire made from an appropriate 

ferro-magnetic alloy. It is then inserted the pyrolyzer and rapidly heated using a high frequency 

induction coil. The temperature ceases to rise when the curie-point of the metal has been 



reached. That is the exact reproducible temperature at which ferro-magnetic material loses its 

magnetism. At this point the temperature remains constant until the coil is switched off. In 

contrast to the micro furnace, the rise time of curie-point pyrolyzer is much faster. However, the 

choice of different pyrolysis temperatures is limited since they are determined by the curie point 

of available materials. 

4. Laser pyrolyzer 

 
The Laser pyrolyser consists of a laser and the associated optical devices , the sample chamber 

and cold trap. The laser is focused through microscope objective lense and the targeted area is 

pyrolysed using either a continuous wave or a number of high energy pulses. The thermal 

interaction between laser and material initiates a shock which in turn produce a range of 

pyrolysis products. A variety of different laser can be used as a fragmentation source depending 

on the type of material being pyrolysed. Lasers used for pyrolysis include Nd:YAG laser 

(1064nm), an rogan ion laser(458-515 nm)and a ArF eximer laser(193nm) to name a few. The 

use of laser as a fragmentation source has several advantages. Unlike the filament, curie-point 

and the furnace pyrolyzer, laser pyrolysis requires the very little sample preparation or pre- 

treatment since analysis is performed directly on the solid polymer matter. The intense, short 

duration laser beam enables rapid temperature rise times, followed by rapid cooling, reducing the 

potential for secondary reactions between the pyrolysis products and therby simplifying 

interpretations of fragmentation patterns. finally, the collimated nature of the laser beam enables 

focusing to achieve spatial resolutions in targeting specific areas and layers of the sample. 

5. Plasma pyrolysis reactor. 

 
Plasma pyrolysis reactor offers some unique advantages for biomass conversion, in comparison 

to conventional pyrolysis at low temperatures and slow heating rates. The high energy density 

and temperature associated with thermal plasmas and the corresponding fast reaction times 

provide a potential solution for the problems that occur in conventional pyrolysis processes, such 

as low gas productivity and the generation of heavy tarry compounds. Nevertheless, plasma 

pyrolysis of biomass for energy and chemical production are seldom studied because of the high 

electrical power consumption. In fact, the temperature initiated in thermal plasma (usually 2500- 

9500 oC) is much too high for biomass pyrolysis. Recently there was an study which resulted that 



this type of plasma combines the high plasma reactivity and thermal efficiency with a medium 

temperature (900-9500oC) and favours hydrocarbon cracking and thus increase the yield of 

syngas. This method is therefore practical interest for the utilization of biomass material for the 

purpose of syngas and char production. 

Pilot scale pyrolysis reactors 

 
1. Fixed Bed Reactor 

 
Fixed bed reactors were traditionally used for the production of charcoal. Poor and slow heat 

transfer resulted in very low liquid charcoal yields. These gasifiers are divided into downdraft 

and updraft fixed bed reactors. Their technology is simple, reliable and proven for fuels with a 

relative uniform size. In a down draft fixed bed reactor, solid moves slowly down and a vertical 

shaft and air introduced and reacts at a throat that supports the gasifying biomass. The solid and 

product gas move downward in a co-current mode. A relatively clean gas is produced with low 

tar and usually with high carbon conversion. In contrast, the updraft fixed bed reactor is 

characterized by solid moving down a vertical shaft and contacting a counter-current mode. The 

product gas is very dirty with high levels of tars although tar crackers have been developed to 

alleviate this problem. 

2. Bubbling Fluidized Bed Reactor 

 
Bubbling fluidized beds, biomass particles are introduced into a bed of hot sand fluidized by a 

recirculated product gas. The high heat transfer rates from fluidized sand cause rapid heating of 

biomass particles and some ablation by attrition with the sand particles occurs. The bubbling 

fluidized bed gasifier is characterized good temperature control and high reaction rates. They 

have greater tolerance to particle size range. They also have higher particulates and more 

moderate tar levels in product gastar cracking catalysts can be added to the bed. The bubbling 

fluidized bed pyrolyzer is characterized by simple construction and operation and is well 

understood technology. They have good temperature control, limited turn-down capability and 

provide very efficient heat transfer to biomass particles due to high solid density. 

3. Circulating Fluidized Bed Reactor 



For circulating fluidized bed reactors, biomass particles are introduced into a circulating 

fluidized bed of hot sand. The recirculated product gas, sand, and biomass particles move 

together. The high heat transfer rates from sand ensure rapid heating of biomass particles and 

ablation is more prevalent than with regular fluidized beds. The circulating fluidized bed gasifier 

is characterized by all features of the bubbling fluidized bed reactors in addition to higher cost at 

lower capacity. They are in-bed catalytic processing and circulation of hot solids can cause 

erosion problems inside the reactor vessel. The circulating fluidized bed pyrolizer is 

characterized by good temperature control in the reactor. the residence time for the char is almost 

the same as for vapour and gas.the char is attrited more due to higher gas velocities, which result 

in high char contents. The produced char is typically separated by cyclone. 

4. Entrained flow reactor 

 
Entrained flow fast pyrolysis is in principle a simple technology. however, most of the 

development of these reactors have not been as successful as had been hoped due to poor heat 

transfer between the hot gas and soil particles. This reactor can result in very high heating rates 

of the particles and the residence time can be varied from milli seconds to a few seconds. This 

gasifier reactor is characterized by a simple design, but costly feed preparation is needed for 

woody biomass. They require high gas flows in lower liquid yields. 

5. Vacuum Furnace Reactor 

 
For this reactor, biomass is thermally decomposed under reduced pressure. The vapours 

produced are quickly removed from the vacuum and recovered as bio-oil as condensation. This 

pyrolysis reactor is characterized by longer residence time of solid and short residence times. 

Other important feature in this reactor includes ability to produce larger paricles than most fast 

pyrolysis reactors and there is less char in the liquid product due to lower gas velocities. There is 

also no requirement for carrier gas and the process is mechanically complicated. The typical 

liquid yields for dry biomass feed obtained in this process are from 35 to 50%. 

6. Ablative Reactor 

 
The ablative reactor is characterized by high velocity impact of particle on a hot reactor wall, 

achieved by centrifugal force or mechanically. High relative motion is achieved between 



particles and the the reactor wall which is typically less than600 oC. the system is more intensive 

and the process is mechanically driven so the reactor is so complex. 

The ablative pyrolysis reactors have considerable advantages over conventional fluidized bed 

reactors, 

1. No milling of the biomass is required, because the heat introduced as the particles are 

pyrolysed as by the direct contact with the hot surface. 

2. They have good heat transfer with high heating rates and relatively small contact surface 

because compact design. 

3. They have high energy and cost efficiency as no heating and cooling of fluidizing gases 

is required. 

4. They allow installation of condensation units with a small volume, requiring less space at 

lower costs. 

7. Rotating Cone Reactor 

 
The rotating cone reactor is a noval reactor type for flash pyrolysis of biomass with negligible 

char formation, in which rapid heating and a short residence time of the solids can be realized. 

Biomass materials like wood, rice husks or even olive stones can be pulverized and fed tot the 

rotating cone reactor. Carrier gas requirements in the pyrolysis reactor are much less than for 

fluid bed and transported bed systems. However, gas is needed for char burn off and for sand 

transport. Complex integrated operations of three subsystems are required: Rotating cone 

pyrolyzer, riser for sand recycling, and bubbling char combustor. Like other shallow transported- 

bed reactors relatively fine particles are required to obtain a good liquid yield. The liquid yields 

of 60-70% on dry feed are typically obtained. There is no large scale commercial 

implementation. 

8. Auger Reactor 

 
In an auger reactor, hot sand and biomass particles are fed at one end of a screw. The screw 

mixes the sand and biomass and conveys them along, providing a good control o the biomass 

residence time. This process does not dilute the pyrolysis products with a carrier or fluidizing 



gas. However, sand must be reheated in a separate vessel and mechanical reliability is a concern. 

There is no large scale commercial implementation. The advantage of this reactor include, 

• Compact size 

• No carrier gas required 

• Lower processing temperatures (400oC) 

The challenges in this are, 

1. Presence of moving parts in the hot zone, 

2. Heat transfer at a large scale may be a problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



Lecture –06 

Biogas technology 
 

Biomass is organic material made from plants and animals. Biomass contains stored 

energy from the sun. Plants absorb the sun's energy in a process called photosynthesis. 

The chemical energy in plants gets passed on to animals and people that eat them. 

Biomass is a renewable energy source because we can always grow more trees and crops, 

and waste will always exist. Some examples of biomass fuels are wood, crops, manure, 

and some garbage. 

 

 

 Biomass can also be converted to other usable forms of energy in following form 

1. Bio gas 

2. Bio- fuels like ethanol and biodiesel.  

Methane gas is the main ingredient of natural gas. Smelly stuff, like rotting garbage, 

and agricultural and human waste, release methane gas - also called "landfill gas" or 

"biogas."  

Crops like corn and sugar cane can be fermented to produce ethanol. Biodiesel, 

another bio fuel, can be produced from vegetable oils and animal fats. 

 

Typical biomass supply is derived from: 

 
▪ Woody forest residue, fuelwood, mill residues, short rotation crops, 

▪ Non-woody agricultural crops, crop residue, processing residues; and 

▪ Animal waste such as manure from feed lots and municipal sewage and waste. 

 



 

 
. 

 

 

Biogas 

It’s a mixture of gas produced by the microorganisms during the anaerobic 

fermentation of biodegradable materials. Anaerobic fermentation is a biochemical 

process in which particular kinds of bacteria digest biomass in an oxygen-free 

environment resulting in production of CH4, CO2, H2 and traces of other gases along with 

decomposed mass. 

 

Properties of Biogas 

Biogas is a mixture of different components and the composition varies 

depending upon the characteristics of feed materials, amount of degradation, etc. Biogas 

predominantly consists of 50 to 70 per cent methane, 30 to 40 per cent carbon dioxide 

and low amount of other gases. Methane is a combustible gas. The energy content of 

biogas depends on the amount of methane it contains. Methane content varies from about 

50 percent to 70 percent. The composition and the properties of the biogas are given in 

the following table 1.1 and 1.2. 

 

Table 1.1 Composition of biogas 

Name of the gas Composition in biogas (%) 

Methane (CH4) 50-70 

Carbon dioxide (CO2) 30-40 

Hydrogen (H2) 5-10 

Nitrogen (N2) 1-2 

Water vapour (H2O) 0.3 

Hydrogen sulphide (H2S) Traces 

 
Table 1.2 Properties of biogas 

Properties Range 

Net calorific value (MJ/m3) 20 

Air required for combustion (m3/m3) 5.7 

Ignition temperature (0C) 700 

Density (kg/m3) 0.94 

 

Microbiology of biogas production: 

The production of biogas from organic material under anaerobic condition 

involves sequence of microbial reactions. During the process complex organic molecule 

present in the biomass are broken down to sugar, alcohols, pesticides and amino acids by 

acid producing bacteria. The resultant products are then used to produce methane by an- 

other category of bacteria. The biogas production process involves three stages namely: 



 

i. Hydrolysis 

ii. Acid formation and 

iii. Methane formation 

 
The process of degradation of organic material in every step is done by range of 

bacteria, which are specialized in reduction of intermediate products formed. The 

different process involved in production of biogas is given in the figure. The efficiency of 

the digestion depends how far the digestion happens in these three stages. Better the 

digestion, shorter the retention time and efficient gas production. 

 

Hydrolysis 

The complex organic molecules like fats, starches and proteins which are water 

insoluble contained in cellulosic biomass are broken down into simple compounds with 

the help of enzymes secreted by bacteria. This stage is also known as polymer  

breakdown stage (polymer to monomer). The major end product is glucose which is a 

simple product. 

 

Acid formation 

The resultant product (monomers) obtained in hydrolysis stage serve as input for 

acid formation stage bacteria. Products produced in previous stage are fermented under 

anaerobic conditions to form different acids. The major products produced at the end of 

this stage are acetic acid, propionic acid, butyric acid and ethanol. 

 

Methane formation: 

The acetic acid produced in the previous stages is converted into methane and 

carbon dioxide by a group of microorganism called “Methanogens”. In other words, it is 

process of production of methane by methanogens. They are obligatory anaerobic and 

very sensitive to environmental changes. Methanogens utilise the intermediate products 

of the preceding stages and convert them into methane, carbon dioxide, and water. It is 

these components that make up the majority of the biogas emitted from the system. 

Methanogenesis is sensitive to both high and low pH’s and occurs between pH 6.5 and 

pH 8. Major reactions occurring in this stage is given below: 
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The process of biogas formation through different stages is depicted in figure. 
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Figure: Stages of biogas formation 
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Biogas plant and its components: 

A physical structure designed to carry out anaerobic digestion of organic 

materials is called “Biogas plant”. Following are the components of biogas plants: 

 
Mixing tank : Cow dung is collected from the shed and mixed with the 

water in equal proportion (1:1) to make a homogenous 

mixture (slurry) in the mixing tank 

Feed inlet pipe/tank : The homogenous slurry is let into the digester through this 

inlet pipe (KVIC biogas plants)/tank (Janatha biogas 

plants) 

Digester : The fed slurry is subjected to anaerobic fermentation with 

the help of microorganisms inside the digester. 

Gas holder : As a result of anaerobic fermentation, gas produced is 

stored in gas holder (Drum in the case of KVIC and in 

dome in the case of fixed dome biogas plants) 

Slurry outlet tank/pipe : The digested slurry is let out from the digester through 

slurry outlet pipe (KVIC biogas plants)/tank (Janatha 

biogas plants) 

Gas outlet pipe : Stored gas is released and conveyed through the gas outlet 

pipe present at the top of gas holder. 

 

Classification of biogas plants 

Based on the nature of feeding, biogas plants would be broadly divided into 3 

types and they are as follows 

i. Batch type: The organic waste materials to be digested under anaerobic condition 

are charged only once into a reactor-digester. The feeding is between intervals, 

the plant is emptied once the process of digestion is complete. Retention time 

usually varies from 30 to 50 days. The gas production in it is intermittent. These 

plants are well suited for fibrous materials. This type of plant needs addition of 

fermented slurry to start the digestion process and it not economical to maintain 

which are considered to be the major draw backs. 

 
ii. Semi continuous: A predetermined quantity of feed material mixed with water is 

charged into the digester from one side at specified interval of time; (say once a 

day) and the digested material (effluent) equivalent to the volume of the feed, 

flows out of the digester from the other side (outlet). 



 

iii. Continuous type: The feed material is continuously charged to the digester with 

simultaneous discharge of the digested material (effluent). The main features of 

this type of plants are continuous gas production, requires small digestion area, 

lesser period for digestion, less maintenance, etc. 

The biogas plants used in the villages are of semi continuous type employing 

animal dung and other biomass as the feed stock for biogas production. So the 

classification of semi-continuous type biogas plant is explained below. 

i. Floating drum type – KVIC model 

ii. Fixed dome type model – Deenbandhu model 
 

Floating drum type (Constant pressure) 

In this type of plants digester is made of bricks and is of circular in shape. It is 

constructed typically underground to lessen the heat loss from the plant. Partition wall is 

constructed (dividing the digester into two parts) for higher size capacity plants to avoid 

the short-circuiting of digested slurry with the fresh feed. Separate gasholder is  

fabricated and fixed to store the gas produced during digestion besides acting as an 

anaerobic seal for the process. As the volume of gas production increases drum starts to 

rise and if the stored gas is withdrawn the level of drum drops to lower level. Scum 

formed in the digester can be broken with the help of drum rotation both clockwise and 

anticlockwise. Central guide frame is provided to hold the gasholder and to allow it to 

move vertically during gas production. The drum is made up of mild steel and it 

constitutes around 60 per cent of overall plant costs. Salient features of this type of plants 

include weight of drum helps to discharge the gas produced at constant pressure, volume 

of gas storage can be judged visually. 

 
Small masonry tanks are constructed for mixing of cow dung, water and to dis- 

charge the slurry out of the digester. Concrete pipes are provided to convey the raw and 

digested slurry in and out of the digester. Gas outlet pipe is provided at top of the drum to 

let the gas out of drum. KVIC floating drum model is predominantly used in India and fig 

shows the schematic diagram of it. 

Advantages and disadvantages of floating drum plant. 
 

Advantages: 

i. Higher gas production per cum of the digester volume is achieved. 

ii. Floating drum has welded braces, which  help  in  breaking  the  scum  by 

rotation. 

iii. No problem of gas leakage. 



iv. Constant gas pressure. 
 

Disadvantages 

i. It has higher cost, as cost is dependent on steel and cement 

ii. Heat is lost through the metal gasholder. 

iii. Gasholder required painting once or twice a year, depending on the humidity of 

the location. 

iv. Flexible pipe joining the gasholder to the main gas pipe requires maintenance, as 

ultraviolet rays in the sun damage it. 

Fixed dome biogas plants (Constant volume) 

To reduce the cost of biogas plants, researchers has designed fixed dome plants in 

which dome act as gasholder in place of high cost drum. Gasholder and digester 

constructed as single unit. The digesters of such plants are completely underground to 

maintain a perfect environment for anaerobic fermentation to take place besides avoiding 

cracking of dome due to difference in temperature and moisture. 

Janatha Biogas Plants 

Developed exclusively in India completely masonry structure. Provision of Inlet 

and outlet of raw and digested slurry is constructed in the form of tank. Slurry fed is 

allowed to undergo anaerobic fermentation in the digester. Gas produced as a result rises 

up and gets collected in the dome. As the pressure of gas stored in the dome increases, it 

pushes up the slurry down and causes the slurry level to increase both in inlet and outlet 

tanks. These levels drop down when the gas in the dome is used up. This displacement 

provides necessary pressure to push the gas up to the usage point. The pressure coming 

out of the dome is of variable type as constant in the case of floating drum type. Volume 

of gas stored in the plant is equal to the total volume of slurry displaced both in inlet and 

outlet tanks. Fig shows the janatha biogas plant model. 

Deenbandhu Biogas Plants 

One of the outstanding designs of biogas plants in Indian biogas development 

program is Deenbandhu biogas plant design. It is improved version of Janatha biogas 

plant model. Action for food production (AFPRO), a voluntary organization based in 

New Delhi, developed this model in 1984. This is constructed with locally available 

materials and the plant demand skillful manpower for construction. Important 

considerations for design modification are reduction in the overall construction cost, 

elimination of the loss of biogas through inlet chamber and maximum utilization of 

digester volume to make the operational HRT close to the designed HRT. 



It is constructed by joining the two spheres of different diameters at their bases, 

thus reducing the cost of bricks used in construction of digester wall. Bottom part of the 

plant is a designed as a segment of sphere, whereas the top portion as hemisphere. In this 

plant feedstock is fed through concrete pipes and the digested slurry is taken out the 

digester through tank. As a precaution to avoid the entry of slurry through gas outlet pipe, 

outlet opening is constructed  150  mm  lower  than  the  bottom  of  gas  outlet  pipe.  

Gas holding capacity is 33 per cent of total capacity of the plant. Studies proved that the 

cost of deenbandhu is 30 and 45 per cent less than that of Janatha and KVIC biogas 

plants. Fig shows the schematic diagram of deenbandhu biogas plant model. 

 

Advantages 

i. It has low cost compare to floating drum type, as it uses only cement and no steel. 

ii. It has non-corrosion trouble. 

iii. It this type heat insulation is better as construction is beneath the ground. 

iv. Temperature will be constant. 

v. Cattle and human excreta and long fibrous stalks can be fed. 

vi. No maintenance. 
 

Disadvantages: 

i. This type of plant needs the services of skilled masons, who are rather scarce in 

rural areas. 

ii. Gas production per cum of the digester volume is also less. 

iii. Scum formation is a problem as no stirring arrangement 

iv. It has variable gas pressure 
 

Factors involved in biogas production 

Biogas production involves different physical, chemical and biological process for 

conversion of biodegradable organic materials to energy rich gas. 

 

C/N ratio 

The ratio of carbon to nitrogen present in the  feed  material  is  called  C:N  

ratio. It is a crucial factor in maintaining perfect environment for digestion. Carbon is 

used for energy and nitrogen for building the cell structure. Optimum condition for an- 

aerobic digestion to take place ranges from 20 to 30:1. This means the bacteria use up 

carbon about 20 to 30 times faster than they use up nitrogen. 

 
When there is too much carbon in the raw wastes, nitrogen will be used up first 

and carbon left over. This will make the digestion slow down and eventually stops. On 



the other hand if there is too much nitrogen, the carbon soon becomes exhausted and 

fermentation stops. The nitrogen left over will combine with hydrogen to form ammo- 

nia. This can kill or inhibit the growth of bacteria specially the methane producers. 

 

Temperature 

Temperature affects the rate of reaction happening inside  the  digester.  

Increase in the ambient temperature increases the rate of reaction thus increasing the bi- 

ogas production as well. Methane bacteria work best at a temperature of 350 – 380 C. 

The fall in gas production starts at 200C and stops at a temperature of 100C. Studies 

howed that 2.25 m3 of gas was produced from 4.25m3 of cattle dung everyday when the 

digester temperature was 250C. When the temperature rose to 28.30C the gas production 

was increased by 50 per cent to 3.75 m3 per day. 

 
Retention time 

It is the theoretical time that particular volume of feedstock remains in the 

digester. In other words, retention time describes the length of time the material is 

subjected to the anaerobic reaction. It is calculated as the volume of digester divided 

by the feedstock added per day and it is expressed in days. Under anaerobic 

condition, the decomposition of the organic substances is slow and hence need to 

keep for long time to complete the digestion. In case of Indian digesters, where the 

feed stock is diluted with equal composition, so demarcation prevails between solid 

and liquid. In this case, biomass in the form of bacteria is washed out; hence the 

solid retention time (SRT) is equal to hydraulic retention time (HRT). 

 
Loading rate 

Loading rate is defined as the amount of raw material fed to the digester per 

day per unit volume. If the reactor is overloaded, acid accumulation will be more 

obviously affecting daily gas production. On the other hand, under loading of 

digester have negative impact in designed gas production. 

 
Toxicity 

Though small quantities of mineral ions like sodium, potassium stimulates 

the growth of bacteria, the high concentration of heavy metals and detergents have 

negative impact in gas production rate. Detergents like soap, antibiotics, and organic 

solvents are toxic to the growth of microbes inside the digester. Addition of these 

substances along with the feed stock should be avoided. 

 
pH or hydrogen ion concentration 

To maintain a constant supply of gas, it is necessary to maintain a suitable 

pH range in the digester. pH of the slurry changes at various stages of the 



digestion. In the initial acid formation stage in the fermentation process, the pH is 

around 6 or less and much of CO2 is given off. In the latter 2-3 weeks times, the pH 

increase as the volatile acid and N2 compounds  are  digested  and  CH4  is  

produced. The digester is usually buffered if the pH is maintained between 6.5 and 

7.5. In this pH range, the micro – organisms will be very active and digestion will be 

very efficient. If the pH range is between 4 and 6 it is called acidic. If it is between 9 

and 10 it is called alkaline. Both these are detrimental to the methanogenic (Methane 

production) organisms. 

 
Total solid content 

The raw cow dung contains 80-82% of moisture. The balance 18-20% is 

termed as total solids. The cow  dung  is mixed  usually  in  the  proportion  of  1:1  

in order to bring the total solid content to 8-10%. This adjustment of total solid 

content helps in digesting the materials at the faster rate and also in deciding the 

mixing of the various crop residues as feed stocks in biogas digester. 

 
Feed rate 

One of the prerequisites of good digestion is the uniform feeding of the 

digester so that the micro – organisms are kept in a relatively constant  organic  

solids concentration at all times. Therefore the digester must be fed at the same time 

everyday with a balanced feed on the same quality and quantity. 

 
Diameter to depth ratio 

Studies reveal that gas production per unit volume of digester capacity was 

maximum, when the diameter to depth ratio was in the range of 0.66 to 1.00. One 

reason may be that because in a simple unstirred single stage digester the 

temperature varies at different depths. The most activity digesting sludge is in the 

lower half of the digester and this is less affected by changes in night and day tem- 

perature. 

 
Nutrients 

The major nutrients required by the bacteria in the digester are, C, H2, O2, N2,  

P and S, of these nutrients N2 and P are always in short supply and therefore to 

maintain proper balance of nutrients an extra raw material rich in phosphorus (night 

soil, chopped leguminous plants) should be added along with the cow dung to obtain 

maximum production of gas. 

 
Degree of mixing 

Bacteria in the digester have very  limited  reach  to  their  food,  it  is 

necessary that the slurry is properly mixed and bacteria get their food supply. It is 



found that slight mixing improves the fermentation, however a violent slurry 

agitation retards the digestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lecture-07 

Type of Biogas plants and application of biogas 

 
Most organic materials undergo a natural anaerobic digestion in the presence of moisture and 

absence of oxygen and produce biogas. The biogas so obtained is a mixture of methane (CH4): 

55-65% and Carbon dioxide (CO2): 30-40%. The biogas contains traces of H2, H2S and N2. The 

calorific value of biogas ranges from 5000 to 5500 Kcal/Kg (18.8 to 26.4 MJ /m3). The biogas 

can be upgraded to synthetic natural gas (SNG) by removing CO2 and H2S. The production of 

biogas is of particular significance in India because of its large scale cattle production. The 

biogas is used for cooking, domestic lighting and heating, run I.C. Engines and generation of 

electricity for use in agriculture and rural industry. Family biogas plants usually of 2-3 m3 

capacity. 

Advantages 

 
• The initial investment is low for the construction of biogas plant. 

• The technology is very suitable for rural areas. 

• Biogas is locally generated and can be easily distributed for domestic use. 

• Biogas reduces the rural poor from dependence on traditional fuel sources, which lead to 

deforestation. 

• The use of biogas in village helps in improving the sanitary condition and checks 

environmental pollution. 

• The by-products like nitrogen rich manure can be used with advantage. 

• Biogas reduces the drudgery of women and lowers incidence of eye and lung diseases. 

 
Raw materials for biogas generation Biogas is produced mainly from 

 
• Cow dung 

• Sewage 

• Crop residues 

• Vegetable wastes 

• Water hyacinth 



• Poultry droppings 

• Pig manure 

 
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. 

Anaerobic digestion: 

 
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. The three 

stages are (i) the enzymatic hydrolysis, (ii) acid formation and (iii) methane formation. 

Enzymatic hydrolysis 

 
In this stage, a group of facultative microorganisms 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. 

Acid formation 

 
The micro organisms of facultative and anaerobic group collectively called as acid formers, 

hydrolyze 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. 

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”. The 

following are some approximate rules used for sizing biogas plants or for estimating their 

performance: 

1. One kg of dry cattle dung produces approximately 1 m3 of biogas. 

2. One kg of fresh cattle dung contains 8% dry biodegradable mass. 

3. One kg of fresh cattle dung has a volume of about 0.9 liters. 

4. One kg of fresh cattle dung requires an equal volume of water for preparing slurry. 

5. Typical retention time of slurry in a biogas plant is 40 days. 

 
The efficiency of biogas generation depends upon the following factors: 

 
a. Acid formers and methane fomenters must remain in a state of dynamic 

equilibrium, which can be achieved by proper design of digester. 

b. Anaerobic fermentation of raw cow dung can takes place at any temperature 

between 8 and 55°C. The value of 35°C is taken as optimum. The rate of biogas 

formation is very slow at 8°C. For anaerobic digestion, temperature variation 

should not be more than 2 to 3°C. Methane bacteria work best in the temperature 

range of 35 and 38°C. 

c. A pH value between 6.8 and 7.8 must be maintained for best fermentation and 

normal gas production. The pH above 8.5 should not be used as it is difficult for 

the bacteria to survive above this pH. 

d. A specific ratio of carbon to nitrogen (C/N ration) must be maintained between 

25:1 and 30:1 depending upon the raw material used. The ratio of 30:1 is taken as 

optimum. 

e. The water content should be around 90% of the weight of the total contents. 

Anaerobic fermentation of cow dung proceeds well if the slurry contains 8 to 9% 

solid organic matter. 

f. The slurry should be agitated to improve the gas yield. 

g. Loading rate should be optimum. If digester is loaded with too much raw  

material, acids will accumulate and fermentation will be affected. 



Types of biogas plants: Biogas plants basically are two types. 

 
Floating dome type 

 
Eg. KVIC-type (KVIC- Khadi Village Industries Commission) 

Fixed dome type 

Eg. Deenabandu model 

 
KVIC type biogas plant 

 
This mainly consists of a digester or pit for fermentation and a floating drum for the collection of 

gas. Digester is 3.5-6.5 m in depth and 1.2 to 1.6 m in diameter. There is a partition wall in the 

center, which divides the digester vertically and submerges in the slurry when it is full. The 

digester is connected to the inlet and outlet by two pipes. Through the inlet, the dung is mixed 

with water (4:5) and loaded into the digester. The fermented material will flow out through outlet 

pipe. The outlet is generally connected to a compost pit. The gas generation takes place slowly 

and in two stages. In the first stage, the complex, organic substances contained in the waste are 

acted upon by a certain kind of bacteria, called acid formers and broken up into small-chain 

simple acids. In the second stage, these acids are acted upon by another kind of bacteria, called 

methane formers and produce methane and carbon dioxide. 

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. The unit cost of KVIC model 

with a capacity of 2 m3/day costs approximately Rs.14, 000 - 00. Fig. 1. Schematic diagram of a 

KVIC biogas plant 



 

 

Schematic diagram of a KVIC biogas plant 

 
Janata type biogas plant: 

 
The design of this plant is of Chinese origin but it has been introduced under the name “Janata 

biogas plant” by Gobar Gas Research Station, Ajitmal in view of its reduced cost. This is a plant 

where no steel is used, there is no moving part in it and maintenance cost is low. The plant can 

be constructed by village mason taking some pre-explained precautions and using all the 

indigenously available building materials. Good quality of bricks and cement should be used to 

avoid the afterward structural problems like cracking of the dome and leakage of gas. This model 

have a higher capacity when compared with KVIC model, hence it can be used as a community 

biogas plant. This design has longer life than KVIC models. Substrates other than cattle dung 

such as municipal waste and plant residues can also be used in janata type plants. The plant 

consists of an underground well sort of digester made of bricks and cement having a dome 

shaped roof which remains below the ground level is shown in figure. At almost middle of the 



digester, there are two rectangular openings facing each other and coming up to a little above the 

ground level, act as an inlet and outlet of the plant. Dome shaped roof is fitted with a pipe at its 

top which is the gas outlet of the plant. The principle of gas production is same as that of KVIC 

model. The biogas is collected in the restricted space of the fixed dome, hence the pressure of  

gas is much higher, which is around 90 cm of water column. 

 

 

 

 
Deenbandhu biogas plant : 

 
Deenbandhu model was developed in 1984, by Action for Food Production (AFPRO), a 

voluntary organization based in New Delhi. Schematic diagram of a Deenabandhu biogas plant 

entire biogas programme of India as it reduced the cost of the plant half of that of KVIC model 

and brought biogas technology within the reach of even the poorer sections of the population. 



The cost reduction has been achieved by minimizing the surface area through joining the 

segments of two spheres of different diameters at their bases. The cost of a Deenbandhu 

plant having a capacity of 2 m3/day is about Rs.8000-00. The Deenbandhu biogas plant 

has a hemispherical fixed-dome type of gas holder, unlike the floating dome of of the 

KVIC-design is shown. The dome is made from pre-fabricated ferrocement or reinforced 

concrete and attached to the digester, which has a curved bottom. The slurry is fed from a 

mixing tank through an inlet pipe connected to the digester. After fermentation, the 

biogas collects in the space under the dome. It is taken out for use through a pipe 

connected to the top of the dome, while the sludge, which is a by-product, comes out 

through an opening in the side of the digester. About 90 percent of the biogas plants in 

India are of the Deenbandhu type. 

 

 
Schematic diagram of a Deenabandhu 

biogas plant 
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Uses of biogas 
Biogas serves as a suitable alternate fuel for satisfying the energy needs of human 

society. It can be used for production of power, for cooking, lighting, etc. Figure explains 

the flow chart of different applications of biogas. 

 
 

 

 

 

 

 
 

 

 

 

 

• Cooking and lighting 

Fig. Applications of biogas 

The primary domestic uses of biogas are cooking and lighting. Because 

biogas has different properties from other commonly used gases, such as propane 

and butane, and is only available at low pressures (4 - 8 cm water), stoves capable of 

burning biogas efficiently must be specially designed. Biogas burns with blue flame 

and without any soot and odour which is considered to be one of the major 

advantage compared to traditional cooking fuel like firewood and cow dung cake. 

Thermal application 

Heating Cooking 



Lighting can be provided by means of a gas mantle, or by generating 

electricity. Biogas mantle lamps consume 2-3 cft per hour having illumination 

capacity equivalent to 40 W electric bulbs at 220 volts. This application is 

predominant in rural and unelectrified areas. 

 

• Biogas as an Engine Fuel 

Biogas can be used as a fuel in stationary and mobile engines, to supply 

motive power, pump water, drive machinery (e.g., threshers, grinders) or generate 

electricity. It can be used to operate four stroke diesel and spark ignition engines. 

Electricity generation using biogas is a commercially available and proven 

technology. Typical installations use spark-ignited propane engines that have been 

modified to operate on biogas. Biogas-fueled engines could also be used for other 

on-farm applications. As discussed below, diesel or gasoline engines can be 

modified to use biogas. 

 
IC engines (typically used for electricity generation) can be converted to burn 

treated biogas by modifying carburetion to accommodate the lower volumetric 

heating value of the biogas into the engine and by adjusting the timing on the spark 

to accommodate the slower flame velocity of biogas ignition systems. When biogas 

is used to fuel such engines, it may be necessary to reduce the hydrogen sulphide 

content if it is more than 2 percent otherwise the presence will lead to corrosion of 

engine parts. 

 
In terms of electricity production, small internal combustion engines with 

generator can be used to produce electricity in the rural areas with clustered 

dwellings thus promoting decentralized form of electricity avoiding grid losses. 

 

• Use of biogas as vehicular fuel 

Biogas is suitable as a fuel for most purposes, without processing. If it is to 

be used to power vehicles, however, the presence of CO2 is unsatisfactory, for a 

number of reasons. It lowers the power output from the engine, takes up space in the 

storage cylinders (thereby reducing the range of the vehicle), and it can cause 

problems of freezing at valves and metering points, where the compressed gas 

expands, during running, refuelling, as well as in the compression and storage 

procedure. All, or most, of the CO2 must therefore be removed from the raw biogas, 

to prepare it for use as fuel for vehicles, in addition to the compression of the gas 

into high-pressure cylinders, carried by the vehicle. 



Uses of biodigested slurry 

 
The slurry after the digestion will be washed out of the digester which is rich in various 

plant nutrients such as nitrogen, phosphorous and potash. Well-fermented biogas slurry improves 

the physical, chemical and biological properties of the soil resulting qualitative as well as 

quantitative yield of food crops. Slurry from the biogas plant is more than a soil conditioner, 

which builds good soil texture, provides and releases plant nutrients. Since there are no more 

parasites and pathogens in the slurry, it is highly recommended for use in farming. The economic 

value of the slurry shows that investment can be gained back in three to four year's time if slurry 

is properly used. 

 
The cow dung slurry after digestion inside the digester comes out with following 

characteristics and has following advantages: 

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

condition. 

• The effluent repels termites whereas raw dung attracts them and they can harm plants 

fertilised with farmyard manure (FYM). 

• Effluent used as fertiliser reduces weed growth with about 50%. When FYM is used the 

undigested weed seeds cause an increased weed growth. 

• It has a greater fertilising value than FYM or fresh dung. The form in which nitrogen 

available . 



Lecture-8 

Size and Site Selection for Biogas plant 
Sizing of biogas plant follows based on three parameters namely 

 Daily feed, 

 Retention time and 

 Digester volume 

The biogas plant size is dependent on the average daily feed stock and expected 

hydraulic retention time of the material in the biogas system. Capacity of the plant should 

be designed based on the availability of raw materials. Capacity of the plant indicates the 

quantity of gas produced in a day. Based on the study, 1 kg of cow dung along with equal 

quantity of water (1:1) under anaerobic conditions in a day produces 0.04 m3 or 40 litres 

of biogas. 

Based on the availability of cow dung, the capacity of biogas plant to be 

constructed can be calculated as follows 

Example 

i. 1 cow will yield an average of 10 kg of cow dung in a day. Assume a 

house is having 3 cows. Our objective is to calculate the capacity of the 

plant to be constructed. 

ii. 3 cow x 10 kg/cow/day = 30 kg of cow dung/day 1 kg of cow dung will 

yield 0.04 m3 or 40 litres of biogas. So 30 kg will produce 30x 40 = 1200 

litres or 1.2 m3 of gas in a day. So the capacity of the plant to be 

constructed will be 1 m3. 

Example 

To produced 1 m3 of gas in a day, quantity of cow dung required can be calculated 

as 

1 m3/ (0.04 m3/kg of cow dung) = 25 kg of dung. 

 

When a biogas plant is underfed the gas production will be low; in this case, the 

pressure of the gas might not be sufficient to fully displace the slurry in the outlet 

chamber. If too much material is fed into the digester and the volume of gas is consumed, 

the slurry may enter the gas pipe and to the appliances. 

 

Scaling of the digester 

The size of the digester i.e. the digester volume is determined by the length of the 

retention time and by the amount of fermentation slurry supplied daily. The amount of 

fermentation slurry consists of the feed material (e.g., cattle dung) and the mixing water. 

Example 

25 kg of cow dung + 25 l water = 50 l fermentation slurry 

The digester volume is calculated by the formula 

Digester volume (l) = Daily feed (l/day) x Retention time (days) 

Assuming the Retention time to be 40 days, then the digester volume can be 

calculated by 

Digester volume = 50 (l/day) x 40 (days) = 2000 l or 2 m3 



Selection of construction site 

Selection of construction sites are mainly governed by the following factors: 

 The site should facilitate easy construction works. 

 The selected site should be such that the construction cost is minimized 

 The selected site should ensure easy operation and maintenance activities like 

feeding of plant, use of main gas valve, composing and use of slurry, checking of 

gas leakage, draining condensed water from pipeline etc. 

 The site should guarantee plant safety. 

 To make plant easier to operate and avoid wastage of raw materials, especially the 

dung/swine manure, plant must be as close as possible to the cattle shed. 

 The site should be in slightly higher elevation than the surrounding. This helps in 

avoiding water logging. This also ensures free flow of slurry from overflow outlet 

to the composting pit. 

 For effective functioning of bio-digesters, right temperature (20-35°C) has to be 

maintained inside the digester. Therefore it is better to avoid damp and cool place 

– Sunny site is preferable. 



 To mix dung and water or flush swine manure to the digester, considerable 

quantity of water is required. If water source is far, the burden of fetching water 

becomes more. 

 The well or ground water source should be at least 10 meter away from the 

biodigester especially the slurry pit to avoid the ground water pollution. 

 If longer gas pipe is used the cost will be increased as the conveyance system 

becomes costly. Furthermore, longer pipeline increases the risk of gas leakage. 

The main gas valve which is fitted just above the gas holder should be opened and 

closed before and after the use of biogas. Therefore the plant should be as near to 

the point of application as possible. 

 The site should be at sufficient distance from trees to avoid damage of bio- 

digester from roots. 

 Type of soil should have enough bearing capacity to avoid the possibility of 

sinking of structure. 

Location of biogas plant 

A biogas plant should not be located further than 5 meters from the field. The 

digester chamber must be in an open area and should not be near any water source or 

natural water as animal excrement may seep into underground water. The plant should 

also be situated on a slope and not on the low land to avoid the danger of floods. The 

excess manure from expansion chamber should flow into the farmer’s field or the storage 

tank and not into natural water bodies such as rivers to avoid the risk of pollution. 

 

 

 

 

 

 

Fig. Location of biogas plant 
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DESIGN OF A BIOGAS PLANT  
The design  of  a biogas plant for family will have to be determined  on the  basis of their needs 
 
Basic requirements for design 

i) The average bio gas consumption for cooking purpose per person per day ranges 
between 0.28-0.42m3 depending upon type of food  

ii)          For lighting the mantle lamp of 100 candele power  the bio gas is required  0.11-0.15m3 
per  hour 
 

ii) For operating the i.c. engine the  bio gas is required  0.45-0.54m3 / hp/hour 

The following table1 gives the amount of dung required to produced 1m3 of  bio gas / day 
under average conditions calculated on the basis of 30 to 40 days  of retention period.  

Sl.no Type of animal Dung/manure requirement( 
kg/day) 

1 Cattle dung 32 kg/ day 

2 Pig manure = 20 kg/ day 
 

3 Poultry manure = 12 kg /day 
 

 
 
 
 
The  daily production of manure of different domestic animal is gven in table2 

Sl.no Type of animal Dung/manure production per 
day/animal ( kg) 

1 Cows  10 

2 Oxes 12 
 

3 Buffalo 15 
 

4 Calves 5 

5 Horses  10 

6 goat 5 

7 pigs 2 

8 Human excreta per person 0.4 

9 hens 0.18 

   

   



Example of biogas plant Design  
Q. A village consisting of 98 families, each family consisting of 5 persons (adults).  
Village survey report gives the following  population of cattle 
i)Cows   102 
ii)Oxes   124 
iii)Buffalo   52 
iv)Pig   3 
 
A community biogas plant is to be designed only for cooking and house lighting  
Assume that, 
Gas required for cooking / person / day = 0.227m3 
Gas required for lighting 100 CP lamp per hr = 0.125 
Each family is allotted 2 lamps, which would burn 2 daily. 
Calculation of total quantity of dung available  
The total dung available in village is calculated in following table  

Sl no Type of animal in 
village 

No of animal Dung available 
per day per 
animal in kg 

Total dung 
producedin kg 

1 cows 102 10 102x10=1020 

2 ox 124 12 124x12 = 1488 

3 buffalo 15 15 15x52 = 780 

4 pig 3 2 3x2 = 6 

total    3294 ( approx 
3300) 

 
Let us assume that 

Gas produced from 1 kg  of dung 

Summer ( nov to feb) Winter ( march to oct) 

42 lit  52 lit 

As per standard data the following is considered           
   
Calorific value of biogas = Range of calorific value (5000 – 5500 k cal/m3) 
Average calorific value of biogas = 5250 kcal/m3 
Burning efficiency = 60% 
Density of slurry = 1090 kg/m3 
Total gas produced per day =gas production (lit/kg)x dung(kg) 
The total gas produced per day in different season is given below 
 

Winter  Summer 

42x3300  52x3300  

= 138600 lit/day 171600 lit/day 

=138.6 m3/day 171.0m3/day 

(1 m3=1000 lit) 



To  design a biogas plant for minimum gas generation capacity of 138.6m3/day  
Total gas required in village  
 
i)for cooking 
        Gas required= no of family x  member of family x gas required per person perday 
                         = 98 x5 x  0.227 = 111.23 m3 
 ii)For lighting 

gas required for lightening= no of family x no of lamp x total time x gas  consumption per lamp 
of 100 candele 

                                                  =98x2x0.126 

                                                 =24.696 

Hence ,total biogas required for village = 111.23+24.696 = 135.92 m3 

Whereas , the biogas is produced actually = 138.6m3/day 
Therefore, Surplus gas = 138.6-135.92 = 2.68 m3 

 

  

4 digesters wll be taken for convenience in distribution  
 
1.Design of digester  
The quantity of dung for each digester = 3300/4 = 825 kg 
 For easy handling and  anaerobic fermentation the dung and water ratio is taken in 1 is to 1 
ratio (Dung: water = 1:1) 
Thus , Net Volume of the daily charge = 825+825 kg/ρ 
                                                                    = 825+825/1090      (Density of slurry = 1090 kg/m3 
                                                                     =1.51 
Digester volume= 1.51xretention time 
                              =1.5x30 = 45.3m3 

 For design the biogas plant the actual volume = original volume + 10% of original volume =        
45.3x1.1 

=49.83m3 
When hydrostatics pressure developed  by slurry is  considered, a circular shaped digester has a 
better choice  for design of biogas plant 
    If, the height is H and Depth is D 
    and ratio of height and depth is 1 (H/D=1)  
 
 

Volume of biogas plant = D2H/4 
H3 = Volume x4/3.14 = 49.83x4/3.14 
H3 = 63.47 
H= 3.99 



Diameter of digester = 4 m 

2.Design of gas holder  
Since gas will be used only for 4 hours in a day the volume of the gas holder must be at least 
70% of the daily gas production  
Production of gas / kg fresh dung= 0.06m3 ( for a retention time of 30 days) 
Now the volume of gas to be retained by the gas holder = 825x0.06/2 
=24.75m3 
The  diameter of the holder is same of digester diameter 
Diameter of ga holder = 4 m 

V olume of gas holder =xd2xh/4 
                               24.75=3.14x42xh/4 
                                        h= 1.97 m 
 
3.Total slurry required per day = total dung + water = 3300+3300=6600 kg 
 
  



 



 

                                                 Lecture 10 

Biofuel.  

Biofuels” are transportation fuels like ethanol and biodiesel that are made from 

biomass materials. These fuels are usually blended with petroleum fuels namely with 

gasoline and diesel fuel, but they can also be used on their own. Ethanol and biodiesel are 

also cleaner burning fuels, producing fewer air pollutants. 

 Agricultural scientists have particular interest and expertise in the renewable 

biomass-based fuels. The use of biofuels appears to be a viable alternative 

especially for the on-farm use in tractors and stationary diesel engines. Biomass-

based fuels which have been tried in IC engines, either as a partial or complete 

substitute to the gasoline/diesel fuel, are as given below: 

• Alcohols derived from grains & starch and sugar rich crops, plants and 

trees. 

• Straight or modified vegetable oils derived from oil rich seeds/nuts of 

          farm crops and fruit trees. 

 Spark ignition engines, which are fueled with gasoline work satisfactorily 

with straight alcohol fuels or their blends with gasoline. The alcohol fuels could not 

be exploited on a large scale because the petroleum fuels were abundant, cheap and 

easy to produce. However, due to lower cetane number of alcohol fuels, 

modifications in engine/fuel are required to exploit their use in compression ignition 

engines (Bandel, 1977). The extent and magnitude of modifications depend upon 

the proportion of diesel fuel substitution by alcohol. This was found to be an 

expensive proposition.  

 Vegetable oils are known to offer several advantages. These include better 

self-ignition characteristics, better compatibility with fuel injection system used in 

the existing CI engines, high energy content and safe processing and handling. 

Above all, these fuels can be readily incorporated into the energy pool, should the 

need arise due to sudden shortage or disruption in the existing petroleum supply 

system. 

 The vegetable oils as alternative source of fuel for CI engines have been tried 

by various researchers across the globe and it has been found that the vegetable oils 

performs satisfactory in unmodified diesel engine. However, the problems 

associated with their use are difficulty with cold start, plugging of fuel filter and 

fuel lines, injector coking, dilution of engine oil, carbon deposits on various parts of 



the engines etc. These problems have been correlated with several basic properties 

of vegetable oil such as naturally occurring gums, high viscosity, acid composition, 

free fatty acid content and low cetane rating. Different methods have been 

suggested for eliminating this problem by various researchers (Niehaus et al., 1985 

and Varde, 1982). Some of the methods are: 

• Cracking of vegetable oils  

• Blending the vegetable oils with suitable additives like alcohols 

• Heating the vegetable oils before injecting into combustion chamber 

• Transesterification of vegetable oils 

 Catalytic cracking of vegetable oils requires heating of oil to more than 

3500C temperature. It is an expensive method and has not found favour with the 

research workers. Blending of vegetable oils with alcohols lowers the cetane rating 

of the fuel to unacceptable level requiring the use of cetane improvers. Raising the 

temperature of vegetable oils before injecting again needs considerable energy input 

and engine modification. These three methods are not viable for running the CI 

engine on vegetable oil. 

 Transesterification involves trading the combined glycerol of vegetable oil 

for a reagent alcohol in presence of an alkaline or acidic catalyst to yield free 

glycerol and a combined alcohol in the form of fatty acid esters. The 

transesterification process produces a fuel which is known as bio diesel and it  can 

be used in existing diesel engines without requiring any modification. The ester 

produced from transesterification process presents a very promising alternative to 

diesel fuel since it is renewable, non-volatile and safer in handling due to increased 

fire point. Also, it is environmentally compatible due to lower exhaust emissions. 

Chemistry of Vegetable Oils 

 All petroleum-based fuels including diesel comprise mainly the hydrocarbons (Cn 

H2n-6 and Cn H2n-12). Olefins, diolefins and acetylenes are contained in insignificant 

quantities. As such, these fuels contain only carbon and hydrogen atoms which are 

arranged in a normal or branched chain structure. 

 Vegetable oils are ester made by living plants from fatty acids and glycerol (an 

alcohol). Fats and oils of plant or animal origin are water-insoluble substances. The word 

‘fat’ ordinarily refers to triglycerides, which are solid/semi-solid at ordinary temperature, 

whereas the word ‘oil’ refers to the triglycerides, which are in liquid stage under similar 

conditions.   

  

Chemical structure of vegetable oil 



Pryde (1982) defined vegetable oils as fatty esters of glycerol known as 

triglycerides that comprise one molecule of glycerol and three molecules of fatty acids, 

generally, with non branched chains of different length and degrees of saturation. The 

chemical structure of vegetable oil is shown in Fig 1 where R1, R2 and R3 represent the 

hydrocarbon chain of fatty acids. This chain for vegetable oils may be same or different in 

length, number and position of double bonds. Except crambe and some varieties of 

rapeseed, all other vegetable oils possess maximum 18 carbon atoms with 2 to 3 double 

bonds whereas diesel fuel has 12 to 18 carbon atoms. Thus, unlike diesel fuel, vegetable 

oils contain sufficient amount of oxygen in addition to hydrogen which may facilitate 

burning in combustion chamber of the engine.     
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 Fig.  1   Chemical Structure of Vegetable Oils 

             

 

Peterson (1986) reported that the molecular weight of the glycerol portion (C3H5) 

in a triglyceride molecule is 41whereas the combined molecular weight of the fatty acid 

radicals (RCOO) comprising the remainder of the molecule varies with different fats from 

about 650 to 970 in molecular weight as shown in Fig. 2. Thus the fatty acids contribute 94 

to 96 percent of the total weight of the molecule. This composition of fatty acid is crucial 

and it affects very much the chemical and physical properties such as viscosity, density, 

heat value of a fuel oil. 
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Fig. 2.  Molecular Weight of Glycerol and Radical Fatty Acids of  

                          Triglyceride 

Molecular weight = 650-970  Molecular weight = 41 



 l 

Chemical composition of vegetable 

 Vegetable oils are natural products, therefore, subjected to some variation in 

composition and content of fatty acids. The most common fatty acids present in vegetable 

oils as reported are shown in Table 1. It is clear from the table that unlike diesel fuel, 

vegetable oils contain significant amount of oxygen in addition to carbon and hydrogen. 

The presence of different fatty acids is also dependent to a number of factors such as 

botanical variety, climatic conditions, soil composition, rainfall and temperature.  

Goering et al. (1981) studied the content of different fatty acids in various 

vegetable oils as shown in Table 2. Since, fatty acid contents of vegetable oils have been 

found to be a significant factor in reducing carbon build up in the engine, therefore, the oils 

with lower level of saturation are more desirable for fuels. 

Transesterification of Vegetable Oils 

 Transesterification is defined as the chemical process of reacting vegetable oil, a 

triglyceride, with an alcohol in the presence of a catalyst to produce glycerol and fatty 

ester. In this process the fatty acids of vegetable oil exchange places with the (OH) groups 

of the alcohol producing glycerol and methyl, ethyl or butyl ester depending on the type of 

alcohol used as shown in Fig. 3. 

  O  

CH2 – O – C – R1       CH2OH  R1COOCH3 

  O  

CH – O – C – R2   + 3CH3OH     NAOH    CHOH   + R2COOCH3 

  O 

CH2 – O – C – R3       CH2OH  R3COOCH3 

Vegetable Oil           Methanol      Catalyst    Glycerol         Methyl Ester 

  

Fig. 3    Vegetable Oil Transesterification Process 

 

Note : 

1.When vegetable oil is reacted with methanol than ester is 

named as methyl ester of free fatty acid. 

2. When vegetable oil is reacted with ethanol  than esters 

is named as ethyl ester of free fatty acid. 

3. The ethyl ester and methyl ester both are commercially 

known as bio diesel. 



Table 1    Common Fatty Acids Present in Some Vegetable Oils  

 

Sl. 

No. 

Fatty Acids Chain Length of 

Carbon Atoms 

Degree of Saturation     Structural Formula Melting Point  

(°C) 

1.  Lauric Acid 12 Saturated CH3-(CH2)10-COOH 44.2 

2.  Myristic Acid 14 Saturated CH3-(CH2)12-COOH 54.4 

3.  Palmitic Acid 16 Saturated CH3-(CH2)14-COOH 62.9 

4.  Plamitoleic Acid 16 Mono-unsaturated CH3-(CH2)5-CH=CH-(CH2)7-COOH - 0.5 

5.  Stearic Acid 18 Saturated CH3-(CH2)16-COOH 69.6 

6.  Oleic Acid 18 Mono-unsaturated CH3-(CH2)7-CH=CH-(CH2)7-COOH 16.0 

7.  Linoleic Acid 18 Di- unsaturated CH3-(CH2)4-CH2=CH-(CH2)7-COOH - 5.0 

8.  Linolenic Acid 18 Tri- unsaturated CH3-(CH2)2-CH=CH-CH2-CH=CH-CH2-

CH=CH-(CH2)6-COOH 

- 11.0 

9.  Arachidic Acid 20 Saturated CH3-(CH2)18-COOH 75.5 

10.  Erucic Acid 22 Mono- unsaturated CH3-(CH2)7-CH-CH-(CH2)11-COOH 34.0 

 



Table 2   Fatty Acids Composition of Some Vegetable Oils 

Oil 
Palmitic 

(%) 

Stearic 

(% ) 

Oleic 

(%) 

Linoleic 

(%) 

Linolenic     

(%) 

Cosenic 

(%)   

Erucic   

(%) 

Docesadienoic 

(%) 

Myristic  

(%)   

Caprylic 

(%)     

Capric 

(%) 

Arachidic   

(%)   

Lauric     

(%) 

Rapeseed Oil 1.9 - 2.8 0.4 - 3.5 12 -24 12 - 16 5 - 10 3 - 12 35 - 55 0.6 - 2 - - - - - 

Mustard Seed Oil 1.5 0.4 22 14.2 6.8 7.0 44.2 - - - - - - 

Soybean Oil 7 – 11 2-6 15 - 33 43 - 56 5 - 11 - - - - - - - - 

Babassu Oil 6 – 8 3 - 5 12.16 2-3 - - - - 15 - 16 4 - 5 6 - 7 - 44 - 45 

Safflower Oil 2 – 5 2 - 5 13 - 35 60 - 75 - - - - - - - - - 

Sheanut Oil  6 – 8 36 - 41 49 - 50 4 - 5 - - - - - - - - - 

Palm Kernel Oil  8 2 13 2 - - - - 17 3 4 41 51 

Sunflower Oil  3 – 6 1-3 14 - 43 44 - 75 - - - - - - - 0.5 - 1.0 - 

Olive Oil 7 – 15 70 - 85 4-12 - - - - - - - - - - 

Maize Oil 8 – 12 2 - 5 19 - 49 34 – 62 Traces - - - - - - - - 

Coconut Oil 11 6 7 2 - - - - 18 6 6 - 44 

Sesame Oil 7 – 9 4 - 5 48 - 49 35 - 47 - - - - - - - - - 

Cocoa Butter Oil 25 35 38 2 - - - - - - - - - 

Palm Oil 48 4 38 9 - - - - 1 - - - - 

Cotton Seed Oil 20-23 1-3 23-35 42-54 - - - - 0.5 -1.5 - - - - 



Transesterification Process of vegetable Oil for bio diesel 

Transesterification process is defined as the chemically reacting triglycerides such as 

one of the vegetable oil with an alcohol in presence of an alkaline or acidic catalyst to 

produce glycerol and fatty acids ester. In this process the ester is produced when vegetable 

oil combines with a simple alcohol in the presence of a catalyst. The fatty acids of 

vegetable oil exchange places with the (OH) groups of the alcohol producing glycerol and 

methyl, ethyl or butyl fatty acids ester depending on the type of alcohol used. The methyl 

ester / ethyl ester is called bio diesel.  The four distinct stages in the preparation of an ester 

are namely: 

– heating oil at a desired temperature 

– stirring and heating of alcohol-oil mixture with an alkaline or acidic catalyst 

– separation of glycerol and washing of ester with water  

– evaporating traces of water from ester recovered 

The following parameters affect the level of ester recovery: 

– molar ratio of rice bran  oil – methanol  mixture  

– preheating time 

– percentage amount of catalyst (NaOH) or concentration of NaOH 

– reaction time  

– reaction temperature  

– settling time 

– method of removal of traces of water from washed ester either by heating or 

absorbing using a suitable chemical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. Flow chart of transesterification process for bio diesel  
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Fuel  Properties of Bio Fuels  
The different fuel properties of the bio fuel is mentioned below 
 

Kinematic viscosity 

 The viscosity of a liquid is a measure of internal friction of the liquid in motion. It 

plays an important role in the performance of an engine fuel system operating through a 

wide range of temperature. Kinematic viscosity affects the injection system. Low viscosity 

can result in an excessive wear in the injection pumps and power loss due to pump leakage 

whereas high viscosity may result in excessive pump resistance, filter blockage, high 

pressure and coarse atomization affecting the atomization and fuel delivery rates.  

 A Redwood Viscometer No.1 of Widson make as shown in Plate 4.1 was used for 

measurement of kinematic viscosity of selected fuel samples as well as the methyl ester 

obtained from selected molar ratio of 5:1, 6:1, 7:1 and 8:1. The instrument measures the 

time of gravity flow in seconds of a fixed volume of the fluid (50ml) through specified 

orifice made in an agate piece as per IS: 1448 [P : 25] 1976. The apparatus could be used 

for flow time between 30 to 2000 seconds. The fuel was filled in a cup fitted with an agate 

jet at the bottom up to a specified level indicated in the cup. The cup was surrounded by 

water jacket having an immersion heater. The water was heated to 380C by regulating the 

rate of heating using a voltage regulator of the instrument. A silver plated metallic ball was 

used to open and close the agate jet. A standard 50 ml volumetric glass was kept below the 

agate jet to collect a falling fuel sample. Each test was replicated thrice. Kinematic 

viscosity in centistokes was then calculated from time units by using the relationships 

given by Guthrie (1960): 

 

  V = 
t

179
t26.0 −        ...3.1 

    When 34 < t < 100 and 

  V =
t

50
t24.0 −          ...3.2      

    When t > 100 

where,  

 V  =  Kinematic viscosity in centistokes, cS 

  t  =  Time for flow of 50 ml sample, s 

 

Relative density and API gravity 

The relative density of the selected fuels as mentioned above at 150C was 

determined as per IS: 1448 [P: 32]: 1992. The empty pyknometers (Plate 4.4) were 

weighed on an Adair Dutt make, MJ 500 series electronic balance of range 0 - 500g, 

having readability of 0.001 g. The pyknometers were then filled with fuel samples and 

weighed. The samples were maintained at 150C by keeping them in a Saveer Biotech make 



walk-in temperature control chamber. A mercury thermometer of 0 – 1000C range was also 

used to measure the temperature of fuels kept inside the temperature control chamber.  

The weights of the empty pyknometers were subtracted from the weights of the 

filled ones to get the weight of the fuel samples. Three replicates were taken for each 

sample and their mean was calculated. This value when divided by the volume of the fuel 

sample gave the density of the fuel sample. The density of distilled water at 150C was also 

determined.  

The equation 1 was used to calculate the relative density. 

Relative density = 
C15 at water  theof Density

C15 at  fuel the ofDensity 
0

0

   ... 1       

The API (American Petroleum Institute) gravity, which is an indicator of heat 

content and lightness of a fuel, was also calculated. The higher the API gravity, the lighter 

is the fuel. The following relationship was used to determine the API gravity of diesel, rice 

bran oil, and its methyl esters of 6.49 cS kinematic viscosity and their blends with diesel.   

API Gravity = 131.5
C15atdensityRelative

141.5
0

−                 ... 2 

Heat of combustion 

 The heat of combustion or calorific value of a fuel is an important measure since it 

is the heat produced by the fuel within the engine that enables the engine to do the useful 

work. The gross heat of combustion of fuel samples was determined as per IS: 1448 [P : 6] 

: 1984 with the help of a Widson Scientific Works make Isothermal Bomb Calorimeter 

(Plate 4.5). A 2 ml fuel sample was burnt in the bomb of calorimeter in the presence of 

pure oxygen. The sample was ignited electrically. As the heat was produced, the rise in 

temperature was measured. The water equivalent (effective heat capacity of the 

calorimeter) was also determined using pure and dry benzoic acid as test fuel. Each sample 

was replicated three times. 

The heat of combustion of the fuel samples was calculated using the equation given 

below: 

    Hc = 
S

C

M

TW 
     ...3 

where,  

 Hc  =  Heat of combustion of the fuel sample, Cal / g  

 Wc  =  Water equivalent of the calorimeter, Cal / 0C 

  T =  Rise in temperature, 0C 

  Ms  =  Mass of sample burnt, g 

 

Cloud and Pour point 

 The Cloud and Pour point are the measure which indicates that the fuel is 

sufficiently fluid to be pumped or transferred. Hence, it holds significance to engines 



operating in cold climate. The Cloud Point is defined as the temperature at which a cloud 

or haze of wax crystal appears at the bottom of a test jar when chilled under prescribed 

conditions. The Pour Point is defined as the temperature at which the fuel ceases to flow. 

Both properties may indicate the tendency towards filter plugging and flow problems in the 

fuel line. 

 The Cloud and Pour point of fuel samples were determined as per IS: 1448 [P : 10] 

: 1970 using the Cloud and Pour point apparatus as shown in Plate 4.5. The apparatus 

mainly consists of 12 cm high glass tubes of 3 cm diameter. These tubes are enclosed in an 

air jacket which is filled with a freezing mixture of crushed ice and sodium chloride 

crystals. The glass tube containing fuel sample is taken out from the jacket at every 10C 

interval as the temperature falls and is inspected for cloud formation. The point at which a 

haze was first seen at the bottom of the sample was taken as the Cloud Point. 

 The apparatus and the procedure for the Pour Point was same as for Cloud Point, 

only the sample was pre-heated to 480C and then cooled to 350C in air before it was filled 

in the glass tube. Thereafter, the cooled samples were placed in the apparatus and 

withdrawn from the cooling bath at 10C interval for checking its flowability. The Pour 

Point was taken to be the temperature 10C above the temperature at which no motion of 

fuel was observed for five seconds on tilting the tube to a horizontal position. Three 

replications were made for each fuel type. 

 

 

Flash and Fire Point 

 Flash Point measures the tendency of a fuel to form a flammability mixture with air 

under controlled laboratory conditions. This is the property that must be considered in 

assessing the overall flammability and hazard of material. Flash Point can indicate the 

possible presence of highly volatile and flammable material in relatively non volatile 

material. It is defined as the lowest temperature at which the fuel gives off enough vapours 

and ignites for a moment. The Fire Point is an extension of Flash Point in a way that it 

reflects the condition at which vapour burns continuously for five seconds. The Fire Point 

is always higher than flash point by 5 to 80C.    

A Pensky Martin Flash Point (closed) apparatus as shown in Plate 3.7 was used for 

measuring the Flash and Fire Point of the fuel samples. The sample was filled in the test 

cup up to the specified level and heated by heating the air bath with the help of a heater. 

The fuel sample was stirred at a slow constant rate. The sample was heated in such a way 

that rate of temperature rise was approximately 50C per min.  The temperature was 

measured with the help of a thermometer of -10 to 4000C range. At every 10C temperature 

rise, flame was introduced for a moment with the help of a shutter. The temperature at 

which a flash appeared in the form of sound and light was recorded as flash point. The Fire 

Point was recorded as the temperature at which fuel vapour catches fire and stays for 

minimum of five seconds.  



Ash content 

 Ash in a fuel can result from oil, water soluble material compounds or extraneous 

solids, such as dirt and rust. The ash content of diesel, rice bran oil, methyl ester of rice 

bran oil and their blends with diesel fuel was measured as per the standard ASTM D482-

IP 4 of Institute of Petroleum, London. An electric Muffle Furnace of Wiswo make was 

used in the experiment as shown in Plate 3.8. In order to measure the ash content, sample 

was taken in a silica dish. The dish was first weighed empty and then with the fuel sample. 

The sample weight was obtained from the difference between the initial and final weight of 

the dish. The sample was then placed in the muffle furnace and heated at 775   250C for 

two hours. The dish was then cooled to room temperature in a desiccator. Thereafter, the 

dish was weighed to the nearest 0.01 mg using an electronic balance described in Section 

3.3.2. Each sample was replicated three times. The ash content was obtained using the 

equation given below 

  As = 100
Ws

Wa
      ...4 

where,  

  As  =  Ash content, %  

 Wa  =  weight of ash, g 

  Ws  =  weight of sample, g 

Carbon residue 

Carbon residue was determined for different fuels by the method specified in the 

standard ASTM D189–IP 13 of Institute of Petroleum, London. This procedure determines 

the amount of carbon residue left after evaporation and pyrolysis of an oil. It is intended to 

provide some indication of relative coke forming properties. In this method, 10 g weight to 

the nearest 5 mg of each fuel sample was weighed free of moisture and other suspended 

matter into an iron crucible of the apparatus. The crucible was then placed in the center of 

skidmore crucible of the apparatus and the sand was leveled in the large sheet iron crucible 

and then the skidmore crucible was set on it in the exact centre of the iron crucible. 

Thereafter, the covers were applied to both skidmore and iron crucible loosening the latter 

fitting to allow free exit to the vapours as it is formed. The fuel sample was then heated 

with a high strong flame from gas burner for 20 min. When the smoke appeared on the 

chimney, immediately the burner was moved or tilted so that the gas flame plays on the 

sides of the crucible for the purpose of igniting the vapours. After that the ignited vapour 

was burnt uniformly with the flame above the chimney for another period of time. When 

the vapour ceased to burn and no further smoke was observed, the burner was adjusted and 

the heat was held as at the beginning to make the bottom and the lower part of the sheet 

iron crucible a cherry red for about 15 min. Thereafter, the burner was removed and 

allowed to cool until no smoke appeared. The cover of skidmore was then removed with a 

tong and was cooled and weighed. The percentage of carbon residue on the original sample 

was then calculated using the equation as given below: 



  Cr = 100
W

W

s

c        ... 5 

 

 

where, 

  Cr = carbon residue, % 

   Wc  =  weigh of carbon residue, g 

  Ws  =  weight of the sample, g  

Acid value 

 Free fatty acids present in a vegetable oil or their esters may be corrosive to some 

engine parts. At elevated temperatures, free fatty acids may react with many metals 

producing fatty acid metal salts thus increasing wear. Acid value is, therefore, an important 

characteristic to be measured. The acid value is measured in terms of total acidity which is 

defined as a measure of combined organic and inorganic acidity. The inorganic acidity is a 

measure of the mineral acids present whereas the organic acidity is obtained by deducting 

the inorganic acidity from the total acidity. The total acid value of different fuel samples 

was measured as per ASTM D974–IP 1/64 of Institute of Petroleum, London. The 

procedure described below was followed in order to determine total acidity of various fuels 

selected for the study: 

• Prepare standard of potassium hydroxide reagent in the following manner: 

- dissolve 1.5 g silver nitrate in 3 ml of water and add 1 litre of 95 percent 

alcohol to it. 

- dissolve 3 g of potassium hydroxide in 10 – 15 ml of warm alcohol and add it to 

alcoholic silver nitrate solution with slight stirring. 

- allow the mixture to settle for a week. 

- thereafter distill the clear supernatant solution off the alcohol on a steam bath to 

recover the reagent. 

- now dissolve 6 g solid potassium hydroxide in 1 litre of purified alcohol reagent 

as proposed above. 

- allow the solution to settle in dark place for 24 hours and calculate the 

normality. 

• Analyze total acidity of a fuel sample in the following manner: 

- weigh 10 ml sample in to 250 ml conical flask. 

- add 1 ml of phenolphthalein solution to 50 ml of alcohol in another flask and 

heat it to 500C and neutralize with potassium hydroxide reagent as proposed 

above. 

- add neutralized alcohol and phenolphthalein solution to the fuel sample. 

- heat the mixture to the boiling point on a water bath for 5 min. 

- add 1 ml of phenolphthalein to the mixture and cool it to 40 -500C. 

- titrate as quickly as possible the sample with the potassium hydroxide reagent. 

During the course of study, each sample was replicated three times. The total acidity of 

a fuel sample was then calculated using equation given below: 



  At = 
W

VN1.56 
      ...6 

where, 

 At  =  total acidity, mg of KOH/g  

 V  =  volume of potassium hydroxide solution, ml 

 N  =  normality of the potassium hydroxide solution 

  W  =  weight of sample, g 

 

Properties of Selected Vegetable Oils and their Esters 

 Since vegetable oils are not ideally suitable as fuel for diesel engine, they 

are, therefore, modified to bring their properties closer to that of diesel fuel. This 

modification is particularly aimed at reducing the viscosity that would eliminate the 

flow problems. Different fuel properties of vegetable oils and ester of free fati acid 

(bio diesel) is given in Table 3 and Table 4. 



Table 3   Fuel Properties of Different Plant Oils  

    Oil 

Viscosity at 

380C 

(mm2/s) 

Cetane 

No. 

Gross Heating 

Value               

(kJ/kg) 

Cloud 

Point         

(0C) 

Pour   

Point       

(0C) 

Flash 

Point        

(0C) 

Density  

 

(kg/l) 

Carbon 

Residue        

(%)  

Ash 

Content 

(%)  

Sulfur  

Content 

(%)  

Induction 

period       

(h) 

Caster  297 - 37274 None -31.7 260 0.9537 0.22 <0.01 0.01 5.0 

Corn 34.9 37.6 39500 -1.1 -40.0 277 0.9095 0.24 0.01 0.01 9.3 

Cottonseed 33.5 41.8 39468 1.7 -15.0 234 0.9148 0.24 0.01 0.01 7.3 

Crambe 53.6 44.6 40482 10.0 -12.2 274 0.9044 0.23 0.05 0.01 9.0 

Linseed 27.2 34.6 39307 1.7 -15.0 241 0.9236 0.22 <0.01 0.01 6.4 

Peanut 39.6 41.8 39782 12.8 -6.7 271 0.9026 0.24 0.005 0.001 2.9 

Rapeseed 7.0 37.6 39709 -3.9 -31.7 246 0.9115 0.30 0.054 0.01 0.0 

Safflower 31.3 41.3 39519 18.3 -6.7 260 0.9144 0.25 0.006 0.01 3.1 

High Oleic 

Safflower 

41.2 49.1 39516 -12.2 -20.6 293 0.9021 0.24 <0.001 0.02 9.8 

Sesame 35.5 40.2 39349 -3.9 -9.4 254 0.9133 0.25 <0.01 0.01 8.7 

Soybean 32.6 37.9 39623 3.9 -12.2 274 0.9138 0.27 <0.01 0.01 7.4 

Sunflower  33.9 37.1 39575 7.2 -15.0 - 0.9161 0.23 <0.01 0.01 5.4 



 Table 4   Properties of Diesel and Various Plant Oil Esters  

Fuel 
Lower Heat Value 

(MJ/kg) 

Viscosity at 40oC 

(cS) 

Specific Volume at 20oC 

(ml/g) 

Ash Content 

(%)  

Total Acidity  

(mg of KOH/g) 

Diesel 43.57 4.1 1.174 0.01 <0.05 

Ethyl Ester of Sunflower Oil  38.53 4.9 1.144 0.006 <5.0 

Methyl  Ester of Sunflower Oil 37.69 4.4 1.130 0.001 <0.1 

Ethyl Ester of Maize Oil 38.05 5.2 1.156 0.003 4.3 

Methyl Ester of  Maize Oil 38.03 4.5 1.160 0.005 1.4 

Ethyl Ester of Cotton Seed Oil 38.95 5.0 1.143 0.02 4.0 

Methyl Ester of Cotton Seed Oil 38.83 4.4 1.146 0.007 2.0 

Ethyl Ester of Peanut Oil 38.55 5.1 1.610 0.003 4.6 

Methyl Ester of Peanut Oil 38.72 4.4 1.160 0.005 1.0 

Ethyl Ester of Soybean Oil 38.75 4.7 1.176 0.003 5.6 

Methyl Ester of Soybean Oil 38.01 4.2 1.146 0.003 2.9 

Ethyl Ester of Caster Oil 35.27 14.1 1.104 0.01 4.0 

Methyl Ester of Caster Oil  38.55 17.1 1.101 0.01 6.6 



Methyl Ester of Rice Bran Oil 39.19 8.76  1.136 - 1.93 
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Biogas plants types 

 
Most organic materials undergo a natural anaerobic digestion in the presence of moisture and 

absence of oxygen and produce biogas. The biogas so obtained is a mixture of methane (CH4): 

55-65% and Carbon dioxide (CO2): 30-40%. The biogas contains traces of H2, H2S and N2. The 

calorific value of biogas ranges from 5000 to 5500 Kcal/Kg (18.8 to 26.4 MJ /m3). The biogas 

can be upgraded to synthetic natural gas (SNG) by removing CO2 and H2S. The production of 

biogas is of particular significance in India because of its large scale cattle production. The 

biogas is used for cooking, domestic lighting and heating, run I.C. Engines and generation of 

electricity for use in agriculture and rural industry. Family biogas plants usually of 2-3 m3 

capacity. 

Advantages 

 
 The initial investment is low for the construction of biogas plant. 

 The technology is very suitable for rural areas. 

 Biogas is locally generated and can be easily distributed for domestic use. 

 Biogas reduces the rural poor from dependence on traditional fuel sources, which lead to 

deforestation. 

 The use of biogas in village helps in improving the sanitary condition and checks 

environmental pollution. 

 The by-products like nitrogen rich manure can be used with advantage. 

 Biogas reduces the drudgery of women and lowers incidence of eye and lung diseases. 

 
Raw materials for biogas generation Biogas is produced mainly from 

 
 Cow dung 

 Sewage 

 Crop residues 

 Vegetable wastes 

 Water hyacinth 



 Poultry droppings 

 Pig manure 

 
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. 

Anaerobic digestion: 

 
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. The three 

stages are (i) the enzymatic hydrolysis, (ii) acid formation and (iii) methane formation. 

Enzymatic hydrolysis 

 
In this stage, a group of facultative microorganisms 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. 

Acid formation 

 
The micro organisms of facultative and anaerobic group collectively called as acid formers, 

hydrolyze 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. 

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”. The 

following are some approximate rules used for sizing biogas plants or for estimating their 

performance: 

1. One kg of dry cattle dung produces approximately 1 m3 of biogas. 

2. One kg of fresh cattle dung contains 8% dry biodegradable mass. 

3. One kg of fresh cattle dung has a volume of about 0.9 liters. 

4. One kg of fresh cattle dung requires an equal volume of water for preparing slurry. 

5. Typical retention time of slurry in a biogas plant is 40 days. 

 
The efficiency of biogas generation depends upon the following factors: 

 
a. Acid formers and methane fomenters must remain in a state of dynamic 

equilibrium, which can be achieved by proper design of digester. 

b. Anaerobic fermentation of raw cow dung can takes place at any temperature 

between 8 and 55°C. The value of 35°C is taken as optimum. The rate of biogas 

formation is very slow at 8°C. For anaerobic digestion, temperature variation 

should not be more than 2 to 3°C. Methane bacteria work best in the temperature 

range of 35 and 38°C. 

c. A pH value between 6.8 and 7.8 must be maintained for best fermentation and 

normal gas production. The pH above 8.5 should not be used as it is difficult for 

the bacteria to survive above this pH. 

d. A specific ratio of carbon to nitrogen (C/N ration) must be maintained between 

25:1 and 30:1 depending upon the raw material used. The ratio of 30:1 is taken as 

optimum. 

e. The water content should be around 90% of the weight of the total contents. 

Anaerobic fermentation of cow dung proceeds well if the slurry contains 8 to 9% 

solid organic matter. 

f. The slurry should be agitated to improve the gas yield. 

g. Loading rate should be optimum. If digester is loaded with too much raw  

material, acids will accumulate and fermentation will be affected. 



Types of biogas plants: Biogas plants basically are two types. 

 
Floating dome type 

 
Eg. KVIC-type (KVIC- Khadi Village Industries Commission) 

Fixed dome type 

Eg. Deenabandu model 

 
KVIC type biogas plant 

 
This mainly consists of a digester or pit for fermentation and a floating drum for the collection of 

gas. Digester is 3.5-6.5 m in depth and 1.2 to 1.6 m in diameter. There is a partition wall in the 

center, which divides the digester vertically and submerges in the slurry when it is full. The 

digester is connected to the inlet and outlet by two pipes. Through the inlet, the dung is mixed 

with water (4:5) and loaded into the digester. The fermented material will flow out through outlet 

pipe. The outlet is generally connected to a compost pit. The gas generation takes place slowly 

and in two stages. In the first stage, the complex, organic substances contained in the waste are 

acted upon by a certain kind of bacteria, called acid formers and broken up into small-chain 

simple acids. In the second stage, these acids are acted upon by another kind of bacteria, called 

methane formers and produce methane and carbon dioxide. 

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. The unit cost of KVIC model 

with a capacity of 2 m3/day costs approximately Rs.14, 000 - 00. Fig. 1. Schematic diagram of a 

KVIC biogas plant 



 

 

Schematic diagram of a KVIC biogas plant 

 
Janata type biogas plant: 

 
The design of this plant is of Chinese origin but it has been introduced under the name “Janata 

biogas plant” by Gobar Gas Research Station, Ajitmal in view of its reduced cost. This is a plant 

where no steel is used, there is no moving part in it and maintenance cost is low. The plant can 

be constructed by village mason taking some pre-explained precautions and using all the 

indigenously available building materials. Good quality of bricks and cement should be used to 

avoid the afterward structural problems like cracking of the dome and leakage of gas. This model 

have a higher capacity when compared with KVIC model, hence it can be used as a community 

biogas plant. This design has longer life than KVIC models. Substrates other than cattle dung 

such as municipal waste and plant residues can also be used in janata type plants. The plant 

consists of an underground well sort of digester made of bricks and cement having a dome 

shaped roof which remains below the ground level is shown in figure. At almost middle of the 



digester, there are two rectangular openings facing each other and coming up to a little above the 

ground level, act as an inlet and outlet of the plant. Dome shaped roof is fitted with a pipe at its 

top which is the gas outlet of the plant. The principle of gas production is same as that of KVIC 

model. The biogas is collected in the restricted space of the fixed dome, hence the pressure of  

gas is much higher, which is around 90 cm of water column. 

 

 

 

 
Deenbandhu biogas plant : 

 
Deenbandhu model was developed in 1984, by Action for Food Production (AFPRO), a 

voluntary organization based in New Delhi. Schematic diagram of a Deenabandhu biogas plant 

entire biogas programme of India as it reduced the cost of the plant half of that of KVIC model 

and brought biogas technology within the reach of even the poorer sections of the population. 



The cost reduction has been achieved by minimizing the surface area through joining the 

segments of two spheres of different diameters at their bases. The cost of a Deenbandhu plant 

having a capacity of 2 m3/day is about Rs.8000-00. The Deenbandhu biogas plant has a 

hemispherical fixed-dome type of gas holder, unlike the floating dome of of the KVIC-design is 

shown. The dome is made from pre-fabricated ferrocement or reinforced concrete and attached to 

the digester, which has a curved bottom. The slurry is fed from a mixing tank through an inlet 

pipe connected to the digester. After fermentation, the biogas collects in the space under the 

dome. It is taken out for use through a pipe connected to the top of the dome, while the sludge, 

which is a by-product, comes out through an opening in the side of the digester. About 90 

percent of the biogas plants in India are of the Deenbandhu type. 

 

 
Schematic diagram of a Deenabandhu biogas plant 
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Introduction to Biogas Technology 

Biogas 

It’s a mixture of gas produced by the microorganisms during the anaerobic 

fermentation of biodegradable materials. Anaerobic fermentation is a biochemical 

process in which particular kinds of bacteria digest biomass in an oxygen-free 

environment resulting in production of CH4, CO2, H2 and traces of other gases along with 

decomposed mass. 

 

Properties of Biogas 

Biogas is a mixture of different components and the composition varies 

depending upon the characteristics of feed materials, amount of degradation, etc. Biogas 

predominantly consists of 50 to 70 per cent methane, 30 to 40 per cent carbon dioxide 

and low amount of other gases. Methane is a combustible gas. The energy content of 

biogas depends on the amount of methane it contains. Methane content varies from about 

50 percent to 70 percent. The composition and the properties of the biogas are given in 

the following table 1.1 and 1.2. 

 
Table 1.1 Composition of biogas 

Name of the gas Composition in biogas (%) 

Methane (CH4) 50-70 

Carbon dioxide (CO2) 30-40 

Hydrogen (H2) 5-10 

Nitrogen (N2) 1-2 

Water vapour (H2O) 0.3 

Hydrogen sulphide (H2S) Traces 

 
Table 1.2 Properties of biogas 

Properties Range 

Net calorific value (MJ/m3) 20 

Air required for combustion (m3/m3) 5.7 

Ignition temperature (0C) 700 

Density (kg/m3) 0.94 

 

Microbiology of biogas production: 

The production of biogas from organic material under anaerobic condition 

involves sequence of microbial reactions. During the process complex organic molecule 

present in the biomass are broken down to sugar, alcohols, pesticides and amino acids by 

acid producing bacteria. The resultant products are then used to produce methane by an- 

other category of bacteria. The biogas production process involves three stages namely: 



 

i. Hydrolysis 

ii. Acid formation and 

iii. Methane formation 

 
The process of degradation of organic material in every step is done by range of 

bacteria, which are specialized in reduction of intermediate products formed. The 

different process involved in production of biogas is given in the figure. The efficiency of 

the digestion depends how far the digestion happens in these three stages. Better the 

digestion, shorter the retention time and efficient gas production. 

 

Hydrolysis 

The complex organic molecules like fats, starches and proteins which are water 

insoluble contained in cellulosic biomass are broken down into simple compounds with 

the help of enzymes secreted by bacteria. This stage is also known as polymer  

breakdown stage (polymer to monomer). The major end product is glucose which is a 

simple product. 

 

Acid formation 

The resultant product (monomers) obtained in hydrolysis stage serve as input for 

acid formation stage bacteria. Products produced in previous stage are fermented under 

anaerobic conditions to form different acids. The major products produced at the end of 

this stage are acetic acid, propionic acid, butyric acid and ethanol. 

 

Methane formation: 

The acetic acid produced in the previous stages is converted into methane and 

carbon dioxide by a group of microorganism called “Methanogens”. In other words, it is 

process of production of methane by methanogens. They are obligatory anaerobic and 

very sensitive to environmental changes. Methanogens utilise the intermediate products 

of the preceding stages and convert them into methane, carbon dioxide, and water. It is 

these components that make up the majority of the biogas emitted from the system. 

Methanogenesis is sensitive to both high and low pH’s and occurs between pH 6.5 and 

pH 8. Major reactions occurring in this stage is given below: 
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The process of biogas formation through different stages is depicted in figure. 
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Figure: Stages of biogas formation 
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Biogas plant and its components: 

A physical structure designed to carry out anaerobic digestion of organic 

materials is called “Biogas plant”. Following are the components of biogas plants: 

 
Mixing tank : Cow dung is collected from the shed and mixed with the 

water in equal proportion (1:1) to make a homogenous 

mixture (slurry) in the mixing tank 

Feed inlet pipe/tank : The homogenous slurry is let into the digester through this 

inlet pipe (KVIC biogas plants)/tank (Janatha biogas 

plants) 

Digester : The fed slurry is subjected to anaerobic fermentation with 

the help of microorganisms inside the digester. 

Gas holder : As a result of anaerobic fermentation, gas produced is 

stored in gas holder (Drum in the case of KVIC and in 

dome in the case of fixed dome biogas plants) 

Slurry outlet tank/pipe : The digested slurry is let out from the digester through 

slurry outlet pipe (KVIC biogas plants)/tank (Janatha 

biogas plants) 

Gas outlet pipe : Stored gas is released and conveyed through the gas outlet 

pipe present at the top of gas holder. 

 

Classification of biogas plants 

Based on the nature of feeding, biogas plants would be broadly divided into 3 

types and they are as follows 

i. Batch type: The organic waste materials to be digested under anaerobic condition 

are charged only once into a reactor-digester. The feeding is between intervals, 

the plant is emptied once the process of digestion is complete. Retention time 

usually varies from 30 to 50 days. The gas production in it is intermittent. These 

plants are well suited for fibrous materials. This type of plant needs addition of 

fermented slurry to start the digestion process and it not economical to maintain 

which are considered to be the major draw backs. 

 
ii. Semi continuous: A predetermined quantity of feed material mixed with water is 

charged into the digester from one side at specified interval of time; (say once a 

day) and the digested material (effluent) equivalent to the volume of the feed, 

flows out of the digester from the other side (outlet). 



 

iii. Continuous type: The feed material is continuously charged to the digester with 

simultaneous discharge of the digested material (effluent). The main features of 

this type of plants are continuous gas production, requires small digestion area, 

lesser period for digestion, less maintenance, etc. 

The biogas plants used in the villages are of semi continuous type employing 

animal dung and other biomass as the feed stock for biogas production. So the 

classification of semi-continuous type biogas plant is explained below. 

i. Floating drum type – KVIC model 

ii. Fixed dome type model – Deenbandhu model 
 

Floating drum type (Constant pressure) 

In this type of plants digester is made of bricks and is of circular in shape. It is 

constructed typically underground to lessen the heat loss from the plant. Partition wall is 

constructed (dividing the digester into two parts) for higher size capacity plants to avoid 

the short-circuiting of digested slurry with the fresh feed. Separate gasholder is  

fabricated and fixed to store the gas produced during digestion besides acting as an 

anaerobic seal for the process. As the volume of gas production increases drum starts to 

rise and if the stored gas is withdrawn the level of drum drops to lower level. Scum 

formed in the digester can be broken with the help of drum rotation both clockwise and 

anticlockwise. Central guide frame is provided to hold the gasholder and to allow it to 

move vertically during gas production. The drum is made up of mild steel and it 

constitutes around 60 per cent of overall plant costs. Salient features of this type of plants 

include weight of drum helps to discharge the gas produced at constant pressure, volume 

of gas storage can be judged visually. 

 
Small masonry tanks are constructed for mixing of cow dung, water and to dis- 

charge the slurry out of the digester. Concrete pipes are provided to convey the raw and 

digested slurry in and out of the digester. Gas outlet pipe is provided at top of the drum to 

let the gas out of drum. KVIC floating drum model is predominantly used in India and fig 

shows the schematic diagram of it. 

Advantages and disadvantages of floating drum plant. 
 

Advantages: 

i. Higher gas production per cum of the digester volume is achieved. 

ii. Floating drum has welded braces, which  help  in  breaking  the  scum  by 

rotation. 

iii. No problem of gas leakage. 



iv. Constant gas pressure. 
 

Disadvantages 

i. It has higher cost, as cost is dependent on steel and cement 

ii. Heat is lost through the metal gasholder. 

iii. Gasholder required painting once or twice a year, depending on the humidity of 

the location. 

iv. Flexible pipe joining the gasholder to the main gas pipe requires maintenance, as 

ultraviolet rays in the sun damage it. 

Fixed dome biogas plants (Constant volume) 

To reduce the cost of biogas plants, researchers has designed fixed dome plants in 

which dome act as gasholder in place of high cost drum. Gasholder and digester 

constructed as single unit. The digesters of such plants are completely underground to 

maintain a perfect environment for anaerobic fermentation to take place besides avoiding 

cracking of dome due to difference in temperature and moisture. 

Janatha Biogas Plants 

Developed exclusively in India completely masonry structure. Provision of Inlet 

and outlet of raw and digested slurry is constructed in the form of tank. Slurry fed is 

allowed to undergo anaerobic fermentation in the digester. Gas produced as a result rises 

up and gets collected in the dome. As the pressure of gas stored in the dome increases, it 

pushes up the slurry down and causes the slurry level to increase both in inlet and outlet 

tanks. These levels drop down when the gas in the dome is used up. This displacement 

provides necessary pressure to push the gas up to the usage point. The pressure coming 

out of the dome is of variable type as constant in the case of floating drum type. Volume 

of gas stored in the plant is equal to the total volume of slurry displaced both in inlet and 

outlet tanks. Fig shows the janatha biogas plant model. 

Deenbandhu Biogas Plants 

One of the outstanding designs of biogas plants in Indian biogas development 

program is Deenbandhu biogas plant design. It is improved version of Janatha biogas 

plant model. Action for food production (AFPRO), a voluntary organization based in 

New Delhi, developed this model in 1984. This is constructed with locally available 

materials and the plant demand skillful manpower for construction. Important 

considerations for design modification are reduction in the overall construction cost, 

elimination of the loss of biogas through inlet chamber and maximum utilization of 

digester volume to make the operational HRT close to the designed HRT. 



It is constructed by joining the two spheres of different diameters at their bases, 

thus reducing the cost of bricks used in construction of digester wall. Bottom part of the 

plant is a designed as a segment of sphere, whereas the top portion as hemisphere. In this 

plant feedstock is fed through concrete pipes and the digested slurry is taken out the 

digester through tank. As a precaution to avoid the entry of slurry through gas outlet pipe, 

outlet opening is constructed  150  mm  lower  than  the  bottom  of  gas  outlet  pipe.  

Gas holding capacity is 33 per cent of total capacity of the plant. Studies proved that the 

cost of deenbandhu is 30 and 45 per cent less than that of Janatha and KVIC biogas 

plants. Fig shows the schematic diagram of deenbandhu biogas plant model. 

 

Advantages 

i. It has low cost compare to floating drum type, as it uses only cement and no steel. 

ii. It has non-corrosion trouble. 

iii. It this type heat insulation is better as construction is beneath the ground. 

iv. Temperature will be constant. 

v. Cattle and human excreta and long fibrous stalks can be fed. 

vi. No maintenance. 
 

Disadvantages: 

i. This type of plant needs the services of skilled masons, who are rather scarce in 

rural areas. 

ii. Gas production per cum of the digester volume is also less. 

iii. Scum formation is a problem as no stirring arrangement 

iv. It has variable gas pressure 
 

Factors involved in biogas production 

Biogas production involves different physical, chemical and biological process for 

conversion of biodegradable organic materials to energy rich gas. 

 

C/N ratio 

The ratio of carbon to nitrogen present in the  feed  material  is  called  C:N  

ratio. It is a crucial factor in maintaining perfect environment for digestion. Carbon is 

used for energy and nitrogen for building the cell structure. Optimum condition for an- 

aerobic digestion to take place ranges from 20 to 30:1. This means the bacteria use up 

carbon about 20 to 30 times faster than they use up nitrogen. 

 
When there is too much carbon in the raw wastes, nitrogen will be used up first 

and carbon left over. This will make the digestion slow down and eventually stops. On 



the other hand if there is too much nitrogen, the carbon soon becomes exhausted and 

fermentation stops. The nitrogen left over will combine with hydrogen to form ammo- 

nia. This can kill or inhibit the growth of bacteria specially the methane producers. 

 

Temperature 

Temperature affects the rate of reaction happening inside  the  digester.  

Increase in the ambient temperature increases the rate of reaction thus increasing the bi- 

ogas production as well. Methane bacteria work best at a temperature of 350 – 380 C. 

The fall in gas production starts at 200C and stops at a temperature of 100C. Studies 

howed that 2.25 m3 of gas was produced from 4.25m3 of cattle dung everyday when the 

digester temperature was 250C. When the temperature rose to 28.30C the gas production 

was increased by 50 per cent to 3.75 m3 per day. 

 

Retention time 

It is the theoretical time that particular volume of feedstock remains in the 

digester. In other words, retention time describes the length of time the material is 

subjected to the anaerobic reaction. It is calculated as the volume of digester divided 

by the feedstock added per day and it is expressed in days. Under anaerobic 

condition, the decomposition of the organic substances is slow and hence need to 

keep for long time to complete the digestion. In case of Indian digesters, where the 

feed stock is diluted with equal composition, so demarcation prevails between solid 

and liquid. In this case, biomass in the form of bacteria is washed out; hence the 

solid retention time (SRT) is equal to hydraulic retention time (HRT). 

 

Loading rate 

Loading rate is defined as the amount of raw material fed to the digester per 

day per unit volume. If the reactor is overloaded, acid accumulation will be more 

obviously affecting daily gas production. On the other hand, under loading of 

digester have negative impact in designed gas production. 

 

Toxicity 

Though small quantities of mineral ions like sodium, potassium stimulates 

the growth of bacteria, the high concentration of heavy metals and detergents have 

negative impact in gas production rate. Detergents like soap, antibiotics, and organic 

solvents are toxic to the growth of microbes inside the digester. Addition of these 

substances along with the feed stock should be avoided. 

 

pH or hydrogen ion concentration 

To maintain a constant supply of gas, it is necessary to maintain a suitable 

pH range in the digester. pH of the slurry changes at various stages of the 



digestion. In the initial acid formation stage in the fermentation process, the pH is 

around 6 or less and much of CO2 is given off. In the latter 2-3 weeks times, the pH 

increase as the volatile acid and N2 compounds  are  digested  and  CH4  is  

produced. The digester is usually buffered if the pH is maintained between 6.5 and 

7.5. In this pH range, the micro – organisms will be very active and digestion will be 

very efficient. If the pH range is between 4 and 6 it is called acidic. If it is between 9 

and 10 it is called alkaline. Both these are detrimental to the methanogenic (Methane 

production) organisms. 

 

Total solid content 

The raw cow dung contains 80-82% of moisture. The balance 18-20% is 

termed as total solids. The cow  dung  is mixed  usually  in  the  proportion  of  1:1  

in order to bring the total solid content to 8-10%. This adjustment of total solid 

content helps in digesting the materials at the faster rate and also in deciding the 

mixing of the various crop residues as feed stocks in biogas digester. 

 

Feed rate 

One of the prerequisites of good digestion is the uniform feeding of the 

digester so that the micro – organisms are kept in a relatively constant  organic  

solids concentration at all times. Therefore the digester must be fed at the same time 

everyday with a balanced feed on the same quality and quantity. 

 

Diameter to depth ratio 

Studies reveal that gas production per unit volume of digester capacity was 

maximum, when the diameter to depth ratio was in the range of 0.66 to 1.00. One 

reason may be that because in a simple unstirred single stage digester the 

temperature varies at different depths. The most activity digesting sludge is in the 

lower half of the digester and this is less affected by changes in night and day tem- 

perature. 

 

Nutrients 

The major nutrients required by the bacteria in the digester are, C, H2, O2, N2,  

P and S, of these nutrients N2 and P are always in short supply and therefore to 

maintain proper balance of nutrients an extra raw material rich in phosphorus (night 

soil, chopped leguminous plants) should be added along with the cow dung to obtain 

maximum production of gas. 

 

Degree of mixing 

Bacteria in the digester have very  limited  reach  to  their  food,  it  is 

necessary that the slurry is properly mixed and bacteria get their food supply. It is 
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found that slight mixing improves the fermentation, however a violent slurry 

agitation retards the digestion. 

 

Type of feed stocks 

All plant and animal wastes may be used as the feed materials for a digester. 

When feed stock is woody or contains more of lignin, then digestion becomes 

difficult. To obtain as efficient digestion, these feed stocks are combined in 

proportions. Pre-digestion and finely chopping will be helpful in the case of some 

materials. Animal wastes are predigested. Plant wastes do not need pre-digestion. 

Excessive plant material may choke the digester. 

 

Uses of biogas 
Biogas serves as a suitable alternate fuel for satisfying the energy needs of human 

society. It can be used for production of power, for cooking, lighting, etc. Figure explains 

the flow chart of different applications of biogas. 
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Fig. Applications of biogas 

The primary domestic uses of biogas are cooking and lighting. Because 

biogas has different properties from other commonly used gases, such as propane 

and butane, and is only available at low pressures (4 - 8 cm water), stoves capable of 

burning biogas efficiently must be specially designed. Biogas burns with blue flame 

and without any soot and odour which is considered to be one of the major 

advantage compared to traditional cooking fuel like firewood and cow dung cake. 

Thermal application 
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Lighting can be provided by means of a gas mantle, or by generating 

electricity. Biogas mantle lamps consume 2-3 cft per hour having illumination 

capacity equivalent to 40 W electric bulbs at 220 volts. This application is 

predominant in rural and unelectrified areas. 

 

 Biogas as an Engine Fuel 

Biogas can be used as a fuel in stationary and mobile engines, to supply 

motive power, pump water, drive machinery (e.g., threshers, grinders) or generate 

electricity. It can be used to operate four stroke diesel and spark ignition engines. 

Electricity generation using biogas is a commercially available and proven 

technology. Typical installations use spark-ignited propane engines that have been 

modified to operate on biogas. Biogas-fueled engines could also be used for other 

on-farm applications. As discussed below, diesel or gasoline engines can be 

modified to use biogas. 

 
IC engines (typically used for electricity generation) can be converted to burn 

treated biogas by modifying carburetion to accommodate the lower volumetric 

heating value of the biogas into the engine and by adjusting the timing on the spark 

to accommodate the slower flame velocity of biogas ignition systems. When biogas 

is used to fuel such engines, it may be necessary to reduce the hydrogen sulphide 

content if it is more than 2 percent otherwise the presence will lead to corrosion of 

engine parts. 

 
In terms of electricity production, small internal combustion engines with 

generator can be used to produce electricity in the rural areas with clustered 

dwellings thus promoting decentralized form of electricity avoiding grid losses. 

 

 Use of biogas as vehicular fuel 

Biogas is suitable as a fuel for most purposes, without processing. If it is to 

be used to power vehicles, however, the presence of CO2 is unsatisfactory, for a 

number of reasons. It lowers the power output from the engine, takes up space in the 

storage cylinders (thereby reducing the range of the vehicle), and it can cause 

problems of freezing at valves and metering points, where the compressed gas 

expands, during running, refuelling, as well as in the compression and storage 

procedure. All, or most, of the CO2 must therefore be removed from the raw biogas, 

to prepare it for use as fuel for vehicles, in addition to the compression of the gas 

into high-pressure cylinders, carried by the vehicle. 



Uses of biodigested slurry 

 
The slurry after the digestion will be washed out of the digester which is rich in 

various plant nutrients such as nitrogen, phosphorous and potash. Well-fermented biogas 

slurry improves the physical, chemical and biological properties of the soil resulting 

qualitative as well as quantitative yield of food crops. Slurry from the biogas plant is 

more than a soil conditioner, which builds good soil texture, provides and releases plant 

nutrients. Since there are no more parasites and pathogens in the slurry, it is highly 

recommended for use in farming. The economic value of the slurry shows that investment 

can be gained back in three to four year's time if slurry is properly used. 

 
The cow dung slurry after digestion inside the digester comes out with following 

characteristics and has following advantages: 

 
 When fully digested, effluent is odourless and does not attract insects or flies in 

the open condition. 

 The effluent repels termites whereas raw dung attracts them and they can harm 

plants fertilised with farmyard manure (FYM). 

 Effluent used as fertiliser reduces weed growth with about 50%. When FYM is 

used the undigested weed seeds cause an increased weed growth. 

 It has a greater fertilising value than FYM or fresh dung. The form in which 

nitrogen available can be easily assimilated by the crops. 



 

Fig. Deenbandhu biogas plant 
 

 

 

 

 

 
Fig. Floating drum biogas plant 

 



Lecture-14 

Size and Site Selection for Biogas plant 
Sizing of biogas plant follows based on three parameters namely 

 Daily feed, 

 Retention time and 

 Digester volume 

The biogas plant size is dependent on the average daily feed stock and expected 

hydraulic retention time of the material in the biogas system. Capacity of the plant should 

be designed based on the availability of raw materials. Capacity of the plant indicates the 

quantity of gas produced in a day. Based on the study, 1 kg of cow dung along with equal 

quantity of water (1:1) under anaerobic conditions in a day produces 0.04 m3 or 40 litres 

of biogas. 

Based on the availability of cow dung, the capacity of biogas plant to be 

constructed can be calculated as follows 

Example 

i. 1 cow will yield an average of 10 kg of cow dung in a day. Assume a 

house is having 3 cows. Our objective is to calculate the capacity of the 

plant to be constructed. 

ii. 3 cow x 10 kg/cow/day = 30 kg of cow dung/day 1 kg of cow dung will 

yield 0.04 m3 or 40 litres of biogas. So 30 kg will produce 30x 40 = 1200 

litres or 1.2 m3 of gas in a day. So the capacity of the plant to be 

constructed will be 1 m3. 

Example 

To produced 1 m3 of gas in a day, quantity of cow dung required can be calculated 

as 

1 m3/ (0.04 m3/kg of cow dung) = 25 kg of dung. 

 

When a biogas plant is underfed the gas production will be low; in this case, the 

pressure of the gas might not be sufficient to fully displace the slurry in the outlet 

chamber. If too much material is fed into the digester and the volume of gas is consumed, 

the slurry may enter the gas pipe and to the appliances. 

 
Table shows the quantity of cow dung required for different plant capacities. 



Table. Plant size and daily feed stock requirement 
 
 

Plant Size 

(m3) 

Daily dung 

required/day (kg) 

Quantity of water 

required (litres) 

1 25 25 

2 50 50 

3 75 75 

4 100 100 

6 150 150 

8 200 200 

10 250 250 

 

Scaling of the digester 

The size of the digester i.e. the digester volume is determined by the length of the 

retention time and by the amount of fermentation slurry supplied daily. The amount of 

fermentation slurry consists of the feed material (e.g., cattle dung) and the mixing water. 

Example 

25 kg of cow dung + 25 l water = 50 l fermentation slurry 

The digester volume is calculated by the formula 

Digester volume (l) = Daily feed (l/day) x Retention time (days) 

Assuming the Retention time to be 40 days, then the digester volume can be 

calculated by 

Digester volume = 50 (l/day) x 40 (days) = 2000 l or 2 m3 

Selection of construction site 

Selection of construction sites are mainly governed by the following factors: 

 The site should facilitate easy construction works. 

 The selected site should be such that the construction cost is minimized 

 The selected site should ensure easy operation and maintenance activities like 

feeding of plant, use of main gas valve, composing and use of slurry, checking of 

gas leakage, draining condensed water from pipeline etc. 

 The site should guarantee plant safety. 

 To make plant easier to operate and avoid wastage of raw materials, especially the 

dung/swine manure, plant must be as close as possible to the cattle shed. 

 The site should be in slightly higher elevation than the surrounding. This helps in 

avoiding water logging. This also ensures free flow of slurry from overflow outlet 

to the composting pit. 

 For effective functioning of bio-digesters, right temperature (20-35°C) has to be 

maintained inside the digester. Therefore it is better to avoid damp and cool place 

– Sunny site is preferable. 



 To mix dung and water or flush swine manure to the digester, considerable 

quantity of water is required. If water source is far, the burden of fetching water 

becomes more. 

 The well or ground water source should be at least 10 meter away from the 

biodigester especially the slurry pit to avoid the ground water pollution. 

 If longer gas pipe is used the cost will be increased as the conveyance system 

becomes costly. Furthermore, longer pipeline increases the risk of gas leakage. 

The main gas valve which is fitted just above the gas holder should be opened and 

closed before and after the use of biogas. Therefore the plant should be as near to 

the point of application as possible. 

 The site should be at sufficient distance from trees to avoid damage of bio- 

digester from roots. 

 Type of soil should have enough bearing capacity to avoid the possibility of 

sinking of structure. 

Location of biogas plant 

A biogas plant should not be located further than 5 meters from the field. The 

digester chamber must be in an open area and should not be near any water source or 

natural water as animal excrement may seep into underground water. The plant should 

also be situated on a slope and not on the low land to avoid the danger of floods. The 

excess manure from expansion chamber should flow into the farmer’s field or the storage 

tank and not into natural water bodies such as rivers to avoid the risk of pollution. 

 

 

 

 

 

 

Fig. Location of biogas plant 



SOLAR ENERGY 

 

Solar energy is electromagnetic in nature, originates from thermonuclear fusion occurring in the 

sun interior. Solar energy travels to earth throughout space in dicrete packets of energy called 

photon. On the side of Earth facing the Sun, a square kilometers  at the outer edge of our 

atmosphere receives 1400 megawatts of solar energy minute. Only half of that amount, however 

reaches the Earth Surface. The atmosphere and clouds absorb or scatter the other half  of the 

incoming sunlight. The amount of light that reaches any particular point on the ground depends 

on the time of day, the day of the year, the amount of cloud cover, and the latitude at that point. 

The solar intensity varies with the time of day, peaking at solar noon and declining to a minimum 

at sunset. Under normal clear sky conditions, India receives 4.0 kW-hr and 7.5kW-hr of solar 

energy per square meter and the total solar energy received in India is about 5 Ҳ 1015 kW-

hr/annuam. 

Solar energy sustains all life on earth through the photosynthesis reaction in plants. It is also 

stains the atmospheric and climatic cycle which provides the fresh water required for life. The 

monsoon is a good example of solar energy driven climatic process. 

Solar energy has been conventionally used through the harnessing of animals and plants. The 

modern emphasis is on direct uses of solar energy. This is particularly important for India in 

view of our tropical location and decentralized energy needs of rural areas. 

Terrestrial radiation 

 For utilization of solar energy a study is required for study to be carried out of the radiation 

receive on earth surface solar radiations pass through the earth atmosphere and are subjected to 

scattering and atmospheric absorption. Apart of scattered radiation is reflected back into space. 

Short wave ultraviolet rays are absorbed by ozone and long wave infrared rays are absorbed by 

CO2 and water vapors. Scattering is due to air molecules, dust particles and water droplets that 

cause attenuation of radiation. Minimum attenuation takes place in a clear sky when the earth‘s 

surface receives maximum radiation                                

 

 



 

Solar constant 

 It is defined as the energy received from the sun per unit time on a unit surface area 

perpendicular to the direction of propagation of solar radiation at the top of earth 

atmosphere when earth is at its mean distance from the sun.  

 The value of solar constant is  taken as 1367 W/m2. 

 

Extraterrestrial radiation 

The extraterrestrial radiation is the solar radiation which is incident outside the earth's surface. 

The extraterrestrial radiation is 1367 watts/m2 

The terms pertaining to solar radiation are now defined as below: 

a) Beam radiation (Ib): solar radiation received on the earth’s surface without change 

in direction, is called beam radiation or direct radiation. 

b) Diffuse radiation (Id): the radiation received on a terrestrial surface( scattered by 

aerosols and dust) from all parts of the sky dome, is known as diffuse radiation. 

c) Total radiation(Ir)=Beam radiation (Ib)+Diffuse radiation (Id) 

             The sum of beam and diffuse raditions is referred to as total radiation. When measured at 

location  on the earth surface , it is called solar insolation at the place. When measured on 

a horizontal surface ,it is called global radiation (Ig) 

Air mass (m) 

The radiation reaching the earth surface depends on viz 

 Atmospheric conditions and depletion 

 Solar altitude  

                                                                                      

m=
𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒  𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑠𝑜𝑙𝑎𝑟 𝑏𝑒𝑎𝑚 𝑎𝑐𝑡𝑢𝑎𝑙𝑙𝑦 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒𝑠 𝑢𝑝𝑡𝑜 𝑒𝑎𝑟𝑡ℎ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒.

𝑡ℎ𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒.
 

at sea level , the air mass =1,  when the sun is vertically in the sky ( inclination angle =900) 

m =cosecα=sec (θz) 

where, α= inclination angle 

               θz =zenith angle 

              m=1 for θz  =0 



               m=2 for θz  =600 

Irradiance( W/m2): the rate of incident energy per unit area of a surface is termed irradiance . 

Albedo that proportion of solar radiation reflected from a surface, such as clouds( low from thin 

stratus cloud; up to 80 % from thick strato- cumulus),or  bare rock. Lighter, whiter bodies have 

higher albedos than darker, blacker bodies. Earths total albedo is about 35 %. 

Irradiation: 

It is solar energy per unit surface area which is striking a body over a specified time. Hence it is 

integration of solar illumination or irradiance over a specified time ( usually an hour or kW a 

day). It is measured in kW-h or kilowatt day per m2.  

Basic sun earth angle following angles used in solar radiation analysis: 

Latitude or angle of latitude (φ) 

The latitude of a location on earth surface is the angle made by the radial line joining the 

specified location to the center of earth with the projection of this line on the equatorial plane as 

shown in diagram. The latitude at equator is zero and it is 90 degree at poles. 

 

Declination angles(δ) 

 The angle between magnetic north  and true (geographic) north. 

 The angle between a celestial object and the celestial equator. 

 It is angle made by the line joining the centre of sun and earth with the equatorial plane. 

The angle of declination varies when earth resolves around the sun. it has maximum value of 

23.45 degree when earth achieves a position in its orbit corresponding to 21 june and its has 

minimum value of -23.45 degree when the earth is in orbital position corresponding to 22 

December. The angle of declination is taken positive when it is measured above the equatorial 

plane in the northern hemisphere. 

The  angle of declination can be given by: 

Declination (δ in degree) =23.45 × sin ⌊
360

365
(284 + 𝑛)⌋ 

 

Where n=number of days counted from 1 January till the date of calculation. 

 



Hour angle (ω) 

The hour angle at any instant is the angle through which the earth has to turn to bring the 

meridian of the observer directly in line with sun rays. It is an angular measure of time. It is the 

angle in degree traced by the sun in 1 hr with reference to 12 noon of the location. The 

convention of measuring it is that the noon based calculated local apparent time ( LAT) is 

positive in afternoon and negative in forenoon. The earth completes one rotation in 24 hr. Hence, 

1 h corresponds to 15 degree of earth rotation. As at solar noon the sun rays I in line with local 

meridian or longitude , the hour angle at that instant is zero. The hour angle can be gven as 

follows: 

  Hour angle (ω) = [solar time-12]x150 

                                                                                

Inclination or altitude angle( α) 

It is the angle between sun rays and its projection on horizontal surface as shown in figure 

Zenith angle ((θz) 

It is the angle between sun ray and normal to the horizontal plane as shown  

Solar azimuth angle(γs) 

It is the angle between the projection of sun ray to the point on the horizontal plane and line due 

south passing through that point. The value of the azimuth angle is taken positive when it is 

measure from south towards west. 

Angle of incidence(θ) 

 The angle of incidence for any surface is defined as the angle formed between the direction of 

the sun ray and the line normal to the surface  

Tilt or slope angle( β) 



The tilt angle   between the inclined slope and the horizontal plane  

Surface azimuth angle( γ ) 

It is the angle in horizontal plane between the line due south and the horizontal projection of 

normal to the inclined plane surface. it is taken as positive when measured from south toward 

west. 

 

                        

 

 

Local apparent time (LAT) 

Local apparent time ( LAT) differs from place to place depending on the longitude of the place. 

The sun rises in the east and any location in the east will have earlier sunrise and earlier sunset. 

Hence ,  LAT is the used for determining hour angle . 

LAT can be determined from standard time by applying two corrections. 

 The first correction is needed due to the difference between the longitude at the location where 

LAT is to be determined and the longitude of the place whose standard time is used for the 

calculation. As 15 degree or 15 longitudes is equal to 1 h, a correction of 4 min per longitude 

difference is given to the standard time. 

Second correction is called time correction which is needed as both earth”s orbit and rate  of 

rotation are subjected  to small fluctuations. Hence, we have 

   LAT= standard time ± 4(standard time longitude- location longitude) + (equation of time 

correction) 



The negative sign should be used for LAT for the eastern hemisphere and positive sign for the 

western hemisphere. 

 

Numerical1:determine LAT corresponding to 1500h (IST) Mumbai (19 07, 75 51 E) on 1 july. 

In India , IST is based on 82.500 E. On 1 July, equation of time correction is equal to -4.   

Sol :As Mumbai is towards west of IST location, negative sign is to be taken 

LAT= standard time ± 4(standard time longitude- location longitude) + (equation of time 

correction) 

 

 LAT=1500h-4(82.50-72.85)min-4 min 

         = 1500-(4  x 9.65+4) min 

          =1500h-42.6 min 

          =1417.4 h 

Numerical 2: calculate the number of daylight hours in Srinagar for 1 January and 1 July. Taken 

latitude of Srinagar as 34008’ N. 

Declination (δ in degree) =23.45 × sin ⌊
360

365
(284 + 𝑛)⌋ 

Case 1: 1 January                  n=1 

       Declination (δ in degree) =23.45 × sin ⌊
360

365
(284 + 1)⌋ 

                                                =-23.010     

           Td=
2

15
cos−1⌊− tan(latitude)  × tan(𝑑𝑒𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛)⌋                              

Td=
2

15
cos−1⌊− tan(34.08)  × tan(23.01)⌋                              

    = 9.77 h 

Case 2: 1 july 

    n=31+28+31+30+31+30+1=182 

Declination (δ in degree) =23.45 × sin ⌊
360

365
(284 + 182)⌋ 



                                           = 23.120  

         Td=
2

15
cos−1⌊− tan(34.08)  × tan(23.1 2)°⌋ =14.24h. 
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Recent trend in solar drying-Solar Tunnel drier 

In India, Only 2-3 % of agricultural produce is being processed. Reduction of post harvest losses 

is inevitable. According to FAO reports, Crop loss accounts about 5-10 % (Paddy alone during 

Harvesting and Marketing : 30-50%),Fruits and vegetables is about 10 to 30 %, Pulses 8-10 %, 

Food and agricultural Commodities loss is about 20-50%.Drying process alone can reduce post 

harvest loss of 2-3 %. Uniform drying and quality of product is essential for better marketability. 

Reduction of fossil fuel usage and dependence of conventional power for drying process. 

Utilization of renewable energy is essential to reduce GHG emissions. Effective drying 

mechanism is needed for the hour for enhancing value of agro-produce. Our country is blessed 

with abundant solar energy available for more than 300 days in a year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
System specification 

Solar tunnel drier utilizes solar thermal energy for drying applications. Its working principle is 

based on green house gas effect. Studies illustrates that a solar tunnel drier of 0.5 to 1.5 tonnes of 

product capacity occupy a size of 18.0 m x 3.75 m x 2.0 m. The system possesses semi- 

cylindrical tunnel structure with hoops and laterals. Solar collector material is of UV stabilized 

polyethylene with 200 µm thickness. Absorber surface is of cement concrete flooring with 

special black coating and is provided with equi-spaced chimney for natural ventilation. 



Temperature boosted upto 20-25oC than ambient in this drier. Drying time is reduced up to 50% 

and labour requirement is also reduced to 40 % than conventional drying. 

Following figures gives clear understanding about solar tunnel drier. 

 

 
 



Drying Parameters of various agro products 

 

 

 

Control measures 

Required instruments need to be provided to control the conditions and drying parameters of 

various agro-products at different temperature at different seasons and to match the 

integration of Solar dryer and Biomass hot air generation systems. Controlling and 

monitoring systems have to be paneled to drying the products by solar energy mode during 

the day hours and by biomass hot air generation system during the night hours. Each and 

every agro-product needs certain quality which is induced by different temperature and 

relative humidity. Regulating the drying parameters can be possible thro’ instrumentation. As 

the natural exhaust system differs with respect to time, it is important to have controlled 

condition to regulate the drying parameters as well. 
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Solar driers – principles – types 
Conventional method of drying is to spread the material in a thin layer on ground and 

let it exposed to the sun. Such a method has various disadvantages like, 

 Accumulation of dust and harms due to insects 

 Wastage of material due to birds 

 Non uniform drying due to varying intensity of sun 

 Larger area required for drying 

All these difficulties are removed by using solar drier. There are two types of 

solar driers. 

Natural convection solar drier 

Natural air-drying is an in bin drying system with the following typical characteristics: 

 
 Drying process is slow, 

generally requiring 4 to 8 

weeks. 

 Initial moisture content is 

normally limited to 22 to 

24%. 

 Drying results from forcing 

unheated air through grain at 

airflow rates of 1 to 2 cfm/bu. 

 Drying and storage occur in 

the same bin, minimizing 

grain handling. 

 Bin is equipped with a full-perforated floor, one or more high capacity fans, a 

grain distributor and stairs 

 Cleaning equipment is used to remove broken kernels and fines. 

 

 
Description of Cabinet drier 

It can be of fixed type and also of portable type. Generally it has an area of about 

3 x 5 m2 glass sheet fixed at the top at an angle of about 0 to 300. Holes are provided at 

the bottom and at the topsides for airflow by natural convection. Wire meshed black tray 

is provided to the material to be dried. 

Forced convection solar dryer (Hot air system): 

In these, the collectors are provided with duct. Generally, a duct of 2.5 cm depth 

is provided. It is made out of two plates welded together lengthwise. Cold air is blown 

through a blower into the collectors, which gets heated during the passage through it.  

The hot air thus available is then used for drying the products kept on the shelves of 



driers. This hot air takes away the moisture of the products and is let out through a 

properly located outlet. 

 

 

 

 
Description 

1. Absorber with ducting 

2. Blower with motor and 

3. Drying bin 

This drier has three main components viz., flat plate collector, blower and drying 

bin. The area of the collector is 8m2. It is divided into 4 bays each having 2m x 1 m 

absorber area. The absorber is made out of 20 g. corrugated G.I. sheet and is painted  

with dull black colour. Another plain G.I. sheet placed 5 cm below the absorber plate 

creates air space for heating. This sheet is insulated at the bottom with glass wool and is 

supported at the bottom with another plain G.I. sheet. The absorber is covered at the top 

with two layers of 3 mm thick plain glass. The unit is supported on all sides with wooden 

scantling and is placed at 110 to the horizontal facing south. Baffle plates are provided in 

the air space. The air space is open at the bottom to suck atmospheric air and at the top it 

is connected to a 

duct leading to 

suction side of the 

blower. The 

blower is of 80 m3 

/ min, capacity run 

by 3HP electric 

motor. The 

delivery side of 

the blower is 

connected to the 

plenum chamber 

of a circular grain 

holding bin. 

 

 

 
Forced Convection Solar Drier for Drying of Grains 

For drying high moisture paddy the solar drier can be used. The different 

components of the drier are air heater, air ducts and blower and grain drying chamber. 

The flat plate collector used for heating the air has an efficiency of 60% and rise in 

ambient air temperature is 13oC. Freshly harvested paddy can be dried and it may take 

about 7-8 hours to bring the moisture content from 30% to 16% (d.b.). After drying the 

grains, the milling quality can be tested. The use of solar air heater for drying of grains 



indicates that 10-15oC rise in the temperature of the air is enough to reduce the relative 

humidity of the air to 60% or less which is quite useful for drying of cereal grains. 

To the level consists of safe moisture content for storage 500 kg of paddy could 

be dried from 30 to 40 % moisture content in a period of 6 hours on bright sunny day by 

using air flow rate of 4 m3/min with temperature rise 8-10oC. 

Solar drier consists of air heater, blower drying chamber, air distribution system 

and thermal storage system. The heated air is blown to drying chamber by blowers of the 

centrifugal type to handle large quantity of air. Batch type or continuous flow type drying 

chamber artificially creates the necessary radiation to reduce moisture. Hot air from the 

collector is sucked by a blower through the inlet pipe and is being forced into the drying 

chamber. An auxiliary heating system to supplement heat requirement may be arranged. 

This type of auxiliary systems and thermal storage systems for collecting extra energy 

during daytime, take care of the night operations. 

 
The heat required Q in kcal/hr 

 
Q = V x  x Cp x T -------------- (1) 

 
Where V = air flow rate, m3/hr 

 = density of air, kg/ m3 

Cp = the specific heat of air, and 

T = temperature rise. 

 
Moisture content assessed per tonne of paddy (m) for drying pre-boiled paddy, 

yield the volume of air to be handled V from 

 

m x latent heat = V x  x Cp x T x efficiency ------------- (2) 

The volume of rock pile required V’ for thermal storage of heat energy Q is 

Q 

V’ = --------------- --------------- (3) 

’ Cp’ T’ 

 
Where ’ = density of rock 

Cp’ = specific heat of rock 

T’ = temperature increase in rock. 
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Solar PV systems – Principle-water pumping applications 

Solar photovoltaic systems are energy conversion systems which convert solar 

energy into electrical energy. Solar photovoltaic system operates on the basis of the 

photovoltaic effect on a silicon junction diode designed to facilitate the collection of 

usable magnitudes of electricity. Usually of the order of 1.5A at 0.5V. Such a junction 

diode is called a solar cell. Number of cells are string up in series to generate power at 

usable voltages. The solar photovoltaic system comprises of three main sub-systems, viz., 

solar panel, control unit and battery. The solar panel contains solar cells which produce 

electricity when exposed to sunlight. The electricity generated charges the battery / 

batteries and the power stored can be used at a later time. The control unit regulates the 

charging and discharging of the battery. The application has to be optimized according to 

the load profile and the geographic location in which it is used. The load is the most 

important choice from the user’s point of view. There are more than five applications in 

practice. Thus are the solar lantern, solar water pumping system , solar street light, solar 

sprayer, solar insect trap and solar powered tricycle. 

Solar lantern 

The solar lantern is a portable solar photovoltaic lighting system which provides 

about 2-3 hours of light per night based on the days charge. The lantern is designed to be 

similar to a hurricane lantern in its shape and about a hundred times brighter. The system 

consists of 5 watt tube which is driven at a specially designed frequency choke / inverter 

operating at a frequency above 30 Khz. As these lanterns are portable, a person as per his 

requirements and convenience can carry it. As the battery is a sealed maintenance free 

type, no special maintenance is required except for daily charging. 



 

Fig 1.Solar lantern 
 

1. Solar module 2. Battery 

3. Control circuits 4. Lamp 

Solar water pumping system 

A solar photovoltaic water pumping system, essentially consists of a SPV panel / 

array directly powering a water pump. The water pumped during the day can be stored in 

storage tanks for use during night. The generated electricity from the panel is fed to the 

pump through a switch and a 3 phase inverter, in case of AC submersible pumpset. 

Normally, no storage batteries are provided as the water can be stored in storage tanks, if 

required. 

Features : 

 Modular and hence easily field upgradable. 

 Noise and pollution free operation 

 Does not require any fuel 

 Uses the abundantly available sunlight 

 Simple to install, operate and maintain 

 Designed to give optimum output even during low sunshine period 



Fig :2. Solar water pumping system 

Applications 

 Minor irrigation 

 Drinking water for unelectrified villages and remote locations 

 Horticulture, poultry farming, silviculture and pisciculture 

 Farm house 

 Wild life sanctuary 

 Tourist resort 
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Solar water heaters – Principle and applications 
Solar energy has several advantages over the other energy sources. It is 

inexhaustible, it is free from any pollution and unlike fossil fuels, transformation of solar 

energy does not produce any toxic by-products. No nation can put an embargo on its 

supply. So, if a means could be found to make efficient use of solar energy, it would 

mean a continuing free supply of energy which would not degrade our environment and 

also reduce our dependence on non-renewable sources of energy. 

The estimated solar energy potential in the country is 200 MW/sq.km and can be 

utilized both for thermal and electrical applications. The solar thermal applications 

include hot water systems for industrial, commercial and domestic use besides solar 

cookers, solar dryers, solar stills and solar photovoltaic cell operated applications aimed 

at producing power. 

Solar Energy Availability in India 

 
Total area of land in India = 3.28 x 1011 m2 

Total number of sun shine days in a year = 300 (assumed) 

Average solar isolation in India = 500 W / m2 

No. of sunshine hours in a day = 5 hours 

 
Total solar radiation received in a day 

 
= 

= 

= 

 
3.28 x 10'' x 500 x 5 x 3600 J 

2.952 x 1015J 

2.952 x 109 MJ / day 

 
Total solar isolation received in a year in India 

 
= 

 
2.952 x 109 x 300 

 = 8.856 x 10'' MJ 

 
If 1% of land area is used to harness solar energy with thermal efficiency of 10% 

 
 

Solar energy available for use in a year = 8.856 x 10'' x 0.01 x 0.1 

Solar energy available for use in India = 8.856 x 108 MJ 

 
Solar Thermal Devices 

The solar water heater consists of a solar collector, insulated stainless steel tank 

and piping connections. The total system can be mounted on the roof top, on one side the 

piping connects it to the overhead tank and on the other side to the usage points. The 



smallest capacity available is 100 litres per day at 600 C temperature, suitable for a family 

of 4-6 members. 

 

Solar water heater 

The solar water heating systems come with a solar collector of 25 sq. m area for 

solar tank of 100 litre capacity. It occupies an area of 35 sq. ft on the roof top. The water 

is loaded in the daytime and is stored in the storage tank for a period of 48 hours. This 

system can be connected to bathrooms and kitchen. Generally, the life of the system is 

about 15 years and it requires no maintenance. 

 
The collector is having 20 gauge G.I. corrugated sheet as absorber with 12 mm. 

G.I. pipes as heat exchanger laid in the corrugations of the sheet in serpent fashion. The 

absorber and the pipes are painted black and embedded in a wooden box insulated at the 

bottom and sides. The ends of the pipe are connected to the insulated storage drum which 

is kept just above the collector. The collector is kept on an angle iron stand such that the 

flat plate is at 11° slope facing south.Hot water temperature is 55 - 63° C on a typical 

sunny day and heat loss due to over night storage is about 4 to 8°C. 

 

 
Fig : solar water heater. 

1. Insulated water tank 2. Water inlet 

3. Water outlet 4. Tank  support 

5. Frame 6. Liquid pipe 

7. Absorber 8. Water line 



A solar collector is a device designed to absorb incident solar radiation and to 

transfer the energy to a fluid passing in contact with it. Utilization of solar energy 

requires solar collectors. There are two general types - the flat-plate collector and the 

concentrating (focusing) collector. 

Solar collectors may be classified according to their collecting characteristics, the 

way in which they are mounted and the type of transfer fluid they employ. 

 
(1) Collecting characteristics: A non-concentrating or ‘flat-plate’ collector is one in 

which the absorbing surface for solar radiation is essentially flat with no means for 

concentrating the incoming solar radiation. A concentrating or ‘focusing’ collector is one, 

which usually contains reflectors or employs other optical means to concentrate the 

energy falling on the aperture on to a heat exchanger of surface area smaller than the 

aperture. 

(2) Mounting: A collector can be mounted to remain stationary, be adjustable as to tilt 

angle (measured from the horizontal) to follow the change in solar declination or be 

designed to track the sun. Employing either an equatorial mounting or an altazimuth 

mounting, for the purpose of increasing the absorption of the daily solar irradiation does 

tracking. 

(3) Types of fluid: A collector will usually use either a liquid or a gas as the transfer 

fluid. The most common liquids are water or a water-ethylene glycol solution. The most 

common gas is air. 

 
General Description of Flat-plate Collectors 

Flat-plate solar collectors may be divided into two main classifications based on 

the type of heat transfer fluid used. 
 

Fig 2. Flate plate collector 

Liquid heating collectors are used for heating water and non-freezing aqueous 

solutions and occasionally for non-aqueous heat transfer fluids. Air or gas heating 

collectors are employed as solar air heaters. 



The principal difference between the two types is the design of the passages for 

the heat transfer fluid. 

The majority of the flat-plate collectors have five main components as follows: 

(i) A transparent cover which may be one or more sheets of glass or radiation 

transmitting plastic film or sheet. 

(ii) Tubes, fins, passages or channels are integral with the collector absorber 

plate or connected to it, which carry the water, air or other fluid. 

(iii) The absorber plate, normally metallic or with a black surface, although a 

wide variety of other materials can be used, particularly with air heaters. 

(iv) Insulation, which should be provided at the back and sides to minimize the 

heat losses. 

(v) The casting or container, which encloses the other components and protects 

them from the weather. 

A Typical Liquid Collector 

Fig.3 is a schematic representation of a typical flat-plate solar collector (plate and 

tube type). It basically consists of a flat surface with high absorptivity for solar radiation, 

called the absorbing surface. Typically a metal plate, usually of copper, steel or 

aluminum material with tubing of copper in thermal contact with the plates, is the most 

commonly used material. The absorber plate is usually made from a metal sheet 1 to 

2mm in thickness, while the tubes, which are also of metal, range in diameter from 1 to 

1.5 cm. They are soldered, brazed or clamped to the bottom (in some cases, to the top) of 

the absorber plate with the pitch ranging from 5 to 15cm. In some designs, the tubes are 

also in line and integral with the absorber plate. For the absorber plate, corrugated 

galvanized sheet is a material widely available throughout the world 

 

Fig.3 .Flat Plate liquid collector 
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Basics of Solar Photovoltaics 

Photovoltaics (PV) 

Photovoltaics (PV) comprise the technology to convert sunlight directly into electricity. The term 

“photo” means light and “voltaic,” electricity. A photovoltaic (PV) cell, also known as “solar 

cell,” is a semiconductor device that generates electricity when light falls on it . Although the 

French scientist Edmund Becquerel observed photovoltaic effect in 1839, it was not fully 

comprehensible until the development of quantum theory of light and solid state physics in early 

to middle 1900s. Since its first commercial use in powering orbital satellites of the US space 

programs in the 1950s, PV has made significant progress with total U.S. photovoltaic module 

and cell shipments reaching $131 million dollars in 1996. While most PV cells in use today are 

silicon-based, cells made of other semiconductor materials are expected to surpass silicon PV 

cells in performance and cost and become viable competitors in the PV marketplace. This paper 

surveys the major types of PV cell materials including silicon- and non-silicon-based materials, 

providing an overview of the advantages and limitations of each type of materials. 

Photovoltaic and Photovoltaic Cells 
 

When sunlight strikes a PV cell, the photons of the absorbed sunlight dislodge the electrons from 

the atoms of the cell. The free electrons then move through the cell, creating and filling in holes 

in the cell. It is this movement of electrons and holes that generates electricity. The physical 

process in which a PV cell converts sunlight into electricity is known as the photovoltaic effect. 

One single PV cell produces up to 2 watts of power, too small even for powering pocket 

calculators or wristwatches. To increase power output, many PV cells are connected together to f 

form modules, which are further assembled into larger units called arrays. This modular nature of 

Fundamentals of Photovoltaic Materials 

PV enables designers to build PV systems with various power output for different types of 

applications. A complete PV system consists not only of PV modules, but also the “balance of 

system” (BOS) - the support structures, wiring, storage, conversion devices, etc. i.e. everything 

else in a PV system except the PV modules. 

Two major types of PV systems are available in the marketplace today: flat plate and 

concentrators. As the most prevalent type of PV systems, flat plate systems build the  PV 

modules on a rigid and flat surface to capture sunlight. Concentrator systems use lenses to 

concentrate sunlight on the PV cells and increase the cell power output. Comparing the two 

systems, flat plate systems are typically less complicated but employ a larger number of cells 

while the concentrator systems use smaller areas of cells but require more sophisticated and 

expensive tracking systems. Unable to focus diffuse sunlight, concentrator systems do not work 

under cloudy conditions. Types of PV cell materials PV cells are made of semiconductor 



materials. The major types of materials are crystalline and thin films, which vary from each other 

in terms of light absorption efficiency, energy conversion efficiency, manufacturing technology 

and cost of production. The rest of the paper discusses the characteristics, advantages and 

limitations of these two major types of cell materials. 

Converting Photons to Electrons 

The solar cells that you see on calculators and satellites are photovoltaic cells or modules 

(modules are simply a group of cells electrically connected and packaged in one frame). 

Photovoltaics, as the word implies (photo = light, voltaic = electricity), convert sunlight directly 

into electricity. Once used almost exclusively in space, photovoltaics are used more and more in 

less exotic ways. They could even power our houses. 

Photovoltaic (PV) cells are made of special materials called semiconductors such as silicon, 

which is currently the most commonly used. In fact, Over 95% of the solar cells produced 

worldwide are composed of the semiconductor material silicon (Si). Basically, when light strikes 

the cell, a certain portion of it is absorbed within the semiconductor material. This means that the 

energy of the absorbed light is transferred to the semiconductor. The energy knocks electrons 

loose, allowing them to flow freely. PV cells also all have one or more electric fields that act to 

force electrons freed by light absorption to flow in a certain direction. This flow of electrons is a 

current, and by placing metal contacts on the top and bottom of the PV cell, we can draw that 

current off to use externally. For example, the current can power a calculator. This current, 

together with the cell's voltage (which is a result of its built-in electric field or fields), defines the 

power (or wattage) that the solar cell can produce. 

1. Crystalline Materials 

 Single-crystal silicon 

Single-crystal silicon cells are the most common in the PV industry. The main technique for 

producing single-crystal silicon is the Czochralski (CZ) method. High-purity polycrystalline is 

melted in a quartz crucible. A single-crystal silicon seed is dipped into this molten mass of 

polycrystalline. 

Fundamentals of Photovoltaic Materials 

Slowly from the melt, a single-crystal ingot is formed. The ingots are then sawed into thin wafers 

about 200-400 micrometers thick (1 micrometer = 1/1,000,000 meter). The thin wafers are then 

polished, doped, coated, interconnected and assembled into modules and arrays. A single-crystal 

silicon has a uniform molecular structure. Compared to non-crystalline materials, its high 

uniformity results in higher energy conversion efficiency is the ratio of electric power produced 

by the cell to the amount of available sunlight power i.e. power-out divided by power-in. The 

higher a PV cell’s conversion efficiency, the more electricity it generates for a given area of 



exposure to the sunlight. The conversion efficiency for single-silicon commercial modules 

ranges between 15-20%. Not only are they energy efficient, single-silicon modules are highly 

reliable for outdoor power applications. The average price for single-crystal modules is $3.97 per 

peak watt in 1996. (Renewable Energy Annual 1997). About half of the manufacturing cost 

comes from wafering, a time-consuming and costly batch process in which ingots are cut into 

thin wafers with a thickness no less than 200 micrometers thick. If the wafers are too thin, the 

entire wafer will break in wafering and subsequent processing. Due to this thickness  

requirement, a PV cell requires a significant amount of raw silicon and half of this expensive 

material is lost as sawdust in wafering. 

 Polycrystalline silicon 

Consisting of small grains of single-crystal silicon, polycrystalline PV cells are less energy 

efficient than single-crystalline silicon PV cells. The grain boundaries in polycrystalline silicon 

hinder the flow of electrons and reduce the power output of the cell. The energy conversion 

efficiency for a commercial module made of polycrystalline silicon ranges between 10 to 14%. A 

common approach to produce polycrystalline silicon PV cells is to slice thin wafers from blocks 

of cast polycrystalline silicon. Another more advanced approach is the “ribbon growth” method 

in which silicon is grown directly as thin ribbons or sheets with the approach thickness for 

making PV cells. Since no sawing is needed, the manufacturing cost is lower. The most 

commercially developed ribbon growth approach is EFG (edge-defined film-fed growth). 

Compared to single-crystalline silicon, polycrystalline silicon material is stronger and can be cut 

into one-third the thickness of single-crystal material. It also has slightly lower wafer cost and 

less strict growth requirements. However, their lower manufacturing cost is offset by the lower 

cell efficiency. The average price for a polycrystalline module made from cast and ribbon is 

$3.92 per peak watt in 19962, slightly lower than that of a single-crystal module. 
 

 Gallium Arsenide (GaAs) 

A compound semiconductor made of two elements: gallium (Ga) and arsenic (As), GaAs has a 

crystal structure similar to that of silicon. An advantage of GaAs is that it has high level of light 

absorptivity. To absorb the same amount of sunlight, GaAs requires only a layer of few 

micrometers thick while crystalline silicon requires a wafer of about 200-300 micrometers 

thick.3 Also, GaAs has a much higher energy conversion efficiency than crystal silicon, reaching 

about 25 to 30%.Its high resistance to heat makes it an ideal choice for concentrator systems in 

which cell temperatures are high. GaAs is also popular in space applications where strong 

resistance radiation damage and high cell efficiency are required. The biggest drawback of GaAs 

PV cells is the high cost of the single-crystal substrate that GaAs is grown on. Therefore it is 

most often used in concentrator systems where only a small area of GaAs cells is needed. 

2 . Thin Film Materials 



In a thin-film PV cell, a thin semiconductor layer of PV materials is deposited on low-cost 

supporting layer such as glass, metal or plastic foil. Since thin-film materials have higher light 

absorptivity than crystalline materials, the deposited layer of PV materials is extremely thin, 

from a few micrometers to even less than a micrometer (a single amorphous cell can be as thin as 

0.3 micrometers). Thinner layers of material yield significant cost saving. Also, the deposition 

techniques in which PV materials are sprayed directly onto glass or metal substrate are cheaper. 

So the manufacturing process is faster, using up less energy and mass production is made easier 

than the ingot-growth approach of crystalline silicon. However, thin film PV cells suffer from 

poor cell conversion efficiency due to non-single crystal structure, requiring larger array areas 

and increasing area-related costs such as mountings. Constituting about 4% of total PV module 

shipments of US4, the PV industry sees great potentials of thin-film technology to achieve low- 

cost PV electricity. Materials used for thin film PV modules are as follows: the material, how 

much of the sunlight can be successfully converted into electricity is measured by the  concept  

of energy conversion efficiency. 

2 . 1 Amorphous Silicon (a-Si) 

Used mostly in consumer electronic products which require lower power output and cost of 

production, amorphous silicon has been the dominant thin-film PV material since it was first 

discovered in 1974. Amorphous silicon is a non-crystalline form of silicon i.e. its silicon atoms 

are disordered in structure. A significant advantage of a-Si is its high light absorptivity, about 40 

times higher than that of single-crystal silicon. Therefore only a thin layer of a-Si is sufficient for 

making PV cells (about 1 micrometer thick as compared to 200 or more micrometers thick for 

crystalline silicon cells). Also, a- Si can be deposited on various low-cost substrates, including 

steel, glass and plastic, and the manufacturing process requires lower temperatures and thus less 

energy. So the total material costs and manufacturing costs are lower per unit area as compared 

to those of crystalline silicon cells. Despite the promising economic advantages, a-Si still has two 

major roadblocks to overcome. One is the low cell energy conversion efficiency, ranging 

between 5-9%, and the other is the outdoor reliability problem in which the efficiency degrades 

within a few months of exposure to sunlight, losing about 10 to 15%. The average price for a a- 

Si module cost about $7 per watt in 1995.5 

2 . 2 Cadmium Telluride (CdTe) 

As a polycrystalline semiconductor compound made of cadmium and tellurium, CdTe has a high 

light absorptivity level -- only about a micrometer thick can absorb 90% of the solar spectrum. 

Another advantage is that it is relatively easy and cheap to manufacture by processes such as 

high-rate evaporation, spraying or screen printing. The conversion efficiency for a CdTe 

commercial module is about 7%, similar to that of a-Si. The instability of cell and module 

performance is one of the major drawbacks of using CdTe for PV cells. Another disadvantage is 

that cadmium is a toxic substance. Although very little cadmium is used in CdTe modules, extra 

precautions have to be taken in manufacturing process. 



2.3 Copper Indium Diselenide (CuInSe2, or CIS) 

A polycrystalline semiconductor compound of copper, indium and selnium, CIS has been one of 

the major research areas in the thin film industry. The reason for it to receive so much attention  

is that CIS has the highest “research” energy conversion efficiency of 17.7% in 1996 is not only 

the best among all the existing thin film materials, but also came close to the 18% research 

efficiency of the polycrystalline silicon PV cells. (A prototype CIS power module has a 

conversion efficiency of 10%.) Being able to deliver such high energy conversion efficiency 

without suffering from the outdoor degradation problem, CIS has demonstrated that thin film PV 

cells are a viable and competitive choice for the solar industry in the future. CIS is also one of 

the most light-absorbent semiconductors of 0.5 micrometers can absorb 90% of the solar 

spectrum. CIS is an efficient but complex material. Its complexity makes it difficult to 

manufacture. Also, safety issues might be another concern in the manufacturing process as it 

involves hydrogen selenide, an extremely toxic gas. So far, CIS is not Fundamentals of 

Photovoltaic Materials commercially available yet although Siemens Solar has plans to 

commercialize CIS thin-film PV modules. 

Heat Transfer of Solar PV Panels 

Because solar PV panels interact with their environment and their ref is so low, they passively 

absorb about 80% of the incoming solar irradiance as heat. This would not be such a problem if 

not for a 0.5% efficiency loss of the solar PV panels associated with a 1◦K increase of the cell 

temperature. Because the highest temperatures of solar PV panels recorded are about 70 ◦C, this 

efficiency loss can be very noticeable, especially true for yesterday’s PV arrays that have such a 

low efficiency to begin with. Therefore, heat transfer plays an important role in the actual output 

of PV arrays. The three modes of heat transfer are involved with the solar PV array. The main 

energy input is solar irradiance in the form of shortwave radiation. The solar panel undergoes 

heat removal by convection, radiation, and conduction. However, the heat conducted is 

negligible because of the small contact area between the solar array and the its structural 

framework. The heat removed from the panel is in the form of long wave radiation due to the 

much colder temperature of the panel compared to the Sun. A schematic of this heat transfer 

mechanism is shown. It is worth noting that some solar arrays have an anti-reflection coating to 

decrease reflection losses and increase actual solar irradiance incident on the panel 

The temperature of each individual PV cell is a function of its materials, configuration, time of 

day, rotation of the Earth and environmental factors such as wind, temperature, cloud cover and 

humidity. To determine the temperature of the solar PV panel a comprehensive heat transfer 

analysis must be performed. 

Cooling Ducts 



Brinkworth and Sandberg [2006] calculated the optimal length (L), the hydraulic diameter (Dh), 

and the width (H) of a cooling duct attached to the back of a solar PV panel which would reduce 

the most heat. They accomplished this by simultaneously solving the external and internal heat 

transfer equations. The external equation represents the heating of the surroundings from the 

front of the panel while the internal equation represents the heat transferred into the cooling duct. 

Their model was validated with measurements from a full-scale rig. Factors influence the 

temperature of the PV side of the duct are include radiation losses, and decreasing coefficients of 

heat transfer until the flow becomes fully developed. 
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Wind Energy 

The power in the wind 

The wind systems that exist over the earth’s surface are a result of variations in air pressure. 

These are in turn due to the variations in solar heating. Warm air rises and cooler air rushes in to 

take its place. Wind is merely the movement of air from one place to another. There are global 

wind patterns related to large scale solar heating of different regions of the earth’s surface and 

seasonal variations in solar incidence. There are also localised wind patterns due the effects of 

temperature differences between land and seas, or mountains and valleys. Wind speed generally 

increases with height above ground. This is because the roughness of ground features such as 

vegetation and houses cause the wind to be slowed. Wind speed data can be obtained from wind 

maps or from the meteorology office. Unfortunately the general availability and reliability of 

wind speed data is extremely poor in many regions of the world. However, significant areas of 

the world have mean annual wind speeds of above 4-5 m/s (metres per second) which makes 

small-scale wind powered electricity generation an attractive option. It is important to obtain 

accurate wind speed data for the site in mind before any decision can be made as to  its 

suitability. Methods for assessing the mean wind speed are found in the relevant texts (see the 

‘References and resources’ section at the end of this fact sheet). 

The power in the wind is proportional to: 
 

 Area of windmill being swept by the wind 

 Cube of the wind speed 

 Air density - which varies with altitude 

The formula used for calculating the power in the wind is shown below: 

Power = density of air x swept area x velocity cubed 

P = ½.ρ.A.V3 

where, P is power in watts (W) 
 

ρ is the air density in kilograms per cubic metre (kg/m3) 

A is the swept rotor area in square metres (m2) 

Wind for electricity generation Practical Action 

V is the wind speed in metres per second (m/s) 



The fact that the power is proportional to the cube of the windspeed is very significant. This can 

be demonstrated by pointing out that if the wind speed doubles then the power in the wind 

increases by a factor of eight. It is therefore worthwhile finding a site which has a relatively high 

mean wind speed. 

Wind into watts 

Although the power equation above gives us the power in the wind, the actual power that we can 

extract from the wind is significantly less than this figure suggests. The actual power will depend 

on several factors, such as the type of machine and rotor used, the sophistication of blade design, 

friction losses, and the losses in the pump or other equipment connected to the wind machine. 

There are also physical limits to the amount of power that can be extracted realistically from the 

wind. It can been shown theoretically that any windmill can only possibly extract a maximum of 

59.3% of the power from the wind (this is known as the Betz limit). In reality, this figure is 

usually around 45% (maximum) for a large electricity producing turbine and around 30% to 40% 

for a wind pump, (see the section on coefficient of performance below). So, modifying the 

formula for ‘Power in the wind’ we can say that the power which is produced by the wind 

machine can be given by: 

PM = ½.Cp.ρ.A.V3 
 

where,  

 
PM is power (in watts) available from the machine 
 

Cp is the coefficient of performance of the wind machine 
 

It is also worth bearing in mind that a wind machine will only operate at its maximum efficiency 

for a fraction of the time it is running, due to variations in wind speed. A rough estimate of the 

output from a wind machine can be obtained using the following equation; 

PA = 0.2 A V3 
 

where,  

 
PA is the average power output in watts over the year 

V is the mean annual windspeed in m/s 

Principles of wind energy conversion 

There are two primary physical principles by which energy can be extracted from the wind; these 

are through the creation of either lift or drag force (or through a combination of the two). The 

difference between drag and lift is illustrated by the difference between using a spinnaker sail, 

which fills like a parachute and pulls a sailing boat with the wind, and a Bermuda rig, the 



familiar triangular sail which deflects with wind and allows a sailing boat to travel across the 

wind or slightly into the wind. Drag forces provide the most obvious means of propulsion, these 

being the forces felt by a person (or object) exposed to the wind. Lift forces are the most efficient 

means of propulsion but being more subtle than drag forces are not so well understood. The basic 

features that characterise lift and drag are: 

 Drag is in the direction of air flow 

 Lift is perpendicular to the direction of air flow 

 Generation of lift always causes a certain amount of drag to be developed 

 With a good aerofoil, the lift produced can be more than thirty times greater than the drag 

 Lift devices are generally more efficient than drag devices 
 

 
 

 

 
FIG. Performance of wind mill system. 

 

Types and characteristics of rotors 



There are two main families of wind machines: vertical axis machines and horizontal axis Wind 

for electricity generation Practical Action machines. These can in turn use either lift or drag 

forces to harness the wind. The horizontal axis lift device is the type most commonly used. In 

fact other than a few experimental machines virtually all windmills come under this category. 

There are several technical parameters that are used to characterise windmill rotors. The tip 

speed ratio is defined as the ratio of the speed of the extremities of a windmill rotor to the speed 

of the free wind. Drag devices always have tip-speed ratios less than one and hence turn slowly, 

whereas lift devices can have high tip-speed ratios (up to 13:1) and hence turn quickly relative to 

the wind. The proportion of the power in the wind that the rotor can extract is termed the 

coefficient of performance (or power coefficient or efficiency; symbol Cp) and its variation as a 

function of tip-speed ratio is commonly used to characterise different types of rotor. As 

mentioned earlier there is an upper limit of Cp = 59.3%, although in practice real wind rotors 

have maximum C values in the range of 25%-45%. Solidity is usually defined as the percentage 

of the area of the rotor, which contains material rather than air. Low-solidity machines run at 

higher speed and tend to be used for electricity generation. High-solidity machines carry a lot of 

material and have coarse blade angles. They generate much higher starting torque (torque is the 

twisting or rotary force produced by the rotor than low-solidity machines but are inherently less 

efficient than low-solidity machines. The wind pump is generally of this type. High solidity 

machines will have a low tip-speed ratio and vice versa. 

There are various important wind speeds to consider: 
 

 Start-up wind speed - the wind speed that will turn an unloaded rotor 

 Cut-in wind speed – the wind speed at which the rotor can be loaded 

 Rated wind speed – the wind speed at which the machine is designed to run (this is at 

optimum tip-speed ratio) 

 Furling wind speed – the wind speed at which the machine will be turned out of the wind 

to prevent damage 

 Maximum design wind speed – the wind speed above which damage could occur to the 

machine 

Anatomy and characteristics of the wind generator 

A typical small wind generator has rotor that is directly coupled to the generator, which produces 

electricity either at 120/240 volt alternating current for direct domestic use or at 12/24 volt direct 

current for battery charging. Larger machines generate 3 phase electricity. There is often a tail 

vane which keeps the rotor orientated into the wind. Some wind machines have a tail vane, 

which is designed for automatic furling (turning the machine out of the wind) at high wind 

speeds to prevent damage. Larger machines have pitch controlled blades (the angle at which the 

blades meet the wind is controlled) which achieve the same function. The tower is of low solidity 

to prevent wind interference and is often guyed to give support to the tower. 



Grid connected or battery charging 

Depending on the circumstances, the distribution of electricity from a wind machine can be 

carried out in one of various ways. Commonly, larger machines are connected to a grid 

distribution network. This can be the main national network, in which case electricity can be sold 

to the electricity utility (providing an agreement can be made between the producer and the grid) 

when an excess is produced and purchased when the wind is low. Using the national grid helps 

provide flexibility to the system and does away with the need for a back-up system when 

windspeeds are low. 

Micro-grids distribute electricity to smaller areas, typically a village or town. When wind is used 

for supplying electricity to such a grid, a diesel generator set is often used as a backup for the 

periods when wind speeds are low. Alternatively, electricity storage can be used but this is an 

expensive option. Hybrid systems use a combination of two or more energy sources to provide 

electricity in all weather conditions. The capital cost for such a system is high but subsequent 

running costs will be low compared with a pure diesel system. In areas where households are 

widely dispersed or where grid costs are prohibitively expensive, battery charging is an option. 

For people in rural areas a few tens of watts of power are sufficient for providing lighting and a 

source of power for a radio or television. Batteries can be returned to the charging station 

occasionally for recharging. This reduces the inconvenience of an intermittent supply due to 

fluctuating wind speeds. 12 and 24 volt direct current wind generators are commercially 

available which are suitable for battery charging applications. Smaller turbines (50 -150 watt) are 

available for individual household connection. 

Environmental concerns 

Wind power is a clean renewable energy source. There are, however some environmental 

considerations to keep in mind when planning a wind power scheme. They include the 

following: 

 Electromagnetic interference - some television frequency bands are susceptible to 

interference from wind generators. 

 Noise - wind rotors, gearboxes and generators create acoustic noise when functioning; 

this needs to be considered when siting a machine. 

 Visual impact - modern wind machines are large objects and have a significant visual 

impact on their surroundings. Some argue that it is a positive visual impact, others to the 

contrary. 
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Wind Power generation 

 
Basic technology 

 
Wind electric generator converts kinetic energy available in wind to electrical energy by using 

rotor, gear box and generator. 

 

Wind Power 

 
The terms "wind energy" or "wind power" describe the process by which the wind is used to 

generate mechanical power or electricity. Wind turbines convert the kinetic energy in the 

wind into mechanical power. This mechanical power can be used for specific tasks (such as 

grinding grain or pumping water) or a generator can convert this mechanical power into 

electricity to power homes, businesses, schools, and the like. 

 

The seasonal as well as instantaneous changes in winds both with regard to magnitude 

and direction need to be well understood to make the best use of them in windmill designs. 

Winds are known to fluctuate by a factor of 2 or more within seconds (and thus causing the 

power to fluctuate by a factor of 8 or more). This calls for a proper recording and analysis of  

the wind characteristics. 

 
There are various ways the data on wind behavior is collected depending on the use it is 

intended to be put into. The hourly mean wind velocity as collected by the meteorological 

observations is the basic data used in a windmill designs. The hourly mean is the one averaged 

over a particular hour of the day, over the day, month, year and years. The factors, which affect 

the nature of the wind close to the surface of the earth, they are: 

i) Latitude of the place, 

ii) Altitude of the place, 

iii) Topography of the place, 

iv) Scale of the hours, month or year. 



Winds being an unsteady phenomenon, the scale of the periods considered is an 

important set of data required in the design. The hourly mean velocity (for many years)  

provides the data for establishing the potential of the place for tapping the wind energy. The 

scale of the month is useful to indicate whether it is going to be useful during particular periods 

of the year and what storage if necessary is to be provided for. The data based on scale of the 

hour is useful for mechanical aspects of design. 

 
Since the winds near the surface of the earth are derived from large scale movement of 

atmospheric winds, the location height above ground level at which the wind is measured and 

the nature of the surface on earth have an influence on the velocity of wind at any given time. 

The winds near the surface of the earth are interpreted in terms of boundary layer concept, 

keeping in mind the factors that influence its development. The wind velocity at a given height 

can be represented in terms of gradient height and velocity. 

 

 

The values of Vg, hg and n depends on the nature of the terrain, which are classified as 

 

i) Open terrain with few obstacles (open land, lake, shores, deserts, prairies, etc). 

ii) Terrain with uniformly covered obstacles (wood lands, small towns, suburbs, etc.) 

iii) Terrain with large and irregular objects (large city centres, country with breaks of large 

trees etc.). 

 

Components of wind electric generator 

 
Basic components of a Wind Electric Systems are, 

 

 Tower 

 Nacelle 

 Rotor 

 Gearbox 

 Generator 



 Braking System 

 Yaw System 

 Controllers 

 Sensors 

The main components of a WECS are showing in Fig 1 in block diagram form. Summery of  

the system operation is as follows: 

 
Aero turbines convert energy in moving air to rotary mechanical energy. In general,  

they require pitch control and yaw control (only in the case of horizontal or wind axis 

machines) for proper operation. A mechanical interface consisting of a step up gear and a 

suitable coupling transmits the rotary mechanical energy to an electrical generator. The output 

of this generator is connected to the load or power grid as the application warrants. 
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Yaw control. For localities with the prevailing wind in one direction, the design  

of a turbine can be greatly simplified. The rotor can be in a fixed orientation with the 

swept area perpendicular to the predominant wind direction. Such a machine is said to be 

yaw fixed. Most wind turbines, however, are yaw active, that is to say, as the wind 

direction changes, a motor rotates the turbine slowly about the vertical (or yaw) axis so as 

to face the blades into the wind. The area of the wind stream swept by the wind rotor is 

then a maximum. 

 
In the small turbines, yaw action is controlled by tail vane, similar to that in a 

typical pumping windmill. In larger machines, a servomechanism operated by a wind- 

direction sensor controls the yaw motor that keeps the turbine properly oriented. 

 
The purpose of the controller is to sense wind speed, wind direction, shafts speeds 

and torques at one or more points, output power and generator temperature as necessary 

and appropriate control signals for matching the electrical output to the wind energy input 

and protect the system from extreme conditions brought upon by strong winds electrical 

faults, and the like. 
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The physical embodiment for such an agro-generator is shown in a generalized. 

The sub-components of the windmill are: 

 
 

- wind turbine or rotor 

- wind mill head 

- transmission and control and 

- Supporting structure 

 
 

Such a machine typically is a large impressive structure. 

 
 

Rotors 

i. Horizontal axis rotor and 

ii. Vertical axis rotor. 

 
 

One advantage of vertical-axis machines is that they operate in all wind directions 

and thus need no yaw adjustment. 

 
The rotor is only one of the important components. For an effective utilization,  

all the components need to be properly designed and matched with the rest of the 

components. 

 
Windmill head 

The windmill head 

It supports the rotor, housing the rotor bearings. It also houses any control 

mechanism incorporated like changing the pitch of the blades for safety devices and tail 

vane to orient the rotor to face the wind. Mounting it on the top of the supporting 

structure on suitable bearings facilitates the latter. 

Transmission 

Varying the pitch of the rotor blades, conveniently controls the rate of rotation of 

large wind turbine generator operating at rated capacity or below,, but it is low, about 40 

to 50 revolutions per minute (rpm). Because optimum generator output requires much 



greater rates of rotation, such as 1800 rpm, it is necessary to increase greatly the low rotor 

rate of turning. Among the transmission options are mechanical systems involving fixed 

ratio gears, belts, and chains, singly or in combination or hydraulic systems involving 

fluid pumps and motors. Fixed ratio gears are recommended for top mounted equipment 

because of their high efficiency, known cost, and minimum system risk. For bottom 

mounted equipment which requires a right-angle drive, transmission costs might be 

reduced substantially by using large diameter bearings with ring gears mounted on the 

hub to serve as a transmission to increase rotor speed to generator speed. Such a 

combination offers a high degree of design flexibility as well as large potential savings. 

 
Generator 

Either constant or variable speed generators are a possibility, but variable speed 

units are expensive and/or unproved. Among the constant speed generator candidates for 

use are synchronous induction and permanent magnet types. The generator of choice is 

the synchronous unit for large aero generator systems because it is very versatile and has 

an extensive database. Other electrical components and systems are, however, under 

development. 

 
Controls 

The modern large wind turbine generator requires a versatile and reliable control 

system to perform the following functions: 

1) the orientation of the rotor into the wind (azimuth of yaw); 

2) start up and cut-in of the equipment; 

3) power control of the rotor by varying the pitch of the blades; 

4) generator output monitoring - status, data computation, and storage; 

5) shutdown and cut out owing to malfunction of very high winds' 

6) protection for the generator, the utility accepting the power and the prime 

mover; 

7) auxiliary and /or emergency power; and 

8) maintenance mode. 



Many combinations are possible in terms of the control system and may involve the 

following components: 

1) Sensor - mechanical, electrical, or pneumatic: 

2) Decision elements - relays, logic modules, analog circuits, a 

microprocessor, a fluidics, units, or a mechanical unit; and 

3) Actuators - hydraulic, electric, or pneumatic. A recommended 

combination of electronic transducers feeding into a micro-processor 

which, in turn, signals electrical actuators and provides protection through 

electronic circuits, although a pneumatic slip clutch may be required. 

Towers. 

Four types of supporting towers deserve consideration, these are: 

 
 

1) the reinforced concrete tower 

2) the pole tower 

3) the built up shell-tube tower, and 

4) the truss tower 

 
 

Among these, the truss tower is favoured because it is proved and widely 

adaptable, cost is low, parts are readily available, it is readily transported, cost is low, 

parts are readily available, it is readily transported, and it is potentially stiff. Shell-tube 

towers also have attractive features and may prove to be competitive with truss towers. 

 
The type of the supporting structure and its height is related to cost and the 

transmission system incorporated. It is designed to withstand the wind load during gusts 

(even if they occur frequently and for very short periods). Horizontal axis wind turbines 

are mounted on towers so as to be above the level of turbulence and other ground related 

effects. The minimum tower height for a small WECS is about 10m, and the maximum 

practical height is estimated to be roughly 60 m. 

 
The turbine may be located either upwind or downwind of the tower. In the 

upwind location (i.e. the wind encounters the turbine before reaching the tower), the 



wake of the passing rotor blades causes repeated changes in the wind forces on the tower. 

As a result, the tower will tend to vibrate and may eventually be damaged. On the other 

hand, if the turbine is down wind from the tower as shown in figure, the tower vibrations 

are less but the blades are now subjected to severe alternating forces as they pass through 

the tower wake. 

 
Both upwind and downwind locations have been used in WEC devices. 

Downwind rotors are generally preferred especially for the large aero generators. 

Although other forces acting on the blades of these large machines are significant, tower 

effects are still important and tower design is an essential aspect of the overall system 

design. 

Water pumping 

The sun converts five million tonnes of matter into energy every second. The tiny 

fraction of energy reaching earth occurs in many farms. One of these is wind energy. 

Wind energy is extraction of kinetic energy from the wind for conversion into a useful 

type of energy - mechanical or electrical. The use of wind energy is almost as old as 

recorded history. Windmills along with watermills were among the original prime movers 

that replaced animal muscle as a source of energy. 

 
Two important aerodynamic principles are utilized in windmill operation, i.e., lift 

and drag. The wind can rotate the rotor of a wind mill either by lifting (lift) the blades or 

by simply pushing against it (drag). Practically a wind mill cannot extract all the power in 

the wind as it depends upon many factors like the density of the air, wind speed, 

atmospheric pressure, area of the rotor and design of the rotor. To extract and utilize the 

maximum possible energy, two principles (lift and drag) are well adjusted while 

designing a wind mill for a specific application. 

 
There are two different types of wind machines 

1. Horizontal –axis wind machine where the rotating axis is parallel to the direction of 

wind flow and parallel to the ground. There are two or more aerodynamic blades 

mounted on the horizontal shaft. The blade tips can travel at several times the wind speed 



which results in high efficiency. The blade shape is designed by suing the same aero- 

dynamic theory as for aircraft. The low-speed horizontal axis wind mills are used mainly 

for mechanical purposes, like in water pumps. 

 
2. Vertical – axis wind machines are those where the rotating axis is perpendicular to the 

wind stream and to the ground. The best known vertical-axis rotor is made up of two 

identical semi cylinders with their axis vertical. This was developed by the Finnish 

engineer, Savonious (1931), and is being used increasingly for small wind – energy 

installations. The French engineer, Davieus designed another type of vertical – axis rotor 

called Davious type wind mill. Flexible metal strips in the shape of a catenary form the 

rotor blades. For a given wind speed, the unit rotates more rapidly and is more efficient 

that the savionious rotor. Unfortunately, the Darreieus rotor is not self-starting even in 

high winds. 

Water pumping wind mills – a viable alternative 

The energy needs of the agricultural sector have been on the rise with the 

introduction of improved farming technologies and increased mechanization. The 

electrical power needs of the agricultural sector have risen to almost 40 per cent of the 

total power consumption in the state. The heavy state subsidies, concessional and flat 

tariffs given to the sector for conventional electric power act as a disincentive for 

renewable energy source or energy conservation and along with the increasing rise in 

demand, strain the already taxed power situation in this country. 

Wind pumping is a well-established technology that offers an alternative to diesel 

and electric pumpsets. Most wind pumps can operate under fairly low wind conditions (6- 

8 kmph) and are especially appropriate for the modest water needs of small farming 

establishments. Storing water is also cheaper than storing electricity. During low wind 

periods the owner can simply draw on the water that was pumped into the storage tank 

when the wind was ample. 

Most mechanical wind machines use fan type blades, which can range from a 

minimum of 4 to a maximum of 24 blades to capture the wind energy, which is then 

transferred by a drive shaft to the pumping mechanism. Today gear type windmills are 



promoted under the National water pumping wind mill programme as they are easier for 

operation and maintenance. 

Wind is a highly variable energy resource. The user cannot control its timing or 

intensity. A strong wind may cause the storage tank to over flow, while a weak wind 

might not provide enough water for the user’s needs. Effective use of the wind pump 

depends on a clear matching of demand and supply facilitated both by matching the 

design of the wind pump (its water output etc.,) to suit the user’s needs, and the user 

himself learning to use the wind pump and the stored water effectively. 

In areas where electricity lines have not yet reached or where the supply is erratic 

and diesel supplies are expensive and unreliable, wind pumps have ensured water for 

man, animals and land. 

The annual operation and maintenance cost of a wind pump in total averages at 

about Rs. 500-700. This is besides the oiling and moving parts (twice a month), changing 

the washers (between 1-3 years, depending on the use) and changing the oil in the gear 

box (once a year). Preventive maintenance is crucial to the smooth and regular working 

of the wind pumps, to check downtime. 

In the coming years, research and development one going to play a pivotal role in 

the acceptance of the wind pump technology on a scale that can meet the requirement of 

large, agro-economic developing country like India. Problems to be tackled will primarily 

have to do with increasing water output and lessening maintenance headache. 



Wind mill for water pumping 
 

1. Vane 2. Rotor 3. Tail 4. Tower 

 
 

The reciprocating pump is fitted at 25 m. depth in a bore well. The vanes are 

reinforced with 25 x 25 x 8 mm. size L angles at the backside of the periphery for 

longevity. 

Salient Features 

 The discharge rate at 14 to 25 km/h wind velocity is 3,000 to 4,750 litre/h. 

 This can be used for medium wind speed areas (10-14 km/h). 
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Solar energy
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Solar Radiation 

 

 
 
 
 

• Angle of Incidence: The angle that a ray of sun makes with a 

line perpendicular to the surface. For example, a surface 

that directly faces the sun has a solar angle of incidence of 

zero, but if the surface is parallel to the sun (for example, 

sunrise striking a horizontal rooftop), the angle of incidence 

is 90°. 

• Solar Radiation - the electromagnetic radiation emitted by 

the sun. 

• Diffuse Radiation: Radiation received from the sun after 

reflection and scattering by the atmosphere and ground. 

• Direct Normal Radiation (DNI) :Radiation received by direct 

solar rays. Measured by a Pyrheliometer with a solar 

aperture of 5.7° to transcribe the solar disc. 
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Solar radiation Contd… 

 

 
 
 
 

 

• Direct Insolation: Sunlight falling directly upon a collector. 

Opposite of diffuse insolation. 

 
Global Horizontal Insolation: Also called Global Horizontal 

Irradiance or total solar radiation is the 

sum of Direct Normal Irradiance (DNI), Diffuse 

Horizontal Irradiance (DHI), and ground-reflected 

radiation; however, because ground reflected radiation 

is usually insignificant compared to direct and diffuse, 

for all practical purposes global radiation is said to be 

the sum of direct and diffuse radiation only: 
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Measuring Sun radiation 

 

 
 
 
 

 

• Full Sun: The amount of power density in sunlight received 

at the earth's surface at noon on a clear day(about 1,000 

Watts/square meter). 

• Peak Sun Hours: The equivalent number of hours per day 

when solar irradiance averages1,000 w/m2. For example, 

six peak sun hours means that the energy received during 

total Daylight hours equals the energy that would have 

been received had the irradiance for six Hours been 1,000 

w/m2. 

• Pyranometer: An instrument used for measuring global 

solar irradiance. 

• Pyrheliometer: An instrument used for measuring direct 

beam solar irradiance. Uses an aperture of 5.7° to 

transcribe the solar disc. 



 - 5 -  

 
Tilt angle for Max radiation 

 

 
 

• Tilt Angle: The angle at which a photovoltaic array is set to 

face the sun relative to a horizontal position. 

• The tilt angle can be set or adjusted to maximize seasonal 

or annual energy collection. 

• Fixed Tilt Array: A photovoltaic array set in at a fixed angle 

with respect to horizontal. 

• Tracking Array: A photovoltaic (PV) array that follows the 

path of the sun to maximize the solar radiation incident on 

the PV surface. 

• The two most common orientations are: (1) one axis where 

the array tracks the sun east to west; and 

(2) two axis tracking where the array points directly at the 

sun at all times. 

• Tracking arrays use both the direct and diffuse sunlight. 

Two axis tracking arrays capture the maximum possible 

daily energy. 
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System Components 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Photo Voltaic Modules 
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Photo Voltaic modules 

 

 
 
 
 

 

• Crystalline Silicon: A type of photovoltaic cell made from a 

slice of single-crystal silicon or polycrystalline silicon. 

• Modules made out of single crystal silicon cells are known 

as mono crystalline modules and the ones made out of poly 

crystalline silicon cells are known as poly crystalline 

modules. 

• Thin Film Photovoltaic Module: A photovoltaic module 

constructed with sequential layers of thin film 

semiconductor materials. 

• Amorphous Silicon: A thin-film, silicon photovoltaic cell 

having no crystalline structure. Manufactured by depositing 

layers of doped silicon on a substrate. 
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Photo Voltaic modules Contd… 

 

 
 
 
 
 

• Cadmium Telluride (CdTe): A thin-film photovoltaic module 

with a mix of Cadmium and Telluride material.. 

• Copper Indium Diselenide (CuInSe2 or CIS): A 

polycrystalline thin-film photovoltaic material (sometimes 

incorporating gallium (CIGS) and/or sulphur). 

• BIPV (Building‐Integrated Photovoltaic): A term for the 

design and integration of photovoltaic (PV) technology into 

the building envelope, typically replacing conventional 

building materials. This integration may be in vertical 

facades, replacing view glass, spandrel glass, or other 

facade material; into semitransparent skylight systems; into 

roofing systems, replacing traditional roofing materials; into 

shading "eyebrows" over windows; or other building 

envelope systems. 
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PV module parameters 

 

 
 
 
 

 

• Peak Watt: A unit used to rate the performance of solar 

cells, modules, or arrays; the maximum nominal output of a 

photovoltaic device, in watts (Wp) under standardized test 

conditions, usually 1,000 watts per square meter of sunlight 

with other conditions, such as temperature specified. 

• Photovoltaic (PV) Conversion Efficiency: The ratio of the 

electric power produced by a photovoltaic device to the 

power of the sunlight incident on the device. 

• Maximum Power Point (MPP): The point on the current- 

voltage (I-V) curve of a module under illumination, where 

the product of current and voltage is maximum. For a 

typical silicon cell, this is at about 0.5 volts. 
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PV module parameters Contd…. 

 

 
 
 
 

 

• Voc(V) -Open circuit voltage of the PV Module 

• Vmp(V)-Maximum Power voltage 

• Isc(A)- Short circuit current 

• Imp(A)-Maximum power current 

• Pmax(Wp)- Peak Power watts 

• n(%)-Module efficiency 

• %/C-Temperature coefficient of Pmax/Voc/Isc. 

• NOCT-Nominal cell operating temperature. 
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System Components 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Power conditioning 

units(Inverters and Charge 

controllers 
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Power Conditioning units(PCUs) 

 

 
 
 
 

 

• Power Conditioning Equipment: Electrical equipment, or 

power electronics, used to convert power from a 

photovoltaic array into a form suitable for subsequent use. 

A collective term for inverter, converter, battery charge 

regulator, and blocking diode. 

• Charge controller: An electronic device that controls the 

charge input to the storing device(usually a battery) from 

the solar PV array. 

• DC‐to‐DC Converter: Electronic circuit to convert direct 

current voltages (e.g.,photovoltaic module voltage) into 

other levels (e.g., load voltage). Can be part of a maximum 

power point tracker. 
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Controller/Converter 

 

 
 
 
 

 

• Maximum Power Point Tracker (MPPT): Means of a power 

conditioning unit that automatically operates the 

photovoltaic generator at its maximum power point under all 

conditions. 

• Maximum Power Tracking: Operating a photovoltaic array 

at the peak power point of the array's IV curve where 

maximum power is obtained. Also called peak power 

tracking. 

• Inverter: An electrical/electronic device that converts direct 

current electricity to alternating current either for stand- 

alone systems or to supply power to an electricity grid. 
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Inverters 

 

 
 
 
 

 

• Grid tied Inverter: Inverter that is tied to the utility grid and 

works in synchronization with the grid frequency and injects 

power into the grid. 

• Off grid inverter: A standalone inverter that works on DC 

input from Solar PV and or storage battery and gives out 

AC power. 

• Grid interactive Inverter: Works as grid tied inverter when 

utility grid is available and as standalone inverter when grid 

power is not available. 
 
 
 
 
 
 
 
 



 - 15 -  

 

Off Grid PV systems 

 

 
1. Simple off grid PV 

System 
 
 
 
 
 
 
 
 
 
 
 
 

 

Hybrid off grid PV 
System with optional 

Generator 
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Grid tied PV systems 

 
1. Without Storage 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. With battery 
Storage 
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Engineering, procurement and Construction(EPC) 

 
 

• Project development 

 

• Engineering 

 

• Procurement 

 

• Construction 

 

• Operation and Maintenance 
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Project development support 

 

 
• Estimating & Technology Evaluation 

 
• Site Selection 

 
• Scope Definition 

 
• PPA Bid Support 

 
• Project finance support 
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Engineering 

 

 
• System Modeling and Design 

 
• Array Optimization 

 
• Plant Layout and Optimisation. 

 
• Detailed Engineering and drawings 

 
• Complete Bill of Materials 

 
• Installation and O&M Manuals. 



 - 20 -  

 

Procurement 

 

 
• Project BOM based sourcing 

 
• Technology neutral Procurement Approach 

 
• Vendor evaluation 

 
• Procurement support and Processing 

 
• Inspection and clearance 

 
• Logistics and Placement 
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Construction 

 

 
• Realistic Project planning and scheduling 

 
• Construction management 

 
• Vendor/sub contractor management 

 
• Site management 

 
• Completion of Project on time 

 
• Exemplary Safety Record 
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Operation and maintenance 

 

 
– SCADA and Production Monitoring 

 
– Module Cleaning 

 
– Structural Maintenance 

 
– Vegetation Management 

 
– Preventive management 

 
– On site data monitoring and record keeping. 
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System Components 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Choosing the Right 

Components/Systems 
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PV modules 

 

 
 
 
 
 
 
 
 
 

 

It is important that  the choice should be 

based  on Pedigree, commitment to quality, 

proven   performance, assured longevity and 

bankability of the source. 
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Module-The Heart of the PV plant 

 

 
 
 
 

 

It is important that the choice should be based on 

 
• Proven performance 

 
• Assured longevity 

 
• Linear degradation 

 
• Bankability of the source. 

 
• Quality standards of the Co. 

 
• Life cycle tests conducted 

 
• Sourcing of internal components. 
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 Curve – function of Temperature & Intensity 
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Types of Solar PV Modules 

 

 
 
 
 

Solar Module Comparison 

 
Monocrystalline Polycrystalline A:Si 

Cell efficiency Higher High Low 

Light Induced 

Degradation 

 
High 

 
Low 

Highest, but 

Stabilized 

Area occupied Less Medium High 

Production Cost Higher High Low 

Availability Not easily Easily Easily 

Performance in 

Hot climate 

 
Less 

 
Less 

More 

efficient 

Shade tolerance Less Less Partial 
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Inverters 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Choice should be based on the 

efficiency, dependability and adaptability 

to the vagaries of utility. 
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Inverter-The Brain of the PV plant 

 

 
Choice should be based on 

• Efficiency 

 
• Reliability 

 
• Adaptability to the vagaries of Utility grid. 

 
• Derating at higher temperatures 

 
• Efficiency at low levels of irradiation. 

 
• Proven foot print. 
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Advantages of String Inverters over 

 Central Inverters: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Characteristics String Inverters Central Inverters 

Losses due to cabling Less High 

Mismatching Loss Less High 

Loss due to down 

Time 

Less High 

Annual Yield High Less 

Maintenance Easy(replacement) Difficult(repair) 

Handling Easy(less weight) Difficult(more weight) 

Voltage Range Available in 415 V 

range 

Voltage is below 415V 
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Module Mounting Structures(MMS) 

 
 
 
 

Light weight and long lasting galvanized 

structures with an ergonomic design that 

enhances the beauty of the structural body and 

the Capacity to withstand the physical load and 

the wind speed load of 170 to 200 Kmph 
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MMS-The Backbone of the PV plant 

 
 
 

• Structurally strong and optimised for module load and wind 

load. 

 
• Long lasting galvanized structures 

 
• Foundations that suit the load bearing soil 

 
• Modular design for addition to capacity 
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Cables- The Circulatory system 

 

 
 
 
 

 

Sizing matters 

• Electric lines with lower load improves the lifespan of the 

cables. 

 
• If the plant is to be enlarged, the cables can be maintained. 

 
• A better response to potential short-circuits. 

 
• Improved Performance Ratio (PR) of the plant. 
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SCADA-The Nervous system of the PV plant 

 

 
• Appropriate String Monitoring 

 
• Monitoring and recording of all DC and AC parameters 

 
• Raising of alarms on malfunctioning and or crossing preset 

levels. 

 
• Appropriate Communication port/s for remote monitoring 

and access to data. 
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Lightning arrestors 
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Weather Monitoring Station 
 
 
 

A weather monitoring station consists of the 

following equipment's: 

• Pyranometer for measuring solar irradiance. 

 
• Thermometer for measuring air and sea 

surface temperature 

 
• Barometer for measuring atmospheric pressure. 

 
• Hydrometer for measuring humidity. 

 
• Anemometer for measuring wind speed. 

 
• Rain gauge for measuring liquid precipitation over a set period of 

time. 
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Creating Value 

 

 
• An optimum solution 

 
• Better cost to benefit ratio 

 
• Increased yield 

 
 

• Near zero breakdowns and minimized maintenance cost 

 
• Reduced payback period 
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System Design 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Design and Evaluation 
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Typical bill of Material of a Solar PV power 

plant(4.5 MW). 

• PV modules Csi 250Wp—18,000 nos 

• Module mounting structures 3x24 array—250 nos 

• Central Inverters 680 KW– 6 nos 

• Module strings(24 in 1)—750 nos 

• Array Jn boxes(16 in 1)- 48 nos 

• String Monitoring units-6 nos 

• DC and AC cables 

• HV Transformers(380-380/33KV) 1.5 MVA—3 nos. 

• HT panel with VCBs- 1 no 

• Earthing pits-90 nos and Lightning arrestors-6nos 

• Switch yard with Metering panel and HT c/o switch pole 

• Inverter and Control rooms 

• Auxilliary transformer 100KVA- 1 no 

• Weather station-1 no 

• Scada/Monitoring system 



 

 

 
 
 
 
 
 
 
 
 
 

 

Schematic Line Diagram – 4.5 MW 



 

Inputs required for analysis by PV Syst 

 

• Meteorological data : Meteonorm, IMD, NASA, NREL 

 
• Radiation Models- Hay , Perez 

 
• Ambient Air Temperature – Minimum, Maximum, 

Average 

 
• Module selection 

 
• Inverter selection 

 
• Module mounting- Tilt angle 
• Loss factors 
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 Meteonorm  NASA data  IMD data 

 GlobHor Amb. T GlobInc  GlobHor Amb. T GlobInc  GlobHor Amb. T GlobInc 

 kWh/m² °C kWh/m²  kWh/m² °C kWh/m²  kWh/m² °C kWh/m² 

January 158 26 182.2  152.8 25.1 175.8  164 26 189.5 

February 173 27 192.5  164.9 26.1 182.9  173.3 27 192.6 

March 208 27.9 217.2  205.8 27.5 214.6  208 27.9 216.8 

April 203 29.5 199  201.6 28.3 197.6  205.5 29.5 201.2 

May 199 31.4 185  189.7 29.7 176.8  203 31.4 188.7 

June 172 30.4 157.7  157.2 30.1 145.2  180 30.4 164 

July 167 29 155.2  146.6 29.5 136.6  177.9 29 164.4 

August 170 29.1 163.5  148.8 29.4 143.6  176.7 29.1 170.3 

Septemb 

er 

 
166 

 
29.8 

 
167.5 

  
150.3 

 
28.5 

 
151.6 

  
174.9 

 
29.8 

 
177.4 

October 150 29.4 160.4  137 27 145.2  148.2 29.4 158.3 

Novembe 

r 

 
126 

 
27.5 

 
140.2 

  
121.8 

 
26.1 

 
135.2 

  
135.9 

 
27.5 

 
151.7 

Decembe 

r 

 
129 

 
26.8 

 
149.2 

  
131.4 

 
25.5 

 
152.5 

  
146.3 

 
26.8 

 
170.3 

Year 2021 28.66 2069.5  1907.9 27.74 1957.5  2093.7 28.66 2145.1 

 5.536986    5.227123    5.736164   

 

 



  

 
PVSYST REPORT 4.5MW-c:Si 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

e 
 
 
 
 

 

  

 
With different Meteorological data with Hay model 

NISSAN 4.5MW with Schneider inverter, C;Si- Hay model 

NISSAN With Meteonorm  With IMD  With NASA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
H
E
 
P
O
W
E
R
 
O
F 

Array Capacity of the PV plant 4500 kW  4500 kW  4500 kW  

Horizontal Global Irradiation (Kwh/m2)  2021   2094   1908  

Global incident radiation on collector plane (+) 1.50% 2051.315  1.50% 2125.41  1.80% 1942.344  

IAM factor on Global (-) 3.10% 1987.724  3.00% 2061.6477  3.10% 1882.131  

Area of the modules (m2) 30095   30095   30095   

 
Effective Irradiance on modules 

 5982056 
1 

  62045287. 
5 

  5664274 
3 

 

Module efficiency for pv conversion 14.97   14.97   14.97   

 
Array nominal energy at STC 

  
8955138 

 
8953 

 9288179.5 
4 

 
9279 

  
8479419 

 
8473 

 
PV loss due to irradiance level (-) 

 
0.50% 

 
8910362 

  
0.40% 

9251026.8 
3 

  
0.50% 

 
8437021 

 

 
PV loss due to temperature (-) 

 
12.10% 

 
7832208 

  
11.90% 

8150154.6 
3 

  
11.10% 

 
7500512 

 

 
Array Soiling loss (-) 

 
2.00% 

 
7675564 

  
2.00% 

7987151.5 
4 

  
2.00% 

 
7350502 

 

 
Module quality loss (-) 

 
0.10% 

 
7667889 

  
0.10% 

7979164.3 
9 

  
0.10% 

 
7343151 

 

Module Array mismatch loss (-) 2.00% 7514531  2.00% 7819581.1  2.00% 7196288  

 
Ohmic wiring loss 

 
1.10% 

 
7431871 

  
1.10% 

7733565.7 
1 

  
1.00% 

 
7124325 

 

Inverter loss during operation (-) 1.30%   1.30%   1.30%   

 
Available energy at inverter output 

  
7335257 

  7633029.3 
5 

   
7031709 

 

 
Inverter loss due to Power threshhold 

 
0.10% 

 
7327922 

 
7330 

 
0.10% 

7625396.3 
3 

 
7619 

 
0.10% 

 
7024677 

 
7015 

Power loss due to ac, dc wiring, transformer etc 2.00%   2.00%   2.00%   

 
Produced Energy at grid (kWh/year) 

  
7188552 

  7480368.7 
7 

   
6891075 

 

 



  

 

With different Meteorological data with Perez model 
 
 

NISSAN 4.5MW with Schneider inverter, C;Si- Perez model 

NISSAN With Meteonorm  With IMD  With NASA  

Array Capacity of the PV plant 4500 kW  4500 kW  4500 kW  

Horizontal Global Irradiation (Kwh/m2)  2021   2094   1908  

Global incident radiation on collector plane (+) 2.40% 2069.504  2.50% 2146.35  2.60% 1957.608  

 
IAM factor on Global (-) 

 
3.10% 

 
2005.349 

  
3.10% 

2079.8131 
5 

  
3.10% 

 
1896.922 

 

Area of the modules (m2) 30095   30095   30095   

 
Effective Irradiance on modules 

 6035098 
9 

  62591976. 
7 

  5708787 
2 

 

Module efficiency for pv conversion 14.97   14.97   14.97   

 
Array nominal energy at STC 

  
9034543 

  9370018.9 
2 

   
8546054 

 

 
PV loss due to irradiance level (-) 

 
0.50% 

 
8989370 

  
0.40% 

9332538.8 
4 

  
0.50% 

 
8503324 

 

 
PV loss due to temperature (-) 

 
12.20% 

 
7892667 

  
12.00% 

8212634.1 
8 

  
11.20% 

 
7550952 

 

Array Soiling loss (-) 2.00% 7734814  2.00% 8048381.5  2.00% 7399933  

 
Module quality loss (-) 

 
0.10% 

 
7727079 

  
0.10% 

8040333.1 
2 

  
0.10% 

 
7392533 

 

 
Module Array mismatch loss (-) 

 
2.00% 

 
7572537 

  
2.00% 

7879526.4 
5 

  
2.00% 

 
7244682 

 

 
Ohmic wiring loss 

 
1.10% 

 
7489240 

  
1.10% 

7792851.6 
6 

  
1.00% 

 
7172235 

 

Inverter loss during operation (-) 1.30%   1.30%   1.30%   

 
Available energy at inverter output 

  
7391879 

  7691544.5 
9 

   
7078996 

 

 
Inverter loss due to Power threshhold 

 
0.10% 

 
7384488 

 
7388 

 
0.10% 

7683853.0 
5 

 
7683 

 
0.10% 

 
7071917 

 
7064 

Power loss due to ac, dc wiring, transformer etc 2.00%  1640.997 2.00%   2.00%   

Produced Energy at grid (kWh/year)  7244042   7537713.7   6937416  

 

H
E
 
P
O
W
E
R
 
O
F 



  

 
 
 
 
 
 
 

 

 

Component Derate Factors 

 
 
 
 

loss 

 

Mitigation 

Global incident radiation on 

collector plane (+) 

 

2.40% 

 

depends on location. Perez model to be used 

 

IAM factor on Global (-) 

 

3.10% 

 

intrinsic property of module. This value based on Sandia labs data 

PV loss due to irradiance level 

(-) 

 

0.50% 

 

Low irradiance property of module. Selection of good brand module 

 

PV loss due to temperature (-) 

 

12.20% 

 

depends on NOCT, Temp. coefficient of Pmax & location 

Array Soiling loss (-) 2.00% depends on frequency of cleaning 

Module quality loss (-) 0.10% Positive tolerance in Pmax 

Module Array mismatch loss (- 
) 

 
2.00% 

 
Positive tolerance in Pmax . String invertes better 

Ohmic wiring loss 1.10% larger size of cable better 

Inverter loss during operation 

(-) 

 
1.30% 

 
Higher effiency inverter 
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Yield at the end of Year 
 
 
 
 

 

Yield at the end of Year Energy Yield (KW-hr/ year) Remarks 

Start 8270878  

1st Year 8022752 3% loss 

2nd year 7966592 0.7% loss 

3rd year 7910826 0.7% loss 

4th Year 7855450 0.7% loss 

5th Year 7800462 0.7% loss 

6th Year 7745859 0.7% loss 

7th Year 7691638 0.7% loss 

8th Year 7637797 0.7% loss 

9th Year 7584332 0.7% loss 

10th Year 7443790 0.7% loss 

11th Year 7391684 0.7% loss 

12th Year 7339942 0.7% loss 

13th year 7288562 0.7% loss 

14th Year 7237542 0.7% loss 

15th Year 7186880 0.7% loss 

16th Year 7136571 0.7% loss 

17th Year 7086615 0.7% loss 

18th Year 7037009 0.7% loss 

19th Year 6987750 0.7% loss 

20th year 6938836 0.7% loss 

21st year 6890264 0.7% loss 

22nd Year 6842032 0.7% loss 

23rd year 6794138 0.7% loss 

24th year 6746579 0.7% loss 

25th Year 6616702 0.7% loss 
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                                        Energy Yield in units for 25 yrs 
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Important Power parameters 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

Levelised Cost of Energy(LCOE) : Cost per kWh 
 
 
 
 

 

A precise method for determining the net present cost of 

production for a specific PV installation. 

 

Lifetime expenses for Capital + Installation + O & 

M + Miscellaneous 

LCOE = ----------------------------------------------------------------- 

Lifetime Energy Production 

 
ADVANTAGE : 

Encompasses cumulative system costs and total energy 

production over the system lifetime, levelized to compare with 

prevailing electricity rate. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Factors affecting LCOE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



  

 
Energy Yield 

 

 
 
 
 
 

 

 Choice of PV technology

 High peak efficiency of Inverters

 MPPT tracking 

 Maximum power(lower losses) on hot days 

 Lower DC and HVAC loss 

 Degradation of solar PV modules 
 
 

 



  

 
BOS Cost 

 

 
 
 
 
 

 Lower site preparation and installation costs

 
 Optimal layout

 
 Stand alone ready enclosures

 
 Remote monitoring

 
 Reduction in large size cabling

 
 Fewer medium voltage transformers required



  

Operation & Maintenance 
 
 
 
 
 

 Lower O & M costs

 
 Standard warrantee of O & M

 
 Extended warrantees

 
 High reliability

 
 Remote monitoring and diagnostics

 
 Uptime guarantees

 
 Whole site O & M Services

 
 Frequency of module cleaning



  

 
 

Baseline 

 Design 

 

 

Example LCOE Analysis 

 
Better design 

&Engineering 

  BOS cost $ 2 per 
Watt

 500 kW inverter with 
97% efficiency

 97% uptime

 Higher loss in HV ac

 Default O & M

 Annual output 1.55 
million kWhrs

 LCOE 13.4 c/ kWh

 Slightly lower cost BOS 

 500 kW inverter with 
98% efficiency 

 99% uptime 

 Lower losses in DC 
and HV ac. 

 O&M includes 99% 
uptime 

 Annual output 1.65 
million KWhrs 

 LCOE 12.1c / kWh 



  

 
Performance Ratio(PR) 

 

 
 
 
 

 

• The P.R. is a measure of the performance of a PV plant at 

a given irradiation level 

 
Energy Measured (kWh) 

• P.R = -------------------------------- 

Energy modeled (kWj) 

• Energy modeled = Irradiance @ location (kwh / m2 * Cell 

Area (m2) * ŋ 

• ŋ is the module efficiency 

•  Energy measured is the data reported from the plant after 

one year of operation 

• All data is measured over one year 



  

 
Capacity Utilization Factor(CUF) 

 

 
 
 
 
 
 
 
 

(Energy measured) (kWh) 

C.U.F = ---------------------------------------- 

Installed Capacity (kW) * 8760 (hr) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

Relationship between PR and CUF 

 
 
 
 

The relationship between the two is 
 
 

C.U.F * Installed Capacity (kW) * 8760 (hr) 

P.R = ------------------------------------------------------- 

Irradiance @ location (kWh / (m2)) * Cell 

Area (m2) * ŋ 
 
 
 
 
 
 

 



  

 
Understanding PR and CUF 

 

 
 
 

• The P.R. is a measure of the performance of a PV plant at a 
given irradiation level. 

 
• Important aspect of the P.R. is that it only evaluates the plant 

performance against the energy available from the sun. That 
is, it automatically discounts night times, when the sun does 
not shine. 

 
• The C.U.F. is a measure of ‘how well a plant is utilized’. This is 

important because a PV plant is an asset with a limited life and 
the investor would like to extract as much value from the plant 
as possible. 

 
• To sum up , the P.R. is a very useful tool to compare PV 

plants across the world and it directly reflects on the quality of 
construction and maintenance. 

 
• The C.U.F. on the other hand is very useful in comparing 

different technologies and is particularly important to an 
investor who would like to know which technology offers 
maximum value. 
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Plant Load Factor 

 

 
 
 
 
 
 

Plant Load Factor is the ratio of the actual output of a 

power plant over a period of time and its output if it 

had operated a full capacity of that time period. 

 
Plant Load Factor. = Gross Generation / (Installed 

Capacity * Number of Hours) 
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PLF Vs CUF 

 

 
 
 
 

• CUF is defined as the ratio between the gross energy 

generation of a power plant and the maximum gross energy 

generation possible in the period under operation, i.e (period 

under running condition)..say 330 days 

• So, number of actual operating hours = 330*24=7920 

• Let us say gross energy generation = 15,50,000 kWh 

• Installed capacity of the unit = 1000 KW 

• Then CUF= (15,50,000/1000*7920) = 0.1957 or 19.57% 

• Whereas, according to the Central Electricity Authority in 

India, PLF is defined as the ratio between the gross energy 

generation of a power plant and the maximum gross energy 

generation possible in the total monitoring period under 

consideration (in our case, say one year). 

• So, total number of operating hours is = 365*24= 8760 

• Then PLF=(15,50,000/1000*8760)=0.1769 or 17.69% 

• 
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