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Energy Systems & CHEMICAL FUELS (MODULE– III)  
 
Chemical Fuels: 
 
Fuels: 
 Introduction, classification, Calorific value - gross and net calorific values,  
 
Determination of calorific value of fuel using bomb calorimeter, numerical 
problems.  
 
Knocking of Petrol Engine – Defination, Mechanism, ill effects & Prevention. 
 
Power Alcohol, Unleaded Petrol & Biodiesel 
  
anti-knocking agents, unleaded petrol,  
 
power alcohol,  biodiesel    & biogas. 
 
Fuel Cell:  

Introduction, difference between conventional cell & fuel cell, Mehtanol-Oxygen 

Fuel Cell, Solid Oxide Fuel Cell (SOFCs) 

 
Solar Energy: 
 
 Introduction, utilization and conversion   photovoltaic cells, importance, 
 
construction and working of photovoltaic cells, 
 
Advantages & disadvantages of PV cells.  
 
Production of solar grade silicon(union carbide process),  
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CHEMICAL FUELS 

FUEL may be defined as naturally occurring or artificially prepared combustible 
carbonaceous material used as source of heat, light and in few cases as a source of 
raw material. 

                        Depending upon origin, fuels are classified as  

1) Primary or Natural fuels. 

2) Secondary or Artificial fuel. 

1) Primary or Natural fuels is the one which occurs naturally and requires no 
chemical processing before utilization. Ex- Wood, Coal, Natural gas etc. 

2) Secondary or Artificial fuels are those fuels which are prepared from the primary 
fuels. Ex- Coke, Coal gas, Gasoline, Petrol, Diesel etc. 

   Both primary and secondary fuels are classified based on their physical state. 

             FUELS 
 

 
                                                      
    
              
                                                                                                                   
           
 E.g.   Coal              Crude oil        Natural gas      Charcoal      Petrol      Coal gas    
          Wood           (Petroleum)                                Coke            Diesel     Water gas 
 

CALORIFIC VALUE OF A FUEL 

Defn: It is defined as amount of heat liberated when unit mass (solid) or unit 
volume(liquid) of a fuel is burnt in excess of air or oxygen. 

In case of gaseous fuel it is necessary to specify both temperature & pressure in order 
to define calorific value. This is because volume of gas changes with temperature & 
pressure. Calorific value is expressed in SI units as                                                                                         

 Jkg-1 for solid fuel  

Jm-3 (joules per cubic meter) for liquid fuel   

Jm-3 at given temperature & pressure for gaseous fuel. 

Secondary
  

Solid Solid Liquid Liquid Gaseou Gaseou

  Primary
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BRITISH THERMAL UNIT OF CALORIFIC VALUE: It is the heat required to 
raise the temperature of 1lb of water by 1 F at 65 F. It is also expressed in calories per 
gram (cal g-1), which is equal to 4.187 Jg-1 or 1.8 BTU lb-1 

Higher (Gross) calorific value (Q GROSS) 

Defn:   The total amount of heat liberated when unit mass or unit volume of fuel 
is burnt in excess of air or oxygen &the combustion products are cooled to room 
temperature. 

Explanation The fuel contains carbon & hydrogen. During combustion carbon gets 
oxidized to CO2 and hydrogen to steam. When the products are cooled to room 
temperature, the steam undergo condensation by releasing its latent heat of 
condensation by releasing its latent heat of condensation. 

Q GROSS =Heat of combustion + Latent heat of condensation 

Lower (Net) calorific value (Q NET) 

Defn: The amount of heat liberated when unit mass of or unit volume of fuel is 
burnt in excess of air or oxygen &the combustion products are allowed to escape.                   
Explanation When combustion products like steam & CO2 is allowed to escape .The 
calorific value does not include the latent heat of condensation.                                                  
Q NET = Q GROSS – (latent heat of vapour formed) 

Sine 1 mole of H2 (2 g) produces 1 mole of H2O (18 g). The mass of water formed is 
nine times the mass of hydrogen in the fuel. 

Q NET = Q GROSS – (latent heat of vapour formed) 

         = Q GROSS – (mass of H2× 9×latent heat of steam) 

 Q NET = Q GROSS – (mass of H2 (in percent) × 0.09×latent heat of steam)    

DETERMINATION OF CALORIFIC VALUE OF SOLID/LQUID FUEL 
BY BOMB CALORIMETER                                                       (6 MARKS) 

 

 

 

 

 

 

Thermometer 

 

Wires for ignition 

Sample 

Oxygen 

 
Stirrer 

 



Engineering Chemistry Notes 

 
 

CONSTRUCTION 

1) It consists of steel vessel (bomb) with air tight lid. 

2) Inside the bomb a platinum crucible & ignition coil is placed. The coil is connected     
to current source through wires. 

3) The bomb has an inlet to introduce oxygen. 

4) The bomb is kept in large insulated vessel called calorimeter. 

5) The calorimeter has a Beckman’s thermometer & a mechanical stirrer 

WORKING  

1) A known amount of solid or liquid fuel is taken in air tight bomb (vessel). 

2) The bomb is now placed in the calorimeter containing known amount of water. 

3) The initial temperature (t1oC) is noted. Oxygen is introduced at 25 to 30 
atmospheric pressure & fuel is ignited by passing current.  

4) The liberated heat is absorbed by water present in calorimeter. 

5) The water is stirred well& final temperature (t2 oC) is noted 

CALCULATION 

Mass of fuel= m kg 

Initial temperature of water          = t1˚C 

Final temperature of water           = t2˚C 

Rise in temperature of water        = ( t2 – t1 ) = Δt˚C 

Mass of water in calorimeter        = W kg 

Water equivalent of calorimeter   = w kg 

Specific Heat of water                  = S   Jkg-1 ˚C-1  

Heat released by the fuel              = heat absorbed by water & apparatus          

                     

                  Q GROSS  =   (W+w) ×S× Δt    Jkg-1    
                                          m                                                                                                                       
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PETROLEUM (PETRA = ROCK & OLEUM= OIL) 

Petroleum or crude oil is dark colored, viscous liquid with unpleasant smell. 

Formation: it is believed that petroleum have been formed million years ago by slow 
decay of buried animals & plants under high temperature and pressure 
Composition: Petroleum is a rich source of hydrocarbons and Natural gas 
(methane).The hydrocarbons are alkanes, alkenes, cycloalkanes, aromatic compounds 
etc. A part from these the organic compounds containing 

1) Nitrogen: Pyridine, Quinoline 

2) Oxygen: naphthenic acid 

3) Sulfur: Mercapatans & free sulfur. 

CNG:  Nowadays Compressed natural Gas (CNG) is used as fuel for vehicles, 
because of its low emission of carbon monoxide. 

KNOCKING & ITS MECHANISM IN PETROL ENGINE     (6 MARKS) 
  
Defn: The production of shock wave with rattling sound due to explosive combustion 
of fuel -air mixture is called as knocking. 
 
Mechanism 
The  power  output  and  efficiency  of  an IC  engine  depends  on  the Compression 
ratio. It is the ratio of the volume of the cylinder at the end of the suction stroke to the 
volume of the cylinder at the end of the compression stroke. Higher the compression 
ratio higher is the efficiency. 
 
Ideal conditions – Petrol–air mixture is drawn into cylinder which undergo 
compression and then ignited. The flame propagates smoothly due to complete 
combustion. 
                                        C2H6 + 7/2 O2     2 CO2   +   3H2O 

Unideal (knocking) conditions: Fuel –air mixture burns with explosive combustion 
due to a) increase in compression ratio b) Formation of peroxide compounds.                                                                                         
The unstable peroxide compound decompose readily to give number of gaseous 
compounds. This gives rise to pressure waves which knocks against the engine wall 
with rattling sound this is called as knocking 

Reactions 
  C2H6 + O2                            CH3 --O--O--CH3  
                                                           (Dimethyl peroxide) 
CH3 –-O--O---CH3                          CH3CHO  +   H2O 

CH3CHO + 3/2 O2                    HCHO + CO2 + H2O 

HCHO + O2                   H2O + CO2 
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Harmful effects of knocking                                                                                        
a)Decreases life of engine                                                                                                              
b) Causes piston wrap                                                                                                                     
c)  Produces rattling sound                                                                                                             
d) High fuel consumption     

Remedial Measures 
Knocking can be minimized by following methods                             
a) By using high rating gasoline (petrol)                                                                                                     
b) By using critical compression ratio                                                                                            
c) By using anti knocking agents.                                                                             

Methyl tertiary butyl ether (UNLEADED PETROL)  

Unleaded petrol is a one whose octane number is increased by adding other than 
lead compounds. For Ex-Methyl tertiary butyl ether (MTBE) contains oxygen in the 
form ether group which helps for complete combustion of a fuel, thus increasing 
octane number.  

Advantages: it is compatible with catalytic converter. It does not poisons the 
catalyst. 

POWER  ALCOHOL  (4MARKS)       

Power alcohol is blend (mixture) containing ethanol and gasoline (petrol) used as 
fuel in IC engine. It is also called as gasohol. 

Composition:  10-85% ethanol & 90-15% gasoline (petrol) 

Advantages:    

a) Power output is good and possess high octane number of 90  

b) It has better anti knock property than MTBE (Methyl tertiary butyl ether) 

c) Due to better antiknock property, it can be used in engines with higher compression 
ratio.                                                                                                                                                   
d) Addition of ethanol to gasoline also reduces the emission of carbon monoxide & 
volatile organic compounds.                                                                                                           
e) Power alcohol blend has the same lubrication as petrol. 

Disadvantages:  
a) Lowers calorific value                                                                                                                    
b) Alcohol is easily oxidized to acids. Hence alcohol may cause corrosion.                                      
c) Blending agents like benzene, toluene has to be use in order to avoid 
separation 
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BIO DIESEL (5MARKS)  

It is a fuel obtained by trans-esterification of vegetable oil with methyl alcohol   
in presence of sodium hydroxide at 60 ˚C. 

Vegetable oils such as soybean, sunflower, safflower, corn, cotton seed, rape seed, 
jatropha, rubber seed oil are used in this process. Oils are triglyceride ester of fatty 
acids. 

Process: Transesterification is alcoholysis of triglyceride oil in presence of a base 
(NaOH). The resulting mixture of monoalkylesters   esters of fatty acid are referred as 
biodiesel.  

 

Where R1, R2, and R3 are the long chain fatty acids in the oil. Glycerol is soluble in 
water and can be separated from the reaction chamber. Animal fat can also be used 
instead of vegetable oil. Direct esterification leads to soap formation .This is avoided 
by doing acid catalyzed esterification before this process. 

Advantages   

1) It is obtained from renewable sources.                                                                                  
2)  Readily undergoes biodegradation.                                                                                               
3) Reduces green house effect.                                                                                                     
4) It has higher cetane value (40-60) compared to diesel (40-55)                                             
5) Fewer harmful emissions compared to diesel.                                                                              

PHOTOVOLTAIC CELLS 

INTRODUCTION 
Photovoltaic cells are those cells which converts light energy to electrical energy.                                             

Eg: solar cells                                                                                                                                                                
These photovoltaic cells are made up of semiconductor diodes. Semiconductor are 
the material whose conductivity lies between insulators and conductors.  

Utilization and Conversion 
There are two types of conversion of solar energy into useful forms                                 
i) Thermal Conversion ii) Photo conversion 
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I) THERMAL CONVERSION: It involves utilization of infrared radiations, which 
is used for heating buildings and water heating. 
 
II) PHOTOCONVERSION 
Conduction in semiconductor is explained on the basis of band theory. According to 
this theory there are three bands.  

a) Conduction band b) Valence band c) Forbidden zone                           

                                                                Conduction band is meant for conduction of 
electrons.  Valence band contains valence 
electrons. Forbidden zone is the energy gap 
between two bands. When energy is supplied, 
electrons from valence band jump to 
conduction band. As a result the conductance 
increases. Electron jump to conduction band 
by leaving holes in valence band. The 

number holes formed will be equal to the number of electrons that jump.           
 
TYPES OF SEMICONDUCTORS There are two types of semiconductors                             
a) Intrinsic semiconductors b) extrinsic semiconductors                                                                                                           

a) Intrinsic semiconductors are those conductors in which the conductivity increases 
with increase in temperature. Eg; Si & Ge                                                                                                                            
b) Extrinsic semiconductors are those conductors in which the conductivity 
increases by adding small amount of other elements (dopants)                                                                                             

DOPING OF SILICON Doping is a process of adding small amount of other 
elements to semiconductors in order to increase the conductance. The added element 
is called as dopant. The n-type semiconductor is melted and a p type dopant is 
diffused into melt. By controlling the diffusion time &temperature, the dopant 
concentration gradient at the junction can be controlled. There are two types of 
extrinsic semiconductors   

a) n type semiconductors b) p type semiconductors                                                                                                                                                              

a) n type semiconductors  Here the semiconductors are doped with pentavalent  
elements.  Eg- Silicon has 4 valence electrons. Each Si atom is surrounded by four Si 
atoms with covalent bond. When silicon is doped the element like As (arsenic),it  has 
five valence electrons out of which four will participate in covalent bond formation  
and remaining one electron is set free for conduction                                                                                                                          

b) p type semiconductors   Here the semiconductors are doped with trivalent 
elements  Eg Silicon is doped with B (boron) .Boron has three electron which can 
form only three covalent bonds with surrounding three  Si  atom . The fourth bond is 
incomplete and this creates hole. To fill up this hole, an electron from neighboring 
atom moves towards the hole. 

            CONDUCTION BAND  e- 

              FORBIDDEN ZONE  

               VALENCE BOND   e-e-e-e -       



Engineering Chemistry Notes 

 
p-n junction When p & n region are kept in contact . Electrons from n region move to 
p region & holes from p region move to n region. Due this equilibrium established. A 
depletion zone is created across the junction leading to development of barrier 
potential. Further diffusion of electrons takes place only, if energy more than barrier 
potential is supplied. 

CONSTRUCTION & WORKING OF PHOTOVOLTAIC CELL OR 
SOLAR CELL (6 MARKS)      
Construction: Solar cells are made up of semiconductor diode. It is made by 
combining two wafers (layers), n type and p type. There are two electrical contacts 
one made up of metal grid and other silver at back of the layer. An antireflective layer 
is placed above the layer.   

                                                                                 e  

Antireflective layer            Metal grid 

                  
 
                  n type  
                         
                                     Electron- hole pair 
                                                                 e-   +                               
                  p type 

    Metal contact silver 

Working:  When electromagnetic radiations fall on surface, photons which possess 
the energy to overcome barrier potential are absorbed and electron-hole pairs are 
formed. These electrons move towards the metal grid and hole move towards the 
silver. When these two ends are electrically connected through a conductor, there is 
a flow of electric current between the two ends through external circuit. Thus 
photoelectric current is produced.  

PRODUCTION OF OF SOLAR CELL GRADE SILICON (5 MARKS)      

Elemental silicon is made by reduction of silica (SiO2) with carbon. Silica is taken in 
crucible. Two carbon rods are placed and an electric arc is struck. A high temperature 
is produced and silica is reduced to elemental silicon. 

SiO2 +2C                      Si + 2CO                                                                                                                                                        

Silicon is obtained in molten state. It is purified by refining                                                                        

LOAD 
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Refining   

1) Oxygen is passed in presence of silica (flux) to remove impurities like Al, Ca and 
Mg. These impurities are oxidized .On cooling refined silicon becomes solid. This is 
called metallurgical grade silicon              

                         4 Al + 3SiO2                                 3Si + 2Al2O3                                                                                                                              
.                        2Ca + SiO2                      Si + 2CaO                                                                                                              
.                        2Mg + SiO2                    Si + 2MgO                                                                                                                    

2) To get semiconductor grade silicon, the metallurgical grade silicon is treated with 
dry HCl gas at 300 C to form trichlorosilane & small amount of tetrachlorosilane                                             

                                           Si +3HCl                     HSiCl3 Trichlorosilane + H2                                                                         
.                                          Si+ 4HCl                    SiCl4   tetrachlorosilane  + 2H2                                                                 
3) The pure HSiCl3 is reacted with hydrogen at 1100 C for 200 to 300 hours to 
produce a very pure form of semiconductor grade silicon . 

          SiHCl3 +H2                   Si + 3HCl    

The silicon thus obtained is purified by zone refining 

Advantages of photovoltaic cells 
1) Charging is not required 
2) Don’t have movable parts and hence donot suffer from wear and tear 
3) Operate at ambient temperature  
4) Do not undergo corrosion 
5) Usage of renewable source of energy  
6) Provides pollution free and eco-friendly energy 

Disadvantages of photovoltaic cells 
1) Work only in presence of sunlight. 
2) Efficiency of solar cells varies with climatic changes. 
3) Dust often accumulates on the panel thus reducing its efficiency 
4) High installation costs 

Importance  / applications of Solar Cell (4 marks)                                                                                                              
1) Cells are sustainable  and no pollution in energy production                                                                                                                                                      
2) Electricity can be generated in rural and mountain areas where current supply 
through wires is difficult task                                                                                                                               
3) Can be used for domestic lighting ,spinning of fans, grinding grains, transistor 
radios, small TV sets and tape recorders.                                                                                                         
4)Can be use d for community services , education  TV ,internet, loud speaker, VCR, 
refrigerators, mass communication, telephones, street lighting  and satellite linking 
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in health centers for surgery                                                                                                                              
5) In agriculture sectors like irrigation , in animal husbandry for watering & milking.                                                                                                      
6 In production activities such as milling, sawing and sewing.                                         

 
Fuel cell 
 
Fuel cell is a device which converts the chemical energy of a fuel (hydrogen, natural 
gas, methanol, gasoline) into electrical energy by oxidation of fuel with the help of 
oxidant. 
Introduction: Fuel cell consists of two electrodes and an electrolyte. Fuel is oxidized 
at anode and oxidant (oxygen) is reduced at cathode. In fuel cells, fuel is passed 
through anode compartment and oxidant is passed through cathode compartment. 
Electrons liberated at anode are consumed at the cathode trough external circuit. 

Difference between Conventional Cell (Battery) & Fuel Cell 
Conventional Cell Fuel Cell 

1. These store chemical energy 1. These don’t store chemical energy 

2. Not necessary to supply reactants 

continuously  

2. Reactants are supplied continuously and 

products are removed constantly 

3. Less efficient operation 3. More efficient operation 

4. It requires charging 4. No need to charge 

5. It does not require metal catalysts 5. It requires metal catalysts 

6. They are less expensive 6. They are more expensive 

 

 
Advantages 
1) No need of charging 
2) No harmful waste products and hence eco friendly 
3) Silent operation 
4) High efficiency of the energy conversion process 
5) No moving parts, hence no wear and tear 
 
Limitations 
1) Electrodes are expensive 
2) Fuels in the form of gases and oxygen should be stored in tanks under high 
pressure. 
3) Power output is moderate 
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Methanol–Oxygen Fuel Cell 
Anode Material: CH3COOH & H2SO4 

Cathode Material: Oxygen gas 
Electrodes: Both are made up of platinum 
Electrolyte: H2SO4 
 
 

 
Construction &Working  

Methanol is mixed with sulfuric acid and circulated through anode chamber. Pure 

oxygen is passed through the cathode. Sulfuric acid is kept as electrolyte between two 

platinum electrodes. A membrane is inserted close to cathode to avoid diffusion of 

methanol into cathode. Otherwise methanol undergo oxidation. Methanol diffuses 

through the anode is absorbed at the electrode surface. At cathode oxygen diffusing 

through the electrode is absorbed and get reduces. 

 
 
Acid electrolyte removes CO2 easily. The cell potential is 1.2V at 25 C. The methanol 
oxygen fuel cell is used in military applications and in large scale power production. 
 
Advantages  

1. It has low carbon content 
2. It has readily oxidizable OH group 
3. It has high solubility in aqueous electrolyte 
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SOLID OXIDE FUEL CELL (SOFCs) 
Solid Oxide Fuel Cell is an electrochemical conversion device that produces 
electricity directly from oxidizing a fuel and are characterized by the use of a solid 
oxide material as the electrolyte. 

SOFCs use a solid oxide electrolyte to conduct negative oxygen ions from cathode to anode. 

 

Anode Material: Nickel doped Zirconia (Ni-Zr) Catalyst for oxidation of fuel 
Cathode Material: Lanthanum–Manganate 
Fuel: H2/CO2 
Temperature: 500 to 1000oC 
 Construction and Working: 
SOFCs consist of two porous ceramic electrodes separated by dense oxide 
conducting electrolyte. The operating principle is oxygen supplied at cathode 
undergoes reduction to form oxide ions, which migrate to the anode through 
oxide ion conducting electrolyte. At anode oxide ions combines with H2 or CO 
in the fuel to form H2O or CO2 liberating electrons. These electron flow from 
the external circuit.  

 
Advantages: High efficiency, long-term stability, fuel flexibility, low emissions and 
low cost. 

Disadvantages: High operating temperature which result in longer start up time, 
mechanical and chemical stabilities.  


