Fuels & Combustion

A fuel may be defined as any combustible substance which 1s
obtainable in bulk, which may be burnt in atmospheric air in
such a manner that the evolved 1s capable of being
economically used for domestic and industrial purposes for
heating and generation of power.It is available in earth’s crust

via fossil fuel.

During the process of combustion of a fuel (like coal), the afoms of carbon, Jz_];drﬂgfﬂ, elc.
combine with oxygen with the simultaneous liberation of heat at a rapid rate. This energy is
liberated due to the “rearrangemient of valency elections”™ in these atoms, resuiting in the
formation of new compounds (like CO; HyO, etc.). These new compounds have lgss energy

(or heat content) in them and, therefore, the energy (or heat) released during the combustion
process is the difference in the energy of the reactants (C, H, and O, etc. of fuel) and that of the

preducts formed.
FUEL = 0y —— FRODUCTS +  HEAT

More heat energy content Lesser heat energy content



CLASSIFICATION OF FUELS

The fossil fuels have been classified according to their : (1) occurrence (and preparation),
and (2} the state of aggregation. According to the first classification, we have : (1) natural or
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primary fuels, which are found in nature as such, e, wood, peat, coal, petroleum, natural
gas, etc. ; (b) artificial or secondary fuels are those which are prepared form the primary fitels
For example, charcoal, coke, kerosene oil, diesel oil, petrol, coal gas, vil gas, producer gas,
blast furnace gas, etc.

The second classification is based upon their state of aggregation like : (a) solid fuels ;

() Tiquid fuels, and (c) gaseous fuels, The classification of fuels is summarized as on
page 74.

Note : Colloidal fuel is a suspension finely porwdered conl in fuel oil (or any ofher liguid fucl),
qenierally, in the ratio of 3 : 2 by weight. Usually, some stabilizing agent is added during the
preparation of colloidal fuel in order to avoid the separation of coal from the liquid fuel, In
general, Such fuels possess higher calorific values and it i$ easy to handle thein compared with
powdered coal and these such fuels find applications in industrial furnaces for cement manufac-
ture, brick firing, ceramic firing, metal processing, ete

CALORIFIC VALUE

Calorific value of a fuel is “the fotal qm:mﬂy of heat liberated, when o unit mass
(er volume) of the fuel is burnt completely.”



Units of heat

The units of heat generally employed are calories, kilogram calories, British thermal units
and centigrade heat units, '

(@) Calorie (cal) or gram calorie (g cal)

For all practical purposes, the calorie or gram caloné may be defined as the “amount of heat
required to raise the temperature of 1 g of water through 1°C (more precisely from 15°C to 16°C)"

1 calorie = 4.185 Joules = 4.185 %107 ergs.
(b) Kilocalorie or kilogram calorie or kilogram centigrade unit
(KCal or Kg cal or K.C.U.)

This is equal to 1000 calories and is, thus, the amount of heat required to raise the tempera-
ture of 1 kg of water through 1°C (more precisely from 15°C to 167C).

| K cal = 1000 Cal
(¢} British thermal unit (B.Th.U. or B.T.U.)
A British thermal unit is the amount of heat required to raise the temperature of 1 1b of water
through 1°F (more precisely from 60°F to 61°F). .
| B.Th. U. = 1,054.6 Joules = 1,054.6 x107 ergs
1B.Th.U. = 252 Cal = 0.252 KCal
(d) Centigrade heat unit (C.H.U.)

The centigrade heat unit is the amount of heat required to raise the temperature of 1 1b of
water through 1°C.

1 K cal = 3.968 B.Th.U. =22 C. H. U.



Interconversion of the various units of heat
The various units described above can be easily interconverted on the basis that 1 kg = 2.2
Ib and 1°C = 1.8°F. Accordingly,
{ Kecal = 1000 Cals = 3968 B.Th. U.=22 C H. U.

| B.Th.U =252 Cals
100,000 B.Th.U, = 1 Therm.

Units of calorific value
Calorific values of solid and liquid fuels are usually expressed in calories per gram (Cals/g

or Kilocalories per kilogram (K cals/Kg) or British Thermal Units per pound {E.Th.U.ﬂ?,}; whelre.efi
the calorific values of gases are expressed as Kilocalories per cubic metre (K cals/m’) or Briuish

Thermal units per cubic foot (B.Th.U /") or CH.UAb or CHU.M.

These units can be inter-converted as follows ;
| cal/g = | K caliKg = 1.8 B. Th.U./lb
1 K cal/m? = 0.1077 B.Th.U./fit®
1 B.Th.U Mt = 9.3 Kcals/m?



Gross calorific value and net calorific value

The Gross Calorific Value or Higher Calorific Value is the total heat generated when a
unit quantity of fuel is completely burnt and the products of combustion are cooled down to 60°F

or 15°C (room temperature).

When a fuel containing hydrogen is burnt, the hydrogen present undergoes combustion and
will be converted into steam. As the products of combustion are cooled to room temperature, the
steam gets condensed into water and the latent heat is evolved. Thus the latent heat of condensa-
tion of steam so liberated is included in the gross calorific value,

The calorific value determination by Bomb calorimeter gives the Gross or Higher Calorific

Value,
The Net Calorific Value or Low Calorific Value is the net heat produced when a unit

quantity of fuel is completely burnt and the products of combustion are allowed to escape. Thus,
Met Calorific Value = Gross Calorific Value — Latent heat of Condensation of the water

vapour produced.
= Gross Calorific Value—(Mass of Hydrogen per unit weight of the fuel burnt

@ 9 x latent heat of vapourization of water).
I Part of weight of hydrogen gives 9 parts by weight of water as follows :

2o 16 18¢
lg &g 9g
The latent heat of steam is 587 Cal/g (or Kecal/Kg) or 1060 B. Th.U./lb of water vapour
produced.
Thus,

Net C.V, = Gross OV .— gxix 587
1000

= Oross C.V. — 0.09 x H = 587
where H = % of hydrogen in the fuel.
In actual practical use of a fuel, it is rarely feasible to cool the combustion products to the

room temperature to allow the condensation of water vapour formed and utilise that latent heat;
hence the water vapour formed also is allowed to escape along with the hot combustion gases.



CHARACTERISTICS OF A GOOD FUEL

(1) High calorific value : A fuel should possess high calorific value, since He amount
of heat liberated and temperature attained thereby depends upon the calorific value of fuel.
| \2) Moderate ignition temperature : [gnition temperature 5 the lowest temperature o
whiclt Hue fuel must be pre-heated so that it skarts burning smoothly, Low ignition temperature is
dangerons for storage and transport of fuel, since it can cause fire hazards, On the other hand,
higl ignition temperature causes difficulty in Lindling {or igniting) the fuel, but the fuel is
safe during storage, handling and transport. Hence, an ideal fuel should have “moderafe”
nitton femiperature.,

(3) Low moisture content : The moisture content of the fuel reduces the henfing value
and involves in a loss of money, because it is paid for at the same rate as the fuel, Hence,
fuel showdd have low moisture content.

(4) Low non-combustible matter contert : After combustion, the non-combustible

matter remains, generally, in the form of ash or clinker. The non-combustible matter also
reduces the heating value, besides additional cost of storage, handling and disposal of the

waste products produced. Each per cent of non-combustible matter in fuel means a heat
loss of about 1.5%. Henee, a fuel should have low content of non-combustible nutter.

(5) Moderate velocity of combustion : If the rate of combustion is low, then the
required high temperature may not be possible, because a part of the heat liberated ma}fﬁer
radiated, instead of raising the temperature, On the other hand, too ligh combustion rates
are also not required.



(6} Products of combustion should not be harmful : Fuel, on burning, should not
give out objectionable and harmful gases. In other words, the gaseous products of a com-
bustion should not pollute the atmosphere. CO 50, H;5, PH4, ete,, are sume of the harmful

gases.
(7} Low cost : A good fuel should be readily available in bulk at a cheap rate.

(8} Easy to transport : Fuel must be easy to handle, store and transport at a low cost.
Solid and liquid fuels can easily be transported from one place to another. On the other
hand, transportation of gaseous fuels is costly and can even cause fire hazards.

(¥) Combustion should be easily controllable, 1.e., combustion of the fiel showld be
easyy fo stark or stop, when required.

(10) Should no undergo spontaneous combustion : Spontanecus ignition can cause
fire hazards,

(11) Storage cost in bulk should be low.
(12) Should burn in air with efficiency, without much smoke,
(13) In case of solid fuel, the size should be unifornt so that combustion is regular,

COMPARISON BETWEEN SOLID, LIQUID AND GASEOUS FUELS

(A) Solid Fuels : Advantages : (1) They are easy to transport.(2) They are convenient
to store, without any risk of spontaneous explosion. (3) Their cost of production is low. (4) They
possess moderafe ignition femperatures,

Disadvantages : (1) Their ash content is high. (2) Their large proportion of heat is
wasted during combustion. In other words, their Hermal efficiency is lowe. (3) Thev burn with



clinker formation. (4) They combustion operations cannot be controlled easily, (5) Their cost
of handling is high. (6) Their calorific value is lower as compared to that of liquid fuels,
(7) They require farge excess of air for complete combustion, (8) They ool be used as
internal combustion engine fuels.

(B) Liquid Fuels : Advantages : (1) They possess lighes calorific valie per unit mass
than solid fuels. (2) They burn without forming dust, ash, clinkers, etc. (3) Their firing 15
easier and also fire can be extinguished easily by stopping the liquid fuel supply. (4] They
are easy fo transport through pipes. (5) They can be stored indefinitely, without any loss, (6)
The flame produced by burning liquid fuels can easily be controlled by adjusting the liquid
fuel supply. (7) Liquid fuels are, generally, handled by pipes and one man can easily regulate
a large number of furnaces simultaneously. (8) They are clean in nse and economic in labour,
(9) Loss of heat to chimney is very low, due to greater cleanliness, (10) They require less excess
of air for complete combustion. (11) They require less firnace space for combustion. (12) There
is no wear and tear nf grate bars and cleaning of fires, etc,, unlike solid fuels. (13) They can
be used as infernal combrstion fiiels,

Disadvantages : (1) The cost of liquid fuel is relatively much higher as compared to
solid fuels. (2) Costly special storage tanks are required for storing liquid fuels. (3) There is a
grealer visk of fire hazards, particularly in case of a highly inflammable and volatile liquid
fuel. (4) They give bad odowr. (5) For efficient burning of liquid fuels, specially constricted
burners and spraying apparatus are reguired. (6) Choking of sprayers (during liquid fuel
combustion) is a drawback of oil firing. '



(C) Gaseous Fuels : Advantages : (1) They can be conveyed ensily through pipelines
to the actual place of need, thereby eliminating manual labour in transportation. (2) They
can be lighted al moment’s potice. (3) They have ligh heat content and hence, help us in having
hiiglhwer femperafnres. (4) They can be pre-ficated by the heat of hot waste gases, thereby
affording economy in heat. (5) Their combustion can readily be confrolied for changes in
demand like oxidizing or reducing atmaosphere, length of flame, temperature, etc. (6) They
burn witheout any seot (or smoke) and are ashless, so there is no labour involed in ash
handling, etc. (7) They are clean in use, (B) They do nol require any special burners. (9) They
can be produced by using even the poorest quantity of coal, etc. (10) They burn without heat
luoss, due to convection currents. (11) They burn in slight excess of air supply. (12) They are
free from solid and liquid impurities. Hence, they do not affect the quality of metal pro-
duced, when used as a metallurgical fuel. (13) Complete combustion without pollution is
possible, due to uniform mixing of air and fuel. {14) They have high calorific values. (15) They
can also be used as indernal combustion engine fuels.

Disadvantages : (1) Very large storage tanks are needed for them. (2) They are highly
inflannmalbile, so chances of fire hazards are high in their use. {(3) They are niore costly as
compared to solid and liquid fuels.

BOME CALORIMETER
This apparatus is used to find the calorific value of selid and liguid  fuels.

Construction : A simple sketch of bomb calorimeter is shown in Fig. 1. It
consists of a strong cylindrical stainless steel bonrk in which the combustion of fuel
is made to take place. The bomb has a lid, which can be screwed to the body of
bomb so as to make a perfect gas-tight seal. The lid is provided with two stainless
steel electrodes and an oxygen inlet valve. To one of the electrodes, a small ring is
attached. In this ring, a nickel or stainless steal crucible can be supported. The bomb
is placed in a copper calorimeter, which is surrounded by an air-jacket and wafer-
jackef to prevent heat losses due to radiation. The calorimeter is provided with an
electrically operated sfirrer and Beckmann’s thermomneter, which can read accurately
temperature difference upte 1/100th of a degree.



Working : A known mass (about 0.5 to 1.0 g) of the given fucl 1s taken in
clean crucible. The crucible is then supported over the ring. A fine magnesium
wire, touching the fuel sample, is then stretched across the electrodes. The bomb
lid is tightly screwed and bomb filled with oxygen to 25 atmospheric pressure.
. The bomb is then lowered into copper calorimeter, containing a known mass of
water. The stitrer i1s worked and initial temperature of the water is noted. The
slectrodes are then connected to 6-volt battery and circuit completed. The sampie
burns and heat is liberated. Uniform sticring of water 15 continued and the maxi-
mum temperature attained is recorded.
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Calculation : Let x = mass in g of fuel sample taken incrucible ; W = mass
of waler in the calorimeter ; w = waler equivalent in g of calorimeter, stirrer,
thermometer, bomb, elc, ; f = initial temperature of water in calorimeter ; 1, = final

temperature of water in calorimeter ; [ = higher calorific value in fuel in cal/g.
Heat liberated by burning of fuel = x [. |
and heat absorbed by water and apparatus, etc.
={W+w) (-1
But heat liberated by the fuel = Heal absorbed by water, apparatus, etc.
. x L={W4+uw)(i-})
(W+w) (i, - L)
= o

or HCV of fuel (L) cal/g {or kcal/kg) A2

Note : The waler cquivalent of the calorimeler is determined by burning a fuel of knmoh
. calorific vetue and using the above equation. The fuels used for this purpose are kmzor acid (HUV
= 6,325 kral/kg) and naphthulens (HCY = 9688 keal fkg).

if H = percentage of hydrogen in fuel, then :

% g=Mass of HyO from 1 g of fuel =009 H g

Heat taken by water in forming steam

=009 H % 587 cal (- Latent heat of steam = 587 cal/'g)



LCV = HCV - Latent heat of water formed
= (L -0.09 H x 587) cal/g (or keal/kg) -3
Corrections : To get more accurate results, the following corrections are
applied :
(1} Fuse wire connection : The heat liberated, as measured above, includes the
heat given out by ignition of the fuse wire used.

(1t} Acid correction : Fuels containing S and N are oxidised, under high
pressure and temperature of ignition, to H,S0, and HNO, respectively.

ZN+2H+30; —— 2 HNO, + Heat

Formation of these acids are exothermic reactions. S0, the measured heat also
mcludes the heat given out during the acid formation. The amount of these acids is
analysed from washings of bomb by titration ; while H,50), alone is determined
by precipitation as BaSO,. The correction for 1 mg of § is 2.25 cal : while for 1 mL
of N/10 HNO; formed is 1.43 cal.

(iit) Cooling correction : Time taken to cool the water in calorimeter from
maximum temperature to room temperature is noted. From the rate of cooling
(df”/minute) and the actual time taken for cooling (t minutes), the'cooling correc-
tion of df » t is added to the rise in temperature.

(W +w) (L, = #, + cooling correction) — [Acid + fuse corrections] 4
B ' Mass of fuel (1) - -(4)

L



THEORETICAL CALCULATION OF CALORIFIC VALUE OF A FUEL

The calorific value of fuel can be approximately computed by noting the
amounts of the constituents of the fuel, The higher calorific value of some of the
chief combustible constituents of fuel are tabulated below :

Table 1. Calorific values of fuel constituents.

Constifnent : Hydrogen Carbon 'I|_ Sulphur

HCV (keal fke) 34,500 8,080 2,240

The oxygen, if present in the fuel, is assumed to be present in combined form
with hydrogen, i.e., in the form of fived hydrogen [H;0]. So, the amount of hydrogen
available for combustion

= Total mass of hydrogen in fuel — Fixed hydrogen
= Total mass of hydrogen in fuel — (1,/8) Mass of oxygen in the fuel
(.- B parts of oxygen combine with one part of
hydrogen to form H,O)
Dulong’s formula for calorific value from the chemical composition of fuel is :

HCV = Flﬂ |:B,DBD C + 34,500 ( L %J+ 2,240 5} keal/kg A7)

where C, H, O, and S are the percentages of carbon, hydrogen, oxygen and sulphur
mn the fuel respectively. In this formula, oxygen is assumed to be present in
combination with hydrogen as water, and



LCV =|HCV - = H x 55?] keal/kg = [HCV - 0.09 H x 587] keal/kg

This is based on the fact that 1 part of H by mass gives 9 parts of H,O, and
latent heat of steam is 587 kcal/ kg.

COAL

Coal 1s a highly carbonaceous matter that has been formed as a result of alteration
of vegetable matter (e.g., plants) under certain favourable conditions. It is chiefly com-
posed of C, H, N, and O, besides non-combustible inorganic matter.

Origin of coal : Geologist have put forward fwo theories of coal formation :

(1) In situ theory - According to it, coal formation took place af the place of vegetation
itself. The great purity of many coal seams can be better explained by this theory,

(2) Drift lor transportation) theory : According to it, the trees, etc, were uprooted
and transported by rivers to big lakes and other deep depressions, which got filled and
blocked. These huge piles of wood then got buried underground. Under high temperature,
excessive pressure, absence of oxygen, presence of bacterias, and time, the cellulosic mate-
rial of wood underwent gradual decompositicn with the simultaneous liberation of gases
(such as T4 and methane). Great thickness of coal seams appear more reasonable on the

basis of this theory.



CLASSIFICATION OF COAL BY RANK

Various types of coal commonly recognized on the basis of rank or degree of
alternation or coalification from the parent material, wood, are :

Wood |- o Peat | Lignite | Bituminous coal .|g"|.ml'|1'a::tie

R

Moisture content, H, O, N and 5 content, volatile matter ] -
Carbon content, calorific value and hardness

This progressive transformation of wood to anthracite results in : (i) decrease
in the rioisture content ; (i) decrease in hydrogen, oxygen, nitrogen and sulphur contents,
with a corresponding rise in carbon content ; (iif) decrense in volatile matter content
(1w} increase in the calorific value ; (v) increase in hardness.

1. Peat is brown fibrous jelly-like mass. It is regarded as the first sta ge in the coalifica-
tion of wood. Peat is mostly dug by manual labour. It is uneconomical fuel, since it may
contain as much as 80-90% water, but on air-drying (after 1 to 2 months drying), it burns
freely. The average composition of air-dried peat is : C =57% : H = 6% ; O = 35% : ash
content = 2.5 to 6%. Its calorific value is about 5,400 kecal/kg (on air-dry basis). In India, peat
deposits occur in Nilgiri hills (South India).

2. Lignites (brown coals) are soft, brown coloured variety of lowest rank coals,
which consist of vegetable matter decomposed more than that in peat. Lignite is compact
in texture, containing 20 to 60% moisture and on air-drying, it breaks up into small pieces.
Air-dried lignite contains : C = 60 to 70% ; O = 20%. Lignite burns with long smoky flame.
The calorific value is about 6,500-7,100 kcal kg (on air-dry basis).



In India, lignite deposits occurs in Assam, Kashmir, Rajasthan (at Palana)
and Madras (at Neyveli). Lignites are usually dried, powdered and pressed into
small briquettes and then burnt as household fuel and for steam raising (boiler, fuel).
Its most important use is in the manufacture of producer gas.
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3. Bituminous coals (common coals) are pitch-black to dark-grey coals, which usually
soil ands. They show a laminated structure of alfernate very bright and dull layers. The commeon
bituminous coals are sub-classified on the basis of carbon content :



() Sule-bitwminons coals are black in colour and more homogeneous and smooth in
appearance. Their moisture and volatile contents are high ; and on exposure in air, these
crumble into small pieces. They are non-caking coals. Their calorific value is about 7,000
 kcal/kg. Carbon content varies from 75 to 83% and oxygen content from 10 to 20%.

(B} Bifnermiinons conls show a typically banded appearance and C content ranges from 78
tor 90% and volatile matter 20 o 45%. Their calorific value on ash-free basis is about 8000

to 8,500 kcal/kg. Coal of this class is used in the large quantities in m::lu.;.tneﬁ for making
metallnrgical coke, conl gas, and for steam raising and domestic heating.

() Sermii-Ditnminons coals include varieties of bituminous coals that are rich in carbon
(90—95%) and have low volatile matter. These are used for coke manufacture. Their calorific
value is about 8500 fo 5,600 kcalfkg.

In India, bituminous coals reserves are located at Bihar, Eengal, Mndh}ra Pradesh
and Orissa.

4. Anthracite is @ class of highest rank coal, containing highest percentage of carbon
(92-28%:) and has lowest volatile matler and moistire contents. They are hardest of all kinds of coals,
grite dense and Iustrons in appearance. Their. volatile matter is less than 8%, therefore, fley
ignite with difficulty, burn without any smoke and give intense local heating, They possess o
caking potwer. Their calorific value is about 8,650 to 8,700 kcal/kg and ash content is very
small {about 3%).

They are used for sfeam raising, house hold purposes, in metallurgical processes, where
no smoke and high local heat is desired. In India, anthracite is found in Kashmiir and in
eastern Himalayas.



Changes in the average composition from wood fo antiracite.
(Dry ash-free-basis)

Fuel :i?.:?:.—:;aﬁf:: S R e i |

[k e 4?:’5:”1-5’& ' I (keal H:g,!l_ |

| Wood 25 500 | 60 | 05 |435 | 4000-4500 |
- Peat 25 57.0 5.7 2.0 | 353 4,125-5,400
Lignite 200 67 .0} Rl 1.5 26.5 G, 3007, 100
Sub-bituminous coal | 11 { 77.0 5.0 1.8 |16.2 7 000-7,500

i Bituminous coal | 4 83.0 F- 50 | 20 [10.0 | 8,000-8,500 |
| Semi-biturninous coal 1 90.0 | 45 | 15 | 40 | 8350-8,500
; Anthracite i i 1.5 93.3 E!-.D_ | 0.7 _'“3.[} | H,ﬁSDuﬁ.EﬂE

ANALYSIS OF COAL
In order to assess the guality of coal, the following two type of analysis are made :

(A) Proximate analysis involves in the following determinations

(1) Moisture : About 1 g of finely powered air-dried coal sample is weighed
i a crucible. The crucible is placed inside an electric hot air-oven, mfa.inta}_ned at
105% — 110°C. The crucible is allowed to remain in oven for 1 hour and then taken
out (with the help of a pair of tongs), cooled in a desiccator and weighed. Lpss in
weight is reported as moisture (on percentage-basis).

> 100

FPercentagre of moisture = - T Wuiﬁht_
centag — Wt. of coal taken



(2) Volatile matter : The dried sample of coal left in the crucible in (1) is
then covered with a lid and placed in an electric furnace (muffle furnace),
maintained at 925° + 20°C. The crucible is taken out of the oven after 7 minutes of
neating. The crucible is cooled first in air, then inside a desiccator and weighed

again. Loss in weight is reported as volatile matter on percentage-basis. Percentage
of volatile matter —

_ Loss in weight due to removal of volatile matter
Wt. of coal sample taken

¥ 100

(3) Ash : The residual coal in the crucible in (?) is then heated without lid
in a muffle furnace at 700 £ 50° C for 1/2 hour. The crucible is then taken out, cooled
first in air, then in desiccator and weighed. Heating, cooling and weighing is
repeated, till a constant weight is obtained. The residue is reported as ash on
percentage-basis. Thus, percentage of ash |

_ _Wt. of ash left
~ Wt of coal taken

» 100

(4) Fixed carbon : Percentage of fixed carbon

=100 =% of (moisture + volatile matter + ash)



Importance of proximate analysis : Proximate analysis provides following
valuable informations in assessing the quality of coal :

_ (1) Moisture in conl cvaporates during the burning af conl and if fakes sonte of Hhe liberated
heirt ga the forae of Tatent heat of coaporation, Therefore, moisture lowers Hhe effective calorific valne
af conl, Moreowver, it guenches the fire in the furnace. Hence, lesser the moisture conteni, betler
tee quality of coal as g fuel. However, presence of moisture, upto 10%, produces a more uniform
Surel-tweed ied Tess of *"fy-ash,

(2} Volatile matter : A high volatile matter content means that a high proportion of
tuel will distill ever as gas or vapour, a large proportion of which escapes nnburnt; So, higher
vislatile content in coal is undesirable. A figl volatile niatter containiy g ool brirns with a long fame,
il smoke qord hins low ealorific value. Hence, lesser the volatile matker, better the raik af e coal.

A high volatile matter content means that high-proportion of fuel will be distilled
and burned as a gas or vapour. The volatile matter present in the coal may be as high as
%, The volatile matter present in the coal may be combustible zases (such as methane,
hydrogen, carbon monoxide and other hydrocarbons) or non-combustible gases (like
COx; and Na). The presence of non-combustible gases is alwa vs undesirable, as they do not
add to heat value, but increases the volume of the furnace required. Moreover, Hie volatile
miiier affects te firnace voliosie and arrangement of heating space. Thus, a furnace with small
combustion volume or of short flame travel is nol suitable for burning high volatile ¢oals
at high rates of combustion, since a large proportion of volatile matter will esca pe unburnt.
Cn the other hand, burning of low volatile coals necessarily requires forced draught and
the intensity of draught increases with the decrease in volatile matter percentage. Volatile
matter content is of special significance in coal gas manufacture and in carbonization plants,
particularly when by-product recovery is the main object. Thus, ligh-volatile miatior cortaining
contls (nsually of Iote rank) do not cake well; whereas medivnr-volatile miatter content conls {contain-
g 26=30% volatile matter) are capable of yiclding hard and strong coke on carbonization. On Hhe
ather and, lve-volabile miatter containing coals do not cake af all and cansequently, they are totally
riitalde for coke naking.



(3) Ash is o nseless, non-combnstible matter, which reduces e catorific malue of coal,
Morconer, ash catises Hie hindrance to the flow of air and leat, thereby lowering the temperature,
Also, it uften causes trouble during firing by forming clinkers (i.c., fused ash lumps), which
block the interspaces of the grate, on which coal is being burnt. This in-turn causes obstruc-
tion to ir supply, thereby the burning of coal becomes irregular. Hence, luiver the ash content.
better the quality of coal. The presence of asl (similar to moistiure) also increases transporting,
larnling and storage costs. It also involves additional cost in ash disposal. The presence of
ash also causes early wear of furnaee walls, burning of apparatus and feeding mechanisni.

(4) Fixed carbon : Higher He percentage of fixed carbon, greater is its cirlorific and better
e quealify coal, Greater the percentage of fixed carbon, smaller is the percentage of volatile
matter. Hiis also represents Hie guantity of carbou (i coal) that can be burn by @ primary current
of air drazr througl the hot bed of a fucl. Hence, high percentage of fixed carbon is desirable. The
percentage of fixed carbon lelps i designing the furnace and the shape of the fire-box, because it
1s the fixed carbon that burns in the solid shalc.

(B) Ultimate analysis involves in the following determinations :

(1) Carbon and hydrogen : About 1-2 ¢ of accurately weighed coal sample
is burnt in a current of oxygen in a combustion apparatus. C and H of the coal
are converted into CO; and H,O respectively. The gaseous products of combustion
are absorbed respectively in KOH and CaCl, tubes of known weights. The increase
in weights of these are then determined. |
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2 KOH + COy — K,CO+ H,0
CaCl, + 7 HyO ——— CaCl,.7 H,O

Increase in weight of KOH tube x 12 » 100
Weight of coal sample taken x 44

Percentage of C =

Increase in weight of CaCl, tube x 2 x 100
e perecmiageial i1= Weight of coal sample taken x 18

(2) Nitrogen : About 1 g of accurately weighed powdered coal is heated
with concentrated H,50, along-with K.,50,(catalyst) in'a long-necked flask(called
Kjeldahl's flask). After the solution becomes clear, it is treated with excess of KOH
and the liberated ammonia is distilled over and absorbed in a known volume of
standard acid solution. The unused acid is then determined by back titration with

standard NaOH solution. From the volume of acid used by ammonia liberated,
the percentage of N iri coal is calculated as follows :

Volume of acid used x Normality x 1.4
Weight of coal taken

Percentage of N =



(3) Sulphur is determined from the washings obtained from the known
mass of coal, used in a bomb calorimeter for determination of a calorific value.
During this determination, S is converted into sulphate. The washings are treated
with barium chloride solution, when barium sulphate is precipitated. This precip-
itate is filtered, washed and heated to constant weight.

Weight of BaS0, obtained x 32 x 100
Weight of coal sample taken in bomb »x 233

Percentage of 5 =

(4) Ash determination is carried out as in proximate analysis.
(5) Oxygen : It is obtained by difference.
Percentage of O =100 — Percentage of (C + H+ 5+ N + ash)

Importance of ultimate analysis : (1) Carbon and hydrogen : Greafer the percentage
of carbon and hydrogen, better is.the coal it guaiiny and calorific waive. However, hydrogen is
mostly associated with the volatile matter and hence, it affects the use to which the coal 15
put. -

Note :-Also higher percentage of carbon in coal reduces fhe size of combustion chamber
required. The amount of carbon; the major combustible constituent of coal, depends on the e

of coal and ifs percentage increases with rank from lignites to anthracifes. Thus, percentage of carbon
furms the basis of classification of coal.

(2} Mitrogen s no '?“f”r’f"*: walue and hence, s presence in coal is undesirable. Thus, a
good quality coal should have wery liitle nitrogen content.

(3) Sulphur, although contributes to the heating value of coal, yet on combustion
produces acids (SO and 503), which have harmful effects of corroding the .ﬂqm',r:-rm*rzn!n and also

cause atntospheric pollubion. Sulphur is, usually, present to the extent of 0.5 to 3 amd
derived from ores like iron pyrites, gypsum, etc., mines along-with the o al



Presence of sulplur is fnghly wndesirable in coal to be wsed for making coke for iron industry,
since it is transferred to the iron metal and badly affects the quality and properties of steel.
Moreover, oxides of sulphur {formed as combustion products) pollife the atmosphere and
leads to corrosion,

(4) Oxygen content decreases the calorific value of coal. High oxygen-content coals are
characterized by high inherent moisture, low calorific value, and low coking power. Moreover,
oxygen is in combined form with hydrogen in coal and thus, hydrogen available for
combustion is lesser than actual one. An increase in 1% oxygen content decreases the

calorific value by about 1.7% and hence, oxyeen is undesirallde, Thus, a good guality coal showld
lve low prrcentage of oxygen. '

BIOMASS

Biomass is the waste organic matter (mostly from the dead plants and animals)}
twoltich used either as a source of energy (by burning ov biogas production) and/or as a
chennical feedstock. For example, wood, cattle dung, bagasse (remaining part of
sugar cane} poultry wastes, vegetable wastes, waste paper, waste cotton clothes,
plant wastes (grass, husk leaves,, skins, wee ds), human excreta, birds excreta, dead
animals, sewage, etc. Biomass consists of carbon compounds which may be used
as a source of energy by using either of the following methods :

(1) Biomass such as wood,, cattle dung, bagasse, plant wastes, agricultural
wastes, dry vegetable wastes,, etc. is used directly in Chulhas for getting energy.
However, by deing so a lot of heat energy is wastes and lot of smoke, etc. is
liberated, thereby causing blackening of utensils and houses. Moreover, it liberates
polsonous gas carbon monoxide and leaves ash as residue.



{2) Biomass is converted into biogas, which 1s used for heating and lighting
purposes. By burning biogas much larger amount of heat is liberated. For example,
1 kg of dry cattle dung (or 4.25 kg of fresh dung) liberates only 100 KJ of effective
neat on direct burning, but when 1 kg of dry cattle dung is converted into biogas,
approximately 160 litres of biogas is produced which can supply about 800 kJ of
heat on burning. Moreover, on burmning biogas does not produce poisonous gas,
O,

Note : Biomass refers to “all smalerinls that ave produced by photosynthesis and potentially
Uschiedl as ewergy sources amd for the production of orgamic chemicals”, Biomass is plants or their
principal components (cellulose, starch, sugars). Some biomass (e.g., wood) may be used directly
*1 a fuel ; while others (.., fossil fuels) may be converted into other gaseaus (e.g., producer gas},
liquid {c.g., gasoline, diesel, kerosene, etc.) or solid (e.g., coke) materials for use as fuels or raw
materials for producing chemieals (e.g., sugars to produce-ethanol, ethanoeic acid, etc. and wood
b methanaol).

It may be pointed that plants are no longer being converted in significant quantities to fossil

flel {eonl, petroleum, matural sosl by geologic process, so the tofal emount of biomass auvmilable to us is
dueindling day-by-day.
. Advantages of converting biomass into biogas : (i) Biogas production is very econom-
iral. It has been found that 1 kg of dry cattle dung gives about 160 litres of gobar gas, which
can supply 800 k] of heat. On the other hand, 1 kg of dry dung on direct burning gives only
100 k] of effective heat.

(i) The gas has all advantages of gaseous fuel like cleanliness absence of smioke,
fexibility, cfe.
(1ify It does rot contain poisonons gas, CO, as an ingredient,

(i) It provides simultaneously excellent vield of good mannre.



BIOGAS

Biogas is produced by the degradation of bielogical matter by the bacterial action
(of anaerobic bacteria) in the absence of free oxygen.

Examples : (i) Natural gas is a biogas, which results after a long period decay of
animal and vegetable matters, buried inside the earth. (i) Gobar gas (or dung gas), which is
* produced by the anaercobic fermentation of cattle dung. {iif) Biogaes can also be produced
from the sewage waste, and other organic wastes.

Constituents : The average compaosition of biogas is : (i) CHy {mt-l'hane]l — B)-60% {a
combustible gas). (if) CO5 — 30-40% (a non-combustible gas). (i#i) H; - 5-10% (a combustible
gas). (o) Ny — 2-6% (a non-combustible gas). (v) H;S - traces (a r.‘c:t‘hbuﬂl::hle gas). Dut of
these, the constituent stethane (an extremely good fuel) makes biogas an excellent fuel.

Raw materials for biogas : Animal dung, poultry wastes, vegetable wastes, waste
paper and cotton clothes, plants wastes (grass, husk, leaves, skins, weeds), hurmnan excreta,

hird’s excreta, etc,
Manufacture of dung {or gobar) gas : [t is produced by the anaerobic degra-

dation of cattle dung. It is carried out in a gobar gas plant which consists of a
well-shaped underground tank (called digester) covered with dome-shaped roof, both
made of bricks and cement. The dome of the digester is fixed so that it acts as gas
holder {or gas strong tank) for the biogas produced. At the top the dome, there 1s
a was outlet pipe and a gas valve. On the left side of the digester, there is a sloping
mnlet clhiamber and on the right side, there is a rectargular outlet chamber, both made
of bricks and cement. Fresh cattle dung + water slurry is introduced from the inlet
chamber ; while spent dung slurry gets collected in the outlet chamber. The inlet
chamber is connected to the mixing tank ; while the outlet chamber is connected to
the overflow fank.



Working : Slurry (made by mixing cattle dung and water in equal propot-
tion in mixing ko) is fed into the digester tank via the inlet chamber, till the slurry
level becomes nearly equal to the cylindrical top level. In about 50 to 60 days, the
biogas plant starts functioning. During this time period, the cattle dung undergoes
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Fixed-dome type biogas plant.



fermentation in the presence of anaerobic bacteria with gradual evolution of biogas,
which starts collecting in dome-shaped space. As the time passes, more and more
biogas collects inside the dome, thereby exerting pressure on the slurry in the
digester tank and this in-turn forces the spent shurry to the overtlow tank via outlet
chamber. From the overflow tank, the spent slurry is withdrawn periodically and
used as a good manure.

From time to time, fresh slurty is fed to the digester so as to get regular
supply of biogas. The biogas collected in dome is taken out through the outlet pipe
by opening the gas valve and then used as fuel gas.

Note : Fixed-dome type biogas plant is also known as Janta gobar gas plant.

Advantages of ﬁlcd-dé!ﬂf type biogas plant : (i) Such a plant is quite cheap, since
only bricks and cement are used for its construction. (1) There is no danger of corrosion of
such a plant.

Uses of biogas : (i) For cooking food. (1) As a fuel to run engines. (i) As an
illuminant in villages.

Reasons for the use of animal dung in biogas plants : (1) Biogas (produced from
animal dung) burns withou! producing any residue, smoke, efe. (2) The gas, on burning, liberates
a larger amount of heat than that obtained by burning animal dung directly. (3) The waste

left in the biogas plants can be used as a better manure than animal dung itself. (4) Burning
of biogas produces o armful gases.



Reasons for considering biogas an ideal domestic fuel : Biogas is an ideal fuel for
domestic use, because : (1) [t burns iwithout smoke, thereby causing no pollution. (2) Its calorific
value is Iigl. {3) It is the cheapes! gaseous fuel. (4) It is very clean, and convenient fuel in use.
(5) It invoelves no storage problem, since biogas can be supplied through pipes directly from
the biogas plant.

Advantages of biogas : (i) Biogas production is very economical. It has been found that
I kg of dry cattle dung gives about 160 litres of gobar gas, which can supply 800 kJ of heat.
Qn the other hand, 1 kg of dry dung on direct burning gives only 100 k] of effective heat,

{(ii) The gas has all advantages of gaseous fuel like cleanliness, absence of smoke,
Hexawility, ete.

(iif) It does not conbain poisonous gas, CO, as an ingredient.

(iz) It provides simultaneously excellent yield of good murnire.

Limitation of biogas : It is necessary to have the gas lamp or stove or burner
within 10-metres of the plant.

Sewage gas plants employ domestic sewage as biomass. Domestic sewage in-
cludes human faeces (human excreta — stool), urine, etc. In Delhi (Okhla — South
Delhi), screened out semi-solid form of sewage is fermented in the absence of air
under the action of bacteria. The products are sewage gas and manure. Sewage gas
is supplied through pipes to nearby localities like Okhla, Jamia Millia Islamia
University, Friends Colony, Sukhdev Vihar, Ishwer Colony, Maharani Bagh, eic.

Advantages of sewage gas plant : (i) It provides useful fuel gas. (if) It provides
manure for agriculture purposes. (ifi) It helps in controlling water pollution, since it re-
moved most of the pollutants from water bodies in which sewage inflows.

Advantages of converting cattle dung into biogas over using cattle dung cakes
directly as fuel : (i) Bio-gas burns without smoke; whereas cattle dung produces smoke on
burning. (ii) Biogas has higher calorific valiee than the cattle dung from which it is produced.



(7i7) Biogas 15 a very clean fuel, and convenient in use ; whereas cattle dung on burning
produces smoke. (o) Biogas does not cause any air pollution ; where as cattle dung causes
pollution on bﬁmmg, since it evalves CO on burning. (v) It can be is used directly from the gas
plant. (o) Biogas can be burnt or put off at moment's nofice ; whereas it takes time to start or
stop burning of cattle Aung. (vt The efficiency of burning of biogas is mich higher than that

* of cattle dung,

Promoting biogas plants : Because of the multiple advantages of biogas as a fuel,
as well as supplying manure, the Khadi, and village Industries Consmission, and other govern-
ment. agencies are engaged in promoting the installation of biogas plants in our counry on
large scale. They are assisting the farmers in the following ways :

i) Providing goverment loans to the farmers for the installation of biogas plants.
(if) Providing the necessary materials at the subsidised rates to the farmers for the construction
of biogas plants. (iti) Providing adequate scientific knowledge regarding the construction of
bingas plants. (v} Providing training free of cost to the farmers regarding the operations of
bingas plants, |



Cattle dung versus biogas obtained from it.
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. Lower amount of heat is liberated. For | Higher amount of heat is liberated by

example, 1 kg of dry dung (or 4.25 kg of | burning biogas obtained from the same .
fresh dung) liberates only 100 k] of | mass of cattle dung. 1 kg of dry dung (or
effective heat on direct burning, 4.25 kg of fresh dung) gives

.

Cattle dung on burning liberates smoke,
dust, dirt, etc., and causes blackening of
utensils, and houses,

Cattle dung flame can provide
temperature only upto 300°C,

Cattle dung liberates poisonous gas,
carbon monoxide, on burning.

Cattle dung on burning leaves ash as
residue.

Cattle dung on burning does not keave any
MANUTeE. '

approximately 160 L of gobar gas, which
can supply 800 k] of heat.

Gobar gas has all the advantages of
gaseous fuels like cleanliness of utensils,
flexibility, absence of smoke, dust, dirt,
efc.

Flame of biogas can provide temperature
of 540°C,

Gobar gas does not produce any
poisonous gas on burmimg,

Gobar gas on burning leaves no ash as
residue.

Gobar gas aso gives simultaneously
good quantity of manure.
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