
Coal
Origin, occurrence, 

Classification, and Analysis 



Fossil Fuels
Origin

Fossil fuels were produced from fossilization 
process of carbohydrates.

In general,

Solar energy + CO2 + H2O          Carbohydrate + O2

This equation is known as the photosynthesis 
process which occurs in plants. Then,

Carbohydrate    CxHy

Heat, high pressure,-O2  



Coal formation 

and factors
• Factors which greatly affected 

the content, makeup, quality, 

and rank of the coal were:

– Temperature

– Pressure

– Time

– Layering process

– Fresh water/sea water

– Swamp acidity

– Types of plant debris

– Types of sediment cover



Coal occurrence

• Sedimentary Rock

• Vegetable debris

• Debris were subjected to a complex series 

of chemical and physical changes during 

the course of many million of years.

• Genesis of coal {origin}

Wood                       CoalT, P, Bacteria

.

.



Coal Rank



Types of 
coal field

Seams
Isolated 
deposits



(A) Seams of Coal



(B) Isolated deposits



Sedimentary rock 

Bituminous coal Lignite (brown coal)

Anthracite(hard coal)



The process of coal formation takes several 

steps in the following order

Vegetable

Peat

Brown coal

Lignite

Subbituminous coal

Bituminous coal

Anthracite

Hard coals

Soft coals



Variation of coal composition

and properties with age



Proximate analysis of coal and other solid fuels



Basis for Coal Analysis



Notes
• As-determined (air-dried) basis: Usually denoted as “adm” or “ADM.” 

Even after air-drying, coal typically contains some moisture, which is 

referred to as residual moisture

• Dry basis: Data or results are calculated to a theoretical base as if 

there were no moisture in the coal sample. This basis is commonly 

used in testing laboratories because of issues related to measuring 

moisture. Usually denoted as “dry” or “DRY.”

• Moist, ash-free basis: Data or results are calculated to a theoretical 

base as if there were no ash, but there is moisture, in the coal 

sample. Usually denoted as “maf” or “MAF.”

• Moist, mineral-matter-free basis: For some low-rank coals, this basis 

is used to calculate calorific value. It uses a theoretical base as if 

there were no mineral matter, but includes the moisture content of 

the coal sample.

Mineral matter (weight %) = (1.08 x ash yield (weight %)) + (0.55 x total sulfur (weight %))



ASTM Coal Classification System

‘Definitions’

• Percent, dry, mineral-matter-free fixed carbon = 

%dry, mm-free FC:

• Moist, mineral-matter-free Btu content of coal, 

Btu/lbm = moist, mm-free Btu:

FC f-mm D,
0.55S-1.08A-M-1

S)(100) 0.15-(FC
FC free-mmdry,% ==

Btu f-mmM,
0.55S-1.08A-1

5000S-Btu
 Btu  free-mm Moist, ==



Coal Classification

Class I



Class II



Class III and Class IV



Converting Proximate to Ultimate 

Analyses

Carbon (dry, ash free) (%) +0.25 Sulfur (dry, ash free) (%)

Heating value (dry, ash free)  (Btu/lb)



Chemical Change with coal rank

O2,%H2,%C,%Material

60644Wood

35659Peat

24571Lignite

21574subbituminous

11584Bituminous

3394Anthracite

00100Graphite



Coal Petrology 

“appearance”

Major components 

1. Vitrain: very bright constituents

2. Clarain: less bright constituents

3. Durain: dull constituents

4. Fusain: black constituents



The organic matter in coal is known 

as ‘Macerals’
Macerals

Distinguished 

by appearance

Vitrinite Exinite inertinite

Bright

Derived from woody material 

and leaves.  

From spores, pollens, waxy 

plants, algae. Resins.

 produce the highest yields of 

oil and gases and little chars. 

From oxidized plant material, 

oxidized  resins and HC , and fungi.

 produce little oil and  mainly 

gases and chars. 



Coal as a fossil fuel

http://en.wikipedia.org/wiki/File:Coal.jpg
http://en.wikipedia.org/wiki/File:Coal.jpg


The picture shows a block of bright, 

banded, bituminous coal. 



The non-banded coals are the cannel or bog-head 

types. The picture clearly shows a lump of cannel 

coal. It is uniform and compact in structure.  



Summary

Rock of Coal



Coal Analysis

Proximate

Analysis

Heating or 

Calorific value

Ultimate 

Analysis

Moisture ( M )
Carbon 

( C )
Ash ( A )

Volatile matter

( VM )

Fixed Carbon 

( FC )

Hydrogen 

( H2 )

Nitrogen 

( N2)
Sulfur ( S )

Oxygen ( O2 )Gray-king 

Assay





Coal Analysis and Properties

Proximate Analysis

Proximate analysis indicates 

the percentage by weight of 

the Fixed Carbon, Volatiles, 

Ash, and Moisture Content 

in coal.

Ultimate Analysis

The ultimate analysis indicates

the various elemental chemical

constituents such as Carbon,

Hydrogen, Oxygen, Sulphur, etc.

It is useful in determining the

quantity of air required for

combustion and the volume and

composition of the combustion

gases. This information is

required for the calculation of

flame temperature and the flue

duct design etc.



Measurement of Moisture 

 Determination of moisture is carried out by

placing a sample (1-2g) of powdered raw

coal of size 200-micron size in an

uncovered crucible and it is placed in the

oven kept at 105+2 C along with the lid.

Then the sample is cooled to room

temperature and weighed again. The loss

in weight represents moisture.

 M, wt% = (loss of weight/total weight) *100



Measurement of Volatile 

Matter
• Fresh sample (1-2g) of crushed coal is weighed,

placed in a covered crucible, and heated in a

furnace at 900 + 15 oC for 7 min.

• Then, the sample is cooled and weighed. Loss of

weight represents moisture and volatile matter.

• VM,% = (loss of weight/total weight)*100 – M

• Note:

The remainder is coke (fixed carbon and ash).
What is the remaining of the tested sample?



Measurement of Carbon and Ash 

• The cover from the crucible used in the last test is

removed and the crucible is heated over the

Bunsen burner (800  25 C) until all the carbon is

burned.

• The residue is weighed, which is the incombustible

ash.

• The difference in weight from the previous

weighing is the fixed carbon.

• In actual practice Fixed Carbon or FC derived by

subtracting from 100 the value of moisture, volatile

matter and ash.



Basis

• As received

• As mined

• As dry ash free 

• As burned 

• As moisture free
As-received mass fraction= [dry, ash free mass fraction][1-M-A]

As-received HHV= [dry, ash free HHV][1-M-A]



Heating value - Bomb Calorimeter

• Bomb calorimeter An apparatus primarily

used for measuring heats of combustion.

The reaction takes place in a closed space

known as the calorimeter proper, in

controlled thermal contact with its

surroundings, the jacket, at constant

temperature.



HHV determination using bomb 

calorimeter 



Gross Calorific Value

• Calorific values as determined with

the bomb calorimeter represent the heat

produced by a unit weight of coal when

completely oxidized, when the products of

the combustion are cooled to room

temperature.

• The calorific value as determined with the

bomb calorimeter is called the gross

calorific value (GCV) or the higher heating

value (HHV).



Net Calorific value

• A lower value can be derived, which is the

gross calorific value minus the latent heat

of condensation at 15.5°C of all of the

water involved. This is named the net

calorific value (NCV) or Lowe heating

value (LHV).



Dulong’s Formula

fractions. mass are S and ,O ,H C, of  values theAll

kJ/kg     S 9400)
8

O
 -144,200(HC 33,950HHV

22

2
2 ++=

The difference between the higher and lower heating 

values is approximated by the following equation 

which is applicable to any fuel on a mass basis:

HHV – LHV = 2400(M+9 H2)             kJ/kg

Where M, and H2 are the as-burned moisture and 

hydrogen mass fraction of the fuel.



Example

Determine the as-received proximate and
ultimate analyses, the estimated LHV from the
listed higher values, the HHV as determined by
Dulong’s formula, and the ASTM classification
(class and group) of Stark County, N.D., coal,
with A = 8 percent, and M = 39 percent.



Typical coal analysis



Coal 

Analysis 

continue



Coal Analysis continue



Coal Analysis continue



Solution










