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Abstract - As God has blessed Pakistan with immense coal resources of more than 185.5 billion tones, we can generate 
100,000 MW of electricity for 30 years but unfortunately only 150MW power plant based on this coal has been set up. Gas 
produced from coal gasification can be used for purpose of energy production and feedback for different industrial 
applications.  The purpose of this paper is to spread awareness about coal gasification in Pakistan and develop detail 
instruction for the fabrication and operation of fixed bed coal gasifier unit. A prototype of fixed bed coal gasifier reactor was 
built for the purpose of investigating the performance of coal in term of synthetic gas production. Initially theoretical 
calculation is performed and then comparing these results with the experimental results of fixed bed coal gasifier plant. 
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I. INTRODUCTION 
 
Energy is very important and vital for the living of 
human beings, without energy the life of humans is 
very hard and difficult.  Energy can be achieved from 
different resources like biofuel, biodiesel, nuclear 
fusion and many other resources. Energy from all 
these resources has many advantages but they have 
two common drawback which is the amount of these 
resources is very low and also the energy produce from 
these resources is very expansive. On the other hand 
the coal is available in abounded amount and the 
energy production from coal is very cheap. Fixed bed 
coal gasification is the commercial method used to 
burn coal to a certain temperature under the presence 
of steam and oxygen to obtain synthetics gas, which is 
the combination of useful gases such as CH4, CO, and 
H2. Eighty-nine percent of coal gasification is by 
fixed-bed, ten percent is by entrained-bed, and only 
one percent is by fluidized-bed [1]. Lately, 
considerable work has been done on the design and 
fabrication of fixed bed coal gasifier plant. Amundson 
and Arri [2] are the first one to represent a detailed 
char model for a countercurrent reactor. After this 
Yoon et al [3] was the first who represent the detail 
model of whole gasifier reactor. Many scientists make 
further improvements in the simple model represented 
by Yoon et al. Cho and Joseph [4] extended Yoon's 
model to include unequal gas-solid temperatures. 
Yoon's model was further extended by Kim and 
Joseph [5] to account for transient effects. Yu and 
Denn [6] extended Yoon's model to two space 
dimensions. More recent models include the 
one-dimensional, steady-state model of Earl and Islam 
[7], and the two-dimensional, transient models of 
Thorsness and Kang [8] and Bhattacharya et a1 [9]. 
Khanna and Seinfeld [10] show recent advances in 
catalytic fixed-bed models which have many of the 
features of coal gasification/combustion fixed-bed 

models. 
In this gasifier unit we initially charge a specific 
amount of coal for our production of synthetics gas, At 
initial stage charcoal has been used to provide heat for 
burning of the coal. Steam which is generated as a 
result of heat conduction through gasifier walls is 
transfer to the combustion zone of the gasifier, for 
production of synthetics gas. Also air is provided to 
the gasifier for the purpose of burning the coal, both 
steam and air is entered to gasifier unit through the 
help of a mechanical blower. 
 
II. DESCRIPTION OF EXPERIMENTAL SETUP 
 
In commercial fixed bed coal gasification plants as 
shown in the Fig I, the coal is fed from the hopper at 
top of gasifier while steam and oxygen are provided to 
gasification chamber at bottom of the gasifier unit. 
The coal moves from top to bottom and undergoes four 
main stages, initially the coal enter to drying zone 
where the water dries up from coal due to furnace heat, 
then move to Pyrolysis zone. At combustion zone, the 
coal burns in the presence of oxygen and then moves 
down to the reduction zone where coal reacts with 
steam as a result, they produce the mixture of gases 
CO, H2, and N2. The steam has been produced from 
the excess heat which is transfer through the gasifier 
wall to the water jacket. For the purposes of this 
research, it was decided that the experiment will be 
performed on the bed of slightly moving grid. 
 
Fig II shows the schematics of gasifier unit, the major 
pieces of equipment are the gasifier unit where 
gasification takes place, water jacket for steam 
generation, the blower which provide both steam and 
air to the gasifier unit and cyclone filter to filter output 
gas by removing tar and water particles. We are using 
mild steel sheet for fabrication of all these parts and 
their properties are shown in Table I. 
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Figure I: Schematics of commercial fixed bed coal gasifier unit 

 
Table I. Mechanical properties of Mild steel 

Material Mild Steel 
Melting Temperature 0C 1500 

Density  7870 
Ultimate Tensile Strength 

M·pa 440 

Yield Strength M-pa 370 
Modulus of Elasticity G·pa 205 

Poisson Ratio 0.29 
 

The gasifier vessel has a height and diameter of 30 in 
and 10 in respectively, made up of 4 mm thickness 
Mild Steel Sheet. The vessel can be operated at a 
temperature up-to 1500 0C, the maximum burning 
temperature of coal inside the vessel is 1000 0C. The 
temperature inside gasifier at different zones is 
measured with help of Infrared Thermometer. Where 
the temperature of reduction zone is 548 C0 and 180 
0C are the temperature inside the cyclone filter. Water 
jacket which surrounds the gasifier vessel has the 
diameter of 13 in, there is two main purposes of using 
water jacket in our gasification plant, one is to produce 
steam for the chemical reaction of gas from the heat 
which is generated inside the gasifier and other is it 
can be used as refractory for the safety purposes. 
 
Synthetics gas is produced due to the chemical 
reaction of steam with burning coal, then transfer to 
cyclone filter in order to remove dust and tar particles. 
At the output we receive synthetics gas which is the 
combination of hydrogen carbon carbon-monoxide 
and methane, the resultant gas can be used for many 
industrial application and energy production. 
 
III. EXPERIMENTAL PROCEDURE 
 
Three run has been made for the amount of 5kg, 3 kg 
and 2 kg of coal, at the initial stage the charcoal is used 
to provide heat for burning purpose of coal and once 
the burning of coal start the coal act as a burning 
source for remaining amount of coal. As result of heat 
conduction across the gasifier walls steam is generated 

in water jacket which is transfer to gasifier chamber 
with help of blower, blower also provides air for 
burning purpose. Due to the chemical reaction of coal 
and steam synthetics gas is produced which is the 
combination of many gases, at this stage the gas 
consist of many impurities like water and dust 
particle. In order to remove these impurities, the gas is 
passed through cyclone filter which removes the 
impurities to significant amount and at the exit we 
receive pure synthetics gas. Fig 2 shows the 
schematics of experimental procedure and Fig 3 show 
the complete assembly of coal gasification plant 
prototype. 
 

 
Figure II. Schematics of experimental procedure for coal 

gasification 
 

 
Figure III. Complete assembly of coal gasification plant 

prototype 
 
IV. EXPERIMENTAL RESULTS 
 
A. Theoretical Calculation for Combustion of Coal 
As coal is the combination of carbon, hydrogen, and 
sulfur, for the burning of these elements particular 
amount of oxygen is required. Which we can find 
theoretically from the volumetric supply of air, Table 
II shows the amount of air requires for the burning of 1 
kg of coal and resulting produced gases. 

Table II. Calculation for 1 kg of coal 
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Theoretical calculation for 5kg, 3kg and 2 kg of coal 
are shown in Table III, which shows the amount of gas 
produce during coal gasification. 
 
Table III. Synthetics gas produced from 5kg, 3kg and 2kg of coal 

 
B. Experimental Calculation for Coal 
For experimental calculation different equipment’s 
has been used to find out values of discharge, mass 
flow rate and temperature. Anemometer is used to find 
out the discharge of steam and air at the inlet of the 
gasifier plant, discharge of gas at the outlet are also 
measure through this device. For safety measure 
temperature of different parts of gasifier plant and 
cyclone filter are measure with help of an infrared 
thermometer. The temperature of combustion zone is 
900 0C -1000 0C, reduction zone is 548 0C and 
pyrolysis zone is 131 0C. Table IV shows the values of 
different parameters which we calculate during our 
experiment. 
 
Table IV. Experimental values of discharge, mass flow rate and 

time 
Sr. No 1. 2. 3. 

Coal quantity (kg) 5 3 2 
Time t (minutes) 60 36 30 
Velocity of Gas V 

(m/s) 6.08 5.4 4.15 

Discharge Q=A.V 
( ) 

0.0123
1 

0.0109
3 

0.0084
0 

Mass flow rate 
m0=Q.ρ 
(kg/s) 

0.0116
9 

0.0103
8 

0.0079
8 

Mass M= m0.t (kg) 42.10 22.43 14.37 
 

Table V. Comparison between theoretical and experimental 
readings 

 
 
RESULTS AND DISCUSSION 
 
After running three tests on 5kg, 3kg and 2kg of coal 
resultant gas produced from the chemical reaction of 
coal and steam are shown in the Table V. It is clear 
from the table that there is difference between 
theoretical and experimental values, due to impurities 
and water molecule in coal. The graph shows the 

differences in term of gas produced from the different 
amount of coal. 

 
Graph I. Difference between theoretical and experimental 

readings 
 
The produced synthetics gas can be used for many 
industrial applications. 
 
 Used in electric power generation. 
 Used as chemical feedstock for liquid transport 

fuel and chemicals production. 
 Production of hydrogen for fuel cell applications. 
 Production of synthetic or substitute natural gas 

(SNG) for use as pipeline gas supplies. 
 Generation of fuel gas for industrial purposes. 
 
CONCLUSION 
 
There is a huge potential for coal gasification 
worldwide, as the technology enables the production 
of fuels and feedstock for many application such as 
transport, chemicals production, heat and power 
generation. As coal is the most abundant fossil 
resource available on earth and even low-grade coal 
can be used for gasification, the technology is of 
primary interest in many regions. Increasing gas 
prices and limited availability of natural gas in 
regional consumer markets are driving factors for 
investments in coal gasification technology. As a 
result of depleting of oil resources, there is increasing 
interest in using coal sources. Coal gasification is seen 
as an important technology component for expanding 
the use of coal. In Pakistan, about more than 185.5 
billion tons of coal is deposited, if half of these 
resources are exploited properly it would be sufficient 
for generating 100,000 MW of electricity for 30 years. 
The gasifier is made up of locally available materials 
so it is very easy to fabricate. Also the produced gas 
from gasification shows sustainable burning character 
which is detected by firing. 
 
FUTHURE RECOMMENDATION 
 
1. Synthetics gas can be purified for  futher use in 

industrial operations. 

Sr. 
No 

Coal quantity 
(kg) 

Mass of Gas(kg) 
Theoretical 

1. 5 49.36 
2. 3 29.61 
3. 2 20.74 
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2. The gasifier should be tested for other types of 
coal. 

3. The produced gas can be tested for running an IC 
engine. 
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