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Abstract: Coal is available globally in abundance and is a major source of energy in many countries. Lignite coal is one type of coal
that emit pollutants and have adverse impacts on environment. As Pakistan also have huge deposits of lignite coal. It is necessary to
utilize coal in environmentally friendly manner. In this research, efforts have been taken to prepare low emission coal briquettes.
Lignite coal from Lakhara mine in Sindh, Pakistan. Waste plastic what's more, bio waste resources (PET containers, polythene
sacks, sawdust, rice husk) are utilized. Materials were carbonized, crushed and utilized in different ratios with limestone residue and
guar powder as binder to create Solid fuel briquettes. The briquettes were portrayed by testing for heat content, moisture level,
volatile and ash content utilizing proximate and ultimate examination. Briquettes created by this strategy are great choice to fuel
wood for open air and indoor cooking and for alleviation of deforestation, desertification, and natural contamination and
debasement. Reusing of the plastic leftover into refuse derived fuel by assimilation in these bio coal briquettes demonstrates
extraordinary assurance and could be considered as a piece of waste administration choices particularly in the underdeveloped
nations.
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1. Introduction

O

ne of the real difficulties experienced in many parts of
the world these days, particularly inside the
underdeveloped countries, is the deficiency of flawless and
moderate fuel for family unit cooking and other modern
exercises. In these nations, larger part of the natives can't
manage the use of lamp fuel, gas or electricity for cooking.
The situation has prompted the unpredictable felling of
trees and devastation of woodland for use as fuel wood or
charcoal [1]. For instance, in Pakistan a great many
families inside the nation in urban and for the most part in
provincial zones depend fundamentally on firewood or
charcoal for their cooking and other vitality needs [2,3].
This has brought about an across the nation deforestation
with the pro issues of desertification and other
characteristic debasement, for example, a dangerous
atmospheric deviation and loss of indispensable
biodiversity [4,5]. Another angle of natural debasement is
the erratic dumping of household and metropolitan waste.
In most underdeveloped countries, there are no strict
enactments or waste organization strategies set up to
mitigate the negative effects of waste disposal [6].
Polythene things are generally used as sacks and are
discarded imprudently along the streets consequently
annihilating the magnificence of nature and causing
ordinary flooding because of blockage of wastes and water
ways [7]. Different waste that are begun in huge sum and
establish natural disturbance, for example, sawdust from
wood preparing shops and a couple of rural wastes, for
example, rice husks [8,9]. Generation of solid fuel, for
example, low emission briquettes from squanders that are
promptly accessible is one of the approaches to address the
negative ecological outcomes related with high use of fuel
wood, waste generation and administration. These issues
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are of wonderful concern especially in the developing
nations [10].
Composite coal briquette could be a great root of energy
used for household cooking and industrial purposes.
Mixing of biomass and coal for generation of the briquettes
give items unrivaled quality, for example, incredible
ignition properties contrasted with the use of the rough coal
or sawdust alone.
In 2017, Nwabue et al.[11] produced briquettes of
bituminous coal by incorporating plastic waste in addition
to biomass. Varying proportion of materials are mix
together to produce solid fuel briquettes. Briquettes
produced with ratio of 70% coal, 8% lime, 10% plastic
were in good quality in term of burning. Brand et al.[12]
briquettes quality is analyzed which are produced with
varying ratio of different biomasses 30, 60, and 10 % rice
husk, hull and ash respectively it has good properties.
Montiano et al.[13] the influence of five types of sawdust
were studied when it was blended with a non-caking coal to
produce briquettes. It investigated that biowaste and coal
has less fluidity. Gug et al.[14] recycled plastic waste from
municipal solid waste stream and utilized it as a solid
energy fuel. Different types of plastic are used in this
research. The impact of wood paper and other trashes are
also investigated. Massaro et al.[15]used LDPE as a binder
to produce coal briquettes of waste coal fines particles.
These briquettes are economic and ecological substitutes to
fulfil basic fuel needs.
In our scan for techniques for creation of ecologically
benevolent solid fuel choices to fuel wood, we have
thought that it was promising to consolidate plastic wastes
and bio-waste materials with coal really taking shape of
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low discharge bio-coal briquettes with low emission and
great heating value.
This paper reports our discoveries within the utilize of
lignite coal, sawdust, rice husk waste, polythene wastes for
generation of low emission briquettes with great fuel
properties, combustion characteristics, eco-friendly and
adequately larger heat contents.

2. Methodology
2.1 Equipment/Methods
Carbon, Hydrogen, Nitrogen and Sulphur is determined by
using CHNS analyzer (Thermo Nicolet Flash EA 1112
series), available at National center for excellence in
analytical chemistry, University of Sindh, Jamshoro,
Pakistan. Briquettes combustion is carried out in Electric
Muffle Furnace (Nabertherm Furnace) available in water
research laboratory, chemical engineering department,
Mehran UET Jamshoro, Pakistan. Briquette emission
analysis is observed by Flue Gas Analyzer (Model 350XL
Testo) available at Chemical engineering department,
Mehran UET, Jamshoro, Pakistan. The proximate
examination of samples was carried out by (ASTM 20111)
methods.

33

2.3 Preparation of coal sample
The sample lignite coal containing amount of 2 kg was put
into muffle furnace and temperature raised to 4000C for one
hour. After one-hour coal sample were taken out and
quenched with water and let them to coal down. Coal
sample were than crushed and stored for later use.
2.4 Preparation of biomass waste mixture
Biomass (sawdust and rice husk) were carbonized the
mixture of two biomass (1:1) ratio, 2 kg were packed and
placed in chamber of muffle furnace and temperature upto
3000C for 1 hour. After that the sample were taken out,
quenched with water and dried, crushed them and stored for
later use.
2.5 Plastic waste preparation
Plastic waste (PET bottles and polyethylene bags) were sun
dried for 2 to 3 days and cut into smaller pieces with the
help of succor and then weighted equal ratio (1:1).2 kg
plastic waste mixture was placed into furnace at maximum
temperature of 2500C for 40 minutes. After that sample
were taken out and quenched with water to cool down and
stored for later use.
2.6 Briquettes Preparation

Lignite coal was taken from lakhara coal mines from Sindh
province of Pakistan. Plastic waste materials that is used in
this research (used plastic bags and bottles) and wood
waste, rice husk was obtained from distant locations of
Hyderabad city, Sindh. However, wood sawdust of
anonymous tree, is taken from wood market at a very less
cost in Hyderabad Sindh, Pakistan. Gauar powder which
we used as binder is taken from tower market Hyderabad.

Hydraulic jack operated briquette machine was used to
produced briquettes. The machine is available at chemical
engineering department Mehran university of engineering
and technology Jamshoro Sindh, Pakistan. The briquette
compression pressure is not recorded but it is less than 4
TON. The prepared sample were thoroughly mixed by
varying quantities and a paste like substance was made by
mixing of all these constituents and then this paste like
substance filled in mold of briquette machine and briquettes
were made by pressing through hydraulic jack. Afterwar,
they dried in an oven for 1 hour at 1000 C.

Figure 1 Briquette machine

Figure 2 Coal briquettes

2.2 Briquette materials

Copyright ©2018 ESTIRJ-VOL.2, NO.4 (32-38)
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Table 1Percentage of composition of briquette samples
Constituent%

B 00

B 10

B 20

B 30

B 40

B 50

B 60

B 70

B 80

B 90

Coal

0

10

20

30

40

50

60

70

80

90

Biomass

80

70

60

50

40

30

20

10

0

0

Plastic

10

10

10

10

10

10

10

10

10

0

Guar powder

10

7

6.5

6

5.5

5

4.5

4

3.5

3

limestone

0

3

3.5

4

4.5

5

5.5

6

6.5

7

=
=
=
=
=
=
=
=
=
=

Briquette of 0 % coal
Briquette of 10 % coal
Briquette of 20 % coal
Briquette of 30 % coal
Briquette of 40 % coal
Briquette of 50 % coal
Briquette of 60 % coal
Briquette of 70 % coal
Briquette of 80 % coal
Briquette of 90 % coal

Key:
B00
B10
B20
B30
B40
B50
B60
B70
B80
B90

Table 2 Ultimate analysis of samples
Sr #

Sample

% Nitrogen

% Carbon

% Hydrogen

% Sulpher

1

Coal

0.22

52.658

3.982

4.789

2

Sawdust

0.12

46.35

5.95

0.30

3

Rice husk

0.45

40.09

6.02

0.42

4

PET bottle

0.43

56.38

5.64

0.82

5

Plastic bags

0.45

81.80

12.32

1.89

Table 3 Ultimate analysis of blended sample
Sr #

Samples

% Nitrogen

% Carbon

% Hydrogen

% Sulpher

1

B 00

0.000

54.430

0.000

3.691

2

B 10

0.000

54.001

0.000

3.202

3

B 20

0.000

50.267

1.843

2.993

4

B 30

0.000

52.134

0.054

2.540

5

B 40

0.000

53.808

2.080

2.261

6

B 50

0.000

55.430

2.328

2.216

7

B 60

0.000

55.213

2.361

1.706

8

B 70

0.000

52.274

2.318

1.700

9

B 80

0.000

58.261

2.454

1.239

10

B 90

0.000

56.470

2.001

0.977
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Table 4 Proximate analysis of samples
Sr #

Sample

Moisture %

Volatile matter %

Ash %

1
2
3
4
5

Coal
Sawdust
Rice husk
PET bottle
Plastic bags

32.24
11.35
7.40
0.21
0.02

28.66
92.80
65.36
95.20
80.21

9.40
0.94
0.90
0.25
0.21

Fixed Carbon
%
26.54
5.48
5.98
6.58
5.83

% Ash
27.93
33.14
35.10
36.90
37.55
38.16
38.00
37.50
38.53
37.93

% Fixed carbon
36.42
33.44
36.75
35.47
36.02
36.65
37.47
39.40
39.76
42.15

Table 5 Proximate analysis of blended sample
Sr #
1
2
3
4
5
6
7
8
9
10

Sample
B 00
B 10
B 20
B 30
B 40
B 50
B 60
B 70
B 80
B 90

% Moisture
0
0
0
0
0
0
0
0
0
0

% Volatile matters
36.65
33.42
28.15
27.63
26.43
25.19
24.53
23.10
21.71
19.92

2.7 Physical properties of briquette
The briquette is chosen for the assessment of physical
properties. The normal greatest thickness of the briquette of
coal was calculated quickly after discharge from mold and
this was computed as proportion of normal mass to the
volume of briquette. The mass was gotten by utilizing
advanced weight machine while the volume was
ascertained by using dimension of briquette (height and
radius). By applying the equation for the volume of
cylinder (π R2 H) the volume of prepared briquette is
acquired.
The briquette density was calculated in dry condition
subsequent to drying in electric oven is named as relaxed
density. It was ascertained just as the proportion of
briquette's mass in the wake of drying to its volume.
Relaxed density can be characterized as thickness of the
briquette got after the briquette has stayed stable. Thickness
proportion was figured as the proportion of relaxed density
to the maximum density.
Density ratio = Relaxed density/maximum density
In this equation the maximum density was the compressed
density of the briquette promptly after discharge from
briquette machine.

Table 6 Briquette physical characteristics
Sr #
1
2
3
4
5
6
7
8
9
10
11

Briquette Parameters
Height (m)
Diameter (m)
Mass (kg)
Mass of briquette immediately
after mould (kg)
Volume (m3)
Maximum density (kg/m3)
Relaxed density (kg/m3)
Density ratio
Colour
Texture
Shape

Result
0.045
0.06
O.198
0.467
0.000127
3677.16
1559.05
0.423
Black
Rough
Cylindrical

3. Result and Discussion
3.1 Proximate and composition analysis
Table 1 describes composition of the formed briquette
whereas table 5 represents the proximate analysis of
composed briquette. The constant amount of plastic waste
is used which is 10 percent in each briquette for good
ignition characteristics with 10-20 percent binder in
composition. The composition of briquette linearly for coal
and biomass. The binder guargum varied randomly. The
ash percentage of briquette increases by increases in
amount of coal and binder. Though, the utilization of
inorganic binder offset for this disadvantage in that it trap
the volatiles in briquette giving proficient and low smoke
combustion.

Figure 3 Briquette diameter and height
Copyright ©2018 ESTIRJ-VOL.2, NO.4 (32-38)
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Table 3 and figure 4 express the percentage of Sulphur and
Nitrogen in composed briquette and expose the lowering N
and S. The quantity of nitrogen and Sulphur is lower down
as the quantity of biomass is used in less amount. It
expressed that during burning the release of nitrogen is zero
and a very low amount of Sulphur is released. The small
amount of Sulphur and nitrogen in the briquette specifically
in B80 and B90 indicates that when combustion the
briquette produce no nitrogen and very low Sulphur in
environment.

will also plays a role to higher the amount of ash in
composed briquette. Usually, if ash amount is high than
quality of prepared briquette will be low.
50

Ash content

3.2 Nitrogen and Sulphur content

40
30
20
10
0

nitrogen and sulphur

B00 B10 B20 B30 B40 B50 B60 B70 B80 B90
4

Coal briquette

3

Ash

2

Figure 6 Ash content

1

3.5 Fixed carbon

0
B00 B10 B20 B30 B40 B50 B60 B70 B80 B90

Coal briquette
Sulphur

Table 5 and figure 7 indicates that fixed carbon have direct
relationship with quantity of coal. If coal quantity is
increases than fixed carbon in briquette also increased. This
was observed because coal is rich in fixed carbon 26.54
percent as shown in table 4.
50

3.3 Volatile Matters
Table 5 and figure 5 represent that volatile matters
diminishes as the amount of biomass present in the
briquettes diminishes. In this way, the briquette having
higher measure of biomass will ignite quicker contrasted
with one with higher level of coal in view of higher level of
volatile matters present in biomass.

Fixed carbon

Figure 4 Sulphur and nitrogen content

40
30
20
10
0
B00 B10 B20 B30 B40 B50 B60 B70 B80 B90

volatile contents

Coal briquette
40
Fixed carbon

30

Figure 7 Fixed carbon

20
10

4. Conclusion

0
B00 B10 B20 B30 B40 B50 B60 B70 B80 B90

Coal Briquettes
Volatiles content

Figure 5 Volatiles content

Produced bio coal briquettes by utilizing carbonized plastic
was has observed to be fruitful. The briquette was seen to
be great quality since it consumes productively and create
less Sulfur. For household cooking briquette sample B10,
B2 and B60 to B80 were appeared to be the most effective
in term of ash content, heating value and low smoke
emission.

3.4 Ash and Moisture content
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