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INTRODUCTION
Global warming and environmental degradation have been
established as global threats (Savantas Liberal Arts Academy,
2010). Developing Countries like Nigeria are facing energy
crisis because of the ever increasing cost of imported fuels and
petroleum products (Habib et al., 2013). Energy consumption
in Nigeria has greatly increased from 0.42 quadrillion BTU in
1980 to about 1.13 quads in 2004. Most of Nigeria’s total
energy used constitutes oil at 62 %, which is followed by
natural gas at 30 %, 6.8 % for hydropower and coal 0.2 %
(Farlex, 2005) The energy need and consumption pattern for
rural Nigerians in the past decades depend solely on biomass
fuels, predominantly fuel wood and charcoal (Onuegbu, 2010).
Report showed that 90 % of the total wood demand goes to
fuel wood. It is also estimated that Nigeria consumes about 43
X 109 Kg of fuel wood annually (ECN, 2009). The drought
experienced in the country and the desert encroachment –
problem portent a serious concern on the environment
particularly with regard to the negative impact of tree- felling
(without replacement by replanting ) to meet domestic
requirements.

Nigeria has nearly 3 billion of indicated coal reserves in 17
coal fields with over 600 million tonnes of proven reserves
(Alafara et al., 2005). A more conservative estimate by the
RMRDC (2009) reported Nigerian coal to be 1.2 billion tonnes
of proven, indicated and inferred deposits. One option to be
used in mitigating the energy crisis in Nigeria is to harness the
indigenous coal reserves, which are in abundance but poorly
developed.
Presently, the depletion of forest resources, depletion of oil
reserves, availability of fossil fuel and the need for sustainable
energy system has shifted the attention of researchers from the

conventional coal, biomass and waste processing into more
convenient environmentally – friendly solid fuel known as
briquettes

A briquette is a block of compacted biomass, charcoal or coal
dust used as household and industrial fuel (Onuegbu, 2010).
Briquetting technology is the high pressure densification of
biomass dust that improves the handling characteristics of raw
materials and enhances volumetric calorific value of biomass
(Oladeji, 2010) which can be done at elevated temperatures
(Zhanbin, 2003). This is key in increasing biomass use in heat
production and for electricity generation (Styles et al., 2008)
According to Oladeji, (2010) briquetting operation has not
been successful in areas like Nigeria and other developing
countries yet, the markets for briquette have not been explored
in these areas and with materials locally available, production
cost is expected to be low and dependence on and cost of
purchase will be reduced on kerosene and charcoal.
This work is aimed at producing briquettes from coal locally
sourced from Okaba coal reserve in Kogi state to serve as an
alternative source of fuel for cooking, and assessing the
briquettes in terms of burning characteristics.

MATERIALS AND METHODS
Sub – bituminous coal was obtained from Okaba Reserves,
Kogi state, Nigeria. Molasses was sourced from Savannah
Sugar Company, Adamawa state. Manual briquette mould was
fabricated at the Centre for Equipment Maintenance and
Industrial Training, Modibbo Adama University of
Technology, Yola. Adamawa state

Preparation of the coal sample

The coal was sun – dried for four days to reduce its moisture
content and was crushed to small particles using a pestle and
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mortar. It was then sieved to obtain 0.8mm diameter size
particles and stored in a plastic container.

Proximate Analysis of the raw material

This is a standardised procedure for knowing the bulk
components that make up a fuel (chaney, 2010) the ASTM D-
3173 specification was used to determine moisture content,
volatile matter, ash content and fixed carbon of the coal used
(Patomsok, 2008; Somchai et al., 1988)

Preparation of the briquette samples

The briquettes were produced in the laboratory of the
department of Chemical Engineering, Modibbo Adama
University of Technology Yola, Adamawa State. A manual
briquetting extruder which has a cylindrical mould of 6cm
internal diameter was used. Briquettes were produced by
mixing carbonized coal with molasses, as binder in the ratio of
1: 0.2. The pressure applied in compacting the mixture in the
mould was maintained at 3 MPa and the briquettes were
placed in a dryer for four hours at a temperature of 125 0C.

Characterization of the briquette samples

Physical Inspection

The briquettes were checked for cracks or voids. The presence
of any of these indicates the mixture (coal – molasses ratio) is
not suitable. None of the sample briquettes had cracks or voids
on them.

Strength Test

A test of the strength of briquettes was carried out by
supporting the briquettes on both ends with some pieces of
wood and a weight of 1kg was dropped at the centre from a
reasonable height (80cm). The briquettes produced supported
the weight without cracking or breaking.

Bulk density and apparent porosity

This was determined to have an idea of the textural and
physical characteristics of the briquettes which are industry
specific, and take the form of empirical indices based on
standardised protocols. A test specimen measuring 2.8 cm X
2.0 cm was cut from a briquette and cleared from dust or loose
particles adhering to its surface. The specimen was dried in an
oven to a constant weight (Wa). The dried specimen was
suspended in kerosene such that it did not touch the bottom or
sides of the container. The specimen was boiled for one hour
while still suspended in kerosene, cooled to room temperature
and weighed (Wb). Bulk volume was then calculated and
noted. The specimen was removed from kerosene and its
surface was wiped off by blotting with a wet towel and
weighed in air, (Wc). The bulk density was then calculated
(Singer and Sonja, 1971)

Bulk volume       = ---------------------------------------------------(1)

Bulk Density = × ---------------------------------------------(2)

Apparent porosity (%) Po =  100 1 − ----------------(3)

Water boiling test (WBT) This test was carried out to
compare the thermal efficiency of the briquettes and charcoal.
It measured the temperatures at specific time intervals (5 min)
using an equal mass of coal briquettes and charcoal, to boil an
equal volume of water under similar conditions. 383 g each of
coal briquettes and charcoal samples were used to boil 900
cm3 of water using a small aluminium cooking pot and
domestic coal stove. The thermal efficiency (percentage heat
utilized) of the coal briquettes and charcoal were calculated.

Control cooking test (CCT) Control cooking tests were
conducted using 1000g each of coal briquettes and charcoal
samples to simmer 500g of beans in a small aluminium pot
under similar conditions. The time taken to cook the beans was
measured after using the different fuel samples. The burning
rate and specific fuel consumption which are properties of
fuels were also determined during the WBT and CCT (Jean
and Owsianowski, 2009)

Burning rate This is the mass of fuel burnt (in grams) per
minute during boiling.

Burning rate =
( )( ) -------------------------------------------(4)

Specific fuel consumption This indicates the ratio of the mass
of fuel consumed (in grams) to the total mass of boiling water

Specific fuel consumption =
( )( ) ----------------------(5)

Fig 1 Samples of coal and binder (molasses) in different containers.

Fig 2 Extruder used in moulding briquettes and a paste of coal and
binder

Fig 3 Samples of coal briquettes produced at Department of Chemical
Engineering, MAUTECH
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RESULTS AND DISCUSSION

Grover and Mishra (1996) reported that the inefficient use of
large quantities of agro, sawmill and natural reserves in many
developing countries have a negative impact on the
environment. The direct burning of loose fuel materials apart
from the challenges of handling, transportation and storage is
associated with very low thermal efficiency and pollution.
Briquettes have notable merits of convenience in use, limited
storage space, cleanliness and improved heat intensity
(Olorunnisola, 2004)

The quality of the briquettes produced based on an assessment
of the textural and physical condition revealed that the
briquettes could withstand shocks of transportation and
storage. The bulk density and apparent porosity were
determined and found to be 833 kg/m3 and 32.53 %
respectively.

The results of the proximate analysis of the raw material, used
for the production of coal briquettes are presented in Table 1

From table 1, it is shown that the moisture content of the
briquette sample has a value of 9.1 %. The moisture content of
a briquette greatly affects its internal temperature as the total
energy required for the briquette heat distribution depends on
it (Zaror and pyle, 1982). According to Aina et al. (2009),
moisture content is a major parameter in determining briquette
quality. A low moisture content of briquettes is inversely
proportional to the calorific value. Maciejewska et al. (2006)
reported that low moisture content prevents rotting and
decomposition which is helpful in storage. He also stated that
the moisture content of biomass lies between 10 – 15 % to
enable complete combustion of the fuel (briquette)

Shows the results of the water boiling test. It is clear from the
results that charcoal and coal briquettes were used to boil an
equal volume of water and the coal briquettes took the longest
time to boil water with efficiency (percentage heat utilized) of
14.35 % while the charcoal took the shortest time with an
efficiency of 21.42 %. This agrees with the results of Onuegbu
et al. (2012).

From the control cooking test, the coal briquettes were found
to be more effective in saving time and fuel needed for
simmering meal of beans than charcoal. The time taken to
cook 500 g of beans using coal briquettes and charcoal were
61 minutes and 72 minutes respectively. This is because the
coal briquettes have a low porosity compared to charcoal
which allows only limited infiltration of oxygen into the
briquettes. Onuegbu et al. (2011) reported that coal briquettes
burn slowly without flame. This makes the briquette retain
heat and does not get used up quickly over a long period of
time relative to charcoal.

CONCLUSION

The results obtained from the analyses and tests carried out in
this work, show that:

 Briquettes can be produced from coal locally sourced
from Okaba Coal Reserve, Kogi State, Nigeria

 The coal briquettes produced of particle size of 0.8
mm, from okaba coal, is strong enough for handling
in transportation and storage, provides sufficient heat
for water boiling and cooking, and burns slowly with
very little generation of smoke.

 The coal briquettes produced, have a better
performance compared to charcoal in terms of time
and quantity of fuel needed for simmering meal of
beans. The times recorded were 61 minutes and 71
minutes for coal briquettes and charcoal respectively.
The efficiency (Percentage heat utilized) in water
boiling was 14.35 % for coal briquettes and 21.42 %
for charcoal.

 The coal briquettes produced has a better heat
retention and fuel economy compared to charcoal.
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