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Abstract
Global waste generation has been a challenging issue that vastly affects humans and the environment.
The conversion of a vast amount of agricultural and polymeric waste to briquette may bridge the
energy deficit and environmental pollution issues in developing economies. On the other hand,
the utilization of biomass waste or residue as an energy source could help alleviate dependence
on imported energy and its use continues to be a topical issue in both developing and developed
countries. Over the years, biomass has been an important source of generating energy due to
its relative availability and the ability to meet both heat and electricity demands by contributing
towards international commitments so as to minimize environmental degradation and maximize
environmental, social, and economic sustainability. The benefits of compacted biomass compared
to all other types of biofuel include its low transportation and storage costs, uniform product quality
such as constant humidity content, and high mass fluency. Moreover, fuel wood and biomass
residues have low combustion efficiency, posing environmental and health hazards. This research
studies the performance of briquettes produced from maize cob, sugarcane bagasse, and polythene
waste composites. The briquettes were agglomerated using cassava starch binder (CSB) and plantain
peel binder (PPB) at binder concentrations of 4%, 12%, and 20%. Each briquette was characterized
in terms of proximate analysis, calorific value, ultimate analysis and micro-structure by scanning
electron microscopy. The briquettes had a moisture content of 5.39-12.10%, volatile matter of 10.1523.08%, ash content of 10.29-24.63%, fixed carbon content of 55.84-77.10%, calorific value of
9.04-28.14 MJ/kg, carbon content of 77%-8405%, nitrogen content of 0.875-1.05%, and sulphur
content of 0.4-0.7%. The results obtained from this study revealed that briquette produced using CSB
at binder concentration of 4% had the best properties required for biomass fuel briquette compared
to briquette produced using PPB and suggested its use for the production of environmentally friendly
solid fuel.
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1. Introduction
World’s major cities are today contending with
the elimination of mounting heaps of solid waste
from domestic, industrial, and craft activities. Refuse
generation and its effects on health and environmental
quality have become national issues. The most critical
and immediate problems faced by developing countries
and cities are the impacts of urban pollution on the
health of people as well as air pollution, especially from
particulates. Today, waste generation and disposal are
among the pressing environmental issues in the world (1).
In this regard, efficient management of waste is a global

concern, requiring extensive research and development
towards exploring newer applications for a sustainable
and environmentally sound management. However, only
a small proportion of the residues are being used as fuel
because of their high moisture, high polymorphism, and
low energy density. These troublesome characteristics
increase costs of transport, handling and storage, making
use of biomass as a fuel impractical (2). Some of these
drawbacks can be overcome through densification of
biomass residues for briquette production. In order to
upgrade biomass residues for a variety of applications,
their original forms characterized by high moisture
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content, irregular shapes and sizes, low bulk density,
difficulty in handling, transporting, and storing, have to
undergo some changes to make their use more practical
and economical (3). Some of these drawbacks can be
overcome through densification of biomass residues with
appropriate binders for briquette production. Several
studies reported production of briquette from rice husk
mixed with corn cobs and aggregated with starch binder
(4), rice husk and bran with cassava binder and okra stem
gum (5), bagasse, clay and molasses (6), wood charcoal
bonded with Arabic gum and cassava starch binder (CSB)
(7), low-rank coal and sawdust biomass waste (8).
Maintaining biomass as a significant contributor to
national energy supply for many countries is an approach
to ensure greater autonomy and cheap energy production
for industrial use. This serves in a lot of ways among which
are creation of employment opportunities in rural districts.
The use of waste as biomass fuel could be an alternative
solution for getting rid of waste through production of fuel
briquettes (9). In addition, the utilization of biomass for
energy production is an alternative way to solve increasing
environmental problems such as CO2, SO2 and NO2
increase in the atmosphere caused by the combustion of
fossil fuels which results in global warming. Furthermore,
the use of biomass for energy purposes minimizes SO2
emission as biofuels contain minimal sulphur.
2. Materials and Methods
Approximately 500 kg of each sample (the maize cob
and sugarcane waste) was collected from farm settlement
at Zaria (Latitude 11.0855° N and Longitude 7.7199° E)
and Saminaka (Latitude 10.4165° N, Longitude 8.6814° E)
in February 2018. Moreover, the plantain peel used in this
study was obtained from a restaurant in Zaria in February
2018, while the cassava starch was procured from a local
market, and the polythene waste used for the study was
collected from a dumpsite in Zaria, Nigeria. Afterwards,
it was sorted, cleaned in distilled water and sun-dried for
12 hours so as to reduce the moisture content which was
about 46% when it was collected. The dried maize cob
was cut into smaller sizes of 30-60 mm using a mortar
and pestle to provide more surface area for carbonization.
Each of the maize cob and sugarcane waste samples was
then carbonized at a temperature of 400°C in a 200-L
vertical oil drum kiln using conventional drum method
(10), after which it was ground into smaller particles
using a hammer mill w it h a mesh size of 6 mm.
The sieved and carbonized maize cobs and sugarcane
briquettes were re-sieved using a sieve w i t h a mesh
size o f 2 . 5 mm in order to remove impurities and to
achieve uniform sized particles. The collected polythene
was chopped into smaller pieces using a pair of scissors.
2.1. Preparation of Cassava Starch Binder
The cassava starch was prepared by 20 g, 60 g and 100
g of cassava starch using three different labelled plastic
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bowls. Then, 500 cm3 of water was measured using
a measuring cylinder, out of which 100 cm3 was used
to dissolve the cassava starch in a plastic bowl. The
remaining 400 cm3 was poured into an electric kettle
and allowed to boil at 100°C. Then, hot water was then
gradually poured into the starch mixture and stirred to
form cassava starch paste. This resulted to 4%, 12%, and
20% by weight of CSB.
2.2. Preparation of Plantain Peel Binder
The moisture content of the fresh plantain peels
collected was determined using a moisture meter at
Laboratory of Department of Chemical Engineering,
Ahmadu Bello University. Then, the plantain peels were
cut into smaller sizes with a knife and sun-dried, after
which the moisture content was determined again using
a moisture meter (PM650, USA) until it reached 15%
(11). The dried peels were then ground in a machine
shop using a mechanical mill with a mesh size of 20 mm.
Then, they were sieved to particle size of 2 mm. The
plantain peels were then added to 500 cm3 of distilled
water which was then used to prepare 4%, 12% and 20%
binder mixture.
2.3. Preparation of Briquette
The carbonized maize cob, sugarcane waste, and
shredded polythene waste were mixed with CSB or
plantain peel binder (PPB) in ratios of 1:1, 1:2, and 2:1.
Then, the fuel briquettes from each set were formed in a
fabricated briquetting press, which consists of a cylinder
with an internal diameter of 60 mm and length of 100
mm. Compaction was done using a hydraulic jack with a
pressure of 2.5 MPa. The briquettes obtained for each set
were sun-dried for two days.
2.4. Method of Analysis
The moisture content of the briquettes was determined
using American Standard Testing Methods (ASTM) D
6980-17 (12). The volatile matter in each briquette type
was determined based on ASTM D-3175-18 (13). The ash
content was determined based on ASTM D 3174-12 (14).
The calorific value of each group of briquettes produced
as a function of binder type and biomass mix ratio was
determined using Parr Oxygen bomb calorimeter (P6100,
Parr, USA) at Chemical Engineering Department of
Ahmadu Bello University, Zaria, in accordance with
ASTM D5865-13, 2004. The surface morphology of the
carbonized biomass samples was assessed using Scanning
electron microscope (Phenom Prox, Phenomworld
Eindhoven, the Netherlands).
3. Results and Discussion
3.1 Moisture Content of Briquette
The moisture content of the briquettes produced using
CSB ranged from 5.71 to 10.10 wt.%, while the briquettes
produced using PPB ranged from 5.39% to 12.10 wt.% as
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shown in Figs. 1 and 2. The higher the moisture content,
the lower the calorific energy value, the higher the
volatile matter and ash content. Therefore, low moisture
content reported in this study places the briquette as
a quality one. The least moisture content (5.39%) was
recorded for briquette produced using PPB with binder
concentration of 4% and mix ratio of 1:1. The moisture
content of briquettes produced in this study agrees with
literature recommendation (5 to 12%) for good and
quality briquettes as reported by Chin and Siddiqui (15).
The moisture content of 5.39% obtained for briquette in
this study using CSB is lower compared to 6.01% and 10%
moisture content reported by Kenechukwu and Kelvin
for briquette produced from empty fruit branches, using
cassava and asphalt as binder (16).
3.2. Volatile Matter of Briquette
The volatile matter of the briquettes produced was
in the range of 10.15%-18.10% using CSB, while the
briquettes produced using PPB ranged from 13.86 to
22.59% as shown in Figs. 3 and 4. The higher the volatile
matter, the higher the volatile gases released when the
fuel briquettes are combusted. The least volatile matter

Fig. 1. Moisture Content of CSB Briquettes.

Fig. 3. Volatile Matter of CSB Briquettes.

(10.15%) was observed in the briquette with binder
concentration of 4% and mix ratio of 1:2 using CSB. This
is low compared to 60.39%, 75.67%, and 89.47% reported
by Emerhi, for briquettes produced from Afzelia africana,
Terminalia superba, and Milicia excelsa using ash, cow
dung, and starch as binding agent, respectively (17).
However, the volatile matter of the briquettes produced
in this study agrees with the recommended range of
10%-25% for a good and quality briquette (18). Briquette
samples produced using CSB was significantly affected
by mix ratio while mix ratio had no significant effect on
volatile matter of briquette samples produced using PPB.
3.3. Ash Content of Briquette
As shown in Figs. 5 and 6, the ash content of the
briquettes produced in this study using CSB ranged
from 10.29 to 14.21%, while the ones produced using
PPB had a range of 14.43 to 24.63%. The lowest ash
content (10.29%) was seen in the sample having binder
concentration of 20% and mix ratio of 2:1 using CCB.
This is quite low compared to ash content (28.13%)
of briquette produced by Emerhi from A. africana, T.
superba, and M. excelsa using ash as binder (17). This

Fig. 2. Moisture Content of PPB Briquettes.

Fig. 4. Volatile Matter of PPB Briquettes.
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Fig. 5. Ash Content of CSB Briquettes.

The calorific value of the briquettes produced in this
study using CSB was in the range of 13.38 to 28.14 MJ/kg,
while the ones produced using PPB has calorific value in
the range of 9.04 to 19.94 MJ/kg as shown in Figs 9 and
10. The highest calorific value was 28.14 MJ/kg at binder
concentration of 4% with mix ratio of 1:1 using CSB. The
calorific value of 28.14 MJ/kg reported for the produced
briquette in this study was higher compared to 18.80 MJ/
kg reported by Murali et al for sugarcane waste briquettes
without binding agent (21) and 17.83 MJ/kg reported by
Pongsak for rice straw and sugarcane leaves briquettes
using molasses as binder (22). Mix ratio did not have
any significant effect on the calorific value of briquettes
produced using CSB and PPB.
3.6. Scanning Electron Microscope Analysis of Briquette
As shown in Figs.11 and 12, little voids were observed
in the composite samples as the spaces between the
interface layers have been sealed up by CSB and PPB
used. From the SEM result, it can be assumed that
good fiber shape after forming the briquette leads to
high carbon yields (84.5% and 77%). High interaction
and compatibility of composite matrix can be deduced

Fig. 6. Ash Content of PPB Briquettes.

implies that the briquettes would have reduced ash when
used in stove, furnace, and gasifiers. Mix ratio did not
significantly affect the ash content of briquette produced
using CSB, while the mix ratio had significant effect on
ash content of briquette produced using PPB.

Fig. 7. Fixed Carbon Content of CSB Briquettes.

3.4. Fixed Carbon Content of Briquette
As shown in Figs. 7 and 8, the fixed carbon content
of the briquette produced was in the range of 55.84 to
77.10%. The briquettes produced using CSB had fixed
carbon content in the range of 67.9% to 77.1%, while
the ones produced using PPB had fixed carbon content
ranging from 55.84% to 68.2%. The range of fixed carbon
content reported in this study was higher when compared
to the results (5.75 to 8.28%) reported by Adetogun et al,
for the fuel briquette produced using maize cob biomass
and starch as binder (19). The higher the fixed carbon
content of briquettes, the higher the calorific value,
leading to a better quality of the briquette (20). Mix ratio
has no significant effect on the fixed carbon content of
briquettes produced using CSB and PPB.
3.5. Calorific Value of Briquette
52
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Fig. 8. Fixed Carbon Content of PPB Briquettes.
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Fig. 9. Calorific Value of CSB Briquettes.

Fig. 10. Calorific Value of PPB Briquettes.

between the carbonized biomass waste materials and CSB
due to the spread of the binding material compared to PPB
where the binders are concentrated at a point.

4. Conclusion

It can however be concluded that the briquettes
produced in this research work using CSB had low
moisture content (5.71%), low volatile matter (10.15%),
low ash content (10.29%), high fixed carbon content
(77.10%) and high calorific value (28.14 MJ/kg), high
carbon content (84.5%), low nitrogen content (0.875%),
and low sulphur content (0.4%). The spread of binder
observed also confirmed the high interaction and
compatibility of carbonized biomass waste with CSB
compared to briquette produced using PPB where the
binder was concentrated at a point. Biomass briquettes
are widely used for any type of thermal application such
as steam generation in boilers, kilns, gasifiers, furnace,
forges, and foundries. Briquette fuel can be used
for industrial, commercial, and household domestic
purposes such as cooking, heating, and food processing
in both rural and urban areas. It is recommended that the
use of briquette be given wide publicity in Nigeria due
to heaps of waste generated in the environment and
the long duration it takes to biodegrade polymeric
waste. Moreover, there is a need to strengthen research in
alternative energy sources especially the ones that convert
waste to wealth.

Fig. 11. SEM Image of CSB Briquettes (×500).

Fig. 12. SEM Image of PPB Briquettes (×500).

3.7. Percentage of Carbon, Nitrogen, and Sulphur of
Briquettes
Based on the results of the elemental analysis, the fuel
briquettes produced using CSB had 84.5% carbon, 0.875%
nitrogen, and 0.4% sulphur contents, while the briquette
produced using PPB had 77% carbon, 1.05% nitrogen,
and 0.7% sulphur contents. This was very high compared
to 46.49-55.85% reported for briquette produced using
Bauhinia purpurea, Papaya leaves and wood waste using
Maida (Wheat) as binder as reported by Raju et al. The
nitrogen content of the briquette produced in this study
was very low compared to 0.99-3.59% reported by Raju
et al (23) and 1.02% reported by Efomah and Gbabo for
briquette produced using rice husk and starch as binder
(24). The sulphur content reported in this work was
also lower than 0.82% reported by Oladeji for corn cob
briquette (25).
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