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This research explores the potential of banana pseudo-stem waste and cassava peels
(binder)—both abundant agricultural wastes in Uganda for the production of bio-
briquettes as a sustainable energy source. While banana pseudo-stems account for
60% of banana waste, mechanical fiber extraction generates a large amount of trash
that is largely discarded. Cassava peels, on the other hand, offer a starch-rich, non-
edible alternative to traditional food-based binders like cassava starch. The study
involves converting Banana plant pseudo-stem waste into biochar, then into briquette
feedstock, and using cassava peel starch as a binder at varying ratios. Bio-briquette
samples were produced using different compaction loads, and their physical,
Mechanical and thermal properties were tested to validate performance. The
conducted tests resulted in a calorific value of 8.172 MJ/Kg, a burning rate of
6.85g/min, a heat utilization efficiency of 91%, a moisture content of 8.8%, a
compressive strength of 0.83 MPa, and an average density of 232kg/m3. The project
aims to reduce agricultural waste, provide clean energy, enhance food security, and
support circular economy practices in Sub-Saharan Africa.

1. Introduction
1.1 Background

Bio-briquettes are energy sources for cooking and other heating needs made of organic materials
[1]. Formation involves densification of biomass to facilitate better handling, easier transportation,
and an increase in calorific value by volume, production of uniform, clean, and stable fuel[2]. Process
variables most important in briquette production include initial moisture content, granulometry,
pressure, compaction time, and binder [3]. The increasing global population, now at 20% annually, is
expected to reach 9 billion by 2050, thereby increasing agricultural product consumption and
agricultural waste. Failure to sustainably re-use these wastes gives room to decomposition, which
generates methane, hydrogen sulphide, and ammonia, which are greenhouse gases [4-7].
Consequently, the majority of agricultural wastes are rich in cellulose, hemicellulose, and lignin,
which, when burnt, produce black carbon, a major source of air pollution [8].
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Banana is a staple food and a continuous source of income to farmers in most parts of Uganda
throughout the year [9]. Also cultivated in Rwanda and the western part of Tanzania, the East African
highland bananas (AAA-EA) have extremely high productivity [10]. But for every tonne of harvested
bananas, 4 tonnes of waste are obtained, which include leaves, pseudo-stem, peels, rhizomes, empty
fruit bunches, and rejected fruits [11]. Efforts to valorise these wastes are being enhanced in sub-
Saharan Africa into bio-fertilizers, bio-fuel, and other value-added products [12,13]. Figure 1 shows
a heap of banana pseudostem delivered after banana fruit harvest. When these underwent
mechanical fibre extraction through a decortication machine in TEXFAD ltd, Kampala, Uganda the
trash shown in figure 2 was obtained with no tangible economic use. According to TEXFAD Ltd, 85%
of trash consisting of both solid and liquid waste is generated from single pseudostem decortication
in mechanical fibre extraction.

Consequently, cassava is grown and consumed (37%) in the eastern region, (34%) Northern
region, (15%) western region, and (14%) in the central region of Uganda. Cassava starch, being a
staple food, is not recommended as a binder [6].

There is no evidence so far of any attempt to use solid waste from mechanical decortication of
banana pseudostem as a sole feedstock for briquette production. In addition, this research has
employed use of cassava peels as binder which is also a waste from cassava tuber. The significance
of this research is to reduce global warming, enhance environmental conservation, increase jobs in
banana growing areas and improve the economic value from banana crop. The main objective was
to produce and determine properties of bio-briquettes from 100% banana pseudostem waste
feedstock and cassava peels binder, an environmentally friendly fuel.

1.2 Literature Review

The suitability of banana waste as a feedstock for biochar has been proven, as it contains high
levels of cellulose and lignin. Furthermore, it contains high organic carbon material and is highly
resistant to decomposition. Its ability to remove heavy metals and other contaminants from
wastewater by adsorption is a major factor enhancing its prominence [14]. It is recommended that
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proximate analysis on briquette feedstock is done before production to ascertain the required
properties. Sulphur and nitrogen should be minimal to ensure the least amount of environmental
pollution [15]. Consequently, the combustion efficiency of a fuel is determined by its carbon content
[16].

Lomunyak et al., [17] used acacia charcoal dust with starch, paper, and algae as binders at 10%,
15%, 20%, 25% and 30% of the total weight of individual samples. The charcoal-starch sample
briquette with 30% starch binder proportion gave the best calorific value, ignition time, and burning
rate [17]. According to ISO 16559, biomass is any material of biological origin, excluding those
embedded in geological formations undergoing mineralization. Plant origin biomass is lignocellulosic
in nature, rich in energy content, as it contains lignin, cellulose, hemicellulose, and a few organic
components like lipids and extractives [18].

Pyrolysis is the thermal decomposition of organic matter in the absence of oxygen, resulting in
biochar, oil, and gas [19]. Biochar is a black carbon-rich and porous solid material (similar to charcoal)
that can be produced through thermochemical conversion of biomass in the presence of little oxygen
or no oxygen [20]. Ngene et al., [21] in a review on biochar briquetting, concluded that mechanical
and environmental performances determine the fulfiiment of biochar briquette applications. On the
same note, an increase in binder load increases mechanical strength but could lead to a decrease in
calorific value, an increase in emissions, and ash content [21].

The effectiveness of briquetting depends on the type and properties of the binder used. Binders
should have a strong bond, be economically available, pollution-free, and should not interfere with
the heat release and combustibility of the briquette. They determine strength, thermal stability, cost
of briquette, and combustion performance [22,23]. Narzary et al., [24] compared starch binder, paper
binder, and taro in the production of rice straw briquettes. The starch was of lab grade, where
10grams was added to 50ml of water and heated to the boiling point until it gelatinized before use.
It was concluded that starch binders at a 20% ratio produced briquettes with the best thermal
stability. However, starch, being a source of human food, makes it unsuitable as a commercial binder
[24].

Starch extracted from cassava peels was observed in a Fourier Infra-Red Spectrometer and
compared with starch from cassava tuber on the same equipment. The two samples presented
similarity in the active groups, suggesting that the two starch samples have similar binding ability
[25]. Biomass is heterogeneous in terms of shape, size, and composition, characterized by low bulk
density, leading to difficulties in transport, handling, and storage. Okot et al established that low
pressures (5-31) MPa used to compact maize residues produced less than 1000kgm= briquette
density, which is less than the German standard DIN 51731 requirements of (1000-1400) kgm™3[26].

1.2.1 Moisture content

Dyjakon et al., [27] determined the moisture content before the pressure agglomeration process
according to PN-EN I1SO 18134-2: 2017-03E standard at 105 °C for 24 hours. [27].
_ mp—m¢

MC= ———x 100% 1

mp— Mg

Where: MC - moisture content of sample (%), mq, - mass of the empty crucible, my - mass of the
crucible with sample in the analytical state (g), m. - mass of crucible with sample after drying (g)
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1.2.2 Volatile matter

To determine the volatile matter, remaining samples from the moisture content test were heated
in a furnace at 950 °C for 7 minutes according to ASTM D3175 [28].

VM = —2—% 5 100% 2
W3— Wy

Where: VM — volatile matter, w1 — weight of empty crucible (g), ws — weight of empty crucible +

remaining sample taken from moisture content examination (g), ws — weight of empty crucible +

sample after cooling (g).

1.2.3 Ash content

Ash Content = = ——"% x 100% 3
Wy— Wq

Where: w1 — weight of empty crucible (g), wa — weight of empty crucible + remaining sample taken
from volatile matter examination (g), ws — weight of empty crucible + ash left in the crucible (g).

1.2.4 Fixed carbon

Fixed carbon is determined by subtracting moisture content, volatile matter, and ash content from
the original mass of the sample according to ASTM D3172 [28].
Fixed carbon (%) = 100(%) — MC (%) -VM (%) — AC (%) 4

1.2.5 Calorific value

The calorific value of the samples is determined using a bomb calorimeter according to ASTM
D5865 [28, 29]

_ (Cwater_ccal)(TZ _Tl)
Q= We >

Where: Q — calorific value (Kg/KJ), C.,; — Heat capacity of the bomb calorimeter (KI/Kg °C), C,,qter—
Heat capacity of water (Ki/kg °C), Wy — mass of sample (Kg), T, — Ty — Temperature rise (°C).

1.2.6 Bulk density
Bulk density is given by mass divided by volume [28]

p=m/v 6

where p — bulk density (g/cm?), m — mass of charcoal briquette (g), v — volume of charcoal briquette
(cm3).

1.2.7 Burning rate

Burning rate is the rate at which a certain mass of charcoal briquette is combusted in air [28].
. _my
Burning rate = /t 7

Where; m;, — mass of charcoal briquettes burnt (g), t — total burning time (minutes)
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1.2.8 Heat utilization efficiency

Heat utilization efficiency is determined using the standard water boiling test [28].

My Cp(Tp—To)+McL
MgHy

HU (%) = x 100 8

Where; M,, — mass of water (kg), C, — specific heat capacity of water (KJ/Kg °C), Ty — boiling
temperature (°C), T, — initial temperature of water (°C), M. — mass of water evaporated (kg), L —
latent heat of vaporization (KCal/kg), Ms— mass of charcoal briquette burnt (kg), Hs — calorific value
of charcoal briquettes (Ki/kg)[28].

Sawekwiharee et al., [30] obtained a heat utilization efficiency of 18.01% and a burning rate of
11.90g/min from cashew nut shell briquettes. The research concluded that cashew nut shells
briquettes cannot replace firewood nor reduce cost for heating manufacturing processes [30]. A
burning rate of 9.7g/min and a density of 560 kg/m?> were obtained by Nurba et al., [31] on Corncobs
briquettes whereas wood charcoal briquettes yielded 9.8g/min burning rate and 1160 kg/m?3 density
[31].

2. Methodology
2.1 Material Processing
2.1.1 Pseudostem waste processing

Pseudostem waste was obtained from TEXFAD Ltd in Kampala, Uganda. The waste was carried in
two twenty-litre jerricans to Busitema University, where excess water was squeezed out. Total
volume drop by squeezing was 20%. The waste was then sun-dried within the university for three
days of eight hours per day. These materials were then dried to 15% moisture content in the
laboratory conditioning chamber at the materials lab in Busitema University. Long waste pieces were
trimmed to 10mm in length. At this point, waste in powder form was already approximately 10% of
the total. A total of 20 litres of dry pseudo-stem waste was obtained from the 40 litres collected from
the source. Figure 3 shows the main pseudo-stem waste packaging for transport from TEXFAD Ltd to
Busitema university. The trash was then sundried in the open naturally as shown in figure 4.

! Fig. 3. Banana pseudostem waste packed for
' transportation
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The cassava peels obtained from Eastern parts of Uganda were sorted and then sun-dried for
three days of eight hours per day, at the Technical University of Kenya. They were then cut into small
sizes and milled into powder using a grain milling machine. Elemental analysis was done on the dried
pseudostem waste before pyrolysis. Physical, mechanical, and thermal properties of banana
pseudostem bio-briquettes produced were determined. The tests done on bio-briquettes includes;
bulk density, moisture content, ash content, compressive strength, calorific value, volatile matter,
fixed carbon, burning rate and heat utilization efficiency.

Equipment used for analysis in the research includes: bomb calorimeter, moisture analyser,
muffle oven, scanning electron microscope, energy dispersion x/ray, thermogravimetric analyser,
universal testing machine, vernier calliper, and weighing machine. Unavailable equipment in both
Busitema university or the Technical University of Kenya were sourced from the Kenya Bureau of
Standards and Egerton University.

This research was conducted in the Technical University of Kenya in conjunction with Busitema
University and TEXFAD Ltd. Dried banana pseudostem waste was subjected to pyrolysis in a locally
fabricated stainless-steel oven. Analysis of cassava peels binder was done after which it was
measured and boiled in water for starch extraction. The boiled cassava peels binder was then
homogeneously blended with the carbonated banana pseudostem waste before densification in a
briquetting machine. The bio-briquettes made were dried and subjected to analysis ready for
characterization and modelling. The research plan is shown in Figure 5 where red arrows shows the
route followed from the many existing options.

Banana Pseodostem ( [————————
ictiv Decortication waste ——» Transportation | Sun-dr 3
Predictive ecortication waste P ‘

model Collection ‘ l

T a Characterization —-.<4—— Elemental Composition Material 1

‘ Crystalline Structure analysis

| Morphology ‘ . | Size Reduction |

f —_| Pyrolization ;
: Cassava peels '
_—ra sorting, drying, .
ulk Density, milling . - ‘
Toi + = |+ Binder Addit
Moisture Content, Ash Content Uncarbonated Samples measuring and S il
Compressive Strength, Drop Test, ‘ Pyrolized + Binder Samples boiling in
(:flloriﬁc Value, \’ol‘atile Matter, " Pyrolyzed - Binder Samples water
Fixed carbon, Burning rate and ‘ ‘ Uncarbonated + Binder Samples ‘ ‘
Heat utilization efficiency. — Densification |¢—
i Storage and Packaging -— Bio-Briquettes ¢ Drying/Cooling

Fig. 5. Process diagram for banana waste briquette production and characterization

Scanning electron microscope was used to establish the morphological features of feedstock
before pyrolysis. A magnification of 50um and 100pum were used. Preparation and mounting of
samples on the scanning electron microscope at the materials lab of Busitema university is shown in
figure 6. Another sample was mounted on a Fourier transform infrared spectrometer shown in figure
7 for material Functional group examinations.
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' Fig. 6. Scanning electron microscope i i Fig. 7. Fourier transform infrared
i sample mounting i 1 spectrometer setup

[t . L

Morphological images obtained from a magnification of 50um and 100um under scanning
electron microscope are shown in figure 8 and 9. The images show an irregularly rough surface which
is an indication of enlarged surface area. It is important to note that the enlarged surface area is
essential for binding effectiveness of the material. The larger the surface area, the better the binding
action. In addition, the fibre has no specific orientation or arrangement in the mass. This adds up in
the overall strength properties of briquettes due to intertwining nature of the fibre.

SEM HV: 20.0 kV WD: 15.00 mm | __] SEM HV: 20.0 kV WD: 15.00 mm

View field: 208 pm Det: SE 50 pm View Neld: 417 ym [ Det: SE

[l SEM MAG: 1.00 kx  Date{midly): 03113125 Bustersa ' [l 5= maG: 500 5 Dato(micly): 031325 e " !

Powder from dried pseudostem waste was also put under focus to determine its morphological
structure and its likely influence on the final characteristics of the briquette. It is noted that the
powder material interlinks between the fibres and contributes to the mechanical strength of bio-
briquettes formed. The morphological images under a magnification of 50um and 500um in a
scanning electron microscope were seen as indicated in figure 10 and 11. Despite the small size of
the particles, they also have a rough surface necessary for binder anchoring and effectiveness.
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. .
| -~ b 7o
SEM !-1\!: 20.0kV WD 15.00 mm VEGAS TESCAN|
View field: 232 ym Det: SE S0 pm
SEM MAG: 000 x  Dato{midly): 03/12125

Fig. 10. Waste powder micrograph under
50pm using SEM

Elemental analysis was done on uncarbonated pseudostem waste using energy-dispersive X-ray,
in which oxygen was found to be 46.3%, Potassium 5.0%, Hydrogen 5.8%, Calcium 1.2% and Carbon
41.7%. Neither nitrogen nor sulphur was seen in the feedstock despite their common presence in a
variety of other biomass materials.

2.1.2 Cassava peels processing
Cassava peels were obtained from the Eastern parts of Uganda. They were sorted by removing

those with tubers and sun-dried. The dry cassava peels were cut into small pieces and milled using a
grain milling machine. Figure 7 shows sun-drying and milled powder ready for use.

L
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2.2 Pyrolysis
2.2.1 Oven development

In preparation for the pyrolysis of banana pseudo-stem waste, an oven made of AISI 304 grade
of stainless-steel measuring 18cm bore and 14cm depth, complete with a lockable lid, was fabricated
using a 1.5mm thick sheet. The lid was provided with a central hole for use in temperature
measurement and also as a breather during the pyrolysis process. This oven goes to a 20-liter jerrican
six times, giving room for variation of pyrolysis parameters where needed. Figure 14 and 15 illustrates
sheet rolling process and a complete oven ready for use.

__________________________________________________________________________________________________

2.2.2 Pyrolysis

Locally made domestic charcoal jiko was used for heating, using charcoal from the local market.
Full heat capacity was maintained for four hours, during which a maximum of 300 °C was recorded.
Gradual cooling was allowed until all the burning charcoal ceased, and an additional natural cooling
at atmospheric temperature of 21.5 °C for two hours. Figures 16 and 17 illustrate the material packing
and pyrolysis process set up.

The oven was tightly packed full of banana pseudostem waste using the lockable lid before
heating commenced. Fumes generated during the process were allowed to escape through the vent
provided. A total of 2 kilograms of charcoal from the local market were used in the carbonation
process.
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2.2.3 Briquette production

Proportions of cassava peel powder was measured in amounts of 10%, 15% and 20% of the
feedstock by weight. It was then boiled in water and then added into a blender together with the
carbonated banana pseudostem waste. Boiling cassava peels binder using a local jiko and charcoal is
shown in figure 18. Blending operation of the mixture using electrically powered blender is shown in
figure 19. Effective blending facilitates uniform binding action when appropriate briquetting load is
applied.

The mould measuring 40mm bore and 100mm deep for briquetting was fabricated using mild
steel with hinges and an easy lock system for ease of release. Briquetting loads applied in the
experiments are; 10kg, 15.2kg, 24.5kg and 49.5kg. Briquetting was conducted using hydraulic training
equipment at the hydraulics lab in the technical university of Kenya shown in figure 20. Drying of the
briquettes made was done in open place in the sun under ambient conditions in Nairobi Kenya as
shown in figure 21.

i Fig. 18. Cassava peels powder i1 Fig. 19. Carbonated waste and
! boiling i ! binder blending

10
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The mixture from the blender was manually fed into a mould on a modified hydraulic training
equipment for compaction at the Technical University of Kenya hydraulics lab. Several samples were
made at varied loads for comparison on mechanical and thermal properties. The produced samples
were sun-dried for four days of eight hours each in preparation for physical, mechanical, and thermal
analysis.

3. Results and Discussion
3.1 Results

A number of samples have been produced, where samples with 0% binder content are labelled
AO, those with 10% binder content, Al, 15% are labelled B1, and 20% C1. Each category is further
divided into four categories according to the compaction load in kilograms used. Table 1 shows the
sample nomenclature used.

Table 1
Actual coding of results
Binder % 10kg 15.2kg 24.5kg 49.5kg
0% (A0) AO1 A02 AO3 A04
10% (A1) All Al12 Al3 Al4
15% (B1) B11 B12 B13 B14
20% (C1) Cl1 C12 C13 Cl14

3.1.1 Moisture content

Four samples were subjected to moisture content analysis. Test specimens were heated to a
constant mass in an air oven at a temperature of 105°C according to Kenya standard KS 2912: 2020
on solid biofuels. The percentage moisture content was calculated from the loss of mass in the test
specimen. An average moisture content of 8.8% was obtained from A03, B12, C13, and C14 samples.

11
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3.1.2 Mass density

Samples C14 was made of 65mm diameter mould whereas C13 & B12 had an equal diameter of
40mm. Their lengths and weights were 65mm, 18.85g for C13 while B12 was 55mm, 15.97g. C14 had
adensity of 512 kg/m3, C13 a density of 231.71kg/m?3 while B12 had a density of 231.88kg/m3. Sample
AO03 collapsed after drying, and, therefore, no density was calculated.

3.1.3 Burning rate and calorific value

A mass of 185 grams comprising A13, B12, C13, and C14 samples was packed onto a local charcoal
jiko and lit just like charcoal. These briquettes boiled the water and continued to evaporate 1kg of
water for 27 minutes. Applying equation 7, the burning rate was found to be 6.85g/min. When tested
on the combustion calorimeter model e2k, the calorific value for the samples was found to be
8.172MJ/Kg. Figure 22 and figure 23 illustrates the experimental setup for burning rate and heat
utilization efficiency experiments.

3.1.4 Heat utilization efficiency

Considering equation 8, the mass of cold water was 1kg, the temperature of cold water was 20.5
°C, the boiling temperature was 96.5 °C in Nairobi, 1795m above sea level, the mass of steam
generated was 470g, while the mass of briquettes burnt was 185g. Taking the specific heat capacity
of water of 4.184 kJ/Kg °C and the latent heat of vaporization of water at 100 °C to be 2260KJ/Kg.
Since the calorific value of the briquettes was found to be 8.172MJ/Kg using the combustion
calorimeter model e2k, then applying equation 8, the heat utilization efficiency was found to be 91%.

3.1.5 Mechanical strength
Samples B12, C13, and C14 were tested for compressive strength using the Testometric Material

Testing Machine at Busitema University where B12 was found to be 0.829MPa, C13 was 0.831MPa,
and C14 was 0.825MPa.

12
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3.1.6 Volatile matter and ash content

Samples C14, C13 and B12 were analysed at the Kenya Bureau of Standards against KS 2912:2020,
the Kenya standard on solid biofuels. The ash content was found to be 17.22%, moisture content was
8.8% and volatile matter 29.96%.

3.1.7 Fixed carbon

Using equation 4, the fixed carbon was found to be 44.98%. A summary of experimental results
obtained are tabled in table 2.

Table 2
Summary of results and applicable standard/reference
PARAMETERS RESULTS REQUIREMENTS STANDARD/REFERENCE
Moisture content 8.8% 27% Max KS 2912
Volatile matter 29.96% 10% Max KS 2912
Ash content 17.22% 25% Max KS 2912
Fixed carbon 44.98% 44% Min KS 2912
Bulk density 232kg/m?3 (1000-1400) kg/m? DIN 51731, [31]
Calorific value 8.172MJ/Kg 18MJ/Kg Min KS 2912
Burning rate 6.85g/Min Literature [30, 31]
Heat utilization efficiency 91% Literature [30]

3.2 Discussion

Elemental analysis of uncarbonated pseudostem waste gave a carbon content of 41.7%. The lack
of nitrogen and Sulphur elements in the material is a promising indicator that banana pseudostem
waste is indeed a rich source of clean alternative source of energy. Mechanical strength and
environmental factors determine the efficacy of bio-fuels. It therefore means that with mechanical
strength of 0.828MPa, a heat utilization efficiency of 91% and the lack of nitrogen and sulphur in the
material, then banana pseudostem waste bio-briquettes perform highly as a clean environmentally
friendly fuel. A burning rate of 6.85g/min in this research is better than that of cashew nut shells
briquettes with 11.90 g/min and corncobs briquettes with 9.7g/min reported in literature.

Cassava peels binder has also proven to be an effective and suitable binder based on the thermal
and mechanical properties obtained from the current research. They are cheap, readily available,
environmentally friendly and have not shown any evidence of interference to combustion
performance. It is evident that the cassava peels binder is effective since the samples AO3 which were
made with 0% binder content collapsed after drying.

Based on the Kenya standard KS 2912:2020 on solid biofuel, the ash content, moisture content
and fixed carbon are within the required limits. However, the volatile matter is 29.96% instead of
25% maximum, and calorific value of 8.172MJ/Kg against a minimum requirement of 18MJ/Kg. On
briquette density, the Kenya standard KS 2912:2020 on solid biofuel does not give a specific value for
either commercial or domestic whereas German standard DIN 51731 requires a density of between
(1000-1400) kg/m3 for commercial use briquettes. Existing literature shows density ranges of
agricultural residue briquettes being less that 1000kg/m?3 apart from briquettes whose feedstock is
wood charcoal.

13
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4. Conclusions

The main objective of production and characterization of bio-briquettes from 100% banana
pseudostem waste feedstock and cassava peels binder, an environmentally friendly fuel was
achieved in this research. Huge amounts of banana pseudostem waste obtained from mechanical
decortication is now capable of being converted into clean environmentally friendly bio-fuel through
drying, pyrolysis, and compaction of material mixed with cassava peels binder which is otherwise a
cassava plant waste. Implementation of the current research findings will go a long way in reducing
agricultural waste, provision of clean energy, enhancement of food security and support of circular
economy practices in sub-Saharan Africa.

The burning rate of 6.85g/min and the heat utilization efficiency of 91% achieved in this research
indicate the high thermal potential of banana pseudostem waste briquettes achieved in this research
compared to other reported results in literature. It was also proven that choice of cassava peels as
binder was both sustainable and suitable from strength and density results achieved when compared
with samples without binder in them.

This research was based in Uganda, Kenya and the East African region where electrical energy for

drying, pyrolysis and compaction is scarce and costly. In addition, these processes are energy
intensive in nature. Therefore, one challenge was cost of energy needed to produce sustainable and
competitive bio-briquettes from banana pseudostem waste feedstock and cassava peels binder.
It is therefore recommended that a more sustainable energy source be used for drying, pyrolysis and
compaction processes such as the readily available solar energy. On parameters such as volatile
matter, density and calorific value which are below the required level for commercial applications, it
is recommended that more research be done on ways of improving the parameters while maintaining
the environmental friendliness and sustainability of the bio-briquettes.
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