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Abstract— Ethiopia produces considerable amount of biomass each year which has been utilized for 

domestic energy purpose, mainly by direct combustion. Ethiopia still relies heavily on traditional 

sources of energy for cooking and heating. The main aim of this research paper was to produce and 

characterize coffee husk and sawdust briquette with different type and ratio of binding material for 

modern utilization of biomass wastes. The problem of briquette utilization was its varying properties 

with different raw material and binding material type and ratio. In this study coffee husk and sawdust 

fuel briquettes, comprising varying ratios of potato peel, waste paper and molasses as a binder, were 

molded and characterized. Physical property, volatile matter, ash content, moisture content, fixed 

carbon and heating value, among other properties, were determined for the produced briquettes. The 

results of the physical properties investigated were; height of briquette ranges (2.4-5.2cm), diameter 

of briquette (12.6cm), mass of briquette ranges (83.5-414.5gm), and bulk density ranges (0.21-

0.71gm/cm3) for all briquette produced from the selected biomass waste with different binder material 

ratio. The proximate analysis gave the following results; % volatile matter ranges (60.87-71.05), % 

ash content ranges (5.65-10.73), % moisture content ranges (6.42-11.32), % fixed carbon (20.87-

28.73) and the heating value was found to be in range of (30075.39-31796.94 kJ/Kg) for the above 

selected biomass with different type and ratio of binders. 

Index Terms—Biomass, Binder Material, Briquettes Characterization, Carbonization, Fuel Briquette 

——————————      —————————— 

1. INTRODUCTION                                                                     

thiopia produces considerable amount of bio-

mass each year which has been utilized for do-

mestic energy purpose, mainly by direct combustion. 

Many of the developing countries produce huge quan-

tities of agro residues but they are used inefficiently 

causing extensive pollution to the environment. Ethio-

pia still relies heavily on traditional sources of energy 

for cooking, and heating. The use of wood is also in-

creasing on daily basis especially in the less techno-

logically developed countries of the world [1]. Agri-
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cultural waste accounts for 35% of primary energy 

consumption in developing countries, which constitut-

ing about 14% of the world's total primary energy 

consumption [2]. Woody biomass constitutes 95% of 

total potential supply. About 77% of annual biomass 

consumption in Ethiopia is met from fuel wood fol-

lowed by animal dung 13% and crop residue 9% re-

spectively [3].  

Ethiopia has enormous amount of coffee husk, indus-

trial and agricultural waste potential. Annually, from 

only limu and tepi farms, 3,676,088 and 3,535,224 kg 

of coffee husk and dry coffee pulp were generated re-

spectively, which has been consumed by households in 

place of firewood with inefficient open fire stoves [4]. 

Briquetting is the process of compaction of residues 

into a product of higher density than the original raw 

materials. It can be done with or without a binder, do-

ing without binder is more convenient but it requires 

sophisticated and costly presses and drying equipment 

[5]. This makes such processes unsuitable in a devel-

op-ing country like Ethiopia because of high machine 

and briquette production cost. Biomass briquettes can 

pro-vide an alternative household solid fuel, especially 

in rural areas. These can be burnt clean and, therefore, 

are eco-friendly.  

In selecting biomass for briquette, emphasis is given 

to the local availability of biomass with lower lignin 

and ash con-tent [6]. Moisture content should be as 

low as possible, generally in the range of (10-15%). 

Biomass residues normally have much lower ash con-

tent (except for rice husk with 20% ash) but their ash-

es content should be as low as possible [7]. When bi-

omass wastes are con-verted to fuel briquette, they can 

substantially replace fossil fuel, reduce the emission of 

greenhouse gases (GHG) and providing renewable en-

ergy to people in developing countries, like Ethiopia. 

Therefore, the ob-jectives of this study were to pro-

duce fuel briquettes from coffee husk and sawdust 

with different type and ratio of binders to evaluate 

their energy potential and characterize their fuel prop-

erty. 

2. MATERIALS AND METHODS  
The convensional methods of briquette production was 

used in this study. 

1. Waste paper was used both as raw material and 

binding agent in briquette production. Molasses was 

used for carbonized coffee husk briquette production. 

Potato peels was used as a binder agent for uncarbon-

ized coffee husk and sawdust by boiling with water 

until the sticky gel is formed.  

2. The briquettes were produced from coffee husk and 

sawdust as raw material. The selected raw materials 

were mixed with different ratio of waste paper, potato 

peels and molasses as a binding agent. 

3. Composite samples were take from produced bri-

quettes for characterization through physical and prox-

imat analyses. Proximate analysis, which is a stand-

ardized procedure that gives an idea of the bulk com-

ponents that make up a fuel, was done to determine 

the average of the percentage volatile matter content, 

percentage ash content, moisture content and percent-

age content of fixed carbon of the briquettes obtained 

from different samples. The procedures of the ASTM 

standard was adopted to obtain the above parameters. 
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(a) Produced Priquette from Carbonized and Un-

carbonized biomass. 

 

(b) Sample Of Briquette Taken For Test  

Fig. 1. Fuel Briquettes production and Test. 

2.1. Proximate analysis 
1. Percentage Volatile Matter 

The percentage of volatile matter (PVM) was deter-

mined by pulverizing 2gm of the briquette sample in a 

crucible and placing it in an oven until a constant 

weight was obtained. The dried sample left in the cru-

cible was covered with a lid and placed in muffle fur-

nace, maintained at 950 ± 20 °C for 7 minutes (ASTM 

D-3175). The PVM was then calculated using the 

Equation below: 

100X
A

BAPMV −
=      (1) 

Where A is the weight of the oven dried sample and B 

is the weight of the sample after 7 minute in the fur-

nace at 950°C. 

2. Percentage Ash Content 

The percentage ash content (PAC) was also deter-

mined by heating 2gm of the briquette sample in the 

furnace at a temperature of 550°C for 4hr and weighed 

after cooling in a desiccator to obtain the weight of ash 

(C). The procedures of the ASTM standard D5373-02 

(2003) was adopted to obtain the parameters. The PAC 

was determined using the Equation below. 

100X
A
CPAC =                        (2) 

Where A is the weight of the oven dried sample. 

3. Percentage Moisture Content 

The percentage moisture content (PMC) was found by 

weighing 2gm of the briquette sample (E) and oven 

drying it at 105°C until the mass of the sample was 

constant. The change in weight (D) after 60 min was 

then used to determine the sample's PMC using the 

Equation below: 

100X
E
DPMC =                (3) 

4. Percentage of Fixed Carbon 

The fixed carbon content was calculated by applying 

the mass balance for the biomass sample. The percent-

age fixed carbon (PFC) was computed by subtracting 

the sum of PMC, PVM and PAC from 100 as shown in 

the Equation below: 

( )PFCPACPVMPFC ++−= %100             (4) 

5. Heating Value 

The gross or high heating value is the amount of heat 

produced by the complete combustion of a unit quanti-

ty of fuel. This was calculated using the formula: 

( )VMFCueHeatingval 1446.147326.2 +=             (5) 

Where FC is the percentage fixed carbon and VM is 
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the percentage volatile matter [8] 

3. RESULT AND DISCUSSION 

3.1. Physical Property 
The result from physical properties of the produced 

briquettes revealed that the produced briquettes has 

good indication for efficient burning. Bulk density of 

the raw biomass briquette increased in line with binder 

agent ratio increase. This showed that substantial 

space could be saved in transportation and storage of 

briquettes prepared. The results of the physical proper-

ties investigated were; diameter of briquette (12.6cm), 

height of briquette ranges (2.4-5.2cm), mass of bri-

quette ranges (83.5-414.5gm).  

 

Table 1. Set of Observations 

3.1.1. Density 
The briquette produced in this study had the bulk den-

sity greater than bulk density of sawdust with binding 

agent ratio increased from (10-50) % and resulted bulk 

density ranges (103.87-159.48) kg/m3 for phytoplank-

ton, (117.61-178.32)kg/m3 for banana peels, (126.04-

185.62)kg/m3 for yam and (130.43-198.51) kg/m3 for 

cassava peels. The density of briquette produced from 

sawdust and coffee husk with binder of potato peels 

was greater than the sawdust briquette with banana 

peels and cassava peels binder [9]. The carbonize cof-

fee husk briquette had bulk density greater than bri-

quettes produced from elephant grass and spear grass 

by moderate pressure, which had a corresponding val-

ue of densities of 0.319gm/cm3 and 0.367gm/cm3 re-

spectively [10]. The density of briquette produced 

from sawdust and coffee husk with binder of potato 

peels was greater than the sawdust briquette with ba-
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nana peels and cassava peels. From the result carbon-

ized coffee husk with 25% molasses binder ratio had 

the greatest bulk density. The variation of the bulk 

density depending on the composition of the briquette 

and binder material ratio.  

 
Fig. 2. The Density of the Briquette for Different 

Waste Paper Binder Ratio 

 
Fig. 3. The density of the briquette with potato peels 

as a binder. 

Fig. 4. The Density of the Briquette Produced With 

Molasses as a Binder 

3.2. Proximate Analysis 
The briquette prepared from sawdust, coffee husk and 

waste paper were an acceptable source of fuel due low 

ash content. The result of proximate analysis of the 

formed briquette: moisture content, ash content, heat-

ing value and fixed carbon were computed. The prox-

imate analysis gave the following results; % volatile 

matter ranges (60.87-71.05), % ash content ranges 

(5.65-10.73), % moisture content ranges (6.42-11.32), 

% fixed carbon (20.87-28.73) and heating value in 

range of (30075.39-31796.94) kJ/Kg for the above se-

lected biomass with different ratio of waste paper, mo-

lasses and potato peels binder. Moisture content of un-

carbonized coffee husk briquette was highest com-

pared to other briquettes. The volatile matter increase 

with the concentration of the binder. The density of the 

briquette varies with the binder ratio. 

3.2.1. Moisture content 
The moisture content of the briquettes produced in this 

study had smaller moisture content than the briquettes 

produced from rice husk which was 12.67% [11]. The 

quality specification of charcoal usually limits the 
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moisture content between 5 to 15%. Therefore, the 

moisture content of briquettes obtained in this study 

was inline with this specification. However, to facili-

tate heat transfer, moisture content should be as low as 

possible [3]. The charcoal briquette from carbonized 

coffee husk with 25% molasses binder ratio had the 

lowest moisture content. The variation of the Moisture 

content depending on the composition and binder ma-

terial ratio.  

 
Fig. 5. The Moisture Content of the Briquette for Dif-

ferent Paper Binder Ratio 

 
Fig. 6. The Moisture Content of the Briquette with Po-

tato Peels as a Binder 

 
Fig. 7. The Moisture Content of the Briquette with Mo-

lasses as a Binder 

3.2.2. Ash content 
The ash content of the briquettes in this study was 

lower than the ash content of briquettes produced from 

rice husk which was 16.10% [39]. Yet, a typical ash 

content of fine quality lump charcoal is about 3% [12]. 

However, the ash content of the briquettes produced in 

this study was less than the specified range. This 

might be due to the effect of the binder used to bind 

the biomass which was combustible (Waste papers, 

potato peels and molasses). This suggestion is con-

sistent with the proposition that using anon-

combustible binder results in the production of more 

ash than using a combustible binder [10]. The ash con-

tent is an indicator of slugging behavior of the bio-

mass. Hence, the larger the ash content, the larger will 

be the slugging behavior. From the analysis conducted 

the lowest ash content was obtained for pure waste 

paper briquettes.  
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Fig. 8. The Ash Content of the Briquette for Different 

Paper Binder Ratio 

 
Fig. 9. The Ash Content of the Briquette for Different 

Composition 

3.2.3. Volatile matter 
The volatile matter of briquettes obtained from this 

study was greater than the volatile matter of briquettes 

produced from charcoal briquettes using bagasse and 

clay as binder which was 27.2% [10]. Hence, the vola-

tile matter of all briquettes obtained from this research 

paper has acceptable volatile matter. The pure 100% 

coffee husk briquette had the largest volatile matter. 

The variation of the volatile matter depending on the 

composition and binder material ratio.  

 
Fig. 10. The Volatile Matters of the Briquette for Dif-

ferent Waste Paper Binder Ratio.  

 
Fig. 11. The Volatile Matters of the Briquette for Dif-

ferent Composition. 

3.2.4. Fixed carbon content 
The fixed carbon content of the briquettes obtained 

from this study was lower than the fixed carbon con-

tent of briquettes produced from coffee husk which 

was a fixed carbon content of 57.71% [13]. The varia-

tion of the fixed carbon depending on the composition 

and binder material ratio.  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 8, August-2019                                                                                                     1288 
ISSN 2229-5518  
 

IJSER © 2019 
http://www.ijser.org 

 
Fig. The fixed carbon of the briquette for different pa-

per binder ratio 

 
Fig. 12. The Fixed Carbon of the Briquette for Differ-

ent Composition 

3.2.5. Heating value 
The gross or high heating value is the amount of heat 

produced by the complete combustion of a unit quanti-

ty of fuel. The heating value of the briquette in this 

study is greater than the heating value of the briquette 

produced from Groundnut Shell and Waste Paper 

Admixture [14]. The heating value was found to be in 

range (30075.39-31796.94) kJ/Kg for the above se-

lected biomass with different ratio of waste paper, mo-

lasses and potato peel binders.  

 
Fig. 13. The Heating Value of the Briquette for Dif-

ferent Paper Binder Ratio 

 
Fig. 14. The Heating Value of the Briquette for Dif-

ferent Composition 

4. CONCLUSION 
From the result observed and calculated value through 

proximate analysis coffee husk and sawdest Can be 

converted into good quality, highly storable and dura-

ble high-grade solid fuel briquettes. Potato peels 

which is one of the major waste from institutional and 

house hold kichen from cooking wat in our country 

was investigated as one of the best binding material 

for biomass briquette production.  It was also observed 

that potato peel is more applicaple for uncarbonized 

material than the the other binder like molasses. A 
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25:75 ratio (by weight) of mollases and carbonized 

coffee husk had the highest density and ash content 

and lowest moisture content compared to other bri-

quettes produced in this study. The solid fuel bri-

quettes consisting of 100% (by weight) of waste paper 

had the highest heating value. It was also observed 

that briquette samples produced from carbonized cof-

fee husk with molasses binder had highest fixed car-

bon. The density of briquette produced from sawdust 

and coffee husk with binder of potato peels was great-

er than the sawdust briquette produced with banana 

peels and cassava peels.  

REFERENCES 

[1] J.T. Oladeji, “Investigation into Viability of Bri-

quettes from different Agricultural Residues as Al-

ternatives to Wood and Kerosene Fuels,” New 

York Science Journal, vol. 6, no. 8, 2013.  

[2] M. Demirbas, B. Mustafa and H. Balat, “Potential 

contribution of biomass to the sustainable energy 

development,” Energy Conversion and Manage-

ment, pp. 1746-1760, 2009. 

[3] D, Dawit, “Assessment of Biomass Fuel Resource 

Potential and Utilization in Ethiopia: Sourcing 

Strategies for Renewable Energies,” International 

Journal of Renewable Energy Research, vol. 2, no. 

1, 2012. 

[4] M., Weldemedhin, H., Alemayehu, A. Esayas and 

A. Argaw, “The Potential of Coffee Husk and Pulp 

as an Alternative Source of Environmentally 

Friendly Energy,” East African Journal of Scienc-

es, vol. 8, no. 1,  pp. 29-36, 2014. 

[5] J.S. Mitchual, K.M. Frimpong- and N. A. Darkwa, 

“Effect of species, particle size and compacting 

pressure on relaxed density and compressive 

strength of fuel briquettes,” International journals 

of energy and environmental engineering, 2013. 

[6] A. Anteneh, Y. Birru, G.S. Yihenew and A. Tadele, 

“The Role of Biochar on Acid Soil Reclamation 

and Yield of Te (Eragrostis tef [Zucc] Trotter) in 

Northwestern Ethiopia,” Journal of Agricultural 

Science, vol. 6, 2014. 

[7] G. Temesgen, and Z. Yonas, “Integrated Bri-

quetting Plant: Study for Maichew Particle Board 

Factory,” Science Journal of Energy Engineering, 

vol. 3, pp. 11-22, 2015. 

[8] G. Murali, Channankaiah, P. Goutham, I. Enamul 

Hasan, and P. Anbarasan, “Performance Study of 

Briquettes from Agricultural Waste for Wood 

Stove with Catalytic Combustor,” International 

Journal of ChemTech Research, vol. 8, no. 1, 

2015. 

[9] R.M. Davies, “Some Physical and Mechanical 

Characteristics of Briquettes of White Afara (Ter-

minalia superba) Sawdust and Organic Binders,” 

International Journal of Scientific Research in Ag-

ricultural Sciences, vol. 2, no. 3, pp. 55-60, 2015. 

[10] T.U. Onuegbu, I.M. Ogbu, and C. Ejikme, 

“Comparative Analysis of Densities and Calorific 

Values of Wood and Briquettes Sample Prepared 

At Moderate Pressure and Ambient Temprature,” 

International Journal of Plant, Animals and Envi-

ronmental Sciences, vol. 2, 2012. 

[11] N. Andrew and G. Agidi, “The Physical, Prox-

imate and Ultimate Analysis of Rice Husk Bri-

quettes Produced from a Vibratory Block Mould 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 8, August-2019                                                                                                     1290 
ISSN 2229-5518  
 

IJSER © 2019 
http://www.ijser.org 

Briquetting Machine,” International Journal of In-

novative Science, Engineering and Technology, 

vol. 2, no. 5, 2015. 

[12] J. Janczak, “Compendium of simple technolo-

gies for agglomerating and/or dandifying wood, 

crop and animal residues,” FAO Report, Forestry 

Department, 1-45, 1980. 

[13] G. Murali, Channankaiah, P. Goutham, I.E. Ha-

san, and P. Anbarasan, “Performance Study of Bri-

quettes from Agricultural Waste for Wood Stove 

with Catalytic Combustor,” International Journal 

of ChemTech Research, vol. 8, no. 1, 2015. 

[14] O.A. Oyelaran, B.O. Bolaji, M.A. Waheed and 

M.F. Adekunle, “Characterization of Briquettes 

Produced from Groundnut Shell and Waste Paper 

Admixture,” Iranica Journal of Energy and Envi-

ronment, vol. 6, pp. 34-38, 2015. IJSER

http://www.ijser.org/

	1. Introduction
	2. Materials and Methods
	2.1. Proximate analysis

	3. Result and Discussion
	3.1. Physical Property
	3.1.1. Density

	3.2. Proximate Analysis
	3.2.1. Moisture content
	3.2.2. Ash content
	3.2.3. Volatile matter
	3.2.4. Fixed carbon content
	3.2.5. Heating value


	4. Conclusion
	References



