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Abstract: The objective of this research is to produce high quality of charcoal from the most known local wastes as a 

binder. The solid waste was collected from Southwestern Ethiopia and the production of charcoal briquette based on 

different binder preparation. The local wastes like sawdust and paper were used as a binder comparing with starch as a 

standard binder. The result obtained by using sawdust shows better burning time and less smoke comparing with using 

paper as a binder next to using starch as a binder. The proximate analysis result obtained for degradable solid waste 

was its density, percentage of moisture, volatile matter, ash, fixed carbon, and caloric value of  16.73 kg/m
3
,17.81%, 

67.56%,4.78%, 9.85%, and 18.39MJ/kg respectively. In the same way, fuel briquette using sawdust as a binder was 

characterized for its density, percentage of porosity, weight index, shatter resistance, moisture content, volatile matter 

content, ash content, fixed carbon content, and caloric value which is 750.06 kg/m
3
, 29.05%, 92.38%, 9.87%, 29.6%, 

3.56%, 56.97% and 27.38 MJ/kg respectively. Using sawdust is better than using paper as a binder since the briquette 

produced by using sawdust as a binder shows less smoke and higher burning time. This shows that it is possible to 

convert solid wastes into fuel briquettes using local wastes as binders.  
Keywords: degradable waste, fuel briquette, energy, environment 

 

1. Introduction 
The generation rate of solid waste in 

Southwestern Ethiopia is expressed as the amount of 

waste (kg) generated by one person per day will be the 

total waste collected in nine days divided by the total 

number of people and it will be about 0.130kg/ca/da 

[1]. Solid waste control and management are some of 

the major problems in many developing countries like 

Ethiopia [2]. Solid wastes from households, agro-

industries, and food industries dumped in open lands or 

accumulated in open-dumping sites is one of the major 

problems in Ethiopian cities [3]. Studies made in 

Ethiopian cities indicated that inadequate solid waste 

management has resulted in the accumulation of solid 

waste on open land [4]. However, as the age of 

Southwestern Ethiopia is very old, waste management 

practice is still now inappropriate consideration for 

environmental and public health protection aspects [5]. 

The solid waste is simply dumped out into the 

environment and which causes people to photogenic 

health problem [6].  

Local wastes are available in the environment 

which can be used as a binder like Sawdust and waste 

paper. Thus there is much volume of sawdust wastes 

from wood workshops and paper as waste from 

education sectors like higher educations in Ethiopia [7]. 

The characteristics that may be used in deciding solid 

waste management are color, voids, and shape of 

components, optical property, magnetic properties, and 

electric properties [8]. The important chemical 

properties measured for solid waste are moisture 

content, volatile matter content,  ash content,  fixed 

carbon content, fusing point of ash content, calorific 

value content, percentage of carbon, hydrogen, oxygen, 

sulfur, and ash [9].  

The proximate analysis of degradable waste aims 

to determine the content of moisture, the content of 

volatile matter content of ash, and the content of fixed 

carbon [10]. The Ultimate analysis determination of the 

waste of the degradable waste aims to analyze the 

content of its carbon, hydrogen, oxygen, sulfur, and ash 

[11]. From the research literature conducted, the 

percentage of carbon and nitrogen in food waste is 54% 

and 0.69%, respectively [12]. These values vary 

somewhat from the ultimate values which are 49% and 

2.8% for carbon and nitrogen, respectively [13]. 

Biodegradable materials can be used as an 

alternative renewable and carbon-neutral raw material 

for the production of energy alternatives [14]. There is 

a shortage of energy and there is the need to source 

alternative forms of energy, which is different from 

conventional types. According to information found 

from the municipality of Southwestern Ethiopia, 55%, 

33%, and 19% of the waste generated from the town 

are degradable, disposable, and recyclable respectively 

[15][16]. During solid waste management, the 
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characteristics of wastes are determined for color, voids, 

the shape of components, optical property magnetic 

properties, and electric properties [17]. Ultimate analysis 

of waste aims to analyze the content of carbon, 

hydrogen, oxygen, sulfur, and ash [18]. These values 

vary somewhat from the ultimate values which are 48% 

and 2.6% for carbon and nitrogen respectively [19]. The 

objective of this research article is to convert 

Southwestern Ethiopia's degradable solid waste 

component into fuel briquette by using local wastes like 

sawdust and paper as a binder for a better environmental 

pollution control mechanism. Besides,  sorting and 

characterizing Southwestern Ethiopia degradable solid 

waste, converting Southwestern Ethiopia degradable 

solid waste to fuel briquette using local wastes as a 

binder, characterizing fuel briquette produced by using 

local wastes as a binder, and comparing the better waste 

binder for fuel briquette production were accomplished.  

 

2. Materials and Methods 
2.1. Materials 

The types of equipment used for this research were 

carbonizer for carbonizing charcoal briquette, grinder for 

grinding for size reduction, dryer (sunlight) for drying of 

charcoal briquette, mixer for mixing binder and 

carbonized charcoal, sieve for the screening of ground 

charcoal, manual press molding machine, oven for 

characterization of BMSW and charcoal briquette, and 

oxygen bomb calorimeter for characterization of charcoal 

briquette. The ingredient used for this study as a binder 

was starch, sawdust, and paper. Water was used for binder 

preparation and mixing, and degradable solid waste as 

raw material. 

 

2.2. Methods 

2.2.1. Sample Preparation 

 The solid waste essentially includes different kinds 

of individuals household waste like wood,  sawdust, 

paper,  plastic, bottle, unsold of charcoal recovered from 

the points of sale. Those wastes were sorted to remove 

plastic, metal, glass bottle and textiles, and any other form 

of non-degradable municipal waste.For this research 80kg 

of  samples were collected from Jimma City. 

 

2.2.2. Experimental variable and analytical procedures 
The experimental procedures: At the first stage 

the collected solid waste was sorted to its variety. The 

sorted degradable solid waste was then allowed to dry for 

further size reduction.The size of degradable solid waste 

was reduced and allowed for carbonization at 105
o
c in the 

furnance. Mean while the binder was prepared from local 

wastes like sawdust and paper. The next step was mixing 

of degradable solid waste charcoal with those binders.The 

mixed charcoal briquette was alloed to put in a mold. The 

final stage was determination of the quality of charcoal 

briquite of using sawdust and paper as a binder compared 

with the standard one which is starch.  

 

2.2.3. Characterization of degradable solid waste 

 Proximate analysis is the determination of wastes 

to determine its density, content of moisture, the content 

of ash, and content of volatile matter. The density of the 

degradable solid waste sample was determined by 

weighing an empty cylindrical container of known 

volume and then carefully filled with the DMSW sample.  

 

  
    

    
…………………….................. (1) 

 

Where “ ” is the density of degradable municipal 

solid waste in (g/cm
3
), DMSW is the mass of degradable 

solid waste in (g) and Vcon is the volume of the container 

(cm
3
). The content of moisture is determined by weighing 

a portion of a sample and oven drying it at 105 
0
C for 

three hours.  

 

                 ………………...... (2) 

 

Where MC is the content of moisture, A is the mass 

of the sample before drying in (g) and B is the change in 

weight of the sample before and after drying in the oven. 

The content of volatile matter of degradable municipal 

solid waste was determined by allowing the sample in the 

furnace until the same weight was obtained. Then it was 

being placed in a furnace at a temperature of 550
0
C for 10 

minutes and weighing after to obtain the difference in 

weight. The percentage of volatile matters was computed 

by using the equation: 

 

VM (%) = (
     

  
)     ………………… (3) 

 

Where, VM (%) = percentage volatile matter of 

BMSW, W2 = furnace dried sample weight of BMSW, g 

and W3 =change in weight of furnace dried BMSW 

before and after transfer to the furnace. For the 

determination of percentage ash content, the sample of the 

degradable solid waste was allowed in an.oven till the 

same weight was detected. The oven-dried sample was 

then placed into the furnace at a temperature of  900
0
C 

and left for about 30 minutes. 

AC (%) = (
  

  
)     …………………......... (4) 

Where, W1 = Initial weight of the oven-dried 

sample (g), W2 = weight of ash (g) and AC (%) = 

percentage ash content. The fixed carbon of a fuel is the 

percentage content of carbon present for combustion. 
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Fixed carbon indicates the proportion of char that remains 

after the devolatilization phase. The percentage of content 

fixed carbon of briquettes was calculated according to 

Sotannde et al. [20] by subtracting the sum of PVM and 

PAC from 100. The same process was repeated until the 

completion of the samples by using the following 

equation. 

FC=100(MC+VM+AC)…………...........     (5) 

Where, FC = the percentage of fixed carbon, MC= 

moisture content in percentage, VM= percentage content 

of volatile matter, and AC=Percentage  content of ash. 

The calorific value presents the energy content of the fuel. 

According to Roberts et al. [21], it is the characteristics of 

biomass fuel that relays upon its chemical constitute and 

percent of moisture content. The most advantageous fuel 

characteristics are its calorific or heat value. 

Qc = (ET-e
1
-e

2
e

3
)/m.................................... (6) 

Where, Qc= heat of combustion (gross), T= 

temperature rise (observed), E= equivalent energy of the 

calorimeter being used, e
1
= Heat generated by burning the 

nitrogen portion of the air trapped in the bomb to form 

nitric acid, e
2
 = Heat produced by the formation of 

sulfuric acid from the reaction of sulfur dioxide, water, 

and oxygen, e
3
 = heat produced by the cotton thread and 

heating wire where „m‟= mass of the sample. The gross 

caloric value was calculated with the following equation 

number -7 as below. 

 

GCV (MJ/Kg) = 37:777- 0.647M- 0.387A - 0.089VM   

R
2=

 0.97…………………….…..… (7) 

 

Where GCV=gross caloric value, m = content of 

moisture, A= content of ash, VM= content of volatile 

matter, and R =coefficient of determination. Sorted waste 

contains many ingredients like food waste, chatt leaf and 

stalk, and other degradable waste which contain a high 

amount of moisture; then to reduce the moisture content 

of solid waste, it was allowed to sunlight until dried. The 

sun-dried degradable municipal solid waste was crushed 

manually. The crushed degradable was then added to 

carbonized for further processing. After drying the 

degradable municipal waste was carbonized by using the 

furnace. A fire port at the lower entrance of the furnace 

and light through the wicks. At the early stage of the 

carbonization process, the lid allowed open for not more 

than 10 minutes since the volatile gases may escape out. 

After that properly sealed to prevent oxygen from 

entering. Since the lid was tithed perfectly. The 

degradable solid waste was left to carbonize for three 

hours at 250
o
C. The dried raw materials were ground to 

smaller particles and screened using a sieve. The sieved 

pulverized charcoal was weighed and prepared. 

 

2.2.4. Binder Preparation 

To meet the proposed target the starch was used as 

a standard binding material. Local wastes like sawdust 

and paper were used as binders in this study. The binder 

materials were used for strengthening the fuel briquettes. 

The binder was prepared for three binding materials 

separately i.e for starch, sawdust and paper by dissolving 

150 g  of binding materials (starch, sawdust, and paper) 

separately in 100 mL of cold water to form a paste and 

after 500 mL of water was put to boil. The obtained paste 

was allowed to mix with the boiling water and gently 

stirred till the smooth homogeneous solution was 

observed. In the same way, the binders were prepared 

from local wastes like sawdust and paper. 

 
2.2.5. Briquetting charcoal (Compaction) 

The starch bonded, the sawdust bonded and paper 

bonded carbonized solid waste were pressed in a manual 

cylinder mold for the production of briquette fuel. Totally 

nine molds were prepared. i.e three molds for every three 

binders. The prepared mold briquettes were allowed to 

dry in the sun for 2 days. The produced briquettes were 

collected and dried under the sunlight, and after were 

packed in a plastic bag for further analysis.     

  
2.2.6. Characterization of charcoal briquette 

 The characteristics like density, porosity index, 

shatter resistance, the content of volatile matter, the 

content of ash, the content of fixed carbon, and gross 

calorific. The value content of the degradable solid waste 

briquettes was investigated. According to Chandrappa et al. 

[8], it is defined as the mass of packing of the molecules 

of the substance divided by its volume. The weights of 

briquettes were determined in the laboratory using a 

digital balance. Volumes of briquettes were determined 

by a simple calculation based on the direct measurement 

of height and diameter of the briquettes since briquettes 

were cylindrical. The volume was evaluated using. 

 

    
   

   
…………………...........................  (8) 

Vbr= πR
2
H………………….……………….  (9) 

 

Where, R= briquette radii,cm, H=length of the briquette, 

cm, Mbr= weight of charcoal briquettes in g, Vbr= 

briquettes volume, cm
3
, π= mathematical constant i.e. 

3.14 and  br=density of charcoal briquette, g/cm
3
. The 

property for the porosity of charcoal briquettes was 

determined based on the amount of water absorbed by 

each sample. In such a way a pre-weighed charcoal 

briquette was allowed to immerse in water for not more 

than 30 seconds. Then the charcoal briquettes were taken 

out from the water and reweighed to obtain the wet 

weight of briquette. The mass of water in the briquette 
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was determined by reducing the dry weight of the 

briquette from the wet weight of the briquette. The 

porosity index was obtained by dividing the mass of water 

absorbed into the mass of the briquette immersed in 

water. Similarly, another batch was introduced, and the 

same way the process was repeated until the completion 

of all samples. Then after the porosity index is obtained 

by using; 

 

       
        

  
    …………………………… (10) 

 

Where, Pi= porosity index, Ws=dry sample weight 

of briquette (g), and Ww=wet sample weight of the 

charcoal briquette after immersed in water (g). According 

to Zhang J and Guo Y [22], each briquette sample was 

allowed for the test to drop from a height of 2m onto 

concrete five times. The durability of charcoal briquette 

can be obtained as the ratio of the final weight of the 

charcoal briquette retained after five drops to the initial 

weight of the charcoal briquette. The fraction of the 

briquette that retained shattered was used as an index for 

briquette durability.  

 

       
     

  
    …................... (11) 

SR (%)=100-WL ……..………............. (12) 

 

Where WL (%) = percentage weight loss, W1 = 

mass of briquette before shattering (g), W2= mass of 

briquette after shattering (g) and SR (%) = percentage 

shatter resistance.  

The percentage of the moisture of the charcoal 

briquette can be obtained by weighing a part of a sample 

in an oven drying for 105 
0
C for three hours. The weight 

change was used to detect the briquette‟s moisture 

content using the following relation. 

 

       
 

 
    …………………  (13) 

 

Where MC is moisture content, A is the mass of the 

sample before drying, g, and B is the change in weight of 

the sample before and after drying in the oven. According 

to [13] the volatile matter refers to the part of a biomass 

matter that is released as volatile gases. During 

combustion, most of the solid waste was volatile and burn 

as gas in the cookstove this implies the high volatile 

content of biomass material. The percentage volatile 

matter of the briquettes was determined by a portion of a 

briquette will be kept in an oven until a constant weight of 

the sample is obtained. The oven-dried sample was kept 

in the muffle furnace at a temperature of 550 
0
C for 10 

minutes. After which the volatile matter in it was have 

allowed to escape, the crucible allowed to cool 

down in a desiccator and weighed to obtain the mass of 

volatile parts of the sample i.e the change in mass of the 

sample before and after kept to the furnace.  

 

       
     

  
     ………………………. (14) 

 

Where, VM (%) = volatile matter percentage, W2 

=oven dried mass of the sample, g and W3 = mass of the 

oven-dried sample after heating in a furnace, g. All 

chemical breakdown of a biomass fuel produces a solid 

residue, which in cases can be called ash. The ash can 

cause problems for the thermo-chemical conversion 

process, and particularly for combustion because some 

chemical compounds in the ashcan react to form slag. 

When biomass is used as fuel in boilers the amount of ash 

is an important data since at high temperatures it can melt 

and cause scaling of equipment. The residual ash is 

undesirable, so the lower level of ash is the best fuel 

quality. Ash is expected to have values for commercial 

fuels from 0.7% to 9.9%, energy crops from 1% to 9.8%, 

cereals from 1.8% to 4.8%, and industrial waste from 

0.4% to 22.6%. According to García R et al. [27], general 

values may appear in a range from levels below 5–20%. A 

portion of a sample was placed in an oven until it is free 

of moisture. The dried charcoal briquette sample was then 

allowed to place in a pre-weighed crucible. This was 

being transferred into the furnace at a temperature of 

800
0
C and left for about 30 minutes. During such the 

sample was turned to white ash. Then, the crucible was be 

put to desiccators and then cooled.  

After cooling the crucible was reweighed to obtain 

the mass of ash. The same procedure was repeated until 

the completion of the samples. The ash content was 

calculated by dividing the weight of ash by that of the 

weight of the dry sample and will be determined by: 

 

      (
  

  
)     …………………………………. (15) 

 

Where, W1 = oven dried sample weight (g), W2 = 

dried sample weight after complete combustion (g), 

PAC= ash content percentage. 

The Carbon content refers to the percentage of 

carbon present in a particular sample. Essentially, the 

fixed carbon of a fuel is the percentage of carbon 

available for combustion. This is not equal to the total 

amount of carbon in the fuel (the ultimate carbon) because 

there is also a significant amount that was released as 

hydrocarbons in the volatiles. Fixed carbon indicates the 

proportion of char that remains after the devolatilization 

phase. According to Ikelle et al. [23], the percentage fixed 

carbon of briquettes was calculated by subtracting the 

sum of MC, VM, and AC from 100. The procedure was 
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repeated again and again until the completion of the 

samples. 

 

FC (%)=100(PMC+PAC+PVM)………… (16) 

 

Where, FC = fixed carbon percentage, 

AC=Percentage ash content, and VM= percentage volatile 

matter. The caloric value is measured by an oxygen bomb 

caloric meter. However due to the no availability of 

equipment we use literature to calculate the gross caloric 

value by using MC, VC, and AC that have already been 

calculated before. In our laboratory, we use MC, VC, and 

AC correlation to calculate the caloric heating value by 

this equation [15]. 

 GCV=37.777-0.647  MC-0.387AC-0.089VM    , 

R2=0.97………………………………. (17) 

 

Where MC is moisture content, AC is ash content, 

VM is volatile matter and R is the coefficient of 

determination. The proximate analysis was done for paper 

and starch in the same way as shown for the sawdust 

bonded charcoal briquette from the above.  
   

3. Results and Discussion 
The characterization was done for degradable solid 

waste and a charcoal briquette.  Furthermore, its density, 

moisture content in percent, volatile matter content in 

percent, the content of ash, and content of fixed carbon 

and caloric heat value of degradable municipal solid 

wastes were determined. The physical and combustion 

properties of the charcoal briquettes examined in this 

work were limited to density, porosity index, shatter 

resistance, percentage moisture content, percentage 

volatile matter, percentage ash content, and fixed carbon 

percentage and calorific heat value. 

 

3.1. Proximate  

 Density was determined by using equation -1 and 

aobtained as 16.73kg/m
3
. This implies the degradable 

municipal solid waste has low energy density therefore it 

is difficult to store for a long time. Thus it is advisable to 

increase the density of degradable solid waste by drying, 

carbonizing, and molding degradable municipal solid 

waste while using directly for charcoal briquette purposes. 

The moisture content of DMSW was determined by 

weighing 32 grams of the sample and drying it in the oven 

at 105
0
C until three hours or until the mass of a sample 

was constant (5.7g). Moisture content of the sample was 

18.15%. It was determined using equation 3. This shows 

degradable municipal solid waste has a high content of 

moisture and needs further drying before carbonization 

which is needed to lower the moisture content of this 

biodegradable municipal solid waste for charcoal 

briquette production. The content of volatile matter was 

computed as 66.95% using equation 3. And the average 

value of 66.95% was recorded at 550
o
C for 10 min.  

 

Table 1. Proximate analysis for degradable solid waste 
Properties Numerical value 

Density 16.73kg/m
3
 

Moisture content 17.81% 

Volatile matter 67.56% 

Ash content 4.78% 

Fixed carbon 9.85% 

Caloric value 18.39kJ/kg 

 

The highest value of volatile matter enhances the 

degradable municipal solid waste to be ignited easily. As 

compared with the volatile matter of charcoal briquettes it 

is too high. This is because of simply disintegration or 

unbounded degradable municipal solid waste. However, 

the structure of charcoal briquette is strongly bonded with 

binder Sawdust. The content of ash was calculated as the 

weight of ash divided by that of the weight of the dry 

sample and obtained as 4.07% at 900°C using equation 4. 

This is smaller than the ash content of charcoal briquette 

and this variation is because of sawdust bound to charcoal 

briquette. In the fresh biodegradable municipal solid 

waste particle are not bonded to each other and this allows 

the adequate flow of oxygen in the internal part of in 

internal part of this waste. However, in the charcoal 

briquettes, particles are bonded to each other since 

sawdust added makes less ash content. The fixed carbon 

content percentage was found to be 9.85% using equation 

5. The average fixed carbon content of biomass is fallen 

in the range of 9.78%-24.16%. The total fixed carbon 

content obtained in this study is 9.85%. This result may 

not fit the literature value range because our raw material 

contains high moisture content materials like food waste 

(fruits peel and spoiled vegetables) and other wet 

materials. Using equation 6 the heating caloric value of 

DMSW was calculated as 18.39 kJ/kg. 

 

3.2. Characterization of charcoal briquette 

The density of charcoal briquette was obtained as  

750.06kg/m
3 

using equations 8 and 9. This value implies 

that the charcoal briquettes obtained from degradable 

solid waste in our work have a high density as the 

compared density of wood charcoal, density of charcoal 

briquette produced from cane bagasse. The density of 

charcoal briquette bonded with sawdust give a density of 

750.06kg/m
3
. The diameter of the mold or cylinder affects 

the density of charcoal briquettes. Porosity is defined as a 

measure of the void spaces in a material and is a fraction 

of the volume of voids over the total volume; it generally 

lies between 0-1mm. The porosity index is defined as the 

ratio of the weight of water absorbed divided by the dry 



 

            Vol. 5 No. 3, 134-141               http://dx.doi.org/10.22135/sje.2020.5.3.134-141                    139 

 

weight of the sample briquette when immersed into water. 

A briquette with a higher porosity index has lower water 

resistance capacity. The porosity index was found  as 

29.05% by using equation 10. 

 

Table 2. summary of proximate analysis for charcoal 

briquette using sawdust as a binder 
Properties Value obtained 

Density 750.06 kg/m
3
 

Porosity index weight 29.05% 

Shatter resistance 92.38% 

Moisture content 9.87% 

Volatile matter 29.60% 

Ash content 3.56% 

Fixed carbon percentage 56.97% 

Caloric value 27.38 MJ/kg 

 

The above value of the porosity index obtained was 

existing between 0 and 1 that has low water resistance. 

Therefore if charcoal briquettes have a higher porosity 

index, it will absorb more water and will be disintegrated 

easily. The Shatter resistance was found to be  92.377% 

using equations 11 and 12. The above values of shatter 

resistance obtained show high shatter resistance. This 

means that the reaction force of denser charcoal briquettes 

has higher shatter resistance than that of less dense 

charcoal briquettes when they are allowed to fall from 2m 

height from top to the ground.  

This leads to denser charcoal briquettes are more 

chance to lose part of it.  Higher shatter resistance implies 

a lower weight loss and resistance to handling stress. 

Therefore charcoal briquette produced in our work has 

good durability. The moisture content of charcoal 

briquette was obtained as 9.87% by using equation 13.The 

above value of content moisture obtained in our work was 

fall in the percentage of 5-10% according to 

Suksankraisorn K et al.  [24]. The volatile matter of 

charcoal briquettes was found to be 29.4%  by using 

equation 14.The above values of volatile matter obtained 

in our works are in the range of 20-30% according to 

literature a charcoal briquette with low volatile content 

tends to incomplete combustion which leads to an 

insignificant amount of smoke and release of toxic gas. 

The ash content was obtained as 3.56% by using equation 

15.  

The above value of ash contents of charcoal 

briquettes obtained in our work is in the range of as 

compared to or as recommended in.  Ash content for good 

quality charcoal briquettes is fall in the range of 3-4%. 

Ash is an impurity that will not burn, fuels with high ash 

content are less suited for thermal utilization than fuels 

with high ash content. The higher ash content in fuel 

usually leads to higher dust emission.  The value of fixed 

carbon for charcoal briquettes was obtained as 56.97% by 

using equation 16. This value of fixed carbon content is 

very low as compared with Wang L et al. [26] that is from 

70-75%. Since the fixed carbon content is more related to 

the carbonation process, during the carbonation process 

we use manual made carbonizer equipment this may leak 

air to combust the raw material in a little manner.  Fixed 

carbon positively correlated with carbon monoxide, with 

less fixed carbon contained in the charcoal briquettes gave 

less carbon monoxide and prolong cooking time by its 

low heat release. A lower fixed carbon, a better result 

during combustion, and a lesser probability of CO2 

generation.  

The charcoal Briquettes having much content of 

volatile matter have lower fixed carbon, which favors 

being harder, heavier, stronger, and easier to ignite than 

briquettes containing high fixed carbon. By using 

equation 17 we calculated GCV of charcoal briquette as 

27.38MJ/Kg. The above caloric value of charcoal 

briquette produced from degradable municipal waste is 

higher than that of the caloric value of wood charcoal 

which is 8.27 MJ/kg and higher than charcoal briquette 

produced from bagasse which has a caloric value of 23.4 

MJ/kg according to different kinds of literature.  The 

higher calorific value reflects the high quality of charcoal 

briquettes.  

3.2. Factors that affect the charcoal briquette 

The factor which affects fuel charcoal briquette 

includes the size of the particle, the diameter of the mold, 

and the type of binder used. The binder content affects the 

quality of charcoal briquettes by their amount. In our 

work, we use 25% of starch content to produce charcoal 

briquette. According to Borowski G et al. [25] the 

charcoal briquettes that good quality was obtained at 

starch content from 25-30%. Under this content of starch, 

the charcoal briquette shatters easily like during 

transportation. 

 

Table 3. Summary of proximate analysis for charcoal 

briquette using waste paper as a binder 
Properties Value obtained 

Density 712.08 kg/m
3
 

Porosity index weight 29.89% 

Shatter resistance 89.48% 

Moisture content 9.99% 

Volatile matter 30.65% 

Ash content 4.68% 

Fixed carbon percentage 56.97% 

Caloric value 27.38 MJ/kg 

 

The particle size of this study raw material is 4 mm. 

According to this particle size, the charcoal briquette was 

characterized for moisture content, density, volatile 

matter, ash content, fixed carbon percentage, the caloric 

value of 9.87%, 750.06 kg/m
3
, 29.6%, 3.56%, 56.97%, 
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and 27.38MJ/kg respectively. Therefore according to the 

different literature views charcoal briquettes that have 

good qualities were obtained at a size of a particle, not 

more than 4 mm. The difference in diameters of the two 

cylinders could show variation characteristics of charcoal 

briquette. This shows the relationship between the 

property of charcoal and the diameter of the mold. For a 

small mold equipment diameter, fewer amounts of pores 

were obtained and have small shatter resistance. But at a 

large diameter of the mold or cylinder has high porosity 

index weight and high shatter resistance. The good 

charcoal is obtained for starch and sawdust used as a 

binder comparing with paper as a binder. 

 

3.3. Strength and weakness of the product 

The fuel charcoal briquette produced from 

degradable solid waste has good heating value as 

compared to charcoal briquette from wood and charcoal 

briquette produced from molasses.  Some of the 

characterization properties of charcoal briquette tested in 

this work was fall in the range. Therefore it is 

recommended to convert solid wastes into charcoal 

briquette rather than polluting the environment. Due to the 

present atmospheric condition of Southwestern Ethiopia 

the product was loose some quality as compared with 

standard value since it requires sufficient sun to dry 

charcoal briquette. Fixed carbon content affected by the 

carbonization process performed in my work that was 

made manually is allowing the little amount of oxygen 

since the carbonizer has a hole at the bottom and top 

section. 

 

Table 4: ummary of proximate analysis for charcoal 

briquette using starch as a binder 
Properties Value obtained 

Density 750.06 kg/m
3
 

Porosity index weight 29.95% 

Shatter resistance 93.38% 

Moisture content 9.95% 

Volatile matter 29.50% 

Ash content 3.50% 

Fixed carbon percentage 56.57% 

Caloric value 27.59 MJ/kg 

 

The characterization summary result for different 

binders (sawdust, paper, and starch) is tabulated with 

tables 2, 3, and 4 in the appendix part. The test result for 

density, the content of moisture, the content of volatile 

matter, the content of ash, the content of fixed carbon, and 

caloric value of degradable municipal solid waste was 

determined as 16.73 kg/m3,17.81%, 67.56%, 4.78%, 

9.85% and 18.39 MJ/kg respectively. In the same way, the 

test result of charcoal briquette using sawdust as a binder 

for its density, porosity weight index, shatter resistance, 

moisture content, volatile matter, ash content, fixed 

carbon content, and caloric values were obtained as  

750.06.06Kg/m3, 29.05%, 92.38%, 9.87%, 29.6%, 

3.56%, 56.97%, and 27.38MJ/kg, respectively. 
 

4. Conclusions  
This study involves the determination of the 

characteristics of degradable solid waste and the produced 

charcoal briquette using sawdust as a binder. The test was 

carried out for charcoal briquette using sawdust, starch, 

and paper as a binder for its density, porosity weight 

index, shatter resistance, moisture content, 

volatile matter, ash content, fixed carbon content, and calo

ric values. Using sawdust as binder gave the results that 

are in the range comparing with other works of literature 

and close to the characteristics of using starch as a binder. 

Thus it is possible to convert Southwestern Ethiopia 

degradable solid waste into charcoal briquette using 

sawdust as a binder. As illustrated from the above the 

charcoal briquette produced had high density, moisture 

content that is typical, has high volatile content, has 

typical ash content, and low content for fixed carbon as 

relative to other charcoal briquette obtained from the 

different feedstock. Since sawdust can be used in place of 

starch as a binder as the test was observed from this 

research work. Besides waste paper can be used as a 

binder for charcoal briquette production. However, the 

charcoal briquette produced using waste paper as binder 

shows low density and a high percentage of ash. This 

work is aimed to help in the controlling of the solid waste 

and could be used as a tool for handling a decision 

towards waste generated daily in various activities of 

people in Southwestern Ethiopia. 
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