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ABSTRACT 
Biomass such as wood fuel and charcoal, is one of the most dominant sources of energies in 

Nigeria, especially in its rural areas. These sources of energy contribute greatly to deforestation 

which leads to soil erosion and loss of biodiversity. In this study, an appropriate, cost effective 

and easy to duplicate manually operated biomass briquetting machine suitable for use in rural 

communities was designed and fabricated. The briquetting machine was designed and 

fabricated using mild steel. The diameter of the piston rod, briquette cross-sectional area, 

mould cover, mould cover hinges/locks were basically the design parameters considered in this 

study. Gas and electric arc welding processes were used for the fabrication. The machine 

consisted of 25 moulds and equal number of pistons rods. Each mould had an internal diameter 

of 70mm and a depth of 190.5mm. The moulds were welded to a 6mm flat mild steel plate at 

the top and bottom and positioned vertically over the pistons. To allow escape of water during 

compaction, the pistons were made such that there was a clearance of about 2mm between the 

piston head and the mould walls. The opposite ends of the rods (pistons) were welded on a flat 

metal plate of 12mm thickness which rested on a 20-ton capacity hydraulic jack that drives the 

pistons in and out of the moulds during operation. The briquetting machine was tested using 

groundnut shell of ≤2mm and ≤6mm particle sizes. The mean mass of the produced briquette 

was measured as 16.83kg. The mean biomass loading time (t1), mean biomass compaction time 

(t2) and mean biomass ejection time (t3) were determined as 38 sec, 53 sec and 33 sec 

respectively. The groundnut shell biomass briquetting machine had a production capacity of 

about 488kg/hr. The evaluation results of the produced biomass briquetting machine showed a 

satisfactory performance. 
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1.0 Introduction 

In Nigeria, as in other developing countries, the direct burning of loose agro waste residues 

like groundnut shells, rice husk, palm kernel shells, in conventional manner is associated with 

very low thermal efficiency, loss of fuel and widespread air pollution (Osarenmwinda and 

Ihenyen, 2012). Renewable energy technologies are safe sources of energy that have lower 

environmental impact than standard (conventional) energy technologies. Presently Biomass is 

attracting attention as a source of renewable energy also as an alternate to fossil fuels. Biomass, 

notably agricultural residues appear to be one among the foremost promising energy resources 

for developing countries (Patomsok, 2008). Biomass briquetting is the densification of loose 

biomass material to produce compact solid composites of different sizes with the application 

of pressure. Briquetting of residues takes place with the application of pressure, heat and 

binding agent on the loose materials to produce the briquettes. 

Sribalaji and Kumar (2019) described briquettes as very cheap source of energy derived from 

wastes, which are predominantly used as fuel for the purpose of cooking and heating. 

Briquettes have high specific densities ranging from 1100-1200kg/m3 and bulk densities of 

800kg/m3 as compared to lose agricultural residues which have bulk densities that range from 

80kg/m3 - 120kg/m3 (Chinyere et al., 2014; Srivastra, 2009). This implies that briquetting can 

reduce the volume of materials by about 10 times. Briquettes are made using briquetting 

machine of either manual, screw or hydraulic types (Osarenmwinda and Ihenyen, 2012; 

Ramesh, 2005). Briquettes have high calorific value up to 60Mkal/kg depending on the material 

compared to lose materials (Chinyere et al., 2014). 

Biomass a popular form of renewable energy is considered as a credible and green alternative 

source of energy which many developed and developing countries have been maximizing to its 

potentials. Agricultural residues arise in large volumes and in the rural areas which are often 

subject to some of the worst pressures of wood shortage. The impact of agricultural waste on 

the environment depends not only on the amounts generated but also on the disposal methods 

used. Some of the disposal practices pollute the environment. The potential threat posed by 

climate change, due to high emission levels of greenhouse gases (CO2 being the most important 

one), has become a major stimulus for renewable energy sources in general. When produced 

by sustainable means, biomass emits roughly the same amount of carbon during conversion as 

is taken up during plant growth. The use of biomass therefore does not contribute to a buildup 

of CO2 in the atmosphere (McKendry, 2002). Hence the need at the moment in the densification 

of this agricultural waste in developing countries is the development of an appropriate 

briquetting machine suitable to the local communities. For biomass to make a significant 

impact as fuel for rural communities, it is imperative that an efficient, cost effective and easy 

to duplicate technology is developed specifically for rural communities. Hence, biomass 

briquette machine was locally fabricated to produce groundnut shell and cassava starch 

briquettes that will serve as domestic fuel in rural and urban communities.  

2.0 Materials and Methods 

The materials and method used in this study were selected with respect to design specifications.  
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2.1. Materials 

The material selected for the fabrication of the machine was mild steel rod and plates with high 

strength, good ductility and moderate hardness. It also has the advantages of low cost and easy 

availability (Fayomi and Popoola, 2019). The machine frame, compaction chamber, piston rods 

and plates were fabricated with mild steel and sourced from local metal material shop. Gas 

welding and electric arc welding. 

 

2.2 Methods 

In carrying out this study, two design concepts were considered. Conceptual design I (Figure 

1) consists of hydraulic car jack for compacting the biomass material. It is operated by a set of 

pistons pressing the biomass material against a closed lid which also serves as the cover. 

Conceptual design II (Figure 2) had an electric motor. Here, a screw auger presses the biomass 

material against a pressure die at a high pressure (high pressure system) in order to compact 

the biomass material. However, due to higher number of briquette production associated with 

the first conceptual design, it was therefore selected and adopted for this study.  

     

       Figure 1: Conceptual Design I         Figure 2: Conceptual Design II 

2.2.1 Mould-cylinder Cross-sectional Area 

The mould-cylinder is the cavity that the piston rods will travel in order to compact the 

briquette. In designing the mould-cylinder, a 70mm diameter was used (Ojaomo et al. 2015). 

Therefore, the mould-cylinder radius was obtained as 35mm. Figure 3 shows the dimension 

of the mould-cylinder. 

 

Figure 3: Dimension of mould cylinder 
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The briquette cross-sectional area (ba) which is same as the cylinder cross-section area, was 

determined using equation (1). 

𝑏𝑎 =  𝜋𝑟2            (1) 

where, ba = briquette cross-sectional area, 

 r = mould-cylinder radius. 

The briquette cross-sectional area (ba) was calculated as 0.003848 m2.  

The machine is expected to produce 25 briquettes and therefore, 25 mould-cylinders will be 

required.  

Therefore, total briquette cross-sectional area (bta) for 25 cylinders was obtained as 0.0962 m2. 

2.2.2 Total Weight Acting on the Hydraulic Press 

The total weight (Wt) acting on the hydraulic press was determined by the relationship between 

the total mass (Mt) acting on the hydraulic press and acceleration due to gravity (𝑔). However, 

some of the design parameters were measured. They include: unit mass of pressure 

transmission rod used, 0.6kg; mass of ejecting piston, 0.12kg; mass of the base plate, 7kg; and 

maximum unit mass of wet briquette sample, 0.07kg.  

𝑊𝑡 =  𝑀𝑡  × 𝑔           (2) 

But, 𝑀𝑡 =  𝑀𝑇𝑅  +  𝑀𝐵𝑃  +  𝑀𝐸𝑃  +  𝐵𝑠       (3) 

where, 𝑀𝑇𝑅 = total mass of transmission rod 

 𝑀𝐵𝑃 = mass of base plate 

 𝑀𝐸𝑃 = total mass of ejection piston 

 𝐵𝑠 = total mass of briquette samples 

The total weight (Wt) acting on the hydraulic press was obtained as 1.6835kN. 

2.2.3 Force of Compaction 

The force of compaction (Fc) was determined by the relationship between pressure of 

compaction (Pc) and total area of compaction (Ac) as shown in equation (4). According to 

Ihenyen (2010), the pressure of compaction (Pc) of hydraulic press is 17.5kN/m2. 

𝐹𝑐 =  𝑃𝑐 × 𝐴𝑐            (4) 

where, 𝑃𝑐 = pressure of compaction, 

 𝐴𝑐 = total area of compaction. 

Therefore, the force of compaction was calculated as 1.6835kN. 
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2.2.2 Mould Cover 

The mould cover is responsible for covering the briquette moulds. It also aids the compaction 

of the briquette. Bending of the mould cover takes place in the x dimensional plane only. The 

minimum thickness of mould cover was calculated using equation (8) (Jegede 1999). Figures 

4a and 4b show the dimension of the mould cover and its cross-sectional area respectively. 

 

                     (a) Mould cover   (b) Cross-sectional area 

Figure 4: Dimension of the mould cover 

From Figure 4, under bending, the maximum bending moment (BMmax) on the mould cover is 

assumed to be distributed uniformly over the entire mould cover area. Also, under shearing, 

the maximum shear force (SFmax) will occur at the middle of the mould cover. Jegede (1999) 

gave the equation of deflection and associated boundary conditions, minimum thickness of the 

mould cover as, 

𝒅𝟒𝒘

𝒅𝒙𝟒 =  
𝑾𝒃

𝑫
            (5) 

where, dx = small change 

 w = deflection (mm) 

 𝑊𝑏 = actual axial load from available screw, (N)  

 D = flexural rigidity of plate 

 

The maximum bending moment (BMmax) is determined by, 

𝐵𝑀𝑚𝑎𝑥 =  
5𝑊𝑏𝑏2

12
           (6) 

where, 𝑊𝑏 = actual axial load from available screw, (N) 

 𝑏 = length of mould cover, (mm) 

The maximum bending stress (𝜎𝑚𝑎𝑥),  

𝜎𝑚𝑎𝑥 =  
𝐵𝑀𝑚𝑎𝑥

𝑡𝑏
2⁄

(
1

12
)𝑡𝑏

3 =  
5𝑊𝑏𝑏2

2𝑡𝑏
2               (7) 

where, 𝑡𝑏 = mould cover thickness, (mm) 

But,  

𝑡𝑏 =  √
5𝑊𝑏𝑏2𝑁

2𝜎𝑚𝑎𝑥
          (8) 

where, N = factor of safety. 

The calculated values are shown in Table 1. 
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Table 1: Calculated values of Bending Moments and Shearing Forces 

Component Design consideration Calculated parameter Selected size 

Mould cover  a. Shearing 

b. Bending 

a. b ≥  0.023mm 

b. b ≥  3.03mm 

b = 12mm 

moulds  Shearing σy = 1.8460MPa t = 3mm 

Pistons Buckling d ≥ 2.4mm d = 25mm 

Piston plate a. Shearing 

b. Bending 

a. b= 0.04mm 

b. b ≥ 3.03mm 

b = 12mm 

Hinges /Locker c. Shearing 

d. Bending 

a. d≥ 6.75mm 

/ d ≥ 3.323mm 

d = 25mm 

2.3 Machine Fabrication 

The biomass briquetting machine was produced from the design calculations and assumptions 

made. The machine consists of 25 moulds with equal number of pistons rods. Each mould has 

an internal diameter of 70mm and a depth of 190.5mm. The moulds (Figure 5) were welded to 

a 6mm flat mild steel plate at the top and bottom and positioned vertically over the pistons. To 

allow escape of water during compaction, the pistons were made such that there was a clearance 

of about 2mm between the piston head and the mould walls. The opposite ends of the piston 

rods (Figure 6) were welded on a flat metal plate of 12mm thickness which rests on a 20-ton 

capacity hydraulic jack. The jack drives the pistons in and out of the moulds during operation. 

The 12mm thick plate was hinged to the mould box to cover the open ends of the moulds during 

compaction and opened during ejection of the briquettes. The vertical motion of the pistons in 

the moulds and the ejection of compressed briquettes from the moulds was by manual operation 

of the hydraulic jack. The hydraulic jack rests on angle bars of the welded frame of the machine. 

By this arrangement, the force from the hydraulic jack was centrally applied to the metal plate 

bearing the piston rods. The machine was fabricated using mild steel and angle bars.  

 

The machine is made of 25 moulds of galvanized pipe, each of 203 mm length and a 76mm 

external diameter. The moulds (galvanized pipe) were first placed in a lathe machine for proper 

gripping and marking before they were cut with a cutting disc and grind to ensure a uniform 

and level height. The mould box is made up of the moulds (galvanized pipe) and two 6mm 

mild steel plates (top and bottom plates of the mould box). The box was constructed by cutting 

two 508×508mm size out of the 6mm plate. 25 circles of the same size as the moulds with 

15mm spacing between them was marked on the two plates and cut using a gas welding. All 

the 25 moulds was carefully set straight between the two plates with the aid of a spirit level 

and a tri-square and welded one after another. The piston rods were constructed by positioning 

each rod and welded at the center of the round plate. The pistons was dimensioned 216 mm 

long and 58 mm diameter. The pistons were inserted in the cut holes on the base plate and 

welded upright to ensure easy and free movement of pistons in the moulds during operation. 

The frame was fabricated using 51mm angle bars. It provides the required rigidity and support 

for the machine. Figure 7 shows the fabricated briquette machine. 
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Figure 5: The machine          Figure 6: The machine   Figure 7: The fabricated  

              mould             piston rods   machine 

 2.4 Production of the Briquette 

The biomass produced for this study was a composite of groundnut shell particles 

(reinforcements) and cassava starch which served as the binder (matrix). The groundnut shell 

(reinforcement) was prepared in two particle sizes (i.e. particle size ≤ 6mm; and particle size 

≤ 2mm). These reinforcement particles were mixed with an already prepared cassava starch in 

proportions of 100:15, 100:25, 100:35 and 100:45 by percentage weight. The starch and the 

biomass sample were well mixed without forming a mixture with high moisture content 

because the formation of a mixture with higher moisture content due to excess addition of water 

reduces both the durability and density of the briquette (Mohamed, 2004). The biomass 

composites were fed into the moulds and compacted to form the briquettes after which they 

were sun dried at 45oC for 48 hours to constant weight.  

2.5 Performance Evaluation  

Five (5) briquette samples were randomly selected from the produced groundnut shell 

briquettes for evaluation. During the densification process, the following considerations were 

made (Adekoya, 1998):   

(i) time for loading biomass into moulds, t1 in second. 

(ii) time for compressing the biomass, t2, in seconds. 

(iii) time for ejecting the biomass briquettes, t3, in seconds.  

The production capacity of the machine in kg/hr was recorded. On ejection of the briquettes 

from the moulds, the mass and the dimensions of the briquettes were taken to determine the 

density in g/cm3 using an electronic weighing balance and a caliper.  

3.0 Results and Discussions 

The mean biomass loading time (t1), mean biomass compaction time (t2) and the mean briquette 

ejection time (t3) as well as their percentages of the total production time were determined and 

recorded in Table 2. 

 

 

 

 



Ebhojiaye, R.S. and Oisakede, M.O. Journal of Engineering for Development, Vol. 14(2), June (2022) pp. 92-100 

99 
 

Table 2: Production Time Components of the Briquetting Machine 

Measured Parameters Mean Time (sec) Percentage of Total Production Time 

(%) 

Biomass loading time (t1) 38 30.65 

Biomass compaction time (t2) 53 42.74 

Biomass ejection time (t3) 33 26.61 

Total 124 100 

The mean mass of the produced briquette was measured as 16.83kg. From Table 2, the mean 

biomass loading time (t1) was 38 sec, mean biomass compaction time (t2) was 53 sec and mean 

biomass ejection time (t3) was 33 sec. The groundnut shell biomass briquette production 

capacity of the machine was determined as 488kg/hr.  

4.0 Conclusion 

A manually operated groundnut shell biomass briquette machine for producing biomass 

briquettes on a small-scale medium was successfully designed and fabricated. It has a 

production capacity of 488kg/hr. And then tested with groundnut shell and cassava starch as 

the binder to produce biomass briquette. The performance evaluation showed very satisfactory 

results as the machine was able to perform its design functions.  
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