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ABSTRACT: In this study, a manually operated, cost-effective, easy to use and hydraulically pressed biomass 

briquettes forming machine was indigenously designed and developed that would be suitable to use at domestic 

level. Using the newly developed machine, briquettes from different types of material can be prepared but only 

saw dust material was used to form the briquettes and test to evaluate the machine at initial stage. This machine 

comprises of 25 cylinders and operated manually by a hydraulic press to form briquettes. Briquettes are 

prepared using a suitable binder. Three types of easily available and cheap binders (Glue, Wheat Flour, and 

Sugarcane Waste) in similar ratio of raw material (sawdust) to binder weight (100:25) were used to prepare 

briquettes. Quality of briquettes in terms of durability and burning rate were determined for three different levels 

of compression pressure and moisture contents. The best results for durability (67.2%) and burning rate (42.2 

min) were showed by the glue briquettes at the highest compression pressure (9 MP). On the other hand 

different levels of moisture levels did not affect the briquettes quality significantly. 

KEYWORDS: Sawdust Briquettes, Renewable Energy, Mould Machine, Binding Agents, Briquetting 

Technology. 

INTRODUCTION 

Now a day, the energy is a key element, committed to sustainable development and prosperity of a society. It is 

expected that global energy demand will double in 2050. This is the result of the growth in world population, 

global economic growth, continuous urbanization and demand increasing due to the mobility and dependent on 

other energy services [1]. Pakistan mainly relies on traditional energy sources for electricity production and for 

the RE resources there is not much efforts involves. More than 62% of foreign currency is spent to import 

energy because of too much dependence on fossil fuel [2]. Even, Pakistan is full of renewable and alternative 

sources of energy such as hydropower energy, biomass and many more. Renewable energy technologies 

compared to conventional energy technologies that have a very low environmental impact, are safe sources of 

energy. A diverse and sustainable energy strategy of the country and to increase the share of local RE resources, 

therefore, it is very important. RE resources also provide numerous environmental benefits besides providing 

electricity [3,4].  

The agricultural residues are the important biomass feed stocks in Pakistan due to its massive agricultural base. 

The residues of crop can be recycled as fuel for boilers, water heating and cooling, as fodder, as fertilizer feed 

stock, as material for roof construction. Agricultural waste which includes cotton stalks, maize straw, wheat 

straw, rice husk and sawdust etc. is the best source of renewable energy production. There is a need of tapping 

these sources as alternate option to create energy for the rural dwellers. There is an ample space to make realize 

the farmers how agricultural waste can be better consumed in producing energy and fulfilling the requirements 

[5]. The major crops grown in Pakistan are wheat, rice, maize, cotton and sugarcane. These crops contribute 

major area by producing bulk amount of biomass [6]. Considerable amount of energy can be achieved by 
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utilizing this huge amount. But the biomass acquires low bulk densities due to the heterogeneous nature and 

difficult to handle, transport and store.  

Biomass briquettes formation is an effective method to overcome such problems. Briquetting is processes of 

compaction to produce uniform; regular sized solid pieces with high bulk density that can be conveniently used 

as alternative fuel. Wood can be replaced by biomass briquettes as fuel for renewable energy source. Biomass 

briquette can be made from sawdust, grass, leaves, branches, crop and other agriculture waste that have no 

alternative use and may go back into earth or burnt. It can be used for cooking and heating at home by 

converting them into briquettes. Briquetting of residues takes place with the application of pressure, heat and 

binding agent on the loose materials. They are often used as a development intervention to replace firewood, 

charcoal, or other solid fuels. In the proper context biomass briquettes can save time, money, decrease local 

deforestation rates, and provide income generating opportunity. Raw material particles are held together by a 

binding agent or “binder”. This binding material can be any fibrous organic material. The material must be 

partially decomposed in order to release the fibers to physically hold the briquette together by applying pressure 

using biomass compactors/machines/hand moulds [7]. Different type of biomass machines are available in the 

market to produce biomass briquettes. 

Hydraulically pressed hand moulds are the simplest devices to shape small capacity of briquettes. Hand molds 

are advantageous because they are less expensive, easy to manufacture, easy to operate and can handle the 

diverse agricultural materials. The hand moulds were used in Mali for the manufacture of briquettes from 

charcoal dust with mixing molasses as binder [8]. The briquettes were attained their final vigor after sun drying 

or heat treatment in a furnace. Manual mould technique is also used in China to form briquettes, where normally 

coal is mixed with water using 20% clay as binder and honeycomb shaped briquettes are formed by a mould 

briquetting press. The solid, stable and durable briquettes were formed after stabilizing in a dry environment [8]. 

A similar method was also used to form briquettes from residue in Kenya and Benin using a hand mould where 

grained materials of saw dust, wood shavings, rice husks, and charcoal dust were mixed with 20% of paper pulp 

and formed briquettes in a manually operated piston press mold [8,9]. In a study manufactured a very simple 

mould for the preparation of saw dust briquettes using three types of binders (cow dung, wheat flour and paper 

pulp) [10]. Good quality briquettes were formed by flour and paper pulp by adding 20% each. They tested the 

physical and thermal characteristics of briquettes formed by manual mold. Keeping in view the above 

discussion, there are two major objectives of this study are (1) design and development of light duty, 

hydraulically pressed bio mass briquettes forming machine (2) testing and comparison of sawdust briquettes 

prepared by the machine using selected binders at different levels of compression pressure and moisture content. 

MATERIAL AND METHODS 

Conceptual design of machine 

An orthographic view of the machine is shown in Figure 1. Machine contains a 12mm thick flat metal plate (A) 

that is used to cover the open ends of molds (B). There are twenty-five number of molds those are housed in a 

mold box (C). An under plate (D) containing the pistons (G), those compressed the material in the molds with 

the help of a manually operated hydraulic jack (E). It rests on the angle bars which are connected to the frame 

(F) of the machine.  
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Figure 1. Conceptual 3D-View of Biomass Briquettes Machine 

Description of machine 

This briquette forming machine was designed, developed and fabricated at the Agricultural Engineering 

workshop in the University of Agriculture Faisalabad using an electric arc welding. Mild steel plates and rods 

were used to manufacture machine and that raw material was bought from a local mild steel market. This 

briquette forming compactor contains 25 molds each with diameter of 70 mm and a depth of 190.5 mm, welded 

to a 6 mm steel plate. A clearance of 2 mm between mould walls and piston head was maintained for the escape 

of water in the process of compaction. Compaction force is applied by a hydraulic jack which seats on a frame 

of two angle bars welded in the bottom of machine. This manually operated jack forces the pistons in upward 

direction to compact the material in the moulds. Compacted briquettes are getting from the top after removing 

the cover plate. 

Construction of machine parts 

Different manufacturing phases are shown in Figure 2 and are described below. 

Moulds and mould box 

A cutting disc was used to cut the moulds in same height. After cutting the moulds, two 6 mm thick mild steel 

plates of 508 x 508mm in square size were cut. A total number of 25 holes (5 in each row and column) in 

similar size of moulds were cut and welded. These moulds then set carefully straight between the two plates 

with the help of try square and spirit level. The method repeated for all other moulds one after the other. 

Construction of round plate pistons 

The pistons were made up with 21 mm in length and 6 mm thick plate having diameter of 58 mm. Lathe 

machine available in lab facility was used to round piston face to the required diameter. These were welded at 

the same pattern and distance in five rows and columns. The piston allowance/clearance of about 2 mm was 

maintained to allow the escape of water. Water was allowed to escape from top of plate and sides of moulds 

from the small pores.  

Construction of under plate/base plate 
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A 12mm thick and 432mm x 432mm (length x width) in square size plate called as base plate was cut and 

equally spaced 25 pistons welded on it. Pistons were welded vertical to guarantee the movement of pistons 

without any rubbing to the walls of moulds. 

Frame and mould cover construction 

A frame is a supporter on which all other members of machine are welded or bolted. It was constructed using 

51mm angle bars. The frame was made up using six vertical stands having the length of 762mm, which is to 

support the weight of the mould box, mould cover, base plate and also to support the dynamic load that the jack 

exerts during the compaction process. Four vertical bars were held in position with the aid of eight horizontal 

angle bars. These were welded horizontally between the vertical bars at the top and down of the pressure side. 

Four 432mm long bars were welded at the height of 216mm from the top, which serves to support the mould 

box. Another two angle bars welded at distance of 432mm from the top which serves as a seat for the under 

plate. Ultimately a moveable mould cover (12mm thick and 508 × 508mm in square size) was hinged to the 

frame. 

      

   

 

Figure 2. Manufacturing of different parts of machine 

Process of briquettes formation and testing 
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Figure 3. Process diagram for briquettes formation 

As shown in Figure 3 first of all raw material (saw dust) was collected from a nearby located wood working 

workshop. Initially the collected material was variable in size and containing large wood particles. It would be 

impossible for a manual machine to briquetted this type of material having large sized elements. To get a 

uniform and fine size material a sieve having opening size of 10mm was used. Low pressure briquettes forming 

machines required a binding agent. There are various binding agents those can be used in briquettes formation 

process. But, in this study three easily available and free of cost binders 1. Glue 2. Wheat Flour 3. Sugarcane 

Waste were used separately. This fine material was mixed with the binder at the similar ratio 100:25 for all 

binders in all experiments. The ratio was considered from a study by in which sawdust briquettes were prepared 

using a jack press at the pressure of 10 kg/cm2 using starch and gum as binder [11].  

Both binders were mixed with sawdust in ratio of (sawdust: binder = 100:15, 100:25, 100:35, 100:45). It was 

found that the best quality briquettes were produced with sawdust: starch as 100:25. A moisture meter (TK100S) 

used to determine the moisture content (M.C %) of raw material. Sun drying and moisture (water) used to 

achieve the required levels of MC. All the moulds were filled and manually forces the material into the moulds 

so that maximum material can be added and tightly closed with cover plate. The under plate on which pistons 

are attached is gradually pushed to upward side by applying the required pressure level by a manual hydraulic 

jack. Doing so moist material in the molds compacted to form briquettes. Sun radiations were used to dry the 

briquettes. Finally, free fall method was used to determine the durability of briquettes and briquettes were burn 

to determine the rate of burning. 

Raw material 
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Seiving Binder mixing

M.C. (%) 
determination

Mannual 
Compaction

Sun Drying

Durability 
determination

Burning rate 
determination
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Figure 4. Briquettes and their formation in the machine 

RESULTS AND DISCUSSION 

Effect of input parameters on durability of briquettes 

Firstly, among three selected binding materials (Glue, Wheat Flour, and Sugarcane waste) used to prepare the 

briquettes, glue showed the maximum durability for all addition quantities against the variable levels of 

compression pressures and moisture contents as shown in Figure 5 (A). Durability results for wheat flour were 

less as compare to glue briquettes but there was not a significance difference. However, sugarcane waste 

briquettes were very low in durability as compare to other two binders. The reason was the less cohesion force 

due to impurity and less viscosity as it was gathered from a nearby sugar mill. Secondly, highly compacted 

briquettes were more durable than the less compacted as shown in Figure 5 (B). At the highest compaction level 

(9MP) the briquette has maximum durability value as compare to other two compaction pressure levels. It was 

observed that with raise in compaction pressure the durability of briquette is also increased. It means, there is a 

direct relationship between compaction pressure and durability. With high pressure, partials of raw material 

tends to become close by reducing their inter particle spaces and cracks which densify the briquettes.  Thirdly, 

durability of briquettes at three different moisture levels i.e. 10, 20 and 30% was investigated. The results are 
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shown in Figure 5 (C). There was not a clear difference of results for all selected moisture content levels but at 

lowest moisture level the durability of briquettes was higher as compare to other moisture levels and there is a 

gradual decrease in durability of briquette with increase in moisture level. Briquettes showed anomaly in this 

case otherwise moisture content level affect the quality of briquettes in terms of their moisture content level in 

heavy briquettes forming machines. In our case it may be due to in compacting process there is no actual 

difference in moisture content level and sun drying of briquettes also minimize the impact. Conclusively, the 

overall results from Figure 5 Part A, B, C shows the saw dust briquettes prepared using glue as a binder at the 

highest compression pressure (9MP) and the lowest moisture content level (10%) the highest durable product 

can be formed by the machine. 

 

Figure 5. Effect of input parameters against the durability of sawdust briquettes. 

1 2 3 4 5 6 7 8 9

glue 67.2 66.7 65.9 62.5 63.4 62.1 55.2 53.5 55

wheat flour 64.4 63.7 62.5 61.9 61.3 60.8 53.5 52.4 53.6

sugarcane waste 60.5 59.2 58.1 57.1 56.2 55.9 49 48.5 48.4
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Effect of input parameters on burning rate 

It was observed that glue showed the maximum burning rate.  In contrast the briquettes have the lowest burning 

rate when sugar cane waste used as binding material as shown in Figure 6 (A). Briquettes prepared from glue 

having the highest burning rate which may be due to the high fire catching property of glue briquettes. 

Secondly, at 7 MPa compaction pressure briquettes has lowest value of burning rate and at 9 MPa compaction 

pressure briquettes have highest value Figure 6 (B). There is gradually increase in burning rate with increase in 

compaction pressure. The means there is direct relationship between compaction pressure under which raw 

waste material concerted into briquettes and burning rate of briquettes. Thirdly, durability of briquettes at three 

different moisture levels i.e. 10, 20 and 30% was investigated. Considering the all-moisture content levels (10%, 

20% and 30%) did not show a considerable difference in burning rate Figure 6 (C). It means that moisture 

content do not affect the burning rate of briquettes as briquette was burnt after complete sun dried. Conclusively, 

the overall results from Figure 6 part A, B, C shows the saw dust briquettes prepared using glue as a binder at 

the highest compression pressure (9MP) have the highest burning rate. While moisture content level did not 

affect the burning rate of briquettes. 
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Figure 6. Effect of input parameters against the burning rate of sawdust briquettes. 

CONCLUSION 

An economical and user-friendly biomass briquettes forming machine was indigenously designed and developed 

that is suitable to use at domestic level. This machine comprises of 25 cylinders and operated manually using 

hydraulic jack. Briquettes prepared from it can be used as an alternative fuel source to produce energy and it can 

replace coal and wood and other conventional sources. Briquettes prepared from sawdust material using the 

machine was tested to evaluate for its both physical and burning behavior. Saw dust briquettes mixed with glue 

binder in 100:25 showed the maximum durability (67.2%) and the highest burning rate (42.2 min) at the highest 

compression pressure (9MP) level.  While moisture content level affect the durability to some extent but has no 

impact on burning rate.  
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