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Abstract 
The availability of energy and fuel is always a critical issue, and currently the increasing scarcity and price of 
kerosene is causing problems for both households and businesses. For example, chicken farmers in Central 
Kalimantan need to maintain the room temperature when nursing chicks up to 12 days old, and currently have 
few alternatives to kerosene stoves. Non-carbonized briquettes made from a mix of peat and sawdust can provide 
an alternative fuel source. The sawdust is available from local sawmills, which is otherwise an unutilized waste 
product that is burnt off, so adding to local smoke pollution. This study was conducted to determine the optimal 
composition and manufacturing process to produce bricks that have a maximal calorific content whilst 
maintaining a long burning time and a reduced tendency to break. Analyses in the laboratory showed that the 
highest calorific content obtainable was 19 020.63 kJ/kg with a peat/sawdust ratio of 2:1 (20 kg of peat and 10 
kg of sawdust). These briquettes had a production efficiency of 83.26%, and calculations showed the overall 
production cost of the finished product to be around 40% lower than that of kerosene. The results indicate that a 
peat soil and sawdust mix produce a briquette that is viable as a fuel alternative, and based on this the researcher 
recommends that it be further developed commercially to meet the additional energy demands at lower cost of 
people in rural areas and industrial sectors.  
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1. Introduction 
The world is faced with huge problems in fossil fuel shortages nowadays. Some developed countries start in long 
debate of new energy demand due to nuclear energy that still take a risk in utilization, while in developing 
countries are still trying to tackle the energy needs and preference new energy resources beside fossil fuel that 
were much decreased in decades. However, by the rapid climate change, people need to start to develop more 
ecofriendly in renewable energy resources as an action in sustainable development. Looking at closely to the 
people of Central Kalimantan suffer from a scarcity of fossil fuels, especially kerosene, which is used for 
household purposes such cooking, boiling water and other necessities. Without kerosene housewives, especially 
those living in rural areas, have trouble carrying out everyday activities in the kitchen. Concerned by the lack of 
kerosene in the market, the government has provided gas stoves along with a good sized gas cylinders of 3 kg 
and 12 kg that have been circulated widely throughout Indonesia. The scheme however did not work due to 
many people being scared news reports of exploding gas cylinders and resulting casualties. It is clear then that 
this problem requires solutions that are appropriate and safe for use in the kitchen. The natural resources are 
abundant, especially in Central Kalimantan where the peat fields are completely untouched and can to be 
processed into a substitute energy source to kerosene, which is becoming ever more scarce in the market. The 
energy content of peat, if processed properly, can be used as an alternative fuel, formed of briquettes to meet the 
needs of housewives.  

Twidell, J., & Weir, T. (2006) said that the material of plants and animals, including their wastes and residues, is 
called biomass. It is organic, carbon-based, material that reacts with oxygen in combustion and natural metabolic 
processes to release heat. And the peatland areas in Indonesia covers 10% of the total land area, or about 20 
million ha. According Wahyunto (2011) the peatlands in Kalimantan, based on the results of remote sensing 
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technology and information systems is 4 777 905 ha, whilst Central Kalimantan has 2 659 234 ha of peatlands 
(55.64% of the total Kalimantan). The carbon stored in the peat is 10 times higher than the calorific value of 
carbon stored in the soil minerals causing the peat to be a good base material briquettes. Carbon stored on the 
surface consists of biomass and nekromas, while carbon below the surface (in the ground) is stored in the form 
of peat bog, the roots of plants, and microbes.  

Jaenicke, J., et al. (2008) estimate that the total carbon stored in peatlands in Indonesia is around 55 Gigatonnes. 
This is based on calculations that peatland has a carbon content of at least 18% (dry weight basis) and a 
minimum thickness of 50 cm. At various locations in the province of Jambi, Riau and Central Kalimantan, the 
thickness of the peat could reach 6-10 m and the carbon content of peat soil can reach 60%. For each thickness 
of one meter, the peat store is around 400-800 t of carbon (C) per ha, or an average of about 600 t Cha-1m-1. This 
means that the peat with a thickness of 5 m stores around 3000 t Cha-1. For the whole of Indonesia it is estimated 
that there around 37-55 Gt (gigatonnes) of carbon high C formed because of the water-saturated state (poor 
drainage) on land that was originally pile in the form of shallow lakes.  

The chemical characteristics of the peat land in Indonesia is very diverse and determined by the mineral content, 
thickness, type of plant constituent of the peat and mineral species on the substratum (at the base of peat), and 
the degree of decomposition of peat. Peatlands in Sumatra and Kalimantan are generally dominated by woody 
material. Therefore, the composition of the organic material is largely lignin which generally exceed 60% of the 
dry matter, whilst the content of other components such as cellulose, hemicellulose, and protein generally does 
not exceed 11%.  

Processing of the peat into briquettes was not new to some communities in Indonesia, but was generally 
unknown to most people in the rural areas of Central Kalimantan. The use of briquettes for cooking in the home 
was still rare and very difficult to find. In some places, coal briquettes are only circulated in a limited market, 
that of used in chicken breeding and is used to raise the room temperature when raising chicks. These briquettes 
are made from coal instead of peat, which produces a smokey smell of kerosene and smoky. The result of field 
observations on the use of briquettes for heating in the chicken farms shows that heat generated by the briquettes 
is very hot. For household activities, emitting a smell of kerosene (the distinctive smell of coal briquettes) 
prevented people from using it for cooking or boiling water, since the scent permeated into food making it 
inedible.  

The smell of briquettes from raw materials such peat can be reduced by mixing in the substance zeolite, which 
also reduces the smoke from the briquettes when they start burning. However, zeolite is difficult to find in 
market, therefore, the researchers tried to use a mix of sawdust to overcome the problem of kerosene smell and 
smoke, because sawdust, besides having a high calorific value is also having flammable. This condition 
accelerates the combustion process of briquettes. The sawdust with neem powder (organic adhesive) as binding 
agent has considerably increased the strength of the briquette with a little reduction in burning rate, has been 
carried out by Rajaseenivasan, T., et al (2016). 

Sawdust is very easy to find in Central Kalimantan especially in Palangka Raya because in this area many 
centers sawmills, where waste sawdust is not fully utilized. The use of biomass fuel such as composite sawdust 
biquette has been proposed to be a good source of renewable energy for domestic cooking (Kuti, O. A. & 
Adegoke, C. O., 2008). The use of sawdust briquettes was very well received by the target families, not only for 
the cost savings involved but also for the higher performance, ease of use and health care issues. Communication 
and awareness workshops played a very important awareness role in using sawdust briquettes as substitute for 
traditional fuel materials (Sanchez, E. A., 2014). 

Researchers believe that the right combination of sawdust and peat, with the use of an adhesive that is easily 
found in the market, would lead to the easy production quality briquettes that produced less smell, less smoke 
and have a high calorific value. According to Tumutegyereize, P., et al. (2016), gross calorific values were 
comparable for the two fuel types (carbonized briquettes & charcoal) in the range of 19 523.05 – 27 285.38 kJ/kg. 
Low calories in peat briquettes were, due to coal briquettes made from coal flakes that are no longer be marketed. 
Using good coal to make briquettes would be uneconomic in production, and in addition it was considered that 
the raw materials themselves are also difficult to obtain in this area. Employers tend to sell a chunk of coal that 
does not require processing but has a high resale value. Some calorific values of some types of fuel are classified 
as follows:  
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content in the briquettes was not more than 3%. Having confirmed the briquettes to be dry, they were put in a 
plastic bag that had been labeled according to the ratio between peat and sawdust. Each bag was filled with 3 kg 
of briquettes and then subsequently packaged neatly in order to be sent to a laboratory. There are different 
samples in total:  

 

Table 2. Samples in different composition of raw materials 

No Samples Peat soil (Kg) Sawdust (kg) Binding material 

Cement (kg) Starch (kg) 

1 (1:1) 10 10 1.25 1.25 

2 (2:1) 20 10 2.50 1.25 

3 (3:1) 30 10 3.75 1.25 

4 (1:2) 10 20 1.25 2.50 

5 (1:3) 10 30 1.25 3.75 

 

2.2.2 Data Analysis 
The calorific value of briquettes was determined by measuring the energy generated during the combustion of a 
one kilogram sample placed on a silica plate, and then inserted into the combustion bomb calorimeter. 
Combustion begins once the initial temperature is steady, and during the combustion process measurements are 
carried out continuously until the maximum temperature is reached. Measurement of calorific value is then 
calculated based on the amount of heat released and also using the equation:  

 ∆T = T2 – T1 (1) 

 Nk = 
	 	∆

 – B (2) 

Description:  

Nk  = calorific value (cal / gram)  

W  = calorific value (kal)  

T 1  = Temperature at first (oC)  

T 2  = Temperature after burning (oC)  

A   = weight of sample burned  

B  = Correction hot on iron wire (cal /gram)  
The effectiveness of briquettes’ production is expressed as a percent. While the calculations that can be used is, 
the ratio between production with raw materials processed amount of times one hundred percent. Production 
efficiencies obtained from raw materials with the results obtained are:  ε = 	 		 	 	x	100%                               (3) 

Calculation of the efficiency factor is considered important since including one part that can contribute in 
determining the amount of capital on the basis of sales.  

3. Results  
3.1 Raw Materials Selection  

3.1.1 Peat  

In Kalimantan, peatland which is still dominated forest areas (mangrove, peat forest, forest plantation and bushes 
as amounts of 2 402 362 ha (49.9%) and 1 373 563 ha (28.6%) respectively. Peatland was used for agriculture 
these are: plantation, farmland (food and horticulture crops) and paddy field are as amounts of 298 156 ha 
(6.2%). 255 835 ha (5.3%) and 127 781 ha (2.7%) respectively. Peatland has been used for settlement as amounts 
of 20 966 ha (0.6%) (Wahyunto, Hidayat, A., & Iskandar, A., 2010). The substances of this soil are carbon, 
hydrogen, nitrogen and oxygen that have important thing if utilize into chemical industrial and/or renewable 
energy resource. And as shown peatland was no fully utilized in energy resources while this soil can be a 
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potensial alternative source of domestic or industrial energy to contribute to fuel crisis in Kalimantan. The south 
coastal area, peatland situated in the South Kalimantan and Central Kalimantan province, there are a vast peat 
among Sebangau (passing three districts, Palangka Raya, Pulang Pisau and Katingan), Kahayan, Kapuas and 
Barito rivers and its considered to have a high level of carbonization, and in the area being considered the 
highest are found in the District of Pulang Pisau and Kapuas (80 km to the south of Palangka Raya) where the 
thickness of the peat soil in these area can be around 1-5 meters. These districts was contained more peat than 
that in Palangka Raya where the composition peat:soil are around 60%:40% and are only 20%:80% in Palangka 
Raya (the research is conducted). Peat briquettes are manufactured from peat soil that exists on the surface with a 
depth of no more than 1 meter, here the level of water content tends to be less than the soil underneath, so that a 
much shorter drying time is required to achieve the 5% water content required. A water content in excess of 5% 
would allow a higher evaporation rate, so that the quality of the briquettes produced not in accordance with 
market expectations. Apart from the low water levels of the surface peat, soils in the area also have a higher 
wood powder content, as a result of weathering on its surface of trees up to hundreds of years ago. Therefore, at 
a certain dryness level the peat is easy to burn, especially when lit with a flame, something that is often utilized 
by the farmers wanting to clear the plantation in the dry season.  

3.1.2 Sawdust  

Sawdust is a waste product of the wood processing industry, and is uses as a raw material for making charcoal. 
Optimal utilization of sawdust in the mixture of briquettes is part of a strategic effort in the improvement and 
management of forest products. The addition of wood powder intended as accelerator startup, as the result of the 
burning of sawdust is to produce a zeolite compound which is able to absorb the smoke and smell produced 
during combustion of briquettes. Sawdust can also strengthen the bond in briquettes as it tends to fill the cavities 
that exist, and in addition there are also the many wood oxygenated functional groups that facilitate the process 
of combustion.  

Sawdust has not previously been fully utilized despite it being a biomass with a relatively calorific value. 
Cellulose (48.89%), lignin (28.90%), water content (6.02%), ash content (2.09%), and pentosan (14.10%) are 
contained in sawdust resulting high calorific value up to 15 269.55 kJ/kg. If the sawdust and peat together (in 
addition to the starch and cement adhesive) are processed into briquettes they lead to a good quality renewable 
alternative energy source. Generally, most of the waste sawdust is only used as a furnace fuel or else burned off, 
which can itself cause environmental pollution. This is another reason of using sawdust as a mixture of peat soil 
in the manufacturing of briquettes.  

The selection of the sawdust can be determined by visits to any of the furniture or sawmill timber companies in 
the company that have the types of hard high-quality wood (Ironwood, meranti, benuas, rubber, etc) which 
produces good quality of waste sawdust. The quality is determined in part by the dryness and particle size 
produced by sawmill. The tendency of the dust of this timber type is to absorb heat more readily than the soft 
woods or another timbers which produce a dust with fibers that are difficult to decompose and contain a high 
water content. High quality sawdust was relatively easy to find in furniture companies (wood processing plants) 
producing doors, frames, windows etc for use in households.  

3.1.3 Starch and Cement  

An organic binder (such as starch, tar, bitumen, starch, molasses and paraffin) produce relatively little ash after 
burning briquettes, and is generally an effective adhesive. Briquettes using starch in particular were noted to 
burn with little or no smoke. Using starch as an adhesive leads to briquettes with a low density, ash content, 
volatile content, but is higher in water content, bound carbon content and calorific value. Critically is that its use 
causes less smoke than almost any other material. A study has been accounted by Drobikova, K., et al. (2016) 
that preparation of the blast furnace sludge briquettes using starch as a binder and their thermal treatment 
represents a suitable method for recycling of this type of metallurgical waste. Moreover, the composition of the 
resulting gas is favourable for its use as a fuel. However, starch is not resistant to moisture and indeed tends to 
absorb water from the air, therefore, the levels of gluten in the briquettes should not be too high because it can 
lead to decreased quality of briquettes which can then increase the amount of smoke produced.  

An inorganic binder can maintain the resilience of the briquettes during the combustion process so that the fuel’s 
permeability is not disturbed, however the addition of ash originating from the binder can inhibit combustion and 
lead to a lower calorific value. Examples of inorganic binders include clay, sodium silicat and cement. Cement is 
a material that is adhesive and cohesive, and which allows attachment of mineral fragments into a solid mass. It 
also provides a lower combustion temperature with a longer burning time, since cement is a store of heat and 
unburnt, cement will absorb heat that is produced during the burning process and store it, so extending the 
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burning time. This happens since, with an increasing amount of adhesive, the increasing levels of gluten, the 
greater compressive strength, the bonding between the particles will be stronger, causing greater resilience 
briquette press. Past research has shown that briquettes with cement adhesive have the highest compressive 
strength.  

3.2 Processing Briquette  

Peat briquettes were manufactured with the aim of making a comparison between different types of wood waste 
mixture with the peat soil. Peat soil was dried and separated from wood or other materials with drying being 
done by using either direct sunlight or else a blower. The level of dryness was expected to reach 95% by 
including sawdust as a mixture, since the water content contained in the feedstock should not exceed 5%. The 
briquettes are subsequently weighed and sorted based on the peat-sawdust composition ratio. The results of this 
weighing is used to calculate to multiples of 10 kg, for example, if the sample has a ratio o 2:1, then 20 kg of 
peat soil is mixed with 10 kg sawdust, thus the amount of raw materials used always follows a predefined ratio.  

All the constituents are divided up into samples, peat and sawdust into 10 kg samples, and the cement and starch 
into 1.25 kg. Starch and cement were first diluted simultaneously put in a heating furnace that has been provided 
up to the boiling point when bubbles appear, all the while, the mixture is stirred on that constituents of the 
adhesive are evenly distributed and have a high adhesive power. The raw material is then put into a mixer with a 
capacity of 50 - 100 kg for processing. This would be repeated five times, once for each composition ratio using 
the prepared samples. Within this mixing process, the adhesive would be added to produce uncracked and 
unbroken briquettes.  

The required amounts peat soil and sawdust are put together into the mixer and the motor started. After the 
adhesive has been homogeneously mixed and boiled, this is also poured into a mixer, adding it to the other raw 
materials. Mixing continues for approximately 15 minutes, after which it is removed from the mixer in put into a 
briquette-making machine, and these are then dried for at least 3 x 24 hours using indirect sunlight or using a 
blower. Once dried the briquettes were separated and stored irrespective of quality and all samples were taken 
for further analysis of their calorific value.  

The pressing process for briquettes (the first sample using with raw peat soil) takes approximately 25 minutes to 
obtain a good quality, and the results are then heated or dried by using a blower on board or carpet basking. The 
second sample (ratio 2:1) is created using the same steps in the sample above. In total five samples were 
prepared with varying compositions of the adhesive and the factors stirring in the mixer. The adhesive 
composition depended on the briquettes, for example if the ratio of raw material samples is (1:1) then the amount 
of adhesive cement and starch used was 1.25 kg each. For different ratios of raw materials, more adhesive was 
added in multiples of 1.25 kg.  

3.3 Analysis of Production  

 
Table 3. Results of laboratory analysis for value calories 

No Sample Code 1Total Weight (kg)  1 Level of 

Efficiency 

(%) 

Sample  

weight  

(kg) 

Top 

Size 

(mm) 

2 GCV 

kJ/kg adb Raw material + 

adhesive glues 

Productivity

1 Peat : Sawdust (1:1) 22.5 19.25 85.56 2.07 31.5 11 823.52

2 Peat : Sawdust (2:1) 33.75 28.10 83.26 2.74 50 19 020.63

3 Peat : Sawdust (3:1) 45 35.90 79.78 3.82 50 16 856.06

4 Peat : Sawdust (1:2) 33.75 24.55 72.74 2.97 31.5 12 212.90

5 Peat : Sawdust (1:3) 45 34.60 76.89 3.65 31.5 13 431.25

 

The first sample with a ratio 1:1 (produced with 10 kg of peat 10 kg and 10 kg of sawdust) produced 19.25 kg of 
briquettes. With intact briquettes analysis showed that they produced 11 823.52 kJ/kg. The size of the briquette 
when it reaches a maximum peak calorific value is 31.5 mm. The second sample with a ratio 2:1 produced 28.10 
kg of briquettes, and intact (no cracks) samples of these reached 19 020.63 kJ/kg, briquettes of 50 mm giving the 
maximum calorific value.  
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3.5 Effectiveness of Production: Using Pressing Machine  

Using briquette machines means utilizing all existing components in production efficiently, which means that 
many of the ingredients or raw materials as a whole can not be used briquettes, nothing is wasted, and nothing is 
stuck on the processing machine, and some have been destroyed or broken because of the movement molding 
machine. These conditions allow researchers to calculate the efficiency of processing products that are expressed 
as a percent. For the first sample with a ratio 1: 1, (10 kg of peat and 10 kg of sawdust) had a total of 20 kg of 
raw material, and produced 19.25 kg of briquettes of acceptable quality (85.56%) followed by sample 2 
(83.26%), sample 3 (79.78%), sample 4 (72.74%), and sample 5 (76.89%) respectively. Calculation of the 
efficiency factor is considered important since it can contribute in determining the amount of capital on the basis 
of sales for domestic and livestock consumption.  

As persuasively depicted in Fig. 2, the results show that raw materials in the ratio 1:1 are more efficient 
compared to other samples. Several things that determine the production efficiency of briquettes, and these vary 
in every samples, such as: (1) the stirring process to evenly mixed the glue to form variant briquettes depends on 
the time of stirring and how to use mixer, (2) The same adhesive composition for different compositions of the 
raw materials can be better or worse, (3) and also the number of chunks of raw material attached/left on the 
pressing machine varies by composition. This could definitely be a concern when the briquettes will be 
mass-produced for efficiency in terms of both marketing and quality.  

4. Discussion  
The composition of the sawdust more than that peat is proved to be less efficient when it produced on a large 
scale (sample 1:2 and sample 1:3). This was due to some factors: (1) the size of the sawdust was still quite big, 
(2) the water content was still high, and (3) the sawdust was a mixture of several types of wood. Furthermore, 
data shown the calorific value of briquettes was higher if it compared to coal/biomass briquettes production that 
normally can reach up to 19 523.05 kJ/kg (Adaptation from Tumutegyereize, P., et al, 2016). In this case, high 
calorific value of briquette that was not even higher than that was due to cement composition ratio given much in 
briquetting. Cement has a strong resistance but inhibit the combustion process ongoing, whereas if using starch 
as a whole in processing briquette leads to less efficient. In Central Kalimantan, starch was rarely used as an 
adhesive because it was difficult to obtain in the market and the price was relatively higher than that cement.  

On the other hand, starch as an adhesive in the briquettes’ manufacture is common practiced in small industry. 
However, as an economic factor and sometimes difficult to obtain in market, cement was combined with starch 
as adhesive glue. Cement chosen with consideration more easily available and cheaper, while in this term it 
could reduce production cost up to 40% if it compared to use starch as a whole in briquetting. As an illustration, 
briquettes with starch as an adhesive reach cost IDR 675/kg (1 USD = 13 340 IDR) in production value (all 
includes 2 workers’ salary, raw material, electricity, etc.), and if it combined with starch and cement cost IDR 
450/kg. By the term of production effectiveness, sales value in 1 kg briquette production cost reaches IDR 
450/kg, and the market sale price reached IDR 800/kg, it can be said that in every kg of briquettes sold earned a 
profit of IDR 350/kg. Based on sample 2 resulting 28.10 kg and in once production with machine capacity of 50 
kg (1.5 times compositions) that work 8 hours/day and can operate three times in hour, so it would reach 42.15 
kg x 3 x 8 x IDR 350/kg = IDR 354 060.  

The average length of time of use for one kilogram of briquettes if lit continuously can reach 3 hours and 23 
minutes. While the average of domestic use is around 10 hours in a day, household was about 2.5 kg in needs and 
relocated cost IDR 2700/day and/or IDR 81 000/month.  

5. Conclusion  
Peat soil mixed with sawdust and then packaged in the form of briquettes can be used as an alternative fuel wood 
and kerosene, both in the household and also livestock production (particularly for the raising of young poultry 
in age of 1-12 days). Analysis of the calorie content showed that highest was obtained with the second of the five 
samples which was made with a peat/sawdust ration of 2:1, and which reached 19 020.63 kJ/kg. The test batch 
used 20 kg of peat soil and 10 kg of sawdust, and also an adhesive ratio of 2:1. The most efficient of the 
production processes was found with the first sample (1:1 raw material composition) at 85.56%, however this 
sample also had the lowest calorific value of 11 823.52 kJ/kg. Size comparison covers the basic material of 10 kg 
of peat soil and sawdust of also 10 kg. From these results, it can be concluded that the peat soil can be combined 
with sawdust in the manufacture of briquettes. And these can be made to meet the additional energy demands of 
inhabitants in rural areas and industrial sectors. With successful production of briquettes from peat soil and 
sawdust, people can have an alternative to fuel kerosene as sources of energy at lower cost. All these indicate 
that peat soil and sawdust truly improve quality and price of briquette as fuel alternative. 
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