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Introduction
 The level of fuel consumption is expected to increase with the 
growth in human population, a condition that would change the pace 
of industrial growth in a number of countries. Fuel crisis is likely to 
emerge if the demand surpasses supply by a large margin, necessitat-
ing renewable alternative energy. 

 One of the most consumed beverage in the world is coffee. There 
was researh conducted by FAO, estimated that more than 3.5 biliion 
cups of coffee are used and consumed in the eart every day. Plant of 
coffee is grown in more than 70 countries. The coffee itself used as 
beverages which has contribute of waste, such waste water and cof-
fee husk. Traditional forms of growing coffee naturally grew under 
a shaded canopy of trees. The sheltering from canopies provides a 
valuable habitat for indigenous animals and insects, as well as pre-
vents topsoil erosion and removes the need for chemical fertilizers. 
The sun-cultivated coffee, in concert with the necessary addition of 
fertilizer, creates the highest yield of coffee, but eliminates the diver-
sity of plants, which supports an array of insects and animals, posing 
detrimental impacts to the biodiversity of the region, as well as other 
environmental harms.

 Indonesia is an agricultural country with a lot of plantations. In 
this country, coffee is cultivated mostly in smallholder plantations, 
mainly Arabica and Robusta [1]. Unfortunately, a larger proportion 
of coffee processing produce wastes. Therefore, to reduce the impact 
of environmental pollution as a result of wastes, it is necessary to 
convert the byproducts into something of great value, for example, 
biomass energy [2]. 

 The level of fuel consumption, especially fossil fuels, will increase 
along with the increase in the human population and the increasing 
pace of industry in various countries. Gas and oil production is de-
creasing every year, but oil and gas consumption continues to in-
crease. Efforts that can be made to anticipate the energy crisis are by 
processing renewable natural resources as alternative energy sources 
such as biomass. It will not be difficult to obtain sources of biomass 
materials in Indonesia”, especially agricultural waste. Plantation and 
agriculture are highly developed business sectors in Indonesia, this 
shows a high potential to meet the biomass maker raw material sourc-
es [2,3].

 The Beurau of Agricultural Research and Development Agency 
[4] showed therenewable energy sources has potential develop from 
solid biomass materials in Indonesia at 756.08 million GJ per year. 
This energy, arround approximatelly 81% (614.6 million GJ per year) 
from agricultural residues and the rest (141.48 million GJ per year) is 
come from forestry waste. An example of agricultural waste are cof-
fee husk that could be used as biopellets. The productive area of cof-
fee plantations in Indonesia is about 950,000 hectares and produces 
around 750,000 tons of coffee per year. In return, the resulting coffee 
husk waste is 307,500 tons per year as claimed by the Indonesian 
Coffee Farm [5].
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Abstract

 As the global population increases, fuel consumption levels will 
definitely upsurge. The increased demand may lead to fuel crisis, es-
pecially on oil products and gas. Evidently, there is need for alterna-
tive sources, specifically the renewable ones obtained from natural 
resources. Even though its quality is affected by moisture content, it 
can be the best alternative to oil products. The lower level of mois-
ture content creates a better heat value for the product. This study 
aimed at analyzing the quality of coffee husk biopellet. It focused on 
the analysis of the moisture and ash contents of 8.32% to 8.91% 
and 7.05% to 8.07% respectively, along with the calorific value of 
16879.45 kJ/kg to process it that do not emit hydrocarbons during 
combustion.
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 Most of the agricultural land in Indonesia is used for coffee culti-
vation. Coffee consumption in Indonesia increases every year based 
on consumer demand. However, the majority of coffee farmers in 
Indonesia still cannot utilize the coffee processing waste optimally. 
To reduce the impact of environmental pollution caused by solid and 
liquid waste from the coffee processing process, efforts are needed to 
process these wastes into something more valuable for use, namely 
as a source of biomass energy formation. One of the uses of coffee 
skin waste with the production of solid biofuel is biopellet [3]. It has a 
smaller size compared to briquettes. The production, especially coffee 
husk waste biopellet is rarely found because coffee farmers still have 
difficulty in determining the composition of the product [6,7]. 

 One way of utilizing the byproducts is by using the dried coffee 
husk waste as a fuel, the product is called biopellet. It is a solid waste 
smaller in size than the briquette. The potential of biopellet as energy 
source cannot be underestimated in Indonesia. This is because as an 
agricultural economy, the country has abundant sources of biomass, 
the necessary raw materials [6].

 The diversification of uses of byproducts from coffee processing 
is beneficial in at least three ways. Firstly, it is expected to reduce 
the negative impacts on the environment. Secondly, there will be an 
increase in revenue, and thirdly, business opportunities in the coffee 
sector will significantly increase [6-8]. 

 The quality of biopellet s is influenced by moisture and ash con-
tents. The lower moisture content can increase the calorific value and 
combustion efficiency. Therefore, the objective of this research was 
to analyze the quality of coffee husk biopellet using carbonization 
method with different moisture contents. 

Methodology 
Tool and materials

 The equipment used in this study include moisture analyzer, spatu-
la, analytic balance, furnace, and bomb calorimeter. In addition, other 
materials used were biopellet coffee husk,water, and chemicals for 
analysis of parameters.

Work procedure

 The husk was obtained from dried coffee processing. Furthermore, 
physical analysis such as moisture and ash contents, and volatile mat-
ter analysis, was performed.

Sample preparation 

Method of measuring moisture content (Moisture Analyzer SOP 
MAX-50): The initial step requires switching on power and waiting 
for the analyzer complete its self-examination. Check and ensure the 
weighing is empty and clean. Enter the start button and press “0/T” 
to define tare boat weight. The display should show weight as “0” as 
a flashing icon indicates the ready status for loading sample. It then 
inserted 3 g of the sample and close the cover gently (Figure 1).

 The halogen light will start to heat the sample to a steady reading, 
a process that takes 2 to 30 minutes depending on the sample weight 
and its moisture content. Record the moisture reading, press stop to 
end the current testing and clean the weigh boat for future use.

                   ..............1) 

Remark:

M0 = weight sample as received
M1 = weight dry pan + sample
M2 = weight dry pan + sampleafter drying

Method of measuring ash content (Direct): In measuring the ash 
content, the following procedure was followed. First, weigh the sam-
ple to approximately 3.0 g into a clean crucible. If the sample (biopel-
let) being analyzed is a dried test specimen, it should be stored in 
a desiccator until further use. Record the weight (container plus the 
sample less tare weight of container) as the initial mass of the test 
specimen (W2). Place the container and sample in the muffle furnace 
and ignite to 900°C for a minimum of 3 hours, or until all the carbon is 
eliminated. Remove the crucible with its sample from the desiccator 
and cool it to room temperature for 4 hours. Weigh to the nearest 0.1 
mg and record this figure. Record the final weight of the ash (W1), as 
the mass of the container plus ash less container tare weight (Figure 
2).

                 .................2)

 Where W1 is weight of ash, and W2 is initial weight of 105oC 
driedsample.
Heat value measurement using calorimeter bomb (AC-350, 
LECO): The following procedure was used to measure the heat val-
ue. First, pound the sample until it is smooth and put it into the cru-
cible. It then weigh the sample of 1 gram. Measure 8-10 cm for the 
length of fuse wire. Place fuse wire into the slot and bend it to a ‘U’ 
shape. Place empty crucible into analytical balance and tare. Weigh 1 
gram standard benzoic acid into the crucible. Place the crucible with 
its contents into the sample holder and bend the U-shape fuse wire 
close to the benzoic acid standard. Seal the combustion chamber with 
bomb cap and close the needle valve. Fill with pure oxygen up to 420 
psi. Fill the bomb bucket with 2 L of distilled water from 2 L pipet 
tank (make sure the water flows into the bucket wall to prevent air 
bubbles).
   

Figure 1: Coffee husk analysis.
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 Place the combustion chamber into bomb bucket. Attach electrical 
leads to the chamber. Press select key and type the weight of sample 
and length of fuse. Kickoff the bomb calorimeter by pressing the start 
key (the analysis starts with pre-fire for 3 minutes, firing for 0.1 min-
utes, and post fire for 5 minutes). After the analysis ends, take out the 
combustion chamber from the bucket and release the gas, open it to 
check the incomplete burning of fuse wire. Measure the length of the 
remaining fuse wire. Edit the last result of fuse fire. This is done by 
selecting the menu key and select edit last result (no. 6 key), then key 
in the length of burnt fuse wire. Press exit key to get the final result 
(Figure 3).

Results and Discussion 
Raw material characteristics

 For proper analysis, the materials were dried in the sun to reduce 
their moisture content to at least less than 12% (w/w). The sizes were 
then reduced to a uniform particle of 1 mm diameter. The proximate 

analysis parameters included moisture andash contents, volatile mat-
ters, and fixed carbon. The result of the analysis was as presented in 
table 1 below.

 The moisture content and volatile substances reduced during car-
bonization process. Contrastingly, fixed carbon content and the cal-
orific values increased. Besides, the moisture content evaporated at 
high temperature even during storage. This was attributed to environ-
mental conditions due to its hygroscopic nature.

Moisture content

 The moisture content has influence on net calorific value, combus-
tion efficiency, temperature, and its equilibrium. Moreover, the ambi-
ent moisture content was affected by storage conditions. The results 
of moisture content analysis were as presented in table 2. It is prudent 
to note that the moisture content of the biopellet ranged from 8.30% 
to 8.90% (Figure 4). 

 There was a difference in the initial moisture content of the cof-
fee husk briquette and biopellet. The preliminary value of briquettes 
in the hot air chamber when using drying machine was much lower 
compared to the solar drying sample. While using moisture analyzer, 
the content was 8.67%. This was different from the one in briquettes 
within the hot chamber air that had 6.34%. Moreover, the difference 

Figure 4: The ratio of moisture content biopellet coffee husk.

Figure 2: Ash content measurement.

Figure 3: Bomb calorimeter measurement.

m1 (g) m2(g) m3(g) Moisture Content (%)

1.003 0.914 0.089 8.900

1.006 0.918 0.088 8.800

1.008 0.925 0,083 8.300

Average 8.670

Type of Analysis Parameters Result (%)

1 Water content 2.25

2 Ash content 0.73

3 Volatile matters 74.20

Table 2: The moisture content.

Table 1: The proximate analysis of raw materials of coffee husk.
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in value between biopellet and briquettes of coffee husk was 4.62%. 
It is imperative to note that the moisture value of biopellet was meant 
to fulfill the New Europe Pellet Standard-EN 14961-1. Notably, the 
higher moisture content required more energy to evaporate water. The 
needed energy to ignite the biopellet increased, causing the fuel to 
react during combustion. With a higher moisture content, the quality 
of biopellet decreases.

Ash content

 To determine ash content,it is important to analyze the unburned 
part without carbon element after the combustion of the biopellet (Ta-
ble 3).

 While using the furnace method, the value of ash content in coffee 
husk biopellet was 8.071%. During production the pellet is expected 
to have the lowest ash content. Nevertheless, the value obtained in the 
study did not satisfy the set requirement, 0.5%, by the New Europe 
Pellet Standard-EN14961-1. Further, high ash content (beyond 4%) 
could corrode the burners and abrade equipment. Since heat from the 
sun alone was not enough to produce the product that satisfies the set 
standards, the highwater content of the material affected the value of 
ash content.

Calorific value

 The gross calorific value is an important parameter when deter-
mining the fuel quality. Its values in the biopellet was 16.897MJ kg-1, 
established using the LECO AC-350. This was considerably low-
er than the European Pellet Standard-EN 14961-1 required for the 
production of commercial biomass. It is required to range between 
17.500 and 19.500MJ kg-1 (Table 4).

  
 
 
 
 
 

 The lower calorific value was brought about by high moisture con-
tent which slowed down the rate of combustion. This is essentially be-
cause it had to evaporate water, thereby lowering the calorific value.

Conclusion
 Coffee husk can be used as an alternative energy source by carbon-
ization process when converted into biopellet. The physical properties 
of the biopellet complied with most of the set standards. The results 
of this exercise showed the quality of coffee husk biopellet obtained 
from drying with sunlight was low. The moisture and ash contents in 
the analyzer were 8.67% and 8.07% respectively. The calorific value, 
16897.54 kJ kg-1 was lower than the calorific value standards. 
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Replication W1 (g) W2 (g) Ash (%)

1 0.2107 3.0075 7.005

2 0.2495 3.0330 8.266

3 0.2740 3,0508 8.981

Average 8.071

Table 3: The ash content of biopellet coffee husk.

Paremeter Replication W2 (g) Ash (%)

1 2 3

Weight (g) 1.01 1.01 1.01

Fuse wire 1 (cm) 9.80 10.01 10.01

Δ Fuse wire (cm) 6.41 7.22 7.51

Δ T (pre-fire) (°C) 1.68 1.62 1.70

Oxygen (Psi) 420.00 420.00 420.00

Calorific value (cal/g) 3951.50 3932.90 4230.10

Table 4: The calorific value of coffee husk biopellet.
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