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Abstract: The purpose of this research is  to design a rounding cylinder tube on a coffee roaster using an electric heat-
ing element that will be used to roast coffee. The roasting process also uses an electric motor to rotate the cylindrical 
drum so  that the stirring process becomes even. The research was conducted using engineering methods including 
identification of problems, roasting machine design formulation, prototyping, functional testing, and performance test-
ing. The data analysed are roasting capacity, roasting temperature and the need for electrical energy used. The results 
showed that the roasting capacity was 2.3 kg·h–1. The serving of coffee for dark roast maturity levels can be ended when 
the temperature has reached a temperature of 201 °C. The need for electrical energy in the heater for roasting arabica 
coffee beans with a maturity level of  a dark roast for 1 hour 54 minutes obtained an average value of 3.4 kWh, with 
the need for electrical energy for roasting arabica coffee beans which is 1.35 kWh.
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Coffee is one of the plantation commodities that 
has an important role in economic activities in In-
donesia. Coffee is  also one of  Indonesia's export 
commodities as   a  foreign exchange earner in  ad-
dition to  oil and gas. In  addition to  increasingly 
open export opportunities, the domestic coffee 
market is  still quite large. Coffee production from 
2018 to  2020 fluctuated. In  2018 coffee produc-
tion amounted to 756.05 thousand tons, which de-
creased to  752.51  thousand tons in  2019, or a  de-
crease of  0.47%. In  2020 coffee production rose 
to  762.38   housand tons or  an increase of  1.31% 
(BPS 2020).

The growth of the coffee industry and the current 
high price of  coffee show that coffee farming can 
make a major contribution to the household income 
of coffee farmers in Indonesia. But in reality, the im-
pact of this growth has not been felt by coffee farmers 

who have technological limitations, especially in the 
roasting process, which still uses wok and wood-fired 
media. The uneven distribution of heat and the un-
known temperature in the traditional roasting pro-
cess causes the roasted coffee beans to  be scorched 
so that the coffee beans can only be marketed as raw 
beans (green beans). This will certainly affect the in-
come earned by coffee farmers.

According to  Dutra et al. (2001), the quality of 
coffee drinks is  influenced by  many factors such 
as altitude, soil, climate, processing procedures, 
roasting temperature, and brewing method. Of all 
these factors, roasting is important in determining 
the quality of coffee drinks. Sofi'i (2014) states that 
in  general coffee processing, the roasting process 
is  carried out in the traditional way using simple 
tools. On a fairly large scale, coffee processing uses 
a roasting coffee machine.
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In accordance with the opinion of  Suryadi et al. 
(2022), the roasting process with a roasting machine 
is carried out in a closed manner using a cylindrical 
tube given a rotary force. This aims to get even heat 
in the tube.

The aroma and taste of coffee are highly dependent 
on roasting. Roasting is   a process that determines 
the physicochemical properties of coffee beans such 
as  taste and aroma (Ridwan et al. 2018). The big-
gest problem in general during the roasting process 
is  the instability of  the roasting process (Getaneh 
et al. 2020). The business of designing a coffee roast-
er is one of the efforts to overcome the main prob-
lems faced by the coffee industry, namely to increase 
the productivity of coffee beans. With this roasting 
machine, it   is hoped that the coffee bean roasting 
process can be carried out as efficiently as possible 
to minimize the costs incurred.

The purpose of  this study was to design a coffee 
roaster with a capacity of ±10 kg per process using 
an electric heating element with a rounding cylindri-
cal tube and test the performance of the roaster that 
has been made.

MATERIAL AND METHODS

The tools used in this study include tools for mak-
ing coffee roasting machines, namely grinding ma-
chines, drilling machines, lathes, electric welding 
machines, hammers, meters, and other tools. The 
materials used in  this study include stainless steel 
plate, iron plate, U iron, gear, bearing, axle shaft, 
gearbox, chain, motor drive and the material used 
as  the tested material is  arabica coffee beans. The 
procedure in  this study starts with identifying the 
problem and formulating a design concept for a cof-
fee bean roaster with a rotating cylindrical. After 
getting the formulation of the design concept, then a 
design analysis will be carried out which will be used 
for making working drawings. The machine assem-
bly will be  carried out and a work test of  the tool 
in  the form of  structural and functional tests will 
be carried out to determine the performance of the 
tool working properly when roasting coffee beans. 
The data analyzed are roasting capacity, roasting 
temperature and the need for electrical energy used.

In making working drawings, machine design 
is carried out first using the SketchUp software (ver-
sion 2021 PRO) application to  simplify the design 
process. Based on the results of the design analysis, 
a working drawing will be made in accordance with 

the concept that has been created. The design of the 
working drawing of  the coffee roaster can be seen 
in  Figure  1. The structural approach is   to  deter-
mine the type of material and the construction di-
mensions of each main part of the roaster. The fol-
lowing in Table 1 can be seen from the description 
of the construction of the coffee bean roasting ma-
chine and its dimensions as shown in Figure 2. The 
functional approach is  a review of the components 
of  a coffee bean roaster to determine the function 
of several main parts. The following can be seen in 
Table 2 a description of some of the functional parts 
of  a coffee bean roaster.

Calculated parameters
Tube volume. The coffee bean roasting tube vol-

ume in Figure 3 can be calculated using Equation (1).

π ×= × 2V r p 	 (1)

where: V – volume of the cylinder (cm3); r – radius of the 
circle (cm); p – length of  a cylindrical tube.

Roaster working capacity (kg·h–1). According 
to Sutarski et al. (2010), to calculate the working ca-
pacity of the roaster using Equation (2).

=
BKKW
w

	 (2)

where: KW – working capacity of  the tool (kg·h–1); 
BK – the weight of coffee beans (kg); w – roasting time (h).

Roasting temperature. Temperature measurement 
is carried out when the coffee roasting process takes 
place in a roasting tube using a temperature thermostat 

1 – control panel box; 2 – gear; 3 – gearbox; 4 – electromo-
tor machine; 5 – wheel; 6 – engine frame; 7. – output 
hopper; 8 – heating drum; 9 – input hopper; 10 – indicator 
lamp; 11 – electric panel; 12 – switch-off; 13 – switch-on

Figure 1. Design working drawing of coffee roaster
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which functions to  regulate the temperature in  the 
roasting tube chamber in order to obtain temperature 
measurement results. The temperature observed 
is the temperature in the roasting tube chamber. All 
measurements were carried out in three repetitions 
and the average value was taken.

Electrical energy needs. Electrical energy results 
from changing mechanical energy (motion) into 
electrical energy. The existence of  electrical en-
ergy can be utilized as much as possible. The uses 
of  electrical energy in  everyday life are lighting, 

heating, electric motors, and so on. The energy used 
by an electric tool is the rate of use of energy (power) 
multiplied by the time during which the tool is used. 
According to Sutarski et al. (2010), the need for elec-
trical power can be calculated by Equation (3).

= × ×W v I t 	 (3)

where: W – electrical energy (J); v – voltage (V); 
I – strong electric current (A); t – time (s).

No. Main section Component Dimensions

1. frame
C channel iron 40 × 40 cm as much as 1 stick

seat cushion size 7/8 inch as much as 2 units
2. drive electric motor capacity 1 horsepower as much as 1 unit

3 heating drum

outside drum 1 unit of 3 mm thick iron plate
inner drum diameter 45 cm and length 43 as much as 1 unit

outboard bearing size 7/8 inch as much as 1 unit
heater capacity 250 w/220 v as much as 1 unit

thermocople size 250 v/10 A/120 °C as much as 1 unit

4. control panel

iron plate 2 mm thickness one piece
electrical panel box size 20 × 30 cm

switch on-off capacity 10A/220 v as much as 1 unit
miniature circuit breaker capacity 6 A  as much as 1 unit

relay capacity 220 v/AC current as much as 1 unit
indicator lamp capacity 10 A LED type as many as five units

converter AC to DC capacity 60 A/220 v as much as one unit
earth leakage circuit breaker low sensitive 30 A  as much as one unit

Table 1. Criteria for component dimensions of the main parts of the coffee bean roaster

Figure 2. Dimensions of the coffee bean roaster machine (values are given in cm)
values are given in cm
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RESULTS AND DISCUSSION

The size and dimensions of  the roasted coffee 
beans are measured on a cm scale. There are six parts 
in  the design of a coffee bean roaster machine, in-
cluding in Table 3. The coffee bean roaster machine, 
as shown in Figure 4, was made after the calculation 
of  the design drawings and technical analysis was 
completed. Each component is  assembled and ar-
ranged according to the design drawings made, while 
the frame is made of angle iron to withstand the load 
when the machine is operating. Furthermore, func-
tion and performance tests are carried out to ensure 
whether the machine has been successfully made 
according to the initial design or still requires some 
improvements. If the result is good, then the perfor-

mance is complete. Functional tests are carried out 
to determine whether the components/parts of the 
roasting machine are working properly. Field ob-
servations indicate that all parts/components have 
been functioning properly.

The volume of the coffee bean roaster tube is made 
of stainless material which has a diameter and length 
of 46 and 44 cm, respectively. Hence, the volume ob-
tained is 73.086 cm3 with the bulk density of coffee 
beans being 0.735 kg·cm–3, if the tube is filled with 
1/3 tubes, the resulting tube capacity is 24.362 cm3 
which is equal to 17.906 kg

Roast working capacity. The calculation of  the 
working capacity of the tool is done by dividing the 
initial weight of the roasted coffee beans by the time 
required during the roasting process. Equation  (2) 
is used to calculate the working capacity of the roast-
er. Based on  the calculation of  the volume of  the 
tube, the maximum capacity of this machine is 18 kg 
process. In this study, the weight of the coffee used 
was 3 kg with a temperature of 205 °C and the time 
required for the roasting process was 78  minutes. 
So  that the working capacity of  the roaster with 
an  initial weight of  3 kg of  coffee beans which are 
roasted until cooked or  until the coffee beans are 
dark roasted with a roasting time of 78 minutes, the 
result is 2.3 kg·h–1. 

No. Main parts of the roaster Function
1. frame

place to attach all components of  a coffee bean roaster
2. drive motor
3. heating drum place to attach the heater and a place the heating process occurs during roasting

4. panel control place for electrical components such as electricity box panels, on/off buttons,  
miniature circuit breaker 16 A, 220 V relay, and indicator light.

5. roasting cylinder tube container for coffee beans and a place for the roasting process to occur until ripe

Figure 3. The equation of the volume of the coffee bean 
roasting tubeparts of the coffee bean roaster

Table 2. Functional criteria of components of the main parts of the coffee bean roaster

D – diameter of the circle (cm); r – radius of the circle (cm); 
p – length of  a cylindrical tube

D

p

r

Components Length Width Height
Frame 83.2 52.0 45.0
Heating drum 46.0 50.0 50.0
Stirring cylinder 44.0 46.0 46.0
Panel control 20.0 10.0 25.0

Hopper 
input 16.0 22.0 26.6

output 20.0 16.0 10.0

Table 3. Size and dimensions of the coffee bean roaster

measurements are in cm

Figure 4. Coffee bean roast machine with rotating cylinder 
type
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According to  Bakara and Daryanto (2022), the 
capacity of  the dryer and the coffee roaster was 
3.6 kg in one process. Batubara et al. (2019) stated 
that a  theoretical capacity of  5  kg per process and 
an actual capacity of 0.752 kg·h–1 could be obtained 
on the SGR-5 Coffee Roasting Machine (CRM).

Roasting temperature. In Figure 5 it can be seen 
that the roasting temperature of arabica coffee beans 
was measured by  heating the roasting machine 
at 6 minutes, namely at  a temperature of 69 ˚C (the 
temperature before the coffee beans are added). 
Then for 36 minutes, the heating process took place, 
at 36 minutes the temperature rose to 201 °C (the ini-
tial temperature of arabica coffee beans was added) 
then the temperature in the roasting room dropped 
to 156 °C. This happens because of the mixing of the 
temperature of  the coffee beans with the  tempera-
ture of the roasting tube. Furthermore, from the 48th 
minute to  the  114th minute the temperature in-
creased again. In the 114th minute at  a temperature 
of 201 °C ripe coffee was suitable for the dark roast 
level and was removed from the roasting tube.

Based on the statement above, it can be concluded 
that in  the coffee bean roasting process, the tem-
perature rises and falls in the roasting tube and the 
roasting can be ended if the colour of the coffee is in 
accordance with the desired level of maturity. Fadri 
et al. (2021) stated that the most important variables 
for each roasting were the type of roasting, the roast-
ing temperature of the coffee beans, and the length 
of the roasting process. According to Purnamayanti 
et al. (2017) stated that roasting coffee using high 
temperatures will evaporate more water content and 
volatile compounds (caffeine, acetic acid, propionic, 

butyric, and valeric) present in  coffee beans than 
roasting coffee using low temperatures.

According to Afriliana (2018), coffee roasting for 
dark roast maturity level can be  ended when the 
temperature has reached a temperature of  123  to 
221 °C. The roasting time of arabica coffee beans for 
78 minutes produces coffee with a  dark roast ma-
turity level. Meanwhile, Bicho et al. (2012) reported 
that coffee beans are roasted at temperatures ranging 
from 180 to 250 ˚C for varying lengths of time. Lau-
kaleja et al. (2019) stated that in value-adding coffee, 
roasting is  an energy-intensive unit operation when 
green coffee beans are subjected to heat treatment 
with high temperatures of more than 200 °C at  a cer-
tain time to achieve colour, aroma, and taste. Syafri-
andi et al. (2021) reported that the roasting process 
of coffee beans requires a high enough temperature 
to  be roasted until cooked, above 200 °C. The higher 
the temperature causes the faster the roasting rate.

Coffee bean roaster electrical energy needs. 
The roasting process of  arabica coffee beans with 
a dark roast maturity level takes 1 hour and 54 min-
utes. Testing the electrical energy requirements 
of arabica coffee beans was carried out three times 
by going through a roasting process of 3 kg for each 
repetition. Collecting data on  electrical energy 
needs is  done manually, which is  observed in  the 
control panel box. The demand for electrical energy 
can be calculated using the formula of Equation (3). 
The  graph of  the need for electrical energy can 
be seen in Figure 6 as follows.
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Figure 6 shows that the electrical energy require-
ment of the heater for roasting arabica coffee beans 
with a dark roast maturity level of 1 hour 54 minutes 
obtained an average value of 3.4 kWh, with the elec-
trical energy requirement of the machine for roast-
ing arabica coffee beans which is 1.35 kWh.

Based on the above statement, the need for electri-
cal energy in the heater is greater than that in the en-
gine. This is because, at the beginning of the testing 
process, the heater is turned on first to heat the air 
in  the heating drum until the temperature reaches 
205  °C. In  contrast, the dynamo machine is  only 
turned on  when the coffee beans are inserted into 
the roasting cylinder tube. The analysis of  electri-
cal energy requirements testing in  the coffee bean 
roasting process concluded that the electrical energy 
needs would be greater if the temperature used for 
roasting was higher. Nugroho et al. (2009) deter-
mined that roasted coffee needs to  be  roasted ac-
cording to the temperature and duration of roasting.

CONCLUSION

This research was a success to  design and 
construction of   a  coffee roasting machine with 
a tube volume made of  a stainless material that has 
a diameter of 46 cm and a length of 44 cm so that 
a volume of 73.086 cm3 was obtained with a specific 
gravity  of  coffee beans of  0.735  kg·cm–3. The 
performance of the working capacity of the roaster 
on the rounding cylinder tube coffee machine was 
2.3 kg·h–1. The roasting process was carried out 
with a total time needed of 1 hour 54 minutes using 
3.4  kWh of  electricity on  the heater. The coffee 
bean roasting machine was capable of  roasting 
according to the maturity level of dark roast when 
the temperature reaches 201°C.
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