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1. INTRODUCTION

Cherry coffee, or whole coffee with its skin, is a harvest product that is picked from the tree. Post-harvest
from cherry coffee requires further processing so that it is ready to be served or drunk. Cherry coffee becomes
coffee in the form of green beans by separating the coffee beans from the skin. The process is through separation
when the cherry coffee is still wet or dried first. The standard method is drying cherry coffee before making it
into green beans. Green bean coffee is raw coffee beans that are generally green and have not been roasted.
Small farmers typically dry naturally, namely by drying in the sun. Natural drying provides a non-optimal
temperature and a relatively long time because it is very dependent on the weather. To increase the temperature
and shorten the time, it can be done through a rotary dryer with liquefied petroleum gas (LPG) fuel.

The application of rotary dryers with LPG energy sources is in participation with the role of its users, in
this case, small farmers. The use of LPG as an energy source for rotary dryers is due to subsidies from the
Indonesian Government for small farmers. The use of rotary dryers provides advantages in the form of increased
drying rates, continuous drying throughout the day, and better-quality dried products (Kabeel et al., 2016).
Compared to solar drying, the use of dryers can provide a shorter time. Based on research by Bawa Susana et al.
(2023), drying coffee beans to reach a moisture content of 13.14%, which is done naturally, namely drying in the
sun, takes 16 days. The length of drying has an impact on the level of farmer productivity after harvest.
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According to Paristiawan et al. (2022), the problems that arise from the sun-drying process carried out in the
open are insufficient or excessive drying, exposure to animals, dust, and rain. Sun drying in the open impacts
workers, namely exposure to heat with high temperatures. Higher temperatures, relatively high workloads, lack
of concentration, and fatigue decrease productivity, increasing the risk of injury (Bawa Susana, 2018; Oshwiki,
2023). Losses incurred in the agricultural sector due to inappropriate drying equipment that have an impact on
high energy consumption contribute around 60% of the energy consumption of the entire production process as
occurs in tobacco (Nguimdo and Noumegnie, 2020; Li et al., 2020; Li et al., 2022). To minimize losses for
farmers, especially small farmers, artificial drying equipment with either LPG or biomass energy is needed. The
use of this energy source is greatly influenced by the role of small farmers as users. Farmer participation is
required so that the drying equipment and energy source utilization are in accordance with needs. Participation
from users is known as a participatory approach as the most effective way to redesign manual tasks, benefit the
procurement of work equipment, and ease the physical workload (Sormunen et al., 2022; Burgess-Limerick,
2018). The application of a participatory approach produces several models of drying equipment according to the
needs of small farmers as users. As in the research of Alit and Bawa Susana (2024), who designed a dryer
utilizing rice husks through a heat exchanger for one furnace for small farmers to dry bananas, however, this
model of dryer is not yet suitable for drying cherry coffee, so a dryer is needed that suits the needs of farmers.
Cherry coffee in the form of beans will be easier to dry with a cylindrical and rotating dryer with LPG energy
because this energy is still subsidized for small farmers. Cylindrical and rotating dryers are called rotary dryers,
and LPG is used as an energy source to overcome the shortcomings of solar and biomass drying. This dryer
model rotates continuously and is very suitable for granular food materials such as grains. Rotary cylinders or
rotary drums are widely applied in mixing, cooling, heating, and drying processes for granular materials (Ettahi
et al., 2022; Trojosky, 2019; Xie et al., 2018). Rotary dryers are applied to small farmers because of their
affordable cost and easy operation, and they produce uniforms dry. Rotary dryers have low maintenance costs
and consume 15 to 30% less specific energy (Giudice et al., 2019).

The use of rotary dryers with LPG energy for small farmers provides convenience, namely, not depending
on the weather, so drying can be done at any time. In addition, the product is not contaminated by smoke or LPG
fuel gas because the rotary dryer uses an indirect drying method. The dryer is designed for testing in drying wet
coffee beans (cherry/berry), namely the harvest of coffee berries with a moisture content ranging from 60 to
65%. Coffee that is dried based on post-harvest handling guidelines for coffee, namely coffee beans, is still
protected by the skin of the fruit flesh, mucus layer, horn skin and epidermis in dry conditions (Ministry of
Agriculture of the Republic of Indonesia, 2012). The drying process is carried out as an effort to reduce moisture
content to a specific limit. Drying uses an indirect heating system to prevent smoke contamination from burning
fuel to the surface or into the coffee beans. This dryer model is used to produce a uniform drying temperature
and is easy for small farmers to operate.

2. RESEARCH METHODS

Research on rotary dryer applications to produce even temperatures in a drying chamber so that the dried
grains can dry evenly. Drying equipment is based on the needs of small farmers. Tools and materials consist of
LPG, household gas stoves, type K thermocouples, data loggers, rotary cylinders, iron plates, square iron,
stainless steel plates, stainless steel pipes, axle iron, 1 Hp dynamo, gearbox, insulating rubber, trolley wheels,
transmission systems, drying cylinders, one exhaust fan, and cherry coffee.

The design of the dryer is compact, with a drying chamber consisting of parts in the form of a circular
cylinder and a noncircular cylinder. The non-circular cylinder outside the rotary cylinder is a fixed cylinder
equipped with one exhaust fan. The combustion chamber is made flexible; namely, it can be replaced as a
container for dried products. Cherry coffee is dried in a rotary cylinder and rotates following the rotation of the
rotary cylinder. The cylinder rotates with an electric motor and is assisted by a gear transmission. The cover on
the rotary cylinder functions to facilitate the removal and insertion of cherry coffee. The walls of the rotary
cylinder are made with small holes so that the inner surface of the cylinder is not smooth. The tube is internally
rough with a surface to develop a more effective heat exchanger, and the heat transfer rate is better than a smooth
tube (Oyewola et al., 2023; Boonloi and Jedsadaratanachai, 2021). The cherry coffee sample tested was 10 kg.
Exhaust fan with a constant speed of 2.9 m / s. Testing the dryer with cherry coffee samples, as shown in Figure
1 and Figure 2.
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Figure 1. Schematic of LPG energy rotary dryer. 1. Rotary cylinder, 2. Rotary cylinder cover, 3. Heating plate, 4.
Gearbox connector, 5. Gearbox, 6. Electric motor, 7. Bearing, 8. Exhaust fan, 9. Gas stove, 10. LPG cylinder

(b)

Figure 2. Experimental equipment, a) rotary dryer, b) testing of cherry coffee samples

The study was conducted to analyse the performance of a rotary dryer with LPG as an energy source for
drying cherry coffee. The analysis was carried out based on the amount of drying heat, drying rate, and drying
efficiency. Data were measured, such as ambient temperature, bottom plate, drying chamber, outlet temperature
at the exhaust fan, initial or total mass and dry mass of cherry coffee. The moisture content K, (%) is calculated
based on the total mass of coffee cherry, m, (kg) and the dry mass of coffee cherry, my (kg). The initial moisture
content test of the material is carried out by heating the material until there is no change in weight so that the
moisture content in the material is used up (dry mass of the material). The moisture content test of the coffee
cherry is carried out by heating 200 grams of sample for 13 hours at a temperature of 105-110°C to obtain the
dry mass, my.

Ko = "2 0 100% (1)

The total heat used in the drying process is Q (kJ), as in equation (2).
G— Q1+ @:1+Q; 2
Q is the sensible heat of the material (kJ). Q, is the heat to evaporate the water of the material (kJ) (Hamdani et

al., 2018; Cengel et al., 2019). Q; is obtained based on the mass, specific heat, and temperature of the material,
as presented in equation (3).
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@ = my Cpb (T, T, (3)

my is the total mass of the material, namely cherry coffee (kg), T, is the temperature of the drying room (°C), Ta

is the ambient temperature (°C), and Cy, is the specific heat of the material, namely cherry coffee (kJ/kg’C)
based on equation (4) (Casanova et al., 2013).

Cpp = 1,4392 K, + 1,2643 “4)

Q is the heat used to heat the water in the material, as in equation (5). m, is the mass of water, and C,, is
the specific heat of water (kJ/kg°C).

Q: = m, Cpa (Tr - Ta) )

Qs is obtained based on the mass of water and the latent heat of vaporization of water as in equation (6),
where hfg is the latent heat of vaporization of water (kJ/kg), m,;, is the mass of water evaporated (kg), m; is the
initial mass of the material (kg), and my is the final mass of the material (kg).

Q3 = gy itpg (6)
Mg, = M, — Mg @)

3. RESULTS AND DISCUSSION

The initial moisture content of cherry coffee used as a sample in the testing of the rotary dryer using LPG
energy in this study was 62.84%. Cherry coffee was dried until it reached a maximum moisture content of
12.25% based on the guidelines of the National Standardization Agency of the Republic of Indonesia. The
general quality requirement for maximum coffee moisture content is 12.5% (SNI, 2008). In the study, it was

found that the use of a rotary dryer with LPG energy was able to reduce the moisture content of cherry coffee by
9.95% in 20 hours.
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Figure 3. Coffee cherry moisture content for a drying time of 20 hours

The time required to dry cherry coffee is shorter compared to sun drying, as produced in the research of
Susana et al. (2023), which took 16 days to produce a moisture content of 13.14%. Figure 3 shows the drying
process with an LPG rotary dryer to produce a moisture content of cherry coffee for 20 hours. From Figure 3, it
can be explained that the initial moisture content of cherry coffee of 62.84% can be reduced within 18-19 hours
to reach moisture content according to the SNI standard of 12.5%. In the study, it was found that within 18-19
hours, it was able to reach a moisture content of 13.09-11.47%. The temperature for the drying process with LPG
energy tends to be constant. Lower temperatures were found at the beginning until 4 hours, as shown in Figure 4.
The ignition of the LPG stove influences this at hour 0, which is just starting, so that heat transfer from LPG to
the drying room has not occurred and still follows the ambient temperature. Next, until the 4th hour, heat transfer
occurs from LPG to the drying room in the heating condition of the material and the drying room. In addition,
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the moisture content of the cherry coffee is still high, so the heat transfer process is relatively slow due to the
greater heat used to evaporate the water in the cherry coffee.
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Figure 4. Temperature distribution of LPG energy rotary dryer
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Figure 5. Distribution of total heat used on the moisture content of cherry coffee

The use of LPG as an energy source in the drying process provides a temperature in the drying chamber
that tends to be stable from the 4th hour to the 20th hour. The average temperature of the drying chamber is
63.92°C with a range of 30.2-70°C. This temperature is produced through the heat transfer process from the LPG
stove flame that burns the bottom plate of the drying chamber. The heat from the plate temperature is transferred
into the drying chamber. The average plate temperature is 80.73°C with a range of 30-86.8°C. The study also
found that the outlet temperature of the drying chamber was relatively high, namely an average of 62.07°C with
a range of 30.2-67°C. Based on these conditions, it is possible to increase the load of dried cherry coffee, which
is more than 10 kilograms, which in this study used a load of 10 kilograms of cherry coffee. Compared to drying
cherry coffee with a load of 10 kilograms using solar drying in the study of Susana et al. (2023), which used an
ambient temperature of 29.51°C, it took longer. The higher temperature of a rotary dryer compared to the sun
affects a shorter drying time. Increasing temperature causes a decrease in drying time (Waheed and Komolafe,
2019; Dasore et al., 2020). The drying process with an LPG-fueled rotary dryer can be said to be much more
optimal than drying in the sun, which relies on ambient temperature. Based on testing of the LPG-powered rotary
dryer, it was found that the drying temperature is suitable for drying cherry coffee. The drying temperature is
uniform, and the cherry coffee dries evenly. In addition, the drying time is shorter than drying in the sun. The
drying temperature significantly affects changes in the moisture content of the material. The moisture content of
the material has an impact on the total heat used in the drying process. Figure 5 presents the total heat used in the
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drying process for 20 hours of testing. This total heat is based on the sensible heat of the material, the heat to
evaporate the water of the material, as well as the mass of water and the latent heat of evaporation of water.
Based on Figure 5, the total heat used in drying cherry coffee shows that the lower the moisture content,
the lower the total heat used. This occurs from 1 hour of the drying process to the end, namely the 20th hour. An
exception occurs when, at the beginning of the drying process, namely from 0 to 0.5 hours, the total heat used
does not follow the trend of decreasing moisture content. This phenomenon occurs because the temperature has
not changed, and the heat transfer from the energy source is not evenly distributed in the drying room and cherry

coffee. A comparison of temperature with total heat used during the cherry coffee drying process is shown in
Figure 6.
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Figure 6. Distribution of total heat used against drying temperature

Figure 6 shows that the total heat used in the drying process deviates at 0-0.5 hours. At 0 hours and 0.5
hours, it is the beginning of the drying process, as presented in Figure 7.
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Figure 7. Distribution of total heat used during the 20-hour drying process

The temperature and total heat used at 0 and 0.5 hours were 30.2°C and 44.6°C, and 1370.13 kJ and
1612.23 kJ, respectively. Conditions like this can be ignored. This is in accordance with Hariyadi (2018), who
states that during the drying experiment, the initial drying stage is a phase of increasing speed that is relatively
short, so it can be ignored when calculating the drying time. Based on the drying curve from Berk (2009) that
drying consists of three stages, namely stage I as a phase of increasing speed, stage II as speed, and stage III as
the drying speed increases as the water in the material decreases. The total heat used during the drying process
tends to decrease following the decrease in the moisture content of cherry coffee. The average total heat used in
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the coffee cherry drying process for 20 hours was 1460.62 kJ with a range of 476.4-2117.53 kJ. This condition
causes the temperature outside the drying room to be relatively high, as shown in Figure 4, due to the influence
of high moisture content and during drying, evaporation of the moisture content of the material occurs, which
impacts the energy absorption process by the coffee cherry from the dryer. Rotary dryers with LPG energy
sources do not depend on environmental temperature, so the time required in the drying process is shorter than
solar drying. The use of LPG as an energy source for rotary dryers is very affordable because they still receive
subsidies from the state. This applies to small farmers in Indonesia with the highest retail price of IDR
19,000/kg. LPG used as an energy source for rotary dryers is very beneficial for small farmers as it provides a
sustainable drying process.

4. CONCLUSION

The results of testing the rotary dryer using a liquefied petroleum gas (LPG) energy source in drying
cherry coffee obtained findings. The initial moisture content of cherry coffee of 62.84% can be reduced to 9.95%
in 20 hours. This moisture content meets the quality requirements of the Indonesian National Standard with a
maximum provision of 12.5%. The dryer is able to produce an average drying temperature of 63.92°C with a
range of 30.2-70°C. The outlet temperature of the drying chamber is still relatively high, with an average of
62.07°C and a range of 30.2-67°C. Based on this condition, it is possible to increase the load of dried cherry
coffee, which is more than 10 kilograms, which in this study used a load of 10 kilograms of cherry coffee. The
total heat used during the drying process is an average of 1460.62 kJ with a range of 476.4-2117.53 kJ. It was
found that the phenomenon at the beginning of drying from 0-0.5 hours occurred in a low-temperature condition,
with the total heat used deviating from the existing distribution pattern. This happens as an impact of the
increasing speed phase, and this condition can be ignored so that the drying process can be evaluated from 1
hour to 20 hours. With the government subsidy for LPG for small farmers, this rotary dryer is an appropriate tool
in the drying process on a small farmer scale. Drying can be done continuously because it does not depend on the
weather.
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NOMENCLATURE

Cpp : Specific heat of material (kJ/kg’C)

hye : Latent heat of vaporization of water (kJ/kg)
K, : Moisture content (%)

m, : Mass total of coffee cherry (kg)

my, : Mass dry of coffee cherry (kg)

(0] : The amount of heat used for drying (kJ)

0 : Sensible heat of material (kJ)

0, : Heat to evaporate the water material (kJ)
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