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Abstract. The cascara drying process is usually done by drying wet coffee
peels for about 5 days with open sun drying. This study evaluated the
effectiveness of drying wet coffee peels into cascara by open sun drying on
an aluminium. Analysis was carried out to determine the moisture content,
drying rate, and drying efficiency. The material used was Arabica cherry
coffee peels, which were dried using aluminium pans on the, drying floor.
The decrease in cascara mass was recorded every 60 minutes, while solar
irradiation was recorded every 0.5 minutes. The results showed that drying
cascara using solar energy on aluminium pans took a shorter time, took only
two days, compared to using solar energy on perforated racks. The resulting
cascara moisture content was approximately 10.02 £ 0.25%. The initial
drying rate is approximately 0.33 kg/h/m? and the final drying rate reaches
0.04 £ 0.01 kg/h/m?. It is known that the higher the sunlight irradiation, the
higher the drying rate when the material's moisture content is still high.
Cascara drying efficiency ranges from 67.26% at the beginning of the drying
process to 3.6% towards the end of the drying process. The use of an
aluminium pan increased the effectiveness of sun drying.

1 Introduction

Coffee plants are widely cultivated in Indonesia, with coffee bean production reaching
789,233 tons per year [1]. Indonesia ranks 4th in the world as a coffee producer [2]. Coffee
beans are obtained from the peeling of harvested coffee cherries. Peeling can be done in wet
or dry conditions. Coffee cherries peel have not been optimally utilized so they are often
wasted or only used as animal feed. Coffee cherry peels are actually rich in bioactive
components such as tannins, anthocyanins, and caffeine. One use of coffee cherries peel for
food is to make cascara, which is similar to tea after the coffee cherries peel are dried [3, 4].

The process of drying coffee peels into cascara is usually carried out using conventional
drying methods using solar energy. Drying is done by placing the coffee peels on perforated
rack or woven bamboo and drying them directly under sunlight. This drying method is very
cheap and easy, but it takes a long time [6]. Drying with this method takes about 5 days or
more. Drying using perforated racks relies on natural air conditions from the environment
which often mix with evaporated water vapor from the soil surface so that the drying process
is slow.
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The process of drying coffee peels into cascara is faster and more affordable. One method
that can be done is by drying the coffee peels using aluminium pans. Drying on an aluminum
pan allows additional heat from the hot aluminum surface to the material being dried. The
dried material will experience additional heat by conduction from the surface of the
aluminum pan. Therefore, it is necessary to research the drying of coffee peels using solar
energy on aluminium pans. This study aims to determine the drying rate, drying time, water
content and drying efficiency.

2 Material and Methods

This research was conducted in July and August 2025 at the Renewable Energy Engineering
Laboratory of the Jember State Polytechnic. The materials used in this study were Arabica
coffee peels obtained from plantations around Jember. The research was conducted by drying
the Arabica coffee peels using solar energy. Drying was carried out by placing the coffee
peel samples on an aluminium pan and exposing them to direct sunlight, as with conventional
drying methods. The aluminum pan used has a surface area of 0.072 m?. The sample in each
aluminum pan is 550 grams with a layer thickness of 1 cm. The drying rate is calculated by
the formula:

Ry =— ()

Rd is the drying rate (kg/h.m?), Am is the reduction in sample mass (kg), 4 is the surface
area (m?), and ¢ is the drying time (h).

Coffee peel samples were weighed every hour to determine their mass decrease. Solar
irradiance data was measured using a Lutron SPM-1116-SD solar power meter and recorded
every 0.5 minutes. The moisture content of the coffee peel samples was determined using
gravimetric and oven-dried methods. [7].

3 Results and Discussions

The research yielded data on the time required to dry coffee peels using solar energy on
aluminium pans. Other data included moisture content reduction, which was needed for
drying rate analysis. Furthermore, solar irradiance data was also obtained, which was needed
for drying efficiency analysis.

3.1 Drying Time

The drying time of coffee peels using sunlight on aluminium trays is 2 days with good
weather. The drying time is faster compared drying coffee peels directly on the ground using
a mat (Figure 1) or on a perforated racks or woven bamboo, which can take 5 days or more.
Drying process using sunlight on perforated rack or woven bamboo is greatly influenced by
ambient air conditions (Figure 2). Air can freely flow and exchange around the product
placed on the perforated rack or woven bamboo.
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Fig. 1. Open sun drying on the ground covered with a mat [8].

Open sun drying on the ground covered a mat as seen in Figure 1 has the disadvantage of
possibility of heat loss by conduction. Furthermore, there is the possibility of water
evaporation from the ground surface, which will absorb nearby heat energy and increase the
water content in the air surrounding the crop, thereby reducing the ability of the surrounding

air to absorb water vapor from the crop being dried. [8, 9, 10].
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Fig. 2. Open sun drying process on perforated rack or woven bamboo, adapted from [11].

Open sun drying process using an perforated rack or woven bamboo as seen in Figure 2
would allow the air from below and beside of the crop to flow and come into contact with
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the material and absorb the material's water content. The heat source from sunlight in the
form of short waves will be absorbed by the crop, some reflected, some will be released in
the form of long waves. The energy utilized will be used to evaporate the material's water
content. Evaporation of water from the ground under the perforated rack will affect the
absorption of drying air through the crop [11,12].

Drying on an aluminium pan heats the coffee peels more quickly than drying on
perforated rack. The coffee peels not only receives direct heat from the sun, but the coffee
peels also experience conductive heating from the aluminium pan surface, which absorbs
heat energy from the sunlight (Figure 3). The additional heating from the aluminium pan
speeds up the drying process. The coffee peels are dried as if on a hot metal plate. [13, 14].

Short wav elength solar radiation

Long wavelength radiation Long wavelength radiation

Moist air

Fig. 3. Open sun drying process on aluminium pan, adapted from [11].

Based on Figure 3, it can be seen that drying using an aluminium pan allows for the
provision of protective air from wind or from the surface of the pan, which moves naturally.
Natural air movement occurs when the air in contact with the surface of the aluminium pan
is heated, causing its density to decrease. The low density causes the air to rise and be
replaced by air with a higher density, which will also rise after being heated like the previous
air. Heating the air will lower its relative humidity, thereby increasing the air's ability to
absorb water vapor from the products. [15, 16]

3.2 Drying Rate

The results of observations of the decrease in materials mass during drying of coffee peels
using sunlight on an aluminium pan were analyzed to determine the drying rate. The drying
rate of the coffee peels on the first day is presented in a graph as shown in Figure 4.
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Fig. 4. Drying rate and solar irradiance in the 1st day drying process.

The drying rate as in Figure 4 is quite high about 0.33 kg/h/m? at the beginning of the
drying process. This is because the material's moisture content is still very high and is also
supported by sufficient solar irradiance. Decreasing solar irradiation also reduces the drying
rate, as shown in Figure 4. In the fourth hour, there is a very significant decrease in the drying
rate. Significant decrease in drying rate caused by light rain at that time, so the drying process
was stopped for about 25 minutes. Drying on the first day only lasted about 6 hours. Rain
also accurred at the 7th hour drying process, so drying process was stopped and continued on
the second day. The drying rate of the coffee peels on the second day is presented in a graph,
as shown in Figure 5.
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Fig. 5. Drying rate and solar irradiance in the 2nd day drying process.
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Based on Figure 5, it can be seen that the drying rate is still affected by solar irradiance.
That is indicated by the increasing drying rate as solar irradiance increases. However, the
drying rate on the second day is lower than the first day and begins to decrease at the 4th
hour. The drying rate decreases because the water content of the dried coffee peels is already
quite low and the drying process has reached its final stage. The final drying rate reaches is
0.04 £ 0.01 kg/h/m2. That is also indicated by the negative drying rate values at the 6th and
8th hours. A negative drying rate indicates that the dried material does not release water
content, but instead absorbs water vapor. That condition can occur when the material's
moisture content during drying is so low that it has the potential to absorb water vapor from
the ambient air. That usually occurs at the end of the drying process. [17, 18].

3.3 Moisture content

The water content of cascara dried using solar energy on aluminium trays and using
perforated rack was analyzed using gravimetric and oven methods based on AOAC 2005.
The cascara water content data is presented in a graph as in Figure 6.
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Fig. 6. Moisture content of dried cascara.

Based on Figure 6, it can be seen that the water content of cascara dried using aluminium
pans is 10.01 = 0.25% (wet basis). The water content of cascara is low enough to inhibit the
growth of microorganisms that can damage the quality of dried cascara during the storage
process. Based on the standard deviation, the water content value is also more uniform when
compared to the results of cascara drying using perforated rack or woven bamboo, which has
a water content value of 10.1 + 3.87% (wet basis) [19, 20].

3.4 Drying efficiency

Drying efficiency using solar energy is the ratio of the energy required to evaporate the water
content of the material to the energy from solar irradiation. The drying efficiency of coffee
peels using aluminium pans is presented in a graph like Figure 7.
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Fig. 7. Drying eficiency of dried cascara.

Based on Figure 7, it can be seen that drying efficiency on the first day, or at the beginning
of the drying process, is quite high about 67.26%. That is because the water content in the
coffee peels is still high, making them easily evaporated. Drying efficiency on the first day
dropped drastically at the 4th hour due to light rain for about 25 minutes. Drying efficiency
at the end of the second day was low (about 3.6%) because the moisture content of the coffee
peels was already low, making evaporation of the material very difficult, as indicated by the
low drying rate and negative drying rate values.

Using aluminum pans for drying cascara shortens drying time compared to using
perforated racks. The use of aluminum pans increases heat transfer by convection and
conduction to the dried cascara. Cascara that sticks directly to the surface of the aluminum
pan will receive heat by conduction from the surface of the aluminum pan. The part of the
cascara that is not in direct contact with the surface of the aluminum pan receives heat by
convection from the heated air on the surface of the aluminum pan and receives direct radiant
heat from the sun. This condition makes the drying process faster when compared to using a
perforated rack.

[21,22,23].

4 Conclusions

The drying time for coffee husks into cascara using solar energy on an aluminium pan is 2
days. The drying rate is approximately 0.33 kg/h/m? at the beginning of the drying process
and 0.04 + 0.01 kg/h/m? towards the end of the drying process. The moisture content of the
dried cascara is 10.01 + 0.25%. The efficiency of the cascara drying process is around 67.26%
at the beginning of the drying process and 3.6% towards the end of the drying process.
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