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Abstract: Conventional drying methods can be improved by utilizing geothermal energy and the
addition of Zeolite-A as an absorbent from the synthesis of Kaolin, which has abundant resources in
Indonesia. The use of geothermal energy for fossil energy substitution results in the development of
more sustainable and safer environmentally, while the use of Kaolin as absorbent will increase
economic value and reduce the export of raw materials in Indonesia. This research was conducted to
study the effect of adding Zeolite-A to the heat pipe heat exchanger (HPHE) system that utilizes
geothermal energy to the performance of tea withering. As a source of geothermal fluid, a water
heater with a capacity of 9000 Watts and hot water flowed with a pump were used. The HPHE used
was constructed of 42 pcs of heat pipes and 181 pcs of the fin. The heat pipe used had a length of
700 mm with an outer diameter of 10 mm, the fluid worked in the heat pipe using water with a filling
ratio of 50%.The fin was made of aluminum with a thickness of 0.105 mm with a size of 76 x 345
mm. The results showed that the effectiveness of HPHE varied from 64.825% to 78.363%. The
Henderson and Pabis model was the best model to represent the behavior of tea leaves using Zeolite-
A, and the Page model for the withering of tea leaves without Zeolite-A. With the addition of Zeolite-
A, the speed of tea leaves withering increased by about 18%. In addition to being environmentally
friendly, the use of geothermal energy can be an alternative energy substitution for drying tea that
uses firewood which is harmful to health because it becomes the source of anthraquinone (AQ) as a
cause of cancer in humans.

Keywords: Heat Pipe, Low-Temperature Geothermal, Kaolin, Zeolite-A, Anthraquinone, Tea

Leaves, Withering, Drying.

1. Introduction

The conventional drying methods have many
disadvantages. The commodities which are dried by sun-
drying depend on the weather can only be done during the
day and are easily contaminated by contaminants because
they are dried in open courtyard. The method of drying tea
leaves still uses fuel-wood and Industrial Diesel Qil (IDO)
as a source of heat energy which has harmful effects on
environmental and human health. Incomplete combustion
of firewood produces polycyclic aromatic hydrocarbons
(PAHSs) which are a source of Anthraquinone (AQ) as a
cause of cancer in humans™®. Thus, the use of solar
energy, the use of fuel-wood and IDOs need to be
combined with other energy or substituted with other

more sustainable energy, one of which is geothermal
energy which is also abundant in Indonesia.

The total geothermal energy potential is around 29,000
MW and is spread throughout Indonesia®. The constraint
on direct use of geothermal energy is that flowing
geothermal fluids must be with the help of a pump or flow
due to differences in the height of the land so electricity
must be available or differences in ground height. The use
of pumps and production pipes is also susceptible to
scaling and corrosion because geothermal fluids have high
silica content and corrosion properties>™. The use of a
heat pipe to extract geothermal energy without flowing its
fluid is one solution.

The heat pipe is a heat transfer device that has a high
conductivity value. Applications of heat pipes are widely
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used for passive cooling in batteries, nuclear, electric
motors or battery, rooms®19), Kerrigan et al. designed heat
pipe radiators to utilize low enthalpy geothermal energy;,
the result is that radiators that use heat pipes have many
advantages compared to conventional radiator panels. The
power density with a heat pipe is twice that of
conventional radiator panels. The use of heat pipes for
melting ice and snow applications utilizing heat from
within the earth has also been carried out with satisfactory
resultst?.

The efficiency and quality of conventional drying also
can be increased by the addition of zeolite as a desiccator,
so that commodity drying can be carried out without high
drying temperatures but using low humidity air, this
makes the quality of commodities dried with the
desiccator maintained!®'?. Djaeni et al.'®, in 2013,
analysed the effects of drying conditions with several
weight ratios of Zeolite and corn. Drying corn with Zeolite
can speed up drying time and increase drying rate
constants and corn nutrition can be maintained. In the
following year, Djaeni et al.*®, conducted a study on the
effect of drying conditions with several weight
comparisons of Zeolite and seaweed, with additional
variations in air humidity testing. With lower air humidity,
energy for drying can be increased, without reducing the
quality of seaweed. Utari et al.}” also conducted a study
on the use of rice with Zeolite. Zeolite drying can increase
the drying rate by 19% compared to the dryer using only
solar energy. The three studies above used a type of
Zeolite 3A produced by Zeochem, Switzerland.

Indonesia, besides being rich in geothermal energy, is
also rich in mineral resources, one of which is Kaolin.
Data from the ministry of energy and mineral resources
(KESDM) state that the production of Kaolin up to 2009
was around 32 million tons'®. To reduce the export of raw
materials, it is necessary to downstream the minerals, as
stipulated in Government Regulation (PP) No. 23 of 2010.
One of the downstream efforts that can be done is to
convert Kaolin into Zeolite-A through the synthesis
process. After being converted to zeolite-A, Kaolin has a
higher economic value. Based on research by Agustina et
al.'?, the synthesis production of Kaolin to Zeolite-A has
a value of feasibility in technical, economic, operational,
and marketing.

This study was conducted to ensure that Kaolin from
mines in Indonesia could be used as an absorbent in the
dryer after being synthesized into Zeolite-A. The solution
to the problem of AQ on tea leaves because of the
conventional drying method using firewood and IDO was
be given by substituting geothermal energy, so the
plantation commodities chosen in this study were tea
leaves. The effect of adding Zeolite-A to the speed of
withering of tea leaves was be investigated. Heat pipe
applications for direct use of geothermal energy as a
solution to scaling problems and the absence of altitude
differences for flowing geothermal fluids was also
discussed.

2. Methodology

2.1 Experimental Set Up

Zeolite-A used in this study is a synthesis of Kaolin
taken from mines in Bangka Belitung. The synthesis
method used a method developed by Ayele et al.?? with a
little modification that eliminates the aging process??,

Air heaters for drying in this experiment used the HPHE
system, which functioned as a heat sink from the
geothermal fluid that consisted of 42 pcs of heat pipes
arranged staggered and 181 pcs of the fin. The material of
heat pipe was copper, using wick in the form of sintered
copper, the working fluid used was water with a filling
ratio of 50%. The dimensions of the heat pipe were 70 cm
long, and the outer diameter was 1 cm. The fin size was
76 x 345 mm, made of aluminum with a thickness of 0.105
mm. The dimensions of fin can be seen in Figure 1(c). The
HPHE was divided into three areas, namely condensers,
adiabatic, and evaporators with area lengths of 35 cm, 10
cm and 25 cm respectively.

The geothermal liquid used in this experiment used a
simulation with hot water from a water heater with a
capacity of 9000 Watts and was flowed by a pump. The
temperature of the water heater was regulated by
temperature control, and the hot air flow was regulated by
an inverter connected to the motor pump. Hot air flowed
with the fan, and the flow could be adjusted through an
inverter. The drying system with HPHE and all supporting
equipment that has been installed can be seen in Figure
1(a).

The placement of sensors in this testing equipment is as
seen in Figure 1(b). All thermocouples were connected to
the NI-cDAQ 9214 module. All RH sensors were
connected to the NI-cDAQ module. Sensors to measure
the weight reduction of tea in the drying tray using a 1000-
gram Load Cell capacity connected to the NI-cDAQ 9237
module. The area of the Zeolite-A tray and drying tray
were 360 x 360 mm? respectively. A portable hot wire
measured airflow in the ducting, and the hot water flow
was measured using a flowmeter mounted after the water
pump. The accuracy value of the all sensors in this
experiment can be seen in Table 1.

Table 1. Accuracy of all sensors used

No Sensors Accuracy

1 Thermocouple +5% °C

2 | Relative humidity meter + 2% relative humidity
3 Load Cell 0.05% full scale

4 Hotwire anemometer +(5%+1d) reading or

+(1%+1d) full scale
Depend on which is larger
* 2% full scale

5 Water flow meter
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Fig. 1. (a) Schematic testing tool; (b) Schematic placement
of measuring instruments; (c) Size of the fin

2.2 Experimental Procedure

To remove and evaporate water vapour and any water
trapped in the pores of Zeolite-A before being used as an
absorbent for the drying system at each change of
variation test, Zeolite-A needed to be regenerated first.
Regeneration was done by inserting Zeolite-A into the
oven at 100 °C for 1 hour. Zeolite-A mass variations used
were 100, 200, and 300 grams. After regeneration,
Zeolite-A was left in the air vacuum container for 15
minutes so that the temperature dropped. Zeolite A was
placed scattered over the tray, as seen in Figure 1(a).

The fresh tea leaves used in this study were picked from
plantations in the Gunung Mas Tea Plantation area, PTPN
VIII, located in Bogor, Indonesia. Before putting it in the
drying tray, the tea leaves were measured initially in water
content. Water content measurements were carried out by
applying 1980 AOAC standards and ISO 712.

The measurement of tea leaves moisture content was
carried out according to the following steps: Petri dish as
a container for putting dried leaves in the oven at 105°C
for 15 minutes. After that, to remove any residual moisture,
the Petri Dish was put in the desiccator for 15 minutes,
then weighed. Good tea leaves were selected and weighed
+ 3 grams. So, we got the weight of wet tea leaves. 3 grams
of tea leaves were put into a Petri dish and put in an oven
at 105°C for £ 3 hours. Dry tea leaves were then put into
the desiccator for 15 minutes, then weighed. The above
process was repeated until the constant dry weight of tea
was obtained (c 0 0.05). So, we got the weight of dry tea.
So, the moisture content of tea leaves was: Moisture
content (dry basis) = (weight of wet tea leaves - dry weight
of tea leaves) / (dry weight of tea leaves) x 100 %. Water
content (dry basis) = (weight of wet tea leaves - dry weight
of tea leaves) / (weight of wet tea leaves) x 100 %.

Water heaters were set at a temperature of 50 °C. While
the flow of hot water was set at a value of 18 liters/second,
where this value was the optimal value of hot water flow
in previous studies?®. Airspeed was chosen from
Panchariya et al.® and was arranged as part of the
independent variables, namely 0.2, 0.4, and 0.6 m/s.

The steady state was reached after about an hour the test
equipment operated, and then the tea leaves were inserted
into the drying tray and Zeolite-A into the Zeolite tray. For
each variation, the test was carried out for two hours. The
weight of 100 grams of tea was chosen because it adapted
to the dimensions of the tray and according to the weight
of tea in the same study?”. After the testing was complete,
the weight of the tea and Zeolite-A was weighed with a
digital scale to determine the final weight.

2.3 Experiment Data and The Withering Model
Validation

The performance of HPHE could be indicated by the
value of effectiveness (-), and was calculated by the
following equation:
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