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Abstract. Utilization of solar rays is currently very intensively carried out as renewable energy 
by utilizing endless energy due to its use, namely sunlight. Solar Cell or commonly called 
Photovoltaic system is a module that is used to absorb heat which is exposed to sunlight which 
is converted into electrical energy. The magnitude of the potential of sunlight that can be 
absorbed depends on the cell size and absorption of a solar cell against sunlight. In order to 
optimize the use of solar panels, a control system is needed that can control the position of the 
solar panel to always follow the direction and position of the sun automatically. Using modules 
(solar panels) with a capacity of 100 Wp can absorb heat converted to electricity as much as 100 
watts/hour. This is a big advantage if it is able to be applied as a conventional electric substitute. 
In Southeast Asia in Aceh especially the sun shines from 09.00 a.m. until 15.00 a.m. this is a big 
advantage, by using a solar cell that has a capacity of 100 Wp for ± 5 hours a day when exposure 
to sunlight can produce power of 650 Watts/day. If the solar cell is used as many as 48 units of 
solar cells, then in a day can produce as much as 24,000 watts of electrical energy. This potential 
electrical energy can commonly use to facilitate the distillation of essential oils. 

Keywords. Solar cell; Photovoltaic; Distillation essential oil 

1.  Introduction 
In the industrial world, distillates of essential oils are known as fragrance oils. Just as the essential oil 
industry in Indonesia is still carried out by entrepreneurs who have a large capital, because the essential 
oil extraction and distillation process requires equipment at very expensive prices, so essential oils have 
not become a household industry with a small scale of production. For this reason, it is necessary to 
develop cheaper process equipment that is affordable to the home industry and can generate profits for 
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the entrepreneurs, so that the essential oil industry can be more popular so that natural resources, 
especially in the plantation sector can be utilized optimally and can also become new jobs that absorb 
human Resources. This essential oil is used in food, medicine and cosmetics, etc. And it is an income 
business for the farming community [1]. 

Scented lemongrass oil is one type of essential oil that is widely produced in Indonesia and is also 
an export commodity, especially in the Aceh Province. Scented lemongrass oil is generally produced 
with 3 methods, namely the method of distillation, extraction, and pressing. Here I want to try with the 
Distillation Method. Where this method can be done with a medium of water, steam or water-steam 
mixture [2,3]. This is because the distillation or distillation method is a cheap and simple technology to 
be applied to our farmers, especially farmers from North Aceh and Lhokseumawe. For the condition of 
farmers in Indonesia, the method of steam distillation is the most widely used by farmers today. 

Distillation or distillation itself is the process of separating a component from a mixture, which is a 
mixture has more than one component. The principle of distillation separation is by way of the law based 
on differences in boiling points, and can only be done on substances that are volatile (rapidly 
evaporating) [4,5]. As for distillation, which is commonly used as an energy source for heat or steam, it 
generally uses conventional wood fuel, gas, which functions to heat the mixture of substances that want 
to be separated based on the boiling point difference [6]. However, in this research, the researchers want 
to replace the thermal energy source or the steam is from an electric heater, where the electricity source 
comes from sunlight that changed using solar cell (photovoltaic). 

The problems faced today are the heat sources used in general using conventional fuelwood, gas and 
electricity that are increasingly diminishing incapacity. Therefore, researchers want to use sunlight as a 
heat source in the distillation process by utilizing solar energy using solar panels commonly referred to 
as photovoltaic (solar cell) systems.  The solar energy is one of alternative energy that is growing rapidly 
nowadays as a substitute for energy from fuelwood, gas, conventional electricity as a power plant [7-
10]. To take advantage of the potential of solar energy, the equipment currently used is commonly called 
photovoltaic (solar cell) or solar panels. The magnitude of the potential of sunlight that can be absorbed 
depends on the cell size and absorption of a solar cell against sunlight [11]. To optimize the use of solar 
panels, a control system is needed that can control the position of the solar panel to always follow the 
direction and position of the sun automatically [12,13]. This system is called tracking solar cell so that 
the efficiency of the utilization of sunlight can be increased. 

Solar cells with technological advancements are becoming very common today. As we know the 
solar cell is a device that converts sunlight directly into electricity and the advantage is that sunlight can 
be obtained every day freely. The use of solar cells is very wide in the world, as an example of the most 
common use in calculators and replaces battery functions. As long as the light is available, the calculator 
can function forever [14]. Larger solar cells are also used to provide power for traffic lights, telephones, 
street lights, homes, ships, solar electric cars that can operate without oil, and so on [15,16]. In this case, 
the researcher wants to use solar power for the process of distillation of citronella oil (volatile). 

2.  Methodology 

2.1.  Materials 
Solar Panel 100 Wp (1200x540x30mm), 12V 100Ah Battery, Solar Charge Control, DC-AC Inverter, 
Element Heater, Distillation Device Scented lemongrass (distilled kettle), Erlenmeyer 100 ml, 100 ml 
measuring cup, Leaves of Citronella 3 Kg, and aquadest.  

2.2.  Density analysis 
Weigh Blank Picnometer, Fill empty pycnometer with 10 grams of lemongrass oil distillate. 
Furthermore, the value of the weighing pycnometer content of fragrant lemongrass is reduced by an 
empty pycnometer. The results of the two values are the density values of the fragrant lemongrass. This 
treatment was done by varying the mixing time (0, 1, 2 and 3 days) and distillation time (2, 4 and 6 
hours). 
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2.3.  Analysis of index bias 
Drop the sample to be examined for the refractive index at the place of the refractometer sample. Cover 
tightly and let the light pass through the solution and the prism so that the light on the screen in the tool 
is divided into two. Slide the boundary mark by rotating the control knob, so that it intersects the 
intersection point of two intersecting diagonal lines visible on the screen. Observe and read the refractive 
index scale indicated by the scale screen needle through a microscope. The two-colour result screen has 
been arranged so that it gives two colours that have clear and firm colours. This treatment is done by 
varying the mixing time (0, 1, 2 and 3 days) and distillation time (2, 4 and 6 hours). 

2.4.  Gas Chromatography-Mass Spectrometry (GC-MS) analysis 
GC-MS was associated with a mass spectrometer (Agilent 5975C) using DB-1MS capillary columns 
(30 x 0.25 mm D 0.25 μm thick layer). The injector temperature and detector are set at 250 ° C Oven 
temperature are programmed at 60 ° C for 3 minutes, raised at 3 ° C / min to 240 ° C and then held for 
10 minutes. Helium as a gas carrier is set at a flow rate of 1.2 mL/minute. The volume of the sample 
injected is 1.0 μL. This treatment varied the mixing time (0, 1, 2 and 3 days) and distillation time (2, 4 
and 6 hours). 

3.  Results and discussion 
The photovoltaic system that is used consists of an electric element device that has 2000 watts of energy 
absorption with varying time usage, ie 2, 4 and 6 hours. Then the energy needed for this system is 4000, 
8000 and 12,000 Watts. 

The time of daylighting takes place from 09.00 to 15.00 with the time of irradiation for ± 5 hours. 
For the use of Solar Cell, here we use a solar cell with a capacity of 100 Wp. With the consideration of 
the energy needed as much as 4000 watts, 8000 watts and 12000 watts with the consideration that there 
is no sunlight caused by rain or rain, energy-saving is applied for 2 days, then 4000 watts x 2 = 8000 
watts, 8000 x 2 = 16000 watts and 12000 x 2 = 24,0000 watts of energy needed. Set at the largest usage 
of 24,000 watts. So with 24,000 watts of power with a time of irradiation for 5 hours/day with a capacity 
of 100 Wp solar cell, the number of solar cells needed is 24,000: (5 x 100) = 48 units of solar cells 
needed. The power storage using batteries with a capacity of 12V / 100 Ah used to deliver the generated 
energy by 24,000 watts. The number of batteries needed to store electric current is 24,000: 1200 = 20 
Units with a 12V / 100 Ah capacity, and to control excessive electric current or decide the distribution 
of electrical energy produced by the solar cell stored in the battery. Then we use the controller as a safety 
against damage to the solar cell and battery damage due to the supply of excessive electrical energy. 
One of the stages to extend the life of a Photovoltaic device. 

In supplying electric current from the battery to the electrical element (Heater on the distillation 
device) the Inverter used as a safety and connecting to control the energy supplied from the battery to 
the electrical element as a heater. Figure 1 and figure 2 show the photovoltaic circuit diagrams. 

 

 
Figure 1. Photovoltaic circuit without distillation. 
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Figure 2. Photovoltaic circuit. 

3.1.  Density analysis 
Fragrant citronella oil is carried out during distillation at 2, 4 and 6 hours with the drying time being 
carried out i.e without drying and with a drying of 1, 2 and 3 days. From the results of the distillation, 
the citronella oil yield is fragrant, which is then tested using a pycnometer. Table 1 summarises the 
results of citronella oil density. 

 
Table 1. Results of citronella oil density. 

Distillation 
Time 

(Hours) 

Lemongrass Oil Density Fragrant (kg/cm3) 
Drying Time (Days) 

0 1 2 3 
2 0.8885  0.8895 0.8889 0.8875 
4 0.8884 0.8894 0.8887 0.8878 
6 0.8885 0.8892 0.8888 0.8877 

 
Figure 3 depicts the distillation graph the value of citronella oil fragrance. The graph plotted with the 

distillation time at the time of drying analysis using a pycnometer, which obtained with the results of 
fragrant lemongrass oil. 
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Figure 3. Distillation graph for the value of citronella oil fragrance. 

 
The distillation from the fragrant citronella obtained the highest value at the time of distillation 2 

hours with a drying time of 1 day, which was 0.8895 kg / cm3. Because the leaves of citronella are not 
too dry, so the oil produced can be distilled well and at the lowest value at the time of distillation 2 hours 
with a drying time of 3 days, which is 0.8875 kg / cm3, because the leaves of fragrant citronella are too 
dry so that the oil content obtained is less. 

3.2.  Analysis of index bias  
The refractive index of a substance is a measure of the speed of light in a liquid compared to when it is 
in the air [17]. The refractive index is one of several important optical properties of the medium. In the 
field of chemistry, measurement of the refractive index is widely used, among others, to determine the 
concentration of the solution [18] and to know the composition of the ingredients of the solution. 
Refractive index used to determine the quality of a solution. Table 2 summarizes the result of citronella 
oil density. 
 

Table 2. Results of citronella oil density. 

Distillation 
Time 

(Hours) 

Refractive Index of Citronella Oil 
Drying Time (Days) 

0 1 2 3 
2 1.4656 1.4638 1.4626 1.4618 
4 1.4655 1.4635 1.4624 1.4619 
6 1.4646 1.4636 1.4625 1.4614 

 
Measurement of refractive index used in the industry to determine physical parameters in the form 

of concentration, temperature, pressure and others [19]. The solution refractive index is a very important 
characteristic parameter and several related parameters such as temperature, concentration, etc., [20] 
estimated from that. Refractive index and viscosity have many benefits in daily life, for example as the 
quality parameter of cooking oil where the oil that has the best quality is an oil that has a high refractive 
index and viscosity [21]. Figure 4 shows the index bias graph for the value of citronella oil fragrance.  
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Figure 4. Index bias graph for the value of citronella oil fragrance. 
 

From the results of the chart plot above, it can be seen that the highest value at the time of distillation 
is 2 hours with a drying time of 0 days, which is 1.4656. Because the leaves of citronella used are still 
fresh, so the oil produced has a purity that is better than the others. And at the lowest value at the time 
of distillation 6 hours with a drying time of 3 days which is 1.4614, because the leaves of citronella are 
too dry so that the oil content (purity) of the oil produced is reduced (not in the best condition). 

3.3.  Gas Chromatography-Mass Spectrometry (GC-MS) analysis 
Gas chromatography-mass spectrometry (GC-MS) is a combination method between gas 
chromatography and mass spectrometry that aims to analyse various compounds in a sample. Gas 
chromatography and mass spectrometry have their respective working principles, but both can be 
combined to identify a compound both qualitatively and quantitatively. 

Gas chromatography is one of the chromatographic techniques that use the principle of mixture 
separation based on differences in the speed of migration of its constituent components. Gas 
chromatography is usually used to identify a compound found in a gas mixture and also determine the 
concentration of a compound in the gas phase. This method is one of the separations that at the same 
time can analyze organic and inorganic compounds that are non-volatile and volatile [22,23]. 

 

 
Figure 5. Results of gas chromatography-mass spectrometry (GC-MS) analysis of citronella oil is 

fragrant. 
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Likewise, from the findings in the sample obtained the highest number of compounds with a percent 

indication of the composition of the main compounds having high levels, among others Geraniol 
47.32%, eugenol 34.01%, Germacrene-D 10.32% and Citronella 8.35% in distillation for 2 hours and 
without drying produce fragrant citronella oil products with good purity. 

4.  Conclusion 
Purification of essential oils using heating from electricity produced by utilizing sunlight is very 
effective compared to heating using firewood because it is more efficient in energy use, environmentally 
friendly and the refining process is faster. The highest density analysis value at distillation is 2 hours 
with 1-day drying time, which is 0.8895 kg / cm3, and the highest refractive index value is at 2 hours 
distillation time with 0 days drying time, which is 1.4656. GC-MS analysis showed Geraniol 47.32%, 
eugenol 34.01%, Germacrene-D 10.32% and Citronella 8.35% in distillation for 2 hours and without 
drying producing citronella oil with good purity. 
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