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 The sun is one of potential renewable energy resources. One of the 
utilization of solar energy as the main source of energy for the 
adsorption refrigeration cycle cooling machine to produce cooling 
effect. In this research, the type of collector used is flat plate collector. 
Collector insulation on refrigeration machine use plywood, EVA foam, 
styrofoam, rockwool, and glass. The surface area of collector is 1 m2 
with thick of the plate is 1 mm. In this reasearch carbon active used is 
technical carbon active/granular filled in collectors as much as 18,5 
kg,methanol used is pro-analysis with purity 99,9% as much as 5 liters, 
and water as cooling medium as much as 6 liters. Tilt angle of collector 
in this reasearch is 0

o
. From this reasearch obtained lowest 

temperature of water is 9,98
o
C. Highest total energy absorbed by 

collector as much as 3,186 MJ with ambient temperature about 28,6 
o
C. 
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1. INTRODUCTION 

 
As a country with a tropical climate, big cities in Indonesia generally need coolers for air 
conditioning (Karyono, 2001). Electrical energy consumption for cooling and air conditioning in 
commercial buildings in big cities in Indonesia can reach 60% (Ratnasari, 2022). Therefore, the 
solution that is currently being developed is a cooling technique by utilizing solar energy (Maysha & 
Trisno, 2013). The Indonesian archipelago is located at the equator, namely 60 LU – 110 LS, 
where the apparent trajectory of the sun does not change throughout the year (Junata & 
Nopember, n.d.). Then the territory of Indonesia will always be exposed to the sun an average of 
10-12 hours a day (Pratama et al., 2018). According to Indonesia's white energy data in 2006, it is 
estimated that the average intensity of solar radiation that falls on the surface areas of the islands 
in Indonesia is around 4.8 kWh/m2 every day. This energy can be utilized in the form of direct 
electricity (photovoltic) as well as in thermal form (Widayana, 2012). Because the efficiency of 
energy conversion is still better, this research is focused on the utilization of solar energy thermally 
(Marwani et al., 2019). Utilization of solar thermal energy can be used for several applications, 
such as drying and cooling (solar cooling) (Sitorus, 2018). From the two facts above, the potential 
for solar energy is quite large and the need for cooling is quite large, which is the background of 
this research (Panjaitan, 2019). A major research theme is capturing solar radiation energy in 
thermal form and utilizing it to produce cooling (refrigeration) (Bako, 2016). 

The objectives of this thesis research include: (1) Knowing the minimum temperature of cooled 
water (Pranoto et al., 2022). (2) Knowing the changes in the volume of methanol in the adsorption 
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and desorption processes (Harjunowibowo et al., 2014). (3) Knowing the efficiency value of 
adsorption refrigeration engine components. (4) Knowing the actual COP value of the refrigeration 
machine (Damanik, 2016).The benefits of research from this thesis are: (1) As a discourse and 
reference for further research on solar-powered cooling machines, especially in terms of collector 
area and collector angle (Dewi, 2010). (2) Produce an energy-saving and environmentally friendly 
refrigeration machine (Wibisono, 2020). (3) It is hoped that later it can be developed to meet the 
needs of the community with the aim of saving the use of electrical energy (Mbolo, 2011). 
 
2. RESEARCH METHOD 

   
2.1 Research Implementation Method 

 

In the implementation of this research, activities include the following stages: 

 
Figure 1. Research Flowchart 

  

3. RESULTS AND DISCUSSION 
 

3.1. Test result 
 
3.1.1. First Day Test 
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Table 1. Adsorption Cycle (22 - 23 September 2016) 

 
 

3.1.2. Second Day Test 

Table 2. Adsorption Cycle (26-27 September 2016) 
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3.1.3. Third Day Test 

Table 3. Desorption Cycle (27 September 2016) 
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Table 4. Adsorption Cycle (27 - 28 September 2016) 

 
 

3.2. Graphic Analysis 
 

3.2.1. Weather Conditions During Testing 

The process of this research is related to the weather conditions during the test, where the intensity 
of solar radiation and environmental temperature are related to this research. Then used HOBO to 
get the data. The following data is obtained from HOBO. The following data were obtained from 
HOBO on days I, II, and III. 

 
Figure 2. First Day Solar Radiation Intensity 
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Figure 3. Second Day Solar Radiation Intensity 

 

 
Figure 4. Third Day Solar Radiation Intensity 

 
From the data above, the highest intensity of solar radiation was obtained on the first day of 803.1 
W/m2, on the second day of 849.4 W/m2, and on the third day of 665.6 W/m2. 
 

3.2.2. Analysis of Water Changes to Ice 

In the tests carried out, the lowest water temperature was 9.98 oC, the evaporator plate 
temperature was 10.22 oC and the evaporator pressure was 0.07 bar. At this temperature the 
water has not turned into ice. This is because the freezing point of water is 0 oC. At the evaporator 
pressure reaches 0.07 bar, the boiling point of methanol is only 8 oC. In order for water to reach its 
freezing point, methanol as an adsorbate must at least reach a boiling point of 0 oC. In this case 
the evaporator as a methanol container must reach a pressure of 0.043 bar.This is done so that 
methanol absorbs heat from the environment in this case the evaporator plate and water, so that 
the water temperature will drop following the lowering of the boiling point of methanol and the water 
will reach its freezing point. 
 

3.3. Methanol Volume 

The volume of methanol was measured during the adsorption and desorption processes. Where 
the desorption process starts at 08.00 and the adsorption process starts at 17.30. The following is 
the methanol volume measurement data taken during the test 
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Table 7. First Day Methanol Volume 

 
 

Table 8. Second Day Methanol Volume 
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Table 9. Third Day Methanol Volume 

 
 

Table 10. Temperature Recapitulation of Cooling Engine Components During Testing 

 
 
3.4. Data Processing 

Research on solar adsorption cycle cooling machines has already been carried out in various 
countries and several people from the USU Department of Mechanical Engineering have also done 
it. Therefore, this study is also based on these studies and from the results of these studies several 
conclusions can be drawn such as: (1) The most commonly used collectors are flat plate and 
parabolic evacuated tubes, but among the two collectors the most frequently used is the flat plate 
type because it is more economical, easy to maintain and quite efficient. (2) The condenser used is 
an air cooled condenser so that the condensation process takes place due to natural convection. 
(3) The evaporator used is in direct contact with the cooled water (direct cooling). (4) The main 
component materials (collector/absorber, condenser and evaporator) commonly used are copper or 
stainless steel. (5) The activated carbon-methanol pair has been widely used in previous studies. 
Because the final temperature obtained is able to reach temperatures below 0oC. The resulting 
Coefficient of Performance (COP) is also high. (6) The optimum mass of activated carbon to be 
filled into the collector is 20 – 26 kg/m2. (7) The ratio of effective adsorption to methanol is only 
0.26 kg/kg activated carbon. In other words, 1 kg of activated carbon is only able to absorb a 
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maximum of 26% of the mass of activated carbon used. Based on the conclusions above, it is used 
as the basis for this research which can be described as follows: (1) The collector used is a flat 
plate type. (2) The condenser used is an air-cooled condenser with the addition of fins in the form 
of a horizontal flat plate with the aim of accelerating the process of heat transfer from the 
condenser to the ambient air. (3) The evaporator used is in direct contact with the cooled water. 
Therefore, at the bottom of the evaporator there is an addition of fins (trapezoidal grooves) with the 
aim of increasing the surface area of contact of the evaporator wall with the cooled water so as to 
accelerate the process of absorption of heat/heat from the water. The mass of the evaporator used 
= 2.3 kg. (4) The main material of the component (collector/absorber, condenser and evaporator) 
used is stainless steel with consideration of lighter and cheaper although its conductivity is lower 
than copper but still optimally used in adsorption cycle refrigeration machines. (5) The adsorbent 
used is ordinary/technical activated carbon with consideration of a more affordable price, widely 
available and easy to obtain. While the adsorbate/refrigerant is pro-analyst methanol (purity 
99.9%). The use of pro-analyst methanol due to its high purity is expected to be optimally adsorbed 
by activated carbon. (6) For a collector with an absorber surface area of 1m2, then: The optimum 
mass of activated carbon used is 20kg – 26kg. In the previous test, the mass of activated carbon 
used was 25kg. However, to increase absorption effectiveness, In this study, the collector 
thickness was reduced by half from the previous collector thickness by remaking the collector, so 
that the mass of activated carbon that can be filled in the collector is 18.5 kg. (7) For 18.5 kg of 
activated carbon, then: Maximum mass of methanol = 26% x 18.5 kg of activated carbon = 4.81 kg 
= 3.79 liters ( = 0.790 kg/liter) (8) Collector Tilt Angle 0o. 
. 
4. CONCLUSION 

 

The conclusions obtained from this research are: (1) After testing, the lowest temperature of cooled 

water is 9.98 oC with a pressure of 0.08 bar, where the initial temperature of the test water is 

26.01oC. (2) The volume of methanol adsorbed in the first test was 1.02 liters. In the second test 

the volume of desorbed methanol was 0.78 liters, during the adsorption process the volume of 

methanol adsorbed was 0.29 liters. In the third test the volume of desorbed methanol was 0.15 

liters, at night the volume of methanol adsorbed was 0.09 liters. (3) The actual energy absorbed in 

the first test is 2,523 MJ. In the second test, the actual energy absorbed is 3.129 MJ. In the third 

test, the actual energy absorbed is 3.186 MJ.  in the first test of 16,443 Watt, in the second test 

of 20,436 Watt, in the third test of 17.305 Watt. Efficiency of the evaporator for the first test of. 

53.37%, on the second day it was 65.44%, and on the third day it was 51.51%.5. The actual COP 

value of the cooling machine in the first test was 0.1598, the second test was 0.0776, and in the 

third test it was 0.0237. 

The suggestions given for further research are: (1) Further research uses a vacuum pump with 

greater power so that it can provide greater vacuum pressure and increase the COP of the cooling 

machine. (2) Research is conducted on months that get a large intensity of solar radiation so that 

the efficiency of the cooling engine is more optimal. (3) Then use a volume measuring tool that is 

better and more accurate to determine the reduction in the volume of methanol. (4) The HOBO 

Micro Station needs to be properly maintained and checked before testing whether all sensors are 

functioning properly. 
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