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Given Indonesia's average atmospheric humidity of 75% to 85%, this study explores the 

potential of atmospheric air as an alternative clean water source to mitigate water 

shortage. The research employs a thermoelectric cooler (TEC 1-12706), supplemented 

with a heatsink and fan on its hot side to enhance heat dissipation. A copper-made cooling 

coil serves as both a heat absorber and a condenser for atmospheric air passing through 

it. The cooling source for the coil (diameter=7.9mm; length=1000mm) is derived from a 

waterblock attached to the cooler's cold side. Experiments were conducted across three 

environmental conditions: laboratory, residential area, and coastal area, with the air flow 

rate of the heatsink cooling fan varied. Data collection spanned a humidity range of 

72.27%-83.01%. Findings revealed a direct correlation between the air mass flow rate of 

the heatsink cooling fan and the amount of water extractable from the air. In initial testing 

at the Laboratory, at a mass flow rate of 0.046 kg/s it produced 4.25 ml/hour and at 0.069 

kg/s it produced 4.625 ml/hour and at 0.092 kg/s it produced 5.5 ml/hour. Furthermore, 

from the three environmental conditions tested, more water can be extracted on the coast 

than in laboratories and residential areas. In coastal areas, the air mass flow rate is 0.092 

kg/s, water that could be extracted is 7.75 ml/hour, while in the laboratory environment 

it is 5.5 ml/hour and in residential areas it is 4.75 ml/hour. These promising results 

encourage further research to augment water extraction by maximizing the contact 

surface between the air cooler and the coil surface, potentially offering a viable solution 

for clean water shortage. 
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1. INTRODUCTION

Water, a fundamental necessity for all life forms, is derived 

from varied sources contingent on local conditions and regions 

[1]. Its importance escalates as living conditions evolve [2, 3]. 

Despite its abundant water resources, with an availability of 

15,500 cubic meters per capita per year, surpassing the global 

average of 8,000 cubic meters per year, Indonesia grapples 

with clean water shortage [4, 5]. 

Approximately 19% of Indonesia's 270 million inhabitants 

reside in urban areas, with a mere 39% accessing clean, state-

provided piped water. Rural areas fare worse, with only 5% 

utilizing a piped system, 48% resorting to non-piped systems, 

and the remaining 47% dependent on dug wells and 

unprotected water sources [6]. 

Given Indonesia's average atmospheric humidity of 75% to 

85%, the abundant water vapor presents an innovative clean 

water source. With an average temperature of 27.2℃, the 

potential for atmospheric water vapor extraction is high [7]. 

Consequently, research into atmospheric water vapor 

condensation may offer an effective solution to the global 

water shortage. 

One way to condense water vapor from the atmosphere is to 

use a thermoelectric cooler (TEC) [8]. The working principle 

of TEC as a water cooler has been carried out by Djafar et al. 

[9, 10] and recently Kiran and Prakash [11]. 

Several studies related to the utilization of TEC elements 

have been carried out, among others; Baheramsyah et al. [8] 

conducted research on a lifeboat by making a set of tools for 

producing fresh water from air based on TEC and obtaining 53 

ml/hour of clean water. Prasetyo and Wirenda [12] have also 

examined the use of TEC elements in combination with a 

waterblock and heatsink as a heat absorption and release 

system on both sides of the TEC elements. 

Interesting research has been carried out by Riahi et al. [13] 

in designing and testing fresh water condensation components 

from atmospheric air in tropical conditions at the University of 

Science Malaysia campus environment using 18 TEC modules 

with 18 heat sinks and 18 cooling fan units on observations 24 

and 48 o'clock. The results show that the value of clean water 

production is proportional to the relative humidity of the air, 

but inversely proportional to the ambient temperature. Night 

conditions are best for fresh water. The test results produce 

approximately 3.5 liters of clean water for 24 hours and 7 liters 

in 48 hours with clean water quality according to WHO 

standards. 

This study aims to evaluate the performance of the TEC 

element as the primary cooling component in the air 

condensation process, to determine the amount of clean water 

that can be obtained from a prototype placed in tropical 
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conditions in the Gowa Regency, Indonesia. Unlike previous 

research [13] which conducted data collection solely in a 

campus environment, this investigation encompasses three 

locations: a university campus, residential areas, and the coast. 

This expanded scope will provide a more comprehensive 

understanding of diverse areas and atmospheric conditions. 

The effectiveness of a tool, defined as its ability to achieve 

maximum results, can be determined by comparing the results 

obtained from testing and the theoretical calculations. The 

following are the formulas used in this study to obtain the 

effectiveness of the model: 

1.1 Effectiveness 

The effectiveness of AWG is obtained by comparing 

theoretical water with actual water. Theoretical Water is a 

measure of the amount of water expected to be obtained using 

calculations and actual water is the water obtained during the 

data collection process. 

Theoretical Water can be calculated by the following 

equation: 

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 = �̇�(𝑤𝑖𝑛 − 𝑤𝑜𝑢𝑡) (1) 

where, win is the moisture ratio of incoming air and wout is the 

moisture ratio of the outgoing air. 

Effectiveness can be calculated using the equation: 

𝜀 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑊𝑎𝑡𝑒𝑟

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑤𝑎𝑡𝑒𝑟
100% (2) 

where, Actual Water is Water obtained during data collection 

(ml/hour), Theoretical Water is Water obtained by calculation 

(ml/hour) and 𝜀 is Effectiveness (%). 

1.2 Intake air mass flow rate 

Incoming air mass flow rate is a measure of the mass of air 

entering the AWG device per unit time [14]: 

�̇� =
𝑣𝐴

𝑉
(3) 

where, �̇� is the inlet air mass flow rate (kg/s), V is the specific 

volume of air (m3/kg), A is the inlet area (m2) and ν is the inlet 

air velocity (m/s). 

1.3 Intake and exit air conditions 

Important parameters of the condition of the incoming and 

outgoing air are a measure to show the specifications/ 

properties of the air, both entering and leaving the AWG tool, 

namely Partial Pressure of water vapor, Relative Humidity, 

and Humidity Ratio. 

The partial pressure of water vapor is calculated by the 

following equation [15]: 

Ps = 𝑃𝑗𝑤𝑏 − 0.5 (𝑇𝑑𝑏 − 𝑇𝑤𝑏)
𝑃𝑡

755
(4) 

where, Pjwb is Wet bulb saturated vapor pressure (mmHg or 

kPa), Ps is Partial pressure of water vapor (mmHg or kPa), Tdb 

is Dry bulb temperature (℃), Twb is Wet bulb temperature 

(℃), and Pt is pressure atmospheric air (mmHg or kPa). 

Relative Humidity is calculated by the equation [16]: 

𝑅𝐻 =
𝑃𝑠

𝑃𝑗𝑑𝑏
(5) 

where, Pjdb is the dry bulb saturated water vapor pressure 

(mmHg or kPa), Ps is the partial pressure of water vapor 

(mmHg or kPa), RH is Relative Humidity (%). 

The Humidity Ratio is calculated by: 

𝑤 = 0.622
𝑃𝑠

𝑃𝑡 − 𝑃𝑠
(6) 

where, Ps is Saturated vapor pressure (mmHg/kPa), Pt is air 

pressure (mmHg or kPa), w is Humidity Ratio. 

2. EXPERIMENTAL METHODS

Figure 1 shows a prototype of the Atmospheric Water 

Generator. As a cooler, a thermoelectric cooler (TEC) is used 

where the cold-side to cools the water block (WB) and the hot 

side is cooled by a heatsink equipped with a fan (TEC used is 

type TEC 1-12706 with dimension of 4mm×4mm×0.4mm; the 

WB dimension used is 120mm×40mm×12mm and made of 

Aluminum material; Heatsink dimensions are 

97mm×73mm×135mm, with a 6mm heatpipe diameter of 4 

rods; Fan dimensions are 90mm×90mm×25mm with 

maximum input voltage-current 12V-0.18A). Cold water on 

the WB is circulated through a cooling coil (7.9mm in 

diameter and 1000mm in length) using a pump. This cooling 

coil (made of copper material) functions to condense water 

vapor in the air that enters the AWG and the condensate is 

accommodated in a reservoir. In this study, the Thermoelectric 

Cooler was placed on two sides of the AWG as shown in 

Figure 1. 

Figure 1. Schematic of the atmospheric water generator 

(AWG) condensation system 

The number of modules used on each side is the same. The 

number of modules on each side is varied as follows: 2 single 

module (SM), 2 stacked two/double modules (DM) and 2 

stacked three modules (TM). Furthermore, the fan air speed 

for the heatsink is also varied respectively 12 m/s or equivalent 

to a mass flow rate of 0.092 kg/s, 9 m/s with a mass flow rate 

of 0.069 kg/s and 6 m/s with a mass flow rate of 0.046 kg/s. 

Air velocity changes are made by changing the input voltage 

to the fan and are measured using an anemometer. 

The test data taken is the temperature of the cold side of the 
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TEC module, the temperature of the hot side of the TEC 

module, the temperature of the heatsink-fan, the inlet air 

temperature (both TWB wet air temperature and TDB dry air 

temperature), air temperature leaving the condensation 

chamber (TWB & TDB), waterblock temperature, water 

temperature leaving the waterblock, condensation room 

temperature, cooling coil wall temperature, ambient air 

temperature (laboratory, residential area, and coast), 

condensate volume (water produced). 

Data collection was carried out by acquisition with the help 

of the LabVIEW software program [17]. The duration of data 

collection was carried out for 240 minutes. The test was 

repeated three times to get valid results. 

3. RESULTS AND DISCUSSION

From the test results and data analysis, several test 

parameters were obtained which became indicators of the 

success of this study, namely TEC Cold Side Temperature, 

Condensation Chamber Temperature, Air Relative Humidity 

(RH), Condensed Water Volume, and AWG efficiency. 

3.1 Temperature of the cold and hot sides of the TEC 

module 

Figure 2 shows the temperature of the cold side and hot side 

of the TEC module on the AWG system in a laboratory 

environment with a test duration of 240 minutes with a cooling 

fan air mass flow rate of 0.092kg/s. The TEC cold side and hot 

side temperature graphs have remained constant since the 20th 

minute. The temperature difference between the hot and cold 

sides for single and double modules is only around 15℃ while 

for triple modules it reaches 31℃. This is because the triple 

module requires a higher voltage to achieve a minimum cold 

side temperature. Experimental shows that each module 

requires a voltage of about 4 Volts to reach the best cold side 

temperature. For SM, the best voltage is 16V, DM is 30V, and 

TM is 50V. 

Figure 2. History cold side and hot side temperatures for 

three variations of the TEC module series with a duration of 

240 minutes in laboratory environment conditions 

The cold side temperature of the TEC module is an 

important parameter (initial indicator) of the success of this 

study. Initial testing was carried out in the laboratory area. The 

single module (SM) and dual module (DM) have temperatures 

on the cold side which are still above 25℃ so it is difficult to 

expect condensation of atmospheric air, while the triple 

module (TM) can already reach 10℃. In this study the best fan 

air speed occurs at an air speed of 12 m/s or equivalent to a 

mass flow rate of 0.092 kg/s. Increasing the air speed of the 

fan will increase the convection coefficient which will 

ultimately increase the rate of heat release on the heatsink. 

Henceforth the results shown are only for a mass flow rate of 

0.092 kg/s. 

Figure 3. History of temperature on the cold side and hot 

side of the triple TEC module with three different 

environmental conditions 

Figure 3 shows the difference in cold side and hot side 

thermoelectric cooler (TEC) temperature values for the triple 

Module at a mass flow rate of 0.092 kg/s in three 

environmental variations: laboratory, residential, and coastal 

areas. The lowest temperature of the cold side TEC and the 

highest temperature of the hot-side TEC were obtained in the 

laboratory environment. The cold-side TEC temperatures in 

the laboratory, residential areas, and coastal areas are 

10.693℃, 11.674℃ and 11.690℃ and the hot-side TEC 

temperatures are 41.988℃, 41.815℃ and 41.865℃. It appears 

that the cold side temperature is low enough to cool the 

waterblock. 

3.2 Temperature in the waterblock and cooling coils of the 

AWG system for three environmental conditions 

In addition to the temperature on the cold side of the TEC 

module, it is also necessary to pay attention to the temperature 

of the copper coil cooling water coming from the Water block 

(WB). Figure 4 shows the temperature of the WB and the 

cooling coil for 240 minutes in three variations of the 

environment: laboratory, residential area, and the coast using 

a triple module (TM) and a heatsink cooling fan fluid flow rate 

of 0.092kg/s. As seen in the graph, the temperature of the WB 

and the cooling coil has been constant since the 20th minute 

and the temperature for each environment is relatively the 

same. The temperatures for laboratories, residential areas, and 

coastal areas are 14.871℃, 14.912℃ and 14.986℃ in the 

water block (WB) and 15.393℃, 15.313℃ and 15.321℃ in 

the cooling coil. This shows that the temperature of the fluid 

from WB to the cooling coil has only increased slightly and 

the temperature of the cooling coil is still low enough to 

produce condensation of atmospheric air. 
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Figure 4. History of waterblock and cooling coil 

temperatures on the three environmental conditions: 

Laboratory, residential area & coastal areas 

3.3 Temperature in the condensing chamber of the AWG 

system for three environmental conditions 

The cooling coil is useful for cooling the air so that 

condensation occurs. Figure 5 displays the ambient 

temperature and the condensing chamber for 240 minutes in 

three environmental variations: laboratory, residential area, 

and the coast for the triple module (TM) with a heatsink 

cooling fan mass flow rate of 0.092kg/s. As seen in the graph, 

the temperature of the condensing chamber has been constant 

since the 20th minute. The condensing chamber temperatures 

are 21.077℃, 21.225℃ and 21.434℃. And the average 

ambient temperature is 29.168℃, 30.009℃ and 29.953℃. 

The presence of a cooling coil causes a decrease in ambient air 

temperature when it enter the condensation chamber of around 

9℃. 

Figure 5. Temperature of the environment and condensation 

room on the three environmental conditions: Laboratory, 

residential area & coastal areas 

Figure 5 shows the temperature of the environment and the 

condensing chamber for 240 minutes in 3 variations of the 

environment: laboratory, residential area, and the coast for the 

triple module (TM) with a heatsink cooling fan fluid flow rate 

of 0.092kg/s. As seen in the graph, the temperature of the 

condensing chamber has been constant since the 20th minute. 

The condensing chamber temperatures are 21.077℃, 

21.225℃ and 21.434℃. And the average ambient temperature 

is 29.168℃, 30.009℃ and 29.953℃. The decrease in ambient 

air temperature after entering the condensation chamber is 

around 9℃. 

3.4 Volume of generated condensate 

The condensation process will produce water droplets from 

the air. Figure 6 shows the volume of water obtained in 240 

minutes at laboratory conditions for three variations in the 

number of thermoelectric cooler (TEC) module arrangements, 

namely single module (SM), double modules (DM), and Triple 

modules (TM) with three variations of the mass flow rate of 

the heatsink cooling fan is 0.046kg/s, 0.069kg/s, and 0.092kg/s. 

As shown in Figure 6, the SM and DM circuits do not produce 

water. Furthermore, in the TM circuit with three variations of 

the cooling fan mass flow rate of 0.046kg/s, 0.069kg/s, and 

0.092kg/s it produced 17ml, 18.5ml and 22ml of water 

respectively. The increase in the amount of water produced is 

in line with the increase in the cooling rate. 

Figure 6. Water volume for a test duration of 240 minutes in 

the laboratory as initial data collection 

In the single module (SM) and double modules (DM) series, 

the cooling coil temperature is still quite high, which is more 

than 25℃ (see Figure 2) so that there is no condensation yet 

in the air. If the air temperature is still above the dewpoint 

temperature then the condensation process has not occurred. 

Furthermore, in the triple modules (TM) it can be seen that the 

highest volume of water is obtained from the mass flow rate of 

the heatsink cooling fan of 0.092kg/s, which is 22ml. 

3.5 Comparison of water volume, RH and equipment 

effectiveness with a test duration of 240 minutes 

Figure 7 shows a comparison of the volume of water for 

three different environmental conditions with a test duration 

of 240 minutes on a series of TEC triple modules with the best 

air mass flow rate of 0.092kg/s. Seen in Figure 7, the volume 

of water obtained in a laboratory environment is 22 ml with an 

effectiveness of 4.24% and RH 77.27%, in a residential area 

19 ml with an effectiveness of 4.78% and RH 75.39% and in a 

coastal environment as much as 31 ml with an effectiveness of 

5.035% and RH 82.62%. The highest water production value 

occurs on the coast because it has the highest RH value. In 

other words, it has a greater water content. 

Figure 7 shows that the largest amount of water is obtained 

in the coastal environment with the highest relative humidity 

and the best effectiveness. 

From the test results, it was obtained that the largest amount 

of water (condensate) was produced with a series of three 

stacking modules (TM) and a mass flow rate of 0.092 kg/s 
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cooling fan of 31 ml with a relative humidity (RH) of 82.619% 

and was in the coastal area. To increase the water recovery can 

be done by increasing the scale of the cooling area which in 

this case is 0.0064 m2. In addition, this can also be done by 

increasing the contact surface of the cooling coil with the 

passing air. 

Although only using 12 TEC modules, the volume of 

condensate water produced in this study was larger (31 ml in 

2 hours) than the optimal figure of 9.335 ml in 24 hours by 

Riahi et al. [13] with 18 TEC modules. 

The 31ml water produced in this study contributed to 

supporting WHO standard fresh water supplies [18] and 

several countries in the world [19-22], as the implementation 

of TEC modules that are beneficial to humans [23-26]. 

Figure 7. The volume of water for testing for 240 minutes in 

three environmental conditions: Laboratory area, residential 

area and coastal area 

4. CONCLUSIONS

From the tests carried out, it can be concluded that the mass 

flow rate in the heatsink cooling fan on the hot side of the 

thermoelectric cooler (TEC) is directly proportional to the 

production of water, which from laboratory tests for three 

speed variations is 0.046kg/s, 0.069kg/s and 0.092kg/s 

produces water 4.25ml/hour, 4.625ml/hour and 5.5ml/hour 

respectively. Furthermore, for three variations of location: 

laboratory, residential area and coastal area, the amount of 

water is 5.5 ml/hour, 4.75 ml/hour and 7.75 ml/hour 

respectively. The highest value of water production is obtained 

on the coast. 

Opportunities are still open to increase the amount of water 

obtained by looking for the optimum contact factor between 

the air and the surface of the cooling coil. 
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NOMENCLATURE 

A Inlet area, m2 

Pjdb Dry bulb saturated water vapour pressure, mmHg 

Pjwb Wet bulb saturated water vapor pressure, mmHg  

Ps Partial pressure of water vapor, mmHg 

Pt Pressure atmospheric air, mmHg 

RH Relative Humidity, % 

Tdb Dry bulb temperature, ℃ 

Twb Wet bulb Temperature, ℃ 

w Humidity ratio 

win Humidity ratio of incoming air 

wout Humidity ratio of outgoing air 

V Spesifik Volume, m3/kg 

v Inlet air Velocity, m/s 

Greek symbols 

ε Effectiveness 

ṁ Air mass flow rate, kg/s 

𝑘 Thermal Conductivity, W. m-1. K-1 

Subscripts 

AWG Atmospheric Water Generator 

SM Single Module 

DM Double Module 

TM Triple Module 

TEC Thermoelectric Cooler 

WB Water Block 
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