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ABSTRACT 

Surface cooling water harvesting from air represents an alternative way to provide new potable water sources. 
An 800-watt Extraction Water Machine (EWM) is fabricated and operates on the well-known “vapor 
compression cycle” to extract water from the air in an area that has low relative humidity. Three options have 
been studied experimentally: dehumidification directly from atmospheric air with dry mode (option I); 
humidification-dehumidification with dry mode (option II); humidification-dehumidification with cooling mode 
(option III) during different days of May in Nasiriya city, Iraq. As temperature and relative humidity are the two 
main factors that control condensation and the amount of condensate, in addition to cooling capacity, therefore 
the aim of the study to determine the optimum temperature and relative humidity values at which the maximum 
amount of condensed water is obtained and the operation mode. mathematical models for hourly condensation 
rate was formulated by doing quadratic regression for experimental results and use it in non dominated sorting 
genetic algorithm NSGA-II and modeFRONTIER software to access solutions near the interface of the Pareto 
for the optimal operation of EWM to maximize water harvesting for each option. The results showed the ideal 
climatic conditions for optimal water production for each option. Whereas the optimal water production was 
0.7622 L/h during climatic conditions 23 °C, 47 % RH in option I and 1.463 L/h at 33.6 °C and 65% RH in 
option II while was 1.672 L/h at 23.58 °C, 62 % RH per hour in option III It's clear to notice that the third 
operating strategy gave the best results. 
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INTRODUCTION  

Growth in populations and climate change cause a shortage of water sources in many regions of the world. 
Conventional water supplied from surface and groundwater cannot meet the demand for freshwater, although 
water conservation and distribution efficiency improvements are worthwhile but often inadequate to ensure 
sufficient water [1]. Desalination is one of the innovative solutions for water supply, but it also has a significant 
negative impact on the environment, as it creates large quantities of brine waste. One promising technique is 
humidity harvesting or atmospheric water generation, and it is considered a renewable source depending on the 
amount of water vapor in atmospheric air. Moisture content in the ambient air depends a lot on the regional 
conditions as well as temperature and relative humidity [2]. Some areas lack the climatic and geographical 
conditions that lead to the harvest of moisture. In these situations, technology can bridge this gap to make water 
readily accessible. 

Several authors investigate the relationship between water production and atmospheric air. Most of these 
conditions are temperature, pressure, and absolute or relative humidity. Khalil [3] analyzed the cooling-
dehumidification process and optimized the parameters control to heat and mass transfer in humid regions. 
Habeebullah [4] concluded that using the evaporator coil as a water collection surface seems to be available only 
within the arrangement of air intake velocities close to the design speed of the cooling system. Milani et al. [5] 
developed an algorithm for the correlation of psychometric variables of the entrance and exit of the TEC 
dehumidification system, then determined the amount of water yield, energy cost, and total cost. Jradi et al. [6] 

mailto:rafid-m@utq.edu.iq
mailto:2340@gmail.com


Optimization of Production Drinking Water from Atmospheric Air Through Cooling Surface Water Harvesting Machine 

 

220 
 

designed and implemented an integrated system to produce fresh water and investigated the effect of airflow on 
condensate. Bortolini et al. [7] proposed a mathematical model for the optimal airflow feeding of the cooling 
system that maximized the production of water. Loveless [8] concluded the amount of water collected at any 
given location throughout the world as a function of the flow rate of the outside air.  

The energy cost of condensed water is vital in this technique, which can be estimated if the water production 
rating (L/day) and the electric power input (kW). Bagheri investigated experimentally performance and 
limitations of commercially- available atmospheric water harvesting (AWHs) from different manufacturers to 
measure the water production rate and input electrical power. The results indicated the energy density of the rate 
of water generation ranging from1.02 kWh/L for warm and humid to 6.23 kWh/L for cold and humid climates 
for residential-size (AWHs) with a rated water generation capacity of 30 L/day and 1500 W nominal power [9]. 
Rafid et al. fabricated an Extraction water machin (EWM) and investigated experimentally and theoretically, the 
amount of condensed water and power consumed. The obtained water amounts were (31.93, 38.53, 31.03, 
32.29) L/day with (0.530, 0.443, 0.550, 0.555) kWh/L energy consumption for February, March, April, and 
May[10]. 

Studies were done to investigate the quantity and quality of chemicals from condensates and compare them with 
the permitted range. Mahavi et al. surveyed the amount and chemical quality of condensate for various air 
conditioners operating in Bandar Abbas, Iran. They concluded that there would be no adverse effect on public 
safety [11]. Brayant and Ahmed found the condensate drains from (AHU) 600 tons and 200,000 cfm in a 
commercial building in Doha, Qatar considered to be of excellent quality and would be regarded as acceptable 
for human consumption with minimal treatment for biological contaminants [12]. This paper investigates the 
optimal predicted condensate water quantities produced from the extraction water machine (EWM), which are 
designed for arid areas with relative humidity less than 30%. Regression analysis was used in the Minitab 
program to build a mathematical model to predict the maximum water yield achieved for every atmospheric air 
conditions, in particular temperature and humidity. 

EWM System Description 

The EMW system used in this study can be classified into three parts: 

System structure: The frame that supported the system was fabricated from the iron jamb, whereas the 
dimensions are (1.0 m) width, (0.5 m) depth, and (1.4 m) high, that divided into (0.56 m) upper part and (0.84 
m) lower part. The entire frame was fabricated by welding, drilling, and various mechanical operations in the 
workshop. Hence the evaporator coil placed into the upper part, and the outer unit contains a compressor, 
condenser, fan, and water collection tank that can be put into the lower part. The evaporator box is well sealed 
and insulated with the help of a foam board that has low thermal conductivity. Alucobond (aluminum composite 
material) sheets are used for making a box. A channel for the passage of air inflow and outflow is built on the 
wall of the evaporator box, the duct is designed to enter the air from an evaporative cooler, and the cold air exits 
directly into the lower shelf where the condenser is, as shown in Figures.1a, 1b.  

The base system: The base system is a refrigeration system, 2500W cooling capacity. The specifications of the 
system are list in Table 1. It consists of three central parts compressors, condenser, evaporator, in addition to 
fans. The compressor compresses the vapor coolant to a higher pressure, then the pressurized refrigerant goes 
into the condenser. The suction fan passes the air through the condenser coil to carry the heat out of the coolant. 
Through releasing heat, the refrigerant changes its state from gas to liquid, but the pressure stays high. In the 
evaporator coil, liquid refrigerant undergoes expansion, and by absorbing heat from the ambient air that passes 
over the coil changes its phase to vapor and reaches back the compressor; thus, the refrigeration cycle repeats. 

Table 1. Characteristics of the base system 

Parameter Value 
Cooling capacity at (27 °C DB,19 °C WB) indoor and (35 °C DB, 
24 °C WB) outdoor. 

2500 [W], 0.711 [TR]  
 

Power input 750  [W] 
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Auxiliary devices: The use of auxiliary equipment intended to establish the necessary conditions for obtaining 
condensate, as the region in which the system built is characterized by dry and hot climate conditions in summer 
and cold and wet in winter as shown in Figures 1a,1b. The first auxiliary device is the evaporative cooler 
(120W), and its function is to provide the relative humidity required to establish the appropriate conditions at 
the evaporator’s entrance. An electric heater (220 W) is also used when the air temperature is low to heat the 
evaporative cooler water. The evaporative cooler was chosen so that the air velocity could be controlled to 
match the design speed of the base system. 
 

 

Figure 1. Extracting water machine (a) Practiculring (b) Schematic diagram                

Experimental set-up and results 

The EWM system was run outdoors in a shaded and non-enclosed area for different days during February, 
March, April, May, June, and July, and the experimental results were recorded every hour for a specific day of 
each month. Hourly average temperature and humidity were taken to obtain the best results for condensed water, 
additionally for forecasting or estimating water production for the rest of the year (except for a few days) 
because the data becomes very massive if the test is conducted for all days of the month. An electronic 
thermometer/hygrometer is used to measure the temperature and relative humidity for air in and out of the 
evaporator coil, as well as the Anemometer, to measure the air velocity and volumetric flow rate of the air. The 
electronic multi-meter used to measure the power consumption, and a cylinder with a capacity of 1000 (ml) to 
measure the volume of the condensed. Three options were studied (dehumidification directly from atmospheric 
air -with dry mode (option I), humidification-dehumidification with dry mode (option II), humidification-
dehumidification with cooling mode (option III)) for the months: February, March, April, May, June, and July in 
Nasiriya. The results showed that the third option was the most productive at a rate of 31 liters per day, and the 
energy cost was at a rate of 0.55 kW per liter, while the second option was at a rate of 20 liters per day and the 
average energy cost was 0.5 kW per liter. As for the first option, the production of water was limited to February 
by 16 liters per day and the cost of energy is 0.525 kW per liter. As for the rest of the months, condensation 
takes place at limited times only by 4 liters/day. 

Empirical equations 

 Amps Cooling mode  3.95-3.62 [A] 
Dry mode 1.9-1.4 [A] 

The volume flow rate of air  Cooling mode 7.3 [m3/min] 
Dry mode 5.3 [m3/min] 

COP 3.33 
Refrigerant R410A charge 0.62 [kg] 

 

a) b) 
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It is possible to build a mathematical model based on the results obtained experimentally (as part of these results 
are shown in Table 2) by using the Minitab program. This program provides obtaining a linear equation as well 
as higher-order equations by applied regression analysis for data. Always quadratic regression gives more 
accurate results than linear; therefore, it is adopted. To know the conditions under which the condensation 
process would be optimized, the experimental results were selected for a particular day of May, because this 
month's climate conditions represent somewhat of the annual average temperature and humidity in Nasiriya. 
Equations (1,2,3) represent the mathematical models for hourly condensation rate (objective function) from 
quadratic regression for an option I, II, III respectively during different days in May. 

 

 

 

Where  , T, RH are water condensed rate (L/h), temperature (°C ), and relative humidity (%). 

Table 2. Hourly water yield rate on the 1st may, (humidification- cooling dehumidification process). Option III 

 

Optimization 

Due to a metamorphosis between the input and output values described by a mathematical function (objective 
function); therefore, it is essential to reach the optimum values of condensed water (ṁw). Optimization deals 
with producing and selecting the best solution from a set of options by developing ways input values from 
within the permitted collection, calculating the output of the function and recording the best output values found 
during the process. 

Optimization algorithm (NSGA-II) 

The non-dominated sorting genetic algorithm (NSGA-II) [13] was used in the multi-objective optimization 
process to determine the characteristics of solutions to the Pareto front. As shown in Figure 2. The following 
NSGA-II parameters were selected during this study: 
• Initial Population size (Sobol): 50 
• Number of iteration: 50 
• Crossover prob.: 0.9 

Time T 

(°C) 
RH 

% 
ṁw (L/h) Time T  

(°C) 
 RH 
 % 
 

ṁw (L/h) 

Exper. Exper. 

03:00 am 20.2 57 1.500 03:00 pm 27.2 49 1.100 
04:00 am 18.6 56 1.100 04:00 pm 26.8 47 1.150 
05:00 am 18 55 1.000 05:00 pm 26.7 47 1.300 
06:00 am 18.4 56 1.150 06:00 pm 25.9 47 1.300 
07:00 am 22.3 55 1.200 07:00 pm 26.8 54 1.600 
08:00 am 24.4 56 1.300 08:00 pm 25.5 60 1.650 
09:00 am 25 57 1.400 09:00 pm 25.1 62 1.650 
10:00 am 25.6 57 1.500 10:00 pm 24.7 61 1.500 
11:00 am 26 53 1.200 11:00 pm 24.9 62 1.710 
Noon 26.6 53 1.200 12:00 am 24.2 55 1.520 
01:00 pm 27.2 49 1.100 01:00 am 24.2 60 1.650 
02:00 pm 27.2 49 1.100 02:00 am 23.3 55 1.510 
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• Mutation prob.: 0.1 

 

 

Figure 2. NSGA-II Procedure [13] 

Optimization software (modeFRONTIER) 

Innovating the product development process is through adopting an improved approach to provide better, more 
competitive products in less time. One of the programs used in this area is modeFRONTIER[14] as it contains a 
full library of algorithms to optimize both single and multi-objective optimization. This study aims to determine 
the optimum temperature and relative humidity values (input variable) at which the maximum amount of 
condensed water is obtained( objective function). For this purpose, the experimental results have been 
incorporated in this program. Figure 3 Demonstrates the modeFRONTER program's block diagram. 

 

Figure 3. Block diagram of modeFRONTER program [14] 

Results of optimization and discussions 

This section presents the optimization of EWM to produce the maximum amount of water condensed. The 
experimental results show that temperature and humidity are the two most important factors in the occurrence of 
the condensation process of water from the air, as well as the amount of condensed water. The temperature of 
the cold surface at which condensation occurs (dew point temperature) rises as both factors increase, as well as 
the humidity content of the air (humidity ratio) goes up as shown in Figures 4a,4b,4c. Other factors are also 
necessary to achieve the optimum value for the amount of condensed water, the most important of which is the 
airflow rate and the device's cooling capacity, but these two factors are calculated according to many variables 
and can therefore be assumed to change for each device within certain limits. It's also clear to notice that in 
option III as shown in figure 4c  the optimum amount of water produced is within a range of temperature and 
humidity (plain),  in contrast in option I and II acted at a point as in figures 4a and 4b. This is because, in the 
third option, the device is running at full cooling capacity (cooling mode). 
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Figure 4. Variation of water yield rate with temperature and relative humidity (a)option I, (b) option II, (c) 
option III 
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The optimum amount of water condensed in the first option was 0.7622 liters per hour during climatic 
conditions 23 °C, 47 % RH as shown in Pareto design Figure 5, while in the second option was 1.463 L/h  at 
33.6 °C and 65% RH as shown in Figure 6. In the last option, the optimum water yield was 1.672 L/h at 23.58 
°C, 62 % RH as referring to Figure7. 

 

Figure 5. The optimum hourly water yield (L/h) in 2nd May (Option I) 

 

Figure 6. The optimum hourly water yield (L/h) in 20th May (Option II) 
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Figure 7. The optimum hourly water yield (L/h) in 1st May (Option III) 

CONCLUSIONS 

The most relevant features of the refrigeration system installation site are temperature, pressure, and relative 
humidity. It was therefore taken into account when designing the device covered by the study.  Based on the 
above study and results, the following conclusions were formulated. 

• There was no production of water under conditions of low relative humidity less than 35%, and this is 
what the experimental results of the first option showed. 

• The possibility of using assistive devices to achieve the condensation process and to increase the 
condensate quantity, as in options I and II. 

• Obtaining the optimum design conditions through some programs and algorithms. 
•  The climate conditions change from time to time and day to day; thus, it would be difficult to obtain a 

stable mathematical model and used as a general model. 
• Through the experimental results, it became clear that the third option is the best in areas with low 

relative humidity to obtain condensed water during most months of the year. 
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