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Abstract: In this paper, a Thermo-Electric Cooler (TEC) based ambiently adaptive Atmospheric Water Generator (AWG) system is proposed. Due to the advantages of TEC 
technology, it has been relied upon in the phase of dehumidifying the air flowing in the proposed system as an alternative to other mechanical methods.  An AWG cooling 
control system has been developed based on the proposed algorithm to determine the temperature that achieves the highest productivity, which depends on the change in 
thermal load by changing the airflow, which keeps the temperature of the humid air inside the system below the Dew Point (DP) temperature at varying ambient conditions 
for sustainable water productivity. A novel Maximum Production Tracking (MPT) algorithm is introduced to automatically determine the marginal temperature below the DP 
for maximum productivity. The proposed system is simulated using MATLAB/SIMULINK under different ambient conditions. The obtained results affirmed the potential and 
verification of the proposed approach. 
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1 INTRODUCTION 

  
The availability of clean drinking water is a big 

challenge all over the Globe, especially with the huge rate 
of population growth and climate change. Nowadays, 
rivers and groundwater are becoming insufficient 
resources for drinking water. On the other hand, seawater 
is a sustainable source of water [1]. However, seawater 
requires costly desalination stations.  This solution is not 
suitable for poor, developing countries and arid areas. 
AWG is an alternative and cost-effective solution adopted 
by many companies. This machine collects water vapor 
from humid air and treats it chemically to be healthy 
drinking water according to WHO standards. The idea is 
simple and based on the dehumidification of the 
atmospheric air. As shown in Fig. 1, the moist air is filtered 
to remove out dust and any other contaminating particles. 
Then the moist air is dehumidified to collect the water. At 
last, the collected water is treated by getting rid of bacteria 
and adding healthy salts. 

 

 
Figure 1 AWG processes 

 
In the literature, different techniques are used for 

dehumidifying the moist air. The most common 
technologies used are refrigeration, air compression, and 
chemical desiccant-based systems. Refrigeration systems 
are based on heat pumps to cool down the moist air below 
the DP. Heat pumps could be mechanical, which are based 
on compressors and refrigerants. Such systems are used in 
Freon-based air conditioners. TEC modules are solid-state 
heat pumps, which have no moving parts.  On the other 
hand, air compression technology extracts the water by 
compressing the moist air. Both mechanical (mechanical 
refrigeration and air compression) and chemical desiccant 
systems can produce up to several hundreds or thousands 

of liters per day.  However, these systems are bulky 
systems with many moving parts and noise. They may be 
suitable as isolated water generation stations, not as 
portable compact machines for indoor applications. 

Nowadays, TEC technology has a wide range of 
applications in several fields. This technology has several 
advantages over the mechanical refrigerator. TEC is 
smaller, lighter, quieter, and more reliable than mechanical 
cooling systems using compressors. The heat is pumped 
from the cold side of TEC to the hot side by the current 
flowing across the TEC module. This phenomenon is 
called the Peltier effect. TEC-based AWG machines are the 
most suitable for office and home applications because of 
their portability and quietness. Moreover, they can easily 
be powered directly from solar energy since TEC is a DC 
solid-state device. In this research, the TEC-based AWG 
system is proposed, which has a controlled airflow 
according to the ambient conditions (temperature and 
relative humidity) for keeping as sustainable productivity 
as possible. The proposed controller is targeting the 
produced water quantity by keeping the cooling air 
temperature below the dew point. 

In [2, 3], a SPICE compatible equivalent circuit was 
developed for TEC and Thermo-Electric Generator (TEG). 
This model was useful for finding the small-signal transfer 
functions for designing feedback systems. An improved 
SPICE model of TEG was developed in [4]. This improved 
model included the temperature variations of the intrinsic 
internal parameters and the internal parasitic elements. A 
MATLAB-SIMULINK model of the thermoelectric 
module was developed in [5], which gives a friendly tool 
for simulation and control design. In [6], the thermal 
properties of TEC modules were investigated under 
different operating conditions. In [7], experimental 
research on using TEC technology for cooling electronic 
devices was conducted. In [8], an investigation was 
conducted to improve the Coefficient Of Performance 
(COP) of TEC modules. It was found that the multistage 
TEC configuration improves the COP of the system. 
However, multistage TEC modules are considerably more 
expensive than single TEC modules.  In [9], a TEC-based 
AWG system was presented. This system was powered by 
solar cells. The experimental results of the system were 
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introduced. An optimized AWG system was designed 
using Computational Fluid Dynamics (CFD) in [10]. This 
system was designed considering many parameters such as 
temperature, humidity, airflow, and pressure. A study of 
the optimum number of TEC modules and the length of the 
condensation channel was presented in [11].  In both [12], 
[13], ON/OFF control systems were developed for 
dehumidifier systems. A dehumidifier system for the 
greenhouse application was introduced in [12], where a 
smartphone application was used to remotely monitor and 
manage the controlling module and sensor data of the 
dehumidifier, whereas a dehumidifier for Ring Main Unit 
(RMU) was developed in [13]. This dehumidifier system is 
powered by a solar system. The component of the system 
was optimized using Genetic algorithms.  

In the literature, no AWG control system based on a 
maximum production algorithm was developed for 
maximum sustained productivity. In this article, a control 
system based on an MPT algorithm is proposed to 
automatically vary the airflow such that the temperature of 
the cooled air is always below the DP with an adaptive 
margin according to varying ambient conditions 
(temperature and relative humidity). The algorithm 
depends on measuring the temperature and relative 
humidity of the air, from which it is possible to calculate 
the specific humidity. The harvesting rate of water can be 
estimated from the specific humidity at the inlet and the 
outlet of the system and the airflow. As the airflow 
changes, the temperature changes and thus the amount of 
produced water. Therefore, the airflow that achieves the 
highest productivity must be maintained. In the next 
section, a mathematical analysis is introduced. 
Consequently, a complete control system is designed to 
control the airflow rate into the AWG system. Then a 
complete MATLAB-SIMULINK model is built to verify 
the performance of the proposed control system under 
different cooling capacities and ambient conditions. 

 
2 MATHEMATICAL ANALYSIS 
 

The system under consideration for the AWG 
application consists of a condensation pipe cooled with 
TEC modules. The entering humid air to the pipe will be 
cooled below the dew point temperature (DP) as depicted 
in Fig. 2.  

 

 
Figure 2 AWG system 

 
At a steady-state, the humid air enters the condensation 

pipe at the ambient temperature Ta with a mass flow rate in 
kg/s. The thermal energy stored inside the condensation 
pipe is at a steady-state value. The cooled air exits from the 
pipe at a temperature To. The humid air is cooled from Ta 

to To where the heat is absorbed from the pipe by the TEC 
modules at the rate Qc in Watts. From energy balance, we 
get [14] 

 

 c a a o w wQ m h h m h               (1) 

 
In Eq. (1), am and wm are the dry air mass flow (kg/s) 

and condensation rate in (kg/s), respectively. Whereas, ha, 
ho and hw are the enthalpies (kJ/kg dry air) of moist air at 
the inlet and outlet of the condensation pipe and the 
enthalpy of the condensed water at To, respectively [14]. 
Since the dry air and water vapor are considered ideal gases 
at pressure 1 atm and a temperature range from ‒10 °C to 
50 °C, the mixture is also an ideal gas [14]. The enthalpy 
of moist air can be defined as h = hd + ωhv, where h, hd and 
hv are the enthalpies of moist air, dry air, and water vapor 
at a certain temperature, respectively [14]. Whereas, ω is 
the specific humidity, which equals kg water vapor/kg dry 
air [14]. The enthalpy of dry air is approximated with  hd = 
cdT and cd = 1.005 kJ/kgꞏ°C [14]. The enthalpy of water 
vapor is approximated with hv = hvo  + cvT, where hvo = 
2500.9 kJ/kg and cv = 1.82 kJ/kgꞏ°C [14]. In addition, since 
the typical condensation rate in low power systems such as 
TEC based systems is very small, the second term of the 
right-hand side of Eq. (1) has a typical very low value 
compared to the first term and hence can be neglected. 
Hence, Eq. (1) can be rearranged to be as follows: 

 

   c a d a o vo a o v a a o o( )Q m c T h c T T            (2) 

 
where a and o  are the specific humidity of the moist air 

at the inlet (ambient) and the outlet of the condensation pipe, 
respectively. In Eq. (2), for typical ambient conditions with 
a temperature range up to 35 °C with a relative humidity 
greater than 40% and To is less than the DP up to 10 °C,  
the values of the specific humidity are low enough to 
consider  v a a o oc T T  negligible compared to the 

others terms.  The ambient temperature Ta is considered 
constant since it varies very slowly. The moist air at the 
outlet of the condensation pipe is saturated. Consequently, 
the specific humidity at the pipe outlet o  is that of the 

saturated moist air at the temperature To. From the 
psychrometric chart, the specific humidity of saturated 
moist air can be obtained for the temperature range from C 
to 35 °C at the pressure of 1 atm.  
 

 
Figure 3 Third order approximation of the specific humidity 
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This data can be approximated using curve fitting by a 
third-order polynomial with high accuracy as shown in Fig. 
3. As illustrated, the blue curve with black dots is drawn 
with the obtained data from the psychrometric chart at 1 
atm. Whereas, the dashed red curve is the third-order curve 

fitting, which is 7 3 6 24.46 10 1.72 10 3.32T T        
4 310 3.72 10T    . If To is changed around the current 

state a few degrees higher or lower, the relation between 
the specific humidity o  and temperature To can be 

considered linear. That is, 
 

o oT          (3) 

 
where η and λ can be obtained from the tangent line of the 
curve of o  from the psychrometric chart at the current 

temperature To. If we use Taylorꞌs series of the third-order 
polynomial at a certain temperature, the first two terms 
represent the tangent at this temperature. This tangent is the 
linearization of the specific humidity with respect to 
temperature. In Fig. 4, the blue curve is the third-order 
polynomial, and the red dashed line is the tangent at T = 15 
°C. The tangent parameters are η = 0.0106 and λ = 0.0007. 
As shown, the error between the tangent and the curve is 
less than 3% throughout 6 degrees. 
 

 
Figure 4 The blue curve is the specific humidity, and the orange line is the 

tangent at T = 15 °C 
 

Therefore, it is justified to approximate the specific 
humidity at the outlet of the condensation pipe by a linear 
relation. From Eq. (2) and Eq. (3), we get: 
 

    c a d a vo a d vo oQ m c T h c h T                          (3) 

 
Since a am   , where a  is the density of the dry 

air at the ambient temperature and   is the volumetric 
flow rate of the fan (m3/s), Eq. (4) can be rearranged to be 
as follows: 

 

c a aΦ ΦγQ T                  (5) 

 
where a oT T    ,  d voc h    and 

 vo a ah T      . By solving for To from Eq. (5), we 

get: 

c
o a

a

Q
T T


  

  


                (6) 

 
We can see from Eq. (6) that To can be decreased by 

increasing the cooling power cQ  or decreasing the air flow 

rate . If it is desired to achieve a certain To with the 
maximum flow rate, the cooling power should be kept at 
its maximum value. In the AWG, the controller must keep 
the cooled air at a temperature below the DP. At the same 
time, the airflow should be high to get as much humid air 
as possible cooled and hence a larger amount of water can 
be harvested. Therefore, the controller may apply the 
maximum voltage to the TEC modules and change the To 
to be below the DP with a certain margin by changing the 
flow rate. However, as it will be shown later the cooling 
rate cQ  achieved by TEC modules depends on the 

temperature To. 
If the controller changes the flow rate from   to 

Φ  , then the temperature at the outlet changes from To 

to o oT t  and the cooling rate becomes c cQ q . The 

change in the cooling power cq  can be considered as the 

summation of two parts; the first part is responsible for a 
temperature change of the flowing air, which can be found 
from Eq. (5):     a o aΦ ,t T         whereas the 

second part is needed to change the stored thermal energy 

in the system: od

d

t
C

t
, where C is the heat capacity of the 

condensation pipe system, which can be considered 
constant for a small temperature variation. The total change 
in the cooling rate cq  is expressed in Eq. (7). 

 

    o
c a d o a d

d
 Φ

d

t
q c t c T C

t
               (7) 

 

   o
a d o c a d

d
Φ  

d

t
C c t q c T

t
                        (8) 

 
Therefore, 

as shown in Eq. (8), the system is first order. However, since 
the flow rate can be altered, the system is time-variant. The 
cooling power cq  will be got from the mathematical model 

of the TEC module. From [6, 7, 15], the heat flow through 
the cold side cQ , hot side  hQ  and the voltage V applied to 

the TEC module is given as follows: 
 

2
c c

1

2
Q IT k T I R                                                        (9) 

 

2
h h

1

2
Q IT k T I R                                                      (10) 

 
V T IR                                                                       (11) 
 
where α, k, I and R are the Seebeck coefficient (V/K), the 
thermal conductance (W/K), the electrical current (A), and 
the electrical resistance (Ohms) of the TEC module, 
respectively. Whereas h c,T T  and ΔT are the temperature of 



Amin Danial ASHAM et al.: A Novel Ambiently Adaptive Atmospheric Water Generator Using Maximum Production Tracking Algorithm 

800                                        Technical Gazette 29, 3(2022), 797-805 

the hot side, cold side, and the temperature difference (Th ‒ 
Tc) of the TEC module, respectively. The ambient 
temperature Ta and the temperature of the cooled air To are 
related to the hot side Th and cold side Tc temperatures, as 
shown in Eq. (12) and Eq. (13). 
 

a h h hT T Q r     (12) 

 

o c c cT T Q r     (13) 

 
where the hr and cr are the thermal resistances connected to 

the hot side and cold side of the TEC module, respectively. 
From Eq. (9) to Eq. (13), we can get an expression of cQ as 

shown in Eq. (14). 
 

 
2

o h
c

c c h2 )

2 2 2

1 (

I T VIkr k T I R
Q

I r k r r

 


  


  
   (14) 

 
For a typical TEC module with 127 thermo-electrical 

element pairs: α = 0.0508 V/K, k  ranges from 0.9 to 0.14 
W/K [16]. If cr  is sufficiently small the term cI r  can be 

ignored and hence the denominator of the right-hand side of 
Eq. (14) does not depend on the electrical current. Moreover, 
the power is usually supplied to the TEC module using a 
voltage ource and hence V is constant. From Eq. (11), in case 
of constant voltage V the current I will change as the ΔT 
changes. However, ΔT does not change widely and hence 
the current change is small enough to be considered 
constant. Under these conditions, Eq. (14) comes in the 
following form: 

 

c oQ aT b     (15) 

 
where a and b are constants, which are functions of the 
thermal resistances, electrical current, and voltage and 
ambient temperature. Consequently, cQ  is linearly 

dependent on To. From Eq. (15), if To changes to o oT t , 

then cQ  changes to c cQ q  and hence cq  is as in Eq. (16). 

 

c oq at        (16) 

 
Substituting from Eq. (16) into Eq. (8), we get: 

 

   o
a d o o a d

d
Φ

d

t
C c t at c T

t
                   (17) 

 
Therefore, 

 

    o
a d o a d

d
Φ  

d

t
C c a t c T

t
               (18) 

 
From Eq. (18), if the volumetric flow rate is small 

enough and the number of TEC modules used is sufficient 
such that   a dΦ c   is ignored compared to a, which can 

be increased by increasing the number of TEC modules. 
Therefore Eq. (18) becomes: 
 

 o
o a d

d

d

t
C at c T

t
           (19) 

 
The system approximated by Eq. (19) is a Linear Time-

Invariant (LTI) first-order system of type 0. Therefore, a PI 
controller can be used to keep the temperature of the cooled 
air to be less than the DP and hence the condensation takes 
place even when the ambient conditions change. In the 
following section, a control scheme of an adaptive AWG 
system using the proposed MPT algorithm is introduced. 
This control scheme changes the air flow rate to keep the 
temperature below the DP with varying margin based on the 
ambient conditions. 
 
3 AMBIENTLY ADAPTIVE AWG SYSTEM 
3.1 Control Scheme 

 
As shown in the previous section, the dynamics of an 

AWG can be approximated by a linear first-order system of 
type zero. In real life, the ambient conditions are not fixed 
and hence the DP varies with time during the day and the 
night. Also, the AWG system may have some malfunctions 
with cooling elements affecting the cooling capacity. 
Consequently, for sustainable water condensation, the 
humid air must be always cooled to a temperature below the 
DP.  
 

 
Figure 5 Adaptive AWG system 

 
In Fig. 5 a control scheme is proposed to cool down the 

humid air to a temperature Ts < DP by changing the flow rate 
of the air pushed into the system.  Since the dynamics of the 
system can be viewed as an LTI system of type zero, 

therefore a PI ( p i dk e k e t  ) (temperature controller) 

isused. The error e is the difference between the set point Ts 
and the actual temperature of the cooled air. Whereas kp and 
ki are the gains of the proportional and integral parts, 
respectively. The question here is how to determine the set 
point Ts. The set point Ts is chosen to be less than the DP by 
a marginal value Tm as in Eq. (20). The marginal temperature 
Tm is obtained by the proposed MPT algorithm. 

 

s mT DP T                         (20) 

 
Noting that, the water condensation rate (g/s) at the 

steady-state can be approximated by 

   a a o a a o Φm           assuming the pressure 

is constant where, a is the density of the dry air at the 

ambient temperature. The term  a o   represents the 

condensed water per the unit mass of dry air. In case of a 
high flow rate, the air will not be cooled enough, and hence 
the term  a o   will be smaller and hence decreasing 
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the condensation rate. On the other hand, a very low 
airflow rate Φ  will reduce the quantity of humid air 
pumped into the AWG system and consequently a low 
condensation rate.  

In the case of increasing Tm the set point decreases and 
consequently the flow rate Φ  decreases, whereas  

 a o   increases. On the other side, decreasing Tm leads 

to a higher setpoint and hence higher flow rate and lower

 a o  . At this point, the role of the introduced MPT 

algorithm begins. The MPT algorithm searches for the 
marginal temperature Tm that maximizes the quantity 

 a a oΦ     and hence the water production is 

maximized. The density of the ambient dry air can be 
considered constant as the change of the temperature is 
very slow. Therefore, the MPT algorithm just maximizes

 a oΦ    .   

As illustrated in Fig. 5, the ambient conditions 
(ambient temperature Ta and relative humidity RHa) and the 
temperature To and the relative humidity RHo at the outlet 
of the condensation pipe are measured. The DP is 
calculated from Ta and RHa using Magnus formula [17]. 
Whereas, a  (from Ta, RHa and atmospheric pressure Pa) 

and o  (from To, RHo and the pressure inside the 

condensation pipe Po) are calculated using formulas in [14, 
18]. 

 
3.2 Maximum Production Tracking Algorithm 

 
The MPT algorithm searches for the marginal 

temperature Tm that gives the maximum water production. 
This algorithm uses the quantity  a oΦ     as a 

production index Idx . Therefore, the main objective of the 

MPT algorithm is to maximize  a oΦ    . The 

algorithm steps are as follows: 
1. Initialization: 

a. m minT  (the minimum allowed value). 

b. 1stp  (Tm is incremented or decremented by 

steps stp ) 

c. Calculate  a oΦ    , then let 

 a o ΦIdx      

d. 1  (a certain factor used to suppress the update 
of Tm) 

2.  a a 1      

3. 1 = a  

4. The DP is calculated and consequently the set point Ts 
is obtained from Eq. (20).  

5. The setpoint is applied to the temperature controller 
(PI controller). 

6. If the temperature error s o  e T T     ( 0.1  °C) for 

a period longer than a certain time tss (tss = 60 s) an 
indication of the steady-state situation, then  

 a oΦ     is calculated. 

a. If (  a a o       ), then 0   (to 

guarantee that no productivity check while the 
ambient humidity changes widely) 

else 
i. 1   

ii. If the  a oΦ Idx     (previous value), 

then 
1) inc .stp stp   

2)  max maxIf  , then   .stp stp sign stp     

iii. If the  a oΦ Idx     (previous value), 

then 
1) decstp stp   . 

2)  min minIf ,  then  .stp stp sign stp     

b. The marginal temperature is updated: 

i. m mT T stp    

ii. m max m maxIf , then T T    
iii. min m minIf  , then mT T    

c.  a o ΦIdx      

7. Go to step 2. 
where max min max min, , , , , , and  inc decv v       are the 

maximum step value, minimum step value, maximum 
allowed value for Tm, the minimum allowed value for Tm, 
step increment factor, step decrement factor, and the 
maximum allowed ratio of a  to  a o  , 

respectively.  
In the following section, a Simulink model of an AWG 

system with the proposed ambiently adaptive control 
scheme using the MPT algorithm is built. The controller 
performance under different conditions is demonstrated.  

 
4 AWG MATLAB-SIMULINK MODEL 

 
In this section, a dynamic model of a TEC-based AWG 

is built using SIMULINK. The complete model with the 
proposed control scheme is shown in Fig. 6. 

 
4.1 The Complete Model Consists of Four Main 

Subsystems  
 

a) The environmental data subsystem generates the 
ambient temperature (Ta) and the ambient relative humidity 
(RHa) in Cairo during the 24 hours of 12 days all over the 
year. Each day belongs to a month from October 2018 to 
September 2019 

b) The measurements subsystem is for the scopes that 
display selected signals of the system such as applied 
voltage to TEC modules, drawn current by TEC modules 
COP, temperature and relative humidity inside the 
condensation pipe, ambient temperature, ambient relative 
humidity, condensation rate, total condensed water, and 
other relevant signals 

c) The application subsystem consists of a 
condensation pipe with TEC modules and an electric fan. 
In Fig. 7, the complete model is illustrated. The cooling 
system is built using 6 TEC modules; each one has a 
maximum cooling power of 40 watts. TEC modules are 
represented in a single subsystem. The TEC modules are 
electrically parallel, and serial thermally. In the model, the 
cold and the hot surfaces of the TEC modules are 
represented by port A and port B, respectively. 
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Figure 6 TEC based AWG dynamical SIMULINK model 

 

 
Figure 7 Complete TEC-based AWG model 

 
Port A is connected to the condensation pipe through 

the thermal resistance, which represents the thermal path 
from the cooling pipe walls to the cold side of the TEC 
module. Port B is connected to the ambient air through the 
thermal resistance of the hot surface fins.  The relations 
between the absorbed heat on the cold side, the emitted 
heat from the hot side, the temperature difference between 
cold and hot sides, injected current, and the applied voltage 
are described by Eq. (9) to Eq. (11). The moist air is fed 
into the condensation pipe as illustrated in Fig. 7, via a 
controlled volumetric flow rate source. The ambient 
conditions can be changed by varying the reservoir 
parameter during the simulation, where the parameters are 
fed from the external signals into the reservoir. More 
details about the elements used in this model can be found 
in [19]. 

d) The controller subsystem adapts the operation of the 
AWG to ensure that the condensation takes place in all 
conditions if possible. This controller measures the 
ambient conditions (Ta and RHa) and calculates the 
corresponding dewpoint. The MPT algorithm searches for 

a marginal temperature Tm, which produces the maximum 
productivity.  Based on the calculated dewpoint and the 
marginal temperature a setpoint for the temperature inside 
the condensation is generated. The temperature at the outlet 
of the condensation pipe is measured as feedback and 
hence the flow rate is adjusted using a PI controller to 
achieve the required temperature setpoint as shown in Fig. 
8.  
 

 
Figure 8 Temperature controller (changes  flow rate) 

 

 
Figure 9 PI controller 

Condensation 
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The PI controller is illustrated in Fig. 9. And the MPT 
algorithm is implemented using a MATLAB function 
block as depicted in Fig. 10. 
 

 
Figure 10 MPT algorithm 

 
4.2 Simulation Results 
 

The complete model of AWG is simulated to 
demonstrate the performance of the proposed control 
scheme. The AWG simulated here has a condensation pipe 
with a length of 1 m and a diameter of 1 cm. The 
parameters of the model are listed hereafter. The detailed 
descriptions of  the Simulink blocks are in [19, 20] : 
‐ p i max min max min1,  0.01, 1, 0.1, 9, 1, k k v v       

inc dec1.1, 0.5 and 0.01     . 

‐ Number of TEC modules = 6 
‐ S = 200 e‒6 V/K (Seebeck coefficient) 
‐ ρ = 10e‒6 Ωꞏm (electrical resistivity of the TEC 

elements) 
‐ k = 1.5 W/Kꞏm (Thermal conductivity of the TEC 

elements) 
‐ TEC module resistance = 2 Ω 
‐ Number of pairs of thermoelectric elements in each 

TEC module = 127 
‐ Cold side Thermal Resistance = 0.1 K/W 
‐ Hot side Thermal Resistance = 0.4 K/W 
‐ Pipe Length = 1 m  
‐ Pipe diameter = Hydraulic Diameter = 0.01 m  

‐ Cross Section Area =  
 2π  Pipe diameter

4
 m2 

‐ Aggregate equivalent length = 0.1 m 
‐ Internal surface absolute roughness = 15e‒6 m 
‐ Laminar flow upper Reynolds number limit = 2000 
‐ Turbulent flow lower Reynolds number limit = 4000 
‐ Shape factor for laminar flow viscous friction = 64 
‐ Nusselt number for laminar flow heat transfer = 3.66 

The TEC modules are powered by a voltage source, 
which applies a fixed voltage of 12 V. To demonstrate the 
performance and importance of the MPT algorithm, the 
AWG is simulated for three relative humidity values (40%, 
60%, 80%) at ambient temperature 32 °C. In Tab. 1, the 
simulation results of 6 TECs-AWG are listed. At every 
relative humidity, the productivity per day is recorded for 
different fixed values of Tm without the MPT algorithm. 
Then the productivity using the MPT algorithm is 

tabulated. The MPT algorithm is used twice; first when the 
measured pressure inside the condensation pipe 

 o.  meas P is used to calculate o  and second, assuming 

the pressure does not change, that is o aP P , where aP  is 

the ambient pressure (101.325 kPa).  
Tab. 2 presents the same data as Tab. 1 except that only 

4 TEC modules are used instead of 6 TEC modules. 
As illustrated in Tab. 1 and Tab. 2 the water production 

depends on the marginal temperature Tm. The value of Tm 
of the maximum productivity depends on the ambient 
conditions and the cooling capacity. 
 
Table 1 Water productivity of 1m condensation pipe cooled with 6 TEC modules 

Tm 
Water Productivity (cm3/day) (water density = 1 g/cm3  

Ta = 32 °C 
RHa = 40% RHa = 60% RHa = 80% 

1 366.4 790.9 1348 
2 529.5 1063 1719 
3 621.5 1206 1887 
4 660.4 1252 1891 
5 661.6 1221 1779 
6 637.4 1140 1604 

MPT 
(meas. Po) 

660.5 1245 1895 

MPT  
(Po = Pa) 

660 1244 1881 

 
Table 2 Water productivity of 1m condensation pipe cooled with 4 TEC modules 

Tm 
Water Productivity (cm3/day) (water density = 1 g/cm3  

Ta = 32 °C 
RHa = 40% RHa = 60% RHa = 80% 

1 256 572 1011 
2 377 780 1300 
3 442 876 1401 
4 468 899 1373 
5 469 870 1274 
6 453 811 1144 

MPT 
(meas. Po) 

469 894 1398 

MPT  
(Po = Pa) 

468 895 1388 

 
Without the MPT algorithm, Tm of the maximum 

production can be determined for certain ambient 
conditions and cooling capacity. However, in the case of 
losing cooling capacity (a faulty TEC module) or variations 
of ambient conditions, Tm of the maximum production 
needs to be updated with a new value. The MPT algorithm 
continuously searches for Tm that corresponds to the 
maximum water harvesting in the current situation.  
 

 
Figure 11 Generated marginal temperature Tm by MPT algorithm 

 
Fig. 11 shows the marginal temperature Tm generated 

by the MPT algorithm. In the case of 6 TEC modules the 
temperature swings between 3.42 °C and 3.88 °C, where 
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the optimum value is about 3.5 °C which gives the 
productivity of 1907 cm3/day.  On the other hand, in the 
case of 4 TEC modules the temperature swings between 
3.14 °C and 3.47 °C and the highest productivity 1403 
cm3/day occurs at Tm = 3.2 °C.  

The MPT was able to track the best value of Tm for 
maximum water production. To assess the performance of 
the MPT algorithm, the efficiency of water production at 
current conditions is defined as follows: 

 

m

 

    

      

Production Efficiency

Productionusing the MPT algorithm

Maximum Productionusing thebest fixed T




          (21) 

 
Using Eq. (21), the efficiency of the MPT algorithm is 

greater than 98%. Besides, the MPT algorithm adapts the 
highest productivity in case of varying conditions.  

The MPT algorithm is tested using a variable ambient 
humidity and temperature. The weather data of Cairo on 
the 1st of July 2019 is used [21]. In Fig. 12, the ambient 
relative humidity and the ambient temperature are 
depicted. As shown the ambient conditions vary with time. 
 

 
Figure 12 Ambient humidity RHa and temperatureTa of 1st July 2019 

 

 
Figure 13 Dew Point, set point Ts, and the outlet temperature To 

 

 
Figure 14 The marginal temperature Tm generated by the MPT algorithm 

 
The calculated dew point is depicted in Fig. 13. The 

dew point changes with ambient humidity and temperature. 

The setpoint is below the dew point by the marginal 
temperature Tm as illustrated in Fig. 13. The flow controller 
controls the actual outlet temperature To to follow the 
setpoint as manifested in Fig. 13. Therefore, sustainable 
water condensation is achieved since the setpoint is always 
below the dew point. The marginal temperature generated 
by the MPT algorithm is illustrated in Fig. 14.  
 

Table 3 Water Production Comparison of 1st July 2019 using 6 TEC modules 

 MPT 
Tm = 
1 °C  

Tm =  
2 °C 

Tm =  
3 °C  

Tm =  
4 °C  

Tm =  
5 °C  

Tm =  
6 °C  

Water 
Production 
/ cm3/day 

1210 741 1008 1161 1222 1207 1143 

 
In Tab. 3, the water production of the MPT algorithm 

and for different fixed values of Tm is tabulated. The MPT 
algorithm was able to produce 99% of the maximum 
production. Since the algorithm takes time to find the best 
Tm, therefore, its efficiency is less than 100%. The fixed 
marginal temperature corresponding to maximum 
productivity must be determined manually for the current 
cooling capacity and ambient conditions. On the other 
hand, the MPT algorithm searches for it automatically. 
Moreover, in the case of severe changes such as deficiency 
of the cooling system, the MPT algorithm will 
automatically search for the most suitable new Tm for 
maximum productivity. 

    
5 CONCLUSION 
 

In this research, mathematical analysis was conducted, 
which shows that an AWG system based on thermoelectric 
modules can be approximated by a first-order LTI model. 
A control scheme based on the proposed maximum 
production tracking MPT algorithm was developed to 
achieve two main goals: first, to ensure sustainable water 
production even with variable ambient conditions by 
keeping the humid air cooled below the DP. Second, the 
operating point is kept close to the optimal point for 
maximum production even in case of partial cooling 
deficiency. It was shown that the value of the marginal 
temperature Tm affects productivity. The proposed MPT 
algorithm continually searches for the best Tm that 
corresponds to maximum productivity. A definition of 
production efficiency was introduced, as shown in Eq. 
(21), to evaluate the performance of the proposed MPT 
algorithm. The production efficiency of the MPT algorithm 
was greater than 98% in all the conducted simulations. 

The MPT algorithm can be used even with refrigerant-
based AWG systems to seek optimal airflow for the highest 
water productivity.  

Our future work will focus on integrating the TEC 
technology and the proposed MPT algorithm-based control 
scheme with an optimized mechanical design to maximize 
productivity while meeting the portability and quietness 
required for home and office applications.  
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