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Abstract. For testing the entire system of atmospheric 

water harvesting (AWH), large microclimate control room 

was required to provide the stable climate conditions. The 

objective of this work was to develop an innovative 

microclimate control room using IoT system to provide the 

realistic and stable situation for AWH research. A room 

with dimensions of 2.5 × 4.5 × 3 m (W × L × H) was 

selected. Main controller units were used to collect data 

from a group of temperature and relative humidity sensors 

and to control microclimate through the operating devices, 

i.e. air conditioner, heaters, humidifier and dehumidifier. 

Modes of the control can be selected as offline control by 

the control panel or online control by the IoT platform. 

Flow and temperature distribution were assessed by 

computational fluid dynamics. The desired conditions at 

temperature and relative humidity between 20-45 oC and 

40-80%, respectively, can be maintained by the control 

system with high stability. The alignment of the operating 

devices allowed homogeneous temperature distribution. 

Flow distribution can be adjusted by the air guide vane of 

the air conditioner to provide proper conditions for 

different AHW types.  
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1. Introduction 

The atmospheric water harvesting (AWH) is one of 

the reliable and sustainable sources of fresh water. The 

moisture in the air is available everywhere even in 

landlocked areas where the water sources are far and not 

available to access [1]. The estimated water amount in the 

air is around 12,800 trillion liters [2]. The AWH by direct 

cooling is now practical and commercial products with a 

criterion of climate, i.e. relative humidity (RH) > 30% [3] 

and RH > 40 % [4], while the desiccant AWH with high 

capability is intensively developed [5]–[9] even in the arid 

and desert areas where the RH is less than 20%. Beyond 

water production, the desiccant AWH can be served as the 

electricity generation [10]–[12]. However, the desiccant 

AWH technology are still in the demonstration and proof 

of concept.  

Most of previous studies for both AWH by direct 

cooling and desiccants were performed under the actual 

climates [4], [13]–[20], which is uncontrollable air 

temperature and RH. For example, a group of works tested 

the portable AWH system based on the thermoelectric 

cooler under ambient temperature and RH in the range of 

18-30 oC and 60-82 %, respectively [17]. The results 

showed that water production rate was varied in a wide 

range of 2.7-40.3 mL/h. Kim et al [4] reported that the 

metal-organic framework (MOF)-801 can capture the water 

from air over 0.25 L/kg of MOF for a single daily cycle in 

the desert of Arizona, USA, where RH is 5% at 35 oC to 40 
oC during the day and 40% at 10 oC to 15 oC during the 

night. MOF-801 also reported that it produced 100 g of 

water/kg of MOF-801 in the same desert, but MOF-303 

delivered over 2 times of water capture [16]. 

From the literatures, AWHs by direct cooling or 

desiccants were claimed by the promising results under 

actual climate. However, those results are difficult to 

compare directly because of the difference of test 

conditions. This is a vulnerable spot of AWH research that 

tests under actual conditions. Only few works have studied 

AWH with the controlled climate conditions before going 

into the system inlet. Gong et al [12] have tested small 

amount of nature-based desiccant in a very small 

controllable microclimate chamber. RH can be varied from 

20% to 80%, but details of the microclimate chamber were 

not revealed. With the simulated microclimate, the extreme 

conditions revealed more information of AWH at 20% to 

80% RH. Hand and Peuker [21] used the ultrasonic 

humidifier to simulate a condition of moist air near 100% 
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RH for studying the effect of orientation of a 

thermoelectric device. He et al [22] also tested the 

performance and efficiency of AWH using thermoelectric 

devices with the simulated inlet air. Effect of RH and air 

flow rate on performance can be investigated separately as 

well as shown by Bagheri [2] that proposed a systematic 

method for assessment of the AWH performance and 

limitation with a commercially controllable environment 

chamber. The actual climate like conditions were simulated 

covering various climatic conditions, i.e. warm and humid 

(32 oC and 60% RH), mild and humid (20 oC and 75% 

RH), cold and humid (6 oC and 80% RH), warm and dry 

(32 oC and 20% RH), mild and dry (21 oC and 45% RH), 

cold and dry (6 oC and 57% RH) and mild (25 oC and 50% 

RH). After obtaining the desired condition, the simulated 

air was fed into the inlet of AWH devices. With variation 

of the simulated climatic conditions, they found the 

limitations and characteristics of the system.  

Despite the aforementioned works controlled the 

climatic conditions, they only limited for the inlet of AWH 

devices. Other parts of AWH systems were still in different 

surrounding conditions. This could affect on the 

experimental results of AWH system in the viewpoint of 

energy efficiency. For example, heat transfer rate and 

energy consumption of the condenser were changed if the 

surrounding condition was different. This is a very real 

pain point for the AWH research. The simulated climate 

situation closing to the actual situation as much as possible 

is needed to analyze the system and gain a greater 

understanding of parameters. However, there is so far no 

work on the large microclimate control room for AWH 

research to fully test the entire AWH system. 

This work proposes for the first time of the 

development of an innovative microclimate control room 

with the parallel control using IoT system to provide more 

realistic situation for AWH research. Flow and temperature 

distribution inside the microclimate control room were also 

assessed by computational fluid dynamics. 

2. Methodology 

2.1 Atmospheric Water Harvesting  

The principle of atmospheric water harvesting is the 

condensation of moisture in air. The direct cooling and the 

vapor concentration using desiccants are promising 

techniques for AWH. Direct cooling method drives the 

water vapor to liquid by reduction of air temperature. For 

the direct cooling, high energy consumption and suitable 

relative humidity (>30% RH) are required, while the vapor 

concentration with desiccants requires lower energy 

consumption and lower relative humidity. For the vapor 

concentration, the additional processes, i.e. moisture 

collection and release, have to be performed before 

condensation. More details of both techniques are available 

in [5], [8], [23]. The important properties of moist air for 

AWHs are dry bulb temperature, specific humidity, relative 

humidity and enthalpy of moist air. The correlation of these 

properties are shown in [23]. 

2.2 Setup of Microclimate Control Room  

The microclimate control room consists of the control 

system, i.e. main controller units (MCU ESP32), a group of 

sensors for measuring temperature and relative humidity 

and an infrared transmitter (IR module), and equipment for 

microclimate change, i.e. air conditioner, heater, humidifier 

and dehumidifier, as shown in Fig. 1. The microclimate 

condition can be controlled by offline control or online 

control by the control panel of MCU or the Blynk IoT 

platform through the internet protocol, respectively. The IR 

module was only added at a position in the room to control 

the air conditioner.  

 Fig. 2 shows the actual alignment of microclimate 

control room following the setup diagram. The room 

dimensions are 2.5 × 4.5 × 3 m (W × L × H). Ten 

measurement points were distributed at 2 m height. Fans 

behind the 2500 W heater were operated at 150 rpm all the 

time during test. The capacities of air conditioner, 

humidifier and dehumidifier are 9,000 BTU, 4 L/h and 30 

L/day, respectively. Before setup, the temperature and 

humidity sensors were compared with the reference 

thermometer and psychrometer under the range of 

operating conditions, i.e. temperature of 16-50 oC and 

relative humidity of 40-80%. The analog and I2C digital 

temperature and humidity complex sensors were used in 

this work to compare the accuracy (AMT1001 for analog 

sensor and AM2315 and SHT20 for digital sensor). For 

temperature measurement, analog signal temperature 

sensors (Lm 35) were also used to confirm data accuracy.  

The design concept of the microclimate control 

system is shown in Fig. 3. At first, MCU receives the set 

temperature and humidity (SetTemp and SetHumi) from 

the user via the online application or control panel. The 

room temperature and humidity are averaged from a group 

of sensor nodes named as RoomTemp and RoomHumi, 

respectively. MCU compares the room temperature and 

humidity with the set temperature and humidity. If the 

RoomTemp is less than the SetTemp, the MCU is alerted to 

control the heater with the PID controller algorithm. If the 

RoomTemp is higher than SetTemp, the MCU controls an 

air conditioner with the same SetTemp values through the 

infrared light emitting diode (IR transmitter). To control 

the humidity in the room, the MCU compares the 

RoomHumi with the SetHumi. If the RoomHumi is less 

than the SetHumi, the MCU activates the humidifier. 

Conversely, the dehumidifier is opereated when the 

RoomHumi is higher than SetHumi. 

To assure that the control system of microclimate 

control room can operate consistently and stably, the 

assessment was divided into 2 parts. Short period of control 

with condition changing was firstly tested to observe 

system behavior at air temperature and relative humidity 

between 20-45 oC and 40-80%, respectively. Then long 

period tests were performed for 10 hours to check stability 
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of the system. The ambient temperature and humidity ratio 

outside the room were also measured to show the 

independence of control system. To find the average value 

for each condition, the experimental tests were performed 

in 5 repetitions. 
 

 

Fig. 1 The schematic diagram of microclimate control system 
 

 

Fig. 2 The experimental prototype of the microclimate control room 

 
 

Fig. 3 Design concept of the microclimate control system 

2.3 Air Flow Analysis of Microclimate 

Control Room 

To investigate air flow distribution and obtain the 

optimal flow characteristic for testing under wide range of 

climate, air velocity and temperature distribution in 

microclimate control room can be assessed by the 

computational fluid dynamics. The governing equations 

used are following: 

𝜕𝜌

𝜕𝑡
+ 𝛻 ⋅ (𝜌𝒗) = 0              (1) 

𝜕

𝜕𝑡
(𝜌𝒗) + 𝛻 ⋅ (𝜌𝒗𝒗) = −𝛻𝑝 + 𝛻 ⋅ () + 𝜌𝒈 + 𝑭     (2) 

𝜕

𝜕𝑡
(𝜌𝐸) + 𝛻 ⋅ (𝒗(𝜌𝐸 + 𝑝)) = 𝛻 ⋅ (𝑘𝑒𝑓𝑓𝛻𝑇) + 𝑆ℎ     (3) 

 

Where , t, v, p, , g, F, E, keff, T and Sh are density, 

time, flow velocity, pressure, stress tensor, gravity, 

momentum sink term, total energy, effective conductivity, 

temperature and volumetric heat source, respectively. The 

turbulent k- model was used for calculation as shown in 

[24]. To reduce the simulation complexity, assumptions of 

no-slip wall, steady state and incompressible flow 

condition are used. The model and grid cell of the 

microclimate control room for simulation are shown in Fig. 

4 (a) and (b), respectively. Grid independent study was 

performed before air flow assessment. The optimum grid 

for flow simulation was 882,655 cells. 

Model validation was performed by comparison of the 

experimental results and simulation at the same condition. 

A hot wire anemometer (Jedto-AFM029) was used to 

measure air velocities and temperatures with accuracy ±3% 

and 2 oC, respectively, at the positions shown in Fig. 4 (c). 

Velocity and temperature for each point were acquired in 

triplicate.  
 

Dehumidifier 

Humidifier 

Heater 

Air conditioner Group of 

Sensors 
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(a) (b) 

 

(c) 

Fig. 4 (a) Model of microclimate control room, (b) Model discretization 

and (c) Plane for visualization. 

 

The boundary conditions for simulation in case of 

cooling and heating mode were referred to the actual 

operating condition. For cooling mode, the inlet was 

assigned as 21 oC and 3.5 m/s for air temperature and 

velocity, respectively, with the turbulence intensity of 2%. 

The angle of air inlet was varied horizontally by 15o from 

30o to 90o. The atmospheric pressure and room temperature 

were used for the outlet. For heating mode, the inlet 

condition of heater was 50 oC and 3.5 m/s for prediction. 

The number of iterations of 5,000 cycles and the residual 

values of 0.0001 for all variables were the criteria for 

calculation [25]. 

3. Results and Discussion 

3.1 Sensor Calibration 

The calibration curves of sensors were successfully 

constructed with the reference data of air temperature and 

relative humidity as shown in Fig. 5 and Fig. 6, 

respectively. It was revealed that air temperature and 

relative humidity measured by sensors increased linearly as 

reference values increased under desired conditions (air 

temperature of 15-50 oC and relative humidity of 40-80 %). 

The linear regression lines represent the calibration curves 

at measured values with high determination coefficients 

(R2>0.98). This could be expressed that the calibrated 

sensors are established using for air temperature and 

relative humidity in the range of calibration. 
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Fig. 5 Calibration curves of temperature sensor under desired 

temperatures at different relative humidity. 
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Fig. 6 Calibration curves of relative humidity sensor under desired values 

at different temperature. 
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3.2 Microclimate Control  

Short period test of microclimate control at desired 

conditions was shown in Fig. 7 to investigate the system 

before long operating control test. The results shown that 

the control system can constantly control the microclimate 

in the room for 60 minutes. Overshooting value of relative 

humidity can be observed at the beginning of new 

condition, but it can move to the set point and maintain 

consistently after 5 minutes as shown in Fig. 7 (a)-(f). The 

outside air temperature and relative humidity are also 

shown in the plots. It is clear that the control system can 

maintain the microclimate in the room without disturbance 

of the outside temperature and relative humidity 

 Fig. 8 shows temperature and relative humidity of 

long operating run tested at 30 oC and 60% RH for desired  

 

condition, at 20 oC and 40% RH for the lowest limit and 

45oC and 80% RH for the highest conditions, where the 

microclimate is difficult to be controlled. The control can 

maintain at target conditions with small fluctuation for 10 

hours. With this result, the microclimate control room is 

available for parametric study of atmospheric water 

harvesting research. The parameters of microclimate 

control room can be varied individually for long test. 

However, a malfunction of the relay contact for 

dehumidifier was observed after 450 hours of operation, 

because of deterioration of the mechanism inside relay 

contact. To solve this problem, the relay contact was 

replaced by the opto-switch which is no moving part in the 

operation. 
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Fig. 7 Test of microclimate control with relative humidity variation between 40-80 % in short period at a specific room temperature at (a) 20 oC, (b) 25 
oC, (c) 30 oC, (d) 35 oC, (e) 40 oC and (f) 45 oC. 
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Fig. 8 Long operating test at (a) lowest limit of control (20 oC and 40% 

RH) (b) desired condition (30 oC and 60% RH) and (c) highest limit (40 
oC and 80% RH). 

3.3 Air Flow and Temperature Distribution 

in Microclimate Control Room 

The validation of model was performed by the 

comparison of experimental results and the simulations of 

velocity and temperature as shown in Fig. 9 (a) and (b), 

respectively. The validation showed that there is correlation 

between the experiment and simulation with the averaged 

relative error of 21.2% and 18.6% for velocity and 

temperature, respectively. The relative errors in this work 

are rated as B level and acceptable, according to Zhang et 

al. [26]. 

Air flow pattern in the microclimate control room was 

shown in Fig. 10. The different angle of air inlet resulted in 

different flow in the room. For AWH with direct desiccant, 

the 45o inlet angle seemed to have a proper location under 

the air conditioner, because the air velocity is low and there 

is no disturbance of air flow on the experiment. For AWH 

with direct cooling, the location at the middle room in case 

of the 30o inlet angle is suitable for the experiments, 

because more homogeneous velocity comparing with the 

others are available.  
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Fig. 9 Model validation. (a) Velocity and (b) Temperature. 

 

   

                     (a)                                            (b) 

 

    

                     (c)                                           (d) 

Fig. 10 Flow pattern in the microclimate control room with different inlet 

angle at (a) 30o, (b) 45o, (c) 60o and (d) 90o. 
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Fig. 11 (a) and (b) show the temperature distribution 

in the microclimate control room in case of cooling mode 

with inlet temperature of 25 oC and heating mode with inlet 

temperature of 50 oC, respectively. Air temperature was 

homogeneously distributed in the control room for both 

cases. This condition control can be used for the 

experiments of AWH with direct cooling or desiccants. 

With the control system developing in this work, the 

sensitivity of parameters of AWH can be investigated 

separately. 

4. Conclusion 

This work presented a development of microclimate 

control room using IoT system to provide more realistic 

situation for atmospheric water harvesting research. A new 

test bed developed can vary the temperature and relative 

humidity between 20-45 oC and 40-80%, respectively. For 

short and long operations, the control system successfully 

operated and maintained the desired microclimate without 

the disturbance of ambient air. With the simple geometry of 

the room, the homogeneous temperature distribution was 

obtained by alignment of the operating devices. Flow 

distribution can be selected by adjusting the air guide vane 

of the air conditioner. The 45o inlet angle of the air guide 

vane provided the proper still air for AWH by direct 

desiccant at the position under the outlet of air conditioner, 

while of the 30o inlet angle provided homogeneous velocity 

distribution which is suitable for AWH by direct cooling. 

The opto-switch was suggested for using in the control 

system instead of the mechanical switch or relay contact.  

 

 

(a) 

 

(b) 

Fig. 11 Temperature distribution (a) Cooling mode using air conditioner 

with air discharge temperature of 25 oC and (b) Heating mode using heater 

with air discharge temperature of 50 oC. 

The extensions of this work in the future will deal 

with the parametric study to increase the energy efficiency, 

the novel AWH technologies and the optimization of AWH 

system under the simulated microclimate conditions before 

the field test. 
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