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Abstract
Home gardens in Mexico represent a pathway toward food sovereignty in both rural and urban areas. The rural family-garden 

is an agroecosystem with traditional roots where the family lives, together with their animals. A comprehensive review of water 
treatment from brackish and desalination water by small-scale humidification-dehumidification (HDH) was carried out considering 
the use of renewable energies. The different HDH cycle provide advantages and disadvantages and present great potential for 
decentralized small-scale water production applications implemented in agricultural crop irrigation systems. Home gardens can be 
rural or urban, but the smaller area within the city terraces prevent the use of photovoltaic panels as they will occupy most of the 
space and reduce the solar radiation required for photosynthesis. Heat pumps can be very useful as the space required is smaller 
and energy can be reduced if water is sprayed over the condenser.
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Introduction to HDH technology
Desalination is a process used to obtain fresh water from saline 

water, such as brackish water or seawater. Since its evolution in 
the 1950s, its technical and economic feasibility have improved 
considerably. Membrane, thermal or emergent processes are 
commonly used being membrane reverse osmosis (RO) used in 
69% of the global facilities [1]. A major environmental concern 
arises from the large volume of brine produced in the desalination 
process, requiring special management and increasing energy costs. 
Brine handling is both financially expensive and technically difficult, 
and therefore most desalination plants discharge untreated brine 
directly into the environment. Middle East & North Africa represents 
the largest brine production volume (99.4 m3/day), followed by 
East Asia & Pacific (14.9 m3/day), Western Europe (8.4 m3/day) 
and North America (5.4 m3/day). they represent the vast majority 
in the rest of the global participation. On the other hand, the sectors 
with the greatest brine production problem are the municipal 
(106.5 m3/day), industrial (27.4 m3/day) and irrigation (1.1 m3/ 

 
day) sectors [1]. The higher the volumetric processing efficiency 
of the desalination process, the lower the proportion of brine 
produced relative to the volume of desalinated water produced. 
Humidification-Dehumidification (HDH) technology has become 
a viable alternative for small-scale desalination. This technology 
based on the steam cycle principle, condenses the water vapor to 
obtain fresh water. Air enters the HDH unit and condenses in the 
evaporator to produce water vapor. This steam is passes through 
the condenser and the collected water is stored for later use [2]. 
Humidification-dehumidification technology has been shown to 
be an effective alternative to traditional desalination due to its 
low cost, simplicity, and energy efficiency. The main components 
of the HDH system are the humidifier and the dehumidifier. In 
the humidifier, the evaporation process increases air humidity, 
by maintaining contact between atomized water droplets and 
unsaturated air. This humidification results from the difference 
between air and the air-water interface moisture content [3]. In 

https://www.lupinepublishers.com/index.php
https://lupinepublishers.com/robotics-mechanical-engineering-journal/
http://dx.doi.org/10.32474/ARME.2023.04.000177


Citation: Jesus Garcia, Federico Hahn*, Salvador Valle and Mauricio Carillo. Residual and Desalination Water Treatments using HDH 
Process- a Review for Potential use in Home Gardens. Adv in Rob & Mech Engin 4(1)- 2023. ARME.MS.ID.000177. 
DOI: 10.32474/ARME.2023.04.000177

                                                                                                                                                          Volume 4 - Issue 1 Copyrights @ Federico HahnAdv in Rob & Mech Engin

493

addition, the humidity of the air supplied to the humidifier has a 
great impact on the performance of the system [4]. To increase the 
moisture content of the air, HDH systems use devices such as spray 
tower [5], bubble columns [6] and packed bed chambers [7]. Mass 
balance design is important in each equipment; For example, the 
tower diameter-length ratio is a strategic parameter, to mix the air 
and aerosol optimally. Desiccators or condensers are the major HDH 
dehumidification equipment, which condense moist air to produce 
fresh water [2]. In seawater desalination systems based on HDH 
techniques, desiccators have a greater influence than humidifiers 
on the volume of fresh water obtained. Indirect desiccators offer 
a higher heat recovery than direct desiccators, because the warm 
and humid air from the indirect desiccator is used to pre-heat the 
seawater [8].

HDH systems can be classified into two large groups: Energy 
management and consumption including HDH heating type 
and Cycle configuration within the HDH process. Some relevant 
performance parameters have been defined including gained-
output-ratio (GOR). GOR is the ratio of the latent heat of evaporation 
of the distillate water produced to the total heat input from the heat 
source [9]. In Table 1, desalination systems with productivities 
having unit of L/m2day or L/m2h represent plants dependent on 
the area of the solar still, solar tubes or solar concentrator. Solar 
concentrator systems tend to produce high amounts of water per 
day as shown by the plant in Saudi Arabia [10-15]. According to 
Table 1, GOR values over 3, produced the cheaper pure water in $/L 
[13-19].

Cycle configuration within the HDH process
HDH desalination systems are classified based on configuration 

or by operating cycles [20]. The different configuration cycles are 
shown in Figure 1. In both, Figure 1a and 1c, the wastewater leaving 
the humidifier is returned to the sea. In the first cycle (Closed Air 
Open Water-CAOW), the air is recirculated within the system and 
the water is discarded at the end of its cycle although it may not 
be extremely pure, Figure 1a. The air mixes with the salt water in 
a heat exchanger and is separated to later condense the moisture 
into fresh water in the dehumidifier. In the second cycle (Open Air 
Closed Water-OACW), air is introduced into the system, meanwhile 
the water recirculates, Figure 1b. The water increases its salinity as 
moisture is extracted from it. In Table 1, the recirculating water flow 
at 70°C of the desalination system is 4 kg min-1[17]. The system 
works with solar energy and an electrical heater from 9:00 to 17:00 
hr., providing almost 40 liters/day; This production can be tripled 
if the electrical heater works continuously. In the third cycle (Open 
Air Open Water-OAOW), water and air entering the HDH system 
will always be replaced, Figure 1c. The water produced in Egypt 
[10] with this kind of plant accounts 123 Lh-1, using up to 150 m2 of 
solar collector. In the fourth cycle (Closed Air Closed Water-CACW) 
the water and the air are recirculated until the desalination process 
reaches its production setpoint, Figure 1d. HDH efficiency can be 
further improved through heating of water, air, or both (CITA). Four 
of the selected HDH systems use this CACW type, Table 1. In the 
HDH system in Saudi Arabia [13] the recirculating water at 40°C 
and air flow are of 2Lmin-1 and 0.055 kgs-1, respectively, Table 1. 
As the water flow increases, a higher water production is obtained. 

Figure 1: HDH configurationcycles: A = CAOW, B = OACW, C = OAOW, D = CACW, 1 = Humidifier, 2 = Dehumidifier, 3 =  Air 
blower, 4 = Air flow, 5 = Heat Exchange, 6 = Coolant Flow outlet, 7 = Coolant Flow inlet, 8 =  Distilled outlet, 9 = Tank Of  distilled 
water, 10 = Waste water, 11 = Brine outlet, 12 = Heater, 13 = Air blower, 14 = Tank Of  seawater, 15 = Water Pump, 16 = Valve, 17 

= Measurer Flow, 18 = Air intake, 19 = Air outlet.
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Table 1: Desalination equipment´s showing GOR, productivity and system configuration being used in several countries.

Country Plant Config cycle GOR Productivity Cost, $/L Author

Saudi Arabia HDH+HP CAOW 3.7-10.4 - 0.008-0.03 [10]

Egypt SS+HDH CACW - 11L/(m2.day) - [11]

Iran CLPHP +HDH+HP CACW 0.81 8.7L(m2.day) 0.012 [12]

Saudí Arabia HDH + HP CACW 4.07 287.8L/day 0.011-0.02 [13]

Iran HDH + SCV CAOW 3.43 1.07L/m2.h 0.0041 [14]

Saudí Arabia HDH + SC OAOW 4.23 125L/m2.day - [15]

Egypt
HDH+recirculating OACW 0.53 4.98L/h 0.015

[16]
water flow CACW 0.84 6.16L/h 0.012

Egypt HDH+HR+SC OAOW 0.3 123.7 L/h 0.099 [17]

*GOR= Gained Output Ratio; CS= Cooler System; HP = Heat Pump; SS= Solar Still; SC=Solar Concentrator; SH= Solar Heating; SR= 
Solar Recovery; PV= Photovoltaic; HR= Heat Recovery; CLPHP= Closed-loop pulsating heat pipe; SCV=Solar Collector Vacuum

Energy Management and Consumption 
HDH systems can produce pure water with renewable energy 

[21]. The energy required by the desalination system to heat the 
air and or water should be environmentally friendly [9]. However, 
thermal energy can be obtained after burning fossil fuel or nuclear 
power [22]. Energy used by HDH desalination systems can be 
classified as thermal, solar and/or hybrid. The hybrid power 
source combines more than one power source to maximize system 
performance and minimize cost [4]. The solar energy can use 
photovoltaic panels, collectors or solar ponds. The solar collector 
is the main element of the solar desalination system providing a 
special heat exchanger and it can include evacuated tube collector 
(ETC) [23], compound parabolic collector (CPC) [24] and flat plate 
collector (FPC) [25]. Solar energy subcategories include energy 
from waste photovoltaics/thermal energy [26], solar refrigerators 
and heat pumps [27], and thermal power plants [28]. With solar 
technologies, water productivity is affected by the solar intensity, 
ambient temperature and wind speed. The amount of water 
produced increases with time exposed to solar energy, being 
maximum around solar noon [25].

HDH classification Based on Heating System

HDHs can be classified into three main groups according to 
the type of heating system used; these are the air heating system, 
the water heating system, and dual heating system. To improve the 
productivity of HDH systems, air, water, or both are heated before 
entering the humidifier. Various energy sources (conventional or 
renewable) are used to heat the air or water in HDH desalination 
systems. After air heats up, air temperature increases meanwhile 
relative humidity decreases. The capacity to transport more water 
vapor increases, producing a higher quantity of pure water. The water 
heating system is used to raise the water temperature, increasing the 
amount of steam during the humidification process, and producing 
a higher quantity of pure water. The dual heating system combines 
the air and water heating systems, which increases the amount 
of water vapor generated in the humidifier, thus improving the 
productivity of the system. Actually, as the versatility of the energy 

sources is greater, these heating systems have better freshwater 
productivity than individual heating systems. Power requirements 
and economic costs vary depending on the type of feed water, the 
configuration used, system temperatures, and water mass flow. 
The CACW type technologies require of less fluid heating because 
recirculation provides heat-energy saving. The process increases 
productivity from 20 to 88%, together with lower investment costs 
[29]. Limited research has been done for double heating cycles 
where both air and water are heated at the same time. Maximum 
water is produced at the same heating efficiency when there is an 
optimal water to air mass flow rate ratio [30]. Mass flow rates of air 
and water have to be optimized to improve water productivity [31]. 
HDH system productivity improvement can be analyzed through 
the generation of specific entropy within each component of the 
cycle. Irreversibility within the humidifier is relatively low and 
approaches zero [30], so its effectiveness ranges between 72-100%. 
Thus, improvements are focused on the dehumidifier, air heater, 
and water heater. Therefore, to improve the overall performance of 
the system, the effectiveness of the dehumidifier is really important 
[30]. An experimental study by Alrbai et al. [32] tested the mist 
nozzle technique being evaluated positively by reducing the exergy 
destruction of the desalination process. Maximum GOR value of 3.4 
and minimum specific entropy generation of 0.235 were obtained 
at a mass flow velocity ratio of 0.78. The use of the mist nozzle 
increases the energy recovered from the freshwater outlet of the 
humidifier. A common plant uses several pumps in the process [33]. 
Two centrifugal pumps (0.8 kW) are used in the cooling water loop 
and cold-water loop. Another plastic magnetic pump (0.55 kW) 
transports seawater to the nozzles. A smaller 0.15 kW fan drives 
the airflow within the system, and a PID temperature controller 
turns on a 3-kW electric heating rod to heat the airflow to a desired 
value. The seawater temperature at the dehumidifier inlet of the 
first stage (TW1) is also controlled by a PID temperature controller. 
With an increase of TW1, the productivity of the freshwater after 
the first stage decreases slightly. A total of 5.1 kg/hr is obtained by 
the first dehumidifier, and with two dehumidifiers a total of 20 kg/
hr can be obtained. 
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Water Treatment in Home Gardens
Rural home gardens include trees, crops and animals living 

nearby the family; Animals occupy small spaces and are located 
in the vicinity of the houses [34]. Rural parcel area varies between 
100 m2 and half hectare, being the water requirements 1000 lt day-
1 [35]. A heat-pump for removing salts in water is shown in Figure 
2. This system can be used in communities close to the sea or in 
municipal cities were sewage water can be treated [35]. The heat 
pump system consists of a compressor, a condenser, an evaporator 
and an expansion valve which are enclosed in the green window of 
Figure 2. The heat source for the solar pump is the condensation 
vapor of the R134A refrigerant and reaches 90°C. The water 
desalination system comprises a humidifier, dehumidifier, pumps 
and a fan. The process begins with the seawater being fed to the heat 
pump condenser, where the incoming water is heated and steam is 
generated. The water vapor is collected and condensed, releasing 
fresh water as the end product [35]. Distilled water is discharged 
into a container and the salts are discharged from the heat pump to 
complete the desalination cycle. The reverse osmosis desalination 
process begins with a tank of salt water, Figure 3. Saltwater is 

pumped through a series of filters that remove large particles and 
contaminants to ensure water quality. The filtered water is then 
pumped through a separation membrane, which separates the 
salt water (brine) from the fresh water. The brine is collected in a 
brine receiving tank, while the fresh water is pumped into a fresh 
water storage tank. This fresh water can be used for a variety of 
uses, such as irrigation, food production, drinking water supply, etc. 
The energy to run this plant is solar, which makes it more efficient 
and respectful of the environment. Solar energy is collected by 
solar panels, which are then stored in batteries for later use. These 
batteries supply electricity to the pumping and filtering systems, 
which are necessary for the operation of the desalination plant. 
Reverse osmosis filtering can be an option for rural areas as there 
is more space to install 28 m2 of solar PV (Table 2). Urban terrace 
gardens are installed on the top of the house and their average area 
is 50 m2 and as the space is small a heat pump is more practical, 
Figure 2. In urban gardens, recycled sewage-waste water is used 
as the incoming water. The water is cleaned and used for human 
needs, meanwhile wastewater can be applied to the vegetables [34]. 

Figure 2: HDH system with heat pump for city building.

Table 2: Size and energy comparison of modern desalination systems.

 Reverse osmosis Heat pump

Energy 10 kWh 11 kW

Solar panels 28 m2  

Length 1 m 1 m

Wide 1 m 0,5 m

Height 1 m 1 m
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Figure 3: Reverse osmosis water treatment.

Discussion
Mexico City’s water stress increases due to rapid urbanization 

and the effect of extreme meteorological events. Water supply rely 
on ground water and from external sources [36]. A study made in the 
Mexico City Metropolitan Area showed that aluminum, ammonia, 
iron, and manganese exceeded the normal standards, meanwhile 
arsenic, boron, and chrome was found in some areas [37]. In the 
city’s water used for human needs and vegetable production will 
be the one that will be recycled from the home sewage. The use 
of saline irrigation water during lettuce growth in South Korea 
increased the level of salinity in the soil affecting lettuce growth 
and yield [38]. Desalination is being presented as an alternative 
to water scarcity in certain areas. The use of desalinated water in 
irrigation and fertigation are essential for agricultural production 
demonstrated that fertigation has numerous benefits compared to 
the application of fertilizers and water separately [38,39]. Reverse 
osmosis and heat pump HDH are compared in Table 2, checking 
their size for a similar energy consumption. This is important as 
the difference between both is the type of energy used. Very clean 
water is required for human and animal consumption, but filters 
can help to remove some special and dangerous salts. Other salts 
can be used within the terrace garden, where the soil acts as a 
buffer filtering some salts and avoiding vegetable contamination. 
Sensors applied to soil and vegetables will measure pH, EC, Cu, Ca 
and Mg. A study has shown that increasing levels of wastewater 
treatment, such as decontamination, disinfection, and biological 
treatment, has a direct correlation with decreased environmental 
and human health risks [40].

Conclusion
This review concludes that family gardens can obtain the 

treated water they need daily and start to produce their own food. 
Water can be used for their needs and even re-used water can be 

applied as fertilizer for the growth of better crops. Heat pumps are 
very interesting as they can work all day long and do not require 
too much space. Although reverse osmosis is getting cheaper, the 
system requires more maintenance as the salts clog the filters.

References
1. Jones E, Qadir M, Van Vliet MT, Smakhtin V, Kang S (2019) Science of 

the Total Environment The state of desalination and brine production: A 
global outlook. Sci Total Environ 657: 1343-1356.

2. Khraisheh M, Inamdar M, AlMomani F, Adham S (2022) Humidification–
Dehumidification (HDH) Desalination and Other Volume Reduction 
Techniques for Produced Water Treatment. Water 14(1): 60.

3. Santosh R, Lee HS, Ji H, Kim YD (2023) Effect of thermal characteristics 
on the chemical quality of real-brine treatment through hydrophilic 
fiber-based low-grade heat-powered humidification-dehumidification 
process. Water Research 119771.

4. Mahmoud A, Fath H, Ahmed M (2018) Enhancing the performance 
of a solar driven hybrid solar still/humidification-dehumidification 
desalination system integrated with solar concentrator and photovoltaic 
panels. Desalination 430: 165-179.

5. Wu G, Kutlu C, Zheng H, Su Y, Cui D (2017) A study on the maximum gained 
output ratio of single-effect solar humidification-dehumidification 
desalination. Sol Energy 157: 1-9.

6. Abdelkader BA, Khan M, Antar MA, Khalifa AE (2020) Performance of 
bubble column humidification-dehumidification (Hdh) desalination 
system. Desalin Water Treat 181: 101-112.

7. Garg K, Das SK, Tyagi H (2022) Thermal design of a humidification-
dehumidification desalination cycle consisting of packed-bed humidifier 
and finned-tube dehumidifier. Int J Heat Mass Transf 183: 122153.

8. Rostamzadeh H Namin AS, Nourani P, Amidpour M, Ghaebi H (2019) 
Feasibility investigation of a humidification-dehumidification (HDH) 
desalination system with thermoelectric generator operated by a 
salinity-gradient solar pond. Desalination 462: 1-18.

9. Mohamed ASA, Ahmed MS, Maghrabie HM, Shahdy AG (2021) 
Desalination process using humidification-dehumidification technique: 
A detailed review. International Journal of Energy Research 45(3): 3698-
3749.

http://dx.doi.org/10.32474/ARME.2023.04.000177
https://www.sciencedirect.com/science/article/abs/pii/S0048969718349167
https://www.sciencedirect.com/science/article/abs/pii/S0048969718349167
https://www.sciencedirect.com/science/article/abs/pii/S0048969718349167
https://www.mdpi.com/2073-4441/14/1/60
https://www.mdpi.com/2073-4441/14/1/60
https://www.mdpi.com/2073-4441/14/1/60
https://pubmed.ncbi.nlm.nih.gov/36842328/
https://pubmed.ncbi.nlm.nih.gov/36842328/
https://pubmed.ncbi.nlm.nih.gov/36842328/
https://pubmed.ncbi.nlm.nih.gov/36842328/
https://www.sciencedirect.com/science/article/abs/pii/S0011916417324785
https://www.sciencedirect.com/science/article/abs/pii/S0011916417324785
https://www.sciencedirect.com/science/article/abs/pii/S0011916417324785
https://www.sciencedirect.com/science/article/abs/pii/S0011916417324785
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17306837
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17306837
https://www.sciencedirect.com/science/article/abs/pii/S0038092X17306837
https://www.deswater.com/DWT_articles/vol_181_papers/181_2020_101.pdf
https://www.deswater.com/DWT_articles/vol_181_papers/181_2020_101.pdf
https://www.deswater.com/DWT_articles/vol_181_papers/181_2020_101.pdf
https://www.sciencedirect.com/science/article/abs/pii/S001793102101259X
https://www.sciencedirect.com/science/article/abs/pii/S001793102101259X
https://www.sciencedirect.com/science/article/abs/pii/S001793102101259X
https://www.sciencedirect.com/science/article/abs/pii/S0011916419300657
https://www.sciencedirect.com/science/article/abs/pii/S0011916419300657
https://www.sciencedirect.com/science/article/abs/pii/S0011916419300657
https://www.sciencedirect.com/science/article/abs/pii/S0011916419300657
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.6111
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.6111
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.6111
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.6111


Citation: Jesus Garcia, Federico Hahn*, Salvador Valle and Mauricio Carillo. Residual and Desalination Water Treatments using HDH 
Process- a Review for Potential use in Home Gardens. Adv in Rob & Mech Engin 4(1)- 2023. ARME.MS.ID.000177. 
DOI: 10.32474/ARME.2023.04.000177

                                                                                                                                                          Volume 4 - Issue 1 Copyrights @ Federico HahnAdv in Rob & Mech Engin

497

10. Lawal D, Antar M, Khalifa A, Zubair S, Al Sulaiman F (2018) 
Humidification-dehumidification desalination system operated by a 
heat pump. Energy Conversion and Management 161: 128-140.

11. Mahmoud A, Fath H, Ookwara S, Ahmed M (2019) Influence of partial 
solar energy storage and solar concentration ratio on the productivity 
of integrated solar still/humidification-dehumidification desalination 
systems. Desalination 467: 29-42.

12. Aref L, Fallahzadeh R, Avargani VM (2021) An experimental investigation 
on a portable bubble basin humidification/dehumidification 
desalination unit utilizing a closed-loop pulsating heat pipe. Energy 
Conversion and Management 228: 113694.

13. Lawal DU, Antar MA, Khalifa A, Zubair SM, Al Sulaiman F (2020) 
Experimental investigation of heat pump driven humidification-
dehumidification desalination system for water desalination and space 
conditioning. Desalination 475: 114199.

14. Rahimi Ahar Z, Hatamipour MS, Ghalavand Y (2018) Experimental 
investigation of a solar vacuum humidification-dehumidification 
(VHDH) desalination system. Desalination 437: 73-80.

15. Dayem AA, AlZahrani A (2022) Psychometric study and performance 
investigation of an efficient evaporative solar HDH water desalination 
system. Sustainable Energy Technologies and Assessments 52: 102030.

16. Mohamed ASA, Shahdy AG, Ahmed MS (2021) A comparative study 
of open and closed-air cycles for desalination system using the 
humidification–dehumidification method. Environmental Science: 
Water Research & Technology 7(11): 2089-2105.

17. Fouda A, Nada SA, Bin Mahfouz AS, Al Zahrani A, Elattar HF (2020) 
Augmentation of solar-assisted humidification-dehumidification water 
desalination system using heat recovery and thermal energy storage 
system. International Journal of Energy Research 44(8): 6631-6650.

18. Lawal D, Antar M, Khalifa A, Zubair S, Al Sulaiman F (2018) 
Humidification-dehumidification desalination system operated by a 
heat pump. Energy Conversion and Management 161: 128-140.

19. Rahimi Ahar Z, Hatamipour M S, Ghalavand Y (2018) Experimental 
investigation of a solar vacuum humidification-dehumidification 
(VHDH) desalination system. Desalination 437: 73-80.

20. Mistry KH, Zubair SM (2010) Effect of entropy generation on the 
performance of humidification-dehumidification desalination cycles. 
International Journal of Thermal Sciences 49(9): 1837-1847.

21. Garg K, Khullar V, Das SK, Tyagi H (2018) Numerical study of nanofluid-
based solar collector for humidification-dehumidification (HDH) 
desalination. In ASME International Mechanical Engineering Congress 
and Exposition. American Society of Mechanical Engineers 52088: 
V06BT08A032.

22. Hsu SH, Ho YH, Ho MX, Wang JC, Pan C (2015) On the formation of 
vapor film during quenching in de-ionized water and elimination of film 
boiling during quenching in natural sea water. International Journal of 
Heat and Mass Transfer 86: 65-71.

23. Khalil A, El Agouz SA, El Samadony YAF, Abdo A (2015) Solar water 
desalination using an air bubble column humidifier. Desalination 372: 
7-16.

24. Xuening F, Lei C, Yuman D, Min J, Jinping F (2015) CFD modeling and 
analysis of brine spray evaporation system integrated with solar 
collector. Desalination 366: 139-145.

25. Tabrizi FF, Khosravi M, Sani IS (2016) Experimental study of a cascade 
solar still coupled with a humidification–dehumidification system. 
Energy Conversion and management 115: 80-88.

26. Anand B, Murugavelh S (2022) A hybrid system for power, desalination, 
and cooling using concentrated photovoltaic/thermal collector. Energy 
Sources, Part A: Recovery, Utilization, and Environmental Effects 44(1): 
1416-1436.

27. Anand B, Shankar R, Jiménez García JC, Rivera W (2023) A dual-mode 
system for water purification and cooling using a thermal desalination 
technique coupled to a heat pump unit. Applied Thermal Engineering 
224: 120096.

28. Nezhad QA, Jafarmadar S, Khalilarya S (2022) A novel solar-driven power 
desalination system based on a liquid metal magnetohydrodynamic unit. 
Thermal Science and Engineering Progress 28: 101043.

29. Faizan M, Toor Z, Antar MA (2022) Optimization of Two-Stage Modified 
Air Heated HDH Desalination Systems. Arabian Journal for Science and 
Engineering 47(12): 16451-16473.

30. Lawal DU, Abdul JS, Sharqawy MH, Antar MA (2021) Energy and Entropy 
Analyses of a Pilot-Scale Dual Heating HDH Desalination System. Entropy 
23(10): 1282.

31. Hermosillo JJ, Arancibia Bulnes CA, Estrada CA (2012) Water desalination 
by air humidification: Mathematical model and experimental study. 
Solar Energy 86(4): 1070-1076.

32. Alrbai M, Enizat J, Hayajneh H, Qawasmeh B, Al Dahidi S (2022) 
Energy and exergy analysis of a novel humidification-dehumidification 
desalination system with fogging technique. Desalination 522: 115421.

33. Zhang Y, Zhu C, Zhang H, Zheng W, You S, et al. (2018) Experimental 
study of a humidification-dehumidification desalination system with 
heat pump unit. Desalination 442: 108-117.

34. Cano Contreras EJ (2015) Huertos familiares: Un camino hacia la 
soberanía alimentaria. Revista Pueblos y fronteras digital 10(20): 70-91.

35. Díaz Heyser LL (2020) Conceptual design of a seawater desalination 
system using a heat pump. Ciencia Y tecnología De Buques 13(26): 29-
38.

36. Chen Y (2022) Water Sustainability Challenges, Peri-Urbanization, and 
Community-Based Water Systems: A Reflective Commentary on the 
Metropolitan Area of Mexico City. Frontiers in Sustainable Cities 51.

37. Mazari Hiriart M, Tapia Palacios MA, Zarco Arista A E, Espinosa García 
AC (2019) Challenges and opportunities on urban water quality in 
Mexico City. Frontiers in Environmental Science 7: 169.

38. Awaad HA, Mansour E, Akrami M, Fath HE, Javadi AA, et al. (2020) 
Availability and feasibility of water desalination as a non-conventional 
resource for agricultural irrigation in the mena region: A review. 
Sustainability 12(18): 7592.

39. Toze S (2006) Reuse of effluent water-benefits and risks. Agricultural 
water management 80(1-3): 147-159.

40. Vo PT, Ngo HH, Guo W, Zhou JL, Nguyen PD, et al. (2014) A mini review 
on the impacts of climate change on wastewater reclamation and reuse. 
Science of the Total Environment 494: 9-17.

http://dx.doi.org/10.32474/ARME.2023.04.000177
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0011916418319301
https://www.sciencedirect.com/science/article/abs/pii/S0011916418319301
https://www.sciencedirect.com/science/article/abs/pii/S0011916418319301
https://www.sciencedirect.com/science/article/abs/pii/S0011916418319301
https://www.sciencedirect.com/science/article/abs/pii/S0196890420312188
https://www.sciencedirect.com/science/article/abs/pii/S0196890420312188
https://www.sciencedirect.com/science/article/abs/pii/S0196890420312188
https://www.sciencedirect.com/science/article/abs/pii/S0196890420312188
https://www.sciencedirect.com/science/article/abs/pii/S0011916419314560
https://www.sciencedirect.com/science/article/abs/pii/S0011916419314560
https://www.sciencedirect.com/science/article/abs/pii/S0011916419314560
https://www.sciencedirect.com/science/article/abs/pii/S0011916419314560
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S2213138822000820
https://www.sciencedirect.com/science/article/abs/pii/S2213138822000820
https://www.sciencedirect.com/science/article/abs/pii/S2213138822000820
https://pubs.rsc.org/en/content/articlelanding/2021/ew/d1ew00233c
https://pubs.rsc.org/en/content/articlelanding/2021/ew/d1ew00233c
https://pubs.rsc.org/en/content/articlelanding/2021/ew/d1ew00233c
https://pubs.rsc.org/en/content/articlelanding/2021/ew/d1ew00233c
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5399
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5399
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5399
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5399
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0196890418300815
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S0011916417326383
https://www.sciencedirect.com/science/article/abs/pii/S1290072910001304
https://www.sciencedirect.com/science/article/abs/pii/S1290072910001304
https://www.sciencedirect.com/science/article/abs/pii/S1290072910001304
https://asmedigitalcollection.asme.org/IMECE/proceedings-abstract/IMECE2018/52088/V06BT08A032/275365
https://asmedigitalcollection.asme.org/IMECE/proceedings-abstract/IMECE2018/52088/V06BT08A032/275365
https://asmedigitalcollection.asme.org/IMECE/proceedings-abstract/IMECE2018/52088/V06BT08A032/275365
https://asmedigitalcollection.asme.org/IMECE/proceedings-abstract/IMECE2018/52088/V06BT08A032/275365
https://asmedigitalcollection.asme.org/IMECE/proceedings-abstract/IMECE2018/52088/V06BT08A032/275365
https://www.sciencedirect.com/science/article/abs/pii/S0017931015002124
https://www.sciencedirect.com/science/article/abs/pii/S0017931015002124
https://www.sciencedirect.com/science/article/abs/pii/S0017931015002124
https://www.sciencedirect.com/science/article/abs/pii/S0017931015002124
https://www.sciencedirect.com/science/article/abs/pii/S0011916415003689
https://www.sciencedirect.com/science/article/abs/pii/S0011916415003689
https://www.sciencedirect.com/science/article/abs/pii/S0011916415003689
https://www.sciencedirect.com/science/article/abs/pii/S0011916415001149
https://www.sciencedirect.com/science/article/abs/pii/S0011916415001149
https://www.sciencedirect.com/science/article/abs/pii/S0011916415001149
https://www.sciencedirect.com/science/article/abs/pii/S0196890416300292
https://www.sciencedirect.com/science/article/abs/pii/S0196890416300292
https://www.sciencedirect.com/science/article/abs/pii/S0196890416300292
https://www.tandfonline.com/doi/abs/10.1080/15567036.2019.1644395?journalCode=ueso20
https://www.tandfonline.com/doi/abs/10.1080/15567036.2019.1644395?journalCode=ueso20
https://www.tandfonline.com/doi/abs/10.1080/15567036.2019.1644395?journalCode=ueso20
https://www.tandfonline.com/doi/abs/10.1080/15567036.2019.1644395?journalCode=ueso20
https://www.sciencedirect.com/science/article/abs/pii/S1359431123001254
https://www.sciencedirect.com/science/article/abs/pii/S1359431123001254
https://www.sciencedirect.com/science/article/abs/pii/S1359431123001254
https://www.sciencedirect.com/science/article/abs/pii/S1359431123001254
https://www.sciencedirect.com/science/article/abs/pii/S2451904921002043
https://www.sciencedirect.com/science/article/abs/pii/S2451904921002043
https://www.sciencedirect.com/science/article/abs/pii/S2451904921002043
https://link.springer.com/article/10.1007/s13369-022-06846-x
https://link.springer.com/article/10.1007/s13369-022-06846-x
https://link.springer.com/article/10.1007/s13369-022-06846-x
https://pubmed.ncbi.nlm.nih.gov/34682006/
https://pubmed.ncbi.nlm.nih.gov/34682006/
https://pubmed.ncbi.nlm.nih.gov/34682006/
https://www.sciencedirect.com/science/article/abs/pii/S0038092X11003422
https://www.sciencedirect.com/science/article/abs/pii/S0038092X11003422
https://www.sciencedirect.com/science/article/abs/pii/S0038092X11003422
https://www.sciencedirect.com/science/article/abs/pii/S0011916421004926
https://www.sciencedirect.com/science/article/abs/pii/S0011916421004926
https://www.sciencedirect.com/science/article/abs/pii/S0011916421004926
https://www.sciencedirect.com/science/article/abs/pii/S0011916418300225
https://www.sciencedirect.com/science/article/abs/pii/S0011916418300225
https://www.sciencedirect.com/science/article/abs/pii/S0011916418300225
https://www.scielo.org.mx/scielo.php?pid=S1870-41152015000200070&script=sci_abstract
https://www.scielo.org.mx/scielo.php?pid=S1870-41152015000200070&script=sci_abstract
https://shipjournal.co/index.php/sst/article/view/195
https://shipjournal.co/index.php/sst/article/view/195
https://shipjournal.co/index.php/sst/article/view/195
https://www.frontiersin.org/articles/10.3389/frsc.2022.790633/full
https://www.frontiersin.org/articles/10.3389/frsc.2022.790633/full
https://www.frontiersin.org/articles/10.3389/frsc.2022.790633/full
https://www.frontiersin.org/articles/10.3389/fenvs.2019.00169/full
https://www.frontiersin.org/articles/10.3389/fenvs.2019.00169/full
https://www.frontiersin.org/articles/10.3389/fenvs.2019.00169/full
https://www.mdpi.com/2071-1050/12/18/7592
https://www.mdpi.com/2071-1050/12/18/7592
https://www.mdpi.com/2071-1050/12/18/7592
https://www.mdpi.com/2071-1050/12/18/7592
https://www.sciencedirect.com/science/article/abs/pii/S0048969714009632
https://www.sciencedirect.com/science/article/abs/pii/S0048969714009632
https://www.sciencedirect.com/science/article/abs/pii/S0048969714009632


Citation: Jesus Garcia, Federico Hahn*, Salvador Valle and Mauricio Carillo. Residual and Desalination Water Treatments using HDH 
Process- a Review for Potential use in Home Gardens. Adv in Rob & Mech Engin 4(1)- 2023. ARME.MS.ID.000177. 
DOI: 10.32474/ARME.2023.04.000177

                                                                                                                                                          Volume 4 - Issue 1 Copyrights @ Federico HahnAdv in Rob & Mech Engin

498

Advances in Robotics & 
Mechanical Engineering 

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article

DOI: 10.32474/ARME.2023.04.000177

http://dx.doi.org/10.32474/ARME.2023.04.000177
http://dx.doi.org/10.32474/ARME.2023.04.000177

	Abstract

