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Abstract
Water scarcity is at the center of the world’s greatest challenges, including famine, disease, and sustainable development. 
In many countries, there are active researches aimed at improving the supply of fresh water through actions such as 
seawater desalination and water recycling. Researchers are also working, on a smaller scale, to harvest water from the 
atmosphere to serve individual households or small communities. Cool surface condensation, fog catchers, and humidity 
harvesting are three examples of sustainable approaches that relied on affordable and simple equipment. This paper aims 
to introduce the possibility of using water condensation to generate potable water by using a self-sustainable-energy 
device. The device is scalable; being able to meet the needs of a single household and up to a residential district. The 
focus of this research is on the function of a water-harvesting cube. It consists of a set of solar panels, an energy converter, 
a dehumidifier(s), a water treatment component, and a water storage tank. The sum of all parts forms a 1 × 1 × 1 m cube. 
The premise of the proposal is that one dehumidifier can produce a sufficient amount of pure water for an individual’s 
various daily uses. The researcher conducted two experiments during the summer of 2018, one in London, Ontario, 
Canada, and the other in Doha, Qatar. The result showed that in an environment of 50–70% relative humidity, a single 
dehumidifier could produce up to 15 L of pure water per day. The research here proves that the proposed water harvest-
ing cube is efficient, affordable, and requires low maintenance.

Keywords  Pure water · Solar panel · Dehumidifier · Harvesting water · Condensation · Self-sustainable-energy device

1  Introduction

In the age of climate crisis, seeking sustainable, liveable, 
and resilient urban development is a substantial respon-
sibility for researchers and scientists in all fields. Research-
ers from different disciplines often work in a joint effort to 
search for optimum solutions for sustainable urban devel-
opment. This work is not only evident in publications, but 
also prominent international conferences held annually 
addressing these subjects such as the International Con-
ference on Urban Climate (ICUC), the International Sym-
posium on Sustainable Solutions in Structural Engineering 
and Construction (ISEC), and the International Conference 
on Innovative Applied Energy (IAPE). The significance 
of these conferences is to highlight human settlement 

problems and suggest solutions for environmental deg-
radation as a result of unsustainable construction, envi-
ronmental disaster, and waste energy. The researchers’ 
efforts have led to innovations in the urban development 
of smart cities and eco-districts. The solutions, however, 
are often costly at large scale, meaning that they are often 
implemented in wealthy nations. This includes, for exam-
ple, the recent development of Lusail City in Qatar. The 
fundamental question is rather how we can present solu-
tions globally.

The author argues that instead of presenting solutions 
on a large urban scale (such as the city) to focus instead 
on small-scale development (the households). Solutions 
on the household scale collectively constitute sustainable 
solutions for entire districts or cities. Large-scale sustainable 
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urban development requires governmental coordination 
and significant private investment to implement. On the 
contrary, small-scale development can be faster and more 
affordable per individual. The author of this research is seek-
ing a sustainable, eco-friendly, and affordable solution for a 
self-sustaining household. In 2016, in an initial step towards 
developing a self-sustaining house, the author leveraged the 
wind in hot-arid climates to develop a self-cooling wall [1]. In 
2017, he took a second step by studying the effects of pro-
jected wooden elements above an opening in increasing the 
crosswind ventilation inside a building [2]. This paper takes 
the third step towards that goal by offering a method of 
generating fresh water supply for an individual household.

Regions with different climates and geographical charac-
teristics experience vastly different water accessibility. Some 
have plenty of rainfall, rivers, springs, and lakes, while for the 
rapidly growing segment of others, the reality includes con-
tinuous droughts and limited water sources. In the latter case, 
when a community has access to the sea, they may desali-
nate seawater to meet their daily needs. “There are more than 
11 thousand desalination plants all over the world with an 
overall production of more than 6 billion gallons of desali-
nated water per day [3]. In some regions such as the Mid-
dle East and Western Asia, more than half” of the consumed 
water comes from desalinated water [3, p. 149]. The absence 
of natural water resources is, of course, the major reason for 
sparse inhabitation of drylands, as is the case of The Empty 
Quarter in Saudi Arabia. Other regions rely on groundwater, 
but with a shortage of rainfall, groundwater begins to deplete 
over time. Recently, with the increasing concern for climate 
change and sustainable society, improving water source 
management and recycling water have become two other 
major methods to obtain and maintain fresh water. Water 
source management and water recycling cannot, however, 
provide sufficient quantities for society alone. There is thus 
a contemporary urgency for the creation of efficient, afford-
able, and scalable methods of harvesting water.

This paper has four main sections. The first section will 
support the introductory argument by highlighting the case 
of Qatar as a representative of vast hot, arid regions in the 
world where there are growing concerns about future water 
security. The second section briefly introduces recent stud-
ies of water air harvesting. The third section goes through a 
literature survey of small-scale solutions for water shortage. 
The last section will introduce the water harvesting cube, 
a solution to provide fresh water by an off-grid operated 
device.

2 � Water resources in hot arid regions, 
the case of Qatar

Qatar is a country of 11,590 square kilometers on the 
Arabian Peninsula (Fig. 1). It lies in a hot-arid zone and 
therefore experiences severe water shortages. Qatar is 
also experiencing a rapid rate of population growth, 
increasing from 592,257 people in 2000 to 2,712,525 
in 2018, a growth rate of 4.58%. According to the Min-
istry of Development, Planning, and Statistics, 97% of 
Qatar’s population lives in cities, making it one of the 
most urbanized countries in the world. [4].

In 2018, the World Bank Group indicated that the 
average annual rainfall in Qatar from 1901–2015 was 
64.68 mm. [5] Precipitation occurs in December, Janu-
ary, February, March, and April while staying very dry 
the rest of the year. Qatar lacks many natural water 
resources. The rapid population growth has thus led to 
an increased demand for water in a place of low supply, 
leading to a desperate need of new sources. Qatar has 
three sources of fresh water: desalination of seawater, 
groundwater, and treated sewage effluent (TSE). Figure 2 
shows desalination as the primary source of water, reach-
ing 845 million m3 in 2014, or 66% of total water produc-
tion. Obtaining water from the sea leaves an unanswered 
question of what to do with the resulting sea salt of the 
desalination process. Groundwater is the second largest 
source, reaching 350 million m3 in 2014, or 27% of the 
total water production. Treated sewage effluent (TSE) is 
the only source for recycling water. It started in 2003, 
and as of 2014, its production had reached 87 million m3 
in 2014, or 7% of the total water production. Both Desali-
nation and TSE have high operation costs. [6].

3 � Recent studies in the field

The processes of seawater desalination, TSE, and ground-
water extraction and management are costly, energy 
intensive, and may even be considered environmentally 
unsustainable as a result. The search for a more acces-
sible and affordable method is therefore constant, espe-
cially for countries in drastic need of fresh water. “The 
affordability of water has a significant influence on the 
use of water and selection of water sources. Households 
with the lowest levels of access to safe water supply fre-
quently pay more for their water than households con-
nected to a piped water system. The high cost of water 
may force households to use alternative sources of water 
of a poorer quality that represent a greater risk to health” 
[8, p. 85]. This research directs the intention towards the 
atmosphere that has approximately “13,000 trillion liters 
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of water, equivalent to nearly 10% of all freshwater pre-
sent in lakes worldwide” [9]. Searching for sustainable 
solutions to obtain fresh water is still not up to a satisfac-
tory level. The study objective is to propose a solution 
for water accessibility by looking at the humidity in the 
air as an alternative water source to sustain daily house-
hold needs. The solution should be affordable, operate at 
net-zero energy, and cause no harm to the environment.

4 � Literature survey of small‑scale solutions 
for water shortage

Before discussing the proposed solution, the following 
is a glance at recent primary studies that target atmos-
pheric water. There are five different methods applied up 
to date. The differences among these methods are based 
on seven parameters: 1. the required area size for the 
equipment, 2. Orientation, 3. Materials and constituent 
parts, 4. Amount of water produced/day, 5. Cost of the 
equipment and its operation, 6. Rate of sustainability, 7. 
The suitability of regions for the application.

Fig. 1   Qatar location map [7]
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4.1 � Yielding of dew water

In Oct 2004, Girja Sharan, a Hydraulic engineer, searched 
for a way to solve the drinking water crisis with condensa-
tion [10]. His study relied on yielding dew water on galva-
nized iron roofs. The study took place in Kothara, North-
West India.

4.2 � Fog harvesting

This method relied on erecting a plastic net by the sup-
port of two poles, like a volleyball net. Cho [11] said, “Fog 
collectors can be used in regions and deserts that receive 
less than one millimeter of rain each year, but to work, they 
require fog and light winds.”

4.3 � Harvesting water from dry air

This device was developed at the Device Research Labora-
tory at the Massachusetts Institute of Technology (MIT), 
and the University of California, Berkeley. The operation 
of the device relies on a porous metal-organic framework 
(MOF). The operation of the device relies on ambient 
sunlight and no electricity. The device has MOF crystals 
embedded in the copper sheet sandwiched between 
the solar absorber and a condenser. [9] The MOF “cap-
tures water from the atmosphere at ambient conditions 
by using low-grade heat from natural sunlight at a flux 
of less than one sun (1 kW per square meter).” [9] In rela-
tive humidity (RH) as low as 20%, the device can produce 
2.5 L/day. As it operates in low RH, the device is suitable 
for desert environments.

4.4 � OffGridBox

Emiliano Cecchini developed this device for an Italian com-
pany. It is a cube that measures 1.8 × 1.8 × 1.8 m. The off-
grid box contains generators that convert and store solar 
energy, as well as collect and treat clean drinking water 
[12].

4.5 � Solar hydropanels harvest drinking water 
and energy

Cody Friesen, an associate professor at Arizona State Uni-
versity, School for Engineering of Matter, developed this 
method in 2016. [13] The device called Source, produces 
water by using photovoltaic and hydropanels. Diane Pham 
[13] described the process as follows: “the photovoltaic at 
the center of the array drives a fan and the system’s com-
munication with the hydropanels. The hydropanels them-
selves consist of two different proprietary materials, one 
that can generate heat, and another that can absorb mois-
ture from the air. Together they can condense water into 
an onboard, 30-liter reservoir where it is mineralized with 
calcium and magnesium.”

Table 1 compares the five methods of harvesting water 
from the atmosphere. Table 1 shows that all five studies 
have started taking place since 2007. Even though all stud-
ies are suitable for regions with water shortage, the first 
two studies are limited to specific climatic conditions (fog, 
light wind, and dew) while the last three are suitable every-
where, including hot arid zones. Additionally, the last three 
studies are relatively costly for poor societies where water 
is most needed. The following section introduces another 
solution to solve the shortage of water. This solution is 
affordable, sustainable, and possible to commercialize.

5 � Research focus

The focus of this research is on developing a device that pro-
duces enough water to meet the minimum daily requirement 
of a household. The author calls this device ‘Water Harvest-
ing Cube.’ The cube consists of a set of nine solar panels, 
an energy converter, a dehumidifier(s), a water tank, and 
a water treatment system. All parts included in the cube 
possess a maximum dimension of 1 m. The solar panels 
allow the cube to operate off a central electrical grid sys-
tem. Table 2 illustrates the proposed design of the cube.

To define the significances of the cube three main ques-
tions are raised: First, what would be the weight and cost 
to operate the cube? Second, what will be the needed 
number of dehumidifiers to harvest enough water for an 
individual? Moreover, is the obtained water drinkable?

Fig. 2   Total water production and re-use by the source of water in 
Qatar (million m3) 1990–2014 [6]
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Regarding the cost of operation, the cube uses PV 
panels to eliminate dependency on city electrical grids, 
saving 12 h of electricity consumption costs necessary 
for operating the dehumidifier. One solar panel produces 
about 1 kWh per day of electricity. The proposed cube, 

carrying up to nine PV panels, can, therefore, produce 
9  kWh per day (9000  kW). One dehumidifier requires 
280 kW per hour. The nine solar panels will thus generate 
enough power to run two dehumidifiers for 16 continuous 
hours. The allocated place in the cube of 0.5 × 0.5 × 0.7 m, 

Table 2   The Table explains with illustrations the components of the water harvesting cube

Explanation of the cube Illustrative drawings

1. The composition of the Cube:
The box is made of aluminum or fiberglass to produce a lightweight Cube. 

The dimensions of the water-harvesting cube are 1 × 1 × 1 m. It contains the 
following internal components:

A solar battery of 1 × 0.5 × 0.5 m. I suggest the use of deep-cycle batteries
An inverter to transform direct current (DC) electricity into alternating current 

(AC) power. The inverter, photovoltaic array, and a power meter are set in the 
space of 0.5 × 0.5 × 0.3 m

An active dehumidifier (2 units) is set in the space of 0.5 × 0.5 × 0.7 m. It 
requires 28 kW/h to run each unit

Storage for collecting water with a size of 1 × 1 × 0.5 m. This includes a water 
treatment component

d. water storage tank and 
water treatment component

a. battery
b. solar inverter

c. dehumidifier 

2. The Solar Panels:
A set of nine foldable PV solar panels, each at 1 × 1 m, are attached to the side 

of the cube: 2 folded to each of the four sides and one on top of the cube
When the panels unfold, they form a 3 × 3 m solar panel surface area (9 m2)
Optional feature: Since the amount of electricity produced by the solar panel 

is mainly dependent on the position and intensity of the sun, the solar 
panels can be inclined to face the sun using a sun-tracking sensor linked to a 
built-in mechanical system

The right figure shows a side view of the Cube when all solar panels are 
unfolded. In this position, the Cube is set for full operation

3. A Perspective of the Cube:
The right figure shows a perspective of the nine folded PV solar panels. It illus-

trates how the two panels of each side connect to the top panel and how 
they unfold to form the larger PV surface

The corner panels are flipped over the side panels which can then be folded 
down to the sides of the cube

4. The Folded Cube:
After folding down the four-sided PV Panels over the side surfaces of the cube, 

the water harvest cube appears as shown in the right figure
In this position, only the top solar panel is exposed. It charges the batteries 

when the cube is not fully operating
Handles on all sides can be added to ease the carrying of the cube
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is sufficient for two units. There is also the possibility to 
produce a cube with one dehumidifier at a smaller volume 
of 0.6 × 0.6 × 0.6 m and a reduced PV panel area. One-unit 
cubes can produce around 15 L per day. Two-unit cubes 
can, therefore, produce up to 30 L per day, enough for 
two individuals in a region that experiences drought. An 
additional number of cubes will help meet the needs of a 
household.

In responding to the second question regarding 
the sufficiency of the produced water for an individual, 
two experiments and a literature review are conducted 
to define the minimum amount of water needed for an 
individual to survive. This is summarized in the following 
paragraphs.

Experimentation 1: In the summer, Ontario, Canada 
reaches a high humidity of an average of 80%, which often 
requires the use of a dehumidifier to prevent the growth of 
fungus. The author used a dehumidifier with a 15-L water 
tank. It was running 24 h a day, seven days a week for July 
and August of 2017 and 2018. The result was an average 
yield of 8–12 L of water per day.

Experimentation 2: In Qatar, we measured the drops of 
water resulting from running a 1.5-ton split-unit air condi-
tioner. The result was the accumulation of 0.5 to 1 L of pure 
water per hour, depending on the degree of humidity.

The use of water condensation, like in both experi-
ments, is not a new idea. One can easily find examples 
around the world where people demonstrate their 
attempts to make use of the water from dehumidifiers 
and air conditioners.1

Condensate water is often wasted because it is not 
integrated into the building water system. Water is a pre-
cious substance that we cannot afford to waste especially 
when there are people who do not have the minimum 
amount of water for their daily needs. Figure 3 shows 
the average water used per person per day for selected 
countries in 2006. The findings show for example that the 
average water use per capita is 575 L in the US, 149 L in 
the UK, and 15 L in Ethiopia [14]. Generally, the more afflu-
ent the country, the greater the consumption of water per 
capita. In its 2011 report, the World Health Organization 
(WHO) indicated that in case of emergencies an individual 
requires 2.5 to 3 L per day (lpd) to survive (drink and food) 
[18] (Table 3).

This finding takes us to the third question—is the con-
densed water produced by dehumidifiers drinkable? For 
human consumption, the distilled water is not advisable 

Fig. 3   On the left lists the average water use per person per day [17]

1  For examples, see the two links: https​://alumn​i.stanf​ord.edu/get/
page/magaz​ine/artic​le/?artic​le_id=29155​ and http://atlas​butle​
r.com/heati​ng-and-cooli​ng-repai​r/4-ways-reuse​-dehum​idifi​er-
water​/.

https://alumni.stanford.edu/get/page/magazine/article/%3farticle_id%3d29155
https://alumni.stanford.edu/get/page/magazine/article/%3farticle_id%3d29155
http://atlasbutler.com/heating-and-cooling-repair/4-ways-reuse-dehumidifier-water/
http://atlasbutler.com/heating-and-cooling-repair/4-ways-reuse-dehumidifier-water/
http://atlasbutler.com/heating-and-cooling-repair/4-ways-reuse-dehumidifier-water/
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to drink. Distilled water is “defined as water almost or 
completely free of dissolved minerals as a result of distil-
lation, deionization, membrane filtration (reverse osmosis 
or nanofiltration), electrodialysis or other technology” [18, 
p. 149]. SPT, a dehumidifier manufacturer, explicitly warns 
its customers of drinking the distilled water for example 
[20]. To transform this water into potable water requires 
simple treatment. The cube will contain a part for this 
treatment that adds chemicals such as calcium carbonate 
or limestone to make the water potable; as is the case with 
desalinated water processing [18, p. 150].

The condensed water can also be used for different 
daily needs even without this treatment. This includes 
watering plants, washing, cleaning, flushing toilets, etc.

In addition to the mentioned significances of the water-
harvesting cube, there are three others:

1.	 Lightweight. The cube will be made of light materi-
als. In a rough estimation, the expected weight will be 
around 30 kg or less.

2.	 Possibility to commercialize. E-commerce companies 
such as Amazon, Alibaba Group, and eBay, can market 
the device as it is an assembly free and compact device.

3.	 Easy to install. Once the device is set on the roof or 
in an open space with access to the sun, the user can 
raise the PV panels and switch on an electrical key to 
start the operation of the device. The dehumidifier 
will start operating once the amount of the converted 
electricity is ample to run the dehumidifier(s).

6 � Conclusion

In regions with scarce water recourses, people suffer due 
to the lack of access to fresh water required for drinking 
and sanitation. There are therefore many efforts to find 
innovative and efficient ways to harvest and manage 
water resources. Obtaining fresh water from the atmos-
phere (dew, humidity, and fog) is a promising method 
in its early stages of development. The small-scale 
approach of this alternative water collection, however, 
has not yet attracted enough attention from researchers. 

This paper discusses five existing methods used to 
harvest water from the atmosphere. It also introduces 
the water harvesting cube as another method of using 
condensation to generate potable water for a house-
hold using the self-sustaining energy of the device. The 
cube contains all the necessary parts to convert and 
store solar energy. It also contains a water tank and a 
dehumidifier(s). The proposed water harvesting cube is 
a simple device that can continuously produce water. 
The device operates off-grid, and excess electricity can 
be stored in the battery for night use. Its measurement 
is proposed to range from 0.6 to 1 m, depending on 
whether one or two dehumidifier units are needed. The 
proposed device can be marketed through e-commerce 
services such as Amazon, Alibaba Group, and eBay. The 
cube can then be easily installed on building rooftops or 
in an open area with access to the sun.

Additionally, the obtained water can be directly con-
nected to the main water storage tank of the household 
after being treated. The Water Harvest Cube is a solution 
for water shortage that not only provides individuals and 
communities with much-needed water but also does so 
in an efficient, affordable, and low maintenance manner. 
It is anticipated that this solution for water shortage will 
not only play a significant role in alleviating household 
suffering but could also potentially play a socio-politi-
cal role in alleviating continuous tensions and disputes 
among societies and individuals over water resources.
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Table 3   Simplified table of water requirements for survival (per 
person) [19, p. 9.2]. The table suggests that it is not necessary to use 
drinkable water for different usages. People may use potable water 

for drinking, recycled or grey water for basic hygiene practice, and 
lower quality water for growing crops

Type of need Quantity (lpd) Comments

Survival (drinking and food) To 3 Depends on climate and individual physiology
Basic hygiene practices To 6 Depends on social and cultural norms
Basic cooking needs To 6 Depends on food type, social and cultural norms
Total 7.5 to 15 lpd: liters per day

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Vol:.(1234567890)

Research Article	 SN Applied Sciences (2019) 1:779 | https://doi.org/10.1007/s42452-019-0730-y

distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons license, and indicate if changes were 
made.

References

	 1.	 Ferwati MS (2013) Self-cooling wall. Online Int Interdiscip Res J 
3(5):11–23

	 2.	 Ferwati MS, Ghani SAAA (2015) Proposed cooling wall system: a 
lesson from nature. In: ISEC 2015—8th international structural 
engineering and construction conference: implementing inno-
vative ideas in structural engineering and project management, 
pp 825–830

	 3.	 WMO—World Meteorological Organization (2013) World 
weather information service. http://www.world​weath​
er.org/116/c0022​1.htm. Accessed 13 Aug 2018

	 4.	 MDPS—Ministry of Development Planning and Statistics (2017) 
Qatar 2015 population and housing census. http://www.qsa.
gov.qa/Qatar​Censu​s. Accessed 10 Sept 2018

	 5.	 The World Bank Group (2018) The World Bank climate change 
knowledge portal, Qatar Dashboard. http://sdweb​x.world​bank.
org/clima​tepor​tal/count​rypro​file/home.cfm?page=count​ry_
profi​le&CCode​=QAT. Accessed 5 Dec 2018

	 6.	 MME—Ministry of Municipality and Environment (2009) 
Studying and developing the natural and artificial recharge of 
groundwater aquifers in the State of Qatar. Project final report

	 7.	 Qatar Location Map. Perry–Castañeda Library Map collection. 
https​://legac​y.lib.utexa​s.edu/maps/middl​e_east_and_asia/
kuwai​t_bahra​in_pol_1976.jpg. Accessed 30 Nov 2018

	 8.	 World Health Organization (2017) Guidelines for drinking-water 
quality: the fourth edition incorporating the first addendum. 
Switzerland Typeset by Interligar, Brazil. ISBN 978-92-4-154995-0

	 9.	 Kim H, Yang S, Rao SR, Narayanan S, Kapustin EA, Furukawa H, 
Umans AS, Yaghi OM, Wang EN (2017) Water harvesting from 
the air with metal-organic frameworks powered by natural sun-
light. Science 356(6336):430–434. https​://doi.org/10.1126/scien​
ce.aam87​43

	10.	 Sharana G, Beysens D, Milimouk-Melnytchouk I (2007) A study 
of dew water yields on galvanized iron roofs in Kothara (North-
West India). J Arid Environ 69(2):259–269

	11.	 Cho, RENEE (2011) The fog collectors: harvesting water from 
thin air, State of the Planet, Earth Institute, Columbia Univer-
sity, March 7, 2011. https​://blogs​.ei.colum​bia.edu/2011/03/07/

the-fog-colle​ctors​-harve​sting​-water​-from-thin-air/. Accessed 8 
July 2018

	12.	 Laylin T (2017) Compact OffGridBox provides drinking water and 
power where it’s needed most. Online article. Website of “Inhabi-
tat.” https​://inhab​itat.com/compa​ct-offgr​idbox​-provi​des-clean​
-drink​ing-water​-and-power​-where​-its-neede​d-most/. Accessed 
10 July 2018

	13.	 Pham D (2017) New rooftop solar hydropanels harvest drinking 
water and energy at the same time. The company’s SOURCE. 
Website of “Inhabitat.” https​://inhab​itat.com/new-rooft​op-solar​
-hydro​panel​s-harve​st-drink​ing-water​-and-energ​y-at-the-same-
time/. Accessed 30 Aug 2018

	14.	 Collyns D (2009) How Peru is netting water supplies. BBC News, 
Lima. Podcasted on 20 October 2009. http://news.bbc.co.uk/2/
hi/ameri​cas/82972​76.stm. Accessed 30 Aug 2018

	15.	 Nield D (2016) Yemen is fighting its severe water shortage by 
harvesting its fog Science Alert, March 25, 2016

	16.	 Llorens D (2019) Which direction should solar panels face? https​
://www.solar​power​rocks​.com/solar​-basic​s/which​-direc​tion-
shoul​d-solar​-panel​s-face/. Accessed 10 Apr 2019

	17.	 Human Development Report (2006) Beyond scarcity: power, 
poverty and the global water crisis. Published for the United 
Nations Development Programme (UNDP). http://hdr.undp.org/
sites​/defau​lt/files​/repor​ts/267/hdr06​-compl​ete.pdf. Accessed 15 
Nov 2018

	18.	 WHO, World Health Organization (2005) Nutrients in drinking 
water, WHO Library cataloguing-in-publication data, ISBN 92 4 
159398 9, p 149

	19.	 Reed B, Reed B (2011) Technical notes on drinking-water, sanita-
tion, and hygiene in emergencies. Prepared for WHO by WEDC. 
Water, Engineering and Development Centre Loughborough 
University Leicestershire, UK

	20.	 SPT (2018) A dehumidifier company, warns the users of dehu-
midifier model. DEHUMIDIFIER with BUILT-IN PUMP MODELS: 
SD-52PE/SD-72PE. From drinking the water out of the dehumid-
ifier. https​://image​s.homed​epot-stati​c.com/catal​og/pdfIm​ages/
b0/b0d54​992-b652-46b7-ab5b-0dcd0​cb422​00.pdf. See also 
the following link: https​://www.youtu​be.com/watch​?v=s6w0-
RkDnL​A). Accessed 10 Dec 2018

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://www.worldweather.org/116/c00221.htm
http://www.worldweather.org/116/c00221.htm
http://www.qsa.gov.qa/QatarCensus
http://www.qsa.gov.qa/QatarCensus
http://sdwebx.worldbank.org/climateportal/countryprofile/home.cfm%3fpage%3dcountry_profile%26CCode%3dQAT
http://sdwebx.worldbank.org/climateportal/countryprofile/home.cfm%3fpage%3dcountry_profile%26CCode%3dQAT
http://sdwebx.worldbank.org/climateportal/countryprofile/home.cfm%3fpage%3dcountry_profile%26CCode%3dQAT
https://legacy.lib.utexas.edu/maps/middle_east_and_asia/kuwait_bahrain_pol_1976.jpg
https://legacy.lib.utexas.edu/maps/middle_east_and_asia/kuwait_bahrain_pol_1976.jpg
https://doi.org/10.1126/science.aam8743
https://doi.org/10.1126/science.aam8743
https://blogs.ei.columbia.edu/2011/03/07/the-fog-collectors-harvesting-water-from-thin-air/
https://blogs.ei.columbia.edu/2011/03/07/the-fog-collectors-harvesting-water-from-thin-air/
https://inhabitat.com/compact-offgridbox-provides-clean-drinking-water-and-power-where-its-needed-most/
https://inhabitat.com/compact-offgridbox-provides-clean-drinking-water-and-power-where-its-needed-most/
https://inhabitat.com/new-rooftop-solar-hydropanels-harvest-drinking-water-and-energy-at-the-same-time/
https://inhabitat.com/new-rooftop-solar-hydropanels-harvest-drinking-water-and-energy-at-the-same-time/
https://inhabitat.com/new-rooftop-solar-hydropanels-harvest-drinking-water-and-energy-at-the-same-time/
http://news.bbc.co.uk/2/hi/americas/8297276.stm
http://news.bbc.co.uk/2/hi/americas/8297276.stm
https://www.solarpowerrocks.com/solar-basics/which-direction-should-solar-panels-face/
https://www.solarpowerrocks.com/solar-basics/which-direction-should-solar-panels-face/
https://www.solarpowerrocks.com/solar-basics/which-direction-should-solar-panels-face/
http://hdr.undp.org/sites/default/files/reports/267/hdr06-complete.pdf
http://hdr.undp.org/sites/default/files/reports/267/hdr06-complete.pdf
https://images.homedepot-static.com/catalog/pdfImages/b0/b0d54992-b652-46b7-ab5b-0dcd0cb42200.pdf
https://images.homedepot-static.com/catalog/pdfImages/b0/b0d54992-b652-46b7-ab5b-0dcd0cb42200.pdf
https://www.youtube.com/watch%3fv%3ds6w0-RkDnLA
https://www.youtube.com/watch%3fv%3ds6w0-RkDnLA

	Water harvesting cube
	Abstract
	1 Introduction
	2 Water resources in hot arid regions, the case of Qatar
	3 Recent studies in the field
	4 Literature survey of small-scale solutions for water shortage
	4.1 Yielding of dew water
	4.2 Fog harvesting
	4.3 Harvesting water from dry air
	4.4 OffGridBox
	4.5 Solar hydropanels harvest drinking water and energy

	5 Research focus
	6 Conclusion
	Acknowledgements 
	References




