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Abstract. Providing drinkable water for people is one of the crux duties of any government worldwide. As long,
Oman classiﬁed among countries that suffer from a shortage of water resources, therefore ﬁnding any new
sources of water is considered as very substantial work. In present work, a research was carried out on a massive
quantity of water that is released out from cooling air-conditioning system in humid zones in Oman as
byproduct water. The results showed that the average quantity of water gained from one AC in chosen cities was
about 2 L/h, 1.9 L/h, and 1.7 L/h in Muscat, Sohar, and Al-Buraimi respectively. The results exposed that the
water was almost distilled water with a pH of about 7. The electrical conductivity was very low, within the range
of 45 mS/cm and less. The turbidity of the tested water was low as well, in the range of about 0.6 NTU.
Additionally, it was found that solar disinfection technique was very effective to inactivate the existing bacteria
in the examined water. A temperature of about 43 °C can be reached after solar irradiation for 2 h with
transparent bottles. While, a temperature of around 84 °C was achieved on a sunny day after 6 h of irradiation
time. The signiﬁcant result of the solar disinfection was that the complete inactivation of bacteria could be
achieved with an irradiation period of 2–4 h, depending on the number of bacteria per unit volume and the
weather state. Moreover, some of the gained water was converted into drinking water after adding some required
elements, ﬁltration and disinfection by solar energy. Also, it is strongly recommended to use the released drainwater from cooling air-conditioning systems in the electrolysis unit cells for hydrogen gas production in
conjugation with solar energy.

1 Introduction
Water-security is a strategic aspiration of life around the
world, especially drinking water. Providing high-quality
drinking water is essential from a national and humanitarian point of view for any country. In reality, drinking water
production needs primary sources of low salinity and
germs, where it can be treated easily with a low-cost.
Besides that, there are interrelated factors to augment
water-security, such as water usage rationalization,
community traditions and education, and people’s awareness. The Sultanate of Oman is among countries that suffer
from lack of water resources, where it does not have rivers,
and is classiﬁed as a low rainfall country. Most of its natural
water resources are groundwater and rainwater stored by
* e-mail: dr.iessa89@gmail.com

dams in rainy places. It is a growing issue related with the
increase of population. Signiﬁcant information has been
reported about groundwater and its management and
resources of water in Oman [1,2]. General analysis and
very vital data have been reported by Talal et al. about
water availability and its management in Oman, using
Geographical Information Systems (GIS) [3].
Drinking water can be produced by direct treatment of
rivers water as most of them are low salinity, germs, and
bacteria, depending on the environmental protection rules
followed by each country to avoid contamination. This
method is adopted in countries that have rivers such as
European countries, Iraq, Syria, Egypt, etc. Nevertheless,
countries with no rivers rely on some other resources to
supply drinking water, such as groundwater, water
desalination in several ways. Examples of the last one
are reverse osmosis, distillation of pond water and seawater
by solar energy [4–10], and evaporation and condensation
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routes by using conventional fuels. Also, fog harvesting was
considered by using mesh net as another way of collecting
fresh water in regions of high humidity. Oman is the ﬁrst
country in the region, which started to use this technique in
Salalah in the south part of the country to augment its
water resources [11]. The author of the reference [11] also
stated that the water resources of Oman are classiﬁed as
follows: groundwater 83%, surface water 5%, treated
wastewater 2%, and desalination 10%.
Another way of providing drinking water, which may be
adopted is to collect released drain-water resulting from
air-conditioning cooling units as a byproduct. This water
was found to be almost distilled water with low turbidity,
and its value of pH is about 6.9. In 2018, this subject was
studied practically with a brief review of water status in
Oman by Moosa et al. [12]. They concluded that the
byproduct water from any air-conditioning cooling system
could be easily converted into drinking water by using the
general procedure of preparing this kind of water. In
countries with high level of humidity and using cooling
systems, the amount of collected water will be vast and can
be used in different ways for domestic purposes, and
probably transformed into drinking water. This study
emphasizes the need to exploit drain byproduct water from
any air-conditioning cooling system in several ways, such as
distilled water production, drinking water after disinfection process, hydrogen gas production and water for
dripping irrigation technique in modern agriculture. Hence,
it is a big loss to let it go into the sewage system or to be
wasted water for nothing. This ready-in-hand source of
water, probably contributes to solve the problem of water
deﬁciency, especially the drinking water in several regions
around the world.
The aims of this paper are to investigate some chemical
and physical parameters, the uses of drain-water collected
from air-conditioning cooling systems, and try to convert it
into drinking water. Meanwhile, it is an attempt to prove
that this kind of water may be used as a distilled water for
different purposes. It also explores the possibility of using
solar energy for water disinfection purpose.

Table 1. Solar spectrum distribution [14].
Spectral region

Wavelength

% of Total energy

Infrared
Visible
UV-A
UV-B
UV-C

>700 nm
700–400 nm
400–320 nm
320–290 nm
<290 nm

49.4
42.3
6.3
1.5
0.5

atmosphere, a part of the UV-B can reach the
Earth’s surface and devastate biological organisms, while
the UV-A with no effect on biological organisms when it
reaches the surface of the Earth.
In 2019, the efﬁciency of the solar reactor technique to
inactivate bacteria in water has been studied by Ayoub
et al. [15]. Their remarkable work focused on using of the
UV-A and UV-B bands that already exist in the solar
spectrum for solar disinfection. They showed that the
inactivation efﬁciency of the solar reactor depends on the
transparency of the used container, exposure time, and on
the other materials’ that supported the reactor, such as
aluminum foil reﬂector, insulator, half coating silver
mirror, black paint coating, and TiO3 coating layer. They
also reported that 4 h of exposure time is enough to kill
99.9% of existing bacteria in the tested water. Solar
spectrum characteristics are given in Table 1.
2.2 Chlorination
Adding some chlorine element within the standard limit of
any country. This method is quite common for large-scale
mass production route with low-cost and residual to avoid
future recontamination after pumping the drinking water
in the public network for domestic use [14]. The limit of
adding this element to drinking water for disinfection
purpose is in the range of 0.2–1.0 mg/L [16].
2.3 Solar disinfection

2 Water disinfection
Disinfection of drinking water is an essential process to
produce water ready for human use following all necessary
steps of production. There are several ways to disinfect the
water to convert it into drinking water; these are.
2.1 Ultra Violet-B (UV-B) radiation
Using this type of radiation is efﬁcient for very low
turbidity to avoid diffusion of radiation. The approximate
wavelength of this radiation is within the range of 290–
320 nm, which is ready to damage the DNA of any viruses
and bacteria in the used water [13]. Wei from Colorado
State University has reported distinct classiﬁcation and
function for all types of UV radiations (UV-A, UV-B, and
UV-C) according to their wavelengths, as well as their
inﬂuence on biological organisms [14]. He stated that the
ozone layer absorbs UV-C at the top of the Earth’s

Solar radiation can be easily applied for water disinfection
from germs, protozoa, viruses, and bacteria, because of
existing the UV and infrared radiations in the Sun
spectrum, besides heating effect. This process is appropriate at a householder’s level to avoid waterborne
diseases as much as possible by exposing ﬁlled transparent
bottle of water to sunlight for about 6 hours after ﬁltration
procedure to remove solid and suspended organic
materials [17]. More detailed information has been
investigated about this featured topic in the following
references [18–20]. Solar disinfection is the easiest way in
places that have high and reasonable solar intensity
during the most daytime a year. According to the World
Health Organization (WHO), solar disinfection is the
easiest, and practical way to disinfect the water that
subjected to be drinking water [21]. It is very proper for
Omani rural areas because Oman is receiving high solar
radiation during all days of the year [22]. It is recommended
to be used when other methods of disinfection are not
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Table 2. Shows instruments and used methods for chemical, physical, and bacteriology tests.
Test parameter

Equipment or stuff

Standard method

Uncertainty

Bacteriological
(Coliform & E. coli)
pH, electrical conductivity (EC),
turbidity, temperature
Chloride, alkalinity, total
hardness & calcium hardness
Sodium & Fluoride
SO42− & PO42− & NO3−
Relative humidity
Solar intensity

Colilert method

APHA 9222B (Colifor m)
& APHA 9222D, (E. Coli)
EPA150.1 & EPA, 180.1
& Std Method
APHA 2320B

Color change
pH ± 0.02
EC ± 20%
±5%

Direct measurement
EPA method 300.0
Direct measurement, RH%
Direct measurement

±5%
±5%
±5%
±3%

Direct measurement

±0.1 °C

Temp. measurement

Thermo pH, EC Meters
Titration by digital burette
Ion Selective, Electrode. (ISE)
UV Spectrophotometer DR6000
Humidity meter, HTC-1
Digital light intensity meter,
Type MT-4617
Digital thermometer, JR-1

available. Generally, It is very suitable for rural areas due to
the synergy between the UV band and thermal effect of the
infrared band in the solar spectrum.
2.4 Water heating
Heating to about 63 °C and more up to the boiling point
of the water is probably employed for disinfection [18].
This route depends on energy sources available and their
prices.
2.5 Ozonation
In this way, the ozone gas (O3) uses to disinfect the water
ready to be drinking water. The cost of this method is
higher than the chlorination route because of the high cost
of ozone gas preparation. This method is appropriate for
small-scale drinking water production. Ozone is very
effective gas in the disinfection process because of its high
oxidation effectiveness [23]. Signiﬁcant details have been
mentioned about this method of disinfection in the
preceding reference.

3 Experimental facilities
The experimental work was carried out by employing the
following facilities and steps:
– Split AC units with a power of 2000 W.
– A removable water ﬁlter that can be ﬁxed in a plastic
container designed for water ﬁltration purpose, German
Made type TIP.
– Some plastic and Pyrex Glassware containers for as
received water collocation, chemical analysis, and
biological analysis.
– Homemade isolated wooden box with double glazing
front side for water solar disinfection purpose.
– Digital thermometer.
– Digital humidity meter for Relative Humidity (RH%)
measurement, Digital light intensity meter type
MT-4617 to measure solar intensity.

Fig. 1. Illiterates the ﬂowchart of the research work.

– Autoclave type STURDY- SA-300 VFA, CE  0434 for
sterilizing purpose.
– Incubator type SHIN SAENG, south KOREN made.
All chemical, physical, and bacteriology tests were
carried out in the labs. of Public Authority for Water,
Al-Buraimi Province, Oman. Table 2 includes the
equipment, methods, that were used to carry out the
tests related to the research work, together with the
uncertainty % values. Figure 1 shows the ﬂowchart of the
practical work.
Figures 2 and 3 show the used double glazing wooden
box, solar intensity meter, humidity meter, and digital
thermometer.
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Fig. 2. Double glazing box for solar disinfection.

4 Experimental procedure
At the beginning, the calibration process for used
instruments and devices that mentioned in Table 2 was
carried out according to their provided instruction
manuals. As for the Autoclave and the incubator, they
are not analytical instruments, so there is no need for
calibration. The Autoclave is used to sterilize the used
bottles prior for bacteriology tests only, and there are
provided strips to know if the bottles sterilized or not. For
the Incubator, it always calibrates each year by approved
calibration labs. and giving a certiﬁcate for it, so there is
no precision /uncertainty (the accepted differences
are ±0.5 °C). Additionally, during chemical and physical
tests, the temperature was monitored well as it is very
affected factor on the uncertainty of the results, especially
the pH values and the electrical conductivity. Measurements temperature was almost in the range of room
temperature (∼20 °C).
4.1 Water collection
Drain-water from ACs was collected in three cities,
namely Muscat, Sohar, and Al-Buraimi on different
dates. The names of the cities, dates, RH%, and the rate
water collection are given in Table 3. The collected water
of Muscat was about 31 L within a period of
approximately 15 h. In Sohar, the gained water was
around 15 L at a period of 8 h. As for Al-Buraimi city,
which is not a coastal city, the quantity was about 7 L
within a period of 4 h.
4.2 Chemical and physical analysis
Three replicate samples were taken from ACs drain-water
in Muscat, Sohar, and Al-Buraimi for chemical and
physical tests. In addition, chemical and physical tests
were also done for three replicate samples of drinking tap
water in Al-Buraimi for comparison purpose. The obtained
results together with the Omani standard of drinking water
are reported in Table 4.

Fig. 3. To the left: digital thermometer, in the middle: humidity
meter, to the right: solar intensity meter.

Table 3. Includes the details of collected drain-water from
the used ACs.
City

Date

≈ RH%

Approximate
water collection
rate L/h

Muscat
Sohar
AL-Buraimi

02/11/2019
20/11/2019
10/12/2019

63%
61%
57%

2
1.9
1.7

Place of collection: Muscat: ≈ 1.5 km from the costal line; Sohar:
≈ 1.85 km from the coastal line; Al-Buraimi: city center, is not
coastal city.

4.3 Bacteriology test and solar disinfection
For bacteriology tests and disinfection process by solar
energy, six samples of 0.5 L and 0.2 L capacities Pyrex glass
bottles were used for water collection in the three selected
Provinces. These bottles were sterilized in advance using
the Autoclave system to make them ready for water
collection for bacteriology tests. The sterilizing condition
was as follows: heating up to about 121 °C with a pressure of
about 14 psi for 15 min. The samples were collected 24
hours before the test time, according to the adopted
procedure. Three of these samples were tested as normal
after an incubation period of about 18h at 35 °C in the
provided incubator employing the Colilert Method (APHA
9222B [(Colifor, m) & APHA 9222D, (E. coli)]. The other
three samples were irradiated by sunlight for 2 h, 4 h, and
6 h for disinfection by using the provided double glazing
wooden box, after that, the samples were also subjected to
the same procedure above for bacteriology test. Also,
another ten samples were collected in Al-Buraimi, three of
them were tested before solar disinfection, while the other 7
samples of 0.2 L capacity were irradiated for 1 h, 2 h, 2.5 h,
3 h, 4 h, 5 h, and 6 h. The aim of this attempt is to determine
the most appropriate time and temperature to kill all
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Table 4. Shows the mean values of Muscat, Sohar, Al-Buraimi, and tap water tested parameters of three replicates
samples, together with the Omani standard for comparison purpose.
Parameters

Temperature: (°C)
Turbidity*: (NTU) Nephok True Unit
pH*
Electrical Conductivity: EC (mS/cm)
TDS* (Total Dissolved Solids) (mg/L)
Chloride Cl− (mg/L)*
Phenolphthalein. Alkalinity (mg/L)
Total alkalinity (mg/L)*
Calcium hardness (mg/L)
Total Hardness (mg/L)
NO3− (mg/L)*
PO42− (mg/L)
SO42− (mg/L)*
Na+ (mg/L)*
Fluoride F+ (mg/L)*

Results: mean value of 3 samples
of collecting drain-water

Tap Water, Omanian St. 8/2012

Muscat

Sohar

Al-Buraimi

Para.

Quality level

Max.

20.7
0.57
7.01
25.29
16.44
6.17
0.0
12.6
2.8
4.13
1.03
<0.06
2.47
<0.02
0.058

22
0.94
6.9
40.44
25.29
3.7
0.0
17
2.46
3.33
0.39
0.063
1.73
1.7
0.03

19.1
2.1
7.01
45.68
29.69
4.68
0.0
20.33
7.53
7.8
1.42
<0.06
5.82
0.38
0.03

21.2
0.4
8.44
312.39
203
153.68
2.8
71
48
86.8
0.9
0.06
8.83
0.9
0.7

20–25
1
6.5–8.5
–
120–600
<250
–
–
–
<200
–
–
<250
<200
0.6–0.8 Desalinated
water

–
5
9.0
–
1000
600
–
–
–
500
50
–
400
400
1.5

* Adopted Values, Omani Standards.

Fig. 5. Curve of solar intensity vs. exp. time, sunny day,
Al-Buraimi, winter season, starting time: 8:00 am.
Fig. 4. Curve of water temp. vs. exp. time during water
disinfection of Sohar, starting time: 8:00 am.

existing bacteria in the tested water. During the irradiation
process, the temperature as a function of time was
measured using the digital thermometer. Meanwhile, the
digital light intensity meter was used to follow the
solar intensity as a function of time during solar irradiation.
The obtained results were graphed, as depicted in
Figures 4–8.
The bacteriology test results before and after
solar irradiation for the three cities are summarized in
Tables 5–9.

During the bacteriology tests, some cases were photographed before and after solar irradiation to follow the
results of the bacterial analysis. Figure 9 reveals the result
of 3 samples subjected to bacteriology tests before and after
solar irradiation for 2 h, 4 h, and 6 h using the double
glazing wooden box. Also, the results of the bacteriology
tests before and after 1 h, 2 h, 2.5 h, 3 h, 4 h, 5 h, and 6 h
solar irradiation are shown in Figures 10 and 11.
4.4 Freshwater production
An attempt was made to convert some of the water gained
from the used cooling system into drinking water according
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Table 5. Bacteriology results for Muscat, 24/11/2019.
Bacteriology results before sunlight irradiation, Muscat
MPN/100 mL
Sample-1
Sample-2
Sample-3
Coliform
<1
8.7
15
E. coli
<1
8.7
12.4
Bacteriology results after sunlight irradiation
MPN/100 mL
2 h, 43 °C
4 h, 56 °C
6 h, 65 °C
Coliform
<1
<1
<1
E. coli
<1
<1
<1
Note: <1 means almost 0, no active bacteria.

Table 6. Bacteriology results for Sohar, 24/11/2019.
Fig. 6. Curve of water temp. vs. exp. time during water
disinfection of Al-Buraimi, ∼ 50% cloudy weather, starting time:
8:00 am.

Bacteriology results before sunlight irradiation, Sohar
MPN/100mL
Sample-1
Sample-2
Sample-3
Coliform
<1
2
<1
E. coli
<1
<1
<1
Bacteriology results after sunlight irradiation
MPN/100 mL
2h, 43 °C
4h, 56 °C
6h, 65 °C
Coliform
<1
<1
<1
E. coli
<1
<1
<1

Table 7. Bacteriology results for Al-Buraimi, 10/12/
2019.
Bacteriology results before sunlight irradiation,
Al-Buraimi

Fig. 7. Curve of water temp. vs. exp. time during water
disinfection of Al-Buraimi, sunny day, starting time: 8:00 am.

MPN/100 mL Sample-1
Sample-2
Sample-3
Coliform
>200.5
>200.5
>200.5
E. coli
3
4
4
Bacteriology results after sunlight irradiation
MPN/100 mL 6 h continuous, 55.3 °C, ∼50% cloudy
Coliform
<1
<1
<1
E. coli
<1
<1
<1
Note: High concentration of bacteria was found in shallow
collected water from AC unit, while the concentration was very
low when the water is collected directly from the used AC.

Fig. 8. Curve of water temp. vs. exp. time during water
disinfection of Al-Buraimi, sunny day, starting time: 8:00 am.

to the following procedure:
– Taking a certain amount of the collected water to convert
it into drinking water, about 1 L.
– Adding some required elements according to the Omani
water preparation standard route.
– Filtrating the produced water to control the turbidity
value to be within the standard limit of Omani
drinking water, and adjust the value of its pH if
needed.
– Disinfecting the water by solar irradiation for about 4 h
on a sunny day.
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Table 8. Bacteriology results for Al-Buraimi, 23/12/
2019.
Bacteriology results before sunlight irradiation,
Al-Buraimi
MPN/100 mL
Sample-1
Coliform
>200.5
E. coli
4.2
Bacteriology results after
MPN/100 mL
2 h, 47 °C
Coliform
>200.5
E. coli
<1

Sample-2
Sample-3
>200.5
>200.5
1.0
1.0
sunlight irradiation
4 h, 72 °C
6 h, 81 °C
<1
<1
<1
<1

Table 9. Bacteriology results for Al-Buraimi, 1/1/2020.

Fig. 10. Bacteriology tests Al-Buraimi water, Date:1/1/2020,
before solar irradiation.

Bacteriology results before sunlight irradiation,
Al-Buraimi
MPN/100 mL Sample-1
Sample-2
Sample-3
Coliform
6.4
6.4
2
E. coli
<1
<1
<1
Bacteriology results after sunlight irradiation
MPN/100 mL Sample-1 1h Samples-2 ! 7
32 °C
2 h, 2.5 h, 3 h, 4 h, 5 h, 6 h
45, 55, 61, 71, 80, 84 °C
Coliform
2
<1
<1
E. coli
<1
<1
<1

Fig. 11. Bacteriology tests Al-Buraimi water, Date: 1/1/2020,
after solar irradiation.

Fig. 9. Bacteriology tests of the collected water of Al-Buraimi,
Date: 23/12/2019, before and after solar irradiation.

5 Results and discussion
First, the values in Table 3 show that the quantity of
collected water is proportioned to the RH%, and this is
quite normal result. Therefore, a vast of water can be
gained as a byproduct from cooling air-conditioning units
in humid places worldwide. It can be easily concluded from
Table 4 that the obtained chemical and physical
parameters of tested drain-water in the three selected
cities are mostly different, except the pH values of nearly
equal, about 7. These differences are logical because of
having different areas of water collection, which certainly

differ in their environmental conditions. This situation
inevitably leads to the differences in the physical and
chemical properties of the collected water, especially its
electrical conductivity and the turbidity. On the other
hand, there are very slight differences in the other
parameters, which may be due to their very little
concentration. In general, the results showed that the
ACs drain-water is characterized by low turbidity and very
low electrical conductivity and TDS, with a pH of about 7,
hence it will be almost distilled water after disinfection and
ﬁltration processes. The result in Table 4 also showed that
drinking tap water is compatible with the standard quality
level of Oman.
In conclusion, that the ﬁltered cooling air-conditioning system drain-water can be used as distilled water for
several purposes after adjusting its pH, which may
decrease after ﬁltration, to make it about 7 by adding
some additives, such as sodium hydroxide. Additionally,
this gained byproduct water from any air-conditioning
cooling system can also be used in water electrolysis cells
for hydrogen production, especially in the high
humidity regions worldwide. The collected byproduct
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water could look upon as a result of the correlation
between electric and solar energy. The solar energy
produces water vapor from surface water sources and
then the vapor converts into pure water through
condensation process in the used AC, which normally
runs by electric energy. It is unwise to waste vast
quantities of water nationwide to go to the sewage
system or to be surface water to evaporate again.
Therefore, the released drain-water from any
cooling systems should be collected and used as almost
free of charge pure byproduct water. Overall, the
amount of water collected from any cooling system is
considerable in coastal and agricultural areas which are
characterized by high relative humidity of up to 80% and
higher.
The obtained results of the bacteriology tests before
and after sunlight irradiation in Tables 5–9 show that
there are some types of bacteria in the tested water. These
bacteria certainly come from the ambient atmosphere
when the humid air enters the used cooling airconditioning unit. The results also revealed that the solar
disinfection was successful in killing all existing bacteria
within 2h of irradiation with a temperature of about 43 °C
and above with low quantities of bacteria per unit volume
as conﬁrmed in Tables 5 and 6. The result of Table 7 shows
that solar disinfection can be carried out even in cloudy
weather when the temperature at the end of 6h irradiation
continuously reaches about 55 °C, plus the effect of the
UV-B ray in the sunlight. This speculation has been
conﬁrmed in the result recorded in Table 8, when all
bacteria in the water of Al-Buraimi was killed after 4h of
irradiation at a temperature of about 72 °C, when the
quantity of bacteria per unit volume is high, such as
>200.5 MPN/100 mL. Also, the result in this
Table reveals that when the temperature of the water
reaches about 47 °C after 2 h, still some active bacteria is
there. Based on these results, it seems that when the
quantity of bacteria per unit volume is high, the water
temperature must reach a value of about 60 °C, beside the
effect of the UV-B radiation to kill all bacteria in the
tested water. Also, the results in Tables 7 and 8 showed
that high concentration of bacteria was found in collected
water from AC unit in Al-Buraimi (>200.5 MPN/
100 mL), since it’s been accumulated for long time. While
the concentration was very low when the tested water
collected directly from the used AC as conﬁrmed in
Table 9, the bacteria concentration mean value in this
table is about 5 MPN/100 mL. It seems the reason of
increasing the bacteria concentration in the accumulated
water may be due to bacteria breeding cycle in an
appropriate conditions, This case needs more study.
Based on the previous results, the solar disinfection
technique is recommended to be used in countries that
enjoy with high and reasonable solar intensity. Using this
route of disinfection will save the cost of the other ways
that must be used to disinfect the drinking water, and it is
the easiest method.
From Figure 4 of Sohar irradiation, the temperatures of
2 h, 4 h, and 6 h of exposure times are 43.5 °C, 56.4 °C, and
65.1 °C respectively. The action of solar disinfection is due
to two reasons; these are:

– Existing of the narrow band intensity of the UV-B that
already exists in the solar radiation spectrum which
reaches the Earth’s surface.
– Existing of broadband of infrared radiation in the solar
radiation spectrum as seen in Table 1, that causes
heating which probably disinfects the water if the
temperature exceeds 50 °C [24]. These two reasons are
working together to disinfect contaminated water.
Figure 5 shows the curve of the solar intensity (W/m2)
with exposure time (h) according to the mentioned date,
from which it can be seen that the highest solar intensity is
about 520 W/m2 at noontime. The curve represents the
ideal solar radiation intensity proﬁle as a function of time
for a sunny day in winter season. Also, from Figure 6, it can
be seen that the temperature was around 55 °C after 6h of
exposure time in ∼50% cloudy weather. It seems that this
condition was enough to disinfect the used water
according to the bacteriology test results reported in
Table 7. From Figure 8, the water temperatures were 47 °C,
72 °C, 81 °C during irradiation exposure times of 2 h, 4 h, 6 h
respectively on 23/12/2019. The bacteriology test result of
this date showed that the disinfection of the used water
was done after 4h of solar irradiation as indicated by color
change from yellow to transparent, as shown in Figure 9.
Figure 7 reveals the measurement correlated with
disinfection process that carried out on 1/1/2020, from
which it can be concluded that the temperatures
after irradiation exposure times 1 h, 2 h, 2.5 h, 3 h, 4 h,
5 h, and 6 h were 32 °C, 45 °C, 55 °C, 61 °C, 71 °C, 80 °C and
84 °C respectively. The bacteriology result of the date
above exposed that full disinfection was completed within
2 h and more as shown in Figures 10 and 11 because the
quantity of bacteria per unit volume is low, as shown in
Table 9.
In the listed literatures about solar disinfection in this
article stated that they used direct irradiation route for
solar disinfection. Generally, the irradiation time was a bit
high, within the range of 4 h–6 h [15,17]. While the effective
disinfection exposure time was found to be almost half of
this range of time, when the wooden double glazing box was
used in the current research work, about 2 h–3 h during
sunny and partially cloudy days. The reasons of reducing
the effective irradiation time are that the double glazing
box acts as water heating system, therefore the temperature of the water will increase sharply, in addition to the
effect of the UV radiation in the solar spectrum that
reaches the surface of the Earth.

6 General recommendations
In the end, the following general recommendations can be
made with regard to the byproduct drain-water released
from the air-conditioning cooling systems along with the
solar disinfection:
– The byproduct water can be considered as a source of
primary clean water for different purpose uses.
– Availability of water is the most important national
issue from life sustainability point of view, so that
ﬁnding any new source of water must be maintained and
developed.
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Fig. 12. Schematic diagram of hydrogen production in conjugation of solar energy and gained water from cooling airconditioning system.

– The drain-water can be used in electrolysis unit cells to
generate hydrogen gas as a promising renewable fuel.
Mainly if the production process is conjugated with some
renewable energy sources such as wind and solar energy
[25]. Economically, it is rational to use this byproduct
water for hydrogen production by electrolysis technique
as schematically shown in Figure 12, which already leads
to reduce the production cost.
– The gained byproduct water can be used as a drip
irrigation technique for modern agriculture to produce a
different type of plants, especially in the soil where
salinity is slightly more than the natural state of arable
soil.
– Solar disinfection is found to be effective, cheap, and easy
method.
– Collecting the drain-water from cooling air-conditioning
units at the national level probably helps to solve the
water scarcity problem.

7 Conclusions
The intent of this study is to investigate and give a
distinctive importance about the water coming out of the
cooling air-conditioning systems as a byproduct in the
humid areas. The quantities are large and must be
considered at the national level. Also, special attention
was given for physical, chemical analysis, and bacteriology
tests for several samples of the collected water from the
three chosen cities in the Sultanate of Oman. In addition,
solar disinfection technique was used to disinfect the
collected water with bacteria that already discovered in the
tested water. From the obtained ﬁndings out, the following
points can be concluded:
– The average quantity of drain-water from one AC was
about 48 L/day, the RH% was around 65%. This
quantity increases with the increasing of the RH%.
– The chemical analysis showed that the gained water is
found to be almost distilled water with a pH of
approximately 7, in addition to the presence of a group
of chemical elements and ions.
– The physical test revealed that the water characterizes
with low turbidity, very low electrical conductivity,
within the range of 25 mS/cm  46 mS/cm, and very low
TDS.
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– The water gained from this system can be used in the
electrolysis cells for hydrogen gas production at a low cost
as this pure water is a byproduct of the cooling airconditioning units.
– It is proved that the solar disinfection technique is very
effective to inactivate 99.9 % of the present bacteria in
the tested water, with an irradiation exposure time of
about 2.5h during sunny weather.
– The solar disinfection technique is recommended to be
used as an easy way for disinfecting the water that is
subjected to be drinking water in places where approved
disinfection methods are not available.
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