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Abstract

More than 60% of the total electricity produced in the Kingdom of Bahrain and other Arabian Gulf Countries in
the summer seasons are being used to meet air conditioning demands. The process involves the extraction of heat
as well as the extraction of moisture (humidity) from the air. Those and many other countries, with hot and humid
environment, usually have severe water scarcity and poor endowment of water resources. Harvesting and
collecting of the by-product condensate water from air conditioning system provide a good alternative water supply,
mainly for non drinking requirements. In this study, the effect of atmospheric (outside) humidity and humidity
inside the buildings (indoor) on the amount of water collected from the air conditioning system, as a byproduct,
have been studied experimentally. The data has been collected for two years (2017 & 2018) during the period from
April to October in the Kingdom of Bahrain for different days on hourly basis from two tons of refrigeration split
unit system. Atmospheric humidity, the room inside humidity, the atmospheric temperature, and the room
temperature, have been recorded. Respected dew points have been calculated. The measured atmospheric relative
humidity was compared to the officially recorded relative humidity at Bahrain Airport. It has been found to
perfectly agree with each other with a mean deviation of 0.44% and 1.27% for the two consecutive years. The
collected average amounts of water from the air conditioning system for the two years and for each month is fully
consistent and reflect the effect of humidity in form of liner relationship.
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1. Introduction

Freshwater is decreasing every day as demand and pollution increases and climate changes and in particular in hot
regions. This created enormous strain on freshwater supplies Bagheri (2018). With an estimated 12,800 trillion
liters of renewable water available in the atmosphere, atmospheric water harvesting has the potential to be a viable
solution to address some of the global needs for fresh water; especially in warm regions were humidity is high
such as the coastal areas Milani et al .(2014). The Kingdom of Bahrain and other Arabian Gulf countries, being
situated in one of the most arid regions of the world have an extremely poor endowment of water resources with
high humidity round the year Al-Zubari et al. (2018). Those and many other counties heavily rely on air
conditioning systems for thermal comfort especially during the hot summer seasons which extend usually for more
than 7 months. In fact more than 60% of the electrical energy produced in those countries is used to meet the air
conditioning demands. Fortunately, the by-product of those air condition systems is pure fresh water Attalla and
Hunt (2016). Therefore, harvesting water via dehumidification from atmospheric air by condensation was always
regarded by many investigators as a good solution to provide fresh and clean water source. The process involves
cooling down the atmospheric air to the dew point temperature for dehumidification. This process require high
amount of energy which make it not economic Ghimire et al. (2019).

Ghimire et al. (2019) presented an assessment study about air conditioning and rain water harvesting for non-
potable water reuse in commercial buildings in two states of the United States of America. The research reported
that the water collected from San Francisco’s Air Conditioning System in 19-story building outperformed the
water collected from the Rain water collection system 51- 83% due to the larger volume of Francisco’s Air
Conditioning System. In a for story building in Washington D.C. state, the water collected from rain water
collection system outperformed the air conditioning collection system by45- 80%. They related their results to the
Local climatic conditions, rainfall, and humidity. Dalai et al. (2017) conducted an experimental study of the
performance of an air conditioning system, using the concept of Humidification — dehumidification technique. The
technique relies on utilizing the moisture present in atmospheric air and to increase its content to certain extent. It
is observed from the study that the water extracted through this technique is of good standard and can be used for
drinking and other purposes. It is also observed from the study that the amount of water collected depends on
volume of flow rate, cooling coil, capacity, humidity, heat transfer coefficient and time of residence of air inside
the window air conditioner. The average water collection rate was 0.3 ml/s. Painter (2009) conducted an
investigation on a laboratory building as a case study. The study suggested that condensate collection, from the air
conditioning units installed in the building, could provide for the building’s total water closet and urinal needs as
well as a large part of the building’s cooling tower demand. Loveless et al. (2013) considered the collection of
condensate water from large air conditioning units as a possible method to alleviate water scarcity issues. It is
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observed that the quality of condensate water collected from various locations and types of air conditioners was
very high with conductivities reaching as low as 18 uS/cm and turbidity’s of 0.041 NTU.

Thus, in this study, the effect of atmospheric and indoor (room) relative humidity will be evaluated
experimentally, discussed and analyzed in order to model a relationship between humidity and the amount of
condensed water can be obtained from a specific air condition system capacity per day.
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2. Methodology

Almost all houses, offices, malls, industry, and all other rooms and indoor spaces use air condition for thermal
comfort in Bahrain, Gulf countries, and many other countries. The by-product of operating these huge number of
air condition systems is enormous amount of pure fresh water. In this study, an attempt to find a relationship on
the effect of relative humidity on the amount produced from the air condition systems. Therefore an actual
circumstance of operating two tons of refrigeration split air conditioning unit has been practically tested.
Condensed water were collected on hourly basis for different days for two years (2017 & 2018) over seven month
periods (May, June, July, August and September) representing the hot season while (April — October)
representing the relatively moderate season, in Bahrain where air conditioning systems heavily and intensively
used. During the data collection, Atmospheric (outside) temperature, Room (inside) temperature, outside and
inside relative humidity have been recorded. The Dew point temperature has been calculated.

3. Results and Discussions
The results presented in this section were obtained for Bahrain climate conditions. The effect of humidity on the
amount of condensate water collected from a split unit of 2 tons of refrigeration have be studied and analyzed.
The average amount of condensate collected for the seven months for 2017 was 2.036 1/hr and for 2018 was 2.065
1/hr which is very close results and reflects consistency in relation between humidity, temperature and condensation.
Table 1 shows the collected amount per month for the two consecutive years.

Table 1. The amount of condensed water collected per month for the two years.

Month April | May | June | July Aug. Sept Oct. Average
Average (2017) L/h 1.75 1.64 | 1.83 2.2 2.37 2.28 2.18 2.036
Average (2018) L/h 1.91 1.74 | 1.81 2.23 2.28 2.49 2.01 2.065

The amounts of condensate water collected depend directly on room inside humidity and indirectly on the
atmospheric (outside) humidity. It is also varying to some extent between day and night and per month where
humidity and temperature varies but within a narrow margin. The measured atmospheric humidity has been
compared with the recorded humidity provided by timeanddate.com on line site based on data from Bahrain airport
(Weather in Manama). The data is tabulated in table 2 and 3 for the two consecutive years. The average values for
relative humidity and condensate output were obtained by adding all values and dividing them by the number of
recorded readings
Table 2: Comparison between recorded and measured relative humidity and average output collected in 2017

timeanddate.com Average Mean Average Average
Month / - Humidity % | Deviation | Humidity % output
2017 Average Max. Min. Measured % Measured L/hr
Humidity | Humidity % | Humidity % outside Inside
%
April 52 84 12 50.9 2.1 34.8 1.75
May 42 84 7 43.2 -2.9 34.1 1.64
June 44 100 13 44.9 -2.1 35.6 1.83
July 53 89 5 53.1 -0.2 38.7 2.20
Aug. 59 89 16 58.9 0.2 42.5 2.37
Sept. 60 89 7 60.5 -0.8 43.4 2.28
Oct. 62 94 2 61.6 0.6 44.2 2.18
Average 53.14 89.86 8.86 53.3 -0.44 39.04 2.036
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Table 3: Comparison between recorded and measured relative humidity and average output collected in 2018

timeanddate.com Average Mean Average Average
Month/ - Humidity % | Deviation | Humidity % output
2018 Average Max. Min. Measured % Measured L/hr
Humidity | Humidity % | Humidity % outside Inside
%
April 54 89 10 53.9 0.19 39.8 1.91
May 47 84 89 46.86 0.3 37.13 1.74
June 43 89 12 44.84 -4.3 37.15 1.81
July 48 89 9 50.43 -5.1 42.27 2.23
Aug. 53 89 11 54.3 -2.5 42.44 2.28
Sept. 63 89 11 62.05 1.5 43.69 2.49
Oct. 59 94 13 58.4 1 40.94 1.99
Average 52.42 89 22.14 52.97 -1.27 40.49 2.065

It can be seem that average deviation between the average data of atmospheric humidity provided by the
website timeanddate.com [10] and the measured data for the two years period is 1.27% with maximum value of
5.1%. The measured outside and inside relative humidity showed similar patterns as can be seen in Figure 1. The
inside relative humidity varies between 34.9% and 44.2% for 2017 and 37.13 and 43.69 for 2018 with average of
39.04 and 40.49% respectively. This lay within the thermal environmental comfort conditions mentioned by many
investigators. Hundy et al. (2016) said that one of the major applications of the Psychometric Chart in air
conditioning is to locate where most humans feel comfortable. This defines the "comfort zone" .They reported that
the limitation of this zone found when the temperature is between 22°C and 27°C, and the relative humidity is
between 40% and 60%. This is shown in figure 2. In the present study, the measured inside room temperature
varied between 20 C and 26 C with an average value of 23.4 and 23.6 C for the consecutive two years.

The Atmospheric (outside) and Room (inside) data obtained for the consecutive two years are shown in figure
3 and 4. It can be seen that the amount of collected condensate water depend directly on the inside (indoor) relative
humidity and indirectly with the outside (atmospheric) relative humidity. Linear correlation can represent the
relationship between the productivity and indoor humidity with mean standard deviation of 0.44% and 1.27% for

the two consecutive years 2017 and 2018.
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Figure 3. Amount of water collection in 2017 Figure 4. Amount of water collection in 2018
4. Conclusions

A substantial amount of over than two litres/hr can be collected from a two-ton air conditioning system during the
hot season in the Kingdom of Bahrain. The effect of humidity on the amount collected can be correlated and
presented in form of linear relationship. Although the results have been obtained specifically for Bahrain climate
condition, but it can be cover other areas especially Arabian Gulf costal area where climate is very similar to
Bahrain climate condition in term of humidity and temperature. It could be extended to other coastal areas and
even to other climates condition because the study and the collections covered two years period with wide range
of humidity and temperatures.
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