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Abstract: As the need for water is increasing in Palestine, and the available water resources are
barely sufficient to meet the demands of the current quality of life and the economy, air conditioner
condensate water could be explored as an alternative water source. The objective of this study is to
better understand the potential for recovery of condensate water from air conditioning systems in
two Palestinian cities. In addition, this study aims to evaluate this water source in terms of quality
and quantity. Generally, it was found that the condensate water has good quality, which conforms
to the Palestinian standards for reused water for irrigation, except for turbidity, biological oxygen
demand (BOD) and chemical oxygen demand (COD) measurements. Reflecting the heavy metal
occurrence in the collected condensate water, no particular risk was recognized for drinking water
or reused irrigation standards, except for manganese occurrence of 0.19 mg/L in one sample. From
a single unit capacity, high quantities of water were observed of approximately 259 L and 453 L
per month in Ramallah and Jericho cities, respectively. These figures should draw the attention of
decision and policy makers to put in place strict technical guidelines to be followed for potential
reuse of condensate water at the local level.
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1. Introduction

In Palestine, the need for water is increasing with the current political situation, population growth,
and high rate of urbanization. The depletion of fresh water resources continues as the demand for
irrigation, industrial and municipal water keeps escalating [1–6] Exploring alternative sources of water
plays a vital role in the water supply, when fresh water, including surface- and ground-water, becomes
limited. Recently, water quality has been further studied for effective water resource management,
given such resources’ variability and vulnerability due to natural and anthropogenic changes [3–8].

The present water supplies in Palestine are neither adequate to provide acceptable decent living
standards for the locals, nor sufficient to facilitate development of their economic status [9]. The need for
exploring new sustainable water sources has started to be of great importance, where new techniques
should be tested and developed at every level. In the meantime, cooling systems generate significant
condensate water volume, which most of the time is connected to the drainage system. This source
of water is considered to be significant and under-utilized in Palestine, and which at least could be
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collected and reused for landscape irrigation purposes. Condensate water is predictable, reliable and
of high quality, and occurs during summer months when irrigation demand is high.

The current unstable political conditions are leading to scarcity of water resources in Palestine.
Israeli occupation utilizes more than 85% of groundwater resources in the West Bank and denies access
of Palestinians to their natural and historical water rights in the Jordan River [5,10]. Water reuse
and recycling are considered good environmental practices, although their implementation is highly
dependent on the economics and hence can be challenging to implement [6,11–13].

Atmospheric water harvesting or atmospheric water vapor processing has been experienced
as an emerging technology in which atmospheric water vapor is condensed and collected [14].
Different techniques have been developed to extract the water vapor from air, examining larger scale
schemes. Experiments have been carried out in Sweden, Tanzania, Tunisia, France, Bahrain, Chile and
Saudi Arabia. Some of the techniques were considered as being not economically feasible for large
scales. Therefore, in general, atmospheric water harvesting or atmospheric water vapor processing is a
relatively new technology for small-scale, locally managed water supplies [15].

Air conditioner condensate is a relatively untapped alternative source of water that might be
readily available, especially in hot arid climates [16,17]. One of the experiments was conducted in
Qatar, where high economic growth and migrating population are posing challenges for the country
to meet water demands in the near future. The main objective of the initiative was to establish the
feasibility of condensate water as an alternative source of water in Qatar [18].

Water condensate from air conditioning systems can be reused efficiently either by circulating
it again to be used for cooling towers or any other purposes such as outdoor irrigation [19]. Water
efficiency can be applied in many facilities, where cooling towers are used. Increasing the rate of
condensate recycling in the cooling towers results in multiple savings, at the level of water and sewer
costs to savings on purchase of chemicals used to treat both incoming and discharged water [20].

Some examples of the projects that have been carried out can be summarized as follows:

• In San Antonio, the experiments yield surprising quantities of water. The downtown mall
generates 250 gallons (946 L) each day from its air handlers. A central library system produces
0.06 L/second or 41,655 US gallons per month [21].

• Bahrain Airport Services in the Middle East uses 2.3 million gallons (~8.7 million L) per year
of condensate water for diverse purposes such as toilet flushing, washing and maintaining the
landscape [21].

• At the University of Texas in Austin, the massive central cooling systems include condensate
recovery for cost savings [21].

• In Qatar, an experiment found that over 1.6 million gallons (~6 million L) of condensate water can
be potentially captured each year from air conditioning systems in one of its buildings [22].

The aim of this study is to better understand the potential for recovery of condensate water
from air conditioning systems in Palestine. The research also aims to investigate this water source by
assessing its quality and measuring attainable quantities of generated condensate water.

2. Methodology

2.1. Study Area

The West Bank is divided into eleven districts: Jenin, Tubas, Tulkarm, Qalqilya, Salfit, Nablus,
Jericho, Ramallah and Al-Bireh, Jerusalem, Bethlehem, and Hebron (see Figure 1). The West Bank has
an area of 5800 km2, a 130 km length from north to south, and width of between 40 and 65 km from
east to west [5]. The West Bank is mostly composed of limestone hills that are between 700 and 900 m
high [5]. The lowest point of the study area is the Dead Sea at 400 m below sea level, and the highest
the Tall Asur at 1022 m above sea level [6]. The climate in the Mediterranean region has four months
of hot, dry summer and a short mild winter with rain from November to March [5]. The climate in
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the West Bank can be characterized as hot and dry during the summer and cool and wet in winter [6].
The climate becomes more arid to the east and south [5].
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Figure 1. The study area.

Annual precipitation on the central highlands averages 700 mm and becomes less than 100 mm at
the Dead Sea, however, great variations in precipitation amount and distribution exist [5]. Precipitation
decreases from north to south and from high to low altitude and tends to fall in intense storms [5,6].
Evaporation is high in summer when there is always a water deficit [5]. The mean summer temperatures
range from 30 ◦C at Jericho to 22 ◦C at Hebron, which is 850 m above sea level [6]. In winter, the mean
temperatures range from 13 ◦C at Jericho to 7 ◦C at Hebron [6]. The annual average relative humidity
is about 52 percent at Jericho [6]. It is worth mentioning that the climate in Ramallah city is similar to
that in Hebron city.

2.2. Water Quality Sampling

In order to obtain a clear idea about the condensate water characteristics, an assessment of this
water quality against the two main defined guidelines issued by the Palestinian Standards Institution
(PSI) was conducted. This assessment basically comprised a condensate sampling campaign, which was
carried out in the two cities of Ramallah and Jericho in the West Bank. Each collected water sample
was accompanied by an appropriate collection form that clearly indicated the following: sample site,
sample number, location, place, date and time. Water samples were labeled by a number which orderly
reflected the information contained in the form.

From the two cities of Ramallah and Jericho, a total of 65 condensate water samples were
collected in plastic one-liter capacity bottles (32 samples from Ramallah and 33 samples from Jericho).
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The selection of the samples to be collected was made randomly. Cluster sampling was used, which is
a random sampling technique wherein households in each of the two cities were divided into clusters,
of which a few were chosen randomly for the questionnaire study. This was to ensure the coverage of
a wide range of geographical locations and socio-economic conditions of the residents. The dwellings
were first stratified according to the socio-economic status (low, lower-middle, upper-middle and
high). The stratification criteria were based on the general status of the housing unit and the type of
residence. From each stratum, a predetermined number of households were randomly selected to
be surveyed [23].

For the 65 samples, analysis for two of the physical variables (temperature and pH) was run in
the field using appropriate apparatus either in situ or very soon after collecting the sample. All used
instruments were calibrated and operated according to the laboratory guidelines. Field analysis
was carried out measuring the following physical parameters: temperature (T), acidity (pH), electric
conductivity (EC), dissolved oxygen (DO) and total dissolved solids (TDS). Other tests were run after
transporting the samples to the laboratories of Birzeit University (BZU) after a period of time that did
not exceed 6–24 h. Further water testing was completely according to the procedures of the Standard
Methods and the Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) including:
turbidity, biological oxygen demand (BOD), chemical oxygen demand (COD), sulfate, copper, iron,
lead, cadmium, arsenic, selenium, stannum, molybdenum, nickel, cobalt, aluminum, manganese,
lithium, chromium, barium and silver.

Cluster sampling was used for the selection of samples for heavy metal analysis, and the procedure
described in [24] was followed. Water samples were collected in one-liter high-density polyethylene
bottles (pre-cleaned with 10% nitric acid followed by repeated rinsing with bi-distilled water), stabilized
with a few drops of ultrapure nitric acid (0.5% HNO3) that were added to prevent additional microbial
growth. All water samples were then preserved in a refrigerator at 4 ◦C and transported to the
laboratories of BZU for examination and analysis purposes.

2.3. Water Quantity Assessment

In order to provide an overview of the condensate water yield generated from air conditioning
systems, a quantity assessment process was conducted in the two cities of Ramallah and Jericho. Samples
were collected from different kinds and types of locations including: (1) commercial businesses (grocery
stores, restaurants, cloths shops, pharmacies and bakeries), (2) residential households (apartments and
houses) and (3) office buildings. Following the same steps stated in the water quality sampling process,
collected water samples were accompanied by an appropriate form that clearly indicated the following:
sample site, type and area of the served location, date, time, location, capacity of air conditioning unit
(1 Ton, 2 Tons and 3 Tons) and operational working temperature (16 ◦C, 18 ◦C or 20 ◦C). From the two
locations of Ramallah and Jericho, a total number of 84 one-liter plastic bottles were collected. Table 1
shows the distribution of collected samples from the different capacities of air conditioning units.

Table 1. Distribution of condensate water quality samples.

City Operational
Temperature 1 Ton 2 Tons 3 Tons

Ramallah
16 ◦C 7 7 7
18 ◦C 7 7 7

Jericho 18 ◦C 7 7 7
20 ◦C 7 7 7

Total 28 28 28

Through the process, the condensate water was routed from the drain plastic pipe that is connected
to the outer unit of the air conditioning system. Water was retrieved in the plastic bottles and in parallel
the time of collection was recorded, to be averaged and plotted.
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2.4. Household Questionnaire

To gather supplementary data on the local users’ perceptions, knowledge, behaviors, attitudes
and opinions regarding the use and the management of the condensate water as a new water source,
a structured questionnaire was prepared. Using the cluster sampling method, 85 residents were
selected randomly and interviewed. The questionnaires were distributed as 50 in Ramallah and 35 in
Jericho to reflect the behaviors and opinions of locals under the different contexts and circumstances.
The questions asked were aimed to gather information on the number, capacity, age and served area of
air conditioning units used, as well as their operational hours and operating temperature, management
mechanisms of dealing with generated water, common possible methods to conserve condensate water,
and recognition of users’ perceptions in regards to potential uses of this water.

The main purpose of the household questionnaire was to obtain indicators for the possible
generated volume of condensate water based on the daily working hours, capacities and operating
temperature of the air conditioning units. Furthermore, the questionnaire was aimed at better
understanding the users’ perceptions regarding the management of the condensate water generated
from air conditioning units. In addition, the questionnaire highlighted the question of users’ awareness
in regard to the quality of the generated water, and hence the in-situ methods used to benefit from this
source of water efficiently.

2.5. Semi-Structured Interviews

In addition, two semi-structured interviews with the key persons of the main suppliers of air
conditioning systems in Palestine were conducted in order to get some information about the most
used units’ brands, capacities, constraints, installation rules and guidelines. The key questions posed
to the main local suppliers included: are recent purchases of air conditioning systems limited toupper
class people?; which brand is the most popular in the local market?; which capacities are mostly sold
to the consumers?; are there any brands available in the local market that provides a condensate water
collecting system?; what are the major rules and guidelines for installing cooling systems in Palestine?;
and, is there any statistic that correlates number of cooling units sold out with geographic location?

3. Results and Discussion

3.1. Condensate Water Quality Assessment

3.1.1. Chemical and Physical Parameters

Based on the collected samples generated from 65 air conditioning units in the two cities of
Ramallah and Jericho, the main chemical and physical parameters were tested. The results of the
tests were then plotted against the PSI standard values to analyze the compliance of the condensate
water with the PSI drinking water and the treated water reused for irrigation purposes. The analysis
depicted in Table 2 was conducted to detect the condensate water quality in regard to the selected
physical and chemical parameters for the 65 samples (S1–S65). The selected parameters are necessary
for water quality monitoring programs and public health regulations. Table 2 also presents the relevant
Palestinian standards for the quality of drinking water and the reused irrigation water.

Table 2. Physical and chemical analysis for the condensate water samples.

Parameter * Reading Range Reading Mean
PSI (2005)

Drinking Water
Guidelines [19]

PSI (2012) Reused
Irrigation Water
Guidelines [20]

T (◦C) 15.5–22.5 18.05 20 25
pH 6.4–7.59 7.12 6.5–8.5 6–9

TDS (ppm) 15.2–76.4 42.48 <1000 1200
EC (µs/cm) 30–220.4 79.40 - 700–3000
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Table 2. Cont.

Parameter * Reading Range Reading Mean
PSI (2005)

Drinking Water
Guidelines [19]

PSI (2012) Reused
Irrigation Water
Guidelines [20]

DO (mg/L) 0.36–5.9 2.52 - >0.5
Turbidity (NTU) 0.55–6.69 1.97 1 5

BOD (mg/L) 1–6 2.23 - 20 (A Category)
COD (mg/L) 18–150 101.71 - 50 (A Category)
SO4 (mg/L) 0.001–0.006 0.0033 200 300

* Temperature (T), acidity (pH), total dissolved solids (TDS), electric conductivity (EC), dissolved oxygen (DO),
biological oxygen demand (BOD), chemical oxygen demand (COD) and sulfate (SO4).

By comparing the obtained results shown with the PSI standards demonstrated in Table 2,
the following analysis can be developed in regard to the major parameters occurrence:

• Temperature: The results of the temperature measurements for the condensate water samples
show that the samples fall approximately within the acceptable ranges of both the drinking water
guidelines (less than 20 ◦C) and treated water reused for irrigation (less than 25 ◦C), and range at
(15.5–22.5 ◦C). Some exceptions related to the drinking water comparison were demonstrated
among the water samples: S9 = 21 ◦C, S16 = 21.5 ◦C, S20 = 21.5 ◦C, S28 = 20.8 ◦C, S39 = 20.1 ◦C,
S46 = 22.5 ◦C and S64 = 20.4 ◦C.

• pH: The values of pH for the 65 collected samples fall within the range of 6.4–7.59, with an average
value of 7.12. Therefore, the pH measurements performed in this part of the research indicate that
the condensate water is considered to be approximately neutral. The neutral point occurred at
many of the collected condensate water samples.

• TDS: The above demonstrated analysis shows that the TDS in the condensate water samples
ranges between 15.2 and 76.4 ppm, with an average value of 42.48 ppm. This indicates that
all measured values fall below the values of PSI standards for both drinking water and treated
water reused for irrigation. It can be noted that the TDS occurrence in the collected condensate
water samples are nearly valued at zero and can be neglected in comparison to the maximum
allowable standards stated by the PSI for drinking water (i.e., 1000 mg/L) and treated water reused
in irrigation A category (i.e., 1200 mg/L).

• EC: The measurements of EC confirm the above results of measured TDS values which all fall near
zero. The EC typically estimates the total amount of solids dissolved in water. Very low values of
EC were presented during the measurements, with a range of 30–220.4 µs/cm, and an average
value of 79.40 µs/cm.

• DO: The dissolved oxygen concentrations in the 65 condensate water samples ranged from 0.36 to
5.9 mg/L) with an average value of 2.52 mg/L. This indicates that 66% of the collected samples were
under anaerobic water conditions. Almost 44 water samples revealed that they can be used for
drinking water with DO concentration less than 5 mg/L, whereas 37 water samples demonstrated
that the DO concentrations fall above the minimum requirements of the PSI for irrigation purposes
(DO above 1 mg/L).

• Turbidity: The turbidity analysis for the tested samples show that the range of the measured turbidity
was 0.55–6.69 NTU, with an average value of 1.97 NTU. According to the PSI, the acceptable
limit of turbidity for drinking water is 1 NTU. High turbidity in drinking water means that it
may not be acceptable for consumers due to high amounts of sediment, most probably sand
and other unappealing matter. For agricultural purposes, water with a maximum turbidity of
50 NTU is allowed to be used, and therefore, turbidity measurements for all samples fall under
the acceptable limits of agricultural water.

• BOD: the tested condensate water samples for the BOD level ranged from 1 to 6 mg/L, with an
average value of 2.23 mg/L. Out of all water samples collected, 44 samples were considered as
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clean water based on the BOD calculations, which ranged between 1 and 2 mg/L. This places
almost 100% of the collected samples within the range of the acceptable water used for agricultural
purposes. The PSI standards state that a concentration of 20 mg/L BOD places the water within
the A Category of the water quality used for agricultural purposes.

• COD: As shown in Figure 2, the tested condensate water samples for the COD level ranged from
13 to 150 mg/L, with an average value of 101.7 mg/L. Of all the water samples collected, 7 samples
were placed within the range of the A Category of the water quality limits used for agricultural
purposes with COD levels less than 50 mg/L. Within all water samples, it was noted that 19 water
samples were placed within the acceptable range of the agricultural water standards with a water
quality ranked at the C Category, in which all COD concentrations were less than 100 mg/L.
Moreover, the COD concentrations of 39 water samples ranged between 100 mg/L and 150 mg/L,
placing these samples under the D Category of water used for agricultural purposes.

• Sulfate (SO4): The sulfate concentrations found in the condensate water samples were in very low
concentrations ranging from 0.001 to 0.006 mg/L, with an average value of 0.0033 mg/L. This result
demonstrates that the tested condensate water samples fall within the PSI acceptable limits of the
drinking water (i.e., 200 mg/L) and the agricultural water (i.e., 300 mg/L).
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Figure 2. COD concentration in the tested condensate water samples.

3.1.2. Heavy Metal Concentrations

Identification and quantification of heavy metal concentrations in the condensate water are of great
importance in the development of this research. Heavy metals were detected in 17condensate water
samples. Table 3 displays the selected heavy metal tests for the water samples with the corresponding
Palestinian water quality standards.

Table 3. PSI drinking water and treated water reused for irrigation standards.

Parameter Drinking Water (mg/L) [19] Reused Irrigation Water (mg/L) [20]

Cu 1 0.2
Fe 0.3 5
Pb 0.01 0.2
Cd 0.005 0.01
As 0.05 0.1
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Table 3. Cont.

Parameter Drinking Water (mg/L) [19] Reused Irrigation Water (mg/L) [20]

Se 0.01 0.02
Sn(Tin) - -

Mo - -
Ni 0.05 0.2
Co - 0.05
Al 0.2 5
Mn 0.01 0.2
Li - -
Cr 0.05 0.1
Ba 2 2
Ag 0.01 -
Zn 5 2

The results obtained from the heavy metal detection tests for the 17 condensate water samples are
shown in Table 4 and summarized as follows:

• The results of the heavy metal examination show that the tested condensate water samples were
not contaminated with elements Pb, Cd, As, Se, Sn, Mo, Ni, Co or Li. The results of the tests were
either “BDL = Below Detection Limit” or “ND = Not Detected.”

• Other results concluded that some samples contained other heavy metals, such as Cu, Fe, Al, Cr,
Ba, Zn and Mn. From the figures in Table 4, it can be noted that the Cu concentration levels that
occurred in the condensate water samples were of very low magnitude. All Cu concentrations
were found to be in parts per million (ppm), and were less than the maximum allowable limits of
drinking and agricultural water according to the PSI standards [25,26].

• The concentrations of Fe, Al, Cr, Ba and Zn were found to be smaller than the acceptable limits for
both the drinking and agricultural water standards stated by the PSI [25,26].

• Higher levels of Mn were found among the tested condensate water samples, of which only one
sample (No. 17) fell above the acceptable limits of drinking water. All other samples were found
to be within the acceptable ranges of the PSI drinking and agricultural water standards.

3.2. Condensate Water Quantity Assessment

3.2.1. Observed Water Quantity in Ramallah

In the city of Ramallah, the water quantity of the air conditioning units was measured by observing
the volume of the generated condensate water from a total number of 21 units (1, 2 and 3 Tons) operating
at 16 ◦C and 18 ◦C. The observed measurements of water condensate in Figure 3 show that at 16 ◦C
operating temperature, the 1-, 2- and 3-Ton air conditioning units generated, on average, 1.45, 2.78 and
3.78 L/h, respectively. The observed condensate volumes were considered to be significantly high.
A high R-squared value (R2) of 0.99 was obtained from the developed linear regression which showed
a close proximity of the fitted data between the water volume generated and the unit capacity. If these
rates were calculated for an average working day of 6.64 h per day, the volumes of the collected
condensate water would reach 9.63, 18.46 and 25.1 L per day for the 1-, 2- and 3-Ton units, respectively.
The relationship developed through collected data showed clearly the proportional increase between
the condensate water volume and the air conditioning capacity in Tons. Moreover, based on the
field-collected data the computed condensate water volumes can be realized by the linear equation
indicated in Figure 3a.
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Table 4. Heavy metal concentrations of the collected condensate water samples.

(mg/L) S1 S4 S6 S8 S9 S10 S11 S13 S17 S19 S28 S29 S33 S41 S48 S55 S59

Cu BDL BDL 1.81 * BDL BDL BDL 0.068 * 0.85 * BDL BDL BDL BDL BDL 1.55 * BDL BDL 0.56 *
Fe BDL BDL 9.29 * BDL BDL BDL ND 0.069 0.056 BDL 0.032 BDL BDL 0.092 ND BDL 0.098
Pb ND ND ND BDL ND ND ND BDL ND ND ND ND ND BD ND ND BDL
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND BDL
As ND ND ND BDL ND ND ND ND ND ND ND ND ND ND BDL ND ND
Se ND ND ND ND ND ND ND BDL ND ND ND ND ND BDL ND ND ND
Mo ND ND ND ND ND ND ND ND BDL ND ND ND ND ND ND ND ND
Ni BDL BDL BDL BDL BDL BDL ND BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Co ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Al BDL BDL 11.5 * BDL BDL BDL ND 8.9 * 0.078 BDL 0.086 BDL BDL 0.056 0.068 0.079 BDL
Mn BDL BDL 0.013 ND BDL BDL ND 0.013 0.19 BDL 0.034 BDL ND 0.086 BDL 0.021 BDL
Li ND ND ND ND ND ND ND BDL ND BDL ND ND ND BDL BDL ND ND
Cr BDL BDL 0.19 0.05 BDL BDL ND 0.03 BD 0.042 BDL BDL BDL 0.03 0.021 BDL BDL
Ba 0.079 0.033 0.092 0.053 0.061 0.053 0.05 0.1 0.048 ND 0.048 0.077 0.046 0.09 ND BDL 0.75
Ag ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.105 0.022 0.02 0.101 0.021 0.046 ND 0.56 0.358 BDL 0.278 0.055 ND 0.56 0.352 0.01 0.49

* Concentrations in ppm, BDL: Below Detection Limits and ND: Not Detected.
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Figure 3. Quantities of condensate water in Ramallah city at: (a) 16 ◦C operating temperature and (b)
18 ◦C operating temperature.

The observed condensate water measurements in Figure 3b shows that at 18 ◦C operating
temperature the 1-, 2- and 3-Ton air conditioning units generated, on average, 1.30, 2.26 and 3.17 L/h,
respectively. The observed condensate water volumes were considered to be significantly high;
nevertheless, these rates were less than rates generated at lower operating temperatures (see Figure 3).
A high R-squared value (R2) of 0.999 (~1.00) was obtained from the developed linear regression,
which showed a close proximity of the fitted data between the water volume generated and the unit
capacity. If these rates are calculated for an average working day of 6.64 h per day, the water volumes
of the collected condensate water would reach 8.63, 15.00 and 21.10 L per day for the 1-, 2- and 3-Ton
units, respectively. The relationship developed through the collected data confirmed the proportional
increase between the condensate water volume and the air conditioning capacity in Tons.

Figure 4 shows the relationship between the condensate water quantities at the different
operating temperatures for the same unit capacity. Figure 4 shows the condensate water generated
at both 16 ◦C and 18 ◦C operating temperatures. It can be noted that as the operating temperature
decreases, the volume of the condensate water increases. Conceptually, it can be said that a slight
decrease in the generated water volume of 10% is caused by an increase of 2 degrees Celsius in the
operating temperature.
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Figure 4. Quantities of condensate water at both 16 ◦C and 18 ◦C operating temperatures in Ramallah city.

3.2.2. Water Quantity in Jericho

In the city of Jericho, the water quantity of the air conditioning units was measured by observing
the volume of the generated condensate water from a total of 21 units (1, 2 and 3 Tons) operating at
18 ◦C and 20 ◦C. The average of the measured quantities generated was calculated and is presented in
Figure 5. The analysis of the water quantities included the calculations of the generated water volumes
based on the average working hours for the tested units.

The observed water condensate measurements in Figure 5a show that at 18 ◦C operating
temperature the 1-, 2- and 3-Ton air conditioning units generated, on average, 1.02, 2.39 and 2.87 L/h,
respectively. The observed condensate volumes were considered to be significantly high; nevertheless,
these rates are considered to be less than the rates produced at the same operating temperatures
in Ramallah city. A high R-squared value (R2) of 0.93 was obtained from the developed linear
regression, which showed a close proximity of the fitted data between the volume generated and the
air conditioning unit capacity. If these rates were calculated for an average working day of 15.1 h
per day, the volume of the total collected condensate water would reach 15.40, 36.09 and 43.34 L per
day for the 1-, 2- and 3-Ton units, respectively. The relationship developed through the collected
data confirmed again the proportional increase between the condensate water volume and the air
conditioning capacity in Tons.

The second tested operating temperature in Jericho city was 20 ◦C, where the examined air
conditioning unit capacities were 1, 2 and 3 Tons. As shown in Figure 5b, the 1-Ton air conditioning unit
generated 0.98 L/h, while the 2- and 3-Ton units generated 2.10 and 2.72 L/h, respectively. The observed
volumes were still considered to be significantly high, but less than volumes in the previous case (18 ◦C
operating temperature). A high R-squared value (R2) of 0.97 was obtained from the developed linear
regression, which showed a close proximity of the fitted data between the volume generated and the
air conditioning unit capacity. Moreover, if these rates were calculated for an average working day of
15.1 h per day, the volume of the total collected condensate water would reach 14.80, 31.71 and 41.072 L
per day for the 1-, 2- and 3-Ton units, respectively.

Figure 6 shows the relationship between the condensate water quantities at different operating
temperatures for the same unit capacity. It can be noted that as the operating temperature decreases,
the volume of the condensate water increases. Figure 6 shows the condensate water volume generated
at both 18 ◦C and 20 ◦C operating temperatures. Conceptually, it can be said that a slight decrease in
the generated condensate water volume of 9% was caused by an increase of 2 degrees Celsius in the
operating temperature.
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Figure 5. Quantities of condensate water in Jericho city at: (a) 18 ◦C operating temperature and
(b) 20 ◦C operating temperature.
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Figure 6. Quantities of condensate water at both 18 ◦C and 20 ◦C operating temperatures in Jericho city.
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3.2.3. Comparison of Water Quantities

To compare the two different volumes generated in Ramallah and Jericho cities, the results shown
in Figures 3b and 5a were combined. Figure 7 shows the two quantities generated in Ramallah and
Jericho cities, by the same unit capacities at the same operating temperature of 18 ◦C.
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Figure 7. Quantities of condensate water at 18 ◦C operating temperature in Ramallah and Jericho cities.

Based on the collected data presented in Figure 7, it can be noted that the generated condensate
water rates were higher in Ramallah city than those in Jericho city, knowing that the operating
temperature was fixed at 18 ◦C. This difference in the generated water rates corresponded to an increase
of 10% in the water volume generated in Ramallah compared to Jericho. This difference in the volume
rates of the condensate water depends on a number of factors, including the age of the unit, and hence
the cooling capacity, room surface area and relative air humidity.

3.3. Household Questionnaire Analysis

3.3.1. Current Condensate Water Management

Within the selected samples interviewed in both cities, the distribution of the common methods
used to deal with the generated condensate water is shown in Figure 8. Almost 51.76% of the
interviewed samples drained the condensate water into the street, whereas 36.47% of the generated
condensate water was used for different purposes, and the remaining 11.75% of respondents installed
a special piping system to connect the generated condensate water from the split unit to a cistern
or a sewage system. Among the indicated 11.75%, the study shows that only 1.17% of interviewees
connected the generated condensate water to a rainwater harvesting cistern. Based on the interviewees’
perception, water can be conserved and reused for gardening purposes.

Figure 8a shows that 43% of the sample from Ramallah city drained the condensate water into the
street, while 22% of the sample connected the condensate water to a sewage system. It was found that
3% of the sample connected the condensate water to a rainwater harvesting cistern. This management
method was exclusively used in one five-floor new building rented to 10 companies and organizations
in Ramallah city.
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Figure 8. Common methods used to manage the condensate water: (a) in Ramallah city and (b) in
Jericho city.

Figure 8b shows the results of the analyzed questionnaires indicating that in the city of Jericho,
41% of the interviewed sample collected the condensate water, while 59% of the sample drained the
condensate water into the street. The potential to better manage the condensate water is still high in
Jericho city, in which an arid climate prevails and extremely high temperatures are experienced during
the summer semester.

It is important to note that the questionnaire highlighted the users’ conservation initiatives in
terms of possible uses of the collected condensate water. Among the users who collected the condensate
water, two possible ways of using the condensate water were reported: irrigation and cleaning. It was
indicated that 50% of the sample had used the water to water the plants (indoor green plants in the
offices, shops and houses). The other half of the sample had used condensate water for cleaning
purposes. Furthermore, it was found that only 12.12% of the users connected the collected condensate
water directly to their home outdoor gardens, which were reported to be owned by 38.8% of the
interviewed people in the two cities. Mostly in the commercial businesses, the condensate water
collected is used to clean the floors and toilets at the end of each day.

3.3.2. Users’ Perceptions

Generally speaking, 100% of the interviewed sample confirmed that the condensate water cannot
be used for drinking or domestic purposes, 84.7% of the sample stated that the water cannot be used
for irrigation purposes and 25% of the sample thought that it cannot be used even for cleaning. Among
the interviewed sample in both cities, only 14.1% of the users thought that the condensate water
can be used safely for agricultural and cleaning purposes. It can be concluded that the conflicting
perceptions of the users in regards to the safety of the condensate water are highly influenced by the
lack of awareness and definitely not based on any shock experience faced by the users.
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4. Conclusions and Recommendations

Air conditioning systems are used to provide conditioned indoor environments. These cooling
systems generate a significant and under-utilized source of water for landscape irrigation and other
uses. In light of the water resource scarcity in Palestine, the condensate water could be considered
as an alternative source of water, which could play a vital role in the water supply when fresh water
becomes limited.

The assessment of physical, chemical and microbial water quality data for the condensate water
showed that, in general, the condensate water has a good water quality, which conforms to the
Palestinian standards for reused irrigation water. In comparison with drinking water standards, some
concerns are discussed related to the turbidity, BOD and COD measurements. Reflecting the heavy
metal occurrence in the collected condensate water, no particular risk was recognized for both the
drinking water and the reused irrigation standards, except for the Mn occurrence of 0.19 mg/L in only
one of the 65 samples.

The results show that a high quantity of condensate water could be collected from the air
conditioning systems. More specifically, from a single air conditioning unit capacity, almost 8.63 and
15.1 L/day of water were observed in the cities of Ramallah and Jericho, respectively. These quantities
of water should be collected and reused to maintain environmental sustainability for Palestinians by
both minimizing fresh water use and decreasing dependency on fresh water resources.

With respect to the questionnaire of the users’ perceptions regarding the condensate water, almost
51.76% of the interviewed sample drained the condensate water into the street, whereas 36.47% of the
sample used the generated condensate water for different purposes and 11.75% of the sample installed
a special piping system to connect the generated water from the split unit to a cistern or a sewage
system. It was obvious that 68% of the sample lacked awareness of the benefits of the condensate water
and its corresponding volume. About 32% of the sample declared that the condensate water generated
by air conditioning units is considered to be of “good quantities.” In effect, the results of this study
indicate that this topic needs to be further studied in dry climates such as Palestine. The uncertainty
of results can be due to many reasons, including previous knowledge and experience of users, age
of cooling systems, efficiency of air conditioning units, surrounding climate, atmospheric air quality,
operating temperature, seasonality and time dependency.

It is apparent from this research that a general lack of awareness of the condensate water quality
and quantity is leading many users to neglect and waste this significant source of water. Some particular
recommendations are derived from this research, as follows:

1. Conduct of a condensate water quality testing assessment, including of microbiological parameters,
mainly pathogenic bacteria (e.g., Legionella, Bacilli, Staphylococci or Streptococci) and viruses (e.g.,
respiratory tract viruses) by official authorities.

2. Raise the awareness of local users in regard to the actual quantities generated by air conditioning
systems, and thus encourage insitu simple and efficient mechanisms to collect and reuse this
source of water, for at least cleaning, non-domestic uses or landscape irrigation asa first step.

3. Include condensate water conservation in ongoing and implemented campaigns for raising
awareness of water conservation.

4. Conduct a comprehensive questionnaire study in all Palestinian districts to estimate the total
volume of air conditioner condensate water which may be generated from each district,
and compare these data with quantities of drinking water and irrigation water consumed
in each district.

5. Investigate economic feasibility and convenience, including associated costs, for condensate water
collection systems, transmission systems and treatment plants, in order to justify condensate
water recovery from air conditioners in Palestine.
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