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Abstract: In this study, indoor water use at the United Arab Emirates University (UAEU) was assessed
for three years (2016, 2017, and 2018). A geographic information system (GIS) was employed to
determine where water use is high within the university, when and why water is used, who uses
it, and how to minimize its usage. Diverse data were employed to elucidate the broad patterns of
university water use. It was assumed that water use is directly proportional to the number of students
and is lower during winter. The relationship between water use and number of students in academic
buildings was modeled using least squares regression. The results indicate a low correlation between
water use and the number of students, possibly due to the centralized usage of academic buildings
and movement of students between them. The hypothesis of activity-driven consumption indicated
that most water use occurred in residential buildings (47.5%), averaging 81.7 L per person per day
(LPD). This value is lower than the metrics for dormitories in the United States (121 LPD) and Europe
(143 LPD). A survey of 412 students revealed that half the respondents were not aware of water
issues. Most of them (87%) preferred to drink bottled water and were not willing to use gray water
for flushing (56%) or urinals (60%). The findings of this study will improve the understanding of
university water use which will facilitate the development of effective water conservation policies
and the establishment of such practices among the next generation.

Keywords: water use; UAE University; GIS; public awareness; survey

1. Introduction

In its 2021 vision, the United Arab Emirates (UAE) identified water as an area that requires
further research, as water is a basic human need and the country spends millions of dollars every
year desalinating and transporting water to its various cities and villages [1]. Water challenges in
the UAE include the severe scarcity of groundwater reserves, high salinity levels in the existing
groundwater, high cost of producing drinking water, limited re-use of water, and limited collection
and treatment of wastewater outside the urban areas [2]. The water scarcity in the UAE has forced the
water departments to rely on desalination. The UAE is the second-highest producer of desalinated
water in the world, after Saudi Arabia [3]. Today, most of the potable water in the country (42% of
the total water requirement) comes from some 70 major desalination plants [4]. Desalination is an
expensive process with significant environmental impacts, such as effects on marine life. More details
about the impacts of desalination plants related to brine discharge, air pollution, noise, and land use
planning were provided by References [1,5].

The high intake of water for household and farming purposes is the main reason for the water
shortage [6]. The low-priced water supply in the UAE leads people to waste water without much
concern [6]. Specifically, the average per capita water consumption rate in the UAE is 500 L per person
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per day (LPD) [4], which is high compared with the averages for households in Africa (47 LPD), Asia
(95 LPD), and the United Kingdom (334 LPD) [7] as well as Spanish homes (198 LPD) [8].

One of the main challenges for the future is to ensure the supply of clean water to the UAE
population. Population growth and the increasing water use per capita strongly impact the water
balance [9]. There are many reasons behind this high use, such as the location of the UAE in a hot
and arid climate, high income, and increases in population, tourism, and industry. While the total
UAE demand for water is gradually increasing and is currently estimated to be 4.5 billion cubic meters
(BCM) per year, it is assumed that should current demand pattern and rates continue, the UAE’s total
annual water demand is expected to double by 2030 to reach between 9 and 10 BCM [10]. About 65%
of desalinated water is consumed by households and residences [1], while the remainder is employed
for other purposes. With the scarcity of water in the UAE and increasing demand, it has become
necessary to conduct research on water conservation. Various solutions have been proposed, such as
the introduction of cost-reflective water price regimes, sustainable building codes, total wastewater
reuse, leakage reduction, and diversification of supply sources in terms of renewable energy-powered
desalination and cloud seeding [1]. A survey of 1000 UAE residents, conducted in 2013 by the Abu
Dhabi-based Emirates Center for Strategic Studies, revealed that 84.5% of respondents agreed that
water resources are being wasted in the country [11]. The survey concluded with a recommendation
that it is important to engage schools and universities in raising awareness and providing education
about this issue so that future custodians of this precious resource will have the right attitude, skills,
and competencies to address water crises.

A considerable portion of human activity occurs within buildings. Therefore, minimizing energy
and water use in buildings will help reduce the impact on the environment. Efforts could be made at
both the individual and institutional levels to optimize water usage and consequently reduce costs and
help protect the environment. Public institutions such as universities host a substantial portion of water
users. Many universities worldwide have taken initiatives to reduce water use on their campuses [12].
For example, the University of Southern Queensland in Australia significantly reduced its water use
by replacing all single-flush toilets with dual-flush systems, saving an estimated 2.5 million L/year [13].
Similar efforts have been made by Stanford University, the University of Arizona, and the University
of Colorado-Boulder in the United States [14]. Plymouth University in the United Kingdom led a
water conservation policy from 1991 to 2004 that resulted in a 45% reduction in water use as well as
financial savings of 1.6 million GBP [15]. Saving water on university campuses is considered a part of
the efforts toward sustainable development. Typical university students and others in the 17-24 age
group consume more water per capita for personal use than either children or adults aged 25 years and
over [16,17]. In fact, the effect of age on water use is about twice those of ethnicity and socioeconomic
status [17]. The results of a water use study conducted at Arizona State University in the United States
indicated that students use over three times more water than a person truly requires to meet his or
her basic needs [17]. However, Petersen et al. [18] found that public awareness, competitions, and
incentives reduced electricity consumption by hostel students by about one-third and water use by 3%.

Visualization of water use on large campuses requires a tool that can display spatial locations
and attribute information (tabular data) about the buildings. A GIS can be utilized to answer the
questions of who, what, when, where, and how water is used, to analyze consumers more precisely,
to allocate campaign time more efficiently, and to facilitate decision making [19,20]. The benefit of
using a GIS in this research is its ability to provide a holistic view of the problem [21,22], which is
made possible by the simultaneous integration of different variables (water use with information
about time, building locations, students/faculty/staff, facility types) from a variety of sources, creating
new information and reviewing it systematically, and allowing decision makers to use it to assess
interrelationships. The GIS can be utilized by large organizations to manage their water use in
innovative ways (space optimization), decreasing operational costs. This approach greatly reduces
the amount of time needed to analyze problems within a community and allows administrators to
determine appropriate responses quickly.
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The main objectives of this study were to utilize a GIS to assess indoor water use in different
buildings at United Arab Emirates University (UAEU), to identify the reasons for the variations,
benchmark water use at the university based on that at other universities, improve understanding
of student water use habits on the UAEU campus and the willingness of students to use water
conservation methods, and to measure the level of awareness of the students regarding water issues
and challenges within the UAE.

2. Materials and Methods

2.1. Study Area

UAEU was founded in 1976 by the late Sheikh Zayed Bin Sultan Al Nahyan and is one of the
largest public institutions in the UAE, with a total of 13,810 students, among whom, 19% are male
and 81% are female. There were 981 academic staff members at the university during the 2016-2017
academic year [23]. The university has nine colleges and offers courses in all major disciplines,
excluding dentistry. Moreover, it provides many services, such as student restaurants, residences,
a library, and culture and sports facilities. The university occupies an area of 80 ha spread across
various locations within Al Ain city. This study was focused on the main campus in the Al Magam
district, which geographically falls between 24.192° N and 24.208° N latitude and 55.676° E and 55.687°
E longitude (Figure 1). Potable water is supplied to the university by the Al Ain Distribution Company
(AADC), whose main water sources are desalination plants at Al Fujariah (around 200 km from Al
Ain) and Abu Dhabi (around 160 km from Al Ain). In 2017, AADC introduced new water tariffs [24].
According to the company, account holders that are federal and local government departments, public
authorities, and public corporations whose premises are used principally for government purposes,
are charged 10.4 Arab Emirates Dirham (AED)/1000 L, which is higher than the rate for homes (7.8
AED/1000 L).

In addition, the university has a few wells for irrigation operated by the university campus
development sector. According to campus development, watering plants consumes a minor amount of
potable water on the campus, as it uses gray water for these purposes. Therefore, water demand is
driven by other activities (Figure 1).

2.2. Data

Data were obtained from various departments within the university, such as the Khadamat
and Campus Development Department. The data included maps, class schedules, the numbers of
students, and the monthly water meter readings for three years (2016, 2017, and 2018). Water meters
for individual buildings at the university were installed in 2016. Therefore, data are available from
2016 onward. The water use data were checked to ensure that the links between the usage data and
staffing or building data were correct, so that the calculations were reliable. A GIS was used for data
processing and visualization of the water use at the UAEU combining various GIS layers, such as the
space/area of the university buildings, temporal variation in water use, and number of students.

2.3. Methods

To assess water use broadly for this study, buildings were classified based on activity as academic
buildings (used for teaching/lectures and offices), residential buildings (hostels), dining halls (catering,
cooking), sport complexes (gymnasium and basketball), and a library (Figure 1, Table 1). Some of the
sites could not be considered “single-activity” sites, for instance, the academic buildings also include a
few small coffee break venues. Therefore, the classification is somewhat general. The aggregated use
for a given purpose was obtained by combining the total water use at each building dedicated to the
relevant activities. Buildings with higher water use were then analyzed in more detail. There are many
hostels at the university; however, only 10 hostels that have water meters were assessed in this study.
It was difficult to conduct least-squares regression for hostels (use versus number of users) because
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the number of students in each hostel was the same (250). Therefore, the monthly water use data for
2016, 2017, and 2018 were summarized using the totals and averages over space (cross-sectional) and
time (longitudinal). The percentage of water use in each building was employed for a comparative
study of different sites (benchmarking). The relationship between water use and number of students
in academic buildings was modeled using least-squares regression. Despite the considerable size of
the UAEU campus, the number of samples for individual activities was often too small to conduct
comprehensive statistical analysis of the data.
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Figure 1. Geographic location and building activities at the United Arab Emirates University (UAEU).

The main task of the second objective was to benchmark the water use at UAEU based on that
at international universities, such as the University of Bordeaux in France and Keele University
in the United Kingdom, as well as the metrics for dormitories in the United States and Europe.
The comparison was based on average use according to the LPD metric.

To assess student water use behaviors and awareness levels related to UAE water issues, two
surveys were conducted. Approval to conduct the surveys was obtained from the Ethical Committee
of the Research Affairs at UAEU. The first pilot survey was distributed to 50 students. This sample
size was based on the recommendation of Parfitt [25] that at least 20 participants should be taken to
determine whether a survey instrument is appropriate for the task for which it has been designed.
The main objective of the pilot survey was to ensure that the questions were understandable, concise,
and free of technical jargon. Based on the pilot survey, some questions were modified to improve the
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internal validity of the survey. The second main survey (sample of 412 students) was formulated based
on the stated preference approach, and most items were multiple choice questions. The sample size
was calculated using Equation (1), which yields the minimum number of survey forms required for a
given confidence level with a normal distribution response from a large population [26].

2.2
N="7, M)
e
where N is the minimum sample size, z is the z-value of a given confidence level (1.96 for a 95%
confidence level), s is the coefficient of variation (assumed to be 0.5), and e is the tolerance level
(assumed to be 5%). Based on Equation (1), the minimum sample size was determined to be 384. Since
the UAEU student population is 19% male and 81% female, the minimum number of male student
responses required was 73 and the minimum number of female student responses required was 311.
A total of 412 students at UAEU answered the online survey questions, including 84 male students
and 328 female students. In the analysis, the answers were expressed in terms of percentages relative
to the total number of responses received. The survey results were analyzed using summaries of

descriptive statistics.
3. Results and Discussion

3.1. Relationship Between Activities and Water Use

The first step in the analysis was to test the hypothesis of activity-driven use. The monthly water
use at UAEU during 2016, 2017, and 2018 was obtained for 21 women’s side buildings, including the
College of Information Technology (CIT), which is a shared college. It was difficult to obtain data for
the men’s side because there were no water meters installed in individual buildings. Since females
constitute around 81% of the total population, the data that could be collected reflect the general trend
of water use at the university. The water use here does not include drinking water since the majority
(87%) of students use bottled water (see Section 3.4).

Based on the averages over three years, residential buildings (hostels) consume 47.5% of water,
followed by the CIT and other academic buildings (Table 1, Figure 2). The high use in hostels is in line
with a University of California, Berkeley, study that found that the highest water usage is in residence
halls, due to the use of faucets, toilets, showers, and clothes washing machines [27].

Table 1. Total water use by building type (md).

2016 % 2017 % 2018 % Average %

CIT* 89,182 44.8 71,204 38.3 9100 8.1 30.4
Residential 81,776 41.1 70,218 37.8 71,787 63.6 475
Academic 10,489 5.3 23,781 12.8 12,970 115 9.9
Dining 10,298 5.2 13,522 7.3 12,536 11.1 7.9
Sports 6633 3.3 6295 34 5702 5.1 3.9
Library 802 0.4 790 0.4 758 0.7 0.5
Total 199,180 100 185,810 100 112,853 100 100

* The College of Information Technology (CIT) is kept separate from the “Academic” category because of its
high-water use.

On the college level, the highest water use was found at the CIT (30.4%) (Table 1, Figure 2), which may
have several possible causes. First, the CIT is the only college in the university that includes sections for
both men and women, which are separated by a gate. Therefore, it could be considered as two buildings
in one, which explains the large number of classes. Moreover, many events, such as conferences and
workshops, are organized at the CIT because of its facilities. Additional factors include two restaurants
located in the building and the use of the college as an avenue for textbook distribution at the beginning
of each semester, which normally takes around two weeks (Table 2). The study results indicate that the
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residential buildings and the CIT are the sites with the highest water use. This information can be
employed to adapt water conservation techniques and water conservation campaigns at these sites.

Table 2. Numbers of students who visited the CIT to obtain their hardcopy textbooks.

Semester Female Male Total % *
Fall 2016/2017 10,454 1374 11,828 86
Spring 2016/2017 9439 1258 10,697 77
Fall 2017/2018 8268 1016 9284 67
Spring 2017/2018 5696 1035 6731 49

* The percentages were calculated based on a total of 13,810 students.

There are 10 women’s hostels with 250 students each, amounting to a total capacity of 2500
students (Table 3). The remainder of the students live in hostels outside the study area. The total water
use at the hostels is 74,594 m3/year with an average LPD of 81.7 (Table 3). The percentages based on
occupancy were found to be less significant (Table 3). However, the maximum water use occurs in
the hostels near academic classes (A9 and A10) (Table 3), indicating that these hostels are always at
full capacity, which could be because students prefer to live in hostels close to academic buildings.
There are many reasons for the higher water use in residential hostels, such as longer time spent at the
hostels (showering, brushing, flushing of toilets, ablution, and use of washing machines). The study of
household water usage conducted by Jethoo and Poonia [28] revealed that clothes washing machines
have the highest use. In academic buildings (lecture rooms, labs), water use is mainly for sanitary
purposes (lavatories/toilets) [29].

Table 3. Average total water use at residential buildings (hostels).

Hostel Average Water Use % Water Use per Student Water Use in Terms of
2016-2018 (m3) per Year (m>/250) LPD (m?3-(1000/365))
Al 5883 7.9 23.53 64.5
A2 4843 6.5 19.37 53.1
A3 8646 11.6 34.59 94.8
A4 6223 8.3 24.89 68.2
A5 7203 9.7 28.81 78.9
A6 7155 9.6 28.62 78.4
A7 6830 9.2 27.32 74.8
A8 8541 11.4 34.16 93.6
A9 10,293 13.8 41.17 112.8
A10 8977 12.0 35.91 98.4
Total: 74,594 Total: 100 Average: 29.84 Average: 81.7

The library has low-water use (Table 1). A study conducted by Bonnet et al. [12] included libraries
as one of the components of a university campus and yielded the same result, “water use is one of the
smallest of the campus.” Academic libraries are increasingly being converted from spaces for housing
printed books to spaces for students to study, collaborate, learn, and socialize, and act as centers of
learning, culture, and the intellectual community.
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Figure 2. Schematic map of water use at the UAEU in 2017.

3.2. Benchmarking of Water Use at the United Arab Emirates University (UAEU) Based on Other Universities

The water use benchmarking was based on a comparison of the water consumed at UAEU with
the consumption at international universities. The total water use at UAEU for all buildings was
201,626 m3/year in 2016, 188,467 m3/year in 2017, and 115,583 m?/year in 2018, with an average of
168,559 m?/year. Dividing the average by the total number of students under study (11,340) gives
14.9 m3/year/student, which is equivalent to 40 LPD. The average water use per student at the University
of Bordeaux in France is 38.4 LPD [12], which is comparable to that at UAEU. However, a recent study
at Keele University in the United Kingdom revealed that the total water use during the 2015-2016
academic year was 532,415 m? [30]. Keele University had a population of 9641 students and 1687 staff,
totaling 11,328 individuals. Dividing the water use by the total population (532,415 m?/11,328 people)
resulted in 47 m3/person or 129 LPD. The high-water use at Keele University may be because the
university has residential buildings for faculty and staff on the campus, which is not the case at UAEU.
However, the average water use at the UAEU hostels is higher, at 81.7 LPD (Table 2). The values
at both the university level (40 LPD) and the hostel level (81.7 LPD) are lower than the metrics for
dormitories in the United States (121 LPD) [31] and Europe (143 LPD) [32]. The lower LPD water use
at UAEU is attributable to several factors. For instance, residential buildings (hostels), which account
for 47.5% of the water consumption at the university (Table 1), are not fully occupied throughout the
semester. Students must go home every week on Thursday evening (between 1 and 2 p.m.) and return
to the hostel on Saturday evening (after approximately 4 p.m.), which indicates that the students spend
only 68% of their time in the hostels each week. Moreover, the majority of the students are in classes
during the day, 86% of them do not use tap water for drinking, and 94% do not wash their clothes in
the hostels (see Section 3.4).



Water 2019, 11, 2652 8of 13

The water use data for seven sectors in Al Ain City (2002-2012) show that the residential (61.1%),
governmental (20%), agricultural (10.3%), and commercial (5.4%) sectors have the highest water usage,
while non-metered services (1.7%), public services (1.2%), and the industrial sector (0.3%) have the
lowest usage [33]. The education facilities in Al Ain constitute the fifth largest consumer of electricity
and the tenth largest water-consuming segment. In 2014, schools consumed 4.8 million m? of water,
representing an average of 9023 m® per account or 752 m? per month. The average monthly water use
for any building at UAEU is less than 752 m3, except for that of the CIT. Based on this analysis, it is
clear that the indoor water use at UAEU is below international and local water use metrics. However,
on average, water costs the university around two million dirhams annually (AED 2,030,429 = EUR
474,399 = USD 553,250). Thus, more conservation efforts are needed.

3.3. Modeling the Relationship Between Number of Users and Water Use

Least-squares regression and the coefficient of determination (R?) were used to study the
relationship between water use and number of students. R? is the proportion of the variance of the
dependent variable (water use) that can be predicted using the independent variable (number of
students). An R? value of 1 indicates that the regression model perfectly fits the data. In this study,
R? ranged from 0.09 to 0.47 (Table 4), indicating a low correlation between water use and number of
students. Statistical significance is attained when a p-value is equal to or smaller than significance ()
level (p < 5%). The water use is not significant with the number of students because the calculated
p-value ranges between 0.202 and 0.625 (Table 4), which is greater than 0.05. There could be several
reasons for this finding. First, the number of students using the academic buildings varies because
students may have lectures in different buildings on the same day (i.e., they are in a state of movement).
Second, because the schedule distribution is more centralized, although some buildings are allocated
to certain colleges, the actual users are students from other colleges. Bonnet et al. [12] reported that the
water use of lecture buildings should be directly related to occupancy, that is to say, to the numbers of
students and staff, rather than to surface area. However, the results of this study show that water use
is not consistent with the number of students.

Table 4. Relationship between water use (dependent variable, y) and number of students (independent
variable, x) in academic buildings.

Semester Model R? P-Value
Fall 2016/2017 y =0.1114x + 682.72 0.4689 0.202143
Spring 2016/2017 y =0.147x + 516.69 0.4299 0.229596
Fall 2017/2018 y =0.2331x + 1182 0.0896 0.624652
Spring 2017/2018 y =0.328x + 1128.8 0.1328 0.546537

The temporal variations show that the lowest water use occurs during holidays, such as winter,
spring, and summer breaks, which is very evident in the summer, as all of the trends show sharp
decreases during July 2016, 2017, and 2018, irrespective of building type (Figure 3). However, the
CIT shows high water use during the summer (July-August), which may be due to its utilization for
summer courses.
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Figure 3. Temporal variation of water use at the UAEU (2016-2018).

3.4. Understanding Student Water Use Habits on the UAEU Campus

One of the main objectives of the survey was to understand student water use habits. Among the
survey respondents, about 80% were female and 20% were male, in line with the general percentages
of men and women at the university. Approximately 57% of the respondents live in UAEU hostels,
while 43% live at their homes in Al Ain city. Only 12% of the students reported home water bills of
less than 500 AED, while 57% reported water bills higher than 500 AED and about 31% did not know
what the water bill was for their residences. A previous study showed that residents with high income
and education levels easily underestimate their own use [34]. The members of this group consume
more water than those of other groups and are not concerned about their water bills, leading them
to underestimate their water use [34]. Therefore, there is a need for greater public awareness among
families and their children regarding the financial and environmental costs of water. Corral-Verdugo et
al. [35] emphasized the importance of public perception of water use because this perception facilitates
the development of attitudes and behaviors that lead to water conservation.

For questions related to water use behavior, the results revealed that only 47% of the respondents
close the tap while brushing their teeth, only 42% turn off the tap when they soap in the shower,
and only 24% of them close the tap while washing their face. Furthermore, about 82% of the students
spend more than 5 min showering. According to the respondents, 94% of students wash their clothes
at their homes, while 6% wash their clothes at the university hostels. Additionally, most of the
respondents (69%) spend less than 2 min performing ablution (washing for prayer), while about 31%
spend 3-5 min. The students were also asked about their primary source of drinking water on the
university campus, and 87% reported using bottled water for drinking instead of drinking from the
tap, for many reasons. For instance, 40% of the students who do not drink tap water were worried
about the quality of the water from the tap, 32% believe tap water is not clean, 18% dislike the taste of
tap water, and 10% think it is more convenient to buy bottles of water than to carry a reusable water
bottle. Generally, the UAE is among the top six countries worldwide in annual per capita bottled water
use: about 182 L compared to a global average of 40 L [36]. The high use of bottled water is due to the
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high standard of living because the cost of bottled water is considered to be low or reasonable by most
people [37]. However, the water provider company (AADC) states that the water in its network is
safe to drink, although it stresses the necessity of cleaning water tanks and pipelines in homes and
public institutions.

For questions related to student willingness to use water conservation methods, 56% of the
students reported being willing to participate in a competition that rewards them for consuming less
water in their rooms. However, when the students were asked if they were willing to use gray water for
toilet flushing and hence, reduce potable water use, 56% of them said no (Table 5). Approximately 35%
of the students who do not want to use gray water for toilets have little knowledge about gray water.
While 31% of them believe that gray water is unclean, 18% of them do not want to use gray water for
psychological reasons, and 15% dislike the smell of gray water. Furthermore, when the students were
asked if they were willing to use urinals to reduce water use if they were installed at some toilets in the
university, about 60% said no (Table 5). About 33% of the students who do not want to use urinals
have little knowledge about them, 29% do not want to use urinals for psychological reasons, 22%
worry about re-splash, and 16% worry about the smell of urine. The advantages of urinals, whether for
males or females, are lower costs, simpler maintenance, smaller space requirements, reduced water
use for flushing compared to flush toilets, a more hygienic, contact-free urination process, faster use,
and easier recycling of nutrients as fertilizer [38]. While the use of urinals by men is common, it is
uncommon for women. A study conducted in Australia in 2011 showed that more than half of the
women interviewed would use a urinal if it were available [39]. Since the 2000s, female urinals have
been introduced in a few European public toilets [40]. Thus, more research similar to that conducted in
this study is needed to enrich the discussion regarding urinals for women. Furthermore, the students
were asked if they were willing to take a course specifically focused on water conservation methods,
and 64% of them said yes. Thus, there is a demand for more courses/workshops related to water
conservation methods, which might change student perceptions of gray water and urinals.

Table 5. Student willingness to use water conservation methods.

Features Number of Respondents Respondents (%)
Are you willing to use gray water for Yes 182 44%
toilet flushing? No 230 56%
Are you willing to use urinals? Yes 165 40%
No 247 60%
Are you willing to take a course designed for Yes 263 64%
water conservation methods? No 149 36%

3.5. Student Awareness of Water Issues and Challenges in the UAE

Among the students surveyed, 68% were aware that there is a water problem in the UAE, while
32% were not. The UAE has a severe freshwater shortage and extremely high salinity levels in the
ground water aquifers. However, when the students were asked about the types of water problems in
the UAE, 36% of them said there is a problem only with water quantity, 10% said there is a problem
only with water quality. Only 31% answered the question correctly and said there are issues with both
water quality and quantity, while 23% were not sure what the water issue is. Furthermore, 51% of
the students did not even know that the UAE is among the countries with the highest water use in
the world and 80% did not know the average per capita water use in the UAE. While one of the main
sources of drinking water in the UAE is desalinated seawater, 51% of the students did not know this
fact. Half of the students (50%) did not know that the UAE is among the countries with the greatest
numbers of desalination plants worldwide. Moreover, almost half of the students (51%) did not know
that the UAE suffers from rapid depletion of ground water, 82% thought that the amount of rainfall in
the UAE is sufficient to refill the underground water aquifers, and only 18% were actually aware of
the scarcity of rain. Overall, students need more public awareness about water issues in the UAE. In
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fact, evapotranspiration has been taking water out of the ground at approximately the same rate that
rainfall has been adding it. Thus, there is no real net gain in the groundwater reserves from rain in the
UAE [41].

4. Conclusions

Understanding water use at public institutions such as universities is very important because,
although the LPD is low, these institutions have high numbers of users. To assess university water
usage, it is essential to have meters installed in each individual building to temporally monitor usage.
The outputs of the present study include thematic maps showing buildings with high water use,
a graph displaying temporal variations in water use, and statistics to elucidate student water use habits
and awareness levels. The results will facilitate an understanding of the broad pattern of water usage
on the UAEU campus and the formulation of a plan to minimize it. The methodology used in this
study could be adopted by similar universities/institutions.

Students, faculty members, and staff are encouraged to participate in water conservation efforts.
The study proposes additional real-time metering at buildings with higher use. It is recommended
that the university set certain standards for the usage of water-saving installations, pipes, faucets, and
fittings, and use efficient taps and closets, as well as water-saving low-flow shower heads. Currently,
urinals are not installed in any part of the university and their installation would reduce water use.
However, 60% of the students surveyed are not willing to use urinals. Thus, more research such as that
performed in this study is needed to enrich the discussion regarding urinals for women.

It is also possible to install water meters in each room in the hostels and to reward students who
consume less water, which would affect positive changes in water usage in the long run. In addition,
a device to detect and stop internal spills, such as that developed by Sharjah Electricity and Water
Authority, could be installed to reduce water use. It would be advisable to embed a background
of water conservation into the curriculum framework, especially in the foundational courses at the
university. The use of gray water for toilet flushing could reduce potable water use, and public
awareness among students regarding this option should be increased. Universities should also check
the cleanliness of water tanks and pipeline networks to encourage the use of tap water for drinking,
thereby reducing the environmental impact of plastic bottles.
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