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Abstract: Studies on water in cities usually focus on household consumption. However, little
attention has been given to non-household consumption and schools from a geographic perspective.
The objectives of this research are to examine water consumption trends in schools in the city of
Alicante (Southern Spain) between 2000–2017, revise how water use is managed in these centers,
and, lastly, examine initiatives aimed at environmental education and saving water in these schools.
The results obtained from a survey of school directors indicate a low level of participation because
only 14 of the 88 educational centres in the city chose to collaborate in this research. Second, and with
regard to water trend consumption, in 2017, water consumption increased by 1.76% in comparison
with the average for the period of 2000 to 2004, in contrast with a 38.9% fall in non-household
general consumption in the city. Lastly, measures to encourage water saving and environmental
education in schools are limited. This tendency is explained by the increase in the number of users
over the last five years. Second, the water bill is not paid directly by schools’ directors and, thus,
‘free’ water is a factor that does not incentivise savings. A third is the little investment made in
the installation of water-saving devices, water-saving plans, or action taken to promote the use of
non-conventional water resources to the watering garden. Lastly, low promotion of environmental
education or incentives for savings in schools.
Keywords: non-domestic water consumption; schools; free water; Alicante

1. Introduction
Water resources are vitally important for various economic sectors, administrative areas, and
uses (for example, agricultural irrigation and supply for urban tourism) [1]. Demand is increasing
and it is necessary to manage this resource in an appropriate and sustainable manner. This issue is
important in urban areas with scarce water resources due to the need to guarantee the availability of
water in sufficient quantity and quality [2]. Another focus of interest is climate change with increasing
intensities of drought and growing water shortages in certain areas such as the Mediterranean where
this study area is located [3]. In the case of Spain, regional modelling of rainfall and circulating
water resources indicates growing water shortages south of the 40th latitude [4]. Therefore, factors
essential for tackling these effects include better management of water resources and heightened public
awareness about the importance of responsible consumption. This takes on greater meaning in the
training and education of the children who will rebuild society in the future [5].
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Environmental campaigns have a very direct relationship with the activities undertaken in
educational centres to encourage savings and the efficient management of water resources, especially
in regions with water shortages [5]. According to Cian et al. [6], school education is an important
national foundation and deeply influences the development of society. In relation to environmental
awareness, March et al. [7] indicate that perception and responses to drought and water shortages
have been an important subject for social science research since the pioneering study by Saarinen [8] in
the prairies of the United States. According to a review of water conservation campaigns, most studies
have focused on assessing the immediate effects of water campaigns on consumption, but not the
longer-term effects [9,10].
Internationally, research on water consumption in schools is relatively scarce. Traditionally, such
research has focused on an analysis of the volume supplied to cities (household consumption) [5,11–15]
and, to a lesser extent, non-household consumption, mainly for industrial use [16–20], and the
tourism sector [21–23]. The literature on the determinants of household water consumption is
extensive, beginning with the early case studies in the United States in the 1960s and 1970s [24–27].
According to March et al. [28], econometric studies in Europe on the determinants of household water
consumption [29–31] means that there is an important body of literature centered on urban household
water demand [32–34]. However, Zhou and Tol [35] explain that it is necessary to analyse water
demand in various sectors separately due to the factors and processes that characterize each. Since 1960,
there has been a significant increase in urban water consumption in developed countries, which
reached record peaks in the late 1990s [13,36,37]. This has been due to a general increase in housing
and associated population growth in cities and tourist areas [38,39]. However, since the end of the
1990s, there has been a decline in consumption in most urban areas in developed countries [5,13,40,41].
Nevertheless, relatively little is known about the trend in water consumption in schools at a European
or international level, and, especially, from a geographical perspective.
Research on water consumption in schools has focused on topics related to an analysis of personal
hygiene, environmental education, quality, and access to water in underdeveloped or developing
countries. For example, such studies have been conducted in Zambia [42], Nigeria [43], Niger [44],
Cambodia [45], Brazil [46], and Mexico [47]. Works carried out in developed countries related to
water consumption are related to health issues by saving measures, user perception, consumption
awareness, etc.). They have been carried out, for example, in Italy [47], USA [48–50], the UK [51], and
Spain [52]. Therefore, in these studies, the expected impact of water use in the educational centres on
an urban scale is not the priority aim.
The interest and innovation in this study lies in a series of points. First, there is a lack of literature
on water consumption in schools, not only in the area studied (Alicante, Southern Spain) but also
on a national scale. Second, after finding that, in most urban areas in developed countries, there has
been a fall in water consumption, it is necessary to revise and verify the trend in schools. Third, this
study is based on the use of water utility bills, which the water companies are generally reluctant to
provide. The use of real data on water consumption in Spain, unlike other countries, is infrequent,
due to the difficulty in accessing data. Such data is usually replaced by extrapolations and estimates
based on survey data. Fourth, it is examined as the current state of awareness about water savings and
awareness raising activities carried out in schools. Fifth, the price of water is understood as a deterrent
that encourages savings [53]. The average price of water in Spain for urban consumption is €1.65/m3
(including water supplied, meter maintenance, sewage charges, and rate of water treatment levy).
In the city of Alicante, this reaches €2.55/m3 . This makes Alicante the city with the third most expensive
water in Spain, only surpassed by Murcia and Barcelona [54]. Furthermore, the climatic characteristics
of the study area and implications from the point of view of water resources. This is a semiarid
region (311 mm/year) [55] dependent on water carried to the area by the Tagus-Segura Aqueduct
(TSA) since 1979 [56]. However, in recent years, this dependence has been lessened by incorporating
non-conventional resources (desalination) that guarantee supply even during times of intense and
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prolonged drought such as the last drought (2015–2019), and debate on demand management has
widened recently to include the consequences of climate change and territorial resilience to drought [2].
As a hypothesis, it should be noted that, in a semiarid area such as the city of Alicante, where
drought is considered a recurrent and inherent hazard, it must be added as the effects of climate
change, which means more intense and frequent droughts. Therefore, educational centres should
adopt measures to reduce water consumption (sustainable management), but also adopt initiatives
encouraging environmental awareness for students. This would produce a reduction in water
consumption and students would become more aware about the proper use of water. The objectives
proposed in this paper are: (1) examine water consumption trends in schools in the city of Alicante
(Southern Spain) for the period 2000–2017, (2) revise how water use is managed in these schools,
and (3) examine initiatives aimed at encouraging environmental education and water saving in these
educational centres. This research adopts a geographical and social approach in which different study
cases have been taken into account. Therefore, it is a descriptive and exploratory research and what
matters is to deepen the measures and water management in these educational centres that have
participated in the study.
2. Materials and Methods
For this research, it has been used data from various sources: (1) a survey of school directors of
the city of Alicante (2017), and (2) data on annual water consumption for the educational centres that
participated in the survey (2000–2017).
2.1. Survey
This is a mixed descriptive and exploratory study (not experimental). It should be noted that the
design is comprehensive because the information was obtained from participants in 2017.
The participants were the school directors of the city of Alicante (Southern Spain) (Figure 1).
The selection procedure was a non-probabilistic sampling (available or convenience sampling) and
including both primary (6–12 years) and secondary (13–18 years) schools in the city (there are
generally three types of schools in Spain: public, charter, and private). There are 88 educational
centres in the city [57]. To calculate the representativeness of the sample, a confidence level of
90% and a margin of error of 10% were selected. The representative sample should be 39 centres.
The questionnaire was sent to all schools’ directors. After three attempts per school (carried out between
September–December 2017), only 14 directors agreed to participate (all public schools) (response
rate: 35.9% of the representative sample), of which 8 were primary schools and 6 were secondary.
When revising the results, all have been grouped together as there were no significant differences
between them in size or number of students, constructive typologies, or outdoor uses that made
it necessary to disaggregate the study by primary or secondary schools. A visual control test in
relation with the school’s facilities (plot, green areas, etc.) was also carried out, including some that
refuse answering the surveys in December 2017 (from the street and satellite photos) to verify the
non-existence of differences between secondary and primary schools.
The response rate was low despite the school directors being contacted up to three times. This may
determine the representativeness of the results. However, given the lack of studies of this subject
area, the study remains worthwhile as an exploratory research. In addition, this reduced response
rate shows the little interest shown by school directors—even less being shown by private and charter
school directors since no one responded, and the subject of this research is not a priority for educational
centres. Both possible answers are considered relevant information for drawing conclusions about the
importance of managing water in the city’s schools. In this regard, a compilation was made of the
responses of directors for justifying their non-participation (see Section 3.3.). Likewise, it was also
necessary to obtain the consent of them to access the consumption data held by the water company
(Aguas Municipalizadas de Alicante, Empresa Mixta) (AMAEM). While the directors were told that this
data would be treated anonymously, this may also have added to an unwillingness to participate in
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this research. It should be highlighted that this research takes a geographical and social approach.
Therefore, statistical analysis is limited and not a priority objective. What matters is to deepen the
knowledge of the measures and the management of the water resource that is carried out in these
educational centres that have participated in the study.

Figure 1. Study area (city of Alicante). Own elaboration.

The process of gathering information consisted of a questionnaire without manipulation or
intervention by the interviewer. The questionnaire was divided into four parts with a total of 26
items and including: (1) characteristics of the school (5 items), (2) water use and management (4
items), (3) characteristics of gardened spaces (5 items), and (4) perception of water consumption and
efforts to encourage savings (12 items). Answers involved ended the “answer-question” portion
and rating an item (Likert scale) (Table 1). The questionnaire was validated by (1) two researchers
from the Department of Didactics of Experimental and Social Sciences (University of Valencia, Spain),
and a researcher from the Department of Regional Geographic Analysis and Physical Geography
(University of Alicante, Spain), and (2) two engineers from the water company. The questionnaires were
intended for the school directors. All the participants answered all the questions and the anonymity of
participants was preserved during the entire procedure and confidentiality was guaranteed in writing.
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Table 1. Questionnaires sent to the school directors
1. Characteristics of the School
Items

Response Type/Variables

1. Number of students
2. Change in student numbers in the last 5 years
3. Number of staff (teachers, cleaning assistants, etc.)

Ended answer question/number
Ended answer questions/increase, no change, reduction
Ended answer question/number
Ended answer questions/increase, no change,
Reduction
Ended answer questions/Surface: plot, building, green
areas, others

4. Change in the number of staff in the last 5 years
5. Size of the plot and other elements that take part of
the school (m2 )
2. Water Use and Management
Items

Response Type/Variables

6. Water use in schools (%). Point out which places
and uses consume the most water.

Ended answer question/Percentage: toilets, garden,
cleaning, kitchen, sport areas, fountain, others
Likert scale (value: 1 to 6. 1 being the highest value and
the lowest 6)/Taps (indoor uses), toilet bowls, dishwasher,
taps (outdoor uses), taps (cleaning), showers
Ended answer question/need more water, need the same,
need less water
Ended answer question/water public network, wells,
treated water, rainwater tanks

7. Systems that consume most water. Point out which
systems and elements consume the most water.
8. Cleaning. Volume of water used for cleaning.
9. Point out origin of supply water sources
3. Characteristics of Gardened Areas
Items

Responses

10. Percentage of the different types of vegetation
11. Reduction of grass in the last five years
12. Type of watering systems (%) Point out, if the
garden is watering
13. Changes (improve) carried out in watering
systems in the last five years (if the garden is
watering)
14. Watering garden areas

Ended answer question/Percentage: Ornamental bushes,
succulent plants, grass, flowers
Ended answer question/Yes, No
Ended answer/Percentage: Hosepipe, sprinklers, drip,
others
Ended answer/Yes, No
Ended answer question/Yes, No

4. Perception of Water Consumption and Efforts to Encourage Savings
Items

Responses

15. Perception of water consumption trend
16. Installation of water-saving devices (taps)
17. Installation of water-saving devices (toilets)
18. Implementation of water-saving plans
19. Comparison with previous water invoices
20. Information on saving water at main points of
consumption
21. Effort to raise environmental awareness in school
22. Environmental awareness campaigns
23. Perception of teachers’ environmental awareness
(according to the directors)
24. Perception of students’ environmental awareness
(according to the directors)
25. Main factors for reducing water use
26. Measures taken during the last drought
(2015–2018)

Ended answer/reduced, remained the same, increased/Do
not know/no answer
Ended answer/Installed in all taps, installed in some,
none, do not know/no answer
Ended answer/installed in all toilets, installed in some,
none, do not know/no answer
Ended answer/Yes, No
Ended answer/Yes, No, Do not know/no answer
Ended answer/Yes, No
Ended answer/Yes, No
Ended answer/Yes, No
Ended answer/Very aware, Moderate, Little awareness,
Not aware, Do not know/no answer
Ended answer/Very aware, Moderate, Little awareness,
Not aware, Do not know/no answer
Likert scale (value: 1 to 8. 1 being the highest value and
the lowest 8)/Environmental awareness, Water-saving
devices, Technical innovations, Droughts, Climate
change, Price of water, Economic crisis, Staff cuts
Ended answer/Yes, No

Own elaboration.
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2.2. Data Supplied by the Water Company
AMAEM is owned equally by the Alicante city council and a private company—Hidraqua, Gestión
Integral de Aguas de Levante S.A., a subsidiary of Aquadom (Suez Environnement). Under the supervision
of the public partner, Hidraqua enjoys ample autonomy in technical decision-making [40]. According to
the World Bank, Alicante became, in 1953, the first international example of a successful water company
with mixed (public and private) capital under the name of ‘Aguas de Alicante’ [58].
This company supplied the water consumption data for the schools that participated in the survey
for the period 2000–2017 (litres per day) [59]. AMAEM also provided global consumption data for
the city (household and non-household) for the same period in order to enable a comparison with
other users. The third type of information provided was the price of water (€/m3 ) in accordance with
the different blocks of consumption applicable in the city for the period of 2007–2017. This term was
selected because: (1) it coincides with a period of marked decline in urban water demand after 2004–05
(city of Alicante), (2) 2008 was the year when the economic crisis hit Spain, (3) 2017 is the last year for
which a full set of consumption data is available (survey date), and (4) these dates enable a comparison
of water consumption before and after the economic crisis (which, from the macroeconomic point of
view, ended in 2016).
Working with real consumption data presented a number of advantages over other methods—such
as analyses based on data extrapolation or consultation of information provided by statistical agencies
such as the Spanish Institute of Statistics (INE). For example, such data yielded access to information not
available from conventional statistical sources, which do not disaggregate consumption data beyond
large categories (urban, industrial, and agricultural). The data examined was also more accurate and
reliable than that obtained by statistical analyses of a small number of real values.
3. Results
3.1. Water Consumption in Schools in the City of Alicante (2000–2017)
To examine water consumption in schools in the city of Alicante, it is necessary to previously
obtain the general trend of the city’s water consumption (both household and non-household).
Household consumption between the period 2000–2017 fell by 7.3% (from 15.58 hm3 to 14.43 hm3 ,
154 l/inhabitant/day to 120 l/inhabitant/day). For non-households (mainly: commercial, industry,
public administration, and hotels) the decrease was 38.9% (5.59 hm3 to 3.41 hm3 , 931 l/subscriber/day
to 654 l/subscriber/day). For non-household users, it is also necessary to disaggregate users given
their diversity (public or private). Thus, the trend in private companies was downwards (−58.42%)
compared to an increase in consumption by public organisations (15%) for the watering of public
gardens and street cleaning (28.35%). The fall in consumption by private users has been mainly
motivated by the economic crisis (2008), which produced a reduction in activity, fewer employees, and
the closure of companies [5]. Increased public use (city hall and public administration) is explained by
the construction of new municipal buildings. The increase in consumption for watering gardens and
street cleaning is the result of the building of new gardens and roads during the last housing boom
(1997–2008) [2].
Three periods are observed regarding the trend in water consumption in schools that participated
in the research (see Figure 2). The first period (2000–2004) is characterised by an increase in consumption
(average of 4599 litres/day), which coincides with the general increase in the city [14]. The second
period (2005–2011) is characterised by a notable decrease, but with a slight increase in the last several
years of this period (average of 4,170 litres/day), but always below the first term. This second period
coincides with the worst years of the economic crisis when the general consumption trend in the city
was falling [5]. In the third period (between 2012–2017), average consumption in schools is lower
than the first, but the trend is not entirely clear (average of 4445 litres/day). This review reveals
two considerations: (1) Average consumption in the third period compared to the first fell by 3.3%;
(2) However, if consumption in recent years (since 2015) is considered, it is significantly higher than
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the average for the other periods. For example, for 2017, (4680 litres/day) consumption was 1.76%
higher than the period of 2000–2004. This does not seem to be a very significant increase, but it does
acquire significance when it recalled that the city’s water use decreased during this period (household
by 7.3% and non-household by 38.9%). The trend line in Figure 2 shows that the general trend of water
consumption in schools in the period analysed (2000–2017) is slightly upward, despite many “saw
teeth.” Although it presents a low increase (1.76%), this percentage is noteworthy because it is positive,
which contrast with other urban water uses (both household and non-household) that have registered
high decreases. For example, while households and the rest of the non-household sector in the city
of Alicante showed a negative trend (−7.3% and −38.9%, respectively), school water consumption
increased between 2000–2004 and 2012–2017.

Figure 2. Water consumption in schools (litres/day) (2000–2017). Source: Aguas Municipalizadas de
Alicante, Empresa Mixta (AMAEM) [59]. Own elaboration.

One of the queries in the questionnaire (item 15) was aimed at discovering the perception of
the trend by school directors. Although there is an increase in recent years compared to the first
period (2000–2004), the results reveal that the directors are unaware of this trend in their water use.
In this regard, five directors replied that they did not exactly know the level of consumption, four said
that consumption levels were steady, three thought that consumption had increased, and two that
consumption had fallen.
The various water uses within the school depend on factors such as the number of students,
employees (mainly teachers), outdoor spaces that are watered, type of gardens, efficiency of the watering
systems, use of water-saving devices, size of surfaces that need cleaning, and more. This upward trend,
among other factors (see Section 3.2) may be associated with an increased number of users (students
and employees) (Table 2). In most educational centres (nine schools), the number of students has
increased (item 2) while student numbers fell in only one school. Staff numbers have increased or
remained steady in six schools, while only two centres registered a fall in staff (item 4).
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Table 2. Changes in the number of students and staff at schools.
Variable

Changes

Schools (nº)

Change in student numbers in the last five years (item 2)

Increase
No change
Reduction

9 schools
4 schools
1 school

Change in the number of staff in the last five years (item 4)

Increase
No change
Reduction

6 schools
6 schools
2 schools

Source: Survey results. Own elaboration.

The average daily water consumption of the schools in 2017 amounted to 4,680 litres (absolute
date), while average water consumption per capita is 7.34 litres/user/day. This value has been obtained
by dividing water consumption by the average number of students (579 students) and staff (58).
The highest consumption recorded is 9331 litres/day (1 school with 14,000 m2 of plot and 750 students),
while the lowest corresponds to a school with 1443 litres/day (1 school with 2307 m2 of plot and
525 students). Given the diversity of the educational centres that participated in the research, they
were grouped into several categories (depending on the number of students and the size of the plot),
as there may be synergies associated with economies of scale that could enable minimising some
consumptions (Table 3). In percent values (litres/user/day), it can be seen how consumption is higher
in those schools where the number of users is lower (less than 500 students) (16.17 litres/student/day)
and consumption is reduced considerably per capita in those schools with more than 1000 students
(4.32 litres/student/day). If water expenditure is considered according to the size of the school plot,
then the highest consumption corresponds to the schools that have larger areas (0.66 litres/m2 /day)
and this highlights that smaller ones (0–2500 m2 ) have a slightly higher consumption than those sized
2501–10,000 m2 .
Table 3. Average daily water consumption according to the number of students and land area
(m2 ) (2017).
Number
Students

Litres/School/Day

Litres/Student/Day

Land Size (m2 )

Garden (m2 )

Grass (%)

More than 1000

6493

4.32

8700

2993

0

501–1000

5908

9.71

8543

1340

19%

Less than 500

5288

16.17

8372

1010

6.25%

Source: survey results. Own elaboration.

Among the various variables that affect this relationship (consumption and size), it is necessary to
mention the number of students and the size of the plot, the size of the gardening areas, or the type of
vegetation. This fact is inserted within the framework of the economies of scale that determine that the
higher the number (in this case, students), the result of any relationship is lower (in this case, the water
consumption) (Figure 3). Schools that have less than 500 students match with those that have a higher
consumption per student (16.17 litres/student/day). Additionally, sometimes, they match with those
with the largest plots and with more gardening areas and even by the percentage of grass. On the
other hand, this relationship is not so evident in larger centres. As an example, we can indicate that the
school that has more students (1 school with 1,500 students), consumption amounted to 6493 litres/day
in 2017. Its consumption (in absolute terms) is not the highest, nor is it the one with the most plot
area. Its plot is 8700 m2 . In this case, the peculiarity is that the garden has no grass. One of the keys to
understand water consumption is the presence or not of grass that triggers water consumption.
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Figure 3. Schools according to the size of the plot (m2 ) and the number of students. Source: survey
results. Own elaboration.

Considering that the price of a cubic metre of water in the city of Alicante amounts to €2.36
(for users of more than 61 m3 per quarter), the average water bill using data from 2017 reaches up
to €544 per month (€6539 per year) for educational centres with a high level of consumption (more
than 5000 litres a day). It also falls to €106 per month (€1276 a year) in those with less consumption
(less than 2000 litres/day) (Table 4). The school with the highest consumption in this study spend
9331 litres/day. This represents an annual total of €8037. In the case of the school with the lowest
consumption (1443 litres/day), the annual water bill would be €1243. However, in the case of the city
of Alicante, the water bill for primary schools is paid by the city council while the Valencian regional
government pays the water bills for secondary educational centres.
Table 4. Average amount of school water bills (2017) (€/m3 ).
Litres/School/Day

€/Day

€/Month

€/Year

More than 5,000l/day

17.91

544

6539

2,001–5,000l/day

9.20

279

3559

Less than 2,000l/day

3.49

106

1276

Source: survey results. Own elaboration.

3.2. Management and Water Use in Schools
Responses related to water use (school directors were asked about the place and the use where
more water was consumed–item 6) reveal that most of the water used in schools is used in the toilets
(65.34%). A smaller percentage is used for watering the grounds (12.34%), cleaning (10.83%), or in
the kitchen and canteen (Figure 4). Regarding the systems and elements (item 7) that consume most
water (Table 5), the first three in order of volume are: (1) taps, (2) toilet bowls, and (3) the dishwasher.
Most educational centres use the same amount of water for cleaning as in previous years (11 schools)
(item 8).
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Figure 4. Water use in schools (%). Source: survey results. Own elaboration.
Table 5. Uses and water management in schools.

Systems that Consume Most
Water (Item 7)

Taps (indoor uses)
Toilet bowls
Dishwasher
Taps (outdoor uses)
Taps (cleaning)
Showers

1º
2º
3º
4º
5º
6º

Cleaning Volume of Water
Used for Cleaning (Item 8)

Need more water
Need the same
Need less water

3 schools
11 schools
0 schools

Point Out Origin of Supply
Water Sources (Item 9)

Water public network
Wells
Treated water
Rainwater tanks

14 schools
0 schools
0 schools
1 school (only 20% of the garden water supply)

Source: survey results. Own elaboration.

The second largest use of water in schools is for watering green areas (12.34%). When revising this
concept, it is possible to consider the different factors that will have an impact on consumption such as:
total gardened area, type of vegetation, gardening skills, watering systems and efficiency, origin of
water used, and climatic conditions (dry or wet year). The climate generates significant variations
between educational centres and between years.
The average size of the gardened spaces (item 5) is 1269 m2 or 15% of the land size (8457 m2 ).
The space for the school building represents 46% of the land (3909 m2 ), while the remaining space
(39%, 3279 m2 ) is for playgrounds, parking, sports activities, etc. The total plot size of the schools
observed ranges from 19,000 m2 to only 2307 m2 . The gardened spaces vary from 4000 m2 to 50 m2
and one school had no garden at all.
In relation with the supply for watering (item 9), most supplies (14 schools) are supplied from
the public network. A minimal percentage of the centres had rainwater storage tanks for watering
the garden (1 school where rainwater represent the 20% of the garden water supply). With regard
to the type of vegetation (item 10), ornamental shrubs predominate in the gardened spaces (57%)
with succulent plants in second place (30%). Grass lawns, usually an Atlantic type of vegetation that
requires some 1,000–1,200 litres/m2 /year [60] in the study area only occupy 11% of the gardened areas
(139.59 m2 ) (Figure 5). It should also be noted that only 4 schools have grass in their gardens and
the school with the largest number of students has no lawn in their green area. In this way, a higher
consumption associated with a high number of students is compensated by the non-presence of grass.
The data shows a predominance of vegetation adapted to the Mediterranean climate.
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Figure 5. Surface occupied by the different types of vegetation in the gardened areas of the schools (%).
Source: survey results. Own elaboration.

One of the questions about the gardened spaces asked about any changes (species of vegetation
and watering systems—items 11 to 13) made that could affect water consumption. For example, one
question asked if the grass area had been reduced in recent years (item 11) given its high levels of
consumption. Most respondents answered no (12 schools). The main watering method (item 12) is
drip (78.5%) and this is one of the most efficient methods (efficiency over 90%). In relation to changes,
a fact to highlight is that, in recent years, five schools had improved their watering techniques with
the introduction of a drip system (item 13). Regarding the frequency of watering (item 14), directors
indicated that the garden was never watered given the predominance of vegetation adapted to the
Mediterranean climate.
3.3. Environmental Awareness and Water Saving
As mentioned in the methodology, the number of educational centres that agreed to participate in
the survey denotes, in itself, a notable lack of interest in the water issue. Of the 88 schools in the city,
only 14 participated in this research. The reasons given by the director for non-compliance were as
follows (replies of the directors): (1) 70% did not bother to respond or justify their non-participation,
(2) 19.3% replied that they did not have time to complete the questionnaire, and (3) the remaining 9.7%
gave responses such as ‘I did not complete the questionnaire because the issue of water is something
that does not affect or interest me.’
In Table 6, the answers are summarised regarding questions about environmental awareness and
water saving (Part 4 of the questionnaire). The answers show the limited importance of initiatives to
save water or campaigns to raise awareness. In relation with the directors that take part in this research,
participants were asked four questions related to water savings: the installation of water-saving
devices in taps (item 16) and in toilets (item 17), implementation of savings plans (item 18), and the
comparative examination of the water bill (item 19). For devices in taps, in eight schools, no taps
were fitted with saving devices, in four schools, the devices were installed on every tap, and, in the
remaining two schools, some savings devices were fitted. For toilets bowls (existence of double push
buttons), the majority (9 schools) of these devices were not fitted. In three schools, some toilets bowls
had double-push buttons. In one school, the respondent said that they did not know of its existence
and only one school had double-push buttons installed. Only one school had a plan for saving water.
That action is included in an official document carried out in schools (either at the initiative of the same
or by the regional government) and characterized by their planned character. With regard to the query,
if school directors compared the water bill with the previous ones in order to discover the consumption
trend (item 19), nine directors replied that they did not compare bills, five do not know/no answer, and
four compare the bills.
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Table 6. Perception of water consumption and efforts to encourage saving water in schools

Perception of Water Consumption Trend (Item 15)

Reduced
Remained the same
Increased
Don’t know/no answer

2 schools
4 schools
3 schools
5 schools

Installation of Water-Saving Devices (Taps) (Item 16)

Installed in all taps
Installed in some
None
Don’t know/no answer

4 schools
2 schools
8 schools
0 schools

Installation of Water-Saving Devices (Toilets) (Item 17)

Installed in all toilets
Installed in some
None
Do not know/no answer

1 school
3 schools
9 schools
1 school

Implementation of Water-Saving Plans (Item 18)

Yes
No

0 schools
14 schools

Comparison with Previous Invoices (Item 19)

Yes
No
Do not know/no answer

5 schools
4 schools
5 schools

Information on Saving Water at the Main Points of
Consumption (Item 20)

Yes
No

0 schools
14 schools

Efforts to Raise Environmental Awareness in School (Item 21)

Yes
No

8 schools
6 schools

Environmental Awareness Campaigns (Item 22)

Yes
No

10 schools
4 schools

Perception of Teachers’ Environmental Awareness
(According to the Directors) (Item 23)

Very aware
Moderate
Little awareness
Not aware
Do not know/no answer

5 schools
7 schools
0 schools
0 schools
2 schools

Perception of Students’ Environmental Awareness
(According to the Directors) (Item 24)

Very aware
Moderate
Little awareness
Not aware
Do not know/no answer

2 schools
5 schools
3 schools
0 schools
4 schools

Main Factors for Reducing Water Use (Item 25)

Environmental awareness
Water-saving devices
Technical innovations
Droughts
Climate change
Price of water
Economic crisis
Staff cuts

1º
2º
3º
4º
5º
6º
7º
8º

Measures Taken during the Last Drought (2015–2018) (Item
26)

Yes
No

13 schools
1 school

Source: survey results. Own elaboration.

With regard to the campaigns to raise awareness, none of the schools had information panels
encouraging water savings positioned in the main water consumption points (taps, toilets, fountains,
etc.) (item 20). However, in eight schools, those efforts were made to raise environmental awareness
(item 21). Most directors (in 10 schools) said no water-saving campaigns were made in the school by
the state administration, the water company, or the school itself (item 22). Yet, this response contrasts
with responses about the adoption of appropriate measures during drought, where most educational
centres were answered in the affirmative. This answer (item 26) may correspond to a response that
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is ‘politically correct’ or the result of actions implemented by the government and water company
during droughts.
Besides, the questionnaire asked about the environmental awareness (according to directors)
of teachers (item 23) and students (item 24). In the case of teachers, in seven schools, they were
reported to have a ‘moderate’ environmental awareness, followed by ‘very aware’ (5 schools), and
do not know/no answer (2 schools). In the case of the students, in five schools, they were reported to
have a ‘moderate’ environmental awareness, followed by ‘do not know/no answer’ (4 schools), ‘little
awareness’ (3 schools), and ‘very aware’ (2 schools). This section also asked about potential factors
that may have influenced in a hypothetical decrease in water consumption in schools (as perceived
by directors) (item 25). The data indicates that the three main reasons would have been: (1) greater
environmental awareness, (2) installation of water-saving devices, and (3) existence of systems and
devices that use water more efficiently (technical innovations). However, this response shows certain
contradictions with the previous answers (improvements in water-saving systems in taps and toilets
and the implementation of savings plans).
4. Discussion
In the main cities of developed countries, there has been a fall in water consumption in recent
decades [5]. This trend has been observed in Seville [61], Madrid [30,62], Paris [63], several German
cities [64], and Alicante itself [14]. However, and unlike what has happened in households and the rest
of the non-household sector in the city of Alicante where there is a negative trend (−7.3% and −38.9%,
respectively), school water consumption increased between 2000–2004 and 2012–2017.
The possible causes of the current trend, according to the results, are: (1) increase in number of
users over the last five years, (2) the water bill is not paid directly by schools and, thus, ‘free’ water as a
factor that does not incentivise savings, (3) little investment made in the installation of water-saving
devices or water-saving plans, (4) little promotion of environmental education or incentives for saving
water in schools, and (5) actions taken in gardened areas and availability of alternative water sources.
The tendency of the water consumption in the centres that participated follows the same general
tendency of all the schools of the city. According to the water company informed [65], in general, since
2001, when the maximum invoiced consumption is registered (609,101 m3 ), a progressive decrease
begins that is interrupted in 2008 (483,488 m3 ). After this date, the consumption increases again.
Factors such as reducing investments in schools to improve facilities and increasing students may be at
the root of this upward trend. This general trend of water consumption in schools in Alicante (since
2008) is also corroborated for the centres that completed the survey.
The average water consumption per school in Alicante in 2017 amounted to 4680 litres/day. In Italy,
Farina et al. [48] calculated that educational centres consumed about 4493 m3 /year (12,309 litres/day).
These authors analysed three types of schools: nurseries (0–3 years old children), kindergartens
(3–6 years), and primary schools (6–11 years). The basic demand for water was estimated as
48 litres/day per nursery school student and 18 litres/day per elementary school student. Moreover,
younger children use more water on a daily basis than elementary school students, as they need more
services, such as laundries and kitchens, whereas older students mainly consume water for the toilets.
On the whole, most of the studies carried out in developed countries about water consumption in
schools are related to issues about consumption habits or consumption awareness, but not directly
with the consumption trend. In other words, in these studies, the expected impact of water uses in the
educational centres on an urban scale is not the priority aim. For developing countries, studies focus
more on health issues (e.g., quality water) and the effects it may have on student health. In the United
States, ensuring safe, accessible drinking water in schools is a national health priority. In the research
of Cradock et al. [49], the objective was to identify whether there are differences in water quality,
availability, and education-related practices in schools by demographic characteristics. The research
showed that most schools teach the importance of water consumption (81.1%) and offer free drinking
water in the canteen (88.3%). Additionally, in the U.S.A. (California), Bogart et al. [50] interviewed a
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total of 2665 adolescents (aged 12–17 years) regarding their water consumption and availability of free
water during lunchtime at their school. Three-fourths reported that their school provided free water at
lunchtime, mainly via fountains. Both papers highlight the importance of providing free fresh drinking
water (for health reasons, basically to reduce the consumption of sugary soft drinks). This measured
free water can contribute to increase water consumption, as has been shown in our research. Therefore,
this action can condition the savings associated with the adoption of other initiatives.
Other research analyse the water footprint associated with activities carried out at school (mainly
cook food and heating water). For example, in the United Kingdom, Laurentis et al. [51] quantified
the carbon footprint (CF) and water footprint (WF) of primary school meals served. In Spain,
Gamarra et al. [52] analysed the energy, material, and water requirement activities of two schools
located in a hot climate area. Additionally, these authors evaluates the aggregated energy and water
consumption, water scarcity exacerbation problems, and the associated carbon footprint through the
Life Cycle Assessment, which allows the quantification of the impacts along the whole value chain of
the school activities per student. Both of them suggest strategies to achieve a reduction in the water
footprint. The expected impact of water in school on an urban scale would be related to the adoption
of these measures.
In our study case, in relation with the increase in the number of users, it should be noted that
the numbers of both staff and students in educational centres have increased in the last five years.
Average per capita water consumption in the schools amounts to 7.34 litres/user/day with the main use
of water being in the toilets (65.34%). Average daily consumption amounts to 4680 litres. Schools are
one of heaviest users in the city if they are compared (in absolute terms) with, for example, households.
In Alicante, consumption in 2013 in homes of the urban core amounted to 244 litres/day, 322 litres in
terraced houses, 387 litres in apartment blocks, and 1,052 litres in detached houses [5]. A study carried
out in 2017 in the coast of Alicante shows that consumption in detached houses is 712 litres/day [48].
Regarding the low level of motivation for saving because water is effectively ‘free,’ some of the
opinions given by the directors confirm this statement (‘I do not pay for water, it is paid by the city
council’, ‘The issue of water does not matter a bit because the city council pays for it’, ‘I have no
interest in taking savings measures,’ or ’I do not pay for water’, etc.). This acquires greater relevance if
one considers that, in 2007, the price of a cubic metre was €1.63 and the average consumption in the
educational centres amounted to 3820 litres/day (€2,272 per year). In 2017, considering the increase in
consumption and the price of a cubic metre, the bill would amount to some €6539 per year in schools
with the highest consumption (more than 5000 litres/day) and €1276 per year in those with the lowest
consumption (less than 2000 litres/day). Of the schools that participated in this study, the annual bill
for the school with the highest consumption (9331 litres/day) would be €8037.
Prices and taxes have received considerable attention in the past [66–69]. Baumann et al. [70] and
Dalhuisen et al. [33] argue that prices (and, especially, prices set according to consumption blocks) have
an important effect on demand. Other authors [68] consider that water is generally considered to be an
inelastic good because it cannot be substituted, and so increased prices do not produce a reduction in
consumption unless other types of measures are adopted [5]. According to Sánchez and Blanco [53],
an increase in the price of water has been identified as a means to control consumption, and may be
one of the factors that explain the reduction in consumption in Europe [5]. Combined with the effects
of the current economic crisis (since 2008), this increase in the total sum paid by users has led to the
adoption of measures to cut company costs. One includes a measure to reduce water consumption.
In France, Reynaud [20] found that the industrial demand for water was determined by price, and that
the use of treated water for manufacturing processes reduced drinking water consumption.
The ‘free water’ factor has discouraged schools from introducing water-saving measures or raising
awareness (the third factor), as shown by the low percentage of water-saving devices installed in taps,
the non-application of measures during the current drought, and the non-realisation of environmental
campaigns, etc. The use of water-saving devices in the Spanish Mediterranean coastal area has led
to a notable decrease in water consumption in households, as shown by Gil et al. [40]. The lack of
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interest shown by the majority of school directors in participating in this research must also be noted.
The results of those who participated show a lack of knowledge about the consumption trend and a
lack of interest in examining their own water bills.
Initiatives usually include environmental campaigns aimed at reducing water consumption
(fourth factor). Campaigns aimed at promoting water efficiency were implemented during periods
of drought, and these were intensive during severe and lasting droughts [40]. These campaigns
have encouraged the incorporation of technological innovations and have fostered a reduction in
consumption by changing behaviour and hygiene habits. For example, in the metropolitan area of
Barcelona (Spain), March et al. [7] calculated that, during the 2007–2008 drought, spending fell by
as much as 22.82% in some low-density housing developments. These same authors estimated that
conducting environmental campaigns, according to the people surveyed, was one of the main adopted
measures. This contrast with the lack of encouragement for saving water has been seen in the schools
of the city of Alicante. It is worth emphasising that it is compulsory to raise awareness of the need to
save water in Spanish educational centres. This is established in the curriculum set for both primary
and secondary schools. For example, for primary schools, Royal Decree 108/2014 of 4 July establishes
that children must be taught sustainable use of water resources, the importance of water management
during droughts, and that consideration must be given to climate change.
A final identified factor is the use of water in gardened spaces and the non-availability of alternative
water sources. For the first case, the gardened area in educational centres amounts to 1269 m2 (15%
of the plot) and the lawned areas represent 11% (139.59 m2 ). Higher percentages are recorded in the
arid and semi-arid regions of the Western United States [71], or in Perth (Australia) [72]. In this study,
lawned and gardened areas are not associated with greater water consumption in schools as species
adapted to Mediterranean conditions predominate (see Figure 5). School directors also pointed out
that, in some cases, no watering is done. Another fact that would question a relationship between
increased water consumption and increased gardened spaces is the incorporation of more efficient
watering systems. Thus, five schools had installed more efficient drip watering systems in recent years.
Considering that the annual consumption per square metre of grass in the study area amounts
to about 1000 litres. The estimate would be an average of 382 litres/day just to irrigate the grass.
In other words, some 8.16% of the daily water consumption in schools would, theoretically, be for
watering grass (if watered according to its needs). The non-existence of works on the consumption of
these spaces in schools makes comparisons with the household sector necessary. For example, in the
province of Alicante, it has been calculated that water consumption for gardens (in detached houses)
represents 47% of consumption on the north coast and 29% on the south coast [60].
None of the surveyed educational centres had access to alternative water sources as treated
water. Reused waters in the city of Alicante has gained importance in recent years thanks to the
implementation of the Reuse Plan (2002). The reuse of water can result in a decrease in the consumption
of drinking water since treated water is used for street cleaning or watering gardens. For example,
in the case of consumption in detached houses, the use of this non-conventional resource resulted
in a 54% decrease in drinking water consumption between 2007–2013 [40]. Currently, some 80% of
Alicante’s green areas are watered with reused water (446 hectares). It is a process that, in addition to
producing economic, energy, and environmental savings, has enabled tripling the size of the city’s
parks over the last 10 years [5]. Reusing water is considered one of the practices best suited to the
principles of sustainable development [73], even though its use is limited by: 1) regulations, 2) lack of
investment necessary to build quality distribution and storage infrastructure, and 3) a social rejection
of its use in households for sanitary reasons [74].
It is also necessary to mention the low levels of interest by school directors in the use of rainwater
(only one school, but 20% of the garden water supply). This is likely explained by the perception
of the limited effectiveness of these systems in semi-arid climates [75]. In the case of educational
centres, investing in these systems would not be profitable given that drinking water is apparently
‘free.’ Water is paid for by the city council or the regional government, and these bodies also carry out
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the maintenance and modernisation of them. Investing in these types of rainwater facilities would
be a major expense in the short-term, which would be amortised as a result of the reduction of water
bills that are currently increasing, and an investment in sustainability in the medium and long-term.
This issue is important given the dryness of the area to which the effects of climate change (a greater
intensity and frequency of droughts) must be added.
Taking into account what is indicated in the previous paragraphs, the impact of the water
consumption of schools at the urban scale will depend on the degree of implementation and effectiveness
of the measures aimed at a better water management. If the factors described are maintained, the
expected impact of the water consumption of the schools will increase its importance over the total
urban uses. This trend would also be accentuated by the regressive dynamics of household and
non-household due to the decrease in consumption associated with the incidence of the economic crisis,
the incorporation of non-conventional water resources, or the investment made in the installation of
water-saving devices.
5. Conclusions
This research has established the current trend in water use in schools in the city of Alicante.
A consideration of the trend shows that the starting hypothesis, specifically, a reduction in consumption
linked to the implementation of water-saving measures and the encouragement of water-saving
actions, is not corroborated. A fact that has influenced in increased consumption is that schools are
provided with ‘free’ water. Since they do not have to pay their water bills, they have no need or
motivation to implement water-saving measures. The low level of participation and collaboration by
school directors in this research denotes a very notable lack of interest that, in the long-term could
influence the perception of children regarding the environment. Students need to be educated in these
subjects. There is a need for education on sustainable water consumption due to trends in global water
consumption and an intensification of the resulting consequences. Environmental education is very
important in the current climate change situation because this is a non-structural factor to mitigate
their effects. In this sense, a more sustainable management of natural resources should also be given
attention by teachers and even the parents of students. Revising how the issue of water and how
saving actions are promoted by teachers in the classroom are the issues that will be the challenges
approached in future research. For this, it will be necessary to survey teachers and students.
The efforts to create greater awareness of the effects of climate change (in this case, water shortage)
are causing a gradual modification of the lifestyle in the richest countries and people are choosing
more sustainable habits. This process does not seem to be evident in the case study presented. ‘Free’
water may not help to promote saving water. However, this factor should not be an excuse. Some
types of change can be applied (for example, water-saving taps) and schools that do not implement
water-saving measures could be penalised. Similarly, some reflection should be made about the poor
level of water management in educational and the opinion of those bodies that pay the water bills
should be sought. In Alicante, the council pays the water bill for primary schools and the regional
government pays the bill for secondary educational centres. In addition, it should be emphasised
that these organisations have not made investments related to water efficiency since the start of the
economic crisis in 2008. Among the limitations of this research, it is worth mentioning the low interest
shown by the directors of the schools to take part in this research. However, given the few studies
on this issue in the scientific literature (at a national and international level), this research could be
considered as an innovative contribution.
Lastly, the semi-arid climate of the study area cannot be forgotten and climate change is considered
(less rain and more frequent droughts). It is essential to adopt actions to adapt the territories to
droughts (for example, use of non-conventional sources) and reduce vulnerability to an increasing
scarcity of water. Among these measures, the efficient use and management of water is a priority
for achieving more sustainable cities and raising awareness among the population and younger
generations. Only then will a more resilient society be built that can cope with a climate crisis.
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