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ABSTRACT
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Water is essential to the proper functioning of kindergartens and schools. Nevertheless, water consumption in
public facilities is usually high, often exceeding the average household water consumption. Recently, increas-
ing pressure on this valuable and depletable natural resource has been noticed and, therefore, it is interesting to
study the water consumption in kindergartens and the possibilities of water saving. The present work examined 6
kindergarten facilities in Kyjov, Czech Republic, where the equipment has been enhanced with the faucet water
saving technology. The work analyzed the impact of the equipment on the reduction of water consumption as a
raw material and on the financial and economic profitability. The results were estimated based on the variation of
two parameters such as average daily water consumption and demand per person. The experiment showed that
installing the savers resulted in water savings ranging from 8% to 18.7% for average daily consumption and from

10.02% to 23.2% for per capita demand.
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INTRODUCTION

Water is not only a necessity of life but also
an essential natural resource that is required in
producing food, energy, industrial materials, ser-
vices, etc. (Chai et al., 2020). The availability of
water and supplies of drinking water have become
a global problem to the rapidly growing popula-
tion and its concentration in some regions (Ma-
rinoski et al., 2018). Long spells of drought and
increasing areas without a sufficient water supply
have recently also been concerning the Czech
Republic (CR). Water resources are diminishing,
which particularly applies to the groundwater in
the Czech territory. Urbanized areas exhibit ever
increasing surfaces reinforced with concrete and
asphalt, which hamper water infiltration into the

soil and promote extinction of natural drainage
points (Hamel et al., 2013; Ren et al., 2020; Boas
et al., 2018; Vijayan et al., 2020). This leads to
reduced rainwater retention in the landscape, and
hence to more frequently occurring floods alter-
nated by long periods of drought (Zheng et al.,
2021). The global consumption of water (both
drinking water and service water) is high, and
the world may face its deficiency in the future
(Sadr et al., 2016; Feizizadeh et al., 2021). In the
Czech Republic, more than a half of currently
used water comes from surface reservoirs. Over
the last ten years, the availability of drinking
water markedly increased worldwide. In the pe-
riod from 2000 to 2015, the percentage of people
with access to safely managed drinking water in-
creased from 61.4% to 71.2%. Although the trend
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is encouraging, there are still great differences
persisting between the rich and poor countries
(Feizizadeh et al., 2021). However, frequent dif-
ferences in water availability exist within individ-
ual countries, among metropolises and scarcely
inhabited regions (De Clerq et al., 2018). The re-
serves of drinking water are limited, and in some
parts of the world such as northern and western
China, northern and eastern India, North Africa
and northern parts of Middle East an urgent risk
exists that the drinking water resources will be-
come depleted in the future (Crellin, 2018). The
satellite research conducted by NASA (Richey
et al., 2015) indicates that dry regions become
further dried out due to the climate change and
human activities while wet regions are recording
further increase of water quantities.

Approximately 70% of global water con-
sumption are used in agriculture (Shabbir et al.,
2014; He et al., 2021; Wu et al., 2021), 20% are
used in industries and only 10% are consumed in
households. Nevertheless, in industrial countries
such as Belgium, the consumption of water in this
industrial sector may exceed 80% of total con-
sumption (Water consumption statistics, 2019).
The data about the consumption of water in house-
holds worldwide are not unified. According to
OECD (Safe Drinking Water Foundation, 2019),
the USA consumption per capita is 335 1/day. De
Dardel (2018) mentions the per capita consump-
tion of 475 I/day, which is a substantially higher
value than that reported by OECD. By contrast,
the World Business Council for Sustainable De-
velopment claims only 215 1/day. Thus, it can be
stated that the criteria for assessing the household
water consumption are not given clearly and it
is therefore difficult to compare the data as they
greatly differ from individual sources.

In CR, the water consumption in households
is ca. 65%, which is a value considerably differ-
ent than the world average (10%). The remaining
35% are used in industries, primarily for cooling,
and for irrigation of fields in agriculture (Kris,
2006). In 2018, the daily water consumption per
capita amounted to 133.5 1, out of which 89.2 1
were used in households. Since the last year, the
water consumption increased by 0.6 1 and the his-
torically lowest water consumption (87.1 1) was
recorded in 2013. In the 1980s, the values were
around 170 1 per day, which is much more than
today. However, it was greatly due to a different
mentality of the then government. The household
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water demand consists of more components. On
the basis of the average values and the method
of use, an overview (Table 1) was constructed of
minimum water consumption values (Kris, 2006).

A scientific study published by the British or-
ganization Energy Saving Trust (Sellwood, 2013)
informs that the highest household consumption
corresponded to the use of tap water and show-
ering which represented 29% and 25% of total
consumption. Flushing of toilets recorded a high
consumption, too (22%). Water leakage in house-
holds is a normal phenomenon and amounts to
about 8% of total water consumption. Water can
leak anywhere within the internal distribution cir-
cuit of the consumer. Leakages often occur due
to poorly maintained or obsolete valves, defec-
tive seals or flowing toilettes. Generally, dripping
taps can lose between 3-30 litres per day, leak-
age from toilet cisterns can range from 10 litres
per day for invisible leaks to 340 litres per day or
more for the leaks large enough to be seen and/
or have an audible refilling sound. Mayer et al.
(1999) found out in their Residential End Uses
of Water Study that leakages constitute 13.7% of
the indoor per capita consumption of a single resi-
dential house in North America. Therefore, iden-
tifying internal leaks enables customers to fix the
problem, by which they can save both water and
money (Seyoum et al., 2017).

The price of water has been rapidly increas-
ing in CR in the last ten years. In 2000, average
water and sewage rates ranged around 1.15 EUR/
m?; the value increased to 3.46 EUR/m? in 2019.
The growing price of water is the main reason
for improving the water saving technologies. The
best and cheapest way to save drinking water with
immediate return is a change of habits. Recent
studies have reported that the water conserva-
tion behaviours may pose a significant influence
on water conservation quantities (Millock and
Nauges, 2010; Randolph and Troy, 2008; Russell

Table 1. Per capita water consumption in households
in litres per day (Kris, 2006)

Water consumption per capita in l/day
Direct consumption, cooking 5
Personal hygiene 5-10
Showering Max. 50
Bathing 150 — 250
wcC 30-50
Cleaning and laundry 5-20
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and Fielding, 2010; Lee and Tansel, 2013). An-
other way to save water is seen in water saving
appliances and fittings which control the outflow
of water from the piping. In recent years, potable
water plumbing design and operations have tran-
sitioned towards energy and water saving, low-
flow devices (Brazeau and Edwards, 2013; Salehi
et al., 2018). Low-flow faucets have resulted in
flow reductions by 30% (Salehi et al., 2018). Us-
ing these devices, the highest water savings in
households can be achieved in showers, sinks,
toilets and washing machines (Gao et al., 2017;
Fidar et al., 2016). One of the most common ex-
amples may be the toilets with double flushing:
intense and mild (6 and 3 liters as a standard).
These systems allow reducing water consumption
in toilets by more than 50% but they depend on
the correct use by people. The largest savings can
be reached in showers which are responsible for
about a third of total water consumption in house-
holds. Installation of regulators or water saving
shower heads may allow reducing the flow rate
from 25 litres to 6 — 14 litres per minute, which
is 50% of saved water and energy, or even more,
depending on the used head type or regulator ad-
justment. Water savings amount to ca. 40 — 50%
(Marinoski et al., 2018).

The use of water savers makes it possible to
reduce the consumption of water from taps (Sale-
hi et al., 2018). The taps can be built-in or in-
stalled at the end of faucets (Fig. 1). The devices
mix the flowing water with air, which making it
feel like there is a larger water flow. It also has a
stable water pressure owing to which the most of
people do not notice any difference in the amount
of water coming out of aerated faucet (Umesh
and Sitaram, 2014). Nevertheless, aerators come
in various designs that not only reduce water con-
sumption but also reduce the accumulation of de-
bris in the pipe at the end section. Comprehensive
parameters such as flow rate and pressure range,
among others, need to be considered when creat-
ing an aerator design so that the aerator can realize
its full potential (Hasnol and Zaharuddin, 2020).
Commercial faucet aerator usually has parts such
as steel body, water-inlet, Wire meshes & other
internal geometry, restrictions (for stream-lining
of flow). In addition to the air inlet, the number
of plastic restrictors is an important geometric
parameter (Umesh and Sitram, 2014). Variations
in the cross-section or shape of fittings can cause
fluid flow disturbances and thus pressure losses
(Kalenik et al., 2020).

The return of water savers is nearly immedi-
ate as their cost is ca. 7,69 EUR. They represent
one of the cheapest and most efficient ways for re-
ducing water consumption (Plotény and Bartonik,
2015). The only disadvantage may be a longer
time of filling bottles and similar vessels, caused
by the reduced flow rate.

While analyzing the above-mentioned spe-
cifics of the devices, it was noted that there are
gaps in the literature regarding the water demand
in kindergardens (in which pupils do not pay at-
tention to its excessive consumption) and how
its varies from season to season. The aim of this
work was to determine the economic and envi-
ronmental effects of new technical implementa-
tions adopted for water savings (water-efficient
appliances) to reduce the water consumption in
Czech Republic schools.

MATERIALS AND METHODS

Characteristics of explored objects

The explored objects were located in the town
of Kyjov (cadastral area 29.88 km?). In the ca-
dastral area of the city, there are six kindergar-
tens, four elementary schools and two special
schools. Five research sites registered as kinder-
gartens (MS) were selected for the study, i.e.: MS
Borsovska (rs.1), MS Nadrazni (rs.2), MS Za sta-
dionem (rs.3), MS Stied (rs.4), MS of Dr.Joklik
(rs.5) and ZS of Dr.Joklik (rs.6). Their location is
shown in Figure 1 below.

The address of rs.1 is BorSovska 3241, Kyjov.
It has one class with a capacity of 25 children and
three adult employees. The building is used by 28
persons. In the kindergarten, 10 water savers were
installed on all faucets on 11 December 2018. The
address of rs.2 is Nadrazni 829, Kyjov. Altogeth-
er, it has 4 classes. The total number of children
in the school is 100 and there are 15 adult em-
ployees. The object is used by 115 persons. In the
kindergarten, 32 water savers were installed on
all used faucets on 11 December 2018. The ad-
dress of rs.3 is Za Stadionem 1224/27, Kyjov. The
kindergarten has 3 classes with a total capacity of
75 children, which is full, and there are 11 adult
employees. The object is used by 86 persons. In
the MS building, 22 water savers were installed
on all used faucets on 11 December 2018. The
address of rs.4 is Mezi Mlaty 811/2, Kyjov. The
kindergarten has 4 classes with a total capacity of
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104 children and 13 adult employees. The object
capacity is full and the number of persons using
water in the school is 117. In the MS building,
25 water savers were installed on all used faucets
on 10 December 2018. The address of Elemen-
tary school and Kindergarten (ZS and MS) of 1s.5
is sidlist¢ U Vodojemu 1261, Kyjov. The object
consists of two buildings (ZS and MS), separated
with a fence. MS operates 4 classes with 96 chil-
dren and 13 adult employees. ZS has currently
440 pupils and 48 employees. The object is used
by 488 persons. In the buildings of ZS and MS,
42 water savers were installed on all faucets on
11 December 2018.

In December 2018, all faucets in the research
objects were provided with water savers. The wa-
ter savers with the patented technology allow re-
ducing flow rate by up to 40% (Marionski et al.,
2018). Savings are not just about water consump-
tion itself, but also about the energy needed to
heat the water. To this date, total water consump-
tion in m* was recorded for the period since the
water meter installation. The objects undertook to
record the water consumption in m?. On the basis
of the data, the saving of drinking water in the ob-
jects before the installation of water savers were
calculated, which served for economic assess-
ment and evaluation of the success of measures.
The water savings in the respective objects were
calculated by comparing average daily water con-
sumption in the period before the installation of
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water savers and average daily water consump-
tion after their installation.

Types of water savers used

Three types of water savers were used in the
research objects (Fig. 2). The first one (a) is the
dispenser with internal thread and sleeve size
22x1 mm, dedicated mostly to kitchen faucets.
The second one (b) is an external thread dispenser
with a slightly larger sleeve (size 24x1 mm), used
mainly in bathroom faucets but also in kitchen
faucets. The third saver (¢) is installed between
the shower faucet and the hose in bathrooms. Aer-
ators have a special, patented, tapered grid that
allows mixing water with air. At the bottom of the
dispenser there is an opening through which air
enters the accumulator and a reasonable amount
of water flows out of the accumulator. The sav-
er has a built-in constriction that restricts the
flow of water, thus guaranteeing reduced water
consumption.

Calculation average daily water consumption

Average daily water consumption (ADC)
(m*/day) was calculated according to the equation:

-2
ADC =3 )

where: Q — total consumption of water, m;
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Figure 2. Water savers used in kindergardens

N — number of days in the studied period,
days.

Per capita demand (PCD) (m’/capita/day)
was calculated according to the equation:

AbC

PCD ===, )

where: P — population, persons.

The water consumption savings using ADC
were calculated as follows:
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where: ADC — average daily water consumption
before the installation of water savers,
m’/day;
ADC ’'— average daily water consumption
after the installation of water savers, m?/
day.

The water consumption savings using PCD
were calculated as follows:

F = (pmﬂ
PCOy!

—1) - 100%, 4)

where: PCD_— per capita demand before the in-
stallation of water savers, m*/capita/day;
PCD ’'— per capita demand after the instal-
lation of water savers, m?*/capita/day.

RESULTS AND DISCUSSION

Figure 3 presents values of water consump-
tion in the respective objects before and after the
installation of water savers in rs.1

In the above-mentioned object, the total con-
sumption of water in the period from 1 January
2018 to 10 December 2018 amounted to 467 m’.
This consumption was divided by the number
of days in the studied period (344 days). On the
basis of the calculation, an average daily water
was introduced for calculating consumption in
the given period was found to be 1.358 m3/day. A
similar procedure average daily water consump-
tion after the installation of water savers. The

1.2958

5217

1.5682

111379

1.2846

o

0.8 1 1.2 1.4 1.6 18

ADC (m3/day)

Figure 3. Water consumption in rs.1 in 2018 — 2019
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period in question was from 11 December 2018
to 14 November 2019 (338 days) and the total
consumption of water was 418 m’. Following
the introduction of savers, the rounded average
daily water consumption was 1.237 m*/day. On
the basis of the data, a percentage difference in
water consumption was calculated in the studied
object and in the studied period as a ratio of aver-
age daily water consumption after the installation
of savers and average daily water consumption
prior to the installation, deducted from 100%. The
average daily consumption of water in the object
decreased by ca. 8.9% in the given period.

Figure 4 presents values of water consump-
tion in the respective periods before and after the
installation of water savers in rs.2.

In the above-mentioned object, the total con-
sumption of water in the period from 1 January
2018 to 11 December 2018 amounted to 413 m’.
This consumption was divided by the number
of days in the studied period (345 days). On the
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1.01.2018 —9.03.2018

10.03.2018 —11.06.2018

12.06.2018 —12.09.2018

Date

13.09.2018 —11.12.2018
AFTER

basis of the calculation, an average daily water
consumption in the given period was found to be
1.197 m*/day. A similar procedure was introduced
for calculating average daily water consumption
after the installation of water savers. The period
in question was from 12 December 2018 to 14
November 2019 (337 days) and the total con-
sumption of water was 371 m’. Following the
introduction of savers, the rounded average daily
water consumption was 1.101 m*/day. On the ba-
sis of the data, a percentage difference in water
consumption was calculated in the studied object
and in the studied period as a ratio of average
daily water consumption after the installation of
savers and average daily water consumption prior
to the installation, deducted from 100%. The av-
erage daily consumption of water in the research
object decreased by ca. 8.0% in the given period.

Figure 5 presents the values of water con-
sumption in the respective periods before and af-
ter the installation of water savers in rs.3.

1.3235
1.3298

3444

12.12.2018 —31.12.2018

1 1.25

1.01.2019 —27.02.2019

28.02.2019 —14.11.2019

1274

02 04 0.6 0.8 1 12 14 1.6
ADC (m3/day)
Figure 4. Water consumption in rs.2 in 2018 — 2019
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Figure 5. Water consumption in rs.3 in 2018 — 2019
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In the above-mentioned object, the total con-
sumption of water in the period from 1 January
2018 to 10 December 2018 amounted to 486 m’>.
This consumption was divided by the number
of days in the studied period (344 days). On the
basis of the calculation, an average daily water
consumption in the given period was found to be
1.413 m*/day. The same procedure was introduced
for calculating average daily water consumption
after the installation of water savers. The period
in question was from 11 December 2018 to 14
November 2019 (338 days) and the total con-
sumption of water was 422 m?®. Following the
introduction of savers, the rounded average daily
water consumption was 1.249 m?/day. On the ba-
sis of the data, a percentage difference in water
consumption was calculated in the studied object
and in the studied period as a ratio of average
daily water consumption after the installation of
savers and average daily water consumption prior
to the installation, deducted from 100%. The av-
erage daily consumption of water in the research
object decreased by ca. 11.6% in the given period.

Figure 6 presents the values of water con-
sumption in the respective periods before and af-
ter the installation of water savers in rs.4.

In the above-mentioned object, the total con-
sumption of water in the period from 1 January
2018 to 10 December 2018 amounted to 225 m’.
This consumption was divided by the number
of days in the studied period (344 days). On the
basis of the calculation, an average daily water
consumption in the given period was found to
be 0.654 m?/day. The same procedure was intro-
duced for calculating average daily water con-
sumption after the installation of water savers.

The period in question was from 11 December
2018 to 14 November 2019 (338 days) and the
total consumption of water was 192 m>. Follow-
ing the introduction of savers, the rounded aver-
age daily water consumption was 0.568 m?/day.
On the basis of the data, a percentage difference
in water consumption was calculated in the stud-
ied object and in the studied period as a ratio of
average daily water consumption after the in-
stallation of savers and average daily water con-
sumption prior to the installation, deducted from
100%. The average daily consumption of water
in the research object decreased by ca. 13.2%
in the studied period.

Figure 7 presents values of water consump-
tion in the respective periods before and after the
installation of water savers in rs.5.

In the above-mentioned object, the total
consumption of water in the period from 1 Jan-
uary 2018 to 10 December 2018 was 1,666 m®.
This consumption was divided by the number
of days in the studied period (344 days). On the
basis of the calculation, an average daily wa-
ter consumption in the given period was found
to be 4.843 m’/day. The same procedure was
introduced for calculating average daily water
consumption after the installation of water sav-
ers. The period in question was from 11 De-
cember 2018 to 14 November 2019 (324 days)
and the total consumption of water reached
1,935 m?®. Following the introduction of savers,
the rounded average daily water consumption
was 3.935 m’/day. On the basis of the data, a
percentage difference in water consumption
was calculated in the studied object and in the
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Figure 6. Water consumption in rs.4 in 2018 — 2019
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Figure 7. Water consumption in rs.5 in 2018 — 2019

studied period as a ratio of average daily water
consumption after the installation of savers and
average daily water consumption prior to the
installation, deducted from 100%. The average
daily water consumption in the research object
decreased by ca. 18.7% in the studied period.

Figure 8 shows the values of water consump-
tion in the respective periods before and after the
installation of water savers in rs.6.

In the above-mentioned object, the total con-
sumption of water in the period from 1 January
2018 to 10 December 2018 was 1,180 m?>. This
consumption was divided by the number of days
in the studied period (344 days). On the basis of
the calculation, an average daily water consump-
tion in the given period was found to be 3.430 m?/
day. The same procedure was introduced for cal-
culating average daily water consumption after
the installation of water savers. The period in

BEFORE ’ ‘
1.01.2018 —8.03.2018
9.03.2018 —8.06.2018

9.06.2018 —11.09.2018

Date

12.09.2018 —11.12.2018
AFTER

question was from 11 December 2018 to 31 Octo-
ber 2019 (324 days) and the total consumption of
water reached 1.224 m*. After the introduction of
savers, the rounded average daily water consump-
tion was 3.778 m?/day. On the basis of the data, a
percentage difference in water consumption was
calculated in the studied object and in the studied
period as a ratio of average daily water consump-
tion after the installation of savers and average
daily water consumption prior to the installation,
deducted from 100%. The average daily water
consumption in the research object increased by
ca. 10.1% in the studied period.

Rs.5 was the only object in which the con-
sumption of water did not decrease but it in-
creased instead. It can be deduced from the other
research results that the increased water consump-
tion is very unlikely to have been caused by the
installation of water savers. The phenomenon was

I 5. 7111

12.12.2018 —31.12.2018 |

1.01.2019 —30.04.2019 |

1 4.5917

1.05.2019 —31.10.2019 |

ADC (m3/day)

Figure 8. Water consumption in rs.6 in 2018 — 2019
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presumably caused by something else — perhaps
water leakage from the piping system or incorrect
functioning of one or more appliances. Another
possibility could be change in water management
or rapidly increased number of children in the
kindergarten. However, a consultation with the
object director suggested that no such changes
had occurred, and this is why such a situation was
not taken into account. It is therefore possible to
state that the increased water consumption was
almost certainly due to the defective piping or ap-
pliance. A detailed inspection in the research ob-
ject focused on the correct functioning of water
supply system and regular control of water con-
sumption are recommended.

The calculations of water savings considered
two parameters, i.e. average daily water consump-
tion (Fig. 9) and per capita demand (Fig. 10). The
results of these calculations can see at the Table 2.

Table 2 shows that the installation of sav-
ers resulted in water savings from 8-18.7% us-
ing ADC and 10.02-23.2% using PCD. Table 1

—_

N BN R

MS Sted

average daily water consumption m3/day

Za Stadionem MS Nadra’ni MS Botsovska ZS of Dr.Joklik
before installation

shows that the installation of savers resulted in
water savings from 8 — 18.7% using ADC and
10.02 — 23.2% using PCD. While analysing the
calculation of average savings using two param-
eters, the difference between them can be seen.

This table brings an overview of water con-
sumption changes in the respective objects with
the exception of rs.5 where no savings were re-
corded. The differences in water consumption
were converted to the differences in money sav-
ings achieved by the installation of water sav-
ers. The water supplier in Kyjov is the company
Vodovody a kanalizace Hodonin, a.s. water and
sewage prices of which for 2019 were set to
1.33 EUR/m* and 1.65 EUR/m’, respectively.
Thus, the total price for 1 m* of water is 3.32 EUR
(Skrblik, 2019).

The lowest water savings were recorded in
rs.3 and the highest savings were recorded in rs.6.
The annual savings converted into money from
the price of 1 m? of water in rs.4 ranged around
146.06 EUR and in rs.3 around 115.31 EUR.

MS of

Liafter installation Dr.Joklik

Figure 9. Average daily water consumption at the analysed objects, m*/day

M3 of DrJoklik —

Z8 of Dr.Joklik 5
MS Borgovska 5
Za Stadionem :

M Stied ﬁ
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Per capita demand at the analysed objects, m3/capita/day
mbefore installation Dafter installation

Figure 10. Per capita demand at the analysed objects, m*/capita/day
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Table 2. Overview of results from the studied objects.

@ Daily @ Daily Per capita Per capita
consumption | consumption o demand demandpafter o Daily Annual

Object before after Differ:znce before " stallation Differ:)ence difference | difference

installation installation installation of savers in money in money

of savers of savers of savers
rs.1 1.358 m® 1.237 m® -8.91 16.67 14.92 -10.5 0.40 EUR | 146.49 EUR
rs.2 1.197 m® 1.101 m? -8.04 3.59 3.23 -10.02 0.32 EUR | 116.20 EUR
rs.3 1.413 m? 1.249 m® -11.63 5.65 4.91 -13.1 0.55 EUR | 198.53 EUR
rs.4 0.654 m?® 0.568 m? -13.16 1.92 1.64 -14.5 0.28 EUR | 104.09 EUR
rs.6 4.843 m? 3.935 m? -18.74 3.41 2.62 -23.2 3.01 EUR | 104.09 EUR

* Converted from CZK to EUR based on the exchange rate as of 24.02.2021

Annual savings in 1s.2 can be expected at ca.
199.87 EUR and ints.1 atca. 103.78 EUR. In1s.6,
where the best results were observed, annual sav-
ings can be expected to reach ca. 1095.47 EUR.
Average savings amounted to 12.1%, which can
be considered a good result. The percentage sav-
ings in the kindergartens were lower than in the
elementary school rs.6. The fact might be given
by the lower number of persons in one object or
by the lower consumption of water from faucets
by children of pre-school age compared with
school children. Thus, it can be state that the wa-
ter savers in elementary schools are more efficient
than those in kindergartens. However, verifying
the theory would require more extensive research
with a higher number of elementary schools and
kindergartens. Further research and a follow-up
analysis are envisaged. The highest water savings
were recorded in rs.6. With its per capita water
consumption of ca. 90 litres per day, the CR ranks
with countries with lower water consumption.
Various technologies have been used to reduce the
amount of consumed water such as economical
shower heads, washing machines, water savers
etc. The products considerably reduce the amount
of consumed water and Hence the financial costs.

Discussion of the achived results

An analogous study of the efficiency of wa-
ter savers was undertaken by a hotel in Zaragoza,
Spain (Barberan et al. 2013). In 2008, the owner
estimated a daily water consumption of 50,975
liters (18% hot water and 82% cold water). Con-
sidering the frequency of guest arrivals, the daily
water consumption per guest was 396.5 | result-
ing in a daily water cost of 115.6 EUR. Due to
the increasing costs, the hotel owner decided to
introduce water saving devices including: faucets
with eco-friendly cartridges and a dual flow sys-
tem, aerators limiting the flow to 6 1/min in sinks
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and bidets, and discs limiting the flow to 9 1/min
installed in showers. The fixtures were installed
for guest bathrooms and public toilets and sinks.
In order to determine the exact water consump-
tion, cold and hot water meters were installed in
2 representative bedrooms. Additionally, the fol-
lowing paramteres were also taken into account
to determine the differences more precisely: sea-
sonal effects, number of guests staying divided
into single and double rooms, number of banquet
and other attendees, and number of people using
meals (breakfast, lunch, and dinner). After the
retrofit measures, the average water consump-
tion of the hotel was 252 liters. Monitoring of
2 bedrooms showed that the average water con-
sumption per 1 guest using hotel services is 124.3
liters which is 50.7% of the water consumed by
the hotel with profitability varying from 932% to
7022%. The study conducted in Zagroza clearly
indicated the validity of using water saving de-
vices in public spaces.

In contrast, another group of researchers
sought short-term solutions to reduce the water
consumption in the city of Kabul, Afghanistan
(Shokory and Rabanizada, 2020). The reason for
the action was to achieve the 2030 Sustainable
Development Goals, which include ensuring the
availability and efficient management of water
and sanitation in all sectors. Among the group of
actions were the use of low-flow fixtures, the in-
troduction of dual-flush toilets, and the reuse of
gray water. The solutions were applied to bath-
room sinks, kitchens, bathtubs and showers in
Macrorayon apartments in the 9th district of Ka-
bul city. Researchers found that the application
of low-flow devices could reduce the water con-
sumption from 125 liter/capita/day to 75 LCD.
The district water supply is currently estimated
at 4.5 million cubic meters per year, which could
be reduced to 2.09 million cubic meters with the
application of low-flow devices. The reduction in
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water consumption would result in an additional
119,298 residents being able to be included in the
water supply system. Again, it has been noted
that, among other things, the use of aerators has
a positive impact on the rational use of water, the
amount of bills and comprehensive environmen-
tal protection.

On the other hand, Farmer (2019) from the
state of Tennessee, in his study of the mechanical
ways to save water, used a community survey to
assess how residents felt after installing low-flow
shower heads and aerators for faucets and toilets.
The data was collected from 215 surveys from
a potential 626 homes. The researcher applied
a 28-question survey method to different age
groups. After statistical analysis of the results, it
was noted that regardless of age, gender, ethnic-
ity, and whether residents were exposed to both
the non-restrictive and restrictive water-saving
devices and the restrictive water-saving devices,
there were no significant differences in their mean
score ratings, which ranged from >3 on a 5-point
scale. The study showed that water conservation
can be achieved by using, among other things,
aerators without sacrificing the resident satisfac-
tion and compfrence. The experience of Tampa
Department (Mayer et al. 2004) with a one-ques-
tion survey also confirms the public‘s satisfaction
with mechanical flow restrictors. On a five-point
scale, residents rated, among other things, the toi-
let flush efficiency at 4.52 (n=26), the water head
flow efficiency at 4.27 (n=26), the kitchen faucet
flow and shower head flow at 4.27 (n=26), and the
bathtub faucet aerator efficiency at 4.33 (n=18).

The examples cited above confirm that water
saving devices which do not contribute to the loss
of satisfaction of consumption, but also take care
of the natural and exhaustible water resource all
over the world, should be installed in every public
place as well as in homes.

CONCLUSIONS

On the basis of the gained data, it can be state
that the established hypothesis was confirmed,
and the installation of water savers resulted in
both economic and environmental benefits espe-
cially in public places like schools. For calcula-
tions of water savings in research objects, two
parameters were taken into account, namely aver-
age daily water consumption and per capita de-
mand. The installation of savers resulted in water

savings from 8-18.7% using ADC and 10.02—
23.2% using PCD. While analysing the calcula-
tion of average savings using two parameters, a
difference between them was observed. Such dif-
ference did not impact the amount of economics
effect. This is due to the cost of 1 m? of water. The
economic benefits were 1153 EUR per year. The
school has now a possibility to use the money for
other purposes. It is also an environmental ben-
efit as a considerable amount of water was saved,
which is a valuable natural resource, and waste-
water generation was reduced at the same time.
Sound water management with the use of savers
may lead to the fulfilment of a so-called win-win
strategy, i.e., to both financial and environmental
benefits. This approach of municipalities, institu-
tions, firms and households to water saving will
lead to the achievement of sustainable develop-
ment goals in the Czech Republic.
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