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Abstract
This paper analyses two different models (methods) used for determination of water consumption in residential buildings. 
For this purpose, some basic sanitation facilities were implemented in the models as typical household equipment. As 
there is a big variety of sanitary solutions available, in order to achieve a significant reduction in water consumption, a 
novel classification of faucets (taps and mixers) is proposed. This classification also allows for the assessment of energy 
efficiency ratings of sanitary appliances. On the basis of this classification, water savings resulting from the use of faucets 
with different water efficiency ratios were determined. Depending on the type of faucet, it is possible to achieve more 
than 50% water savings, as well as a significant reduction in energy demand for heating and pumping water to custom-
ers. The paper also discusses the equations used to determine the energy demand for domestic hot-water preparation 
and its pumping to consumers. The results of the energy consumption calculations for the above-mentioned purposes 
were determined per person.

Keywords Water consumption levels · Water saving · Model consumption · Energy demand

1 Introduction

Increasing economic growth, the development of indus-
trialized countries and introduction of modern technolo-
gies have contributed to more and more attention paid to 
the efficient management of renewable natural resources. 
One example of such resources is water, which circulates 
and is constantly renewed in the so-called hydrological 
cycle. It should be noted, however, that despite the hydro-
logical cycle, fresh drinking water resources may not be 
sufficient in the near future. Increasing demand for water 
caused, for example, by population growth and industrial 
development, results in changes in the world water bal-
ance. In addition, climate changes can reduce freshwater 
resources. These processes increase, inter alia, the costs of 
obtaining freshwater and the problem of drinking water 
shortage. Water is also an indispensable medium in build-
ings. However, before water reaches specific customers, 

it is necessary to: determine the water demand in the 
building, design the necessary number of sanitary facili-
ties, assume the appropriate number of faucets and taps, 
plan the proper distribution of pipes, select the proper 
pipe size, determine the pressure drops in the water sup-
ply system, select the appropriate control-testing unit, 
shut-off valves, pressure boosters and devices to prevent 
uncontrolled pressure increase.

Successful handling of these tasks is based on the 
standards and guidelines for designing water supply sys-
tems in buildings [1–3]. Unfortunately, such documents 
contain data and equations that clearly differ from the 
current state of the art. As a result, it often happens that 
designed sanitary installations can be considerably over-
sized [4–7].

Such problems have been identified by many research-
ers. Franieczek and Jedlikowski [4] analysed and com-
pared various methods of calculating water flow rate in 
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preschool facilities. In a further paper, the authors [5] ana-
lysed the water consumption in these buildings, examin-
ing the nature of water demand variability observed over 
the last few decades in urban households. Englart and 
Jedlikowski [6] compared the methods of gas demand 
calculation in a gas installation equipped with combi boil-
ers used for domestic hot-water preparation, while Englart 
and Dudkiewicz [7] compared various methods of water 
meters selection in water supply systems.

Apart from oversized installations, the main reason for 
the differences between the design water flow rate and 
the actual water flow rate is the increase in water savings 
in the buildings [5, 7–11]. In his paper, Nowakowski [8] 
paid particular attention to the obligation to measure the 
consumption of cold and hot water in buildings, which 
influenced water consumption indicators in residential 
and public buildings. Puszkarewicz [9] analysed water 
consumption in residential buildings according to present 
regulations. Hotloś et al. [10] discussed the variations in 
water demand for the city of Wrocław, observed over the 
period of 1990–2011. They observed a clear decrease in 
water consumption. Heidrich and Jędrzejkiewicz [11] ana-
lysed the water consumption in Polish cities in the years 
1995–2005. These authors also stated that water consump-
tion in Polish cities and towns follows a time-related pat-
tern with a visible downward trend.

Proper management of water demand is increasingly 
perceived by governments, agencies and public utility 
companies not only as a potential means of supporting 
the security of the future water supplies, but also as an 
important tool to limit the resulting environmental conse-
quences [12]. Reduced water consumption saves energy 
directly in the household or outside the household, at 
water abstraction, treatment and distribution points. 
For example, lower water consumption in a household 
is associated with a reduction in the energy required for 
water abstraction, processing in a wastewater treatment 
plant, pumping and heating in the home. In addition, it 
also significantly reduces the cost of wastewater treat-
ment at the treatment plant [13]. Willis et al. [14] stressed 
the need to ensure the sustainable urban water con-
sumption. The authors claim that households have great 
potential for water saving, especially in case of discretion-
ary end-uses such as showering. Moreover, the authors 
express the claim that equipping bathrooms with high-
resolution smart meters and data recorders and equip-
ping showers with alarm visual display monitors locked 
at 40 l resulted in significant savings in water consump-
tion. Beal et al. [15] demonstrated that that householders’ 
prediction of their water use is not correctly aligned with 
their actual water use. The authors presented the results 
of the measurements taking into account a group of fac-
tors which have a significant impact on the value of water 

consumption, including the age, income, percentage of 
water-efficient stock (e.g. low-flow faucets), family size, 
as well as the intentions and attitudes of the end-users 
regarding their behaviour during hygienic activities. Willis 
et al. [16] focused on the relationship between a range of 
socio-demographic variables, household stock efficiency 
variables and water end-use consumption levels. Similar 
issues were analysed by Makki et al. [17], who presented 
the determinants of shower water end-use consumption. 
They used an eight-way independent factorial ANOVA 
extended into a three-tier hierarchical linear multiple 
regression model to create a novel model for forecast-
ing the end-use of the shower. Jack et al. [18] presented 
an overview of the water supply and drainage systems 
for buildings. For this purpose, the authors analysed the 
results of numerical simulations conducted with the use of 
different prediction models. The authors presented three 
different examples of the design where the main emphasis 
is on providing sustainability.

Barberán et al. [19] analysed the possibilities of water 
saving in hotel buildings. The hotel in Zaragoza (Spain) 
was used for this purpose. This building was equipped 
with water-saving technologies to reduce the amount of 
water consumption. The authors analysed the impact of 
such modernization (retrofitting) on the consumption, 
and its financial and economic profitability. Moreover, 
they stated that a small investment can lead to a very sig-
nificant reduction in water consumption and the related 
costs (in particular energy costs). Horsburgh et al. [20] 
presented technologies which allow for achieving water 
savings in two high-traffic, public toilets. For this purpose, 
the authors installed high-efficient automatic faucets and 
flushing valves for the toilet. In addition, these facilities 
were also equipped with a user-counting system. This 
made it possible to identify equipment failures, average 
water consumption per person and variability in the use 
of fixtures compared to the manufacturer’s specification. 
Moreover, this measurement system can help institutions 
to measure and record trends and behaviours related to 
water use, identify leaks and malfunctions, and provide 
maintenance or upgrades of sanitary facilities. All these 
actions can ultimately contribute to the achievement of 
sustainable water use. Wong et al. [21] analysed the pos-
sibilities of recovering heat from showers in bathrooms 
equipped with instantaneous water heaters. A simple sin-
gle-pass counter-flow heat exchanger installed horizon-
tally under the shower drain was used for this purpose. 
The heat exchange took place between the cold water and 
the water in the sewer drain. As a result, the cold water 
was preheated.

As can be seen, the faucets and taps which are the last 
part of the water installation are the key element of water 
saving. In this way, users of the water supply system can 
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directly or indirectly reduce water consumption. The indi-
rect factors include: high water prices, water bills based on 
readings from individual (residential) water meters (also 
known as sub-meters) for domestic drinking water supply, 
rational use of water. On the other hand, the direct factors 
are as follows: the replacement of traditional faucets and 
taps with modern technology or innovative products with 
a high level of water saving, replacement of baths with 
showers, the installation of toilet bowls equipped with 
tanks with smaller capacities, the sale of more economical 
household appliances such as washing machines and dish-
washers [5, 22]. Each of these examples is directly related 
to the type of water connection. The only exceptions are 
modern household appliances and toilet bowls, the opera-
tion of which results in some water savings. However, it is 
worth noting that the vast majority of all sanitary facilities 
are equipped with faucets and taps. Depending on the 
type of these elements, some significant differences in the 
amount of water consumption are possible.

For this reason, several important issues are worth con-
sidering. What impact will modern mixing valves have on 
total water consumption? Is there a classification of mixing 
valves based on different water consumption levels? How 
much can water consumption be reduced in this way? In 
order to answer these questions, it is necessary to con-
duct a detailed analysis of the solutions available on the 
sanitary-ware market.

2  Methodology

The building regulations (BRs) applicable in England and 
Wales, Part G, require that the daily potable water con-
sumption per person in a new dwelling does not exceed 
125 l [23–25]. This condition results in the guidelines pre-
sented in the Code for Sustainable Homes (CSH) [27], in 
which different levels of water efficiency have been speci-
fied. They form the part of the environmental performance 
criteria that are taken into account in sustainable design 
[26, 27]. Based on the guidelines [23, 27, 28], the required 
levels of daily water consumption per person can be deter-
mined (Table 1).

In order to achieve a relatively high level indicated in 
Table 1, it is required to significantly reduce water con-
sumption in households. Appropriate allocation of water 
consumption to a given level depends on the characteris-
tics of water consumption of the installed faucets (micro-
components). There are a lot of types of mixing valves 
available on the market. Each of them is characterized by 
its shape, structure, construction and flow rate depending 
on the water pressure. In addition, there are many acces-
sories available to control the volume of water flow such 
as aerators, flow limiters (eco-buttons), flow regulators and 

pressure regulators [22, 29]. Based on literature studies, 
regulations and standards [22, 30–37], a general classifi-
cation of faucets (mixing valves) used in sanitary facilities 
has been proposed: mechanical, double handle (the water 
flow rate is controlled by two handle knobs), of cold and 
hot water; mechanical, single handle (the water flow rate 
is controlled by a single handle), which allows setting the 
temperature of mixed water; thermostatic (allowing the 
outflow of water at a preset temperature); automatic shut-
off (equipped with push button allowing the set volume 
of water to flow out); electronic or touchless (water flow 
rate is controlled by bringing hands closer to the spout).

Reducing water pressure can be one of the methods of 
limiting the water flow rate. In a multi-storey building, the 
water pressure directly before the spout can differ con-
siderably. The reason for this is the need to ensure appro-
priate pressure conditions at the furthest water draw-off 
points. According to the applicable Polish standard PN-
92/B-01706 [3], the minimum water pressure should be 
higher than 0.1 MPa. In multi-storey buildings, pressure 
values in the range of 0.3–0.4 MPa [22] and even higher 
can be observed at some points in the cold- and hot-water 
installation. It may, therefore, result in an increased water 
flow rate in other draw-off points. There are many litera-
ture studies presenting the characteristics of mixing valves 
operation determined as the variability of water flow rate 
in the function of pressure [38]. Moreover, some studies 
present a different classification of water flow rate dur-
ing the operation of these appliances [39, 40]. Reducing 
the pipe diameter can be another way of reducing the 
water flow rate [29]. The effect of all these measures is the 
introduction of indexes of water efficiency rating [39–44]. 
Over the past few years, a lot of attention has been paid to 
water-saving issues. Fidar et al. [13] attempted to evaluate 
the performance of conventional and electronic mixing 
valves. The authors claim that faucets with a lower water 
flow rate can reduce water consumption per person. For 
this purpose, they carried out a number of measurements 
of water flow rate in toilets in higher education build-
ings. The obtained results allowed them to determine the 
trends in cold- and hot-water consumption, as well as to 
estimate the energy required for water heating. Meireles 

Table 1  Water consumption levels

Performance target Maximum consump-
tion of potable water

– Litres/person/day

Level 0 (BR part G) 125
Levels 1 and 2 (CHS) 120
Levels 3 and 4 (CHS) 105
Levels 5 and 6 (CHS) 80
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et al. [45] carried out a study on water savings for washba-
sin mixers equipped with different aerators. The authors 
also analysed how the preferences of users influence the 
level of water consumption savings and whether the appli-
cation of water-saving faucets is fully utilized. Fidar et al. 
[24, 25] evaluated the economic potential of using differ-
ent micro-components (baths, taps, showers, WCs, wash-
ing machines, dishwashers). They also proposed a meth-
odology for assessing the cost-effectiveness of a given 
solution. According to Kalbusch and Ghisi [46], replacing 
ordinary taps with water-saving ones in order to reduce 
water consumption is a regular practice in existing build-
ings. Replacing conventional faucets with water-saving 
solutions can reduce water consumption by 26.2% and 
energy consumption by 13.6%.

Despite many studies on water saving, a number of dis-
crepancies in the classification of faucets were found. The 
authors of this paper have therefore decided to develop 
a more general classification, which will be used to ana-
lyse the impact of faucets on energy demand and water 
consumption in buildings. For this purpose, the data pre-
sented in papers [24, 39, 41, 47] and information provided 
by various producers of faucets were used. The proposed 
classification of mixing valves based on different levels of 
water consumption is shown in Table 2.

In Table 2, the classification into three main levels and 
one non-class level has been made. In addition, it has been 
assumed that the maximum water flow rate can occur for 
pressure-independent mixing valves or for taps operating 
at 3 bar.

3  Results and discussion

The principles discussed in the previous papers [23, 28] 
and [48] can be used to estimate the water consumption 
in a residential building. On this basis, it is also possible to 
estimate the water savings, resulting from the use of taps 
with coefficients of efficiency in accordance with Table 2. 
The results of water consumption calculations for different 
faucets and taps are presented in Tables 3 and 4.

In the calculations, the following basic sanitary appli-
ances designed for a typical household were used: a wash-
basin mixer (tap) for basic sanitary activities, a shower for 
bathing and a sink mixer (sink tap) used in the preparation 
of meals. The analyses focused on the above-mentioned 
groups of sanitary appliances because they are character-
ized by significant differences in the level of water con-
sumption. In other household sanitary appliances such 
as toilet bowls, washing machines and dishwashers, the 
water flow rate depends mainly on their water capacity 
and technical and economic solutions.

As can be seen, depending on the assumed level of 
water efficiency rating, correspondingly lower values of 
water flow rate were observed. The analysed models are 
characterized by the identical tap water flow rates for dif-
ferent use factors per day.

The comparison of water consumption of these two 
models shows slight discrepancies. Model 2 calculation 
procedure results in higher average water consumption. 
Analysing the data of both models (Tables 3, 4) obtained 
for level 0, it is possible to have the impression that model 
2 (129 l/person/day) shows very high level of accuracy with 
the guidelines for daily water consumption (125 l/person/
day) (Table 1). However, it is worth noting that these data 
also take into account toilets that are flushed several times 
a day. Assuming a toilet water use ratio of 6–7 times per 
day and an average water flow rate per flush of ~ 3.4 l (for 1 
large flush 6 l and for 6 small flushes 3 l), a water consump-
tion of about 24 l/person/day can be obtained. Taking into 
account the flushing water used for the toilet in relation to 
the total water consumption, it is possible to obtain for the 
model 1 → ~ 126 l/person/day and for the model 2 → 154 l/
person/day. Therefore, the model 1 will have a much better 
accuracy for level 0. The highest levels of water efficiency 
rating for both models are close to (slightly lower than) 
the 80 l/person/day from maximum water consumption 
guidelines (model 1 → ~ 46 + 24  l/person/day, model 
2 → 48 + 24 l/person/day). The values obtained from the 
models for the different levels are sufficiently compatible 
with the actual water consumption in buildings. On the 
basis of reports of water consumption for 252 households, 
Beal et al. [15] found that the consumption for taps was 
22.7–30.6 l/person/day and for showers 29.6–52.4 l/per-
son/day. Willis et al. [14] reported that in 151 households 
50% used less than 40 l/person/day of water for shower-
ing, 37% of households used between 41 and 80 l/person/
day, 13% consumed on average more than 80 l/person/
day in the shower. These studies did not specify the water 
efficiency rating for installation type.

The use of these models can be helpful in the design 
stage of new buildings. Estimation of water consumption 
at the preliminary design phase allows to apply the appro-
priate water-saving solutions (e.g. selection of faucets with 

Table 2  Water efficiency rating

Water efficiency rating Fitting/appliance

Taps Shower

Level l/min l/min

0 > 8 > 12
1 > 6 but not ≥ 8 > 9 but not ≥ 12
2 > 4 but not ≥ 6 > 6 but not ≥ 9
3 ≤ 4 ≤ 6
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high water efficiency rating). It should be emphasized that 
during the application of both models special attention 
should be given not only to the results of the calculations 
but also to the total water consumption in the household.

Based on the results obtained from two different water 
consumption models (Tables 3, 4) and (Fig. 1a, b), it can be 
concluded that the assumption of specific efficiency levels 
1–3 for individual faucets allows for significant savings in 
water consumption in households.

As can be seen in Fig. 1, depending on selection of the 
model, different percentages of water savings have been 
achieved. The differences are in the range of 5–8%. This 
was caused by different results obtained from the models 
(Tables 3, 4) of the total water consumption. Furthermore, 
it should be noted that in the above considerations 100% 
of the value refers to the total water consumption for level 
0, which is the model 1 → ~ 102 l/person/day and for the 
model 2 → 129 l/person/day, respectively. This gives the 
incorrect assumption that the model 2 has the highest 
level of savings despite the use of the same mixing valves. 
A quantifiable assessment of the effect of using faucets 
with a higher water efficiency rating should be carried 
out in conjunction with an in-depth analysis of previously 
developed data (Tables 3, 4).

A lot of manufacturers of sanitary appliances inform 
the customers about the efficiency of faucets providing 

incomplete data concerning the water flow. In practice, 
the value of water consumption reduction rates for which 
a percentage savings are determined is never completely 
clear. Sometimes, this percentage is determined on the 
basis of assumed value of the reduced water flow rate from 
a single tap with reference also to the assumed maximum 
value.

In conclusion, it should be noted that these two models 
are characterized by a clearly visible reduction in water 
flow rate in relation to level 0. Depending on the faucets 
and taps used, it is therefore possible to achieve water sav-
ings of more than 50%.

The next step of the analysis is to determine the energy 
demand on the basis of the data from the developed mod-
els (for water heating and pumping purposes, i.e. supply 
to customers).

The energy consumption (in kWh) of the showers, inter-
nal taps and baths is calculated using Eq. (1) [26]:

where E energy requirement, kWh, m mass of the water 
used, kg, cw specific heat capacity of water, 4190 J/(kg K), 
ΔT  change in water temperature, K, � the efficiency of the 

(1)E =
m ⋅ cw ⋅ ΔT

3.6 ⋅ 106 ⋅ �

Table 3  Water consumption of different faucets and taps determined by the water efficiency calculator used for new dwellings—model 1 
[23]

Installation type Capacity/flow rate Use factor Fixed use Water consumption
– Litres/min – Litres/person/day Litres/person/day

Level 0
 Taps (excluding kitchen/utility room taps) 12 1.58 1.58 20.54
 Shower (where bath also present) 15 4.37 0.00 65.55
 Kitchen/utility room sink taps 12 0.44 10.36 15.64

Total water consumption 101.73
Level 1
 Taps (excluding kitchen/utility room taps) 8 1.58 1.58 14.22
 Shower (where bath also present) 12 4.37 0.00 52.44
 Kitchen/utility room sink taps 8 0.44 10.36 13.88

Total water consumption 80.54
Level 2
 Taps (excluding kitchen/utility room taps) 6 1.58 1.58 11.06
 Shower (where bath also present) 9 4.37 0.00 39.33
 Kitchen/utility room sink taps 6 0.44 10.36 13.00

Total water consumption 63.39
Level 3
 Taps (excluding kitchen/utility room taps) 4 1.58 1.58 7.90
 Shower (where bath also present) 6 4.37 0.00 26.22
 Kitchen/utility room sink taps 4 0.44 10.36 12.12

Total water consumption 46.24
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heating system, dimensionless, the constant is a conver-
sion factor from Joules to kWh.

For taps and faucets, it has been assumed that the ratio 
of domestic hot water to cold water is 1:1, i.e. its con-
sumption will constitute 50% of cold water and 50% of 
hot water, respectively. The other components of equa-
tion were taken as follows: ΔT = 50K (domestic hot-water 
preparation from 10 to 60 °C) and average efficiency of the 
heating system � = 0.7 according to [49]. Then, the energy 
requirements of the pumps should be analysed.

The following equation is used for this purpose:

where m mass of the pumped water, kg, g acceleration due 
to gravity, m/s2, H head (the hydraulic energy of water in 
metres), m, � time of pump operation per day, h, �p the 
efficiency of the pumping system, dimensionless.

The following assumptions are made in Eq. (2):

• hydraulic energy of water in metres equal to H = 1m,

(2)Ep =
m ⋅ g ⋅ H

103�p
⋅ �

Table 4  Water consumption of different faucets determined on the basis of the benchmarks for estimating residential end-uses of water—
model 2 [48]

Installation type Capacity/flow rate Likely range of 
average values

Unit Water consumption

Minimum Maximum Average

– Litres/min – – Litres/person/day Litres/person/day Litres/person/day

Level 0
 Bathroom faucet 

use
12 0.5–3.0 Minutes/person/

day
6 36 21

 Kitchen faucet use 12 0.5–5.0 Minutes/person/
day

6 60 33

 Showering fre-
quency

15 0.0–1.0 Showers/person/
day

75 225 75

Duration of average shower 5–15 Minutes
Total water consumption 87 321 129

Level 1
 Bathroom faucet 

use
8 0.5–3.0 Minutes/person/

day
4 24 14

 Kitchen faucet use 8 0.5–5.0 Minutes/person/
day

4 40 22

 Showering fre-
quency

12 0.0–1.0 Showers/person/
day

60 180 60

 Duration of average shower 5–15 Minutes
Total water consumption 68 244 96

Level 2
 Bathroom faucet 

use
6 0.5–3.0 Minutes/person/

day
3 18 10.5

 Kitchen faucet use 6 0.5–5.0 Minutes/person/
day

3 30 16.5

 Showering fre-
quency

9 0.0–1.0 Showers/person/
day

45 135 45

 Duration of average shower 5–15 Minutes
Total water consumption 51 183 72

Level 3
 Bathroom faucet 

use
4 0.5–3.0 Minutes/person/

day
2 12 7

 Kitchen faucet use 4 0.5–5.0 Minutes/person/
day

2 20 11

 Showering fre-
quency

6 0.0–1.0 Showers/person/
day

30 90 30

 Duration of average shower 5–15 Minutes
Total water consumption 34 122 48
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• efficiency of the pumping system �p = 0.8 [50],
• time of pump operation per day � = 20 h.

Properly selected pumping system should operate 
within the range of high efficiency. Pumps in multi-family 
buildings operate at different performances depending 
mainly on the pressure and required water flow rate. For 
this reason, the average efficiency of the pumping system 
available in the literature 

(

�p = 0.8
)

 has been used to cal-
culate the energy demand [50].

Both Eqs. (1) and (2) were supplemented with the data 
from the two models (Tables 3, 4). The results of energy 
consumption per person are shown in the charts (Fig. 2a, 
b).

As can be seen (Fig. 2), the use of high-level taps and 
faucets results in significant energy savings both for 
domestic hot-water preparation (Fig. 2a) and pumping 
water to consumers (Fig. 2b). Particular attention should 
also be paid to the fact that the energy consumption 

of both models is almost the same in the case of level 3 
of water efficiency rating. This is mainly due to the fact 
that in this case, these two models have similar water 
demand data: model 1 (46.24 l∕(person day)) and model 2 
(48 l∕(person day)).

The highest energy demand for hot-water preparation 
and water pumping is at level 0. The reason for this is the 
highest water flow rate for the two analysed models. In 
addition, there are also significant differences in the results 
of the models due to different values of total water con-
sumption. This confirms that similar results are achieved 
as the level of water efficiency rating increases. The energy 
demand for hot-water preparation obtained from the ana-
lysed models is comparable to the demand reported by 
Fidar et al. [26].

In summary, it is worth noting that the issue of sav-
ing water in households facilitates the implementation 
of modern technologies introduced by manufacturers of 
sanitary appliances and faucets. The problem is that there 
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Fig. 1  Comparison of different levels of water efficiency rating of water consumption determined on the basis of: a results of model 1 
(Table 3) and b average values of model 2 (Table 4)
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is currently no unification of technologies reducing water 
consumption and assigning to them precise indicators 
or efficiency rating classes. The technical solutions men-
tioned in this paper are mainly based on the reduction in 
the water flow rate directly before the draw-off point. It is 
worth noting that the authors of this paper only consider 
single-handle faucets. As a continuation of the research, 
it would be useful to make similar analyses based on the 
application of modern solutions for households and pub-
lic sanitary fittings in commercial, service and industrial 
buildings. A good example may be the application of ther-
mostatic mixer faucets for showers. The replacement of 
traditional shower heads with modern overhead showers 
characterized by different modes of economic operation 
can also bring measurable profits. Similarly, automatic flow 
regulators that react to changes in water pressure reduce 
the water flow rates to approximately 4 l/min. The same 
procedure should be used when analysing the equipment 
of washbasins with special mixers with electronic control 
that reacts to the appearance of hands. It is worth noting 
that time, non-contact (electronic) and thermostatic sys-
tems can be used in all types of faucets. All the above-men-
tioned solutions can be implemented without restrictions 
in newly designed buildings or during the modernization 
of existing buildings. In addition, consideration should be 
given to using leak detection devices which have a water 
shut-off function and also notify the user of any leakage. 
It is very important because such failures, in addition to 
generating damage, also cause the irretrievable loss of 
significant amounts of water. Moreover, water consump-
tion monitoring devices should be equipped with motion 
sensors, which in cooperation with electromagnetic valves 
control the flow rate of water, eliminating leaks and leak-
ages. Attempts to implement such solutions should ideally 
be made at the design or early construction stage. This will 
allow for the proper installation of monitoring equipment 
in the piping system.

The above proposals for the study of water use are 
important in view of the constantly diminishing water 
resources and for this reason should be in focus of further 
research.

4  Conclusions

Currently, there are many solutions available to signifi-
cantly reduce the demand for water and energy in resi-
dential buildings, which is not always reflected in the 
applicable regulations and design requirements. As a 
result, considerably lower total water consumption has 
contributed to the introduction of new classifications 
for the assessment of the energy efficiency of the equip-
ment used. It is worth noting that currently there is no 

harmonized classification of levels of water efficiency 
rating for taps and faucets used in sanitary installations. 
Moreover, the application of normative water flow rate 
designing sanitary systems in buildings will result in the 
selection of sanitary appliances with significantly higher 
performance and electricity demand. The use of modern 
technologies to reduce the water consumption house-
hold must take into account the different number of effi-
ciency levels reported by the manufacturers and the cor-
responding reduced water flow rates. Regardless of the 
model of water efficiency rating used to calculate the total 
water consumption, a significant reduction in the energy 
demand is possible.
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