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Abstract

The article presents an economic analysis of water leaks from the water suply system on the
example of a single-family house, taking into account methods aimed at preventing uncontrolled
water losses, including also water consumption reducing methods. The analysis was conducted
for selected variants in the economic aspect. The research included measurements of water
consumption on the main water meter and specially prepared containers for measuring water
leaks. Simple leaks that are not easily visible can generate over 1700 PLN additional costs per year
for the household budget. The results of the analyses carried out make it possible to assess which
variant of the analysis is the most favourable in economic terms, making it possible to reduce
water consumption by up to 60% of the standard consumption. The payback time for the analyzed
variants varies from 5 to about 310 days.

Keywords: water, sewage, water saving, water leakage, LEED, BREEAM, solenoid valve, water pressure
reducer, water batteries, water fittings, economy, ecology

ANALIZA KOSZTOW WYCIEKOW Z INSTALACJI WODOCIAGOWE)
WRAZ Z METODAMI OGRANICZENIA ZUZYCIA WODY

Abstrakt

W artykule przedstawiono analize ekonomiczng wyciekéw wody z sieci wodociagowej na przy-
kladzie domu jednorodzinnego, z uwzglednieniem metod majacych na celu zapobieganie niekon-
trolowanym stratom wody, w tym réwniez metod ograniczajacych zuzycie wody. Analize prze-
prowadzono dla wybranych wariantéw w aspekcie ekonomicznym. Badania obejmowaly pomiary
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zuzycia wody na wodomierzu gléwnym oraz specjalnie przygotowane pojemniki do pomiaru wy-
ciekéw wody. Proste wycieki, ktdre nie sa tatwo widoczne, moga narazi¢ budzet domowy na do-
datkowe koszty w wysokosci ponad 1700 zt rocznie. Wyniki przeprowadzonych analiz pozwalaja
oceni¢, ktéry wariant jest najkorzystniejszy pod wzgledem ekonomicznym, umozliwiajac zmniej-
szenie zuzycia wody nawet o 60% zuzycia standardowego. Czas zwrotu naktadéw dla analizowa-
nych wariantéw waha sie od 5 do okofo 310 dni.

Stowa kluczowe: woda, $cieki, oszczedno$¢ wody, wyciek wody, LEED, BREEAM, elektrozawor, reduk-
tor ci$nienia wody, baterie wodne, armatura wodna, ekonomia, ekologia

1. Introduction

Water is a valuable resource. According to a report [1,2] of the World Health
Organization (WHO) and UNICEEF, 1 in 3 people (i.e. 2.1 billion people) have no
access to drinking water at home, and 6 in 10 (i.e. 4.4 billion people) are deprived
of appropriate sanitary conditions.

Scarcity as well as the high processing and distribution costs are constantly
increasing the water and sewage bills. In developed countries, the average water
consumption per capita has increased almost 10-fold in the last 100 years and
more than 2-fold in the last 30 years[3].

In public utility buildings, the average water consumption is around 50%
higher than that measured in residential buildings, approx. 200 litres per day and
per person. In special buildings such as a hospital, water consumption can exceed
500 liters per day and per person [3].

A user who is not directly charged for water tends to behave differently than
when at home. Breakdowns or leaks are less frequently reported and repaired in
public utility buildings than in residential houses, although leakage problems are
ignored here as well. Support in optimizing the amount of water flow is the use of
in design process LEED or BREEAM certification [4, 5].

The aim of this article is to present the problem and the scale of water leakage
from the system and to present the associated costs. In the first part of the article, the
amount of water leaking from the water supply system in a single-family building
was measured. This part also identifies potential sources of water leaks. The second
part focuses on methods of preventing water leakage and ways to reduce water
consumption, starting from the simplest to the more complex solutions. In the
third and last part of the article, an economic analysis of the proposed solutions
was carried out, along with the determination of the time of the expected return
on investment.
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2, Materials and methods

2.1. Analysis of water consumption (leakage) in a single-family building

The average rate for a cubic meter of cold water in Poland is 4.40 PLN [6]. Closely
related to the consumption of water are costs of sewage disposal. In Poland, the
average cost of sewage disposal is 6.60 PLN per cubic meter, which gives a total
cost of 11 PLN per cubic meter of water.

The analysed single-family house is used as a weekend house. It is not used from
Monday to Friday. The water supply was not shut off for leak analysis (1 toilet and
1 leaking tap). Water consumption results were measured over the next five weeks
on Sunday afternoons and Saturday mornings. The measurement results based on
the water meter readings (water consumption) are presented in Fig. 1. On the basis
of the obtained measurements, the average result was 2.15 m?/5 days, which is
0.43 m*/day when converted into a 24-hour period. The results summarized on
Fig. 1 are reduced by the amount of water leaking from the wash basin faucet.

B Water consumption as indicated by the water meter
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Fig. 1 Summary of the amount of water leaking from the toilet according to the water
meter indications on a weekly basis

Source: own study

The volume of water leaking from the tap was measured using a graduated
vessel. The results are presented in the Table 1.
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Table 1. An overview of the amount of water leaking from the washbasin faucet

Amount of water leaking from the washbasin faucet [dm’]

Measurement 1 5.1
Measurement 2 6.05
Measurement 3 6
Measurement 4 7
Measurement 5 8.1

Source: own study

Another potential source of water leakage in the domestic system may be the
safety valve at the hot water tank. The safety valve is an element that secures the
tank when the water temperature increases, and volume of water. The expansion
vessel compensates for these changes occurring in the domestic hot water tank at
the time when water is being heated. In domestic hot water systems, the expansion
vessel at the hot water tank is often omitted [7]. The correct diagram of the water
tank connection is presented on Fig. 2.

- water supply installation

- cut-off valve

- check valve

- expansion vessel - water installation
- safety valve for water installation
- drain to the sewage system

- water tank

- domestic hot water installation

- installation of water circulation
10 - return from the coil pipe

11 - coil pipe supply
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Fig. 2. Connection diagram of the hot water tank on the water connection side with
a safety valve and an expansion vessel

Source: own study

As a result of heating, water increases in volume with rising temperature. As the
hot water system is a closed one, the increase in water volume arising from thermal
expansion leads to an increase in pressure in the system [7]. If we assume that in
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the first phase, with rising pressure, the tank is not deformable, then the increase in
pressure occurring the tank can be calculated from the formula (1) and (2):
VvV —
Ap=—>_—"= Vs (1)
sV
V,=Vi+Vi-B-AT 2)

where:
V, - initial water volume [m’]

V, - water volume after heating [m’]
B - thermal expansion coeflicient of water [K™]
& - water compressibility coefficient [m?*/N]

AT - temperature difference between initial and heated water [K]

The amount of leakage depends on the temperature of water in the tank. In the
case of a natural gas heat source, this temperature fluctuates around 60°C, while
in the case of a solid fuel such as coal, this temperature can even reach 80°C in the
case of excess heat.

In many cases, it is the lack of an expansion vessel, its installation in the wrong
place or failure to adjust its parameters after installation in the system that causes
the “dripping” effect of the safety valve.

Fig. 3. Water leakage through the hot water tank safety valve
(system without expansion vessel)

Source: own study
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The permissible tolerance for the safety valves is + 10% and -20%. This means
that the valve with a set pressure of 6 bar will open fully at 6.6 bar and will close
at the latest when the system pressure has dropped to 4.8 bar. Therefore, to ensure
proper operation of the system, the maximum pressure in this installation must
be at least 20% lower than the set pressure of the safety valve, which is intended to
to prevent the open valve from not closing completely and causing water leakage
from the installation through the safety valve.

For 5 consecutive weekends, when the water in the tank was heated, the volume
of water leaking from the safety valve was controlled with the help of a prepared
water tank. The results are presented Table. 2.

Table 2. An overview of the amount of water leaking through the safety valve

Amount of water leaking through the safety valve [dm?]
Measurement 1 4.5
Measurement 2 4
Measurement 3 4.05
Measurement 4 5.5
Measurement 5 6

Source: own study

During two days of water heating, an average of 4.8 dm® of water leaked through
the safety valve for 2 days, which comes up to 2.4 dm?/day.

On average, 2.15 cubic meters of water per week are wasted by leaks in the
building under analysis. In annual terms, this is a loss of 157 m?*/year, which leads
to approximately 1728 PLN of additional annual costs in water and sewage bills.
Leakage problems in residential and public buildings are ignored and often unno-
ticed - an invisible stream of water in the toilet or an occasional drop from a tap.
The most common cause of toilet leakage is scale build-up (Fig. 4 and Fig. 5), and
in the case of the faucet, a worn rubber seal (Fig. 6 and Fig. 7).

One of the indirect consequences of leaks is the drop of water pressure in the
system. In order to maintain the correct pressure, on a larger scale, pumps need
to be run to raise the pressure to the correct level, but this involves additional
electricity consumption to drive the pressure-raising pumps [8, 9].
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Fig. 4. Water tank with the mechanism covered with limescale

Source: own study
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Fig. 5. Toilet drain valve covered with limescale. 1 - a layer of limescale, 2 - leaks

Source: own study
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Fig. 6. Damaged rubber seal on a wash basin faucet, causing water leaks

Source: own study

Fig. 7. Water leakage from the sink faucet due to damaged rubber seal

Source: own study
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2.2, Methods of preventing water leaks along with with solutions limiting
water consumption

There are many ways of reducing water consumption and preventing leakage
[10-15], and water consumption figures were recorded between June and August
of that year. In Study 1 (n = 264, from the simplest one, i.e., constant maintenance
of existing water facilities, through education, to more complex active systems.

One of the simplest methods is regular maintenance, which includes replacing
a damaged drain valve, or by using simple chemical products (for example, acetic
acid or citric acid, which are readily available and sufficient for home conditions),
where the reaction produces neutral salt, water and carbon dioxide. Examples of
chemical reactions are marked as (3) and (4).

2CH,COOH +CaCO, —(CH,C00), Ca+H,0+C0, 1 (3)

2C,H,0, +3CaCO, — Ca,(C,H,0,) +3H,0+3C0, T (4)

The BREEAM or LEED certification system [4, 16-21] is a process that
contributes to reducing water consumption (in buildings with a greater number of
water receivers, but not only). One of the criteria for assessing these systems is to
reduce water consumption thanks to the use of water-saving fixtures and household
appliances of the appropriate class. In modern construction engineering, such
solutions have already become a standard option in many buildings. An additional
element that allows limiting the water outflow is the use of a leak detection system.
In most cases they are implemented as an appropriate algorithm in the building
management system (BMS) and are activated when the water flow through the
meter exceeds the programmed maximum level at the given time. Importantly —
they are programmed in accordance with the water consumption criteria set by
the owner or user of the building. Smaller devices intended to prevent excessive
water consumption are flood detectors or solenoid valves in the toilet inlets. An
illustrative solution is presented on Fig. 8.

The first active system intended to minimise water leaks is the use of a solenoid
valve (Fig. 9). This solution is not complicated. A system fitted with a solenoid valve
works on the basis of a lighting control system, based on motion sensors. As soon
as a person enters, the sensor can switch on the lighting and simultaneously open
the shut-off valves for hot and cold water supply to all water users in the bathroom.
After people leave the room and a set time delay lapses, the water supply to the
sanitary facility is automatically cut off, which eliminates the potential negative
effects of dripping taps and “suspended” toilet flushing tanks.

The use of solenoid valves in buildings with multiple sanitary facilities,
assuming their equipping with only a sink, shower and toilet, creates hundreds of
hazardous locations that could potentially lead to significant amounts of wasted
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Fig. 8. Sanitary connection diagram with solenoid valve
Source: [22]

Fig. 9. Danfoss EV 220B and 250B water saving solenoid valves
Source: [23]

water and effluent. Examples of the use of such valves are hotel rooms or sanitary
facilities in office buildings. In hotel rooms, the system works by cutting off the
electricity after the person leaves and takes the key - a magnetic card from the
reader. After a power failure, the valve closes and cuts off the water supply to the
sanitary facility. In office buildings, the system works on the same principle, but
with the use of a motion sensor.

Another way to reduce water consumption is to use special fixtures [3]
(Fig. 10 and Fig. 11) that limit the outflow of water. The flow rate for a washbasin
is 3 dm’ / min and for showers it is 6 dm? / min. The split-flow function and auto-
matic shut-off reduce water consumption and operating errors. Time of water flow
to the wash basins is limited to 7 seconds. For the toilet, there is a double button
that allows flushing in two modes of 3 or 6 liters, and a 3-second flush of urinals.
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Fig. 10. Electronic basin faucet DELABIE Fig. 11. Shower faucet — with a limited
Source: [24] water flow time
Source: [25]

In order to reduce water consumption in washbasin taps, an automatic shut-off
system for the water flow can be usage after removing your hands from the faucet
detection area (active pulse infrared). Water is not wasted if the drain is not closed
due to negligence or bad habits. The water flowing time out of the washbasin faucet
is reduced to a minimum, i.e., hand washing and rinsing without soaping time.
The basin taps have a flow rate of 3 dm’/min. Water savings can be up to 90% as
compared to traditional washbasin faucets (Table 3).

Table 3. Comparison of the water flow from a traditional wash basin faucet

with a DELABIE faucet
. . . Water
Outflow | Soaking | Soaping | Rinsing R —T-
Traditional bathroom faucets 9 dm? 5 20's 7 4.8 dm?/32 s
and fixtures
DELABIE bathroom faucets 3 dm? 5 i 7 0.6 dm?/12s
and fixtures

Source: [3]

In the case of shower fittings, the flow can be stopped by the user at any time.
If the user does not do this, the flow automatically stops after 60 seconds, which
also reduces water consumption. Electronic shower panels have a flow rate of
6 dm*/min. Water savings in the case of showers reach up to 80% as compared to
traditional showers (Table 4).
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Table 4. Comparison of the water flow from a traditional shower faucet system
with a DELABIE electronic shower faucet

Water

Outflow | Soaking | Soaping | Rinsing .

Traditional shower faucet
system

DELABIE shower faucet
system

15 dm’ 60 s 120s 60 s 60 dm*/4 min

6 dm? 60 s - 60 s 12 dm?®/2 min

Source: 3]

Another water fitting (Fig. 13) in which we can reduce water consumption are
urinals. One way of reducing water consumption is to reduce the size of the bowl,
which can contribte to even a 6-fold reduction in water consumption. With the
use of appropriate valves, the time of water flow can be shortened to 3 seconds
(standard time is 7 seconds), which leads to about 60% water savings as compared
to the base state. Reducing water consumption is also possible through the
adaptive mode (Fig. 12), which detects periods of intense use and adapts its flush.
The principle of this valve is that during intensive use (for example, during a break
at school), the amount of water is limited to rinsing the urinal. After the lapse of
this intensive period of use, the urinal bowl is additionally rinsed, cleaned and the
water in the siphon is renewed, which prevents the release of unpleasant odors.

30

25

o /
- /
/

10

5 N

Water consumption [dm3]

0 T T T T T T 1
0 20 22 23 25 30 35 40

Amount of users during 15 minutes
= Standard product ———DELABIE

Fig. 12. Comparison of water usage of a standard manufacturer’s urinal valve
and a DELABIE valve

Source: [3]
In the case of a toilet (Fig. 14), the way to limit leakage and reduce water

consumption is to connect the water supply directly (without a tank). This solution
is based on pressure prevailing in the system. Flushing is always possible (there is
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no waiting time to fill the tank, which is especially useful in busy places such as
schools during breaks). Flushing the toilet directly means that the water does not
stagnate, so there are no conditions for limescale build-up and leakage, as is the
case with water tanks.

Fig. 13. Urinal drain valve DELABIE Fig. 14. WC direct flush valve DELABIE
Source: [26] Source: [27]

An alternative method of saving water is to use a water pressure reducer [28].
The use of a reducer and lowering the pressure in the system contribute to water
savings, i.e., it prevents excessive water flows. The lower the pressure, the less water
will appear at the tapping point. Reduction of water outflow, and at the same time
savings are calculated according to the formula (5):

p
Vk=Vp- |-+ (5)
b,

where:

Vk- final flow [m?]

Vp- initial flow [m’]

p, - initial pressure [bar]
p, - final pressure[bar]

For example, reducing the water pressure from 6 to 3 bar allows reducing the
water leakage and water usage in the installation by 29%.
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2.3. Application areas for devices to prevent water leakage
and to reduce water consumption

Solenoid valves in combination with a motion sensor that shuts off the water supply
to the sanitary facility are widely used in public buildings such as schools - during
breaks, water consumption increases when toilets are being used. For example,
the valves are an additional protection against leaks and malicious behavior of
students who turn on the water.

Valves are used in a similar way in hotels and retirement homes. In the case of
hotels, these valves, similarly as in the case of schools, protect against malicious
behavior of people accommodated there who endeavour to extort compensation,
for example, for a flooded bathroom.

In the case of retirement homes, it is a form of protection against actions of the
elderly, who, due to their diseases or infirmity, often tend to forget to turn off the
water.

In public buildings such as offices, stations, airports, shopping centers or gas
stations, solenoid valves are also intended to protect against water leaks and ensure
water savings by cutting off the flow when people using sanitary facilities forget to
turn off the water or do it in a malicious way.

In old buildings and existing ones, solenoid valves are also used. They cut off
the water when the user is not at home, protecting from potential flooding (for
example, against the breakage of a water hose connected to the toilet) and the
consequences of theoretical flooding (payment of compensation).

Fittings limiting water consumption are also used in all the above-mentioned
facilities, shortening water consumption time and minimising its usage. The set
time of outflow from the fittings reduces the number of users who contribute to
unbalanced water consumption.

3. Results and discussion

3.1. Economic analysis of individual solutions to reduce leakage
and water consumption

For the purposes of the economic analysis, a period of one year of operation of
a given solution was assumed (Table 5) for devices intended to prevent leakage and
reduce water consumption. The analysis was based on the collected data (Fig. 1,
Table 1, Table 2). Discounts provided by producers were not taken into account.
On the approximate costs of a given device have been presented.
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Table 5. List of solutions preventing water leakage and limiting its consumption together
with unit prices in [PLN]

Solution Cost [PLN]
Drain valve for WC 30 [29]
Chemical products 26 [30]
Water pressure reducer 310 [31]
Solenoid valve Danfoss EV 220B DN25 767 [32]
Expansion vessel (for water installation) 117 [33]
Electronic basin faucet and set for DELABIE direct rinsing WC | 1274.03 + 848.19 [24,27]

Source: own study

Assuming the average cost of water consumption amounting to 11 PLN/m’
(payment for water and sewage) and the average amount of water leaking from
the toilet water tank, amounting to 0.43 m’/day, the return on investment was
calculated based on formula (6):

T= (6)

1
v

|~

where:

T - payback time [days]

P - financial expenditure [PLN]

K - payment for water and sewage [PLN/m’]
V - unit consumption of water [m?/day]

As regards water leaks through the safety valve, when there is no expansion
vessel installed, the water outflow depends on the setting of domestic hot water
temperature (thermal expansion of water). In the analyzed case it was 60°C. The
average amount of water leaking through the safety valve is 2.4 dm?*/day. Based on
the formula (5), the payback time of the expansion vessel will be approximately
12 years.

The use of a water pressure reducer and lowering the pressure in the installation
from 6 to 3 bar saves water up to 29% of the baseline. Taking into account only
the leakage from the toilet itself, the pressure reducer payback time will be
approximately 225 days. If the installation for the entire facility is included, the
refund will be achieved earlier.

The use of the Danfoss EV 220B DN25 solenoid valve for the bathroom
node in the analyzed case (leakage from the toilet and washbasin amounting to
0.435 m3/day) will reduce the uncontrolled water outflow to a minimum level.
Water will flow out only when you use the bathroom. The valve payback time
amounts 161 days.
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The use of DELABIE fittings helps save water to a greater extent than it prevents
uncontrolled leakage. Therefore, the analysis for DELABIE’s fittings was carried
out in comparison to standard faucets and flush kits for one sanitary facility
(bathroom), similar to the solenoid valve presented in the analysis.

Taking into account only the water leakage from the toilet and washbasin
(0.435 m?®/h), the cost of DELABIE faucets and valves for one bathroom would be
recovered after 449 days. It should also be mentioned that the return may turn out
to be faster owing to a lower water consumption as compared to standard batteries.

Let us assume a 4-person family with a daily water consumption of 140 dm’/
(day*person), which gives us approximately 204 m’® of water per year. If 45% of
this water flows from the sink and toilet and the remaining part of the flowing
water is the bathtub or shower, this is not included in this analysis. On this basis,
we can establish that approximately 92 m’ of water flows out through the toilet and
washbasin. DELABIE as a manufacturer of a washbasin faucet provides 3-fold less
outflow than for a traditional faucet. For a direct flush as compared to a toilet with
a water tank, the outflow of water is also ca. 3 times smaller. By using water-saving
faucets and fittings, we are able to reduce water consumption by ca. 60 m*/year for
the entire 4-person family. This leads to approximately 660 PLN/year lower bills
for water and sewage. Taking these data into account, the investment payback time
is 310 days instead of 449 days.

The results of individual solutions are presented on Table 6.

Table 6. Overview of leakage prevention solutions and payback times for the investment

Solution Payback time [days]
Drain Valve for WC 7
Chemical products 6
Water pressure reducer 225
Solenoid valve 161
Electronic basin faucet and set for direct rinsing WC 310
Source: own study
4. Conclusions

The article presents the results of an analysis of water leakages in a single-
family building. Water leaks from the toilet, washbasin and the safety valve at
the domestic hot water tank. The analysis allows making an estimation of the
expected costs of uncontrolled water leaks, which can generate significant losses
to the household budget. As a result of such simple leaks that remain invisible, over
1700 PLN additional costs per year can be generated for the household budget.
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The use of the analyzed solutions contributes to minimising water consumption
and also reduces operating costs of the installation in the building.

These results refer to the scale of one bathroom in a single family house. For
facilities with multiple sanitary facilities such as hospitals, offices, hotels - water
leaks can cause very high additional costs for water and sewage (larger water
installation scale).

The analysis established that the most cost-effective methods of preventing
leaks, which are the quickest to achieve and also the simplest, is to respond quickly
by replacing faulty equipment or using appropriate chemicals. Bathroom fixtures
will become covered by limescale if water is hard. Such fixtures require regular
maintenance as it is a recurring problem. The replacement of devices and assuring
a quick response means that the cost of such a procedure pays off after a few
days. An important aspect is raising the awareness and responding to the leakage
problem. Fast response minimizes unnecessary costs in the household budget.

In the further part of analysis, the issue of the expansion vessel was omitted due
to the fact that the payback time was long (117 days) and the amounts of leaked
water were insignificant (max 6 dm’ per 2 days). The issue of valves for urinals and
showers was also not analyzed due to the lack of comparative data.

In the case of the other variants, the Danfoss solenoid valve coupled with
a motion detector is most cost-effective. Installation of such a valve in the sanitary
facility in the event of a water leak allows achieving a return after 161 days. This
valve can also be widely used in other types of buildings, such as schools, hotels,
guesthouses, offices, retirement homes, railway stations, shopping malls or gas
stations; in combination with a motion detector, they significantly reduce water
consumption and help prevent various forms of vandalism that could lead to waste
of water due to its irresponsible discharge. This system also assures protection of
existing buildings against unexpected water leakage from the water supply hose to
the gas boiler or toilet.

Another example of an analysis aimed at reducing water consumption and
reducing water leakage is the use of a pressure reducer on the water connection
and reducing this pressure. Depending on the starting pressure and that after
reduction, it is possible to reduce the water flow by approximately 29% when
reducing the pressure from 6 bar to 3 bar. In such a case it should be borne in
mind that excessive pressure reduction may cause the system to malfunction. The
consequence of an excessive reduction in water pressure may be a lack of water
flow from the most distant water draw point (insufficient pressure). The return on
such investment in the event of a leak from the toilet and washbasin takes 225 days
for the analyzed case.

For DELABIE’s faucet, the return period for a washbasin faucet and a direct flush
toilet valve, including leakage prevention only, is 449 days. However, considering
the fact that these devices mainly contribute to saving water by reducing the runoff,
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reaching up to a 60% reduction in water consumption, the payback time is reduced
to 310 days. In the following years, the user is able to save up to 60% of the bills
forwater and sewage.

Similarly as Danfoss solenoid valves, DELABIE’s fixtures are widely used,
especially in public buildings, where the time of water outflow is significantly
reduced, and that reduces water consumption and also prevents acts of ecological
vandalism. It is worth noting, however, that the analysis does not take into account
discounts from producers and, moreover, the scale of leaks in a given facility may
vary, from those imperceptible drops of water to a visible stream of water in the toilet.

The final choice of a method intended to prevent leaks and save water depends
on the user (sanitary design) who is guided mainly by economic aspects and the
comfort of use. The lowest costs generate good habits, frequent maintenance and
fast response to emerging system failures.
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