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system and the amount of carbon dioxide
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Abstract. The article analyzes the annual operating costs for several hot
water preparation systems and their impact on the environment; also
estimating the emission of pollutants, mainly carbon dioxide CO2, which
enters the atmosphere as a result of the use of heating installations. The
article also investigated the impact of installing a DWHR heat exchanger on
a sewage system, draining graywater from the shower on the annual
operating costs incurred by users of hot water supply installations. For each
heat source an alternative variant was adopted, in which the installation was
additionally equipped with a heat exchanger. The amount of annual savings
resulting from the installation of a vertical DWHR heat exchanger was
determined, depending on the heat source for the hot water preparation
system and the duration of the shower bath per one inhabitant. For the same
dependencies, the level of reduction of carbon dioxide emissions into the
atmosphere was also determined, as a positive effect of using the installation
with a heat exchanger.

1 Introduction

The constantly growing energy needs of the world with the decreasing deposits of non-
renewable raw materials [1, 2], and the progressive pollution of the natural environment
affecting adverse climate change [3, 4] have drawn attention to further development
directions mainly in the energy sector in line with the idea of sustainable development. The
concept of sustainable development does not only refer to the rational management of non-
renewable energy resources, or to the protection of Earth's natural resources, but it is also
appropriate water and sewage management and the proper operation of infrastructure systems
[5-10]. The use of these systems, above all the heating installations, is related to the emission
of harmful chemical compounds into the environment. Energy production based on the
combustion of fossil fuels is associated with the formation of by-products such as carbon
dioxide, nitrogen and sulfur oxides [11] as well as solid fuels and ashes [12]. The European
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Union (EU) Joint Research Center (JRC) has developed a report on global CO, emissions,
which shows that up to 90% of carbon dioxide released into the atmosphere from the world
originates from the combustion of fossil fuels [13]. The way to reduce the consumption of
conventional energy as well as limit the negative impact of the use of installation systems on
the environment is even just the use of highly effective heating systems or installations that
save water, such as graywater recycling [14, 15], but above all installations using renewable
energy sources [16, 17].

Another way in which to reduce the consumption of conventional energy as well as limit
the negative impact of the use of heating systems on the natural environment may be the use
of installations for heat recovery from graywater [18]. The efficiency of heat recovery
systems, as well as the profitability of their use is the subject of many scientific publications
due to the enormous potential of using wastewater as a source of energy [19-21]. It is
estimated that even 3,5 kWh of energy per person per day can be recovered from waste
sources [22]; and the use of waste energy recovery systems from graywater is justified in all
residential buildings, both newly built and existing [23].

The purpose of the article is to determine the effect of a vertical installation of the DWHR
spiral heat exchanger on the amount of operating costs of the single-family building supply
system for hot water, depending on the source of heat, as well as the number of residents and
the shower duration. The purpose of the article is to also analyze the emission of carbon
dioxide into the atmosphere for various hot water preparation systems and to determine the
impact of the heat recovery system from graywater on the amount of carbon dioxide produced
and released into the external environment.

2 Installation variants

For the analysis were adopted six different heating devices working for the needs of the
single-family building supply system for hot utility water constituting the "A" variants. In
addition, an alternative variant "B" was also adopted for each of them, in which the
installation is also equipped with a DWHR heat exchanger. The list of variants accepted for
the calculation is as follows:

- Variant 1A: installation with a capacitive electric heater,

- Variant 1B: installation with a capacitive electric heater and DWHR heat exchanger
- Variant 2A: installation with a gas boiler,

- Variant 2B: installation with a gas boiler and DWHR heat exchanger,

- Variant 3A: installation with a biomass boiler,

- Variant 3B: installation with a biomass boiler and DWHR heat exchanger,

- Variant 4A: installation with a heating oil boiler,

- Variant 4B: installation with a heating oil boiler and DWHR heat exchanger,

- Variant 5A: installation with a coal boiler,

- Variant 5B: installation with a coal boiler and DWHR heat exchanger,

- Variant 6A: installation with an air-to-water heat pump,

- Variant 6B: installation with an air-to-water heat pump and DWHR heat exchanger.

The installation uses a vertical "pipe in pipe" type heat exchanger - WTW Doutche from

Itho Daalderop [24] with a length of 2015 mm and a diameter of 63 mm. The device is
constructed of two pipes - the inner one of a smaller diameter and the outer one of a larger
diameter. The essence of the exchanger's operation is that the hot water, used in the shower,
drains gravitationally to the sewerage system with the internal conduit, and the pressurized
cold water flows in the space between the two lines. The flowing water is heated by taking
in heat from the outgoing graywater. Pre-heated hot water is then directed partly to the hot
water tank and partly to the mixing valve of the shower mixer.



E3S Web of Conferences 45, 00052 (2018)
INFRAEKO 2018

https://doi.org/10.1051/e3sconf/20184500052

3 Calculation methodology

The calculation of the seasonal hot water demand for the accepted installation variants, which
was the basis for estimating the annual operating costs, was made in accordance with the
methodology included in the Ministry of Infrastructure and Development regulation, dated
27 February 2015, on the methodology for determining the energy performance of a building,
or part of building, and energy performance certificates [25]. The calculations were carried
out using the ArCaDiA-TERMO 6.6 computer program. Calculation of the amount of energy
that can be saved by mounting a vertical heat exchanger on the graywater discharge from the
shower, was carried out according to the model contained in publication [26]. The baseline
data for calculations are summarized in Table 1.

Table 1. Data used for calculation.

Parameter

Parameter value

The number of occupants

2,3,4,5 persons

Hot water temperature

55°C

Cold water temperature

8°C

Daily hot water consumption for cooking

2,5 L/person/day

Daily hot water consumption for cleaning

4 L/person/day

Daily hot water consumption for washing the dishes

7 L/person/day

Daily hot water consumption in washbasins

6 L/person/day

Shower lenght, Ls

4, 7, 10 min/person/day

The temperature of the mixed water flowing out of the showehead 39°C
Mixed water flow from the showerhead 9L/min
Efficiency of DWHR heat exchanger 57,6 %

Coefficient of hot water loss in the cabin and pipes leading to the 0.95

DWHR device, x

The variants of the installation were characterized to determine the efficiency of the hot
water preparation system for each of them. The total average annual efficiency of the
installation consists of: the efficiency of heat generation in the heat source, the efficiency of
heat accumulation in capacitive elements, the efficiency of heat transfer to dredging points
and the efficiency of heat utilization [25]. The total, average annual systems efficiencies
accepted for the calculation are summarized in Table 2.

Table 2. Summary of the efficiency of systems which supply hot water.

Variant 1 2 3 4 5 6
1,77

Efficiency of system 0,77 0,65 0,58 0,60 0,49

Based on local price lists of media suppliers and fuel vendors, the unit prices of energy
carriers were adopted, which made it possible to estimate the operating costs for each variant.
The accepted prices are shown in Table 3.

The emission of pollutants into the atmosphere was estimated based on the indicators
included in the ArCaDiA-TERMO program 6.6 - the module "Ecological effect".
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Table 3. Unit prices of energy carriers.
Variant 1 2 3 4 5 6
Type of energy Electric Natural Gas Wood Heating Oil Coal Electric
carrier Energy Energy
Unit price 0,136 0,595 50,00 596,05 214,29 0,136
[eur/c.u.] eur/kWh eur/m? eur/m? eur/m’ eur/kg eur/kWh

4 Calculation results and analysis

The calculated annual operating costs for all considered installation variants are presented in
Table 4. Analyzing the "A" installation variants, the highest operating costs are observed in
the case of heating water using an electric heater. They range from 304 eur/yr to 1358 eur/yr,
depending on the number of users of the installation and the duration of the bath.

Table 4. Annual operating costs of accepted installation variants [eur/yr].

- Number of occupants
£t 2 3 4 5
g E Shower lenght [min/person/day]
=

4 7 10 4 7 10 4 7 10 4 7 10
1A | 304 | 425 | 547 | 452 | 635 | 817 | 601 | 844 | 1088 | 750 | 1054 | 1358
1B | 219 | 306 | 393 | 325 | 456 | 586 | 431 | 605 | 779 | 538 | 755 972
2A | 162 | 226 | 289 | 240 | 335 | 431 | 317 | 445 | 572 | 395 | 554 713
2B | 125 | 173 | 221 | 184 | 256 | 329 | 243 | 339 | 436 | 302 | 423 544
3A | 75 [ 102 | 130 | 109 | 150 | 192 | 143 | 198 | 254 | 177 | 246 316
3B | 60 | 82 | 104 ]| 87 | 119 | 152 | 113 | 157 | 201 | 140 | 195 249
4A | 165 | 230 | 295 | 245 | 342 | 439 | 324 | 454 | 584 | 403 | 566 728
4B | 130 | 180 | 231 | 192 | 267 | 343 | 253 | 354 | 455 | 315 | 441 567
5A | 102 | 141 | 180 | 150 | 209 | 267 | 198 | 276 | 354 | 246 | 343 441
5B | 85 | 117 | 149 | 124 | 172 | 220 | 163 | 227 | 291 | 202 | 282 362
6A | 136 | 188 | 241 | 200 | 279 | 359 | 265 | 370 | 476 | 329 | 461 594
6B | 51 69 | 87 | 73 | 100 | 127 | 95 | 131 | 168 | 117 | 163 208

The most economical in terms of finances is heating the water with a biomass boiler. For
this variant, operating costs range from 75 eur/yr to 315 eur/yr. The difference between the
values obtained in variants 1A and 3A is therefore very large. In the case of variants "B"
(with a DWHR heat exchanger), the highest operating costs were also obtained for the heat
source - an electric heater, however, these values are lower by approximately 30% and
amount to 219 - 972 eur/yr.

The annual savings resulting from the installation for hot water preparation in the DWHR
exchanger per capita and depending on the duration of the bath are shown in Figure 1. The
highest annual savings compared to the standard variant "A" were obtained when the heat
source is an electric heater and air-to-water heat pump, which can result from the relatively
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high price of the energy carrier which in this case is electricity. The lowest value of annual
savings per capita was obtained in the variant where the source of heat is a biomass boiler.
The savings are greater, the longer the bathing time is, and thus hot water consumption is
higher. When installing a DWHR heat exchanger at the outflow of used water from a shower
to a sewage system, you can save an average of about 32 eur per person per year.

Savings
[eur/person/yr]
90 A

Shower lenght [min/person/day]
w4 7 m10

70 A
60 60
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50 -
40 A
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34
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19
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Fig. 1. Annual savings resulting from the installation of the DWHR exchanger per capita, depending
on the duration of the bath [eur].
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The emission quantities of fossil fuel combustion products such as S0,, NOx, CO, CO,
and dust, which were emitted into the atmosphere as a result of the use of hot water
preparation installations for all variants, were also calculated. In the light of the legal acts
concerning energy policy in the European Union [27], the reduction of carbon dioxide
emissions is the most desirable as it increases the greenhouse effect, thus contributing to
global warming [28], which is why the paper presents the results of calculations for this gas.
Table 5 presents the calculated annual CO, emission for each of the adopted installation
variants. Depending on the input data, the production of carbon dioxide by the adopted hot
water supply systems varies from 265 kg to 8124 kg per year. By far the lowest value of CO,
emission into the atmosphere was obtained in option 6B, where the heat source was an air-
to-water heat pump and the installation was additionally equipped with a vertical heat
exchanger. It is worth noting that taking into consideration only the standard variants "A",
the least amount of carbon dioxide released into the atmosphere is through the installation in
which the heat demand for water heating is covered by the oil boiler (variant 4A), not a device
classified as renewable energy sources - heat pump. This may be due to the fact that the heat
pump for transferring the "free" energy from the bottom source requires a certain amount of
electricity, whose production is characterized by relatively high CO, emission rates. As
a result of using the heating system, on average, per inhabitant, from 238 to 1630 kg CO; for
variants "A" and from 132 to 1155 for variants "B" is emitted into the atmosphere during the
year and depending on the source of heat.
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Table 5. The amount of annual carbon dioxide emissions for individual installation variants [kg].

Number of occupants

2 3 4 5

variant

Shower lenght [min/person/day]

Installation

4 7 10 4 7 10 4 7 10 4 7 10

1A | 1818 | 2545 | 3273 | 2707 | 3799 | 4890 | 3596 | 5052 | 6507 | 4486 | 6305 | 8124

1B | 1271 | 1791 | 2311 | 1906 | 2686 | 3466 | 2542 | 3582 | 4622 | 3177 | 4477 | 5777

2A 552 762 | 972 809 | 1123 | 1438 | 1065 | 1485 | 1905 | 1322 | 1846 | 2371

2B 429 588 748 624 863 | 1102 | 819 | 1138 | 1457 | 1014 | 1412 | 1811

3A 855 | 1189 | 1523 | 1263 | 1764 | 2265 | 1671 | 2339 | 3007 | 2079 | 2914 | 3748

3B 680 | 943 | 1204 | 1000 | 1393 | 1787 | 1321 | 1845 | 2369 | 1641 | 2296 | 2951

4A 499 | 688 876 729 | 1012 | 1294 | 959 | 1336 | 1712 | 1190 | 1660 | 2131

4B 397 | 543 690 | 576 | 795 | 1015 | 755 | 1048 | 1340 | 934 | 1300 | 1666

5A 932 | 1297 | 1662 | 1378 | 1925 | 2473 | 1824 | 2554 | 3284 | 2270 | 3183 | 4096

5B 769 | 1068 | 1366 | 1134 | 1582 | 2030 | 1499 | 2097 | 2694 | 1864 | 2611 | 3358

6A 773 | 1089 | 1405 | 1159 | 1633 | 2107 | 1545 | 2177 | 2810 | 1932 | 2722 | 3512

6B 265 373 482 397 560 722 530 747 963 662 933 | 1204

Reduction of CO, emissions [kg/yr]
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Fig. 2. Reduction of carbon dioxide emissions into the atmosphere [kg/yr].



E3S Web of Conferences 45, 00052 (2018) https://doi.org/10.1051/e3sconf/20184500052
INFRAEKO 2018

The reduction of CO, gas emissions during the year, resulting from the use of the
installation for heat recovery from graywater is shown in Figure 2. As shown in the results
from the calculations, this installation allows reducing the amount of dioxide released into
the atmosphere by about 102 kg of CO, with two inhabitants, a 4 minute shower duration and
the energy carrier in the form of heating oil, up to 2347 kg of CO, with 5 users, with a 10
minute duration for bathing in the shower and the energy carrier in the form of electricity.
The most positive impact on the external environment understood as obtaining the highest
reduction of carbon dioxide emissions through the installation of a heat recovery system from
graywater is observed in variants 1 and 6, where the heat sources are respectively, electric
heater and air-to-water heat pump, producing thermal energy using electric energy.

5 Conclusions

The annual operating costs of the domestic hot water preparation system depend on several
parameters: system efficiency, the type of energy carrier, its calorific value and price, but
first of all on the number of users of the installation and the volume of daily demand for hot
water. Depending on the installation variant, between 51 eur and 1358 eur has to be spent
annually for the preparation of domestic hot water. The range of values is very large, but it
also results from the different number of inhabitants adopted for calculations and a different
duration of bathing. On average, for each user installation , the annual cost of using the hot
water supply system for variants "A" ranges from 36 eur to 272 eur and for variants "B" from
24 eur to 195 eur. The system of heat recovery from graywater allows for annual savings of
20-30%. Calculated for each user of the installation, the annual operating costs of the hot
water preparation system in the configuration with a vertical heat exchanger are lower by 32
eur.

The use of an installation equipped with a heat recovery system from wastewater not only
positively affects operating costs, but it lowers expenses for the purposes of preparing hot
usable water. The biggest advantage of this system, is however, the positive impact on the
external environment. Reduced energy consumption from fossil fuels, reduces the emission
of harmful compounds into the atmosphere, resulting in an improvement of the external
environment. The article also calculates the annual emission of carbon dioxide into the
atmosphere both for the standard variants "A" as well as the variants equipped additionally
with the heat recovery system from wastewater "B". A comparison of these values allowed
a determination of the possibility of reducing carbon dioxide emissions into the environment
as a result of the installation of a DWHR exchanger. During the year, on average per capita,
this value was from 51 to 112 kg of CO», depending on the heat source variant.

The economic factor is the criterion most often taken into account when determining the
selection of a particular heating system by an individual investor, including the costs incurred
for the construction of installations, less often the operating costs, yet bearing in mind the
current economic situation in the world and the progressive pollution of the natural
environment, above all, ecological considerations should be kept in mind.
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