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Abstract. Grey water heat recovery (GWHR) is one of the significant
opportunities for energy savings in student dormitories and seeks to meet
the EU environmental strategy. This article performs the results of
temperature and flow rate measurements carried out for domestic hot water
consumption for two student dormitories in Wroclaw. An energy analysis
was carried out for the measurement data with and without circulation
system to assess the energy savings from grey water. Results ensure that
GWHR system allows to save 53% of the energy in these buildings.

1 Introduction

More than 504 student dormitories serve for over than 136,905 students in Poland.
Theoretically, it gives 5476200 litres of DHW per day and the same amount of wastewater
is discharged directly into the sewerage system, which results in large energy losses.
GWHR leads to energy savings from the used DHW in student dormitories. Many
technologies are available, e.g. using only a heat exchanger [1] or only a heat pump [2] or
hybrid energy systems of heat exchanger [1], solar applications and heat pumps for
residential buildings and district heating [3—5]. Currently advanced heat pump technology
technologies can be used in different energy sectors [6].

However, GWHR using a heat pump brings the best results and facilities where there is
a sufficiently large flow rates of this sewage. In the case of a small flow rates of GW, it is
advisable to use only the exchanger itself. Cost effectiveness analysis of each energy
system should be determined individually for each case of building. In buildings with
significant amounts of DHW, energy is lost in warm GW discharged into the sewage
system. The cost of heat irretrievably lost along with sewage discharged to the sewer can go
up to tens or even hundreds of thousands of zlotys. In order to estimate these energy
savings from sewage discharged water, the temperature and the DHW consumption should
be determined from in the building, to assume the appropriate heat recovery system [4].

European Parliament Directive 2018/844 of the EU Council of 30 May 2018 [7]
amending Directive 2010/31/EU concerned with the energy performance of buildings
(EPBD) and Directive 2012/27/EU on energy efficiency (EED) of 19 June 2018 emphasises
the development of long-term strategies based on national action plans for the
decarbonisation of construction resources and the widespread use of intelligent
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technologies and automation in buildings. These actions will achieve the objectives of the
climate package.

In Poland, the share of unconventional energy in total energy consumption is growing
year on year, but coal is still the main source of energy for district heating systems and
DHW. From this point of view, GW should not only be seen as a problem but as an
opportunity to recover significant amounts of waste heat energy, which can be effectively
recovered and used to heat domestic water and heat indoor spaces. In summer it can be used
as a cold source of energy for air conditioning [8].

Energy recuperated from GW can be utilized in the same buildings from which this
medium is removed. The use of a GW heat recovery system is, therefore, one of the steps to
implement the provisions of the above directive and makes it possible to significantly
reduce dependence on the availability of fossil fuels and on weather conditions. The use of
appropriate technology (heat exchangers and heat pumps) in student dormitories together
with a building automation system will enable the transition to a more sustainable energy
supply, thus supporting the strategy for heating and cooling as well as DHW preparation.
Weaknesses and strengths of GW heat recovery system in student dormitory are discussed
in the SWOT analysis on Fig. 1.

Heat recovery in students dormitory

S W O T

Strengths

* possibility of using
grey water as a heat
source for DHW
* high GW flow rates
* possibility of using
technical solutions
adapted to local
conditions (heat
pump, heat
exchanger)

Fig. 1. SWOT analysis of exploiting GWHR systems.
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2 Analysis of the measurements carried out with and without
circulation system

2.1 Scale of DHW consumption

The share of DHW consumption in relation to the total cold water consumption is 30-45%
in general [9]. According to Polish standards total water consumption for student
dormitories per day is 100 1/person, which gives about 40 1/day of DHW per student [10].

The results of measurements in the student’s dormitories in Poland shows that water
consumption per day during the year amounted 45 l/person on average [11]. In other
countries the value of DHW consumption per student in a student dormitory is between
30 and 50 1/day [12].

DHW consumption and the number of people in the building influence the amount of
GW discharged. Application of GWHR in student residences brings both economic and
environmental benefits. These savings will be greater for buildings with large DHW
consumption.

2.2 Performance of the measurements carried out

The dormitories where the measurements carried out in two buildings T-15 (476 people)
and T-16 (600 people) located at Wittiga Street in Wroclaw.

The buildings have ten residential floors each. In total there are 120 residential modules
with bathrooms. There is no circulation installation in the T-16 building, which may
influence the DHW consumption. In addition, the measured temperature after the DHW
heat exchanger is too low. The specification of measured parameters in these buildings are
presented in Table 1. This measurements were taken with the use of three non-invasive
devices, with high measurement accuracy (+ 1.0% ), as follow:

1. Portable ultrasonic flow meter FLUXUS F601 provided by Flexim,(DN 10 to DN 400,

-30 to +130°C)

2. Portable ultrasonic flow meter Portaflow C provided by Fuji, (DN 13 to DN 400,

-40 to +100°C)

3. Wireless temperature measurement platform provided by Wisensys, (-50 to +150°C)

Table 1. Measured parameters for buildings T-15 and T-16.

Parameter T15 T16 Unit
Average daily hot water consumption per person 61 7 Vper-day
Maximum flow rate 5.5 5.53 m’/h
Average DHW temperature in the heat source 50.5 50.2 °C

Measurements of DHW consumption in buildings T-15 and T-16 were carried out from
04.2013 to 07.2013 according to the actual diagram (Fig. 2). In order to check the average
DHW consumption, public holidays and days off are excluded from the measurement data
in order to assume with the greatest probability that the number of people in the building is
equal to the theoretical number of people accommodated. Thus, the measurements were
presented for selected period which corresponds to data from the literature, which shows
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that cleaning works before the summer break start in June. Therefore, the largest amount
of domestic hot water is used during this time [13].

Figure 3 shows the unit daily DHW consumption per person for selected days. Figures
4 and 5 show the distribution of instantaneous flows for both buildings under analysis,
while Figure 6 shows the DHW temperature on the outlet of the DHW heat exchanger.
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Fig. 2. Scheme of DHW system in buildings T-15 and T-16.
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Fig. 3. The measurement carried out DHW consumption

The diagrams show that DHW consumption per person in both analysed buildings is
higher than polish standard guidelines. The reason may be that the DHW temperature after
the DHW heat exchanger (Fig. 4 and Fig. 5) is about 10°C lower than the temperature
required according to the regulation [14]. The measured temperature at the point of use is
about 45°C, which entails an insignificant consumption of cold water during bathing. In
addition, the DHW consumption in the T-16 building was almost twice as the normative
value of DHW consumption. This is due to the lack of circulation system during the
measurement period. Moreover, in the T-16 building there was no circulation system in
operation during the measurement period. Higher DHW consumption in both buildings
allows for greater energy savings after application GWHR.
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Fig. 4. The measurement carried out DHW flow rate and DHW temperature in T-15 building.
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Fig. 5. The measurement carried out DHW flow rate and DHW temperature in T-16 building.

4 Energy-saving analysis

Based on the measurement carried out, the DHW consumption per day for the analysed
buildings T-15 and T-16 is 27.6-52.8 m®. During the analysis period, it gives up to 2059 m?
of GW discharged directly to the sewage system. From the point of view of the energy
required to prepare DHW, this is a large waste of heat energy.

The use of a GWHR system using a heat pump in existing students dormitories will
save heat energy. Savings resulting from the use of the proposed technology were defined
as the difference between the heat consumption to prepare DHW without heat recovery (Q;)
and the heat with the heat recovery system (Q>). T is the temperature of DHW on the outlet
of the DHW heat exchanger, T, is the temperature of cold water and T3 is the temperature
of the preheated water. Based on the above data, the amount of energy recovered for each
building was calculated using the following formulae:

Or=m cp (T>-T) (D

Q:=m cp (T>T3) 2



E3S Web of Conferences 116, 00056 (2019) https://doi.org/10.1051/e3sconf/201911600056

ASEEI9
DHW
A\[1] PR
nllfh
(T3
— 2 Heat
Main heat heat m recovery
source exchanger T system
A & [1|ow

WW to sewage system

cold water inlet |T1 |

) [m]

preheated water |T3 |

-

Fig. 6. Propose heat recovery system in student dormitories.

As shown Figure 6 the average temperature of cold water (7;) equal to 10°C and the
temperature at the water inlet point (7) equal to 40—42°C. Therefore we can achieve the
temperature of GW (75) at the level of 28-35°C [12]. The results of the energy savings
analysis are presented in Table 2 and on Figure 7.

Table 2. Energy saving results from the GWHR in the analysed period.

Student dormitory DHW consumption Savings [GJ] Savings
[m3] min. value max. value [%]
T-15 1207 110.14 121.15 533
T-16 2059 164.28 205.93 53.3
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Fig. 7. The energy savings resulting in the analysed period.
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5 Conclusions

The analysis estimated the energy savings resulting from the use of GWHR system in
relation to the total energy needed to prepare DHW in student dormitories located in
Wroclaw. These savings depend on the amount of DHW consumption and on the number of
people. The DHW consumption in both of analysed buildings, was almost more twice as
the Polish standards. This is due to the lack of circulation system in T-16 building during
the measurement period. In addition the measured temperature at the point of use is about
45°C, which entails an insignificant consumption of cold water during bathing.

Energy savings resulting from the use of GWHR were defined as the difference between
the heat consumption to prepare DHW with and without heat recovery system. An energy
analysis was carried out for measurement data. Results of heat recovery from GW allows to
save from 110.14 to 121.15 GJ for the T-15 and from 164.28 to 205.93 for the building
T-16, which is about (53% of the energy needed to heat the domestic hot water) in the
analysed period. Obtained savings for two buildings in such a short time allow to conclude
that the use of GWHR, in this type of buildings, brings significant economic and
environmental benefits. The measurement period is too short to assess the annual energy
savings in these buildings, the measurements should be continued for real assessments of
year around energy savings in these buildings.

The use of GWHR seeks to meet the guidelines of Directive 2018/844 of the European
Parliament and of the (EU) Council of 30 May 2018 [7], which emphasizes reducing the
final energy consumption.
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