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ABSTRACT

Green energy transformation contributes to increase in renewables not only in electricity production but
also in district heating applications. One of the green energy heat source can be a high temperature heat
pump, using sewage waste heat as a lower heat source. As the device works as connected to the heating
network, its operation depends on several external factors. The crucial one is outside temperature,
determining sewage temperature and desired heating water temperature. Among other working
conditions cooperation with the others existing sources in the district/city should be enumerated.

The paper covers case study of potential sewage heat pump installation in the 75 000 citizens city in
Central Eastern Europe. Current energy policy forces green energy transformation in district heating
sector and sludge can be treated as interesting waste heat source, which can be used with the help of
heat pumps. Research covers analysis of the heat pump cooperation potential with the existing district
heating system, aimed at renewable heat sources share growth. The heat pump calculations were carried
out with the help of the mathematical model implemented in Aspen Hysys numerical software. Work
contributes to the green district heating development by assessment of waste heat pump cooperation
with the existing heat sources.
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1 INTRODUCTION

The European Union’s (EU) climate and energy package focuses on reducing greenhouse gas emissions,
increasing the use of renewable energy sources, and improving energy efficiency. The basic goals in
this area were first defined in the 2020 climate and energy package, and then extended to 2030.
Ultimately, they are intended to transform the EU economy into a climate-neutral one by 2050.
To achieve these goals, a legislative package called "Fit for 55" has been prepared, in which the
European Commission reviews EU instruments and establishes new initiatives to align EU policy with
climate targets set by the Council and the European Parliament.
In the field of systemic heating, legislative changes mainly concern the Emission Trading System
(ETS), and Energy Efficiency Directive (EED). Particularly important in this regard is the change in
the definition of an efficient heating system presented in the EED directive. According to the new
regulations, from 2028 onwards, no heating system will be considered efficient if part of the heat
supplied to customers is not generated from renewable sources and/or waste heat. The share of such
heat is to gradually increase, reaching 100% by 2050 (Lund et al., 2021).
These changes pose challenges for heat suppliers and their producers, who must take action to meet the
criteria for an efficient heating system. When considering available heat sources in centralized heating
systems, it is necessary to take into account the new legal regulations. Among the potential heat sources,
we can mention (Sorknees et al., 2020):

e Centralized photovoltaic (PV) installations,
Solar collectors, including those cooperating with heat storage systems,
Biogas plant systems,
Blocks powered by solid biomass,
Use of waste heat, including low-temperature waste heat using heat pumps,
Use of "green" gases.
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Currently, only some technologies have the technical potential to become significant heat sources for
centralized heating systems in medium and large cities.
Among them, we can enumerate solid biomass boilers, including cogeneration blocks, and large-scale
heat pumps (Levihn, 2017). Additionally, the use of treated wastewater as a low heat source for heat
pumps can bring many benefits, such as predictability and stability of the flow, high temperature of the
medium, and high energy density .
In many countries, i.e. in Scandinavia high temperature sewage heat pumps are commonly used for
district heating heat supply. The example studies of heat pumps potential in Denmark can be found at
(Johansen & Werner, 2022), (Ostergaard et al., 2022). Researches covering case-study of Stockholm
(Sweden) are presented in (Levihn, 2017).The aim of this study is to analyse the potential of such a
source implementation in polish conditions, as such a solution on this scale is not popular in the country,
following the road map for district heating development in Europe (Neves & Mathiesen, 2018).
Analysis cover selected aspects of sewage heat pump implementation and operation in conditions of a
medium-sized city (approximately 75,000 inhabitants) located in central Poland. The peak power
demand for the local district heating system is 110 MW, while the summer demand for hot water
preparation purposes is 10 MW. The total annual heat production for the system is approximately 1000
TJ. So far the company operates four coal boilers with a capacity of approximately 30 MW each and
one gas boiler with a capacity of 10 MW.
2 METHODS

2.1 Treated wastewater parameters analysis
From the perspective of utilizing low-temperature heat contained in treated wastewater, important
operational parameters of each wastewater treatment plant are (Hepbasli et al., 2014):

e Flow rate of treated wastewater;

e Temperature of treated wastewater;

e Variability of these parameters over time.
Based on measurement results, it is possible to analyse the above-mentioned parameters.
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Fig. 1. Treated water temperature over the Fig. 2. Treated water flow over the year.
year.

The presented data (Fig. 1-2) indicate that:
e The average hourly flow rate of wastewater passing through the pumping station is

approximately 750 m3/h;

e There is significant daily variability in wastewater flow, ranging from about 300 to even 1000
m’/h;

e The temperature of wastewater varies from 12-14°C in the winter to approximately 21-23°C in
the summer.

Based on the above operational data, the potential of waste heat flow available for utilization in the heat
pump system at the given location was determined. For the purpose of analysis, the minimum
wastewater temperature at the outlet of the heat pump was assumed to be 8°C. The potential heat
recovery flow rate over the course of the year is shown on a chronological chart (Fig. 3) and structured
chart (Fig. 4)
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Fig. 3. The flow of waste heat contained in Fig. 4. The flow of waste heat contained in
wastewater on the chronological order. wastewater on the ordered chart.

2.2  Balance Analysis of the HP System

In real-world conditions, heat pumps integrated into the district heating system operate under constantly
changing conditions, such as flow and temperature of wastewater, as well as flow and temperature of
network water. To assess the operational parameters of the heat pump installation under these
considered conditions, balance calculations were carried out for off-design conditions of the heat pump
system. Aspen Hysys software was used for this process. The modelled system was a two-stage heat
pump (S. Jiang et al., 2015) (Fig. 5), based on centrifugal compressors (J. Jiang et al., 2022) with
R1234ze(E) (Drofenik et al., 2022) as the working fluid.

The design point of the heat pump was selected based on the maximum assumed temperature difference
between the heated network water at the condenser outlet of the heat pump and the cooled wastewater
at the evaporator outlet of the heat pump. Such conditions occur during the winter period when the
wastewater temperature is lowest and the expected network water temperature, according to the
regulatory table, is highest (Dongellini et al., 2021). The calculations conducted aimed to determine the
basic operating parameters of the heat pumps under selected conditions defined by the outdoor air
temperature.
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Fig. 5. Heat pump unit scheme.

37" INTERNATIONAL CONFERENCE ON EFFICIENCY, COST, OPTIMIZATION, SIMULATION AND
ENVIRONMENTAL IMPACT OF ENERGY SYSTEMS, 30 JUNE - 4 JULY, 2024, RHODES, GREECE

2383 https://doi.org/10.52202/077185-0205



Paper ID: 476, Page 4

2.3 Balance Analysis of the District Heating System
The district heating system load by hours is shown in the Fig. 6. This demand should be covered by the
existing sources and heat pump.
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Fig. 6. Ordered chart of thermal power for the analysed city.
The developed algorithms for dividing the load among individual generating sources were based on the
following assumptions:
e For each variant, the sequence of operation of individual generating sources was determined
(from basic to peak sources).
e  When developing the load distribution algorithm for each generating source, its minimum
power was taken into account.
In the computational process for each generating source, a parameter defining the capacity factor was
used. The capacity factor is the ratio of the actual power output to the nominal power of the unit.
Capacity factors for each source are calculated hourly throughout the analysed period, i.e., one year.
Subsequent energy sources from base to peak are activated to meet the current heat demand of the
system. For each hour, the load of individual sources,the thermal and electrical efficiency as well as
fuel consumption characteristic of this load are determined. Regarding the modelled heat pump
system, the change in system power at different times of the year was taken into account.
3 RESULTS

In this chapter, an energy balance of the heat pump system dedicated to the considered location was
conducted. For analysis selected, discretised cooperating conditions of district heating system were
selected. For the calculations, the following assumptions were made:
e Average flow rate of wastewater according to measurement data: 755 m3/h;
o  Wastewater temperature after cooling under design conditions: 7°C;
e Heat pump power under design conditions: 7 MW.
As a result of the performed calculations for each operating point, the following parameters were
determined:
e Thermal power of the heat pump installation;
Electrical power required to supply the heat pump system;
Flow rate of network water passing through the pump;
Thermal power extracted from the lower heat source (treated wastewater);
Wastewater temperature after cooling;
e Coefficient of Performance (COP) determining the system's efficiency.
The results of the calculations at each balancing point are summarized in the Tab. 1 below.
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Table. 1. Operational parameters of the possible heat pump installation built at the outflow
from the wastewater treatment plant for the analysed city - calculation results.
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5 8 68 35 17.45 11.05 7.89 5.62 205.32 2.26 0 3.48
6 15 67 35 19.95 13.12 8.34 6.00 223.81 2.34 0 3.56

The selected results of the computational analyses of the subject system are presented graphically in
the following charts.
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Fig. 7. The thermal and electrical power of Fig. 8. The coefficient of performance (COP)
the heat pump system as a function of of the heat pump system as a function of
ambient temperature - calculation results. ambient temperature - calculation results.

The obtained calculation results allow the following conclusions to be drawn:

e The analysed heat pump system exhibits variable thermal power potential throughout the year,
ranging from 7 MW in winter conditions to approximately 8.4 MW in summer conditions.

e The coefficient of performance (COP) of the heat pump varies for each balancing point, ranging
from about 2.7 for winter conditions to around 3.5 for summer conditions, which remains in
agreement with literature data for such a class of devices (Friedel, 2019).

e The electrical power requirement to drive the heat pump system varies depending on current
conditions, ranging from 2.25 MW to approximately 2.67 MW.

e In case of the desire to ensure the operation of the heat pump system in accordance with the
regulatory table for ambient temperatures below -8.5°C, external heating of network water
should be applied. In extreme cases, such as at an ambient temperature of -20°C and the heat
pumps operating at full capacity, the power of such an additional heat source would need to be
approximately 4 MW.

Based on the determined operational characteristics of the heat pump system under the considered
conditions, an energy balance calculation of the district heating system was conducted to determine the
possibility of integrating the new heat source in the form of heat pumps with existing sources utilizing
fossil fuels. In the deliberations, it was assumed that the heat pump source would operate at the base
load of the system. Additionally, it was assumed that due to limitations regarding the maximum
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temperature of heat produced in the heat pump system, which is 95°C, the source would not operate
during the lowest external temperatures, i.e., below -8.5°C (Schlosser et al., 2020). The obtained results
of the district heating system operation after the introduction of the heat pump source are presented in
the charts below (Fig. 9-10).
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Fig. 9. Ordered chart of heat production in the Fig. 10. Distribution of heat production
considered district heating system after the among sources.
introduction of the heat pump source.

4 OUTCOMES

The obtained results lead to the following conclusions:

e There is a significant potential for waste heat contained in treated wastewater flowing from
sewage treatment plants, which should be utilized in modern district heating systems. This
potential varies throughout the year. For the analysed city with a population of approximately
75,000 inhabitants, this potential ranges from about 4 MW in winter to up to 12 MW in
summer.

e Consequently, there is also a significant potential for the production of useful heat using heat
pumps. This potential also varies throughout the year. For the analysed city, these changes
range from about 3 MW in winter to about 15 MW in summer (Fig. 3).

e  Under the considered conditions, from a technical standpoint, it seems rational to install a
heat pump system with a thermal power ranging from about 7 MW to about 8.4 MW, and
electrical power from 2.25 MW to about 2.67 MW, depending on the season.

e Utilizing waste heat from wastewater for the preparation of useful heat for the district heating
system can contribute significantly to the reduction of fossil fuel consumption and the
associated CO, emissions. In the analysed case, the heat pump system will be responsible for
generating almost 20% of the useful heat delivered to consumers Assuming that the electricity
to drive the heat pumps will come from renewable energy sources, this will result in an
adequate, i.e. 20%, reduction in greenhouse gas emissions from the analyzed source.
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