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ABSTRACT

Industrial heat pumps recover low temperature waste heat and provide valuable process heat. Heat pumps
supplying temperatures above 100 °C have significantly broadened the field of application in industry. Rapid
diffusion of the technology is expected to lower the dependency on natural gas and to decarbonise industrial
production. High temperature heat pumps are now on the verge of commercialisation and are being
demonstrated in industrial environment. This contribution provides an overview on AIT’s heat pump
demonstration projects including heat pumps for drying and for steam generation.
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1. INTRODUCTION

Industry is an important player in achieving the climate targets. To decarbonize industrial production, both
efficiency improvements and new processes based on renewable energies are required. In 2021, a total of
121 EJ was used for industrial process heat globally. Thereof, 20 % is accounted for processes requiring
temperatures below 100 °Cand 16 % for processes with temperature between 100-200 °C. According to IEA’s
Announced Pledges Scenario, process heat demand will increase by 2030 to 136 EJ, the temperature
distribution of process heat demand remains similar (IEA, 2022).

Industrial heat pumps convert unused waste heat into high-quality process heat, increasing the energy
efficiency of processes and contributing to electrification. This can significantly reduce CO; emissions and
primary energy consumption. A study by Marina et al. (2021) compares process heat demand and waste heat
availability in the paper, chemical, refinery and food sectors. The process heat demand <150 °C amounts to
745 PJ/a (EU28). At temperatures > 100 °C, heat demand increases significantly in all sectors, this is attributed
to steam demand. 1039 PJ/a of waste heat <150 °C was identified. Of this, the majority occurs in the 40-
100 °C temperature range in all sectors (about 70 %).

High temperature heat pumps that deliver supply temperatures above 100 °C are therefore of great interest
to industry. Rapid diffusion of the technology is expected to lower the dependency on natural gas and to
decarbonise industrial production. According to the RePowerEU plan, energy efficiency and electrification
measures will reduce the European industrial gas demand by 12 billion m3. The exploitation of industrial
waste heat with heat pumps is encouraged in the plan. (European Commission, 2022)

High temperature heat pumps are on the verge of commercialisation and currently being tested in industrial
environment in demonstration projects. In the range of 100-140 °C, there are already first of their kind
commercial applications in the paper, food and chemical industry. Up to 160 °C, there are pre-commercial
demonstrations, e.g. in drying processes and for steam production. Up to 200 °C, special refrigerants and
compressors are needed, which are still in prototype stage. (IEA, 2022). This contribution provides an
overview on AIT’s heat pump demonstration projects including heat pumps for drying and for steam
generation.
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2. HIGH TEMPERATURE HEAT PUMPS DEMONSTRATION PROJECTS

2.1, Production of hot water up to 160 °C with a heat pump

Two heat pump demonstrators have been developed in the H2020 DryFiciency project to demonstrate heat
supply temperatures of 160 °C for the first time in industry. The heat pumps use industrial waste heat as a
heat source and supply hot water for drying processes for starch and bricks. The heat pump design is
optimized towards heat supply temperatures of up to 160 °C and the capability to cover a wide range of
operation states with high efficiency. R1336mzz(Z) by Chemours is used as refrigerant, it is based on HFO
(hydrofluoro-olefins) and has been designed for high temperature applications. The refrigerant had been
successfully tested at AIT in a lab-scale heat pump prototype up to 160 °C (Helminger et al. 2016). It has a
low GWP value of 2 (global warming potential) and is non-flammable and non-toxic. Two types of
compressors have been developed for the high temperature application, screw compressors by Bitzer
Kithlmaschinenbau and piston compressors by Viking Heat Engines. Fuchs Schmierstoffe has successfully
developed a suitable lubricant for the compressors, which fulfils all necessary requirements regarding
lubrication, viscosity, and thermal and chemical stability together with the refrigerant.

Both heat pumps were placed in containers with approximately 8 m in length and 3 m in height and width.
The heat pump demonstrators were equipped with numerous sensors for data monitoring. Temperature
sensors were integrated at all important parts of the refrigerant cycles, for example at the condensers, the
internal heat exchanger, the expansion valve, the evaporators and the compressors. Pressure sensors were
located among others before and after the compressors, at the inlet of the condensers and before the
expansion valves. Electricity consumption of the motors is measured in terms of power, energy, voltage,
current and power factor. In addition, heat meters to monitor the heat source and the heat sink were
integrated. Various parameters of the drying process from the process control systems were used to
determine the impact of the heat pump on the brick and the starch drying process.

As shown in Figure 1, the heat pump for brick drying is used to heat the drying air of a continuous starch
dryer of Agrana. The heat pump was operated for 4008 h in the period from 08/2020 to 08/2021, thereof
897 hours were at supply temperatures above 150 °C.
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Figure 1: Schematic diagram of the heat-pump assisted starch dryer

The heat pump for brick drying was integrated into a brick production process of Wienerberger and supplied
heat for the dryer, as depicted in Figure 2. The heat pump was operated for 4020 h in the period from 12/2019
to 08/2021 of which 572 hours have been collected at elevated temperature levels from 150 °C up to 160 °C.
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Figure 2: Schematic diagram of the heat-pump assisted brick dryer

Figure 3 provides an overview of the heat pump (COP) efficiency as a function of the temperature lift, which
is the temperature difference between heat sink outlet and heat source outlet. The COP is the ratio of heat
supplied to the process and electricity consumed by the heat pump. This analysis is based on a statistical
approach considering all data collected during demonstration. Each data point shown in the diagram
represents at least 10 h of stationary operation with constant temperatures and compressor speed. Crosses
are used for data of the Wienerberger demonstrator and rings for the Agrana demonstrator. The error bars
illustrated for each data point show how much variation was found in operation data that is presented as a
single data point. In the diagram, the COP for an ideal heat pump with a second law efficiency of 50 % and a
heat supply temperature of 120 °Cis also included.

As evident, the COP ranges from 5.0 at 120 °C / 84 °C (heat sink outlet / heat source outlet) to 2.2 at
160 °C / 89 °C (heat sink outlet / heat source outlet) for the Wienerberger demonstrator. The variations for
the COP are on average 3 %, the variations of the temperature lift are slightly higher with ca. 4 %. At the
design point with a heat supply temperature of 120.9 °C and a heat source outlet temperature of 84 °C, the
heating capacity amounted to 297 kW and the electricity consumption to 59 kW resulting in a COP of 5.0.

The Agrana demonstrator was operated at higher temperature lifts due to the lower available heat source
temperatures. The COP ranges from 3.1 at 121 °C/ 62 °C (heat sink outlet / heat source outlet) to 2.7 at
153 °C/ 73 °C (heat sink outlet / heat source outlet). The variations of COP and temperature lift were on
average 3 %. At the design point with a heat supply temperature of 138 °C and a heat source outlet
temperature of 71 °C, the heating capacity amounted to 373 kW and the electricity consumption to 117 kW
resulting in a COP of 3.17.

The demonstration project proved the successful development of the heat pump and its components for high
temperature applications. The efficiency of the demonstrators was found to be in good agreement with other
commercial heat pumps operating in the same range of temperature lift. The lubricant and refrigerant were
found to be thermally and chemically stable. Further details are provided in Wilk et al. (2021). Based on the
development work, new products for high temperature heat pumps were launched, e.g. the lubricant by
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Fuchs Schmierstoffe that is commercially available and a new screw compressor series by Bitzer
Kihlmaschinenbau for heat supply up to 125 °C. The new compressors are operated in three hybrid dryers
by Geelen Counterflow with heating capacities ranging from 1.2 to 3.4 MW. (Jirgensen et al., 2022)
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Figure 3: Performance data of the heat pump demonstrators with ranges of variation
(WBG = Wienerberger, AGA = Agrana)

2.2. Production of steam up to 150 °C

In the H2020 project BAMBOO, a steam generating heat pump was developed and demonstrated, first in the
lab and then in an industrial environment. The steam-generating heat pump system consists of two individual
components: a high-temperature water-to-water heat pump and a flash tank unit for steam generation. The
layout is illustrated in Figure 4: The refrigerant is evaporated by heat transfer from the heat source. It is
compressed and condensed in the condenser. On the secondary side of the condenser, pressurized water is
heated. The pressurized water is expanded in the flash valve, which decreases temperature and pressure
causing partial evaporation of the pressurized water. In the flash tank, saturated steam is separated from the
water. The circulation pump circulates the liquid water from the flash tank and increases the pressure level
before the water is heated in the condenser. To keep the water level in the flash tank constant, feedwater is
added by the feedwater pump.
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Figure 4: Scheme of the steam generating heat pump with flash tank (Riedl et al., 2022)

The heat pump is operated on R1336mzz(Z) and piston compressors. The maximum heat supply temperature
amounts to 160 °C and the heating capacity reaches up to 200 kW. The flash tank was designed and
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constructed for this application. Both subunits were produced by independent manufacturers. These
subunits were brought together and connected to the test rig of the EDF labs.

The first test runs of the heat pump were successful. The basic functionality of the steam generating heat
pump has been tested. The controls work together smoothly, and the system operates in a stationary way.
Steam with a pressure of up to 5.5 bar, (155 °C) was produced. Figure 5 shows performance data of the steam
generating system. The COP decreases from ca. 2.7 at a steam pressure of 2 bar, to 1-2 at the steam pressure
of 5 bar.. The source inlet temperature was kept constant at 80 °C. Further details are available in Riedl et al.
(2022).

Demonstration has proven that high temperature heat pumps can be retrofitted for steam generation with
a flash tank. Thereby, the heat pump cycle is separated from the steam production cycle and conventional
water to water heat pumps can be used without modification. The flash tank proved to be a reliable device
for steam generation.
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Figure 5: Performance data of the steam generating heat pump with flash tank (Riedl et al., 2022)

2.3. Process modification for further optimization with a heat pump

Process integration of heat pumps is decisive for the efficiency of the heat pump. The integration into existing
processes is often complex, as the heat source and the heat sink may not be located close to each other and
the space availability for construction of new equipment is limited. Furthermore, waste heat availability and
heat demand can occur non simultaneously. Integrating a heat pump into an existing process also offers the
possibility to further optimize the process. Process modification along with heat recovery allows for more
efficient systems, which was elaborated and tested with a heat pump prototype and a latent heat storage
for an extrusion process. The demonstration is described in detail in Zauner et al. (2020).

Extrusion is a wide-spread industrial process for metal, polymer, food, pharmaceutical and chemical
processing to produce pipes, rods, foils, plates, fibres and even profiles of many different shapes and
materials. The demonstration focuses on polymer compound extrusion but can be easily replicated in other
industrial sectors and materials. State-of-the-art extrusion factories comprise various lines producing
different polymer compounds. Typically, raw polymer pellets must be dried, before they are fed into an
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extruder together with various additives to adjust the properties of the polymer compound. In the extruder
the polymer is melted mainly due to friction, mixed and pushed through the die. Then the polymer strands
have to be cooled to below 80 °C to be pelletized again. A cooling bath with water at 15-25 °C is used to cool
the strands. The water bath is cooled by a compression chiller system to maintain the temperature in the
bath. Space heating for the production hall and further buildings is also required. The energy source for
extruders and dryers is electricity, space heating is operated separately, e.g. with natural gas.

A new concept of an energy efficient extrusion factory was designed and experimentally realized at a
production site of Geba Kunststofftechnik in St. Veit, Austria. First of all, the cooling baths were modified for
operation at higher temperatures of 50 °C and higher. The length of the bad was increased slightly, it was
insulated and covered with transparent lid to minimize heat losses. The polymer strands enter the cooling
bath with 200-300 °C and are cooled to around 80 °C by hot water. The central water tank is also operated
with hot water, which can be directly used for space heating. Further heat consumers are the dryer and
certain heating zones of the extruders, where additional heat is needed. Those heat consumers require
temperatures higher than 80 °C. A high temperature heat pump and a latent heat storage are integrated to
supply heat with up to 150 °C. The storage is needed to balance peaks in demand due to the discontinuous
processes. The process before and after modification is illustrated in Figure 6.
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Figure 6: Extrusion process before (top) and after (bottom) optimization (after Zauner et al., 2020)
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The high temperature heat pump used in the demonstration has a heating capacity of 50 kW and is operated
on n-Butane (R600). It can recover heat from 50-80 °C to provide hot water up to ca. 130 °C. At the extrusion
factory, the heat pump was used to keep the water temperature of the bath a 48 °C constantly. It supplied
heat to the latent heat storage whose storage medium was melted during charging. The maximum
condensation temperature of the heat pump was 125 °C. Operation data from the test runs with the heat
pump and the storage were used to assess the economic potential of the new concept. The return on
investment was found to be less than 3 years outlining the economic benefits of waste heat integration.

2.4. Heat pump for heat and cold supply at plant utility level

In the AHEAD project an advanced heat pump system will be demonstrated at a pharmaceutical production
site of Takeda in Vienna. It consists of a steam generating heat pump from SPH Sustainable Process Heat that
is combined with a steam compression system to supply steam at 11 bar, and a condensation temperature
of 184 °C. The layout is illustrated in Figure 7. The heat source is a central chiller providing cold water at 6 °C.
Waste heat from the chiller is recovered by a heat pump that supplies water at 70 °C that is used for space
heating. Both, the chiller and the heat pump are operated on NH; (R717). As space heating is only required
in winter, heat is available for further use. The AHEAD system bridges the gap using water at 70 °C supplying
steam for production.
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Central chiller Heat pump generating
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Figure 7: Scheme of the AHEAD system recovering waste heat from chillers to supply steam

The innovations are a steam generating heat pump that is adapted to the use of the natural refrigerant
butane (R600) that is combined with steam compressors to reach 11 bar.. An optimized overall control
strategy will be developed for all components based on a comprehensive system model to minimize CO,
consumption. The project was started in 12/2022, installation is planned in summer 2024. Then, the AHEAD
system will be monitored and optimized for at least 4000 h. It has a heating capacity of 1.7 MW and it is
expected to lower CO, emissions by 1900 t/a. With the implementation of the AHEAD system that is supplied
with renewable electricity, the production site can be operated without any CO, emissions for 7 months a
year.

As the AHEAD system supplies heat and cold at utility level, it is a generic concept that can be replicated at
numerous industrial sites with similar boundary conditions e.g. in paper industry, chemical and
petrochemical industry and the food industry. Therefore, a roll-out concept for other Takeda sites in Vienna
and worldwide will be elaborated and the decarbonization potential of the technology will be studied for the
most relevant industrial sectors in Austria.
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3. CONCLUSIONS

Demonstration projects are an important step to develop market ready solutions and to facilitate the
diffusion of new technology in industry. The presented heat pump demonstrators are used to investigate
different aspects of technology development, ranging from heat pump components to process integration
and optimized process and plant design. Heating capacities of the demonstrators range from 50 kW to
1.7 MW with heat supply temperatures from 120 °C to 184 °C. As it is outlined in several studies, process
heat demand > 100 °C is a significant share of industrial energy consumption. High temperature heat pumps
allow for decarbonisation of process heat supply. Although high heat supply temperatures usually lead to
heat pump solutions with high lift, the energy savings and CO; emission reduction potential is significant and
of high relevance. Demonstration projects help to gain operation experience in real life conditions, they
increase trust by proven reliability and successful troubleshooting and will inspire further industrial end-users
to integrate heat pumps.
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