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Vergleicht man die Wärmebilanzen der Varianten in Abbildung 6, so ist der Unterschied zwi-
schen dem zentralen und dem dezentralen System relativ gering. Bei der Raumheizung fallen 
im zentralen System nur 1,5 MWh Verluste an, bei einem Wärmebedarf von 49,6 MWh. Bei 
der Warmwasserbereitung belaufen sich die Verluste aus Speicher und Verteilung auf 
7,4 MWh, bei einem Bedarf von 17,3 MWh. Bei den dezentralen Anlagen sind die einzigen 
Verluste die Wärmeverluste aus den Warmwasserspeichern. Diese belaufen sich auf insgesamt 
2,9 MWh, die der Raumheizung der jeweiligen Zone gutgeschrieben werden können. 

Abbildung 6: Strombedarf des MFH gesamt zentral und dezentral, sowie dezentral pro  
Wohnung 

 
Der in Abbildung 7 dargestellte Vergleich des Strombedarfs offenbart jedoch einen großen Un-
terschied zwischen dem zentralen System und den 6 dezentralen Systemen. Es wird deutlich, 
dass der größte Unterschied in der Warmwasserbereitung und -verteilung liegt. 
Bei einer angestrebten Raumtemperatur von 21°C in jeder Wohnung konnten die dezentralen 
Systeme 12% der für die Raumheizung eingesetzten elektrischen Energie einsparen. Bei der 
Warmwasserbereitung beträgt die Gesamteinsparung, d.h. einschließlich der Deckung der Wär-
meverluste aus der Zirkulation, sogar 53%. 

Abbildung 7: Wärmebedarf des MFH gesamt zentral und dezentral, sowie dezentral pro  
Wohnung 
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2018); (International Energy Agency IEA, 2014); (De Boer et al., 2020). Typical processes 
within this temperature range are drying, boiling, pasteurization, sterilization, bleaching and 
de-inking processes. 
 
Scoping on Switzerland this study is focusing on the integration of HTHPs in Swiss industrial 
processes. The energy savings potential from a switch from fossil fuels to HTHPs in the Swiss 
industrial sector addressing process heat and steam below 150°C was roughly estimated at 2'893 
GW per year, which is approximately 6.7% of the total process heat demand (Arpagaus et al., 
2022). 
 
Industrial high-temperature heat pumps can upgrade heat from a low temperature level to a 
higher temperature level. Possible low temperature heat sources include waste heat from inter-
nal production processes (i.e., waste heat from production processes and from refrigeration pro-
cesses), as well as external heat sources, such as district heat, environmental heat (air, under-
ground, lakes or rivers) and heat from other industries, power plants or waste incineration plants 
via heating network. 

Methodology 

The pulp and paper and the food and beverage industry have been identified as the most prom-
ising sectors for high-temperature heat pump application. Therefore, an integrated techno-eco-
nomic model has been developed based on the model from our previous work (Obrist et al., 
2022) for these two sectors. The model was developed in the integrated MARKAL-EFOM Sys-
tem (TIMES) modeling framework developed in the International Energy Agency (IEA)’s En-
ergy Technology System Analysis Program (ETSAP). The model has a one-way coupling re-
garding scenarios and fuel prices to the Swiss TIMES Energy system Model (STEM) (Kannan 
and Turton, 2014); (Panos et al., 2021) which was developed at the Paul Scherrer Institute (PSI) 
(Figure 1). . The model is fully calibrated to the Swiss energy balance of 2015 (Bundesamt für 
Energie BFE, 2016), which represents the base year in the model. An intermediate calibration 
was done for the milestone year 2020 based on the data of 2018. Besides the expansion of the 
scope of the established model (Obrist et al., 2022) with the food and beverage sector, the new 
methodology improvements are described in this article: 
 Expanding the material flow and production process modeling technique to an industry sec-

tor with diverse products and production processes. 
 Further disaggregation of the heating and cooling demands into different temperature levels 

that allows the accurate analysis of HTHPs. 
 Expansion of intra annual time resolutions and representation of variability in solar irradia-

tion profiles, heat pump COP profiles, production profiles and electricity prices. 
 
Modeling product and material flows in addition to conventional energy flows has already been 
introduced in reference (Obrist et al., 2021). This modeling technique, which refers to the ce-
ment sector, has subsequently been applied and expanded for the pulp and paper sector (Obrist 
et al., 2022). Conversely to the cement industry, the pulp and paper industry is characterized by 
different products, while the main process steps still remain the same. This study is built upon 
the authors’ previous modeling technique by developing the food and beverage industry with 
very diverse products that have multiple production processes. 
 
A modeling approach of the pulp and paper industry with product and material flows based on 
(Obrist et al., 2022) has been applied in this study. Important for the modeling of HTHPs is to 
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note that potentials and usage of waste heat is explicitly taken into account. The available waste 
heat that is an input for the heat pumps in this study is connected to each production step and 
its heat input and temperature level. 
 

Figure 1: Soft-link to the Swiss TIMES Energy System Model (STEM) 

The food and beverage industry model includes production processes for multiple products 
which have been identified to represent the food industry sector. Their specific energy con-
sumption per ton of product is then multiplied by their production values from references 
(European Commission, 2022); (Schweizer Bauernverband, 2017); (Federal Statistical Office 
FSO, 2018); (Food and Agriculture Organization of the United Nations, 2022). This leads to a 
representation of 56% of the Swiss food and beverage industry in terms of energy consumption 
which is then scaled up to cover the whole sector. Because of the diversity of the products and 
the similarities to the production of the products that are not included, this representation of the 
food and beverage sector can be justified. For a more detailed representation, a much higher 
number of different products, their respective production processes and the corresponding data 
would be needed. Due to similarities in the process steps that appear in the whole sector, the 
material and product flow modeling from our previous work (Obrist et al., 2021); (Obrist et al., 
2022) is expanded to a matrix structure (Figure 2). The specific processes and their waste heat 
recovery (WHR) potential is thereby connected with the corresponding production steps. This 
allows to maintain the advantages of a modeling technique for single production processes, for 
example the estimation of the WHR potential within the process. On the other hand, it provides 
an aggregation which keeps the number of individual process steps with their respective im-
provement potentials at a reasonable number. The advantage is that technology improvement 
options for single process steps can be modeled in the same way for the whole food and bever-
age sector. For example, improvement of refrigeration systems can be modeled once for all 
processes that require cooling. 
 
The COP of high-temperature heat pumps highly depends on the temperature lift and the  
source and sink temperature (Equation 1). Therefore, the heat demand of the production  
steps and the potential heat sources is divided into different temperature levels based  
on previous studies (Arpagaus et al., 2018); (International Energy Agency IEA, 2014)  
and shown in Figure 3. Furthermore, on each temperature level, a thermal storage  
option is modelled. The temperature-dependent efficiencies and thermal losses of the  
storage are provided in Obrist et al. (2022b). The potential interconnections with  
HTHPs is shown in Figure 3. The distinctions of temperature levels is very important  
to correctly assess the potential of HTHPs in combination with heat storage and  
waste heat recovery. It should be noted, that the availability of waste heat is limited and depends 
on the production process. The HTHP COP is calculated depending on the temperature lift using 
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the methodology (Obrist et al., 2022) which results in COPs in the range of 1.2 to 3.3 depending 
on the temperature lift and technology progress over time (Obrist et al., 2022b). 
 

 

Figure 2: Extended modeling approach of the food sector with material and energy flows 

 
 

 

Figure 3: Temperature levels and heat pump interconnections (based on (Arpagaus et al., 
2018)) 
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The model is applied for a scenario analysis capturing three scenarios (BAU, E-POL and CLI) 
reflecting different transition pathways for the Swiss energy sector. The scenarios are briefly 
characterized below and more comprehensive information is available in Obrist et al. (2022b). 
 
BAU - Business As Usual 
The Business As Usual (BAU) scenario assumes an unchanged market environment without 
further policy measures to reach climate or policy goals. Existing trends in technology devel-
opment, energy consumption and fuel prices are expected to continue. However, existing tech-
nologies will be decommissioned at the end of their lifetime and replaced by new, more efficient 
technologies. 
 
E-POL – Energy policy 
The Energy Policy (E-POL) scenario aims to meet the energy and electricity reduction targets 
of the SES which are implemented in the model as constraints. We assume an equity-based 
approach in which each demand sector contributes to the reduction targets proportionately. The 
energy and electricity reduction per capita translate into specific energy and electricity reduc-
tion per ton of production for the pulp and paper and the food and beverage sector. The model 
takes the energy and electricity reduction achieved until 2018 into account and therefore only 
considers further reductions from 2018 until 2050. Although no explicit climate goals are de-
fined in the E-POL scenario, EU ETS prices are included based on a 2.2% linear emission 
reduction factor (announced by the European Commission). 
 
CLI – Net-zero 
The indicative goal to achieve net-zero emissions in 2050 announced by the Swiss Federal 
Council provides the baseline for the CLI scenario. No compensation from the industry sectors 
to other sectors is considered (negative emissions from industry could compensate for emis-
sions in other sectors or the other way around). Therefore, industry has to reach zero emissions 
until 2050. In the CLI scenario, more stringent EU ETS prices compared to the E-POL and the 
BAU scenarios are implemented.  
 

Results 

CO2 emissions in food industry and paper industry 

The annual CO2 emissions are reduced in all scenarios due to energy efficiency improvements, 
fuel switching and electrification of the heat supply. The cumulative CO2 emissions from 2020 
until 2050 (Figure 4) in the E-POL and BAU scenarios are at the same levels. Even though the 
annual CO2 emissions reach net-zero in the food and beverage industry by 2045 in the E-POL 
scenario, the cumulative emissions from 2020 until 2050 are slightly higher because of the 
continued usage of natural gas usage in the short term. Only in the CLI scenario, the cumulative 
CO2 emissions are reduced by 43% in the pulp and paper industry and by 25% in the food and 
beverage industry compared to the BAU case. 
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Figure 4: Cumulative CO2 emissions from 2020 until 2050 in the pulp and paper industry 
(left) and the food and beverage industry (right)  

Process heat supply 

In order to analyze the role of HTHPs, understanding the interaction with competing and com-
plementary technologies is very important. Therefore, the total heat supply in the pulp and paper 
industry in 2050 is shown for the four seasons in Figure 5. In the BAU scenario the role of 
HTHPs is rather insignificant, because biomass and waste-fueled CHPs can produce at lower 
cost. HTHPs are more cost-efficient in summer and fall because of the lower electricity prices 
and the high COP of heat pumps (due to high ambient air temperature). On the other hand, 
CHPs are more cost-efficient in winter because of the higher grid electricity price that can be 
avoided by self-production. 
 
The same trend with a higher magnitude can be observed in the E-POL scenario. HTHPs replace 
heat from waste CHPs in summer and fall. However, more heat supply is electrified throughout 
the whole year and HTHPs are deployed to upgrade waste heat to a higher temperature level 
(instead of direct waste heat recovery and waste heat usage for space heating and hot water in 
BAU). 
 
In the CLI scenario, the heat supply from HTHPs is comparable to the E-POL scenario. How-
ever, heat pumps replace the heat from district heating networks compared to waste CHPs in 
the E-POL scenario. Furthermore, because of the low electricity price in summer and fall, elec-
trification of the drying processes becomes cost-efficient, which reduces the district heat usage 
even more. 
 
In general, HTHPs are only used to a temperature up to 150°C in the pulp and paper industry, 
although heat pumps up to 200°C are available. This is because of the low efficiency of HTHPs, 
the operation cost is high. Because most of the heat in the pulp and paper industry is used for 
drying at 200°C, the role of HTHPs is limited but not insignificant in the pulp and paper indus-
try. 
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Figure 5: Seasonal heat supply in 2050 in the pulp and paper industry in the BAU, E-POL 
and CLI scenarios 

In the food and beverage industry, a lower seasonality of the heat production from the HTHPs 
is observed in the BAU and E-POL scenarios. Only in the BAU scenario, the heat supply from 
HTHPs in winter is reduced and replaced by biomass and natural gas. In the E-POL scenario, 
the whole heat demand up to 150°C is covered by HTHPs. The heat demand for baking pro-
cesses up to 250°C is covered by electric ovens in summer and fall while hydrogen-fired baking 
ovens are used in winter and spring. 
 
The heat supply in the CLI scenario has the highest seasonal variability of all analyzed scenar-
ios. The variability mainly results from the different electricity prices. Because of the low grid 
electricity prices in summer and fall, operation of the CHP is not cost competitive. On the other 
hand, CHP operation is cost efficient in winter and spring because of the high electricity prices. 
In summer and fall electric ovens are used to substitute the heat supply from hydrogen. Though 
HTHPs are operated in all seasons, their production is high in summer and fall due to relatively 
cheap grid electricity. Heat from the district heating network and thermal energy storages serves 
as buffer to cope with shortfall from heat pumps or CHPs. 
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Figure 6: Seasonal heat supply in 2050 in the food and beverage industry in the BAU, E-POL 
and CLI scenario 

 

High-temperature heat pumps 

As already seen in the scenario analysis and the heat supply analysis, high-temperature heat 
pumps supply a considerable share of the heat in both the pulp and paper industry and the food 
and beverage industry by 2050. In addition to this, analyzing the installed capacity in Figure 7 
and the corresponding investments in Figure 8 reveals that, even in the BAU scenario, the in-
stalled heat pump capacity in 2050 increases to about 50 MWth (a factor of 2.4 from 2020 levels) 
in the pulp and paper industry and 300 MWth (a factor of 6.6) in the food and beverage industry 
from 2020 to 2050. Compared to the BAU scenario, waste heat upgrade by HTHPs becomes 
more important in the CLI scenario which is the main reason why the installed capacity in-
creases even more to about 90 MWth (a factor of 4) in the pulp and paper industry and 470 
MWth (a factor of 10.1) in the food and beverage industry from 2020 to 2050. Investments in 
heat pumps peak towards the end of the end of the model horizon (Figure 8). HTHPs help to 
improve the energy efficiency and therefor become very important in the E-POL scenario with 
a capacity increase to about 100 MWth (a factor of 4.6) in the pulp and paper industry and 900 
MWth (a factor of 19.5) in the food and beverage industry from 2020 to 2050. Compared to the 
CLI scenario, large investments in new heat pump capacity is needed earlier (already in the 
period from 2035 to 2040) and more air- and ground-source heat pumps are installed because 
of the imposed energy efficiency target and the lower electricity prices in the E-POL scenario. 
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Figure 7: Cumulative installed heat pump capacity in the pulp and paper and in the food and 
beverage industries for the three analyzed scenarios, the installed capacity includes heat 
pumps used for space and hot water heating (SWH) 

 

 

 

Figure 8: Heat pump investments in the pulp and paper and in the food and beverage  
industry 

 

 

Figure 9: Cumulative heat pump investments (without thermal storage) in the pulp and paper 
and in the food and beverage industry 
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Thermal storages and smart controls are indispensable, to optimize the operation of HTHPs and 
the whole heat supply. Figure 10 shows the storage capacity needed depending on the industry, 
the scenario and the temperature level. It should be noticed that also thermal storage for cooling 
is needed in the food and beverage industry. In general, due to the storage losses, thermal stor-
age compromises the energy efficiency, therefore, the application in the E-POL scenario is even 
lower than in the BAU scenario. On the other hand, thermal storage is economically beneficial 
in the CLI scenario with sector wide capacity installations of 10 MWhth in the pulp and paper 
industry and 6.6 GWhth in the food and beverage industry. Storage is more beneficial in the 
food and beverage industry because of the more volatile production profile, whereas the pro-
duction from the pulp and paper industry is assumed constant. 
 

 
Figure 10: Additionally installed thermal storage capacity from 2020 in the pulp and paper 
and in the food and beverage industry 

Finally, the electricity prices from STEM show only low daily volatility, which leads to negli-
gible demand response from the industry sectors to the grid. However, because of the high 
volatility of the electricity prices especially in the CLI scenario at the seasonal level (which is 
a direct result from the analysis with the STEM model (Panos et al., 2021) where these values 
refer to marginal costs to provide the corresponding energy carrier), seasonal demand response 
can be observed from both industry sectors. The demand response results from the increased 
electrification of the heat supply in summer and fall on the one hand and from the self-produc-
tion of electricity with CHPs in winter and spring on the other hand 
 
Despite the stable production processes and thereby the process heat demands, high-tempera-
ture heat pumps can provide demand flexibility, especially on a seasonal level, if combined 
with other back-up systems. Nevertheless, on a diurnal level the electricity are not very volatile, 
probably because of short term electricity storage in the electricity sector, which helps to bal-
ance the grid. Therefore, daily flexibility is not needed, although HTHPs in combination with 
thermal energy storage could provide this demand response on a daily level. 
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Conclusion 

Overall, the analysis has shown that is can be cost-efficient to upgrade waste heat from the 
production process or refrigeration using high-temperature heat pumps. In cases where the en-
vironmental heat is used as a heat source, using ground sources would be more efficient in 
winter and using the ambient air as a heat source would be more efficient in summer.  
 
Both industry sectors that were analyzed more in-depth reach net-zero emissions in the CLI 
scenario by 2050. In these scenarios, high-temperature heat pumps help to decarbonize the sec-
tors by efficiently electrify the heat supply up to 150°C. However, it should be noted that net-
zero emissions can also be reached without HTHPs. Alternative technologies that can substitute 
HTHPs include biomass boilers / ovens and hydrogen boilers / ovens, which means that such a 
scenario would require high amounts of biomass and / or hydrogen. However, the availability 
for biomass and hydrogen in these sectors is uncertain and would need to be assessed with a 
fully integrated model including all competing sectors. Nevertheless, the consumption of bio-
mass and hydrogen in our results for the pulp and paper and the food and beverage industry are 
within the bounds from the previous analysis with the STEM model (Panos et al., 2021) for the 
whole industry sector. In addition to this, such a solution would compromise the energy effi-
ciency due to less efficient conversion paths. As a result of this, and because of the higher  
fuel prices for bioenergy and hydrogen in the future, this pathway would also not be  
competitive. 
 
The results show that high temperature heat pumps are cost-efficient in both industry sectors 
and help reaching policy goals regarding energy efficiency (E-POL scenario) and CO2 emission 
mitigation (CLI scenario). The highest application potential has been identified in the E-POL 
scenario with a total sector wide capacity of 100 MWth in the pulp and paper industry and 900 
MWth in the food and beverage industry in 2050. Nevertheless, despite the higher electricity 
price (especially in winter and spring), electrification of the heat supply with HTHPs is also 
cost-efficient to reach net-zero emissions in the CLI scenario with a total sector wide capacity 
of 90 MWth in the pulp and paper industry and 470 MWth in the food and beverage industry in 
2050. 
 
Besides the analyzed pulp and paper industry and food and beverage sector, it should be 
acknowledged that high-temperature heat pumps can be used in other industry sectors as well.  
 
In general, the following conditions favor the application of HTHPs: 
 Heat demand up to 150°C, 
 Potential heat sources (especially waste heat from production processes or refrigeration pro-

cesses), 
 High energy efficiency targets, 
 Low electricity prices. 

 
An efficient use of HTHPs refers to the upgrade of waste heat from production processes and 
refrigeration processes, but also environment can be used as a heat source. The results show 
that HTHPs are cost-effective for temperatures up to 150°C. Application above 150°C is not 
cost-optimal due to the low efficiency at high temperature lifts. The comparably low electricity 
prices in summer and fall in the CLI scenario favors the application of HTHPs. On the other 
hand, the high electricity price in winter and spring compromises the competiveness of HTHPs. 
Therefore seasonal flexibility of the heat generation should be considered in the future which 
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translates into additional investment needs to install complementary systems. Furthermore, the 
results also revealed that it can be economically beneficial to optimize the heat supply on a 
daily level using thermal storages at different temperature levels. 

 
The primary policy implication of this study relates to the need to provide adequate incentives 
for industrial companies to invest in HTHPs. This incentive should be given by high carbon 
prices in the EU ETS in the range of 100-400 €/tCO2 as considered in the two normative sce-
narios of this study. Indeed, this external factor is the main driver for the roughly 1 GWth of 
identified potential for HTHPs in 2050 in the food and beverage and pulp and paper sectors. 
There is a large degree of uncertainty whether such high CO2 prices will indeed be encountered 
by 2050; the recent strong developments in the carbon price to almost 90 €/tCO2 have mainly 
been due to price hikes in fossil fuel markets, which may be relieved in the short-to-medium 
term. Hand in hand with the economic motivation is the environmental one, which is based on 
the assumption that the electricity used to drive the heat pumps is partly or wholly low-carbon. 
If this is not the case, for example due to large imports of electricity to Switzerland in the future, 
then the environmental case is (also) not necessarily given.  
 
Apart from the EU ETS as the main incentive mechanism for industrial investors, and especially 
in the case where carbon prices do not approach 400 €/tCO2 by 2050, there may be a need for 
policy intervention to support capital-intensive investments in HTHPs for industry. Compared 
to the alternatives, emerging HTHP technologies are relatively expensive so policy might need 
to incentivize and support investments until scale effects and technology learning result in cost 
reductions.  
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Carina Alles, Bundesamt für Energie BFE 

Wärmepumpen in industriellen Prozessen: 

Überblick zu laufenden Projekten 
Zusammenfassung 

Prozesswärme wird heute noch zu einem grossen Anteil mit fossilen Energien erzeugt, was rund 
8 Prozent der gesamten Treibhausgasemissionen der Schweiz verursacht [1].  Wärmepumpen 
sind eine Schlüsseltechnologie zur Verminderung dieser industriellen Treibhausgasemissionen.   
 
In dem sie Abwärme und Umgebungswärme auf ein höheres Temperaturniveau heben, 
erschliessen sie zuvor ungenutzte Wärmequellen.  Besonders hohe Effizienzen werden erreicht, 
wenn mit Methoden der Prozessintegration Wärme- und Kältebedarf zugleich betrachtet 
werden. Je höher der Anteil erneuerbarer Energien im Strommix, desto mehr Treibausgas-
emissionen können insgesamt eingespart werden. In Verbindung mit thermischen und elek-
trischen Speichern ermöglichen Wärmepumpen die Integration fluktuierender erneuerbarer 
Energiequellen selbst in industriellen Prozessen mit variablem Verbrauchsmustern. Damit 
leisten sie einen wichtigen Beitrag zur Sektorkopplung und zur Resilienz des klimaneutralen 
Energiesystems der Zukunft.  
 
Während sich Wärmepumpen in Gebäudebereich fest etabliert haben, stehen der vermehrten 
Anwendung in der Industrie noch Hindernisse gegenüber. Forschende in der Schweiz arbeiten 
mit Hochdruck daran, innovative Wärmepumpenkonzepte für anspruchsvolle Industrie-
anwendungen zu entwickeln. Zugleich zeigen sie mit Fallbeispielen und daraus abgeleiteten 
Leitfäden, wie die Transformation zu erneuerbarer Prozesswärme nicht nur bei Neuanlagen, 
sondern auch in bestehenden Betrieben gelingen kann.  
 
Summary 

As of today, a large proportion of process heat is still generated using fossil fuels, which 
accounts for around 8 percent of Switzerland's total greenhouse gas emissions [1].  Heat pumps 
are a key technology for reducing these industrial greenhouse gas emissions.   
 
By raising waste heat and ambient heat to a higher temperature level, heat pumps tap 
previously unused heat sources.   Process integration methods that simultaneously consider 
heating and cooling requirements achieve achieve outstanding energy efficiencies. The higher 
the share of renewable energies in the electricity mix, the more greenhouse gas emissions can 
be saved overall. In combination with thermal and electrical storage, heat pumps allow the 
integration of fluctuating renewable energy sources even in industrial processes with variable 
consumption patterns. In this way, they make an important contribution to sector coupling and 
to the resilience of the climate-neutral energy system of the future.  
 
While heat pumps have become common place in buildings, there are still many obstacles to 
their increased use in industry. Researchers in Switzerland are working hard to develop 
innovative heat pump concepts for challenging industrial applications. At the same time, they 
use case studies and guidelines to show how the transformation to renewable process heat can 
succeed not only in greenfield plants, but also in retrofits.  
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Innovationsförderung im Bereich industrieller Wärmepumpen 

Schweizer Unternehmen und Forschungseinrichtungen sind seit jeher massgeblich an der 
Entwicklung der Wärmepumpentechnologie beteiligt. Nach wie vor sind sie international gut 
positioniert, auch in tragenden Rollen in EU und IEA Projekten. Das BFE-Forschungs-
programm «Wärmepumpen und Kältetechnik» («BFE-WP&K» [2]) hat sich zum Ziel gesetzt, 
diese Kompetenzen durch gezielte Unterstützung zukunftsweisender Innovationen weiter 
auszubauen.  

Forschungsprojekte, die ihren Schwerpunkt auf Prozessintegration legen oder sich auf spezielle 
Wärmepumpenanwendungen in verfahrenstechnischen Prozessen konzentrieren, können auch 
im Rahmen des BFE Forschungsprogrammes «Industrielle Prozesse» («BFE-IP» [3]) 
unterstützt werden. Projekte mit hoher Technologiereife fallen in den Förderbereich des BFE 
Pilot- und Demonstrationsprogrammes («BFE-PD» [4]). Auch in den grossen Forschungs- 
konsortien des BFE Förderprogrammes SWEET («SWiss Energy research for the Energy 
Transition» [5]) wird zu Wärmepumpen Technologie und Systemintegration geforscht. 

EnergieSchweiz ermutigt vorausschauende Unternehmen, mit Wärmepumpen ihre Energie-
kosten und den CO2-Ausstoss zu verringern [6] und bietet massgeschneiderte Förder-
programme zu «Wärmepumpen für Prozesswärme» [7] an. Das gesamte Förderangebot für 
Unternehmen, von der Unterstützung für Dekarbonisierungsfahrpläne über Energieberatungen 
bis hin zu thematischen Ausschreibungen, ist in einer kompakten online Broschüre zusammen-
gefasst [8].  

Desweiteren können Innovationsprojekte zu Wärmepumpen auch bei breiteren Förder-
programmen ausserhalb des BFE platziert werden, beispielsweise bei Innosuisse, dem 
Schweizer Nationalfonds oder Programmen der Europäischen Union. Die BFE Webseite 
«Überblick Innovationsförderung» fächert die Vielfalt der Fördermöglichkeiten auf [9]. 
 

  

Abbildung 1: Übersicht Förderprogramme [9] 
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Steckbriefe aktueller Wärmepumpen Forschungsprojekte in der Schweiz 

Die folgenden Tabellen führen Eckdaten laufender Forschungsprojekte auf; dazu nach Mög-
lichkeit weiterführende Links zum online Informationssystem ARAMIS [10] für Forschungs-
projekte mit finanzieller Unterstützung des Bundes. 
 
Die Projekte sind in die beiden folgenden inhaltlichen Schwerpunkten gruppiert: 
 Strategien für Prozesswärme aus erneuerbaren Quellen 
 Wärmepumpentechnologie für industrielle Prozesse 
 
 
Strategien für Prozesswärme aus erneuerbaren Quellen 
Titel  DeCarbCH 
Projekt ID BFE- SWEET SI/502260 

https://www.aramis.admin.ch/Grunddaten/?ProjectID=48859 
Aktuelle Informationen @ https://www.sweet-decarb.ch 

Leitung Martin Patel, UNIGE 
DeCarbCH-Projekt zielt auf die Dekarbonisierung von Heizen und Kühlen in der Schweiz 
innerhalb der nächsten drei Jahrzehnte, und bereitet weiter den Weg hin zu negativen CO2-
Emissionen. Das übergeordnete Projektziel (mit dem letztendlichen Ziel von Netto-Null-
Emissionen) besteht darin, die Umsetzung von erneuerbaren Energien für Heizen und Kühlen 
im Wohnungssektor (verschiedener Grössen und Urbanisierungsgrade) sowie im 
Dienstleistungs- und im Industriesektor zu befördern, s.a. Beitrag im Tagungsband «News 
aus der Wärmepumpenforschung» 2022. 
Titel  EcoTargeting - Decarbonization of Swiss industry through extended  

Eco-targeting based on Pinch Analysis method 
Projekt ID BFE -IP SI/502465 

https://www.aramis.admin.ch/Grunddaten/?ProjectID=51154  
Leitung Beat Wellig, HSLU-TEVT 
In diesem Forschungsprojekt wird eine neuartige Energieoptimierungsmethode auf Basis von 
Prozessintegrationsmethoden entwickelt, welche die Umsetzung von 
Energieeffizienzmassnahmen und die Integration von erneuerbaren Energien in der Utility 
Targeting-Phase beinhaltet. Diese Methode nutzt das Konzept der Pinch-Analyse (PA) zur 
Steigerung der Energieeffizienz von industriellen Prozessen. Zusätzlich liefert sie 
Informationen zu den benötigten externen Heiz- und Kühlbedürfnissen (Leistung und 
Temperaturniveau). Die Arbeit erweitert das im SCCER EIP erarbeitete Eco-Targeting durch 
den Einbezug einer multi-kriteriellen Optimierung in der Utility-Targeting-Phase. Als 
Zielfunktionen werden die Jährliche Gesamtkosten sowie die durch die Utilities verursachten 
direkten und indirekten CO2-Emissionen verwendet. Die Lösungen werden sich einer Pareto-
Front annähern und den involvierten Anspruchsgruppen eine rationale Auswahl von 
Energieeffizienzmassnahmen und/oder erneuerbaren Energiequellen ermöglichen. 
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Strategien für Prozesswärme aus erneuerbaren Quellen 
Titel  DeCarb-PUI - Decarbonization of industrial processes through redesign 

of the process-utility interface 
Projekt ID BFE-IP SI/502298 

https://www.aramis.admin.ch/Grunddaten/?ProjectID=49367  
Leitung Pierre Krummenacher, HEIG-VD-IGT 
DeCarb-PUI builds upon this far-reaching statement: In a resource constrained world: think 
exergy, not energy (Science Europe 2016). In many industrial sectors, heat transfer induces 
large exergy losses, notably due to utility systems designed to meet the temperature required 
by the most de-manding process. E.g., medium pressure steam systems are a de facto 
“standard”, thus manufacturers design their process equipment accordingly. DeCarb-PUI 
challenges these standards and focuses on heat transfer at the process-utility interface through 
redesign of both the processes and the utility system. This new approach is set up by 
involving partners from both process industries and equipment manufacturers. Case studies 
are used to extend existing graphical tools and methods for heat integration, and to 
demonstrate the decarbonization potential thanks to larger heat recovery, and enhanced 
efficiency and profitability of heat upgrading technologies (heat pumps) and of renewable 
resources. 
Titel  DECINEL - Decarbonising industry by smart electrification  
Projekt ID SNF; Start im September 2023 
Leitung Martin Patel, UNIGE  

Beat Wellig, HSLU; Stefan Bertsch, OST 
Since approximately two thirds of all process heat in Switzerland is needed below 200°C, 
smart electrification based on heat integration with heat pumps, heat storage and renewable 
energy use (renewable electricity and other renewables) is a convincing decarbonisation 
strategy. DECINEL aims at smart electrification at lowest possible cost and in a safe and 
resilient manner, considering local conditions by means of both optimised design and 
optimised operational strategies.  The project focuses on retrofit measures in existing plants 
(brownfield), acknowledging the typical constraints encountered in such a context.  
Titel  PUSH2HEAT - Pushing forward the market potential and business 

models of waste heat valorisation by full-scale demonstration of next-gen 
heat upgrade technologies in various industrial contexts 

Projekt ID SBFI - REF-1131-52301  
https://push2heat.eu/ 

Leitung Stefan Bertsch OST (Swiss Partner) 
PUSH2HEAT is an EU-Funded project that aims to address the technical, economic, and 
regulatory barriers that prevent heat pump heat upgrading technologies to be widely 
deployed. It will do so by scaling up four different heat upgrading technologies (whose 
supply temperatures range from 90 °C to 160 °C) to optimise their efficiency and economic 
performance. In addition, it will focus on integrating them into the relevant industrial sectors 
such as the paper and chemical industries. The four technologies will then be demonstrated 
in four selected industrial sites.  
The project will also work towards demonstrating suitable business models and dedicated 
exploitation roadmaps for higher market penetration of heat upgrading technologies. 
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Wärmepumpentechnologie für industrielle Prozesse 
Titel  HTHP-CH – Integration of High-Temperature Heat Pumps in  

Swiss Industrial Processes 
Projekt ID BFE-WP&K  

https://www.aramis.admin.ch/Grunddaten/?ProjectID=49514  
Leitung Cordin Arpagaus & Stefan Bertsch, OST 

Nicole Calame, CSD Ingenieurs; Pierre Krummenacher, HEIG 
François Maréchal, EPFL 

Hochtemperatur-Wärmepumpen (HTWP) mit Vorlauftemperaturen über 100 °C gewinnen 
inder Industrie zunehmend an Bedeutung, um fossilen Brennstoffe zu ersetzen. Obwohl 
HTWPs auf dem Markt verfügbar sind, erfolgt ihre Einführung langsam, da es noch viele 
Unbekannte und eine Lücke bei der praktischen Umsetzung gibt. Das Projekt entwickelt 
einen Leitfaden und ein Bewertungstool für die Integration von HTWP in der Praxis, 
basierend auf Fallstudien mit hoher Relevanz für die Schweizer Industrie. Der Fokus liegt 
auf Prozessen mit einem Energiebedarf über 100 °C auf Prozess- und Versorgungsebene und 
im Batch- und Dauerbetrieb. Beispiele sind Trocknung, Verdampfung, Sterilisation, etc. 
Geeignete HTWP-Integrationskonzepte werden entwickelt mit quantifizierten Ergebnissen 
in Bezug auf Effizienzgewinne, CO2-Emissionsminderungspotenziale und Kosteneffizienz. 
Parallel wird das Projekt durch die Teilnahme am IEA HPT Annex 58 zu HTHPs begleitet, 
um die Ergebnisse und das Wissen international auszutauschen. 
Titel  IntSGHP – Integration of steam-generating heat pumps in industrial sites 

(retrofit) 
Projekt ID BFE-IP SI/502292 

https://www.aramis.admin.ch/Grunddaten/?ProjectID=49319  
Leitung Stefan Bertsch, OST-IES 
Integrated industrial heat pumps increase steam generation efficiency and reduce carbon 
emissions. While such heat pumps are on the market, their uptake is slow, due to many 
unknowns concerning integration, controls, and dynamic behavior. This study will 
investigate three specific case studies and analyze possible system integrations of open and 
closed cycle steam generation heat pumps. The aim is to fill the gap between the process 
integration analysis and the actual implementation. From the findings (control approach, 
storage, cost of equipment and integration, etc.), guidelines applicable to many industrial 
sites in Switzerland and Europe will be derived. 
Titel  Efficient steam generation in industry 
Projekt ID Innosuisse 42533.1 IP-EE 
Leitung Jürg Schiffmann, EPFL, Stefan Bertsch, OST-IES 
Development of a combined cycle steam generating heat pump using all natural refrigerants 
and an open steam compression loop 
Titel  High-efficiency high-temperature heat pumps with temperature glide» 
Projekt ID SNF- Bridge - 40B2-0_203645 / 1 
Leitung André Bardow, ETH, Stefan Bertsch, OST-IES 

 Optimizing refrigerant mixtures for high temperature heat pump applications 
 Simulation and test at heat pump system level 
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Wärmepumpentechnologie für industrielle Prozesse 
Titel  IEA HPT Annex 59: Heat Pumps for Drying - CH Participation 
Projekt ID BFE-IP SI/502606 

https://www.aramis.admin.ch/Grunddaten/?ProjectID=52306 
Leitung Stefan Bertsch, OST 
Using heat pump technology in drying processes holds great potential for energy savings, as 
it enables heat recovery at low temperatures and the upgrading of heat for the drying process 
in the form of dehumidified and reheated drying air. Swiss contributions to the IEA HPT 
Annex 59 on Heat Pumps for Drying shall address this potential. 

Weiterführende Links: 

[1] Bundesamt für Energie BFE: Wärmestrategie 2050, 01.01.2023, online Publikation 
https://www.bfe.admin.ch/bfe/de/home/news-und-medien/medienmitteilungen/mm-
test.msg-id-92576.html; s.a. Artikel zur Wärmestrategie in diesem Tagungsband 

[2] Webseite BFE-WP&K: https://www.bfe.admin.ch/bfe/de/home/forschung-und-
cleantech/forschungsprogramme/waermepumpen-und-kaeltetechnik.html 

[3] Webseite BFE-IP: https://www.bfe.admin.ch/bfe/de/home/forschung-und-
cleantech/forschungsprogramme/industrielle-prozesse.html 

[4] Webseite BFE-PD: https://www.bfe.admin.ch/bfe/de/home/forschung-und-
cleantech/pilot-und-demonstrationsprogramm.html 

[5] Webseite BFE SWEET: https://www.bfe.admin.ch/bfe/de/home/forschung-und-
cleantech/foerderprogramm-sweet.html 

[6] EnergieSchweiz Webseite zu industriellen Wärmepumpen: 
https://www.energieschweiz.ch/prozesse-anlagentechnik/industrielle-waermepumpe/ 

[7] EnergieSchweiz online Broschüre zum Förderprogramm «Wärmepumpen für 
Prozesswärme»: https://pubdb.bfe.admin.ch/de/publication/download/10753 

[8] EnergieSchweiz online Broschüre zum Überblick auf Förderangebote für Unternehmen: 
https://pubdb.bfe.admin.ch/de/publication/download/11353 

[9] Webseite BFE «Überblick Innovationsförderung»: 
https://www.bfe.admin.ch/bfe/de/home/forschung-und-cleantech/ueberblick-
innovationsfoerderung.html 

[10] ARAMIS: Das Informationssystem über Forschung + Entwicklung: 
https://www.aramis.admin.ch 
Erweiterte Suche mit Labels, bspw. «BFE: Wärmepumpen und Kältetechnik»,  
«BFE: Industrielle Prozesse», «BFE: P+D» 
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Abkürzungsverzeichnis 

Die im Bereich Wärmepumpe meistgebrauchten Abkürzungen sind nachfolgend aufgelistet: 
 

AZ Arbeitszahl (COP über eine bestimmte Messdauer) 

BFE Bundesamt für Energie 

BWW Brauchwarmwasser (gleich wie WW) 

COP Coefficient of performance 

eff. effektiv 

EFH Einfamilienhaus 

El. oder el. Elektrisch 

FKW Fluor-Kohlen-Wasserstoffe (Kältemittel) 

FWS Fachvereinigung Wärmepumpen Schweiz 

HFO Hydro-Fluor-Olefine (Kältemittel) 

HFKW teilhalogenierte Fluor-Kohlen-Wasserstoffe 

HPT Heat Pumping Technologies (IEA Collaboration Programme) 

Hzg. Heizung 

IEA Internationale Energie Agentur 

JAZ Jahresarbeitszahl (AZ über ein Jahr oder eine Heizperiode gemessen) 

L/W Luft/Wasser 

LZ Leistungsziffer, siehe AZ 

Min. Minimum 

Max. Maximum 

PV Photovoltaik 

RL Rücklauf 

S/W Sole/Wasser 

SP Technischer Speicher 

Temp. Temperatur 

th thermisch 

VL Vorlauf 

WA Wärmeabgabe (meist Radiatoren oder Fussbodenheizung) 

WP Wärmepumpe 

WW Warmwasser (gleich wie BWW) 

W/W Wasser/Wasser 
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News aus der
Wärmepumpen-Forschung

The Future of Heat Pumps: national – international 
WP in Gebäuden: Herausforderungen und Lösungen 

WP in der Industrie: Grosses Potential erfordert vielfältige Lösungen 

Mittwoch, 14. Juni 2023, im Auditorium  
der BFH Berner Fachhochschule, Burgdorf

29. Tagung des Forschungsprogramms 
Wärmepumpen und Kältetechnik 

des Bundesamts für Energie BFE

Die Zukunft im Blick 
mit Wärmepumpen 
von alpha innotec

www.alpha-innotec.ch

   Heizen mit Energie aus der Umwelt

   Natürliche Kältemittel

   Inverter-Technologie

  Breite Produktepalette
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