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Executive Summary 
 

The flexibility of heat pumps can be used for various applications, e.g. to participate in electricity 

markets, to support the electric grid or to optimize the operation of the heating system and thus 

reduce costs. However, certain barriers exist for the implementation and exploitation of this flexibility. 

They range from technical, to regulatory, economic, and other barriers, like end-user acceptance and 

cyber-security. From a technical perspective, part load behavior and control of electric load have been 

identified as the main barriers. In a regulatory perspective, minimum bid sizes, market entry and 

aggregation of small components constitute the main obstacles. Economically, it turns out that it is not 

straight-forward to make flexibility provision attractive. While profit on the day-ahead market is 

somehow limited, balancing services provide attractive opportunities. Socially, acceptance of 

households to leave HP control to others can also be a critical factor. 

The most commonly applied business model in the analyzed case studies was a combination of spot 

market participation and the provision of balancing services. This business model was already used in 

various research projects in Sweden, Denmark, Austria and Germany. Especially the provision of 

various balancing services showed promising reductions in overall energy costs. In Sweden, different 

types of FCR and aFRR showed the highest cost reduction, while mFRR was slightly less profitable. 

In Denmark, aFRR showed the best results, followed by FCR and then mFRR. In Austria, aFRR 

showed significantly higher cost reductions than mFRR. 
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1. Introduction 
The number of heat pumps installed both in district heating and within buildings has been 

continuously increasing in the last years. Currently, this development is additionally driven by the 

extraordinary high prices of fossil fuels, mainly triggered by the war in the Ukraine and the tight supply 

situation of natural gas. In a similar manner, costs for carbon emissions determined in the European 

Emissions Trading Scheme (EU-ETS) consist of ‘tax’ on carbon emissions that reflect the political will 

to fade out the use of carbon-heavy energy carriers in the next decades.  

Heat pumps, in combination with energy storage or thermal inertia of the building, allow for flexible 

operation to a certain degree. This flexibility can be used for various applications, e.g. to participate in 

electricity markets, to support the electric grid or to optimize the operation of the heating system and 

thus reduce costs. However, certain barriers exist for the implementation and exploitation of this 

flexibility. This deliverable provides answers to the following key questions: 

1. What kind of barriers (technical, regulatory, economic, and other) prevent flexibility of heat 

pumps to be used by the market and for supporting the grid? 

2. What kind of innovative business models can emerge around the flexibility of heat pumps? 

3. What kind of business models are already in use (either in the research projects or in actual 

applications) in the different countries participating in this Annex? 
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2. Barriers for Flexibility-provision of heat pumps 
The increasing use of heat pumps in households and industry is a promising substitute to fossil fuels 

and can enable a significant decarbonization of the heating and cooling sector. Furthermore, these 

heat pumps can be operated flexibly to a certain degree and thus participate in various electricity 

markets or support the electricity system. However, the widespread integration of heat pumps and the 

exploitation of their flexibility encounters several barriers, which can reduce their attractiveness to 

(possible) users.  

 

In this chapter, barriers hindering the flexibility provision through heat pumps are discussed as they 

are crucial for further development of strategies and solutions to improving heat pumps as well as 

their implementation and the development of business models. The barriers can be divided into four 

groups: technical-, economic-, regulatory- or other barriers. The dimension [S, L] indicates whether 

the barrier mainly applies to small-scale [S] or large-scale [L] heat pumps in terms of (cooling or 

heating) capacity (S < 15 kW ≤ L). 

 

2.1 Technical barriers 
Technical barriers are obstacles and challenges in the development and implementation of heat 

pumps caused e. g. by physical limitations (of the working fluids and components used). The key 

technical barriers of vapor compression heat pumps (VCHP) and absorption heat pumps (AHP), 

including both cooling and heating applications, are shown in Figure 1 and described in terms of their 

impact on following flexibility dimensions: 

 

Figure 1: Time, capacity, temperature and location as dimensions of technical barriers for flexibility-
provision of heat pumps 

2.1.1 Vapor compression heat pumps (VCHP) 

 
a) Time [S & L] 

When using vapor compression heat pumps (VCHPs), two important time-related considerations are 
ramp-up times and stand-still/idle times.  

Quickly starting- up VCHP to full capacity can lead to various issues, e. g. pressure and temperature 
fluctuations within the system and increased wear of system components. These fluctuations can 
result in peaks of electric load due to high start-up currents and therefore lead to inefficiency of the 
VCHP. Additionally, at cold starts the lubricity of oil is reduced, which potentially causes problems due 
to high friction in the compressor. 

To overcome these challenges, gradual start-up and shutdown ramps are commonly employed in 
VCHP. These ramps allow the system to reach its operating conditions more smoothly, reducing 
stress on components, minimizing inefficiencies, and prolonging the system's lifespan. However, it's 
important to note that the use of ramps introduces a delay between the request for heat and its actual 
provision, which can impact the flexibility of VCHP. 
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Another critical aspect are stand-still or idle times, which refer to the periods when the VCHP is not 
actively heating or cooling. Properly determining these standstill times is essential for reducing the 
frequency of start-up and shut-down cycles in heat pump systems, resulting in energy savings and 
lower operational costs. Here, the physical size and capacity of the heat pump play a significant role 
in determining standstill times. Larger heat pumps require longer off-times for pressure and 
temperature equalization within the system to stabilize operating conditions. 

Another critical factor is the limited number of starts for compressor drive motors, especially in large-
scale heat pumps. These motors have constraints on consecutive starts and an annual maximum.  

Possible solutions to address these technical barriers include the implementation of advanced control 
systems, e. g. by using forecasting techniques, and the integration of energy management systems. 
Additionally, clear baselines for flexibility provision should be defined during the design of VCHP 
systems. 

An example for this is the Austrian heat pump manufacturer iDM. As part of the research project Flex+ 
(Hemm, R., et al. 2022), they were able to officially prequalify for manual frequency restoration 
reserve in Austria and further show they would also be able to fulfil the requirements for automatic 
frequency restoration reserve. 

b) Capacity [S & L] 

VCHP are typically designed with specific capacities and operate within predefined temperature and 
compressor speed ranges. Adjusting these parameters for flexibility can impact efficiency. For 
instance, reducing compressor speed can increase efficiency but reduce capacity, while increasing 
the inlet temperature or the volume flow of the heat sink can raise temperatures at the output but at 
lower capacity and efficiency.  

In small-scale VCHP used in household applications, electric load control can be limited. These heat 
pumps often lack precise electricity consumption measurements and operate with fixed temperatures 
and mass flows.  

Measuring flexibility in heat pumps requires deciding where to measure electrical load changes—
either at the component, energy management system, or grid connection point. Avoiding conflicts with 
other system components is crucial. Measuring load only at the grid connection point can make it 
challenging to quantify provided flexibility due to mixing with other building loads.  

Possible solutions are advanced control strategies, system design optimization, measurement 
improvements through external interfaces or smart meters, forecasting techniques, and clear baseline 
definitions. 

c) Temperatures [S & L]  

The flexibility of heat pumps concerning temperature is constrained by the properties of working fluids 
and the operational limits of components, which can result in reduced flexibility during system design. 
Additionally, fast changes in source temperature can lead to inefficiencies and potential compressor 
damage due to partially liquid refrigerant.  

Possible solutions to overcome these challenges and enhance temperature flexibility are to use 
quicker expansion valve controls as well as the installation of accumulators after the evaporator. 
These solutions help prevent two-phase refrigerant from entering the compressor, ensuring smoother 
operation and improved flexibility in heat pump systems. Furthermore, selecting working fluids and 
components that offer a broader operational range during the design phase can contribute to 
increased temperature flexibility. 

d) Location [S & L] 
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The flexibility of vapor compression heat pumps (VCHP) can be limited by factors related to their 
installation location, including climate and seasonality, heat source availability, infrastructure and grid 
capacity, energy demand patterns, environmental regulations, and economic viability. These location-
dependent variables can impact the performance and adaptability of heat pumps.  

Possible solutions to address these limitations include implementing advanced control systems that 
can adjust heat pump operation based on local climate conditions and energy source availability. 
Additionally, investing in grid infrastructure improvements and incorporating energy storage solutions 
can enhance flexibility, allowing heat pumps to better meet local energy demand patterns and comply 
with environmental regulations while remaining economically viable. 

2.1.2 Absorption heat pumps (AHP) 

 
In the following, the influence of AHP’s operating characteristics on flexibility-provision is discussed, 

whereby only factors deviating from VCHP are considered. 

a) Time [S & L] 

Absorption heat pumps (AHP) have extended ramp-up times compared to VCHP due to factors such 
as the time needed for heat source activation, heat and mass transfer processes, and the chemical 
kinetics involved in absorption and desorption. These longer start-up durations can also lead to high 
thermal inertia, resulting in transient behaviour during operational changes. According to Wagner et 
al. (2021), a shut-down of an AHP for 15 minutes can lead to nearly 1.5 hours of transient operation 
around the nominal operating point. This has also been found by Arnitz and Rieberer (2018) who 
investigated a H2O/LiBr-AHP with a nominal heating capacity of 20 MWth which utilizes flue gas 
condensation of a biomass CHP (50 MWth, 10 MWel). They concluded that fast capacity adjustments 
to cover morning and evening peak loads (e. g. increase from 15 MWth to 54 MWth within 30 minutes 
in the morning) of the investigated DH-system are challenging due to the high the thermal inertia of 
the biomass CHP and the AHP. Wernhart and Rieberer (2021) investigated the transient behavior of a 
NH3/H2O absorption chiller and a H2O/LiBr absorption chiller. They found that the thermal inertia of 
the H2O/LiBr absorption chiller is approximately 3 times higher compared to the NH3/H2O absorption 
chiller. This can be attributed to factors such as the H2O/LiBr-absorption chiller having higher thermal 
masses and the slower absorption of water in an aqueous salt solution compared to ammonia in 
water-ammonia solution.   

This extended ramp-up and thermal inertia can limit the flexibility of district heating systems 
containing AHPs, making it challenging to quickly adjust capacity to meet peak loads. 

Possible solutions to address these challenges involve optimizing the design of AHP systems to 
reduce thermal mass and improve heat and mass transfer efficiency. Additionally, advanced control 
systems and predictive models can help anticipate heating demand patterns and optimize AHP 
operation to minimize ramp-up times and transient behaviour, enhancing the flexibility of district 
heating systems  

b) Capacity – Part load [S & L] 

Absorption heat pumps (AHP) and absorption chillers are typically designed for specific operating 

conditions, including temperatures and volume flows in district heating systems. However, during 

operation, these conditions may deviate from the design criteria due to factors like pump speed 

adjustments using frequency control (FC) or changes in source and sink temperatures as well as 

mass flow rates. Wernhart (2019) showed that modifying the water input temperature at the absorber 

can lead to increased evaporator capacity and a rise in COPC due to lower solution temperatures and 

condensation pressures. Conversely, increasing water volume flows results in higher evaporator 

capacity but a decrease in COPC. Raising the water output temperature at the evaporator leads to 

higher capacities and COPC, attributed to higher evaporation pressures. However, COPC remained 

relatively stable across varying operating conditions. In a separate study by Wagner et al. (2021), the 

seasonal performance factors (SPF) of an H2O/LiBr-absorption heat pump (AHP) remained consistent 
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at around 1.75 over the investigated period of one year. These findings indicate the potential for 

maintaining stable system efficiencies under different operating parameters, offering flexibility without 

significant efficiency trade-offs. 

However, while these studies highlight the stability of system efficiencies under changing operating 
parameters, there are still capacity trade-offs to consider. When adjusting various factors such as 
input temperature, water volume flows, or output temperature to achieve flexibility, there may be 
implications for the overall heating or cooling capacity of the absorption heat pump (AHP) or 
absorption chiller (ACH). These trade-offs can impact the system's ability to meet specific heating or 
cooling demands efficiently. 

Possible solutions to address these capacity trade-offs involve advanced control strategies and 
system designs. Additionally, optimizing the design of key components, such as heat exchangers and 
absorbers, can enhance system performance across a range of operating conditions. 

c) Temperatures [L & S] 

Absorption heat pumps (AHP) and absorption chillers (ACH) are known for their ability to achieve 
high-temperature differences between low-temperature heat sources and heat sinks. However, they 
are subject to limitations related to their choice of refrigerants and operational conditions, which can 
impact their flexibility. For instance, when using ammonia (NH3) as a refrigerant (e. g. in NH3/H2O-
AHP), AHPs face challenges due to high saturation pressures associated with NH3. Additionally, the 
use of water (e.g. in H2O/LiBr-AHP) as a refrigerant can lead to issues related to water crystallization 
below 0 °C. Furthermore, the crystallization of lithium bromide (LiBr) within the solution can occur 
under certain operating conditions, further limiting flexibility. 

Possible solutions are to anticipate potential operating conditions that may lead to issues like high 
pressures in NH3/H2O-AHP or crystallization in H2O/LiBr-AHP during design phase and operation. For 
instance, in H2O/LiBr-AHP a manual dilution of the solution by injecting water when high lithium 
bromide mass fractions are present in the absorber can be a viable solution.  

2.2 Regulatory barriers 
Unforeseeable changes in regulation [S/L] 

As in many other fields, unforeseeable regulation can be identified as a hurdle to flexibility provision of 

heat pumps as it creates uncertainties for investors. 

Possible solutions: This barrier can likely never be overcome completely since regulations need to be 

adapted on a regular basis. However, decarbonization is a common goal between most countries 

worldwide and flexibility provision is a necessary part to achieve this. Therefore, changes in regulation 

in recent years have been for the most part improving the conditions for flexibility providers.  

An example for this is the Electricity Market Regulation (Regulation (EU) 2019/943) as part of the 

Clean Energy for all Europeans Package (CEP). In its target definition, the regulation provides that 

electricity customers, who have been purely passive in the past, should now have equal access to the 

electricity markets with other market participants. Their energy consumption should also be 

controllable and flexibility potentials, in particular load control and energy storage, should be used. At 

the same time, market-based flexibility should be encouraged through adequate electricity pricing. 

Local flex markets still under development [S/L] 

Local flexibility markets are under development in many countries, but the fact that they still are under 

development creates an uncertainty to the business case. The EU Directive 2019/944 requires that 

flexibility must be an option, if it is considered an economically viable alternative to regular 

alternatives, and there are several local flexibility markets under development in Europe, with partly 

different purposes. In Sweden, the Netherlands, and Germany, the flexibility markets are primarily 
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used for handling bottlenecks in the grid. In France and the UK, the local flexibility markets are also 

used for grid planning. The process to develop a regulatory framework has started in several 

countries in accordance with the EU directive, but none of the identified countries have finished 

deploying a full regulatory package on the topic. This gives an uncertainty of what demands a 

flexibility resource needs to fulfill in order to participate in the local flexibility markets. 

In Sweden, as an example, several local marketplaces for demand response are under development. 

The identified Swedish local flexibility markets (Effekthandel Väst, SthlmFlex, Uppsala 

flexibilitetsmarknad and the now finalized Coordinet project, where Coordinet were located in four 

different regions) are still all more or less in the pilot phase. 

Possible solutions are to get the regulations for the upcoming local flexibility markets in place, so the 

potential flexibility resources can adapt to the new regulations. The fact that the regulations are still 

under development can also be an opportunity for heat pumps as the regulations can be adapted to 

the heat pumps technical constraints. 

Different regulations in different regions/countries [S/L] 

Different regulations in different regions/countries counteract the development of business models for 

companies acting internationally and focusing on heat pump flexibility. 

Possible solutions: Common EU regulations should be further enhanced, and existing directives 

should be implemented into national law as soon as possible. 

Minimum bid size [S] 

For the provision of balancing services, minimum bid size (e.g. 1MW) is required, therefore small 

scale applications were excluded in the past. However, many countries now allow pooling of small 

units in order to reach the required minimum bid size. 

Possible solutions: By aggregating multiple heat pumps into a pool, smaller units are still able to 

provide balancing services. When joining the portfolio of an aggregator, it is usually even possible, to 

cover the minimum bid size by combining different types of assets. 

Market entry requirements [S] 

In order to participate in balancing markets, flexible components need to be pooled (in order to 

achieve minimum bid size), be prequalified by the TSO and provide a baseline concept (to prove the 

actual activation). All these steps create a significant hurdle for small-scale applications. 

Possible solutions: Many research projects have been done on the participation of heat pumps in 

balancing markets, e.g. Flex+ (Hemm, R., et al. 2022) and SLAV (Lindahl et al. 2023). They help 

lowering the entry barrier, by showcasing possible solutions for those topics. However, what would be 

even more helpful were if the TSOs would publish clear guides on how smaller units can be 

prequalified for balancing services and on how their baselines should be calculated. 

Aggregation of small assets creates coordination problem [S] 

Aggregation of small flexible components (e.g. heat pumps in single family houses) requires a 

substantial effort with a high number of stakeholders. For example, components could be supplied by 

different suppliers and be located in different balancing groups. Therefore, these multiple suppliers 

need to confirm the participation of the respective asset in the balancing market, but also need to be 

aware of the specific activation, in order not to counteract. 

Possible solutions: The Electricity Market Directive adopted by the Council of the European Union 

explicitly states that all market participants, including demand control and storage (individually or via 
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aggregators) must be granted non-discriminatory access to the balancing and wholesale markets (Art. 

6 para. 1 lit. c EMR and Art. 7 para. 2 lit. h EMR). In order to overcome initial challenges of integrating 

new (smaller) customers into the markets, research projects can play a big part. They can showcase 

best-practice examples for how the data-exchange the different stakeholders could be achieved, as 

for example done in (Hemm, R., et al. 2022).  

2.3 Economic barriers 
Low revenues from day-ahead prices [S, L] 

Operation of the heat pump oriented to the day-ahead electricity price only provide limited revenues. 

This typically does not justify any investments, risk of reduced comfort or change in behavior. 

Estimated revenues for heat pumps adjusting their operation to day-ahead prices range from 10€ to 

80€ for a single-family house per year depending on the size of the heat pump and the availability of 

buffer storages.  

Possible solutions: While the day-ahead spot market does have the lowest entry barriers, it is possible 

for heat pumps to combine this with the participation in other markets. Especially the intraday market 

has become increasingly relevant for flexibility providers, due to the higher prices spreads than in day-

ahead. Also a combination of day-ahead spot market with balancing services would be a possibility to 

further increase revenues. 

Grid fees make up the large part of electricity bill [S] 

Linked to the above point, this is particularly true for small-scale applications. The variable electricity 

price form only a fraction of the costs for electricity (with grid-fees and taxes making up for the other 

part). Therefore, the overall potential for cost-reduction based on variable day-ahead prices is 

generally limited. 

Possible solutions: Again, linked to the above point, this barrier can be overcome by combining 

different flexibility services. In some countries, providing balancing services also grants reduced grid 

fees. In the Austrian project Flex+ it could be shown that those reduced grid fees contribute to a large 

part to the possible cost savings, which can be achieved through flexibility services. A reduction of 

grid costs by up to 12% was possible, by providing automatic frequency restoration reserve. (Hemm, 

R., et al. 2022) 

Another option to decrease grid fees is to use the flexibility not only to offer at the market, but also in 

combination with a PV plant to increase own-consumption. 

Risk of end user intervention in case of aggregation [S] 

Depending on the business-case definition, the end user is allowed to overrule the flexibility system, 

e.g. by manually increasing the set-points or by switching the heat pump on/off. This however may 

create a risk for the aggregator since they cannot completely rely on the flexibility of the heat pump. 

Possible solutions: Especially with household customers, it is usually very important to them to keep a 

certain level of control over their system at any time. However, if the pool of heat pumps is large 

enough and a certain amount of them is always kept as back-up, the risk for the aggregator can be 

minimized. 

Maintenance costs and reduced lifetime [S & L] 

Maintenance costs associated with heat pumps, especially those integrated into heating grids, can be 
influenced by various factors such as the type of heat pump, system complexity, environmental 
conditions, installation quality, and system age. These factors can collectively contribute to higher 
maintenance costs compared to other heat production methods, potentially impacting the economic 
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attractiveness of heat pumps. Effective maintenance strategies, including regular inspections, 
preventive maintenance plans, professional servicing, and training, are essential to manage and 
minimize these costs. 

Reduced efficiency and a shortened system lifetime pose significant economic challenges for heat 
pump applications. Factors like corrosion, which can be prevalent in harsh environments or with 
corrosive heat transfer fluids, can degrade components like coils, pipes, and heat exchangers, leading 
to reduced heat exchange efficiency. Accumulated debris, including environmental contaminants like 
leaves, further exacerbates the problem, increasing energy consumption and lowering overall system 
efficiency. Overworking the heat pump can accelerate the degradation of internal parts like 
compressors and fan motors, resulting in costly replacements.  

Possible solutions for these economic barriers include the implementation of predictive maintenance 
techniques, such as advanced monitoring and sensor technologies, to assess the condition of system 
components continuously. Detecting potential issues early allows for more efficient maintenance 
scheduling, reducing downtime and overall maintenance costs. Optimized system designs, utilizing 
high-quality and corrosion-resistant components, can help increasing lifetime. Furthermore, 
implementing effective maintenance practices like routine inspections and timely repairs are crucial to 
ensuring the extended lifespan of heat pump systems and mitigating economic barriers. 

2.4 Other barriers 
Education of operators and installers [S/L] 

New types of flexibility services require additional knowledge and education of both heat plant 

operators (in case of district heating) and installers (in case of smaller buildings). If these actors do 

not understand the benefits of installing a flexible heat pump instead of a regular one and are not able 

to configure everything properly, the flexibility potential of buildings and grids cannot be unlocked. 

Possible solutions: In the future, trainings and certificates for operators and installers could also 

include specific sections on smart / flexible heat pumps and the various electricity markets. 

Cyber security/data protection [S/L]) 

Heat pumps for single family houses need to be remotely controlled over the Internet to effectively 

contribute to flexibility. This can, as for all Internet-connected devices, make them vulnerable to 

cyberattacks. On top of ensuring secure interaction with heat pumps, a key cybersecurity challenge 

stems from the long lifespan of the heat pump systems. Heat pumps are expected to operate for at 

least 15–20 years and new cyber threats may demand software and even hardware updates for many 

years. 

The threat from cyber-attacks must be taken seriously as hacked heat pumps could, at least in the 

future, cause severe problems not only for the heat pump owner but also to the national power 

system. Results presented in a report from RISE Center for cybersecurity (2023) shows that a large-

scale cybersecurity attack on connected heat pumps for single family houses can already today cause 

significant impact on the Swedish power system. If large amounts of, e.g., heat pumps are hacked or 

otherwise manipulated to operate in a non-favorable way, for the power system, this could lead to 

disturbances in the power system even causing safety mechanisms to trigger. Another example is 

Soltan et.al. (2018) that has shown the impact on the Polish power system when simulating IoT 

attacks via air conditioners and heaters. 

Secure data processing form an additional hurdle since it needs to be defined which stakeholder has 

access to what kind of data. 

Possible solutions: There is a need to work on adopting and enforcing cybersecurity solutions in the 

heat pump industry according to the current state-of-the-art and best practices, and to evaluate the 
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system architecture including the communication between individual heat pumps and the server 

solution. 

Internet of things installations need to be tested on cyber risks conform European legislation such as 
the Network Security Directive (NIB1 and NIB2), the Radio Devices Directive (RED) with its Delegated 
Act (known as "RED 3.3"), and the Cyber Resilience Act (CRA).  

Acceptance of end users [S] 

One of the most important stakeholders to achieve the wide-spread appliance of flexible heat pumps 

are the end users, for without their consent the theoretically available flexibility potential cannot be 

utilized. They need to be properly informed and incentivized to create acceptance for the potentially 

reduced comfort or loss of control of the heat pump. 

Possible solutions: The benefits for the end-users must be communicated in an easily 

comprehensible way. Besides monetary incentives, like reduced electricity bills, a strong focus should 

also be put on the non-monetary benefits, like the support of the integration of more renewables, 

electricity grid support or getting more insights into the behavior of their heat pump.   

Different electricity/heat supply mix in each country [S/L] 

European countries are quite heterogenous in terms of their electricity/heat supply capacities. This 

creates an additional hurdle to implement flexibility measures and business models which can be 

used across different countries. Due to the different amounts of renewables in the system, there are 

also different types of heat pumps commonly used in the different countries (e.g. pure electric or with 

other heat sources). Furthermore, grid conditions also vary between countries and thus allow for 

different amounts of electric heat pumps to be installed. 

Possible solutions: While measures are taken at EU level to harmonize many aspects of the energy 

sector, there will likely always be significant differences between countries. Therefore, some types of 

business models will be better suited for some countries than others and vice versa. 

More clear information from manufacturers [S/L] 

In order to successfully implement business models based on flexible heat pumps, more detailed 

information about certain technical specifications (like ramping times, etc.) are needed from heat 

pump manufacturers.  

Possible solutions: Ideally, heat pump manufacturers would indicate, how each of their heat pumps 

can be operated flexibly. They could for example include this within the heat pumps specifications or 

manuals. Furthermore, it would be helpful if they add certain specifications like ramping times, 

minimum run-time, etc. by standard. 

Wider digitalization measures needed [S] 

For heat pumps to be able to provide flexibility to the market and grid, some digitalization measures 

are needed at first. The heat pumps need to be able to communicate with an aggregator or supplier, 

e.g. via the internet. For most types of flexibility application, they need to be able to send some 

measurement data and receive and execute external control signals. 

Possible solutions: Some heat pump manufacturers already include control interfaces as standard 

features to their heat pumps. Even if they do not provide flexibility services yet, it can be beneficial to 

the customers if they can monitor their heat pumps behavior and room temperature e.g. via an app. If 

the customer later decides to use the heat pumps flexibility, no additional installation or upgrade is 
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necessary. In addition, it needs standardized protocols for the aggregators in order to control signals 

across different manufacturers. 

3. Innovative business models 
This chapter describes innovative business models for flexible heat pumps. For a graphical 

visualization of the business models, the lean canvas approach was used, as shown in Figure 2. 

PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• List your top 1-3 

problems 

• Outline a possible 

solution for each 

problem 

• Single, clear, 

compelling message 

that states why you are 

different and worth 

paying attention 

• Something that cannot 

easily be bought or 

copied 

• List your target 

customers and users 

KEY METRICS CHANNELS 

• List the key numbers 

that tell you how your 

business is doing 

• List your path to 

customers 

COST STURCUTRE  REVENUE STREAMS 

• List your fixed and variable costs • List your sources of revenue 

 

Figure 2: Template for lean canvas model. 
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3.1 Provision of balancing services 
Heat pumps can be aggregated (in case of small-scale applications) to provided balancing services to 

the transmission grid. Depending on their reaction speeds, they can offer different types of balancing 

services. In the Austrian project Flex+ (Hemm, R., et al. 2022), heat pumps were able to provide both 

manual and automatic frequency restoration reserve.  

Usually, the heat pumps act on the market via an aggregator or balancing service provider (BSP). The 

aggregator or BSP aggregates the total flexibility of their pool, which can also include other types of 

assets and offers these to the TSO. In case of an activation, they then distribute the activation signal 

to the different units. 

Business model applicable for: Balancing service providers, manufacturers 

PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• Increased need for 

balancing power & 

energy in the electricity 

system due to volatile 

renewable sources 

• Fast reaction times and 

high reliability are 

required. 

 

• Heat pumps can 

provide balancing 

services, either on 

their own (large-

scale heat pumps) or 

aggregated (small 

scale heat pumps) 

 

• Supporting the 

electricity grid 

• Lowering the heat 

costs 

• Free additional heat in 

case of negative 

balancing reserve 

• Use of renewable 

technologies 

• Cost reduction for end 

customers without 

negative impact on 

their comfort 

• No additional hardware 

costs in case of smart 

heat pumps 

 

• Household and 

commercial customers 

• Heating grid operators 

• Heating plant operators 

KEY METRICS CHANNELS 

• Provided balancing 

power 

• Activated balancing 

energy 

• Reduction in 

electricity costs 

(energy & grid costs) 

 

• Cooperations with heat 

pump manufacturers 

and installers 

• Raising awareness of 

customers through 

marketing 

 

COST STURCUTRE  REVENUE STREAMS 

• Fixed costs: 

o Personnel 

o IT-costs 

o Connection to the balancing market 

o Connection to an aggregator (small scale heat pumps) 

• Revenues from providing balancing services 

• Reduced electricity grid costs 

• Reduced electricity energy costs 
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3.2 Support of the distribution grid 
The flexibility of heat pumps can be used to support the electric distribution grid operator (DSO). This 

is currently most commonly done via interruptible tariffs, where the DSO can interrupt the electricity 

supply of the heat pump during certain times of the day. In return, the customers receive cheaper grid 

tariffs.  

In the future it would also be imaginable that DSOs could offer time-variant grid tariffs to thus 

incentivize the reduction or increase of electric load during certain times of the day. 

Business model applicable for: DSOs 

PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• Grid constraints due to 

too much electric load 

during certain hours of 

the day 

• Increased 

electrification of 

transport and heating 

sector further 

increases possible 

load problems 

• Offer interruptible 

tariffs to customers 

and curtail their 

consumption during 

critical times or offer 

time-variant grid 

tariffs to incentivize 

curtailment. 

 

• Relatively easy 

implementation 

• Improvement of local 

grid situation without 

any additional costs 

• No direct competition 

since DSO is fixed for 

each customer 

• Households 

KEY METRICS CHANNELS 

• Reduction in electric 

load during critical 

times 
 

• Raising awareness of 

customers through 

marketing 

 

COST STURCUTRE  REVENUE STREAMS 

• Reduced earnings from grid tariffs 

• Usually second electricity meter is necessary 

• Reduced or delayed costs for grid reinforcement measures 
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3.3 Exploit variable spot-market prices (day-ahead, intraday) 
Day-ahead prices can easily be exploited by heat pumps as estimating heat demand into the near 

future (a few hours) is possible with little effort with weather forecasts. Thus, heat pump operation can 

be continuously scheduled for the following hours taking advantage of low tariffs to charge thermal 

storages or pre-heat the building mass. Studies on low energy demand buildings suggest that heating 

can be de-activated for more than 12 hours on a winter day after 3 hours of pre-heating without 

violating thermal comforts [REFs]. Ground floor heating which is commonly used in combination with 

heat pumps in modern buildings has a high thermal capacity which can be viewed as a thermal 

storage to shift heating demand. An advantage of the day-ahead markets is that even small consumer 

can participate in this market as price taker and adapt to it. There are no prerequisites the heat pump 

needs to achieve for the end user except for being controllable by an external signal. In Sweden at 

least Nibe and Thermia has a "smart price adaption" function on their premium heat pumps. The heat 

pump plan the heat production based on electricity price from the Day-ahead market, see chapter 

4.1.1 in Task 4 report. 

In case larger applications and if storages are available, the flexibility potential is even higher and for 

example negative price spells can be captured more effectively. 

Business model applicable for: suppliers, manufacturers  

 

PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• Increased need for 

flexibility from the 

demand side through 

increased adoption of 

intermittent 

renewables 

• Rising electricity prices 

when conventional 

power plants are 

operated 

 

• Heat pump react to 

the day ahead 

market price and 

minimize electricity 

costs 

 

• Supporting the 

electricity grid 

• Lowering electricity 

cost 

• Higher use of 

renewable 

technologies 

• Cost reduction for end 

customers with ability 

to react to the day 

ahead price 

• No additional 

hardware costs in case 

of smart heat pumps 

• Higher general 

electricity costs for 

households who do 

not react to the price 

signal 

• Households 

 

KEY METRICS CHANNELS 

• Reduction in 

electricity costs 

(energy & grid costs) 

 

• Cooperations with heat 

pump manufacturers 

and installers 

• Raising awareness of 

customers through 

marketing 

 

COST STURCUTRE  REVENUE STREAMS 

• Electricity costs • Reduced energy bills for single households 

• Reduced electricity grid costs 

• Reduced electricity energy costs 
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3.5 Demand side response for heat demand 
Some electricity suppliers offer time-dependent variable electricity prices to consumers. Examples are 

‘Tibber’ from Norway or ‘aWATTar’ from Austria. Can a similar concept be applied to heat? At the 

moment, no such a concept has been put into practice to the knowledge of the consortium. However, 

optimization based if the marginal production cost of district heating was cheaper than producing heat 

with the heat pumps or not was tested in the Flexi-Sync project1. 

Before discussing the pros and cons of this concept, an important limitation needs to be made. Such 

a concept would only make sense in two cases 

• in case of a heat pump 

• In district heating networks 

For the first case, obviously a smart meter is required in combination with a supplier offering variable 

electricity prices. In the second case, time-based measurement of heat demand on a household basis 

would be required. Only then, a shift of heat demand away from peak-hours could be incentivized. 

However, in case of multi-family-houses, this requirement is not easy to fulfill. 

Two benefits can be identified from price-sensitive consumers. First, the DHG operator could 

potentially reduce its operational costs. Second, the DHG operator might be able to reduce grid-

expansion costs and backup-capacities in case peak-load is reduced. 

The operational benefits of price-sensitive consumers for DHG operators are not straight-forward but 

depend on the generation portfolio. In case large-scale heat pumps are operated, the DHG operator 

could benefit from lower operational costs, in case heat pumps shift their load away from peak hours. 

In case a large number CHPs are operated, the effect might even be negative, as cogenerating plants 

benefit from high electricity prices. 

However, the pricing structure that is offered by DHG operators to households is not straight-forward. 

Either the DHG offers foreseeable tariffs that vary according to certain parameters (e.g. season, 

weekday, daytime) or, in parallel to the electricity market, the DHG operator offers a detailed 

settlement in the retrospect, according to e.g. electricity prices on the power exchange. 

Business model applicable for: district-heating network operators, e.g. heat suppliers since grid 

operation and supply is not legally unbundled. 

 
1 sweflexisyncsw2p.pdf (heatpumpingtechnologies.org) 

https://heatpumpingtechnologies.org/annex57/wp-content/uploads/sites/69/2023/12/sweflexisyncsw2p.pdf
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PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• Reduce operational 

costs for DHG 

operators 

• Reduce grid expansion 

and maintenance costs 

• Offer variable heat-

tariffs to consumers 
 

 

• Lower overall costs for 

heating 

• Consumer awareness 

for their heat 

consumption 

• Lock-in effect of DH 

consumers 

 

• Energy-affine 

consumers connected 

to the DHG 

KEY METRICS CHANNELS 

• Reduced operational 

costs 

• Reduced grid 

expansion costs 

 

• Typical sales channel 

of DH supplier 

COST STURCUTRE  REVENUE STREAMS 

• Offering a comprehensive metric how variable heat tariffs are 

formed 
 

• Benefits of lower operational and grid expansion costs, shared 

between DHG operators and households  

 

 

3.6 Provide advice for flexible plant operation 
Developing a blue print of flexible plant operation/district heating and optimize operation. In case of an 

integrated system with on-site electricity generation (e.g. wind, solar), large-scale heat pumps, 

thermal storages and conventional sources (e.g. gas or biomass), operation can be optimized. 

Business model applicable for: IT-companies, consultancies, research institutions 

PROBLEM SOLUTION UNIQUE VALUE 

PROPOSITION 

UNFAIR 

ADVANTAGE 

CUSTOMER 

SEGMENTS 

• Plant dispatch is 

complex for different 

production and 

consumption 

technologies within a 

portfolio 

• Find optimal plant 

dispatch through 

optimisation 
 

 

• Optimized plant 

dispatch and lower 

operational costs for 

generators running a 

complex plant portfolio 

• Lock-in effect of DH 

consumers 

 

• Generators with 

electricity and heat 

consumption and 

generation portfolios 

KEY METRICS CHANNELS 

• Profit of providing 

advice, service to 

plant operators 

 

• Typical sales channel 

of DH supplier 

COST STURCUTRE  REVENUE STREAMS 

• Use scale effects of fixed development costs combined with low 

marginal costs of selling to additional clients 
 

• Shared benefits of profit-maximising plant dispatch 
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4. Existing business models per country 
The following provides an exemplary list of business models that have been identified in different 

countries. 

4.1 Sweden 
Title  Variation of heat source and provision of balancing services for property owners 

with a hybrid heating system including a decentralized heat pump system 

combined with district heating  

Corresponding 

business 

model(s) 

 

3.1 Provision of balancing services  

 

3.3 Exploit variable spot-market prices (day-ahead, intraday) 

Business 

model for… 

Property owners with a hybrid heating system system including a heat pump system 

combined with district heating. 

Project name Flexibility by implementation of heat pumps in thermal networks 

Short 

description 

In the project a simulation model was developed to evaluate the economic potential for a 

Swedish property owner utilizing the flexibility of decentralized heat pumps by actively 

controlling a hybrid heating system with a heat pump combined with district heating. This 

was done by actively choosing the heat source with the lowest variable cost on a hourly 

basis. There was also the possibility to deliver ancillary services to the Swedish TSO, 

Svenska Kraftnät, including four different ancillary service markets: FCR-N, FCR-D, 

aFRR and mFRR. 

The study (Song et al. 2023) identifies the cost and revenue streams for a Swedish 

energy customer with a hybrid heating system and the simulation model was used for 

analysing the energy usage and operation cost of the heating system. The model is 

applied in a case study, simulating the operation of a hybrid heating system under 

different conditions. Based on simulations the economic potential with a flexible 

operation of a hybrid heating system in a multi-family building was evaluated in normal 

and flexible operation modes.  

Results A quantitative analysis has been performed to investigate the economic benefits for end 

users by utilizing the flexibility of decentralized heat pumps combined with district 

heating. It is based on simulations for buildings located in different electricity price areas 

and climate zones in Sweden, and considers the future price scenarios for electricity, 

grid tariff, district heating and system services.  

The analysis shows that the energy cost for end users could be effectively reduced by 

using flexibility of the hybrid heating system, whereas the cost saving potential may vary 

among locations, price scenarios and the type of system services provided by the heat 

pump.  

Figure 3 shows the simulation results of the yearly heating cost of the building simulated 

in the project. Each box indicates the cost distribution among 16 scenarios. In general, 

the cost increases from Malmö in the south of Sweden to Kiruna in the north. It is mainly 

due to the climate conditions i.e. more heating energy is needed in colder regions. For 

each location, the costs in the five demand response (DR) cases are apparently lower 
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than the cost in the reference case. It implies that the flexible operations with cost 

minimization can effectively reduce the overall cost for heating. 

For the building at each location, the following six operation modes are simulated for the 

heating system:  

• Ref: normal operation, prioritize HP, no frequency regulation service is provided. 

• DR_None: flexible operation, cost minimization, no frequency regulation service 

is provided. 

• DR_FCRN: flexible operation, cost minimization, provide FCR-N service. 

• DR_FCRD: flexible operation, cost minimization, provide FCR-D service. 

• DR_aFRR: flexible operation, cost minimization, provide aFRR service. 

• DR_mFRR: flexible operation, cost minimization, provide mFRR service. 

 

Figure 3. Annual heating cost of the building in different conditions 

The model assumes a perfect market forecasts. The study concludes that further studies 

are needed to investigate how the uncertainties in the market price and required 

regulation directions would affect the benefits for the property owners and highlights a 

number of barriers to overcome. In the analysis the economic potential of delivering 

ancillary services to the TSO is in focus but in practice, before this is up and running 

there are still technical issues to solve on how to communicate with the heat pumps and 

how the heat pumps should react on signals to deliver the demand response to the grid. 

One barrier to solve is to make sure that the heat pumps can react and adjust the power 

consumption fast enough on signals for demand response, although the ramping rate of 

heat pump is not considered in the model. Another issue to solve is how to fulfil the 

requirements on the verification of delivered flexibility since todays’ heat pumps have no 

electric meters installed. 
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4.2 Denmark 
Title  Sdr. Felding District Heating 

Corresponding 

business 

model(s) 

 

3.1 Provision of balancing services  

 

3.3 Exploit variable spot-market prices (day-ahead, intraday) 

3.4 Purchase/Increasing size of storage (for plant operator) 

Business 

model for… 

District Heating Companies 

Project name Sdr. Felding District Heating 

Short 

description 

The district heating company in Sdr. Felding has expanded their existing biomass-based 

production facilities with a large air to water CO2-heat pump at 3,3 MW, a huge buffer 

tank of 3370 m2 (4,5 m3/consumer) and a 10MW electrical boiler. This visionary 

installation really shows the future of district heating, which will be smokefree and serve 

as an important player in balancing the electrical grid. It will absorb large amounts of 

green electricity when it is available and utilize the stored energy from the tank when the 

electricity supply is lower than the demand. 

Results The Heat Pump is tested regarding the reaction time. It has a start up time within 7 
minutes, and a turn down time within 4 minutes, as shown in the graphs below. This 
means that it is able to act in the aFRR regime.  

Energinet Danmark has made economical simulations of the plant, depending on which 

electrical ancillary service market it’s operated at. 1: The market as it is for the plant at 

the moment, 2: The Nordic market 3: The German market. In all situations is the plant 

gaining economically from being able to act in the ancillary service market.  
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4.3 Netherlands 
 

Title  Jouw Energie Moment 2.0 (JEM2.0) (2019) 

Corresponding 

business 

model(s) 

3.2 Support of the distribution grid 

3.5 Demand side response for heat pumps 

Business 

model for… 

House owners and/or grid operator 

Project name Jouw Energie Moment 2.0 (JEM2.0) (2019) 

Short 

description 

JEM 2.0 offered the opportunity to see on a small scale whether the business model for 

more energy flexibility in households works and is profitable. Pilot project with individual 

heat pumps in 39 houses. 

• The development of a clearing system based on dynamic tariffs.  

• The development of a profitable business model for energy flexibility services.  

• The integration of storage options into the business model and settlement 
system demonstration in a realistic test environment. 

 

It was decided to implement two variants of the proposition in the pilot. A variant in which 

equipment (heat pump and battery) is smartly controlled (automatic demand 

management) and a variant in which residents could respond to the rates themselves 

based on insight into the dynamic rates (manual demand management). This made the 

pilot a good basis for solutions on a larger scale. The results of JEM 2.0 should 

8% 8% 12%

18% 42%
18%

18%

77%

63%

3%

6%

2%

 -

 1.000

 2.000

 3.000

 4.000

 5.000

 6.000

 7.000

 8.000

 9.000

 10.000

 REFERENCE  AS-IS  NORDISK  TYSK

[M
W

/h
]

Sold ancillary service from the heat pump, 2022

FCR aFRR Up aFRR Down mFRR



23 
 

Intern gebruik 

ultimately contribute to the development of new services in the field of dynamic electricity 

tariffs 

Results Figure 1 shows the price development during the pilot. The network price incentive was 

introduced from mid-October, hence the increase in growth and variation of tariffs from 

then on. The average rate up to and including September was 0.174 €/kWh and from 

October 0.209 €/kWh. However, this increase is partly explained by the fact that the 

average APX price is higher in winter than in summer (energy demand in winter is higher 

while the availability of renewable sources is lower).  

Figure 2 shows how the rates varied by hour of the day. It is clear that after the 

introduction of the network price incentive, hourly variability increased. As mentioned 

earlier, this is not only caused by the network stimulus, but also by higher average APX 

price in the winter. The graph below also clearly shows that the network stimulus was 

mainly activated in hours of expected congestion: in the morning and early evening.  

Figure 3 shows that negative network stimuli have occurred. The network negative 

incentives have been used to make no profit or loss on the system. The money earned is 

returned to the system.  

 

Figure 1: Price development of the delivery/feed-in tariff This study was carried out by 

DNV GL.  
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Figure 2: Distribution of delivery rates per hour  

 

 

Figure 3: Distribution of network stimulus per hour  

 

Results 

To give consumers time to respond to the dynamic tariffs, these were determined four 

hours in advance and sent to the participants. This means that a forecast for the 

expected network congestion had to be made at least four hours in advance in order to 

determine the network stimulus. In practice, a prediction model (called ELMO) was used 

to determine the network stimuli 24 hours in advance. A more detailed shorter-term 

forecast was not possible at the time of the implementation of this project. Incorrectly 

applied network incentives could therefore result in an exacerbation of congestion 

problems. 

Flexibility services or network reinforcement?  

The choice between flexibility services and grid reinforcement is not an easy one when 

you put the facts straight. The costs and possible solutions depend on several factors 

(how many heat pumps, how many electric vehicles, quality of the grid, type of 



25 
 

Intern gebruik 

connections, etc.). There will be cases where reinforcement is a good solution and cases 

where it would be better to give preference to offering more flexibility, for example by 

fitting batteries. A grid reinforcement in a residential area with 200 households would 

cost around 300,000 euros (2019). These are costs that are ultimately passed on to the 

consumers themselves. Costs could be saved if consumers learn to use energy 

differently, stimulated by, for example, dynamic energy tariffs. To ensure significant 

flexibility, consumers will have to invest in an automatic connection to a heat pump or a 

battery. A publication that becomes considerably more affordable if standardization is 

possible through sufficient scale. In addition, a flexibility service must be set up by a 

central party to enable the dynamic on Energy Tariffs. There are also costs involved. But 

these also become lower as the service is used more. Sufficient scale therefore seems 

to be especially important for flexibility services in order to be a good alternative to grid 

reinforcement. What should also not be forgotten is that it is not yet possible to estimate 

how willing consumers will be to make their energy consumption more flexible. First 

studies show a high acceptance but issues concerning data privacy and cyber resilience 

has to be solved. The actual benefit that the energy grid will have from flexibilisation 

could be evident but is still unclear. 
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4.4 Austria 
Title  Pooling of small-scale heat pumps for participation in various short-term 

electricity markets 

Corresponding 

business 

model(s) 

 

3.1 Provision of balancing services  

 

3.3 Exploit variable spot-market prices (day-ahead, intraday) 

Business 

model for… 

Electricity suppliers 

Project name Flex+ 

Short 

description 

This business model was analyzed in the Austrian research project Flex+, both in theory 

and in real operation. Heat pumps in single family buildings were aggregated in a pool to 

participate in the spot and balancing energy markets (frequency restoration reserve), 

while considering the end consumers' own interests. 

The electricity supplier offers customers financial and non-financial value propositions at 

the same time, e.g. a reduction in energy supply costs (monetary) and an 

environmentally friendly energy supply (non-monetary) because low spot market prices 

usually correspond to a high feed-in of renewable energies at the power exchange. 

However, the purely market-related integration of the flexibilities can be restricted by the 

different self-interests of the customers. Raising customer awareness of the 

environmental and financial challenges of Flex+ is necessary to attract mass segments. 

Based on an evaluation of the customer benefit, the supplier can make an offer and, 

through a contractual agreement for the energy supply and flexibility marketing, assign 

the customers to the component pools. An important source of income for the supplier is 

the sale of electricity to the energy and balancing markets. Furthermore, they are able to 

improve their forecasting of the prosumer behavior and reduce their imbalance 

settlement costs. 

Results According to the simulation results, the total variable energy costs of the heat pump pool 

could be reduced by up to 12%. The most profitable use case was when the heat pumps 

participated on the day-ahead spot market, and additionally provided balancing energy 

(automatic frequency restoration reserve (aFRR)). Per heat pump and year, this 

amounted to a cost reduction between 65-117 € for the combination of day-ahead spot 

market and aFRR and between 8-23€ for only day-ahead spot market participation. The 

biggest share of cost reduction was due to reduced grid tariffs for frequency restoration 

reserve. The participation in the electricity markets resulted in up to 3% increased 

electricity consumption. 
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Figure 4: Simulation results for the heat pump pool in Flex+ 
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Title  Heat pump pooling in rural district heating grids for participation in various 

short-term electricity markets 

Corresponding 

business 

model(s) 

 

3.1 Provision of balancing services  

 

3.3 Exploit variable spot-market prices (day-ahead, intraday) 

Business 

model for… 

Heat plant operator 

Project(s) fit4power2heat 

Description This business model was analyzed in the Austrian research project fit4power2heat, using 

techno-economic operational optimization models. Heat pumps were integrated in small and 

medium biomass-based heating networks. A pooling concept over multiple heating networks 

was used, to enable the participation in various electricity markets (day-ahead spot market 

and balancing markets).  

Two different business models were developed, both from the perspective of the heat plant 

operator. The first one considered the investment in all new heating system components, 

including the biomass boiler and the thermal storage tanks. In the second business model, 

only the investment in the heat pump was considered; it was assumed that the other 

components were already existing and still functional.  

Results Through integration of heat pumps in small district heating grids and participating in the 

electricity markets, heat generation costs could be reduced by up to 17,7% when using flue 

gas as a source for the heat pump (see figure below), and up to 27,5% when using sewage 

water.  

 

Figure 5: Resulting reduction of heat generation costs through participating in various 
electricity markets, in one of the simulated heating grids 

According to the simulation results the feasibility of both business models could be shown. 

However, the increase in EBIT (earnings before investments) was only moderate (up to 8% 

in the best case). Therefore, the associated risks must be further assessed when making 

the investment decision. The most profitable use case was the one using flue gas as a 

source for the heat pump and providing automatic frequency restoration reserve. It was best 

for the heat pumps to bid low energy prices and therefore increase the call probability for 

secondary balancing energy (aFRR). 

In order to counteract the high investment costs, alternative financing models such as 

contracting, external financing (crowdfunding, crowdinvesting, crowdlending) and leasing 

could be further analysed. 
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4.5 Germany 
Title  Eco- and ecological optimal dispatch for large scale heat pumps in 

combination with CHP systems 

Corresponding 

business 

model(s) 

 

3.1 Provision of balancing services  

 

3.3 Exploit variable spot-market prices (day-ahead, intraday) 

Business 

model for… 

Heat plant operator 

Project(s) RL_GWP – Reallabor Größwärmepumpe 

Description Current large heat pumps are often operated in systems including CHP units. For 

this situation the optimal dispatch is depending on economical and ecological 

criteria. The economical optimal dispatch would include a maximum of self 

consumption of electricity, generated by the CHP and thus a minimum of electricity 

transferred through network. This is basically the case as network charges would 

arise. On the other hand an economically optimal dispatch might not include fossil 

based CHP systems as CO2 equivalent emissions are higher than, when operated 

on renewable energy based electricity. The current research of Hurst at el. [1, 2] 

carried out within the Reallabor Großwärmepumpe project does show different 

aspects, depending especially on the temperature of the source and sink of the 

heat pump system. Balancing is derived by the integration of the LHP into the 

existing utilities at the plant sites. The variable spot-market prices are applied by 

the operators of the plant site, as well including tools for optimal dispatch of the 

generating and LHP systems. 

Results The results show a correlation of the minimal COP of the heat pump system that is 

depending on the outcoupling but also the source temperature to derive an optimal 

ecological dispatch of the entire system.[1] 
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figure 6: Boundary conditions to be read off for ecological operation of 

LSHP in CHP+LSHP combination [1] 

 

5. Conclusion 
 
Flexibility provision with heat pumps is a very relevant topic across Europe at the moment. Many 

different types of flexibility services are currently being researched. Some of them are already at a 

high market readiness level and can form the basis of successful business models in the near future.  

The most commonly applied business model in the analyzed case studies was a combination of spot 

market participation and the provision of balancing services. This business model was already used in 

various research projects in Sweden, Denmark, Austria and Germany. Especially the provision of 

various balancing services showed promising reductions in overall energy costs. In Sweden, different 

types of FCR and aFRR showed the highest cost reduction, while mFRR was slightly less profitable. 

In Denmark, aFRR showed the best results, followed by FCR and then mFRR. In Austria, aFRR 

showed significantly higher cost reductions than mFRR. 

In the Dutch case study, the heat pump flexibility was used to support the distribution grid and to 

reduce grid reinforcement costs. Other business models, which were only theoretically analyzed 

included demand side response for heat demand and the provision of advice for flexible plant 

operation. 

For the successful application of those business models, some barriers still exist. They range from 

technical, to regulatory, economic, and other barriers, like end-user acceptance and cyber-security. 

Table 1 below gives an overview of all analyzed barriers. The colors indicates the estimated extent to 

which the barrier hinders the business model development. 

Table 1: Impact of barriers on business model development 
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Technical Ramp-up 

times 

Stand-still 

times 

Part load 

behavior 

Measurement/ 

control of 

electric load 

Measurement 

of flexibility 

Temperature 

flexibility 

Fast change of 

source 

temperature 

Regulatory Unforeseeable 

changes in 

regulation 

Local flex-

markets still 

under 

development 

Different 

regulations in 

different 

countries 

Minimum bid 

size 

 Market entry 

requirements 

Aggregation 

of small 

assets 

creates 

coordination 

problems 

 

Economic Low revenues 

from day-

ahead prices 

Grid fees 

make up 

large part of 

electricity bill 

Risk of end 

user 

intervention 

Maintenance 

costs 

Reduced 

efficiency and 

lifetime 

  

Other Education of 

operators and 

installers 

Cyber 

security / 

data 

protection 

Acceptance 

of end users 

Different 

electricity / 

heat supply 

mix in each 

country 

More clear 

information 

from 

manufacturers 

Wider 

digitalization 

measures 

needed 

 

 Low barrier for business model formation 

 Medium barrier for business model formation 

 High barrier for business model formation 
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