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The Users TCP’s mission is to provide policy-relevant evidence on factors influencing energy use, 

including technology acceptance, and their impact on society. Its objective is to provide impartial, 

reliable and authoritative research, guidelines and recommended practices to public and private 

decision makers and implementers based on international evidence.  

 

Participating countries in the Users TCP: Austria, Belgium, Canada, Finland, Ireland, Italy, 

Republic of Korea, the Netherlands, New Zealand, Norway, Sweden, Switzerland, United Kingdom 

and the United States of America. 

 

Further information on the Users TCP is available from: www.userstcp.org  

 

 

The Technology Collaboration Programme on Energy Efficient End-Use Equipment (4E TCP), has 

been supporting governments to co-ordinate effective energy efficiency policies since 2008. 

Fourteen countries and one region have joined together under the 4E TCP platform to exchange 

technical and policy information focused on increasing the production and trade in efficient end-use 

equipment. However, the 4E TCP is more than a forum for sharing information: it pools resources 

and expertise on a wide a range of projects designed to meet the policy needs of participating 

governments. Members of 4E find this an efficient use of scarce funds, which results in outcomes 

that are far more comprehensive and authoritative than can be achieved by individual jurisdictions. 

 

The 4E TCP is established under the auspices of the International Energy Agency (IEA) as a 

functionally and legally autonomous body. Current members of 4E TCP are Australia, Austria, 

Canada, China, Denmark, the European Commission, France, Japan, Korea, the Netherlands, 

New Zealand, Switzerland, Sweden, United Kingdom and the United States. 

 

Further information on the 4E TCP is available from: www.iea-4e.org 

 

The Efficient, Demand Flexible Networked Appliances Platform of 4E (EDNA) provides analysis 

and policy guidance to members and other governments aimed at improving the energy efficiency 

and demand flexibility of connected devices and networks. 

 

Further information on EDNA is available from: www.iea-4e.org/edna 
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This publication was commissioned by the User-Centred Energy Systems (Users TCP) and the 

Efficient, Demand Flexible Networked Appliances (EDNA) Platform of the Energy Efficiency End-

use Equipment (4E TCP) – part of the IEA Technology Collaboration Programme. It was authored 

by the Austrian Institute of Technology (AIT). The publication has been prepared with reasonable 

care. However, the authors, the Contracting Parties of the Users TCP and the 4E TCP and their 

agents accept no responsibility for the accuracy, completeness, or suitability of the information 

herein, and shall not be liable for any loss or damage arising from its use. This material does not 

constitute professional advice. 

 

The Users TCP and 4E TCP are organised under the auspices of the International Energy Agency 

(IEA) but are functionally and legally autonomous. Views, findings, and publications of the Users 

TCP and 4E TCP do not necessarily represent the views or policies of the IEA Secretariat or its 

individual member countries. 
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EXECUTIVE SUMMARY 
 
Energy systems are undergoing a fundamental transformation in how energy is produced, distributed and 
consumed. The electrification of heating and transport through the widespread deployment of heat pumps 
(HPs) and electric vehicles (EVs) is a cornerstone of this transition. Yet, to realize their full potential, these 
technologies must not only replace fossil fuel systems but also provide flexibility — the ability to adjust their 
electricity consumption or production to support grid stability and the integration of renewable energy. The 
additional provision of flexibility can be also facilitated via other demand side appliances.  
 
This report, prepared by the Austrian Institute of Technology (AIT) for the Users TCP and 4E TCP/EDNA 
Platform, part of the IEA Technology Collaboration Programme, explores how flexibility can be 
understood, quantified, and enabled in practice. It introduces a high-level model that links technical 
capabilities, economic drivers, behavioural aspects, and policy frameworks to estimate the overall flexibility 
potential of distributed assets. Austria served as the pilot country for applying this model, focusing on heat 
pumps and electric vehicles as representative examples of technologies with significant technical potential. 
 
The study distinguishes between several indicators of potential: the total number of devices installed, the 
share technically capable of providing flexibility, the share enabled through user participation, as well as the 
average flexibility each device can actually deliver, considering again environmental and behavioural factors. 
This approach reveals where the largest gaps and opportunities lie — showing that technical readiness is 
already high, but behavioural factors significantly limit practical deployment. 
 
For heat pumps, the analysis finds that most modern systems in Austria are technically capable of providing 
simple demand response services, thanks to increasing smart-grid compatibility, via the smart grid ready 
label. However, user willingness remains the main bottleneck: while nearly all devices could participate 
technically, the range of owners that are likely to enrol in flexibility programs under current conditions are 
between 30% and 84%, according to literature from different countries. By 2030, this corresponds to roughly 
240,000 active units, with a combined flexibility potential of 135 MW positive and 108 MW negative 
flexibility, under conservative assumptions. In comparison, Austria’s actual total load in 2024 averaged 
6 694 MW (15-minute mean), with a maximum 15-minute load of 10 318 MW. 
 
For electric vehicles, the potential is even greater due to their large batteries and growing penetration rates. 
Smart charging and vehicle-to-grid (V2G) technologies allow EVs to shift charging demand or feed power 
back into the grid. Nevertheless, behavioural factors — such as range anxiety, the inconvenience of manual 
charging, and fears of battery degradation — strongly influence user participation. Depending on the level of 
financial incentives and public trust, 20% to 60% of EV owners with capable charging stations (which 
corresponds to 1270 00- 50 9000 stations) may actively contribute to flexibility by 2030, according to the 
literature analysed.  
 
Across both technologies, the study concludes that policy and behavioural measures are as important as 
technological ones. Economic incentives and regulations (e.g., carbon pricing, subsidies for flexible-ready 
equipment, interoperability standards) can accelerate the adoption of flexible assets, but awareness 
campaigns, capacity-building programmes, and certification schemes are likely to foster user trust and 
participation. Training installers, sellers, and energy service providers to communicate flexibility benefits 
effectively can further strengthen public confidence and improve system integration. Underpinning such 
communication efforts is the need to ensure that electricity prices better communicate the system benefits of 
flexibility. While the evidence shows that financial remuneration is not the only driver of flexibility provision, 
ensuring that flexible tariffs are available is crucial. For example, time-of-use tariffs can signal to 
consumers when there is likely to be a scarcity or abundance of supply relative to demand, while variable 
grid tariffs can be adapted to reflect expected constraints on grid utilisation. 
 
The findings underline that unlocking flexibility is primarily a societal and institutional challenge rather 
than a purely technical one. To capture this untapped potential, future efforts should focus on measuring the 
real-world effects of policy instruments on user behaviour, improving communication about environmental 
and financial benefits, and ensuring that flexibility is recognized as a key energy system capability. 
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1 INTRODUCTION AND PROJECT SCOPE 
As the world’s economies transition towards cleaner, more efficient electricity-based energy systems, the 

electrification of major end-uses such as transport and heating (via EVs and heat pumps) is central — but its 

success depends critically on system flexibility. In the IEA’s Net Zero Emissions by 2050 (NZE) pathway, heat 

pump installations rise from roughly 180 million today to about 600 million by 2030, covering nearly one-fifth 

of global building heating demand [1]. Meanwhile, flexibility sources (such as demand response and smart 

control) are projected to provide an increasing share of electricity system flexibility, with demand-side flexibility 

and batteries jointly contributing up to thirty percent by 2030 in the NZE scenario [2]. Thus, deployment and 

flexibility of demand side flexibility are not just complementary technical options — they are intertwined levers 

for integrating high shares of intermittent renewables, reducing peak stress on grids, and enabling more 

efficient, resilient low-carbon energy systems. 

 

The Users TCP and the EDNA Platform of the 4E TCP commissioned AIT to undertake a research project to 

advance the understanding of the technical flexibility potentials and the non-technical constraints affecting 

these potentials for behind-the-meter electric assets. The project identifies and analyses the diverse factors 

that influence the total flexibility potential of different device types. These factors include not only technical 

capacities and constraints, but also economic incentives and disincentives, social and behavioural drivers, and 

legal or policy-related conditions. While the study was not expected to map the spatial variation of these 

factors, it aimed to highlight which underlying drivers cause such variation, with the goal to apply the model for 

different countries in the future. 

 

The project builds upon a generic model for calculating flexibility and aims to interpret, apply, and evaluate this 

model through application in Austria. The study focuses on heat pumps and electric vehicles, while ensuring 

that the methodology remains applicable to other types of assets. It analyses their flexibility potential under 

varying technical, economic, behavioural, and legal conditions. The study identifies key parameters according 

to their influence on flexibility potential. 

 

The developed model systematically identifies and quantifies the constraints defining the upper and lower 

bounds of flexibility, classifying them as technical, economic, behavioural, or legal, and providing range 

estimates for these bounds. For example, the study explores the minimum flexibility achievable from a heat 

pump without causing occupant discomfort up to the maximum flexibility from a technical point of view. 

 

This scoping project also lays the foundation for a future multi-country research project that will adapt the 

generic model as needed and systematically characterise the flexibility potential of a wider range of assets 

across different contexts. Through this structured approach, we aim to contribute to the evidence base required 

to practically and measurably unlock demand-side flexibility in energy systems. 
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2 DEFINITION OF FLEXIBILITY AND INVESTIGATED ASSET 
TYPES 

In this study, flexibility is defined as the capacity of an asset, or pool of assets, to deviate from their established 

operational profile. The operational profile serves as the baseline, representing the planned or typical operation 

of the asset under normal conditions. The respective flexibility of an asset is defined as the maximum 

possible deviation from its baseline operation, either by increasing or decreasing its consumption or 

production without compromising its primary function or user comfort beyond acceptable limits. This definition 

ensures that flexibility is understood not as an abstract potential but as a measurable deviation from a defined 

operational plan, providing a practical and comparable basis for quantifying demand-side flexibility across 

asset types and contexts. A decrease in demand is referred to as positive flexibility, while an increase in 

demand is referred to as negative flexibility. 

 

Figure 1 shows an example of the baseline operation profile of a heat pump (black solid line), which maintains 

a constant room temperature (black dotted line).The heat pump may be a modulating asset that precisely 

meets the current heat demand, or an average representation of a single heat pump within a pool of different 

heat pumps operating in on-off mode, calculated by dividing the aggregated demand profile by the number of 

assets in the pool. While individual heat pumps typically cycle on and off, this averaging approach results in 

this smoothed profile that reflects the average operation of a single heat pump within a larger pool under 

standard conditions. The solid orange line represents a flexibility activation. After some time, an upper room 

temperature limit is reached (see orange dotted line), which restricts the maximum duration of the flexibility 

activation. The maximum allowed temperature may vary according to user preferences. There are no catch-

up or preliminary effects shown in this example, which would be necessary at some point if the temperature 

shouldn’t stay at the upper allowed limit. Also, the ramp is just a schematic representation, in practice it can 

be in the range of seconds, depending on the current operational state of the heat pump.  

 

 
 
Figure 1: Example of baseline operation of a heat pump (black) and a flexibility activation (orange) with resulting room 

temperatures (dotted lines) 

 

When activating less flexibility, the possible duration of the flexibility activation can be extended under the 

same temperature constraints (see Figure 2). 
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Figure 2: Different heights of activation allow different activation durations 

 

The flexibility of heat pumps, both positive and negative, varies significantly with outdoor temperature, (see 

Figure 3). A building with constant insulation characteristics will lose the same amount of energy to cool down 

1°C, no matter what the environmental temperatures are (and this is equal to the amount of energy the heat 

pump needs to produce). The environmental temperature affects only the rate at which this energy exchange 

occurs: the building will lose this energy more rapidly when the outdoor temperature is significantly lower, and 

more slowly when it is closer to the indoor temperature. This lost thermal energy must be compensated by the 

heat pump to maintain a constant indoor temperature. The outdoor temperature primarily affects the 

momentary heat demand but also the Coefficient of Performance (COP), depending on the type of heat pump 

– therefore the amount of consumed electrical energy will still vary slightly between different outdoor 

temperatures.  

 

 
Figure 3: Flexibility of a heat pump varies substantially with outdoor temperatures 

 

The magnitude of flexibility that can be potentially activated varies depending on the duration of activation and 

environmental parameters. Since this project focuses primarily on social, regulatory, and behavioural factors, 

the technical potential is assumed to correspond to the maximum activation possible over a 4-hour period, 

based on an averaged load curve of various heat pumps at a given outdoor temperature (which is in the context 

of this analysis 0 °C). 
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2.1 Heat Pump 
 

• Operation depending on: 

□ Demand 

□ Source temperature 

□ Sink temperature 

• Operational parameters: 

□ Input: electricity 

□ Output: heating/cooling 

• Possible differentiations: 

□ Technical 

• Source: air, water, ground 

• Sink: water, air (not considered due 

to low market share in AT) 

• Power class 

□ Behavioural: Comfort criteria 

 

 

 

Figure 4 Brief technical overview, illustrating key operational dependencies (demand, source and sink temperatures) and the 

basic functionality of heat pumps (input: electricity, output: heating/cooling). It further outlines possible differentiations by 

source type (air, water, ground) and power class, serving as a structured entry point for analysing flexibility potential under 

varying boundary conditions. 

 

The technical data on heat pump flexibility was taken from a pre-study conducted by AIT. The methodology of 

this study is described briefly here: 

 

• The heat pump categories from the Pan European Market Modelling Database (PEMMDB) of the 

European Network of Transmission System Operators for Electricity (ENTSO-E) were used for the 

analysis. The categories include air-to-air, air-to-water, geothermal, and sanitary water heat pumps as 

well as assets that can provide space heating as well as domestic hot water. The installed nominal 

capacities are relevant for generating load profiles. To estimate the total installed nominal capacity, 

an average nominal capacity was assumed for each power class. The nominal capacities refer to the 

heating or cooling capacities measured during testing under standardized nominal conditions.  

• The design capacity, i.e., the heating capacity at the bivalence point 1  or at the lowest outdoor 

temperature, corresponds to the building’s heating demand (possibly multiplied by a safety factor). For 

a bivalence point in the typical range (below -3°C), the heating capacity (and, thus, the heating load) 

is, in most cases, significantly lower than the nominal capacity. In the following calculations, a value 

of -6°C is assumed for the outdoor temperature at the bivalence point. 

• To model the current building stock, two different building types with varying load-shifting potentials 

were selected. These two building types represent newly built buildings on the one hand, and 

renovated buildings on the other. The underlying assumption was that heat pumps are rarely used in 

older, unrenovated buildings. It should be noted that this assumption varies significantly between 

countries. For instance, in Sweden and other Nordic countries, heat pumps are often successfully 

 
1 Below this temperature, the heat pump needs to run continuously to supply the thermal energy that is 
constantly being lost. If the heat pump is switched off under these conditions, the indoor temperature will 
start to drop due to ongoing heat losses. Without additional heating capacity the heat pump therefor is not 
able to raise the temperature back to the setpoint once it has dropped. To restore the temperature, one 
would have to wait until outdoor temperatures rises again (reducing the heat loss) or use an auxiliary heat 
source (which we don’t want to consider here). 
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installed in unrenovated existing buildings, a development further reinforced by national initiatives 

promoting heat pump deployment. The initial simulation might need to be adjusted for such cases. 

• For the analyses carried out in this report, a 50:50 split between new and renovated buildings was 

assumed. The average shifting times (time until operation before flexibility activation needs to be 

resumed, i.e. activation times) over the year range between 4 and 7.7 hours with the used model, 

assuming an allowable decrease in indoor air temperature of 2°C. For domestic hot water, upper and 

lower temperature limits of 65°C and 55°C were assumed. 

• The starting point for the analysis was the baseline operation of heat pumps, in which the supplied 

electrical energy exactly compensates for thermal losses, maintaining constant temperatures in the 

building or storage system. Based on this baseline operation, positive flexibility was determined by 

setting the heat pump power to zero until the lower temperature limit in the building or storage is 

reached. The maximum instantaneous power of air-source heat pumps depends on the outdoor 

temperature, which was taken into account when determining the flexibility potential. Therefore, the 

positive flexibility potential corresponds to the height of the baseline profile, while the negative flexibility 

potential is defined as the difference between the maximum instantaneous power and the baseline 

consumption. 

• The highest positive flexibility is available at an outdoor temperature of -5°C, however, the maximum 

duration of flexibility activation is relatively short. At -10°C, the available positive flexibility is lower than 

at -5°C because at these low temperatures (below the bivalence point), air-source heat pumps must 

operate continuously to maintain target temperatures and are therefore not available for flexible 

curtailment. 

• For negative flexibility, the highest available power occurs at an outdoor temperature of +10°C. At 

higher temperatures, buildings and storage systems heat up quickly, limiting the maximum duration 

significantly. As outdoor temperatures decrease, the magnitude of negative flexibility decreases, but 

the possible activation durations increase.  

• Overall, the most suitable temperature range for providing flexibility with heat pumps appears 

to be around 0°C. At this outdoor temperature, passive cooling driven by the outdoor temperature 

and active heating by the heating system have similar durations, resulting in comparable activation 

times for positive and negative flexibility of 7 hours and 9 hours, respectively. Flexibility activation at 

very low or very high outdoor temperatures appears less suitable, as heating or cooling processes 

take significantly longer under these conditions. Therefore, the flexibility values for this study were 

determined using this temperature. 

 

 

2.2 Electric vehicle 
Electric vehicles (EVs) offer significant flexibility potential through controlled charging (smart charging) and 

vehicle-to-grid (V2G) capabilities, enabling deviations from their baseline charging profiles to support system 

balancing and grid services. The baseline operation of an EV typically involves charging at a constant rate 

(e.g., 7 kW for a Level 2 charger) during plug-in periods, often aligned with user convenience or low-cost 

electricity periods. Flexibility is achieved by shifting the charging process to times of high renewable 

generation or low grid demand (negative flexibility) or, in V2G scenarios, discharging energy back to the grid 

during peak demand (positive flexibility) and in both directions for frequency regulation needs. This flexibility 

is constrained by user range requirements, battery capacity (typically 50–70 kWh in 2025), and charger 

capabilities, with bidirectional chargers enabling V2G. 

 

The flexibility potential varies with factors such as battery size, charger power, and user participation rates, 

which mainly depends on incentives. The technical data for EV flexibility in this study is derived from a pre-

study by the International Energy Agency (IEA), Bloomberg, and “Österreich Unterwegs” for the Mobility 

behaviour in Austria. We focus on average EV characteristics and grid interaction protocols. The 

methodology assumes a usual charging and flexibility activation period with outdoor temperature having 

minimal direct impact compared to user behaviour and infrastructure constraints. 
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• Operation depending on: 

□ Connection to charging station 

(charge/Vehicle2Grid (V2G)) 

□ Driving patterns (discharge) 

• Behaviour similar to an electrical battery 

□ Input: charging power 

□ Outputs: driving-power, V2G 

• Possible differentiations:  

□ Technical: 

• Battery capacity 

• Charging power 

□ Behavioural and environmental: 

• Region 

• Trip purpose   
Charging station Icon Source: <a href="https://www.flaticon.com/free-
icons/charging-station" title="charging station icons">Charging station icons 
created by Aldo Cervantes - Flaticon</a> 

Figure 5: Brief technical overview of electric vehicles (EVs) regarding their flexibility potential. EV operation depends on 

connection to charging infrastructure (smart charging or V2G) and on individual driving patterns (discharging). Possible 

differentiations by region and trip purpose allow for structured analysis of flexibility potential across user segments and 

boundary conditions. 

 

 

3 HIGH LEVEL MODEL 

 
Figure 6: High-level model showing how to deduct the flexibility potential of a certain asset 

 

The model developed during this project is shown in Figure 6. It describes how the total flexibility available 

from potentially flexible assets within a region or country is derived by sequentially applying various influencing 

factors, starting from the number of assets and an average flexibility potential per asset:  

• Starting from the total number of installed assets, the upper part of the figure is first reduced by 

technical and financial constraints to determine the subset of assets capable of providing flexibility. 

This number is further narrowed down by considering the proportion of users willing to actively 

participate and enroll in flexibility programs. 

• Separately, in the lower part, the technical maximum flexibility potential of an average asset is limited 

by environmental and technical factors to reflect what is technically feasible. Behavioural and financial 

factors then further reduce this potential to a flexibility that can realistically be delivered by each asset. 
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Finally, the overall available flexibility is obtained by combining the number of enabled heat pumps with the 

realistically achievable flexibility per asset, by multiplying these two values.  

As an addition to the model, policy measures and regulatory instruments are highlighting the key intervention 

points that can effectively influence the various technical, financial, behavioural, and environmental factors. As 

can be seen in the figure, we assume that policy measures have no influence on the average technical product 

flexibility, nor on inherent technical and environmental factors such as outdoor temperature and similar 

conditions. 

 

3.1 Heat Pumps 
Figure 7 summarises all identified influencing factors. They will be described in detail in the following sections. 

 
Figure 7: Comprehensive model for heat pumps including all aspects identified in the literature 

 

3.1.1 Number of total products 

 
Figure 8: Zoom-in on influencing factors and regulatory measures affecting the number of installed heat pumps. 

 

As a first step in assessing the flexibility potential of heat pumps, it is essential to determine the total number 

of heat pumps installed in a given country, see Figure 8. This value defines the maximum possible pool of 

assets that could, in principle, contribute to system flexibility. 

 

The actual number of installed heat pumps can be usually obtained from market surveys, industry reports, and 

national statistics. The development of heat pump installations over time depends on various influencing 
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factors, including technological progress, economic and financial conditions, consumer behaviour, and 

regulatory framework. 

 

Additionally, a range of policy measures—such as subsidies, phase out of fossil fuels, building codes, and 

carbon pricing—can strongly impact the growth trajectory of heat pump adoption. These measures shape 

market dynamics and, thus, the future heat pump stock. 

 

In the following, the identified influencing factors are listed and references to specific numbers are given. 

 

Financial influencing factors 

o Investment costs 

• Forecasts suggest significant but relatively moderate cost reductions by 2030. [3] 

o Energy prices 

• System dynamics modelling has been used to analyse the effects of technological 

developments and suggests that energy pricing likely has the potential to encourage heat 

pump use and ensure the reduction of energy consumption and greenhouse gas (GHG) 

emissions due to residential heating. [4] 

→ Cost ratios to alternatives (both for investment costs as well as fuel costs) matter more than absolute 

costs. 

 

Behavioural influencing factors 

o Hassle factor 

• The hassle associated with selecting and installing heat pumps is valued at the equivalent of 

3 days of working time. [5] 

o Peer effect/ knowledge spillover 

The opinion of peers and the installation of heat pumps in the neighbourhood has an effect on 

the adoption of heat pumps. [5], [6] 

o Trigger mechanism 

• Opportunity triggered investments are more likely to result in new technology installations than 

problem triggered investments. [7] 

o Misinformation streams: misinformation shared in media and by other stakeholders is impeding uptake 

[8] 

o Motivations [9] 

• Perceiving a heat pump as good for the environment increases the likelihood of adoption 

o User concerns [9]:   

• Concerns about the uncertain performance of heat pumps were found as one of the main 

barriers to adoption 

• Those with a technology-oriented lifestyle were found more likely to adopt, older individuals 

are less likely to adopt a heat pump 

Technical influencing factors 

o Availability of alternative heating options impacts the adoption of heat pumps, while technological 

development does not have a sufficient effect on adoption rates. [4] 

o Heat pump type  

• For this study we only considered household assets (and air, ventilation neglectable). [10] 

• Air conditioning can be considered separately but is excluded from this study. 

Regulatory and policy measures → Policy support should be resilient to fluctuations in installed costs over 

time. [1] 

o Ban on fossil fuels [11] 

o Binding standards for new buildings [12] 

o Carbon tax makes conventional fossil fuels and heating methods such as gas boilers etc. more 

expensive, while operation of heat pumps become cheaper in comparison (low-carbon electricity 

generation) [13], [14] 

o Subsidies for heat pumps (direct impact) and/or renovation of buildings such as insulation etc. (indirect 

impact) [15] 

o Reduction of energy prices through tax reduction or requirements to provide cost-reflective pricing 

(also see “willingness of users”)   
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3.1.2 Number of capable products 

 
Figure 9: Zoom-in on influencing factors and regulatory measures affecting the number of capable heat pumps. 

 

After determining the total number of heat pumps installed, the next step is to identify which share of these 

assets is technically capable of providing flexibility services, see Figure 9. This depends primarily on the 

controllability and connectivity of the heat pumps, as well as the willingness of consumers to invest in 

necessary retrofits or energy management systems (EMS), if these are required in terms of connectivity and 

controllability. Regulatory and policy measures can play a role in enabling and incentivizing flexibility 

capabilities by promoting interoperability.  

 

The following factors outline the main technical and financial influencing factors that determine the share of 

heat pumps capable of effectively participating in flexibility provision, as well as policy measures that could 

influence these parameters: 

 

Technical influencing factors 

o Controllability of assets 

• Heat pumps with required connectivity interfaces are commercially available (see SG Ready-

Label). Retrofitting is possible most of the time. [16]  

• Data from AT: Since 2005, heat pumps are remotely controllable. Since 2015, newly installed 

heat pumps typically have smart grid interfaces. [17]  

• Data from NL: 17% of heat pumps installed in 2021 are connected (to the internet), 77% 

connectable, 6% non-connectable. [18] 

Financial influencing factors 

o Consumer willingness to invest for retrofit or energy management systems impacts the number of 

capable assets. 

Regulatory and policy measures 

o Subsidies for heat pumps with performance/flexible standards [19], [20] 

o Reduced taxes on flexible heat pumps [21] 

o Legal requirement for asset interoperability [22], [23] 

o Public awareness campaigns, capacity building programs [24] 

 

https://www.waermepumpe.de/normen-technik/sg-ready/
https://www.waermepumpe.de/normen-technik/sg-ready/
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3.1.3 Number of enabled products 

 
Figure 10: Zoom-in on influencing factors and regulatory measures affecting the number of capable heat pumps with willing 

users 

 

The participation of heat pump owners in demand response (DR) programs and flexibility services is strongly 

influenced by a combination of behavioural, financial, and regulatory factors. Behavioural aspects such as the 

general openness of consumers to allow external control, and social learning within communities shape the 

readiness to engage. Financial incentives and the expected economic benefits further motivate participation. 

Targeted regulatory and policy measures—such as public awareness campaigns, utility incentives, training 

programs, and certification schemes—create the enabling environment to increase user acceptance and active 

involvement.  

The following points summarize these key influences: 

 

Behavioural influencing factors 

o Consumer general openness to provide DR 

• Data from DE: External control of their asset is off-limits for a quarter of survey participants. 

[25] 

• Data from AT: 30% of survey participants are generally willing to participate, 44% maybe. 

[26] 

• Data from PL: 84% of survey participants are generally open to participate when obtaining 

tangible benefits or savings. [27] 

• Data from US Midwest: 50% of survey participants are willing to enrol in a DR program. [28] 

• There is a higher willingness to provide DR for heating than EV. Financial incentives have a 

higher impact than environmental incentives. [29] 

• Reasons for participating are: for the environment (58%) – for the grid (65%). [30] 

• Social learning: Opinions sharing in a neighbourhood influences the adoption of heat pumps. 

[31] 

Financial influencing factors 

• Expected yearly revenue: For $10 to $50, 47% of survey participants are willing to enrol in a 

DR program. Specifically, respondent participation intention is 38%, 47%, 48%, 43%, and 

56% for programs offering a $10, $20, $30, $40, and $50 annual incentive, respectively. [28] 

• The expected compensations for consumers were 200 €/annum for heating. [29] 

 

Regulatory and policy instruments 

o Public awareness campaigns and capacity building [24]: Raise awareness about the benefits of 

flexible energy use (e.g., with heat pumps or EVs) and build user confidence in new technologies. 

Helps overcome resistance and knowledge gaps. 
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o Enforced utility incentives / DSM programs [32]: Require or incentivize utilities to implement 

demand-side management (DSM) programs, encouraging flexible consumption through time-of-use 

tariffs, rebates, or dynamic pricing schemes.  

o Training programs for installers and sellers [33]: Equip heat pump (and EV charger installers, as 

well as EV sellers and mechanics,) with the knowledge to explain flexibility benefits and enable proper 

system setup for grid-friendly operation. It is also important to mention, that currently typical advice is 

to keep heat pumps running consistently- this is a conflicting advice according to different goals.  

o Certification schemes for “flex-ready” technologies and professionals [34]: Introduce 

standardized labels or certifications for products and service providers that support flexible operation—

e.g., “flex-ready” heat pumps or trained installers—ensuring quality and interoperability.  

 

3.1.4 Technical product flexibility 

 
Figure 11: Zoom-in on influencing factors affecting the technical product flexibility  

 

The average technical flexibility potential of a heat pump is shaped by several technical characteristics, see 

Figure 11. One key factor is the heat pump type. Other factors, such as modulation capability or thermal 

storage integration also impact the overall flexibility each asset can provide. 

 

Technical influencing factors 

o Heat pump type:  

• Air source heat pumps usually have lower installed power and, therefore, a lower technical 

potential. 

o Activation time/ramp 

• For the heat pump types considered here, a few seconds. [35] 
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3.1.5 Situational product flexibility 

 
Figure 12: Zoom-in on influencing factors affecting the average technical product flexibility of heat pumps 

 

The average situational flexibility potential of a heat pump is influenced by a variety of environmental and 

technical conditions, see Figure 12. Environmental factors such as the outdoor temperature and building 

heating demand directly affect when and how much flexibility can be provided. For example, flexibility 

availability tends to be higher during the heating season when demand is significant, with the possibility to 

increase or reduce heat pump operation depending on thermal storage capacity and indoor temperature 

allowances. 

 

On the technical side, key parameters include the capacity and duration of flexibility that a heat pump can 

sustain, the activation speed or ramp time, and the catch-up effect, which defines how soon the heat pump 

can provide flexibility the next time after an adjustment. Additionally, the availability and quality of the 

connection and communication network play a critical role in enabling real-time flexibility services, with ongoing 

research addressing measurement, control, and security challenges. 

Together, these factors shape the practical flexibility envelope of heat pumps, guiding how flexibility can be 

effectively harnessed for grid services. 

 

Environmental influencing factors 

o Outdoor/source temperature and heating demand (building type) 

• Simulated data (available flexibility, power, and duration) is available for different heating 

technologies based on the building type for different outdoor temperatures (summer, winter, 

transition time) for Austria. [10] 

• Generally speaking: More flexibility is available in the heating period.  

• In other words:  

▪ For negative flexibility: One can only switch on the heat pumps if they can heat up thermal 

storages or are allowed to increase the temperature in the building.  

▪ For positive flexibility: One can only switch off currently running heat pumps. 

o Additional thermal storage 

• Additional thermal storages can increase positive as well as negative flexibility potential. The 

heat pump can be switched off when it would normally operate (positive flexibility), as heat 

can be drawn from the thermal storage during that period. 

Conversely, it can be switched on when it would typically remain off (negative flexibility), 

allowing excess energy to be stored as heat for later use. 

 

Technical influencing factors 

o Capacity & Duration 
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• Duration and power of a flexibility activation are coupled, simulated data is available for 

different environmental conditions. The maximum availability from environmental side is 10 

hours. [10] 

o Catch-up effect 

• The catch-up effect in the energy context refers to the rebound in energy demand after a 

flexibility activation, when deferred consumption is recovered, potentially leading to temporary 

demand peaks. 

• The catch-up effect may negatively impact the grid in the case of immediate catch-up, 

potentially counteracting the benefits of flexibility activation. 

• The catch-up effect affects the frequency with which flexibility activations can occur 

daily/weekly etc. 

o Technical availability of connection network 

• The following topics are under research: real-time measurement of flexibility resources 

(lacking electricity meters), remote control and monitoring, security, data protection, standards 

for communication protocols.[16], [18] 

 

 

3.1.6 Average available product flexibility 

 
Figure 13: Zoom-in on influencing factors and regulatory measures affecting the average available product flexibility of heat 

pumps 

 

The average available flexibility of heat pumps is not only determined by their technical capabilities but also 

significantly influenced by user behaviour, financial incentives, and regulatory frameworks, see Figure 13. 

Behavioural factors such as the rate at which users override DSM events, the acceptable range and duration 

of temperature deviations, and advance notification preferences affect how much flexibility can be realistically 

utilized. 

 

Financial considerations play a crucial role in maintaining user engagement, as more attractive or tangible 

benefits reduce override rates and encourage sustained participation. Additionally, regulatory and policy 

instruments—such as public awareness campaigns and targeted training programs for installers and sellers—

help build consumer confidence and facilitate the integration of flexible products into the energy system. 

The following points summarize key influences shaping the effective flexibility availability from heat pump 

products: 

 

Behavioural influencing factors 

o Override rate: 

o Data from the US: The average override rate is 12,9% of activations (for air-conditioning). [36]  
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o World-wide data (ecobee): 35% of DSM events were overridden by users. [37]  

o The magnitude of allowed temperature deviation highly influences the duration of the flexibility 

activation. 

o Accepted duration of temperature deviation in relation to maximum number of interventions: 

o Data from CH: 1/day - 30 min; 3/week - 1 h; 20/year - 3 h [38] 

o Notification in advance:  

o Data from PL: 25% of survey participants want to know 24 hours, 25% 6 hours in advance 

(only 15% one hour). 15% want to know more than one week in advance. [27] 

o Data from the US Midwest: 20% of residents are willing to let utilities control their home 

equipment and assets anytime of the day and an additional 3%– 15% of respondents are fine 

with utilities controlling their assets at specified times of the day. [28] 

 

Financial influencing factors 

o The more lucrative or visible the program, the more likely the user will stay enrolled and not override. 

 

Regulatory and policy instruments 

o Public awareness campaigns & capacity building [24]: Raise awareness about the benefits of 

flexible energy use (e.g., with heat pumps or EVs) and build user confidence in new technologies. 

Helps overcome resistance and knowledge gaps. 

o Training programs for installers and sellers [33]: Equip heat pump and EV charger installers, as 

well as EV sellers and mechanics, with the knowledge to explain flexibility benefits and enable proper 

system setup for grid-friendly operation.  

o Incentive schemes that incentivize high number of activations: Could give a motivation to not 

override the activation (if this is an option at all).  Depending on the setup of the tariff, it might also 

motivate users to interact more actively with their heating system, for example by pre-heating or 

adjusting settings based on price signals and therefore could also raise knowledge and awareness 

about the topic of flexibility. 

 

3.1.7 Theoretical numbers for Austria, 2030 

The model is applied to Austria for the period of 2020-2030 under the assumption of two scenarios: a 

conservative and an optimistic one. Figure 14 shows the resulting numbers for the year 2030 and the 

conservative scenario. 

 

Regarding the heat pump numbers, most of the installed stock is technically capable of providing flexibility 

services. With most users not being willing to enrol in programs as shown several times in the literature, only 

a fraction of installed products, around 240000 pieces, may be counted for flexibility potential. 

The technical product flexibility of an average product in the year 2030 is about 1560 Wel. This number is only 

theoretical, as it does not consider whether the heat pump can be activated – i.e., whether it is running and 

might be turned off, or whether it is turned off and might be turned on to (pre)heat a building, storage or any 

thermal asset before the actual demand. The technical product flexibility accounts for these environmental 

factors, and can, therefore, only be defined after assuming an ambient temperature (which leads to a certain 

demand and baseline operation of the heat pump) and referencing a duration of the flexibility activation. For 

the numbers in Figure 14, we use 0 °C. At this outdoor temperature, a maximum activation time from 3-4 hours 

is possible. The resulting positive and negative technical flexibility is approximately 870 and 693 Wel per heat 

pump. From this technical flexibility, a significant amount is lost at user interference: Owners might take the 

option of overriding the activation, due to not accepting the full range of predefined temperature deviation in 

their homes, due to short notification times, or because too many past activations. 

 

Using this approach, the flexibility potential of the heat pump stock in Austria by 2030 was calculated to be 

approximately 135 MW of positive flexibility and 108 MW of negative flexibility. 
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Figure 14: Calculation of the flexibility potential for Austria in 2030 

 

For both scenarios, Figure 15 and Figure 16 show the trends over the decade 2020-2030 of: the heat pump 

numbers, the average flexibility potential per asset, and the combined, total flexibility potential. Despite differing 

projections of heat pump deployment, the biggest impact on the resulting number of flexibility-enabled heat 

pumps is the willingness of users to participate. The wide range of shares of willing users reported in the 

literature leads to considerable uncertainty in the prediction.  

 

The average technical and situational flexibility potential per heat pump is the same for both scenarios. User 

interference leads to slightly different flexibility potential. 

The difference of total flexibility potential between the conservative and optimistic scenario of around 500 MW 

is significant and indicates further research potential. Especially, the different mechanisms of user willingness 

are quantitively not well known, and the data available in literature is inconclusive. 

   
Figure 15: Number of heat pumps and average positive flexibility potential for a conservative (left) and an optimistic (right) 

scenario in Austria  
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Figure 16: Total flexibility potential of heat pumps in Austria for a conservative (left) and an optimistic scenario (right) for Austria. 

In comparison, Austria’s actual total load in 2024 averaged 6 694 MW (15-minute mean), with a maximum 15-minute load of 10 

318 MW. 

 

 

 

3.2 Electric vehicles 
Figure 17 shows all identified influencing factors. They will be described in detail in the following sections. 

 
Figure 17: Model for EVs including all aspects identified in the literature. 
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3.2.1 Number of total products 

 
Figure 18: Zoom-in on influencing factors and regulatory measures affecting the number of installed EVs and Chargers. 

 

Analogously to the heat pumps, as a first step in assessing the flexibility potential of electric vehicles, it is 

essential to determine the total number of EVs in operation within a country; however, even more important is 

the stock of home charging stations, as these typically offer the greatest flexibility potential compared to public 

fast charging, where users primarily aim for full charging rather than flexible operation. 

 

The actual number of registered EVs and installed home charging stations can typically be obtained from 

market surveys, industry reports, and national statistics. The development of EV as well as charging station 

adoption over time depends on various influencing factors, including technological progress, economic and 

financial conditions, consumer behaviour, and the regulatory framework. 

 

A range of policy measures—such as financial incentives for EV purchases, subsidies for home charging 

infrastructure, fossil fuel bans, and carbon pricing—strongly impact the growth trajectory of EV and, therefore, 

also charging station adoption. An important factor here is whether users have their private/dedicated parking 

lots for their vehicles, potentially with their own PV facility. Only then, a charging station would be plannable. 

In this regard, there is a big regional difference between urban (lowest rate for private parking lot, 52% in 

Vienna), peri-urban and rural areas (highest rate for private parking lot, 94% in Austria). These measures 

shape market dynamics and, thus, the future EV stock, as well as the penetration of home charging 

infrastructure, which is a key enabler for utilizing EVs as a flexible load or storage asset in the energy system. 

 

Financial influencing factors for EVs and home chargers 

• EV investment costs:  

• Investment-driven manufacturing scale and learning-by-doing in EV battery production have 

driven substantial battery cost reductions—an estimated 7.5% learning rate per doubling of 

cumulative production. [39] 

• EVs might by 2027 become cheaper than conventional cars (same category + performance) 

[40] 

• Charging infrastructure availability: Adding one additional charging port per 1,000 residents is 

associated with a ~0.4% increase in EV adoption, while one additional charging station per 1,000 

residents correlates with a ~2% rise in EV uptake. Moreover, private charging infrastructure—e.g. 

workplace or home charging—has a stronger effect than public stations, delivering an estimated 

15.7% increase in EV adoption compared to 2.8% for public chargers.[41] 

• Alternative fuel costs: A given change in gasoline prices has roughly four to six times the effect on 

EV demand as a similar percentage change in electricity prices [42] 

• Cost ratios to alternatives (both for investment costs as well as fuel costs) matter more than absolute 

costs 
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• Subsidy for EVs boosts the sales (e.g., surge in Austria in 2021) 

• From 2025, EV rate will still increase although subsidies will fade out 

 

Behavioural factors and user needs:  

User behaviour and needs profoundly shape EV and charger adoption.  Many users expect EVs to match the 

range of internal combustion engine vehicles (~500–700 km). Studies [43] show that range anxiety reduces 

EV adoption by 20–30% among potential buyers, particularly in regions with sparse charging networks like 

rural areas. Models with larger batteries (60–100 kWh) address these concerns but currently cost more than 

comparable internal combustion engine vehicles. Moreover, misinformation about electric vehicles pose 

significant challenges to the global transition to energy efficient transportation[44]. For charging, users prioritize 

convenient and fast charging, with 60–70% of EV owners preferring home charging for cost and ease[45]. 

However, urban dwellers and renters, who lack private parking, rely on public chargers, with ~30% citing 

access as a barrier to EV purchase [46]. Demand for workplace and destination chargers is rising, with 25% 

of users valuing these over home chargers in surveys. 

 

Further, consumers tend to overweight short-term costs relative to long-term benefits (hyperbolic discounting). 

For EVs, this means the higher upfront purchase price often outweighs consideration of long-term fuel and 

maintenance savings, even when the latter dominate over the vehicle’s lifetime. This time-inconsistent 

preference has been shown to significantly reduce the uptake of energy-efficient technologies, including EVs. 

[47] Many individuals exhibit inertia and prefer to stick with familiar internal combustion vehicles, even when 

switching to an EV could be financially or environmentally advantageous. Perceived risks, habits, and 

uncertainty about new technology reinforce this status-quo-bias. [48] 

 

While surveys show broad public support for environmentally friendly transport, adoption is often hindered by 

a lack of concrete knowledge about EV performance, charging infrastructure, and operating costs. This 

contributes to a “value–action gap,” where positive attitudes toward sustainability do not translate into actual 

purchasing behaviour. [49] 

 

Finally, trust, awareness, and lifestyle factors further amplify adoption, with urban and younger users driving 

higher uptake.  

 

Regulatory and policy measures 

• Financial incentives for EVs: 

• Data from CA: With a subsidy of 1000 CAD, 1 in 5 EV owners will install a home charger. [50] 

• Data from US: Subsidy of 30% (max. 1000 USD) tax credit added approx. 100–150 home 

chargers annually in California from 2020 – 2023. [51] 

• Data from US: 2000 USD per charger results in ~1 additional charger installed per 2–3 eligible 

households, compared to <10% adoption without subsidies. [40] 

• Data from US: Subsidies covering 50–75% of home charger costs increase installation rates 

by 30–40% in regions with moderate EV adoption. [52] 

• Subsidy for EVs boosts the sales (e.g., surge in Austria in 2021) 

• From 2025, EV rate will still increase although subsidies will fade out 

• CO2 standards (e.g. the EU’s vehicle CO₂ fleet standards that set binding targets on the average 

emissions of new passenger cars and vans [49]) 

• By 2035 ban of sale of new vehicles with internal combustion engine (ICE) in EU  [53] 

• Financial incentives for home chargers  
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3.2.2 Number of capable products 

 
Figure 19: Zoom-in on influencing factors and regulatory measures affecting the number of capable EVs and Chargers. 

 

After determining the total number of electric vehicles and home chargers installed, the next step is to assess 

which share of charging infrastructure is technically capable of providing flexibility services. Chargers are 

essential since electric vehicles that are not connected to the grid cannot contribute flexibility. Since there are 

likely more EVs than chargers overall, the number of chargers is the main limiting factor for the number of 

capable products. And this largely depends on the controllability, connectivity, and smart features of the 

chargers, as well as consumer willingness to adopt advanced energy management solutions. Regulatory and 

policy measures can support this development by promoting interoperability and incentivizing investments in 

flexible charging technologies. The following factors outline the key technical and financial aspects influencing 

the share of chargers that can effectively contribute to flexibility, along with relevant policy measures that may 

impact these parameters: 

 

Technical influencing factors 

The flexibility potential of EVs is critically dependent on the technical characteristics of the charging 

infrastructure. For EVs to provide flexibility, they must be physically connected to chargers. However, the 

current inconvenience of manually plugging in EVs poses a significant barrier to maximizing this flexibility. 

Below, we outline key technical factors influencing the charging infrastructure’s ability to enable EV flexibility, 

with a focus on connectivity challenges and emerging solutions like wireless charging pads. 

 

Manually plugging in EVs is inconvenient, particularly for short stops or in public spaces, reducing the likelihood 

of consistent connectivity. Surveys [43] show 25–35% of EV users avoid plugging in at public chargers due to 

time, effort, or cable handling issues, especially in adverse weather or multi-unit dwellings. This limits the pool 

of EVs available for flexibility, with only a low percentage of EVs typically connected during peak grid demand 

periods. Wireless charging pads, integrated into parking lots or home garages, use electromagnetic induction 

to charge EVs automatically when parked over them. These systems eliminate manual plugging, increasing 

connectivity rates. Current prototypes (e.g. WiTricity [54]) offer 3.7–11 kW charging, with efficiencies of 85–

90%, comparable to Level 2 wired chargers.  

 

Regarding power levels, higher-power chargers offer greater flexibility by enabling faster load shifts or 

discharges, but most home chargers are 7 kW, limiting instantaneous power. Already an upgrade to 11 kW 

chargers would increase power flexibility by ~40%. Flexibility also requires communication (e.g., via smart 

meters or aggregators) to coordinate charging/discharging. Lack of standardized protocols or grid-ready 

chargers reduces effectiveness. 
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Financial influencing factors for charging pads 

• There is no direct data on the influence of subsidies on the type of charging pads yet. 

• However, similar effects as the cases of subsidy for home chargers can be expected. 

• Integration of charging pads in public parking spaces will further increase the flexibility potential for 

EVs. 

 

Regulatory measures 

• Financial incentives for home chargers (charging pads) 

• Investment in public chargers (charging pads) 

 

 

3.2.3 Number of enabled products 

 
Figure 20: Zoom-in on influencing factors and regulatory measures affecting the number of capable EVs and chargers with 

willing users 

 

The participation of electric vehicle owners in demand response (DR) programs and flexibility services is 

strongly influenced by a combination of behavioural, financial, and regulatory factors. Consumer attitudes—

such as willingness to allow external control and community-driven social learning—play a crucial role in 

readiness to engage. Financial incentives and perceived economic benefits further enhance participation rates. 

Additionally, targeted regulatory and policy measures—like awareness campaigns, utility-driven incentives, 

and certification programs—help create a supportive environment that fosters user acceptance and active 

involvement. The following points summarize these key influences: 

 

Financial influencing factors 

• Data from the US: Offering 0.10–0.20 USD per kWh for shifting charging to off-peak times or 

participating in V2G increased user participation by 40–60% [55] 

• Data from the US: 100 USD annual payment for participating in smart charging programs increased 

willingness by 30–50%. For V2G, payments of 200–500 USD per year per vehicle led to 50–70% 

participation rates among EV owners, compared to <20% without incentives [56] 

 

Behavioural influencing factors 

The willingness of EV users to participate in flexibility provision is also shaped by behavioural factors beyond 

financial incentives. While users may not plug in their EVs at every opportunity, their general willingness 

depends on psychological, social, and practical considerations. Many EV users are motivated by 

environmental concerns, with reducing carbon emissions as a key reason for EV adoption. These people are 

more likely to join flexibility programs if they know their actions support renewable integration.  
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Trust in the reliability of smart charging and V2G systems, as well as grid operators, is critical. Concerns about 

battery degradation from V2G (e.g., 10% capacity loss over 10 years) or data privacy reduce the willingness. 

Therefore, transparent communication about battery health safeguards and secure data handling are 

necessary. 

 

Social norms, such as seeing peers or community members participate in flexibility programs, encourage 

signup. Users in communities with high EV adoption (e.g., Norway, ~80% of new vehicle sales) are more likely 

to join flexibility schemes due to peer influence. 

 

Regulatory measures 

• Financial incentives for flexibility provision 

 

 

3.2.4 Technical product flexibility 

 
Figure 21: Zoom-in on influencing factors affecting the technical product flexibility of EVs and chargers 

 

The average technical flexibility potential of an electric vehicle is influenced by several key factors. One primary 

aspect is the charging infrastructure, with power flexibility typically limited by home charger capacity. 

Additionally, energy flexibility is constrained by the battery size. Regulatory and policy instruments do not 

directly affect the technical characteristics of EVs or chargers but rather drive technology adoption and market 

development. 

 

Technical flexibility 

• Power flexibility is limited by the home charger (7 kW) per activation 

• Energy flexibility is limited by the battery capacity (e.g. 54 kWh) per activation 

 

Regulatory measures 

• Regulatory / policy instruments have no direct influence on the products but could influence them 

indirectly if they target changes in typical charging power ranges or battery capacities. For example, 

the EU’s Alternative Fuels Infrastructure Regulation (AFIR) promotes a sufficient number of publicly 

accessible high-power recharging points, which indirectly incentivizes manufacturers to equip EVs 

with higher charging power capabilities to align with the infrastructure being rolled out [57]. 

• Mainly they are technology-driven and market-driven 
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3.2.5 Situational product flexibility 

 
Figure 22: Zoom-in on influencing factors affecting the average technical product flexibility of EVs and chargers 

 

The average technical flexibility potential of electric vehicles is primarily determined by mobility patterns and 

battery characteristics rather than direct regulatory measures, see Figure 22. Unlike heat pumps, where 

environmental conditions strongly influence flexibility availability, EV flexibility depends largely on user driving 

behaviour and the inherent capabilities of the vehicle’s battery system. 

 

Influencing factors 

• Each Austrian person moves 34.3 km per day on average, 19.5 km (57%) using the car. [58] 

• Average daily consumption which is used for driving is 2.8 kWh. 

• Power flexibility is slightly asymmetric due to this charging demand: +7 kW / -6.7 kW per activation. 

• Energy flexibility potential is reasonable between 50% - 80% of the battery capacity (V2G),  

thus max. 16.2 kWh per flexibility activation for a 54 kWh battery. Reason is that users want to maintain 

certain mobility ability (thus minimum 50%) and avoid battery aging (thus maximum 80%). 

 

 
Figure 23: Mobility behaviour: Car users (%) depending on the type of the region (urban, central, rural area). 
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Regulatory and policy measures 

• Regulatory / policy instruments have no direct influence on the technical flexibility 

• They are mostly based on technology and mobility behaviour 

 

 

3.2.6 Average available product flexibility 

 
Figure 24: Zoom-in on influencing factors and regulatory measures affecting the average available product flexibility of EVs and 

chargers 

 

The average available flexibility of electric vehicles is not only determined by their technical capabilities but 

also significantly influenced by user behaviour (Figure 24). Behavioural factors such as how often users plug 

in their EVs—whether daily, offering high flexibility potential, or only when charging is necessary, resulting in 

low to no flexibility—play a critical role. This is affected by the hassle factor of connecting the vehicle to the 

home charger, as well as concerns like range anxiety and fears of battery degradation through vehicle-to-grid 

(V2G) usage. For example, if an EV is plugged in only 50% of the time, the technical flexibility potential could 

be reduced by half, although concrete data is currently limited due to the nascent stage of V2G technology. 

 

Financial incentives could help sustain user engagement by offsetting perceived inconveniences or risks, while 

regulatory and policy measures—such as public awareness campaigns encouraging EV owners to keep their 

vehicles plugged in—support higher flexibility. 

 

The following points summarize the key influences shaping the effective flexibility availability from electric 

vehicles: 

 

Behavioural influencing factors 

• Users may plug in their EVs every day (high flexibility potential), or only if recharging is needed (low 

flexibility potential), influenced by  

• Hassle factor: plugging the EV to the home charger  

• Range anxiety and fear of battery degradation through V2G [59] 

• If the EV is plugged in 50% of the time, the flexibility is reduced by 50% (no real data available since 

the technology is not broadly adopted yet). 

 

Regulatory measures 

• Public awareness campaigns to motivate people to plug in their EVs for flexibility provision 
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3.2.7 Theoretical number for Austria, 2030 

Taking all the mentioned factors into account, we conclude the overall EV flexibility potential in Figure 25. 

The estimations for a conservative scenario and an optimistic scenario for the power flexibility and energy 

flexibility are shown in Figure 26 and Figure 27. 

 
Figure 25: Overall EV flexibility potential in Austria in 2030. 

 
Figure 26: Power flexibility for EVs in Austria. 

 

 
Figure 27: Energy flexibility for EVs in Austria. 
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4 POLICY RECOMMENDATIONS 
Table 1 summarizes key policy measures to accelerate the deployment of flexible technologies in the energy 

sector. The categorization of the policy measures shall clarify how different instruments can accelerate the 

adoption of clean technologies and enable system flexibility: 

• Policy Measures: Concrete interventions (laws, subsidies, campaigns) aiming to accelerate clean 

technology adoption and enable system flexibility. 

• Influence Type: Categorizes whether the measure is regulatory (laws, mandates), financial (taxes, 

subsidies), technical (standards, certifications), social (campaigns), or behavioural (incentives 

targeting user actions). 

• Influenced Parameter: Specifies what aspect the measure impacts, e.g., number of installed assets 

(clean tech uptake), number of flex-capable assets, or number of willing users/average flexibility 

(actual participation potential). 

• Mechanism: Indicates whether the influence is direct (immediate enforcement or clear incentives), 

indirect (acts through price signals or awareness), or mixed (combination, e.g., building codes with 

financial support). 

• Impact: Summarizes how the measure drives system change, such as shifting to electrified 

technologies, lowering consumer barriers, or ensuring interoperability for flexibility participation. 

 
Table 1: Overview of policy measures, their influence types, mechanisms, and impacts on the adoption and integration of flexible 

technologies in the energy sector. 

Policy measures Influence 

type 

Influenced 

parameter 

Mechanism Impact References 

Phase-out on fossil 

fuel-based 

technologies (energy, 

mobility) 

Regulatory Number of 

installed assets 

Direct Forces shift to 

electrified 

technologies 

[13] 

Binding standards for 

new buildings 

Regulatory Number of 

installed assets 

Mixed Incentivizes clean 

technology 

adoption 

[12] 

Energy and carbon 

taxation/pricing 

Financial Number of 

installed assets 

Indirect Incentivizes clean 

technology 

adoption 

[13], [14] 

Subsidies for 

renovation of 

buildings (insulation 

etc.) 

Financial Number of 

installed assets 

Indirect Incentivizes clean 

technology 

adoption 

[15] 

Subsidies for HPs 

and EVs with 

performance/flexible 

standards 

Financial Number of 

installed and 

flexible assets 

Direct Lowers end-

consumer cost of 

flexible assets 

[19], [20] 

Reduced taxes on 

flexible EVs and HPs 

Financial Number of 

installed & 

flexible assets 

Direct Lowers end-

consumer cost of 

flexible assets 

[21] 

Legal requirement for 

asset interoperability 

Regulatory, 

Technical 

Number of 

flexible assets 

Direct Ensures assets 

can integrate with 

smart systems 

[22], [23] 

Public awareness 

campaigns, capacity 

building programs 

Social Number of 

enabled 

products. 

available user 

flexibility 

Indirect Encourages 

voluntary 

participation and 

informed choices 

[24] 

Enforce utility 

incentives / demand-

Regulatory, 

Behavioural 

Number of 

willing users 

Mixed Promotes 

flexibility through 

[32] 
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side management 

(DSM) programs 

structured but 

optional programs 

Training programs for 

HP/home charger 

installers or EV 

sellers/mechanics 

Technical, 

Behavioural 

Number 

enabled 

products, avg. 

product 

flexibility 

Indirect Enhances 

flexibility through 

better 

practices/planning 

and opens 

another channel 

to end consumers 

[33] 

Certification schemes 

for “flexible-ready” 

installers or products 

Technical, 

Behavioural 

Number 

enabled 

products, avg. 

product 

flexibility 

Direct Improves 

availability of 

compliant 

technologies 

[34] 

Strengthening the 

legal recognition and 

definitions of EVs as 

significant flexibility 

resources 

Regulatory Number of 

installed assets 

Indirect Enables 

systematic 

integration of EV 

flexibility  

[60] 

Integrate strategies 

for leveraging EV 

flexibility into National 

Energy and Climate 

Plans (NECPs), 

setting clear targets 

and outlining 

concrete measures 

Regulatory Number of 

installed assets 

Direct 
Provides clear 

framework and 

targets for 

flexibility 

integration 
 

[61] 

 

While regulatory and financial measures such as fossil fuel bans or subsidies are critical for creating market 

pull and lowering entry barriers, measures directly addressing user willingness and informed participation are 

particularly important for unlocking the flexibility potential of distributed assets. 

 

In this context, the following policy measures are particularly important: 

• Public awareness campaigns and capacity-building programs encourage voluntary participation 

and informed choices, enabling users to actively contribute to system flexibility and decarbonization 

goals. 

• Training programs for installers and sellers (e.g., heat pump and EV home charger installers, 

EV sellers/mechanics) open additional channels to end consumers while enhancing trust and 

awareness, ensuring that the narrative around flexibility and benefits reaches households and small 

businesses effectively. 

• Certification schemes for “flexible-ready” installers or products further enhance trust, 

transparency, and awareness, while also providing justification for planners and distribution system 

operators (DSOs) to consider flexibility as a reliable planning option beyond conventional network 

reinforcement. 

• Legal requirements for asset interoperability ensure technical compatibility across manufacturers 

and systems, enabling seamless integration of flexible assets while reducing user frustration and 

transaction costs, which are often barriers to voluntary participation. 
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5 CONCLUSION, OUTLOOK AND FURTHER RESEARCH NEEDS 
 

The current study presents a high-level model to evaluate asset flexibility. Influencing factors reduce the 

number of assets to those capable with willing owners and reduce the technical flexibility to an average 

available flexibility. This systematic approach and application to heat pumps´ and electric vehicles´ flexibility 

potentials lead to the identification of most significant influencing factors – where most flexibility is lost, and 

policies will have the greatest impact.   

 

For both examined cases, heat pumps and electric vehicles, the biggest loss in flexibility potential stems from 

a lack of user willingness to participate. Reported willingness levels in the literature vary widely — between 

30% and 84% for heat pumps and 20% to 60% for electric vehicles — depending on user awareness, 

perceived convenience, financial incentives, and trust in technology or service providers. This widespread 

highlights both the uncertainty and the opportunity for targeted policy intervention. To reduce participation 

barriers, utilities, aggregators, and grid operators should be incentivised to offer business models that make 

participation in flexibility markets financially beneficial and easily understandable for end users. Clear and 

transparent communication of these offers, together with feedback mechanisms that show users how much 

they have saved or earned through flexibility services, can significantly strengthen engagement and trust. 

Public awareness campaigns represent another excellent instrument to increase flexibility potential by 

encouraging voluntary participation and helping users make informed decisions. Capacity-building programs 

through the training of installers and sellers open another communication channel to end users, enhancing 

trust in the technologies and flexibility services. Certification schemes for “flexible-ready” installers or products 

can further support this goal — paving the way technically while also strengthening user confidence and 

awareness. Such schemes also justify planning approaches that go beyond traditional energy-efficiency goals 

to explicitly consider flexibility provision as a key system capability. The development and implementation of 

explicit flexibility roadmaps can serve as strategic instruments to align these efforts. [62] Moreover, a legal 

requirement for asset interoperability is recommended, ensuring technical compatibility across systems, 

enabling seamless integration, and securing long-term flexibility potential.  

 

Further research is needed to address open questions regarding user participation: 

• Quantifying Policy Impact on Flexibility Participation  

There is a lack of empirical evidence on the quantitative effects of different policy measures on user 

willingness to participate in flexibility schemes and refrain from overriding automated activations. 

• Societal Value Framing and Motivation  

More research is needed on effective communication and framing strategies that strengthen 

prosumers perceived societal value of providing flexibility—beyond financial incentives. 

• Perceived vs. Actual Degradation Risks  

It remains unclear how concerns about asset degradation (e.g., from frequent switching of heat pumps 

or EV charging) influence user willingness, and whether these concerns are technically justified and 

outweigh the benefits. If heat pumps and EVs are expected to play a (larger) role in flexibility, 

(minimum) requirements could be set on performance aspects related to flexibility. 

• Effectiveness of Flexibility-Related Information  

The impact of information design, timing, and transparency of flexibility activation is not yet well 

understood or systematically studied. 
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7 LIST OF FIGURES 
Figure 1: Example of baseline operation of a heat pump (black) and a flexibility activation (orange) 

with resulting room temperatures (dotted lines) .......................................................................................... 9 
Figure 2: Different heights of activation allow different activation durations ......................................... 10 
Figure 3: Flexibility of a heat pump varies substantially with outdoor temperatures ............................ 10 
Figure 4 Brief technical overview, illustrating key operational dependencies (demand, source and 

sink temperatures) and the basic functionality of heat pumps (input: electricity, output: 

heating/cooling). It further outlines possible differentiations by source type (air, water, ground) and 

power class, serving as a structured entry point for analysing flexibility potential under varying 

boundary conditions. ..................................................................................................................................... 11 
Figure 5: Brief technical overview of electric vehicles (EVs) regarding their flexibility potential. EV 

operation depends on connection to charging infrastructure (smart charging or V2G) and on 

individual driving patterns (discharging). Possible differentiations by region and trip purpose allow 

for structured analysis of flexibility potential across user segments and boundary conditions. ........ 13 
Figure 6: High-level model showing how to deduct the flexibility potential of a certain asset ............. 13 
Figure 7: Comprehensive model for heat pumps including all aspects identified in the literature ...... 14 
Figure 8: Zoom-in on influencing factors and regulatory measures affecting the number of installed 

heat pumps. .................................................................................................................................................... 14 
Figure 9: Zoom-in on influencing factors and regulatory measures affecting the number of capable 

heat pumps. .................................................................................................................................................... 16 
Figure 10: Zoom-in on influencing factors and regulatory measures affecting the number of capable 

heat pumps with willing users ...................................................................................................................... 17 
Figure 11: Zoom-in on influencing factors affecting the technical product flexibility ........................... 18 
Figure 12: Zoom-in on influencing factors affecting the average technical product flexibility of heat 

pumps .............................................................................................................................................................. 19 
Figure 13: Zoom-in on influencing factors and regulatory measures affecting the average available 

product flexibility of heat pumps .................................................................................................................. 20 
Figure 14: Calculation of the flexibility potential for Austria in 2030 ....................................................... 22 
Figure 15: Number of heat pumps and average positive flexibility potential for a conservative (left) 

and an optimistic (right) scenario in Austria ............................................................................................... 22 
Figure 16: Total flexibility potential of heat pumps in Austria for a conservative (left) and an 

optimistic scenario (right) for Austria .......................................................................................................... 23 
Figure 17: Model for EVs including all aspects identified in the literature. ............................................. 23 
Figure 18: Zoom-in on influencing factors and regulatory measures affecting the number of installed 

EVs and Chargers........................................................................................................................................... 24 
Figure 19: Zoom-in on influencing factors and regulatory measures affecting the number of capable 

EVs and Chargers........................................................................................................................................... 26 
Figure 20: Zoom-in on influencing factors and regulatory measures affecting the number of capable 

EVs and chargers with willing users ............................................................................................................ 27 
Figure 21: Zoom-in on influencing factors affecting the technical product flexibility of EVs and 

chargers........................................................................................................................................................... 28 
Figure 22: Zoom-in on influencing factors affecting the average technical product flexibility of EVs 

and chargers ................................................................................................................................................... 29 
Figure 23: Mobility behavior: Car users (%) depending on the type of the region (urban, central, rural 

area). ................................................................................................................................................................ 29 
Figure 24: Zoom-in on influencing factors and regulatory measures affecting the average available 

product flexibility of EVs and chargers ....................................................................................................... 30 
Figure 25: Overall EV flexibility potential in Austria in 2030. .................................................................... 31 
Figure 26: Power flexibility for EVs in Austria. ........................................................................................... 31 
Figure 27: Energy flexibility for EVs in Austria. .......................................................................................... 31 
 
  



  40 

 

Evaluating Electric Vehicle and Heat Pump Flexibility Potential:  

Linking Technology, Economics, Regulation, Behaviour and Policy 

second line report title here 

8 LIST OF TABLES 
Table 1: Overview of policy measures, their influence types, mechanisms, and impacts on the 

adoption and integration of flexible technologies in the energy sector. ................................................. 32 
 
  

AIT AUSTRIAN INSTITUTE OF TECHNOLOGY GMBH 

Giefinggasse 2, 1210 Wien, Österreich 

 

www.ait.ac.at 

 

Regina Hemm 

Research Engineer 

Integrated Energy Systems 

Center for Energy 

regina.hemm@ait.ac.at 

 

 

 

mailto:regina.hemm@ait.ac.at


  41 
 

Evaluating Electric Vehicle and Heat Pump Flexibility Potential:  

Linking Technology, Economics, Regulation, Behaviour and Policy 

second line report title here 

Appendix  
A.1 CALCULATION OF HEAT PUMP FLEXIBILITY 
The calculation consists of several steps: 

1. Selecting a forecast for heat pump numbers (number of total assets) 

2. Adjust forecast to 2023 (the most current value was available for Austria for this year) 

3. Using factors from the literature to find number of capable assets and number of capable assets with 

willing users 

4. Selecting a literature source for average (technical & situational) heat pump flexibility over time 

5. Using factors from the literature to get the average available asset flexibility after user interference 

6. Multiplication of numbers with flexibility to quantify the flexibility potential 

In general, the results per year are calculated using trends over time (from 2020-2030) where available. 

Otherwise, we used linear interpolation if values were only available for the years 2020 and 2030. 

The data is for Austria. 

 
1. Selecting a forecast for HP numbers 

We used the middle scenario (“Szenario Mittel” in German) from an internal pre-study[10] for our conservative 

and the high scenario (“Szenario Hoch” in German) for our optimistic assumption. The heat pump numbers 

are stated per type and as a trend over the years 2016-2040. We extract the newly installed number of HP (all 

types except industry) from this data. 

 
Table A. 1 Forecast on HP numbers from literature [10] ; Szenario Mittel = conservative assumption, Szenario High = optimistic 

assumption. 

year 

conservative assumption: 
installed per year (all types 
except industry) 

optimistic assumption: 
installed per year (all types 
except industry) 

2024 47 373 63 637 
2025 48 344 67 886 
2026 47 241 70 503 
2027 49 204 76 698 
2028 48 860 81 120 
2029 55 138 92 788 
2030 61 925 105 649 
2031 65 642 112 946 
2032 64 965 115 311 
2033 67 784 120 755 
2034 66 282 121 489 
2035 65 383 122 520 
2036 66 905 125 707 
2037 64 500 124 725 
2038 63 614 125 067 
2039 58 832 121 342 
2040 56 311 112 019 

 
2. Adjust forecast to 2023 

The historical data (up to 2023) of operational HP stems from a report on sold HP[17], assuming a lifetime of 

20 years. 
Table A. 2 Historical number of heat pumps in operation (all types except industry). 

year 
installed HP per year, 
from [17] 

installed industry-type 
HP per year, from [17] 

total in operation  
(all types except 
industry) 

2000 4 795  4 795 
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2001 5 590  10 385 
2002 5 780  16 165 
2003 6 935  23 100 
2004 7 968  31 068 
2005 9 795  40 863 
2006 13 180  54 043 
2007 15 148  69 191 
2008 18 705  87 896 
2009 18 138  106 034 
2010 16 962  122 996 
2011 16 398  139 394 
2012 18 861 26 158 229 
2013 19 175 33 177 371 
2014 21 439 25 198 785 
2015 23 014 18 221 781 
2016 22 936 21 244 696 
2017 25 145 65 269 776 
2018 25 888 105 295 559 
2019 29 382 81 324 860 
2020 31 739 48 351 756 
2021 38 583 56 384 693 
2022 61 677 131 440 459 
2023 57 158 162 490 520 

 

To the numbers of 2023, we add the forecasted number of installed heat pumps. 
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Table A. 3 Adjusted forecast for number of heat pumps in operation (all types except industry). 

 

conservative assumption: 
total in operation 

(all types except industry) 

optimistic assumption: 
total in operation 

(all types except industry) 
2023 490 520 490 520 
2024 537 893 554 157 
2025 586 237 622 043 
2026 633 478 692 546 
2027 682 682 769 244 
2028 731 542 850 364 
2029 786 680 943 152 
2030 848 605 1 048 801 
2031 914 247 1 161 747 
2032 979 212 1 277 058 
2033 1 046 996 1 397 813 
2034 1 113 278 1 519 302 
2035 1 178 661 1 641 822 
2036 1 245 566 1 767 529 
2037 1 310 066 1 892 254 
2038 1 373 680 2 017 321 
2039 1 432 512 2 138 663 
2040 1 488 823 2 250 682 

 

Figure A. 1 shows that the forecast from the pre-study [10] does not fit to the actual numbers and the adjusted 

forecast by only using the number of newly installed heat pumps per year to predict future numbers for a 

conservative and optimistic scenario. 

 
 

 
Figure A. 1: Number of heat pumps, historical data, forecast, adjusted forecast to 2023 numbers for conservative and optimistic 

scenario. 
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3. Literature factors to find number of capable and number of capable assets with willing users 

For the conservative scenario, we assume a constant share of connectable heat pumps of 94%, based on a 

report from the Netherlands from 2021 [18] on connected and connectable heat pumps. 

 
Table A. 4 Conservative assumption of the share of connectable heat pumps. 

conservative assumption 

 share of connectable stays the same 

 all years 0.94 
 

Based on an Austrian market report [17], since 2016, all heat pumps have the necessary interfaces to provide 

flexibility. We therefore assume, a share of 100% connectable heat pumps in 2036 (when the last HP from 

2016 are phased out due to their lifetime of 20y). 

 
Table A. 5 Optimistic assumption of the share of connectable heat pumps: boundary conditions for linear inter- and 

extrapolation. 

optimistic assumption 

 year share of connectable HP 

 2020 0.94 
 2036 1 

 

The consumer willingness to provide flexibility is assumed 30% and 84% for the conservative and optimistic 

scenario according to [26] and [27], respectively. 

The resulting numbers are shown in Table A. 6 and Table A. 7, as well as Figure A. 2 and Figure A. 3. 

 
Table A. 6 Number of capable heat pumps and capable heat pumps with willing users for the conservative scenario. 

year 

share of 
connectable 
types 

number of 
capable HP 

consumer 
willingness to 
provide flexibility 

number of 
capable HP with 
willing users 

2020 0.94 330 651 0.3 99 195 
2021 0.94 361 611 0.3 108 483 
2022 0.94 414 031 0.3 124 209 
2023 0.94 461 089 0.3 138 327 
2024 0.94 505 619 0.3 151 686 
2025 0.94 551 063 0.3 165 319 
2026 0.94 595 469 0.3 178 641 
2027 0.94 641 721 0.3 192 516 
2028 0.94 687 649 0.3 206 295 
2029 0.94 739 479 0.3 221 844 
2030 0.94 797 689 0.3 239 307 

 
Table A. 7 Number of capable heat pumps and capable heat pumps with willing users for the optimistic scenario. 

year 
share of connectable 
types 

number of 
capable HP 

consumer 
willingness to 
provide flexibility 

number of 
capable HP with 
willing users 

2020 0.940 330 651 0.84 277 747 
2021 0.944 363 054 0.84 304 965 
2022 0.948 417 335 0.84 350 561 
2023 0.951 466 607 0.84 391 950 
2024 0.955 529 220 0.84 444 545 
2025 0.959 596 384 0.84 500 963 
2026 0.962 666 576 0.84 559 924 
2027 0.966 743 282 0.84 624 357 
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2028 0.970 824 853 0.84 692 877 
2029 0.974 918 394 0.84 771 451 
2030 0.978 1 025 203 0.84 861 171 

 

 
Figure A. 2: Heat pump numbers for the conservative scenario. 

 

 
Figure A. 3: Heat pump numbers for the optimistic scenario. 

 
4. Selecting a literature source for average (technical & situational) heat pump flexibility over time 

In [10], one can find the positive and negative flexibility provided by heat pumps for different scenarios. For 

both, the conservative and the optimistic assumption, we use the middle scenario (“Szenario Mittel” in 

German), according to Table A. 8. 

 
Table A. 8: Positive and negative flexibility at 0°C provided by heat pumps in Austria [10]. 

 flexibility at 0°C ("Szenario Mittel") / MW 
year 2020 2030 
positive 490 850 
negative 407 680 

 

The authors used numbers of heat pumps as reported in Table A. 9. 

 
Table A. 9: Numbers of heat pumps used in [10]. 

 original number HP of this study / - 
year 2020 2030 
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number 492543 981191 
 

The following boundary conditions for a linear interpolation of flexibility potential per HP result: 

 
Table A. 10: Average heat pump flexibility potential in positive and negative direction at 0°C [10].  

year  2020 2030 
pos. power W/HP 994.8 866.3 
neg. power W/HP 826.3 693.0 
technical power W/HP 1821.2 1559.3 

 
5. Using factors from the literature to get the average available asset flexibility after user 

interference 

The controllable share of flexibility is assumed by using data for user overrides of third-party control. [37] states 

that 35% of DSM events are overridden by users, which we use as a controllable share of 65% for the 

conservative scenario. Overrides could be less, as a US study [36] suggests for air conditioning. Therefore, 

we use 87.1% controllable share for the optimistic scenario. 

 
Table A. 11: Controllable share of heat pumps for conservative and optimistic scenario 

 Controllable share (constant for all years) 
Conservative assumption 0.65 
Optimistic assumption 0.871 

 

The numbers as reported in Table A. 12 and Table A. 13. 

 
Table A. 12: Technical power, positive and negative flexibility and available flexibility per average heat pump at 0°C for the 

conservative scenario. 

year 
technical 
power pos. flex neg. flex 

controllable 
share 

available 
pos. flex 

available 
neg. flex 

2020 1821.2 994.8 3476.6 0.65 646.6 2259,8 
2021 1795.0 982.0 3825.6 0.65 638.3 2486.6 
2022 1768.8 969.1 4174.6 0.65 629.9 2713.5 
2023 1742.6 956.3 4523.6 0.65 621.6 2940.3 
2024 1716.4 943.4 4872.6 0.65 613.2 3167.2 
2025 1690.2 930.6 5221.6 0.65 604.9 3394.0 
2026 1664.1 917.7 5570.6 0.65 596.5 3620.9 
2027 1637.9 904.9 5919.6 0.65 588.2 3847.7 
2028 1611.7 892.0 6268.6 0.65 579.8 4074.6 
2029 1585.5 879.1 6617.5 0.65 571.4 4301.4 
2030 1559.3 866.3 6966.5 0.65 563.1 4528.2 

 
Table A. 13: Technical power, positive and negative flexibility and available flexibility per average heat pump at 0°C for the 

optimistic scenario. 

year 
installed 
power pos. flex neg. flex 

controllable 
share 

available 
pos. flex 

available 
neg. flex 

2020 1821.2 994.8 3476.6 0.871 866.5 3028.1 
2021 1795.0 982.0 3825.6 0.871 855.3 3332.1 
2022 1768.8 969.1 4174.6 0.871 844.1 3636.1 
2023 1742.6 956.3 4523.6 0.871 832.9 3940.1 
2024 1716.4 943.4 4872.6 0.871 821.7 4244.0 
2025 1690.2 930.6 5221.6 0.871 810.5 4548.0 
2026 1664.1 917.7 5570.6 0.871 799.3 4852.0 



  47 
 

Evaluating Electric Vehicle and Heat Pump Flexibility Potential:  

Linking Technology, Economics, Regulation, Behaviour and Policy 

second line report title here 

2027 1637.9 904.9 5919.6 0.871 788.1 5155.9 
2028 1611.7 892.0 6268.6 0.871 776.9 5459.9 
2029 1585.5 879.1 6617.5 0.871 765.7 5763.9 
2030 1559.3 866.3 6966.5 0.871 754.5 6067.8 

 
6. Multiplication of numbers with flexibility to quantify the flexibility potential 

The positive and negative flexibility potential for AT can be calculated by multiplying the number of capable 

HP with willing users with the average flexibility per heat pump. The results are shown in Figure A. 4 and 

Figure A. 5. 

 

 
Figure A. 4: Flexibility potential of heat pumps in AT for a conservative scenario. 

 

 
Figure A. 5: Flexibility potential of heat pumps in AT for an optimistic scenario. 
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A.2 CALCULATION OF EV FLEXIBILITY 
 

The calculation consists of the following steps: 

1. Estimate the total number of products as upper bound based on number of EVs 

2. Estimate the number of capable products based on the number of home chargers 

3. Estimate the number enabled products based on people signing up for flexibility provision 

4. Estimate the technical product flexibility based on technical parameters of EVs and chargers 

5. Estimate the situational product flexibility based on mobility behaviour 

6. Estimate the average product flexibility based  

7. Multiplication of number enabled products and average product flexibility to quantify the flexibility 

potential 

 

The total number of products (Table 2) are estimated based on the forecast for EVs for 2020 – 2030 from 

Umweltbundesamt (UBA) and the actual data until 2024 from BEÖ (Bundesverband Elektomobilität 

Österreich). Since the UBA numbers for EVs were too pessimistic, but the PHEV numbers collide perfectly 

with the real numbers until 2024, we took the PHEV numbers for our estimates for EV. In the year 2023 it 

shall reach 648.900. 

 
Table 2: Forecast for number of EVs. 

Year Num EVs EV rate [%] 

2020 44507 0.9% 

2021 76539 1.5% 

2022 110225 2.1% 

2023 155490 3.0% 

2024 200602 3.8% 

2025 261800 5.5% 

2026 329700 6.8% 

2027 406000 8.3% 

2028 483700 9.8% 

2029 564900 11.5% 

2030 648900 13.1% 

 

For the number of capable products, we look at the numbers of home chargers. In Austria 86% of 

households have home parking [56], which defines the upper limit of home chargers. We expect the rate of 

home chargers to be proportional to the number of EV, i.e. in 2030, 86% of the EVs have a home charger. 

Therefore, the number of capable products is 558.054. 

 

The number of enabled products is the number of EV owners who have a home charger and are willing to 

provide flexibility in principle. This number is hard to estimate due to the unclear effects of financial 

incentives and behavioural factors in a time where V2G is largely adopted. For the conservative scenario 

without incentives, we assume a participation rate of 20% and therefore 111.611 for the number of enabled 

products (Figure 28). For the optimistic scenario where appropriate financial incentive is offered and 40–60% 

of eligible users would participate, we get 279.027 for the number of enabled products (Figure 29). 
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Figure 28: Number of products, pessimistic scenario. 

 
Figure 29: Number of products, optimistic scenario. 

For the technical product flexibility, we take the standard power capacity of a home charger at 7 kW and start 

with the average battery capacity of existing EVs at around 50 kWh. For the future two scenarios exist: 1) 

more affordable EVs with smaller batteries will hit the market and the average battery size will stagnate at 54 

kWh, or 2) battery technology steadily leads to larger capacities until 75 kWh for 2030, see Figure 30 and 

Figure 31. 

 

The situational power flexibility considers a slightly asymmetric flexibility due to the energy consumption. 

Based on mobility behaviour, Austrian people travel on average 19.5 km by car every day [56]. This 

translates into an energy consumption of 2.8 kWh per day. Taking into account the technical power flexibility 

of 7 kW of a home charger and 10 hours where the car is parked and connected to the charger, load shifting 

and V2G provides +7 kW for positive flexibility and -6.7 kW for the negative flexibility. Since we don’t expect 

the power capacity of home chargers to increase and mobility behaviour to change significantly in the near 

future, the situational power flexibility remains constant until 2030, see Figure 31. 

 

For the situational energy flexibility, we assume that average users want to have a minimum of 50% state of 

charge (SoC) to cover the daily mobility needs plus a reserve. On the other hand, the SoC should not 

exceed 80% for V2G operation in order not to harm the battery. Hence, the energy flexibility is 30% of the 

battery capacity. 

 

Finally, the average product flexibility depends on how many and how often users connect their EV to the 

grid. This should consider the behavioural factor of plugging the EV (convenience: wire vs. charging pad) 

and the psychological aspects if the users have range anxiety or fear battery degradation. Currently, no real-

world data is available. Therefore, we assume a 50% deduction from the situational flexibility, which is 

applied both to the power flexibility and energy flexibility. 
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Figure 32: Power flexibility. 
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Figure 30: Energy flexibility, pessimistic scenario. Figure 31: Energy flexibility, optimistic scenario. 


	Acknowledgements
	1 Introduction and project scope
	2 Definition of flexibility and investigated asset types
	2.1 Heat Pump
	2.2 Electric vehicle

	3 High level model
	3.1 Heat Pumps
	3.1.1 Number of total products
	3.1.2 Number of capable products
	3.1.3 Number of enabled products
	3.1.4 Technical product flexibility
	3.1.5 Situational product flexibility
	3.1.6 Average available product flexibility
	3.1.7 Theoretical numbers for Austria, 2030

	3.2 Electric vehicles
	3.2.1 Number of total products
	3.2.2 Number of capable products
	3.2.3 Number of enabled products
	3.2.4 Technical product flexibility
	3.2.5 Situational product flexibility
	3.2.6 Average available product flexibility
	3.2.7 Theoretical number for Austria, 2030


	4 Policy recommendations
	5 Conclusion, outlook and Further research needs
	6 List of citations
	7 List of figures
	8 List of tables

