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1 Introduction 
The SmartCE2H project includes 2 demonstrators where heat is provided in an innova-

tive way to Danish households. This deliverable focuses on the household-scale heat-

pumps, which were demonstrated in a number of single-family houses in the Skive mu-

nicipality. 

This deliverable introduces the structure of the individual house heat-pump setup and 

its associated heat buffer, the online control setup that was implemented, as well as 

learnings derived from this demonstration.  

The deliverable focuses on the heat-pumps originally installed by Suntherm, which was 

the partner responsible for the hardware side and unfortunately went into bankruptcy 

in early 2022. This bankruptcy has had a strong impact on this demonstration, which 

meant that most of the installations were no longer available after the summer of 2022. 

This deliverable focuses therefore on the operation until summer 2022, and draws per-

spectives based upon developments achieved on few remaining installations in the last 

months of the project. 
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2 Overview of the technical installation 
This first section presents the technical installation of the booster heat-pump. 

2.1 Technical heat-pump and storage buffer installation 

A standard installation for a single-family house contains the following devices: 

- Production and storage: 

o Heat-pump 

o Buffer tank with phase-change material (PCM) 

- Data collection, control and communication: 

o Neogrid gateway, with a cabled Modbus interface to the heat-pump 

o Electricity meter 

o Heat meter 

o Temperature sensors on supply and return pipes 

o Wireless indoor temperature and humidity sensor 

o Motorised hydraulic valve to control the supply temperature to the 

space heating 

The structure of a typical installation is given in Figure 1 below. 

 

Figure 1: Schematic of the technical setup in single family houses with the different technical elements, and 

control possibilities market with yellow arrows 

In this project, the system was installed in 8 houses (although in total 25 extra in-

stallations belonging to other projects were also considered, with different vari-

ants). Each of these new 8 installations was fitted with the same heat-pump model 

and a 400 L PCM tank with 50 ºC melting point. An example of such installations 

is shown in Figure 2, Figure 3 and Figure 4 below. 
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Figure 2: Air to water heat pump 

 

Figure 3: Heat storage tank for single family houses 
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Figure 4: Encapsulated PCM sticks inserted into the storage tank 

Installation of the system in the individual houses was carried out by Suntherm and its 

own technicians, who were also responsible for the maintenance of the system and de-

livery of the heating service after commissioning. 

When including the existing heat-pump pool which was extended by this project, the de-

monstrator ended up consisting of 33 installations. These were made of three different 

types of air-to-water heat-pumps were installed, with 2 different sizes for the tank (300 

or 400 L capacity) and 4 different PCM configurations (only hot-water, PCM with spheri-

cal encapsulation and 58 °C melting point, PCM sticks with 58 °C melting point, and PCM 

sticks with 50 °C melting point). 

2.2 Online communication between cloud and heat-pump 

In order to deliver online monitoring and control, the heat-pump was connected to a 

gateway via a Modbus connection (over RS-485) by Suntherm. Additional sensors, such 

as indoor climate wireless IoT sensors and energy meters (both a sub-meter for input 

electrical power and heat output) were added and coupled to the gateway. The gateway 

reads signal data from the register of the heat-pump, energy meters and indoor climate 

sensors, and forwards them to Neogrid’s cloud via a two-way encrypted MQTT connec-

tion. This same connection also allows the cloud to remotely update the settings and 

software on the gateway, as well as provide control setpoints to the building systems 

(including the heat-pump). 

On top of these signals from the building, the cloud is acquiring data from 3rd party 

sources, such as weather forecasts (from the Norwegian service Yr.no provided by NRK) 

and electricity prices, which are used in the dynamic optimisation of the operation, as 

well as context information for the analysis. 

https://www.yr.no/
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The overall data acquisition and communication concept is summarised in Figure 5 be-

low. 

Figure 5: Concept and communication infrastructure 

In this demonstrator, the heat-pumps are installed in single family houses, together with 

the gateway, which is relying on the household’s internet connection to communicate 

with the cloud. This leads to a setup that is considerably less robust than well-structured 

and maintained industrial environments, which creates some specific challenges from an 

operational perspective. 

 

Figure 6: State of the connection for the project’s heat-pumps considered within the latest year and a half 

(every line corresponds to a single installation, where the times when the gateway was online are marked in 

yellow and offline in red). White spaces correspond to missing/faulty connection data (as the database his-

tory had some shortcomings) 

Figure 6 highlights several tendencies: 

- No installation is ever online 100% of the time, due to software and hardware 

updates, as well as loss of power and communication 

- Interruptions occur with very variable durations across installations, with 

lengths ranging few minutes to months depending on the cause 

- There were some shortcomings in the logging of the online status of the gate-

ways in the database 

- Most of the installations are available for a large majority of the time 
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- There is a need for active maintenance of installations to ensure they stay con-

nected to the internet. 

The cloud system (PreHEAT) includes an interface where users and technicians can ac-

cess the history of the heat-pump’s operation, together with energy demand and indoor 

climate of the building (see Figure 7). This interface also provides adjustment possibili-

ties for the user preferences and comfort, such as indoor temperature setpoints that the 

heating will follow (see Figure 8). 

 

Figure 7: Neogrid's online app for data visualisation 

 

Figure 8: Comfort setting managements within the app 
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3 Online monitoring and control of the heat-pumps 
This section presents the online monitoring and control of the heat-pumps. 

3.1 Online monitoring of heat-pump operation 

A number of irregularities and performance variations for heat-pump installations were 

identified on some of the installations of the pool, which are summarised in the Table 1 

below. 

Table 1: Typical issues and irregularities identified via monitoring 

Issue type Description 

COP lower than ex-

pected 

The installation operates with a lower COP than expected (see 

Figure 9, where the typical COP varies between 1 and 5 – while 

the expected performance lies around a COP of 3). Some high 

COPs are observed for short periods where the heat-pump is 

operating in very favourable conditions, while lower COPs down 

to 1 are due to long operation of the back-up resistance. This 

COP factor is in practice one of the key factors in focus in ensur-

ing adequate operation of a heat-pump installation, and among 

the main drivers for the monitoring. 

Excessive electrical 

backup operation 

The electrical back-up was running either all the time or for sig-

nificant periods (see Figure 10), which was a known issue at the 

time of operation. 

Nearly constant op-

eration 

The heat-pump is operating nearly full-time over long periods 

(i.e. more than several days – which indicates that the heat-

pump is under-dimensioned, although sometimes this was 

made on purpose). 

Long interruptions 

in operation 

The heat-pump is not operating at all over long periods (more 

than several days), for some of them, this was because the 

heat-pump was not producing hot-water (and therefore was 

fully stopped in summer). 

Faulty sensing of 

tank temperatures 

Faulty tank temperature sensors were delivering erroneous val-

ues, which required fixing before an optimised controller could 

be deployed. 

Faulty or corrupt 

meter data 

The data collected by some of the sensors is faulty or corrupt 

(e.g. energy meters or tank temperature sensors delivering in-

valid values), which requires manual intervention to either fix or 
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change the physical data collection, or reconfiguration of the 

data acquisition for the signal. 

Communication 

faults between 

heat-pump and 

cloud 

Robust online communication to the heat-pump is challenging 

(already discussed in previous section), as well as reliable con-

nection from a gateway in a private home to the cloud. 

 

For the known issues, many of them were not fixed in the course of the project due to 

business challenges at Suntherm prior to its bankruptcy. As a consequence, some of the 

heat-pumps have been without service for a longer period – where the extra cost of in-

effective heat-pump operation was borne by Suntherm (as the end-users were paying a 

fixed price per kWh of heat delivered). 

 

 

Figure 9: Duration curve for daily COP across installations (in 2021).  

In a duration curve, each point of the line indicates for how many steps (here days – on the x axis) the value 

of a parameter (COP here) was higher than a given value (on the y axis) 
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Figure 10: Duration curve for backup operation across installations (in 2021) 

 

 

Figure 11: Duration curve for heat-pump operation across installations (in 2021) 
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Figure 12: Distribution of tank temperatures across installations (in 2021) 

3.2 Control of the heating in individual houses 

In this section, two approaches of controlling the heat-pumps are described, together 

with their results. 

3.2.1 Original approach via the building heating setpoints 

The heat-pumps of this demonstrator are equipped with a buffer tank (as shown in Fig-

ure 1), with an ON/OFF behaviour and internal logic that starts the heat-pump whenever 

the water temperature in the tank falls below a lower limit (Tmin) and leaves it to run un-

til the temperature gets to a maximum limit (Tmax), where the PCM’s phase change is sit-

uated in between these two limits. In between these two boundaries, the heat pump 

simply continues operating as it does until it reaches one of the them, with an underly-

ing reasoning that the heat-pump will then run long enough to ensure a good COP.  

This tank then provides heat to both domestic hot-water (not controllable, and very sen-

sitive for the tenants) and heating (which can be controlled). Out of concern for the 

comfort of the tenants and COP fall with high supply temperature, Suntherm preferred 

avoiding manipulating the lower and upper limits (Tmin and Tmax) of the tank tempera-

ture. Instead, Neogrid was allowed to control the tapping from the tank for space heat-

ing (via control of the supply temperature to the building heating system) by adjusting 

the setpoint of the space heating in short periods to: 

- force stops (with a -4°C offset to the indoor temperature setpoint, practically 

closing the heat supply) 

- trigger a start (with a +4°C offset on the indoor temperature setpoint, triggering 

a significant heat intake to the heating system). 

Other activation mechanisms could have been used, such as direct manipulation of tem-

perature limits for the tank or direct triggering of the heat-pump start/stop. Given the 

technical structure of the installation, and the bankruptcy of Suntherm in early 2022, it 
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has not been possible to investigate these alternatives and establish a benchmark. Neo-

grid therefore focused on the space-heating setpoint-based activation in its demonstra-

tion, where the focus was placed on the control logic at higher level and the data-driven 

modelling of the houses. 

An example of the resulting behaviour is shown in the figure below, where both forced 

start and stop are shown. 

 

Figure 13: Activations of a heat-pump (successive activations correspond to retries following failure to acti-

vate) 

A series of these activations was carried out on the heat-pumps of the demonstrator 

while optimisation was operating on the pool. These activations could either be made 

with the intention to start the heat-pump (referred to as START below) or stop it (STOP 

below), and were recorded in Neogrid’s database to allow for later assessment.  

The following acceptance criteria are used for activations: 

-  ‘START’ is valid if the heat-pump is stopped when the command is issued, and 

running 5 minutes later 

- ‘STOP’ is valid if the heat-pump is running when the command is issued, and 

stopped 5 minutes later 

Moreover, in order to avoid excessive switching that would be detrimental to the com-

pressor’s lifetime, a grace period of 30 minutes is introduced after every successful acti-

vation, during which a new activation is not allowed. Otherwise, retry commands can be 

issued when relevant, and are considered as such if the same command is reissued to 

the same heat-pump within 5 minutes. 

The experiment ran from May 15th to June 16th 2022 on a pool of 33 heat-pumps. The 

results of these are given in Figure 14 and Figure 15 below. 
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Figure 14: Activation performance statistics for forced START commands (the leftmost column corresponds 

to identifiers hashed for anonymisation purposes) 

 

Figure 15: Activation performance statistics for forced STOP commands (the leftmost column corresponds to 

identifiers hashed for anonymisation purposes) 

These statistics show that the forced starting of the heat-pumps is rather effective given 

the indirect activation type via the indoor temperature setpoint, with most heat-pumps 
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reaching at least a 50% activation success. Force stopping the heat-pumps in this man-

ner however seems to be less effective, although the sample of activations is too limited 

to reach any definitive conclusion. This difficulty to stop a heat-pump is however not too 

surprising, as the internal logic forces it to run until it reaches its upper tank tempera-

ture setpoint. For these heat-pumps, it is also worth noting that a direct stop via a dedi-

cated command in their register was possible, although it was not used here due to a 

risk of leaving the installations in a blocked state in case of failure (resulting in significant 

discomfort) and the lack of generalisability to other heat-pump models (as this was a ra-

ther specific control feature). 

We can therefore claim that we successfully managed to activate the heat-pumps and 

their storage tanks by manipulating the indoor temperature setpoints. Nevertheless, the 

robustness of this solution would have to be improved further in order to achieve a reli-

able basis for a large scale aggregation service. 

3.2.2 Second attempt of control via hierarchical control 

In late 2022, a new control approach was trialled, in synergy with the domOS project1. 

This was tried on one building with PCM tank from the SmartCE2H project, with 2 layers 

of control: 

- A higher layer operated on the cloud with a price-based optimisation computing 

an operation preference, 

- A lower level operating on the gateway applying preferences if possible, and 

overriding them if necessary due to local constraints. 

 

Figure 16: Resulting heat-pump operation (power in orange, price in blue), showing the avoidance of con-

sumption in peak periods 

The higher level of the controller carries out the following operations: 

1- Estimate the required demand within a given time window (typically a day), 

2- Split this estimated demand over the day, in a way that minimises cost, 

                                                           
1 https://www.domos-project.eu/ - funded by the European Union’s Horizon 2020 research and innovation programme 

under Grant Agreement No. 894240. 

https://www.domos-project.eu/
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3- Add operating margin and send the control commands to the local controller in 

the house. 

The lower level controller in the house then carries out the following operations, based 

upon a set of rules: 

1- Start/stop if operational limits are hit (safety layer), 

2- Force starts if requested by higher level and appropriate conditions are met 

(temperature limits and heat-pump stopped for long enough), 

3- Force stop if requested by higher level and appropriate conditions are met (tem-

perature limits and heat-pump running for long enough), 

4- Allow free running of the heat-pump if none of the above rules applied. 

This approach was successfully demonstrated in the house over the winter of 2022-

2023, with economic savings estimated to 8-10% for each of the months from January to 

March 2023 by moving the demand to times with lower prices. This was supported by an 

interface between Neogrid’s platform and price data from Energinet’s Datahub, which 

provides a comprehensive price breakdown for each subscribed consumer and facili-

tates upscaling of the solution. 

Further integration with local solar production was however not reachable on that build-

ing given the time and resources left in the SmartCE2H project. However, a first proto-

type has been implemented in April 2023 and is currently being trialled, where an ade-

quate performance documentation is expected to be obtained in a few months towards 

the summer as part of the remainder of the domOS project that builds on top of these 

achievements. 

3.3 Aggregated control of heat-pumps 

As part of this demonstration, a coordinated control for a pool of heat-pumps was devel-

oped. The aim was to demonstrate a capability to move the demand of heat-pumps to 

match the energy system’s needs as well as local production and demand. Given chal-

lenges with the heat-pump pool and data collection from local production, the demon-

stration focused onto price-based optimisation, as this mechanism is a basis to achieve 

those objectives (where the adequate behaviour is achieved by appropriate design of 

the price). 

3.3.1 Specific considerations for pool management 

As explained above, maintaining a live connection to heat-pumps over time can be chal-

lenging. On the other hand, new heat-pumps might also be installed in an area over 

time. Therefore, the design of tools for a pool of heat-pumps needs to be robust against 

loss and addition of new assets over time.  

In our demonstration, the number of available heat-pumps in the pool varied from 19 to 

33, as illustrated below in Figure 17. The lower limit was however reached for a very 

short period corresponding to a correlated series of incidents. 
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Figure 17: Evolution of the number of available heat-pumps in the pool 

In order to manage this variability, dynamic pool scaling was achieved by using models 

for an average heat-pump in the pool which was then scaled up and down according to 

the number of heat-pumps available. Although rather rough, this approach is realistic in 

our case, as all installations are within single family houses with rather similar setups 

and exposed to very similar weather. 

3.3.2 Forecasting the pool’s energy demand 

Before looking into activating flexibility of a pool of heat-pumps, a forecast of the total 

energy demand of the pool needed to be developed. An adaptive dynamical forecast 

was developed for the pool, based upon the recursive least squares with forgetting 

method. Its underlying model was fitted on the pool average demand, together with lo-

cal weather parameters. Predictions were operated with an hourly resolution, which 

corresponds to the market frame in the area. 

This forecaster was demonstrated over the 4 first months of 2022 (before the pool’s de-

mand started being optimised), with promising results shown below in Figure 18, Figure 

19 and Figure 20. 
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Figure 18: Dynamic forecast performance in a winter period 

 

Figure 19: Dynamic forecast performance for a spring period 

 

Figure 20: Forecast error for the period from January to end of April 2022 

As illustrated in these figures, the forecast is able to capture the main trend of the 

power demand of the pool and adapt to fluctuations of behaviour over time. However, 

discrepancies are still quite significant, which is to be considered in later control design.  
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3.3.3 Price-responsive operation of the pool 

Optimisation of the operation of the heat-pumps based upon time-varying electricity 

prices was investigated. The aim of this control was to reduce the cost of heating, by re-

ducing demand at times with high prices and shifting as much of the demand as possible 

to times with lower prices.  

These time-varying prices (including fluctuating SPOT/day-ahead prices and distribution 

tariffs) are becoming a part of the electricity landscape in Denmark and providing in-

creasingly strong economic incentives for consumers to shift their demand in time and 

provide energy flexibility (see variations in Figure 21).   

 

Figure 21: Time-varying component of the power price (consisting of the sum of spot price and distribution 

tariff) in the N1 region of Denmark over 2021 

A f flexibility provision service was enabled by combining a forecast of the energy de-

mand determining a reference budget over time and an optimisation routine distrib-

uting this budget over the steps together with adjustments to account from deviations 

from expected behaviour and constraints ensuring that the schedule can be applied to 

the pool. This is done by solving an optimisation problem ensuring that the sum of the 

energy delivered within a time window (whose length is matched with an equivalent 

heat capacity for the pool) matches the forecasted demand over this time window, 

while delivering an amount of energy within feasible bounds at each step. Here, the 

lower bound at each step is computed from the base load of the pool, while the upper 

bound corresponds to a high fraction of the nominal capacity of the pool. 

An example of this is shown in Figure 22 below, which illustrates the effect of the con-

troller that tries to shift as much demand to times with low variable price as possible. It 

also appears clearly that the lower and upper constraints for the power demand have a 

determining effect on the shape of the resulting optimal schedule, as the controller 

keeps to minimum at times of high prices and often boosts to maximum at times of low 

prices. 
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Figure 22: Optimised pool plan vs. dynamical component of the power price2 

 

                                                           
2 Note that the power demand is computed for an average heat-pump, and is always scaled with the number of available 

installations. Moreover, the bounds for optimisations here were 0.5 and 1.8 kWh/h (corresponding to 25% and 90% of the 

2 kW nominal load, respectively). 
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4 Comparison between simulation and field results 
This section briefs the simulation studies of demonstration-I and presents the compara-

tive analysis with respect to real system results. The Solbakken demonstration has the 

objective of controlling individual heat pumps with PCM based heat storage tanks (HST) 

that are directly installed at households. The PCM properties, HP ratings and temperature 

control limits are given in Table II, Table III and Table IV, respectively. 

Table II: Tank and PCM properties 

 

Table III: HP properties 

 

Table IV: Tank temperature limits for HP operation 
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Figure 23: Temperature of HTF in the stratified HST Figure 24: Temperature of PCM in the stratified 

HST 

  

Figure 25: HP production and thermal demand Figure 26: SOE in HST 

 

The HST is assumed to have fully charged before the beginning of the simulation. Though 

the tank is 400 l volume, the stratification is justifiable for a PCM based HST that can have 

significant effect on the amount of energy that can be stored in the tank. Temperature of 

PCM and HTF are different in each layer, where the top layer has smaller latent heat pe-

riod while HTF gains temperature at faster rate whereas it is slowly followed by the bot-

tom layers. Figure 23 and Figure 24 show the temperatures in the stratified tank for heat 

transfer fluid (HTF) and PCM. The minimum temperature limit is taken as 45 oC, where the 

HP is switched ON if the temperature of the top layer falls below this limit and the maxi-

mum limit is considered as 70 oC above which the HP is turned OFF. Figure 25 shows the 

thermal demand (Qout) and HP production (Qin). The total energy flow in storage tank at 

any interval of time during charging and discharging is different, due to losses from the 

storage tank to environment. The transition of energy content inside the tank with respect 

to usage and time is as shown in Figure 26.  In real system, measurements are not availa-

ble for different layers in the tank, while there are two measurements including input and 

output flow temperatures that are measured. However, it is reliable to consider stratifi-

cation for demand response applications to precisely estimate the available flexible de-

mand. It is to be noted that the stratification is considered in the simulations to show that 

the actual flexibility offered by the storage tank is higher than in the case of average/non-

stratified model. 
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(a) 

 

(b) 

 

Figure 27: Simulation results (a) SOE of tanks, (b) IN/OUT of 14 HPs for 24 hrs 

Comparing with Figure 22 that shows the optimal pool operation with respect to only 

price for the real system for a span of 6 days, while the optimal operation of HP pool for 

24 hrs considering both price and grid constraints in the simulations that are shown in 

Figure 27. It can be observed that the HP is switched ON during low electricity prices and 

low SOE state, showing similar performance as the real system.  
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5 Learnings and challenges of real-world implemen-

tation and operation 
This section summarises the learnings from the demonstration. 

5.1 Asset management and maintenance is essential 

The provision of an operational service to households as done here requires an eco-

nomic actor responsible for the management of the assets throughout their lifetime, 

who will operate the required maintenance on the heating installation and communica-

tion setup. Given the cost of such maintenance and the limited value creation per 

household, strategies and automation need to be put in place to minimise the man-

hours needed per installation and empower the houseowners to manage their installa-

tions themselves as much as possible. 

The importance of this aspect was emphasised in this project after the bankruptcy of 

Suntherm (the partner in charge of managing the support to the households) in early 

2022, given the reduced number of installations available for aggregated control in the 

project and the unfortunate fraction of these with significant irregularities in operation. 

5.2 Online monitoring of faults is essential 

Field experience has shown that online monitoring seems essential on such installations, 

as many faults were observed on such a small number of installations. In particular, 

some of these faults had considerable impact on the energy consumption, such as unde-

sired backup operation. 

The typical faults observed were: 

- Excessive back-up resistance operation 

- Faulty sensors resulting in corrupt readings that can influence the control (espe-

cially for optimised model-based control) 

- Loss of communication to the heat-pump, auxiliary meters or sensors. 

5.3 PCM is hard to activate adequately and use in predictive control 

The PCM-based storage in the household installations has proved to be hard to activate 

in this use-case with the given design, in particular when the heat-pump provides do-

mestic hot-water. The reason for this is that a high temperature difference (> 5°C) be-

tween the discharge temperature and the melting point is required to effectively dis-

charge the PCM (and similarly to charge it). This means that when the minimum temper-

ature in the tank is too high due to the hot-water production requirements, PCM can 

hardly be discharged adequately. This temperature difference requirement with the 

melting point then also means that heat must be produced by the heat-pump with a 

temperature typically at least 10°C higher than the minimum requirement, which then 

adversely affects the COP. 
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On top of this, using PCM storage in predictive control has proved very challenging, as 

state estimation of its state of charge from temperature measurements over a period is 

a very costly task due to the non-linear behaviour of the complex heat-transfer between 

water and PCM core, as well as the hysteresis of the encapsulated PCM material. This 

could have been facilitated by usage of heat-meters on the output of the tank, which 

would however have come at a prohibitive cost. Given the small scale and high relative 

noise on the installation (e.g. from hot-water tapings), this hardly seems to be a viable 

application case for existing model-predictive control schemes. Simpler heuristics for 

suboptimal control might however be viable, given the right tuning on standardised in-

stallations. 

Given the added cost of PCM materials, the modelling complexity, need for higher sup-

ply temperatures from the heat-pump (therefore lower COP) to activate it adequately, a 

question is raised regarding its relevance in such installations in the future. The main ar-

gument for it being the reduced volume of the storage (compared to plain hot-water, re-

quiring 2-3 times the volume), which is not necessarily attractive enough in the single-

family house segment. 

5.4 Price-optimised operation can now yield significant benefits in Den-

mark 

Denmark has introduced a possibility to be billed with hourly-varying price at the end-

customer level, which has opened up a whole new market interest for households to op-

erate their heat-pump in a more intelligent manner to reduce their operational costs. At 

the time of writing, the two varying price-components are the SPOT (day-ahead) price 

and the distribution tariff (for the DSOs that have introduced it, like in the geographical 

area of Skive).  

The controller developed in the later phase of the project (see section 3.2.2) demon-

strated both a technical ability to move demand around to optimise according to time-

varying prices and an added value resulting from it. For the period from January to end 

March 2023, a cost reduction of 7-9 % has been observed per month (compared to a fic-

tive controller using power at an average time of the day), which solely originates from 

time shifting. This figure is of course tainted by the current power price fluctuations due 

to the geopolitical situation in Europe and the result of only a short experimentation in a 

winter period. However, the introduction of further renewable generators in the power 

system is expected to increase intra-day price fluctuations which might remain at a high 

level in a ‘normalised’ situation, on top of DSO tariffs that seem to be here to stay and 

currently are as influential as SPOT price fluctuations on intra-day variations (see Figure 

28). 
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Figure 28: Example of price variations for end-customer in 2023 in Denmark 

On top of this, benefits from optimised control of the supply temperature (thereby COP) 

and energy delivery according to weather forecasts are to be added (which were out of 

scope of the specific experimentation in early 2023). 

5.5 Effective aggregation of heat-pumps requires a large number of 

them 

A specific struggle in the project has been the combination of the limited number of 

functional heat-pumps available, as well as the challenges with heat-pump activations 

on a number of installations. This meant that the statistical approach to achieve pool 

control was hardly viable in this context, and a different kind of optimisation should be 

done. 

However, aggregation of assets to a relevant scale for the balancing of the electricity 

system and trading on the power market requires a large number of assets to get to the 

megawatt (MW) scale. This means that a pool of at least a thousand heat-pumps is re-

quired for viable commercial applications, and that the statistical approach is therefore 

fundamentally well-suited to such a case. On the other hand, an aggregation based upon 

detailed joint optimisation of the pool’s heat-pumps would have required significantly 

more work than a statistical approach, without having a commercial potential at a later 

stage since it is hardly scalable. 

This is why we chose to stick to the statistical approach in order to progress the techno-

logical developments, despite the associated precision challenges on such a small pool 

and limited realisable outcomes. Our practical recommendation based upon this would 

therefore be to consider a pool of at least one hundred heat-pumps (if those are of 

household size) for aggregation to be demonstrated and developed in a meaningful con-

text. 
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6 Conclusion 
This report presented the findings and results of the demonstration of the ‘smart’ heat-

pump systems in individual houses, together with simulation studies of such heat-pumps 

at household and local area level. 

The technical setup was presented, showing the feasibility of deploying heat-pumps 

with PCM-based storage tanks in individual houses and connecting them to a cloud sys-

tem for monitoring and control. Online monitoring was carried out on the installations, 

which allowed uncovering faults in operation as well as evaluating their performance on 

an ongoing basis. On top of this, an online optimised controller was implemented, show-

ing the feasibility of heat-pump remote activation responding to fluctuations in the 

power price. 

This project has led to a significant amount of learnings, which were summarised in a 

dedicated section and highlight both the value-creation potential and challenges of the 

solutions demonstrated here. 

These findings will feed in two new projects that Neogrid and AAU are involved in at Eu-

ropean level, namely Serene3 and Sustenance4 where the local community approach to 

energy demand and production will be investigated further. 

                                                           
3 https://h2020serene.eu/ - funded by the European Union’s Horizon 2020 research and innovation programme under 

grant agreement No 957682. 
4 https://h2020sustenance.eu/ - funded by the European Union’s Horizon 2020 research and innovation programme un-

der grant agreement No 101022587, and the Department of Science and Technology (DST), Government of India. 

https://h2020serene.eu/
https://h2020sustenance.eu/

